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Nyomottvizes atomreaktor (PWR) Nyomottvizes atomreaktor (PWR)
Uzemanyag U0, Netté hatasfok kb. 35,5 %
T T T T T T T T T ey Az U-235 disitésa 1.9%/2.5%/3.5% A kiégetés mértéke 53000 MWd /tU
:fa Fuat6elemek szama 193 Atlagos
o teljesitménystirliség a
A reaktorzénaban 93,2 kW / dm’
fe‘_’ A fiitéelempélcak A héétadé feliilet a
:0; szdma fiitéelemenként | 236 reaktorzondban 6036 m*
00 :,.o Az lizemanyag tomege | 103 t A kondenzator
% Lo hiitofeliilete 3%20 781 m*
b ;" A fiitdelempdlcak A turbina
° 5 o o hossza dsszesen: 4,83 m fordulatszama 1 500 / min
oy e aktiv rész: 3,90 m
f{ f{ A fiitéelempalcak Primer kori belépd
o A atméréje 10,75 mm hoémérséklet 291.3°C
02 00 A szabalyozoérudak Primer kori kilépd
50 2 szama 61 hémérséklet 326.1 °C
< A Az abszorbens anyaga |In-Ag-Cd Primer kori
o 02, viznyomés 157 bar
S e s T .i"? : Hﬁtékc?zeg és o Gozforgalom 67680 UVh
= o Ot A L 2 g moderator desztillalt viz
Termikus Go6znyomas 66 bar

1 Reaktortartaly 8 Frissgoz 14 Kondenzator reaktorteljesitmény 3765 MW

2 Fatdelempalcik 9 Tapviz 15 Kondenzator hiitdviz Brutt6 elektromos Gozhomérséklet 285 °C

3 Szabalyozérudak 10 Nagynyomasii turbina 16 Tapviz szivattyi teljesitmény 1395 MW

4 Szabilyozoérid hajtis 11 Kisnyomési turbina 17 Elomelegito = o TR Xk 3,

5 Nyoméyskiegyenlit;l') 12 Gene);'étor 18 Betonvéﬁelem g;tel:i::nlfe!:;omos 1326 MW Tapviz hdmérseklet 218°C

6 Gozfejleszto

7 Primer kori hiitéviz szivattya

KoNET, PWR

13 Gerjesztogép 19 Kondenzator hiitoviz szivattyi
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Elsd generacids atomerOmiivek
Shippingport — az USA elso kereskedelmi atomerémiive

60 MW elektromos teljesitmény
Nyomottvizes reaktorral (PWR)
1957-1982 ko6zott iizemelt

KoNET, PWR Dr. Yamaji Bogddn, BME NTI

Elsd generacids atomerdmiivek @

* Shippingport

REFLECTOR
ERHE T nerecre V0
PoweR FLATTENED [
Sonaeaon €T BUANKET ROD REGION
Figure 2-3. Light Water Breeder Reactor cross-section module identification (Sarber 1976, Figure 2-2. Light Water Breeder Reactor core in Shippingport Reactor Vessel (Connors et al. 1979,
WAPD-TM-1336). WAPD-TM-1208).

INEEL, Fuel Summary report: Shippingport Light Water Breeder Reactor, Sept 2002, INEELIEXT-98-00799
http://pbadupws.nrc.gov/docs/ML0923/ML092310709.pdf
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Primer kor

PRESSURIZER

REACTOR

https://www.nrc.gov/reading-rm/basic-ref/students/for-educators/04.pdf
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Primer kor, nyugati PWR (USA)

sTEAM
GENERATOR

PRESSURIZER

REACTOR

Kéthurkos Westinghouse Haromhurkos Westinghouse
(pl. Beaver Valley 1, 2, North Anna 1, 2)
700-900 MWe, 1 GF, 1 FKSZ/hurok

157 db 15x15/17x17 tizemanyag

reaktor Dy 5= 156-159 in /172 in/
(396,2-403,9 cm /436,9 cm/) 8

(pl. Point Beach 1, 2, Prairie Island 1, 2)
~500 MWe, 1 GF, 1 FKSZ/hurok

121 db 14x14 lizemanyag

reaktor Dy = 132 in (335,3 cm)

KoNET, PWR Dr. Yamaji Bogddn, BME NTI




Négyhurkos Westinghouse

(pl. Byron 1, 2, STP 1, 2)
950-1250 MWe, 1 GF, 1 FKSZ/hurok
193 db 17x17 (15x15) lizemanyag

REACTOR
VESSEL

PRESSURIZER

Kéthurkos Combustion Engineering

(pl. Palo Verde 1, 2, Saint Lucie 1, 2)
<500 - 1200< MWe
2 hurok: 1 GF, 2 FKSZ/hurok

reaktor Dy = 173 in /167 in (439,4 cm/424,2 cm)

KoNET, PWR
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Kéthurkos Babcock & Wilcox

(pl. Davis Besse, TMI 1)

177 db tia. kazetta

850 MWe

2 hurok: 1 GF, 2 FKSZ/hurok

KoNET, PWR

Primer kor, nyugati PWR (USA)

Reactor
coolant
PUMPIMAtOr

Reactor
vessel

Steam
generator

Reactor

coolant
pumgimotor

Steam
generator

Reactor

IG. 2-1. Schematic of a Babcock and Wilcox PWR reactor coolant system.
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Primer kor, nyugati PWR (USA)
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FIG. 2-3. Plan view of a combustion engineering three-loop reactor coolant system with an

isolation valve.

e Foelzar6 toldzar (FET)!

KoNET, PWR

Two loops

= Prossurize? =

Reacicr pressure vessel W3 0130

Dr. Yamaji Be FIG. 2-4. Schematic of a Westinghouse PWR reactor coolant system

Primer kor, nyugati PWR (USA) ©

Babcock & Wilcox | Combustion Westinghouse
Engineering (négyhurkos)
Vezetékek | belso falvastagsdg | bels6 falvastagsag | bels6 falvastagsig
atméro [mm] atméro [mm] atméro [mm]
[mm] [mm)] [mm]
Melegég 914,4 95,25 1066,8 95-104,7 743 59,2-63,5
Hidegag 711,2 63,5 762 63,5-80,16 | 698,5 56,1-65
Vizzar 310 63-73,1
KoNET, PWR Dr. Yamaji Bogddn, BME NTT 12




Primer kor, nyugati PWR (Franciaorszag)

Framatome/Areva
900 MWe sorozat
910-960 MWe
3 hurok, 3 FKSZ,
157 wia. kazetta
1300 MWe sorozat
1362, 1382 MWe .
4 hurok, 4 FKSZ, el | : qE=
193 iia. kazetta
1400 MWe — N4 — sorozat
1560 MWe
4 GF, 4 FKSZ
205 iia. kazetta [ Reastor Py

Cold Leg

Croas-over Leg

FIG. 2-20. Sketch of a typical French PWR reactor coolant loop.
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Primer kor, nyugati PWR (Németorszag)

FIG. 2-26. Schematic of a tvpical German PWR primary coolant system.
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Primer kor, nyugati PWR (Japéan)

MHI

600 MWe sorozat
2 hurok Mitsubishi PWR Plants

121 iia. kazetta Wide range of electric outputs
900 MWe sorozat ¥ e

3 hurok

157 tia. kazetta
1200 MWe sorozat
4 hurok | i
. 2-Loop ( 300-600MWe ) 3-Loop ( 900MWe ) 4-Loop ( 1200-1500MWe )
193 iia. kazetta _
unit clo output Unit cio Output Unit cio Output
Mihama-1 1970.11 340 MwWe Takahama-1 197411 826 Mwe Ohi-1 1979.03 1175 MWe
Mihama-2 | 1972.07 | 500 MWe Takahama-2 | 1975.11 826 MWe Ohi-2 1979.12 1175 MWe
Genkai-1 1975.10 559 Mwe Mihama-3 1976.12 826 Mwe Tsuruga-2 1987.02 1160 MWe
Ikata-1 1977.09 | 566 MWe Sendai-1 1984.07 890 MWe Ohi-3 1991.12 1180 MWe
Genkai-2 1981.03 | 559 MWe Takahama-3 | 1985.01 870 MWe Ohi-4 1993.02 1180 MWe
Ikata-2 1982.03 566 MWe Takahama-4 1965.06 870 Mwe Genkai-3 1994.03 1180 MWe
Tomari-1 1989.06 | 579 MWe Sendai-2 1985.11 890 MWe Genkai-4 1997.07 1180 MWe
Tomari-2 1991.04 579 MWwe Ikata-3 1994.12 890 Mwe Tsuruga-3 (2016.03) | 1538 MWe
Tomari-3 (2009.12) | 912 Mwe Tsuruga-4 | (2017.03) | 1538 Mwe
{=»-MITSUBISHI- HEAVY INDUSTRIES, LTD. GEN-HSW-7010-6
KoNET, PWR Dr. Yamaji Bogddn, BME NTT 15

Primer kor, VVER-440

1 Reactor Prossure Vessel
2 Stoam Generator

3 Main Coolant Pump

4 Main Coolant Pipes.

5 Main Isolation Valves

6 Prossurizer

7 Surgelines

8 Pressure Rollef Pipe

FIG. 2-29. Schematic view on the primary system lavout of a WWER 440, Model 230 reactor.

FIG. 2-30(a). Typical reactor coolant loop for a WWER 440, Model 230 plant.

KoNET, PWR Dr. Yamaji Bogddn, BME NTI 16




Primer kor, VVER-440

FIG. 2-30(b). Top view of a WWER 440, Model 230, reactor coolant loop with pressurizer ‘
surge lines.

KoNET, PWR Dr.Yama  FIG. 2-30(c). Side view of a WWER 440, Model 230, pressurizer surge lines.

Primer kor, VVER-440

FIG. 2-33(a). Top view of @ WWER 440, Model 213, reactor coolant loop with pressurizer
surge lines.

KoNET, PWR Dr. Yamaji Bogdédn, BME NTI 18

Primer kor, VVER-440, Paks

Primer kor, VVER-1000
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Primer kor, europai

Framatome

Siemens

VVER-440/230

Vezetékek

bels6
atmérd
[mm]

falvastagsdg | belsd falvastagsig
[mm] atmérd [mm]

[mm]

belsé
atmérd
[mm]

falvastagsig
[mm)]

Melegig

740

72-78 780 40-57

500

32

Hidegag

700

68 780 40-57

500

32

Reaktortartaly ®
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Height (m)

9

Pressure vessel

st | B

e esiaes

H
1
H
H
H
H
H
H
H
H
§
H
H
]
i
)

oz
Vizzér 780 78 780 40-57 500 32
270MW(t) 530MW(t) 3425MW(t) 3500MW(t)
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Reaktortartal Reaktortartal
_— RODTRAVEL ven pire
- HOUSING
CONTROL ROD —_ — INSTRUMENTATION CONTROL Q00 MECHANISM . —
DRIVE MECHANISM /" ports ROUSHG - / SURE HEAD Cap
SHAOUD  SUPPORT ————,
/ - THERVAL SLEEVE CLOSURE sTLD
UPPER SUPPORT /s LFTING (UG nut
/
/ LFTNe Lue oS 1ex0 . Longutudinal
y /f FLANGE) ATNG SURFACE. SRS Bettiine
Weld Volumes
INTERNALS CLOSURE HEAD REFLELNG SEAL . OUTER 0-RING @
SuppORT ASSEMBLY T GASKET =
LEDGE X VESSELFLANGE INNER 0-RING -
e oounseno rortronte e R 0
CORE BARREL
Beltline
_— CONTROLROD s
~" Guioe use R UL ORSE | e Circumterential
SUPPORT COLUMN Weld Volume
A __— controLROD |
~ DRIVE SHAFT OUTLET NOZZLE
) i INCET NOZZLE
UPPER CORE P L
| VESSEL sueroRT VESSEL Suepoar
——— neTNOZZLE PaD PAD
WNTERMEDIATE SHELL COURSE
—— conTROL ROD 7 |
CLUSTER (WITHORAWN |
_— ACCESS PORT LowER SIELL CoRSE
i /
come surront —— —12 <
INSTRUMENTATION _— REACTOR VESSEL D€
THINBLE GUDES J\Bﬂ @
80TTOM HERD 4 )
ShrERCAL ANG ] -
(CORE SUPPORT T LOWER CORE PLATE | Beltline
74 Circumterential
INSTRUMENTATION—" velciolume
rozzLes BOTTOM HEAD CAP
FIG. 1 A typical Westinghouse reactor pressure vessel
Cutaway View of Reactor Vessel (5] Weldes-Ring-Forging Beftiine Shell
FIG. 9. Fabrication configuration of PWR beltine shells
KoNET, PWR Dr. Yamaji Bogddn, BME NTI 23 KoNET, PWR 24




Reaktortartaly

- Core barro! support pads

F. vessel wail snsition

* Aras evslusted inthe sress snslysis

FIG. 16, A typical vessel wadl transition and care barrel support pad locations o be analysed in arder (2
determine compiiance with the ASME Code.

Tl

H- Bottom head to shell |- Bottom head instrument
juncture penatration

 Area evaluated in the stress analysis
cture and bottom head instrument penetration focations 10 be.
2 with the ASME Cod.

com head ro shell
tstemmine complia

analysed i o

D- Inlet nozzle

E-Outlet nozzie

A Contral réd howsings  B- Closure head flangs
& anail

GLITIC I o Ares svaluated in the stress analysis

s (0 be analysed m order 1o determine conplia

Reaktortartaly

CONOSEAL
CONTROL ROD

DRIVE MECHANISM

CONTROL ROD
GUIDE TUBE

THERMOCOUPLE
COLUMN

SUPPORT
TOP

SUPPORT COLUMN

PLATE

FUEL
ASSEMBLY
VESSEL PENETRATION

TUBE

THIMBLE GUIDE TUBE
TO VESSEL WELD JOINT

INSTRUMENT VERTICAL PLATE
THIMBLE SEAL
GUIDE

TUBE 15-PATH TRANSFER

DRIVE UNIT
6-PATH
| TRANSFER

Figure 7-2. Typical In-Core Instrumentation System
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Reaktortartaly Reaktortartaly O
e Csonk kialakitasok
Son 1alakitaso
5752 .
closure head venling nozzle
standpipe ~—_| CRDM-

nozzle

core instrumentation
closure stud nozzle
with nut and
‘Washers

horizontal and -horizontal stop
vertical pad
‘main coolant | -main coolant inlet
outlet nozzkes nozzles
ot B 5000 ————————
FIG. 2. Sketches of typical set-on and set-in nozzles used in reactor pressure vessels. FIG. 7. Sketch of a typical forged and machined WWER-440 pressure vessel nozzle.
FIG 4. A ypical Stemens/KWU reactor pressure vessel for a 1300 MWe plant. 1450 MWe
FIG. 5. Sketchs of French 3- and 4-loop RPVs; typical dimensions.
28
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Reaktortartaly

e Tartalyfedél

pe 304 Flange

i
stainless steel

65 vessel
Dissimilar metal weld penetrations

Aloy 600
Low-alloy steel Stailess steel
vessel head cladding

Alloy 182 buttering
Alioy 162 weld

°
°°°°°°

__—Corical guide FIG. 27. Plan view of the PWR pressure vessel head (Buisine et al. 1994). Copyright the
Minerals, Metals & Materials Society; reprinied with permission.

FIG 26 Typical control rod drive mechanism penerration i a Westinghouse-type PWR (Buisine et al.
1994 Copyright the Minerals, Metals & Matenals Society; re ted with permission

KoNET, PWR Dr. Yamaji Bogddn, BME NTI
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Reaktortartaly ®

» Példa 1: borsavlerakddas a tartalyfedélen

— 1987, Turkey Point 4: mintegy 230 kg borsavkristalyt
talaltak a tartalyfedélen, valamint az SZBV hajtasok
hutésének csoveiben

— az egyik atvezetés csOvének szigetelése eresztett, ezt
egy évvel korabbi karbantartas soran felfedezték,
mértékét ,,nem jelentds’-nek értékelték

— a szivargd primer hiit0kdzeg roncsolta a tartilyfedelet
— 58 fedélcsatlakozas elkorrodalodott
— az SZBV hajtasok cséveiben kondenzalodott a boros

viz

KoNET, PWR Dr. Yamaji Bogdédn, BME NTI 30

Reaktortartaly .

» Példa 2: tartalyfedél roncsolddas
— 2002, Davis Besse: ledllds UA 4trakésra és karbantartasra
— harom SZBYV hajtas atvezetés csdcsonkjaban axidlis torés nyomait fedezik
fel, a fedél kozepe kornyékén
— mikozben megprobaltik a csonkokat javitani és a hiba okat felderiteni, az

egyik ilyen megbillent (eltorott), és a szomszédos csonkra dolt. Amennyiben
a csonk nem lett volna sériilt (torott), ez nem torténhetett volna meg.

RV Head Insulation
Service Structure (ROM Nozzles

Alloy 600 nozzle
Low alloy steel,
SA-533,6r.B
(mod), 1.1, plate

Support Steel \

Type 308
stainless

= noval i
f Z o steel cladding
'

18 Access Openings _/
“Mouse-Holes" at
Davis Besse

Nozzle 3 s near
the center of
RPV head

1
Alloy 182 buffering | |

andJ-grooveweld | | i¢_(ﬂ0Mleads(mw
:

...... assembly

'
[
l Close-up of the J-groove weld
'
Y
1

Figure 1b. Detail of vessel head penetration nozzles
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Reaktorta

» Példa 2: tartalyfedél
roncsolddas

— ebben az esetben is jelentds
bérsavlerakodast talaltak a fedélen,

I

i

— valamint észlelték, hogy a tartalyfedél
jelentésen roncsolddott az érintett SZBV
csonk kornyékén

— akorr6ziés roncsolddas oka a szivargd
boéros (primer) viz volt

— A tartdlyfedél vastagsiga az iiregben
3/8 in volt. A rozsdamentes acél réteg
(a tartaly belso feliiletén) névleges
vastagsaga: 3/8 in. (!!)

— A rozsdamentes acél ellendll a borsav
korroziv hatasanak, de nem a strukturéalis
integritds megorzésére tervezték

— Potencidlisan LOCA-hoz vezetd allapot

Figure 2. Region of the vessel head depicted by the model and photo of the cavity after it was removed
from the vessel head

KoNET, PWR Dr. Yamaji Bogddn, BME NTI 32




Reaktortartaly

» Példa 2: tartalyfedél roncsolddas -

[

— az NRC nem engedélyezte a reaktor CROMNozzle
djrainditasat (2002)

— ahatdsagi vizsgalat megéllapitotta, hogy az Leak Path
ilyen mértékii roncsolddas megeldzhetd lett
volna

— a Davis Besse atomerdmiiben (tdbbek
kozott) azért nem észlelték a szivargast,

mert a lerakoédott borsav eltomitette a K X

szivargést figyeld detektorok sziirdit is

Cladding
J-groove Weld

— atartalyfedelet kicserélték
— modositasokat végeztek a fedél atvezetés

Reaktortartaly

csonkok mintegy harmadéan

— modositottak az iizemeltetési gyakorlaton is
a korr6zids-erdziods folyamatok elkeriilése
érdekében

Top View of J-Groove Weld

f

the Fgroove weid

» Példa 2: tartalyfedél roncsolddas

Figure 3a. RPV head flange area amounts of boric
(photo taken during the 2000 refueling outage at DBNPS)

Boricacid
deposits

Boricacid
deposi

CRDM
nozzle

Figure 4b. Oblique view of the cavity
partially showing the J-groove weld
at the bottom of the cavity

CROM nozzle (stil photo of video taken during the 2000
refueling outage at DENPS)

Figure 4a. Close-up view of the cavity
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Reaktortartaly . Reaktortartaly .
TABLE T CHEMICAL REQUIREMEN LS (HEAT ANALYSIS) MAIN FERRITIC MATERIALS FOR REACTOR COMPONEN IS IN
TABLE . WESTERN REACTOR PRESSURE VESSEL DESIGN PARAMETERS WESTERN COUNTRIES Q )
Designation T Tlements (weight %) T
French 4-loop | German Konvoi Westinghouse (o] 51 Mo Pae S Q1 Mo N Vae  Cmn Al S N2 As
N4 type plants | design values 4-loop plant ASTM A 3028 015 115 043 i -
025 030 150 0035 0040 060
fThemmalipower (M) L2i0 S5 Ehdl ASIM A 336, Code Case 1236 019 015 10 050 040
) 025 035 130 0035 003 035 060 D50
Electric output (MWe) 1475 > 1300 1125
ASME A 08 ol 2 (1971} Q15 0 025 035 030
Number of loops 4 4 4 027 035 09 0025 0025 045 070 09% 003
ASME A 533 @i B(1971) 015 115 045 040
Type of fuel assembly 17Tx 17 18 x 18-24 17 %17 025 030 150 0035 0040 060 070
. ASME A 508 ¢l 2 (1989)" 015 050 025 055 050
Active length (mm) 4270 3900 366 cm 027 040 100 0015 0015 045 070 0D 005 015
Core diameter (mm) 4490 3910 337 ¢m ASME: A 508 1 3 (1989)" 015 120 045 040
025 040 150 005 005 025 060 100 D05
1 *
‘Water gap width* (mm) 424 545 512 cm ASME A 533 g1 B (1989) 015 115 045 Dan
- - 025 040 150 0035 0040 060 070
Linear heating rate (W/cm) 179 166.7 183
16 MnDS RCC M 2111 (ST 043 050 001 020 0040
022 030 160 002 DO 025 0ST D80
Number of control rods 73 61 53
18 MnDS RCC M 2112 (1958) 0l 115 045 050
Total flow rate (m/h) 98 000 67 680 86 800 020 030 155 0015 0012 025 055 08 001 020 0040
of 20 Mn Mo Ni 5 5 (1983, 1990) 0 017 015 120 040 0S50 00
Vessel outlet temperature (°C) 3295 326.1 3255 023 030 ISD 002 ODODE 020 055 08 002 012 0040 0D 0013 0036
Outlevinlet temperature difference (°C) 375 34.8 33.0 22 Ni Mo Ci 37 (1991)% 017 015 0sD 025 060 0010
023 035 100 0012 0008 0S50 060 120" 002 012Y 0050 001 OM3 0036
Specified RTypr at 30 L —-12°C i
O Supplementaty Regquirement 9 1¢2) and § 9 2 for A 508 ¢l 2 and 08 o 3 TR IA 201 1 Appendix A lssue 690
o 3 -
. o _ Torgmgs ot reacton shells vutside core iegion Restictions for Core Region Cu content for RPY (Core Region) shall be <0 104
AT, at EOL (based on design values) B 23°C (ROC M 2111) S <0 (08, P <0 008, Cu <0 0 “ACCnding Sieateny/KWH under consideration of SR 10 (MPa Stuttgart)
Vel [V Materal Specitication 401, Tssue 1983 O} or langes and tbe sheets the Ni content shall be 51 405
*Distance from the outer fuel element and the RPV inner surface.
KoNET, PWR Dr. Yamaji Bogddn, BME NTI 35 KoNET, PWR Dr. Yamaji Bogdan, BME NTI 36




Reaktortartaly ®

TABLE IV. MATERIALS SPECIFIED FOR PWR VESSEL COMPONENTS

Plants in the USA:

Tnstiu-
menta-
Closure Care fon
Clowne  Clowne Shoud  head Sumless  Leskage  wpport  whes'  Refueling
head head Liftog  suppoit stud Vessel Bottom CRDM  steel monitor- pads penctra- seal ledge
dome flange lugs g asscmbly  flange Shells head Nozzles  homsings  claddmg  inguwbes  (lugs) tons
SA302  SAIW SAIM2  SA2I2 SAI20 SATIG SA3RZ  SA3M SAIZ  SAIEZ  TYPE SA3IZ SBIGn  SBIG6  SA212GR
GREB GRB GRB L43 CRB GREB GREB TYPES  308L. TYPE B
04,316 1091 316
SASI3 SAS08 SAS} SASI6 SAS40 SAS08 SAS33 SAS33 SA533 SBi66 TYPE SBl66 SB167 SBI6T  SASIGGR
GRB Clasy 2 CRB GR 70 B23, B24 GRB GRB GRB 4 kel
Class 1 SASO8  Class 1 Class | Class | Class 1
Class ¥
SA320 SA3G SAI36 SB16T SAS3)
143
Class 3
SASOR SASOR
Class 2 Clins 2
SASOR SASOK
Class 3 Class 3
French 4-loop N4 plants.
Shelfs, Ranges, heads, noszles 16MnDS
Sate ends, adaptc flanges FHNDIR12
Adapter sleeves. mstumentation penets o, NCTSTeNCI0T e
Studs, nts, washeis AONCDVT 03
Tternal suppots NCTSEe
KoNET, PWR Dr. Yamaji Bogddn, BME NTI 37

Reaktortartaly

Reaktortartaly fels6érészt szallitanak
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TABLE Ila. WWER REACTOR PRESSURE VESSEL DESIGN PARAMETERS

Reactor 'WWER-440 ‘WWER-1000
V-230 V-213 V-320
mass [t] 215 320
length [m] 11.800 11.000
outer diameter [m]:
~ in cylindrical part 3.840 4535
- innozzle ring 3.980 4.660

wall thickness (without
cladding) [m]:

__in cylindrical part 0.140 0.193
—_innozzle ring 0.190 0.285
number of nozzles 2x6® | 2x6W+2x3® 2x4043@
working pressure [MPa] 12.26 17.65
design pressure [MPa] 13.7 19.7
hydrotest pressure [MPa] 17.1 | 1927 24.6
Operating wall 265 288
temperature [°C]
design wall temperature 325 350
°C]
vessel lifetime [year] 30 [ 40 40
neutron fluence during
design lifetime [n/nf)
(E, greater 0.5 MeV)¥*
- base metal 1.6 x 107 I 2.6x 107 63 x 107
_ weld metal 1.3 % 10% | 1.8 % 107 57 % 102
cover mass [t] 50 90
number of penetrations 37+18 61 +30

O Primary nozzle.

® Emergency core cooling system (ECCS) nozzle.
© Test pressure has been recently decreased to 17.2 MPa in Hungary, the Czech Republic and Slovakia.
) The fast fluence at energies greater than 0.5 MeV is about 1.67 times the fast fluence at energies greater than

Reaktortartaly, VVER

TABLE VI. CHEMICAL COMPOSITION OF WWER REACTOR PRESSURE VESSEL MATERIALS (weight %)

@

MATERIAL (¢ Mn si P s cr Ni Mo v
15Kh2MFA 0.13 030 017 max 0.025 max 0.025 2350 max 0.40 0.60 0.25
0.18 0.60 0.37 3.00 080 [035
18Kh2MFA 0.15 030 007 |max0025 | max0.025 | 2.50 max 0.40 060|025
021 0.60 0.37 3.00 080|035
25KR3MEA 022 030 017 |max0.025 |max0.025 |280330 |max0.40 060 025
025 0.60 037 0.80 0.35
1SKh2ZNMFA 0.13 0.30 0.17 max 0.020 max 0.020 1.80 1.00 0.50 max 0.10
0.18 0.60 037 230 150 0.70
Sv-10KhMFT + 0.04 0.60 020 max. 0.042 max 0.035 120 max 0.30 035 .10
AN-42 012 1.30 0.60 1.80 0.70 035
Sv-10KhMFT + 0.04 060 020 |max0012 | max0.015 | 120 max 0.30 035|010
AN-42M 0.12 1.30 0.60 1.80 0.70 0.35
Sv-12KRINZMA + [ 0.05 050 015 |max0025 |max0.020 | 140210 |1.20 045 |-
FC-16 012 1.00 045 190 075
Sv-12KR2N2MA + | 005 050 015 |max0012 | max0015 | 140 120 045 |-
FC-164 012 1.00 045 2.10 190 075
Sv-13Kh2MFT + 011 0.40 017 max 0.030 max 0.030 140 - 0.40 0.17
OF-6 0.16 0.70 035 250 080 1037

1.0 MeV.
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TABLE L TYPICAL RVIMATERIALS
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‘TABLE II. CHEMICAL COMPOSITION OFRVI MATERIALS — AUSTENITIC STAINLESS STEELS

‘TABLE I CHEMICAL COMPOSITION OFRVI MATERIALS — WELDS

O

THELT
e 36

=]

EEI BT p—

T

(471

s[5 7= EREE
0| oo [0 | mon| 5 =
i1y
saa =008 | <20 [ =075 | <003 | <0085 8- <010
e} 105
34478 =008 | <20 | s10 | b3 | <608 80— 5010
et i
FSST ECTT TR e Py e v s
ok T i8] pi
TEED | | a0 | a0 | 20 | 200 0 10 (oot | oo
% i3 o
Pt
oo e
frescrio
i
TOET [ ap0| 20 | 0 | am | 00w 2. FRIETT
emtod i3
ST
XA [ oow | <20 [ 10 [ oo [ <noss| so- 008
i 120
ot
20 =ou8 | <20 [ <10 [ <o | coow| 1o
aaTm o
5153 i <0 [ <075 | c00 | -poss | 100~ 2010 -
slivnd | Gt o
Tpalit
BOOITE [ qor | a0 | 20 | m | 0| 00 SiE
wliwnd | Goay o
gismnsis
ODIML | g g5 2| s 0035 | 1LE- ) -
iy W
o
| o [ | o T P
o
eca 520 [ sio | =om | sp0s | 103 - -
- 133
st
g
TONBB || an | ar | e | 00w 21 o |
e i}
e
S e[ 3 | 20 | oor | so0m] a1 -
i 1o
KoNET, PWR

TABLE IV, CHEMICAL COMPOSITION OF RV MATERIALS — Ni BASED ALLOYS

Ml

T
eson

o
om0
ey

i

3]0

«le| A
EX]

EX EH

T
o

EE I

Forer
QL

Dr. Yamaji Bogddn, BME NTI




Reaktortartalyon beliili elemek

TABLE V. TYPICAL RVI MATERIALS

Component Specification Note
Core barrel
Core barrel vessel spacing grid, core | OSCHISN10T Sheets, sheet stamped bianks
bawrel bettom.  caps  of supperts,
displacer
Keys. nuts, washers, plugs, pins 08Ch18N10T Bar and forgings
Supports, tail pieces of supports, bes 08Ch1EN10T Seamless fubes of improved quality

Studs

ChN3ISVT-VD

Bar, vacunm arc refined Ni based alloy

Core shroud

Upper ring, muddle ring, lower ring 03Ch18N10T Forgings
Spacing grids 08Ch18N10T Sheets
Studs, nuts, washers, reducers, tail | 08Ch18N10T Bars and forgings

| pieces
Tubes 08Ch18N10T Seamless, high quality
Biock of guide mbes
Shells. slabs, cones 08Ch18N10T Sheets
Grids, discs, flanges, sleeves 08Ch18N10T Bars, forgings
Flanges, rods, tips, keys, bolts, pins 08CLISNLOT Bars, forgings, enhanced mechanical

properties

Tubes 08Ch18N10T Seamless, lugh quality
Welding materials
Argon arc welding Sv-04Ch1ONT1M3 Welding wire
Submerged automatic welding Ch19N11IM3 + flux OF-6 or | Welding wire
Electroslag welding Sv-(4Ch19NTIMS + Welding wire

flux 0E-6

Manual arc welding EN-400/10T Electrode rod, grade
EN-400/10V Sv-04ChIONTIM3
Wear resistant cladding CN-6L Electrode rod, grade

Sv-04Ch19NIM3

O

* A teljesitményvéltozasbol eredd
térfogatvaltozasok kiegyenlitésére

* Nyomadsingadozasok szabalyozasa
* Viz-gbz keverék egyenstlyban
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* Recirkulicios GF

. . |
o Egycﬂdusu (once through) — af8 tapviz betdplalds a GF als6 részén N
GF (B &W) — U-csoves primer oldal iy
) . B ) — szekunder kozeg a tadpviz csonkon érkezik, )
— primer melegéigi kozeg fentrdl lefelé van és egy leszdll6 gytiriis akndban megy le a ettt Al [l
szivattytzva, a szekunder tapviz ellendramban GF als6 részébe, majd az alsé keverétéren
a kopenytérben. keresztiil a GF kopenytérbe N
— Atdpviz egy gylirlis akndba (feed anulus) jut be — Aleszall6 gyiiriis akndban elkeveredik a -
(a 9. tavtarté magassagdban), és a GF-ben jelen recirkulltatott, gézszeparatorb6l szarmazé
1év gbzbdl kicsatolt gdzzel elomelegitik annulus tapvizzel, és ez a keverék jut a

telitésig.

kopenytérbe

— Leszallo gytiriis akndban a GF aljara megy a
telitett tapviz, és fordul vissza a kopenytérbe.
Ott tdlhevitett g6z keletkezik, ez radidlisan
kifelé aramlik a kilépScsonk felé

— Atlagosan a tapviz 25%-4bél lesz g6z, a
tobbi a recirkulacion keresztiil djabb kort
tesz meg a GF-ben

RN EANARAANAN) NSRS

NN

— egyes tipusokban eldmelegito a primer
hidegagi kilépésnél, elomelegitett
tapviz keveredik a recirkulalt kozeggel

7

s

FIG. 2. Typical design of a stean generator with a preheater (CSGORG 1983).
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TABLE L. TYPICAL US STEAM GENERATOR MODELS AND THEIR PARAMETERS

Manufacturer type

and model Wesnnghouse (recuculatiog)
2 27 3 @ sta-mMe DY D«
Heatwansferarea 24 834 27700 330 44500 51500 48000 47000
o
No of tbes 2604 3794 2604 3260 388 674 as78
No of row-1 wbes 82 100 ® % % 4 na
Tube patem Square Square Square Square Square Square square
Tube spacing Gn)' 12187 10601031 125 120000123 1281 1063 1063

Tube dimensions  0875x0050  0750x00S5  OBISX0050  O875X000 0750050  07S0x0043  0750x0043
an)

Tubing matenal Alloy 600 Alloy 600 Alloy 600 Alloy 600 Alloy 600 Alloy 600 Alloy 600

Tubing heat Millanncaled  Mill-annealed  Mill-amealed  Millanpealed  Millanncaled  Mill-anealed  Mill-annealed

wreaument

Tubesheet Part-depth Part.depth Pant.depth Pantdepth Pandepth  Fulldepth  Fulldepth

expansion method  rolled. rolled rolled rolled rolled" rolled rolled

Tubeshest crevice 1825 18 18 18190020 18 18750r  None None

depth (n )° 19

Tube support type  Dlled hole  Drlled hole  Dnlicd hole  Dnlled hole Dnlled hole  Dalied hole  Dlied hole

Tube suppot Cabonsteel  Cabon sieel  Carbonsteel  Carbonsteel  Carbon steelf  Carbon steel  Carbon steel

matenal

Preheater type None None Nore None None Sphitflow  Counterflow
expanded
preheater
tubes.

Flow dismbunon ~ None None None None Nonet D2mo Yeu

bafles D3 yes

* Replacement Models 44F S1F and S4F use hydraulically expanded. thermally treated Alloy 600 tubng and 405 stsmless steel tube support plates except for
the model 54Fs at D C Cook and Indian Point Unit 3 which weated Alloy e gencrally match the heat transfer
area of the steam generators they teplaced except for the 54 Fs with Alloy 690 wbing which are shightly larger than the onginal S1s due 1o the vlightly lower
thermal heat wansfer properves at the Alloy 690 matenial vis-d-vis the Alloy 600 material

"1 =0093m 1 =254mm

Gozfejlesztd gyartds Oberhausenben
KoNET, PWR Dr. Yamaji Bogddn, BME NTI 55 KoNET, PWR © Later Model S1s used full-depth rolled or explosively expanded tubes The tubesheet thickness ranges from 525 to 610 mm 56
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TABLE L (cont.)

O

TABLE II. TYPICAL MITSUBISHI HEAVY INDUSTRIES RECIRCULATING STEAM GENERATOR MODELS AND THEIR PARAMETERS

GOzfejleszto — alld (nyugati)

Manutacurer ype BAW once- Combusuon Enpncering
and model ‘Wesunghouse (recirculaung) through (recirculaung)
- - ; o . p - Manufacturer MHI MHI MHI MHI MHI MHI M
and Mode! “ 46F 51514 5IM SIESIFA SIF,S2FA SAFSAFA
Heatwanster rea 47,000 50000 000 ™ 12250 0700 N
oy
No of wbes 4570 4564 5626 307 1553 8519 1o [Heat transfer arca (nf) | 4130 4300 4785 4780 4780 4870 5055
LDCEA) ] 2 » - 167 W o. of tubes 3260 382 1388 3382 3382 1382 3382
Tobepatem  SqrewTsiol  Squew/Ts SurewTsr  Toge  Traagle Trangle Trangle INo. of row-1 tubes | 92 % 9 o % %4 %
T spacog () 1063 1om0 09 %m0 oss 0% 100 1000 Hube patiem Square Squure s square — Squre S
Tube dmensons 0750 X 0063 0750 x 0043 068 X004 068 x 0625 x 0034 0750 X008 0750 x 0082
) 000 Tube specing (mm) | 31.35 3254 3254 3254 3254 1254 3254
s e L SRS L LA Tube dimensions (m)] 2223x127 | 2223127 22127 | 2027 2223x1.27 223127 223127
Tubing heat Thermally Mill-annealed or  Thermally Thermalty Mill-annealed  Mull-annealed Mll-annealed
weaument esed verm veaied  ueatcd wesed Tubing material Alloy 600 Alloy 690 Alloy 600 Alloy 600 Alloy 600 Alloy 690 Allay 690
— — eyttt By e P Expomne — Tubing heat treatment | Mill-annealed | Thermally treated | Mill-anncaled P:\Il-m?ulwd,nd Thermally treated | Themally freated | Thermally treated
expansion method or hydrauhe rolled thermally treat
Tuete cevee Nowe L3 i L2 & L3 = {Tubesheet expansion | Part-depth Full-depth hydraulic| Part-depth rolled{ Full-depth rolled, | Full-depth hydraulic| Full-depth hydraulic| Full-depth hydrauii
Imethod rolled and one step rolled | full-depih rolled | full-depth hydraulic { and one step rolled and one step rolled]
Tube support ope  Broached Dried Broached Sroached  Broached  Eggorae! Eggeras and rofled and one step rolled
quueton ol et wetol veral werueal
Twewmpor  Samessiesl  Cabenor  Ssamless  0Ssanless Cabonor  Cabonseel  Suiess el ITubesheet crevice | 497° None 488", None: None None None None
materal stmless steel sieel MaMo steel epth (mm) (original design)
Preheater type ecr:nr:::o; (c‘:-;::w None None. None None Axal flow [Tube support type Drilled Broached eggerate | Drilled Drilled, Broached cggerate | Broached eggerate | Broached cggerate
heaer bes prebeater bes drilled chamfer
Tlow dssbonon - es e e et Mo N e Tuoe support aterial | Carbon Seel | 405 sanles steel | Carban stesd | Carbon st 405 stainless steel | 405 stainless steel | 405 stainess stocl
405 stainless stel
“For Model 515 with part-depth rolled tbes only kit Norie None None Lie) L) Lo
“The crevic radial gaps vaned from 0,005 10 0011 ches excep n the Model 74 where they were 00135-00175 rnhes gﬂr:;'“ﬁb'm' None Yes None Yes Yes Yes Yes
‘Some laier Model 51 were equipped with alloy steel tube support plates and flow distnbution baffles
“The row 1 and 2 tubes 1n most Model §1 D2D3, D4 and E stcam generators have been u-bend heat treated and shot or rotopeened for added resrstance to *Tubesheet radial gap of 0,185 mm
pwscc
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Varicat
TABLE Il TYPICAL SIEMENS/K WU RECIRCULATING STEAM GENERATORS AND THEIR PARAMETERS mwﬂ:‘
MAN-GHH IMAN-GHH alcke [Rabeock [P Stancare with prebeater [MAN-GHH ‘Replacement SGs for e GF cso tévtarték/pozicionél(’)k e,
jand model [Obrigheim (Orig.) {Obrigheim (Repl.) {Stade |Biblis A [Konvoi [S1C51MD3 ;‘.m
IHeat transfer area (i) 2750 070 930 510 386 427 5105/6103/7155 . b, Dingoralbr =24 = bar
No of tubes losos 010 oo hose s J5130/5428 — lemezes kialakitas B Ja =
INo of row-1 tubes | Ho o 5 s fs4 7159 = . s o
ke parer — — Frnangitr — Froagalar — Finangatar  furatok a GF csovek szamara . .
(Tube spacing (mm) o719 < 288 oo 293 0o oo Boo a 164 . ik ki P = ek
ube dimensions () b masr  pan 212 2123 in h2x123 1905 - 109 szuk keresztmetszet a tapviz s
v » ] > - - P
Mubmg matenal |alioy 600 |Allay 800 M lalioy 800 M [alloy 860 M {Alloy 800 M |Alloy 800 M :::.;;; g))g . szamara - .
{Tubing heat treatment iMill annealed o o o ® IAEIuy 690 therm. treated Z Z z ] 4
et * masodlagos furatok a tapviz e o
{Tubesheet expansion method  [Part th rolled (Part-depth rolled Part-depth rolled [Part-depth rolled Part. ih rolled [Part-depth rolled ull-depth hydraulic plus z z
L 3 z.ﬁﬁkm both ep‘ndsy (both cnds) (both ends) F’T&J {(both ends) «gn roylfad (borﬁ sSzamara
TS crevice depth (mm) INone [None jane Jone INone [None INane _ . inté
o e g S 7 - — b B&W: szintén furatos lemez, de a
2 sz .
Tube support matcnal [Stamless steel (Stamless stecl IStainless stecl [Stanlcss steel [Starnless stec! inless stec! Stauniless steel furatok h arom 1ranyb an kl vann. ak
Prehcater type jone. INone lane. ione ISplit-flow design [nonc jone. . . .
riow dismbution bafles__Nore = one = e e marva, gy nagyobb hely a tapviz
U-Bend Treatment fone one: Mone [Nene None lone: Alloy 690 Yes® L, P
rocmng of the roll-rnston[None Fone Fone Fone fonc one Pone szamara a GF cs6 kozvetlen ne =
bl .. z L L
kozelében = .
Notes - a“c
3 Innemost rows wal thickness = | § mm . . L - x
bl Bend Vertical flat bars k) Replacement steam generator for Westinghouse model S1C (Ringhals 2, Manuf — racsos tavtartdk = ©
€ Bend Vemical and horontal flat bars, vertical comugated smps MAN-GHH), SIM (Doel 3, Manuf  ENSA/CMI), D3 (Asco ¥ and Alisaraz %, Manuf K:: :s
) Bend Vertical flat bars, honzontal and vertical conugated stnps. ENSA), D3 (Ringhals 3, Manuf Framatome)
o Bend  Radral flat bars, vertical corrugated stnps ] Replacement steam generator for Ringhals 2 5105 n¥, Doel 3, Asco % and Almaraz %
n Bend  Vertical and honzontal flat bars, vertical corrugated stnps, block fubing {zero gaps) 6103 n?, Ringhals 3 7155 n?
B Symular to ASTM SB 163, UNS NOSED0 m) Replacement steam generator for Ringhals 2, Doel 3, Asco Vi and Almaraz ¥ §130 tubes, ST g
h Grafenrhemfeld, Grohnde (Manuf  MAN-GHH), Brokdorf (Manuf  UDDCOMB), row-| tubes, Ringhals 3 5428 tubes, 59 row- | tubes Te
Tnllo 1| (Manuf  ENSA) n Replacement generator for Ringhals 2 and Ringhals 3 Alloy 690, Doel 3, Asco % and
5 Almost wdeniical planis lsar 2, Neckarwestheim 2, Emsland Alrraraz % Alloy 800 M
0 Alloy 690 Tubes with Racus <300 mm FIG. 7. Typical steam genercior tube support lavouts with tube support plate and tubesheet
» Modified according o Siemens/KWLU specification nomenclaure.
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FIG. 26. PWSCC cracks in rolled plug supplied by Babcock & Wilcox (USNRC 1989b).
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FIG. 27. Typical sleeve installation with a hybrid expanded Joint (Westinghouse 1994).

Copyright Westin Electric Cc ion; reprinted with
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Gozfejleszto — fekvd, VVER-440 GOozfejleszto — fekvo, VVER-440

T Gozlejleszts primerkdri kollektor belilrdl a hoatads csdvekkel (5536 db)

400 1650 2230

T 1 T 1

1 - kopeny, 2 - hidegéagi kollektor, 3 - melegagi kollektor, 4 - bivonyilas, 5 - hdatado csovek, 6 - figgdleges tavtartd, 7 - vizszintes
tavtarto, 8 - tdpvizelosztd, 9 - csepplevilaszto, 10 - perforalt lemez, 11 - g6zgyiijté, 12 - primerkori fedél, 13 - szekunderkori fedél,
14 - tomité gylirti a primer- és a szekunderkor kozott, 15, 16 - szekunderkéri tomités, 17 - primerkori tomités, 18 - primerkori
1égtelenités, 19 - periodikus leiirités, 20 - gozfejlesztd periodikus leiszapolas, 21 - gézfejleszté folyamatos leiszapolas, 22 - csonk,
23 - vizszintjelz6 cs6
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Gézfejlesztd — fekvo, VVER-440 (a) Gozfejlesztd — fekvd, VVER-440 — 2003-as

TABLE IV. WWER STEAM GENERATOR PARAMETERS

TABLEIV. (Cort.)
Parameters WWER4D  WWERI000  WWER  poameters WWER440  WWER-I00  WWER-
10000 10000
Thermal power, MW 292 750 750 P T
Steam capacity, 125 40833 40833 24 4 21
h Tube array n tube bundle 295 3 25, 23¢
Pressure of steam, MPa 461 627 627 - amay pich along the vertcal axis, mm
Steam temperature, °C 2589 2785 785 - amay prich along the honzontal axs, mm
Feedwater temperature, °C 164223 164220 lea20  Submerged perforated sheet L L L]
Coolant terperatire, °C Steam generator crculaing factor () 6 15 19
- at steam generator wlet 295 320 320 Voud fracton, % 032 0.493 0485
- at steam generator oulet 267 2% 2
Coolant flow rate, m'/hr 7100 211200 21200 “This matenal 1s also which 15 wth 0 08% carbon. 18% chrome.
Coolant pressure, MPa 1226 157 157 10% mckel and lessthan 1% tanum,
Coolant flow rate n tubes, s 27 a2 491 Alongmedun tce
Average heat transfer factor, KWHIEK 47 54 61 25 mm fo th cnit ot s 23 o o e et
Mean loganthmic temperature head, °C 187 29 24
Specific heat flux (average), kWi 8923 123 1
Total heat exchangng surface, m? 25766 61 51266
“Total mumber of fubes 5536 11000 9157
Drameter and thuckness of tube walls, mm 16314 16x1.5 lexls
Tube mean length, m. 926 110 14
Preseure loss along the coolant path, MPa 0075 0126 0169
Reduced outlet steam rate fom the evaporaton suface, m's 0240 0382 038
Steam humidity at steam generator outle, % 025 02 02
Vessel matenal 2K 10GN2MFA  10GN2MFA
Gollestor materal OSXISNIOP  10GNZMFA  OSXISNIOT
it mer csddng  perorsted aea
Heat exchangmg tube matenal OSXISNIOT  OSXISNIOT  OBXISNIOT
Collector dimensions n the perforated area
- inner duameter, mm 80 834 780
- wal thuckmess, mm 136 1 198
it e lyer
Hole armay n the header perforated arca
- dmensions of munmum heament, mm 1134 69 975
- number of honzontal rows along the haght 7 110 % PP " R . PP PR .
 rumber of tbes n & honzontal row © 120 2 Gozfejleszt6 eredeti tapvizelosztoval Gozfejleszté Gj tapvizelosztéval
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Fokeringetd szivattyu (FKSZ)

VVER-440, Paks

Cutaway View of a Reactor Coolant Pump
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Fokeringtetd szivattyu (FKSZ)

* Fiiggoleges, egyfokozatu centrifugélszivattyd
_____ B * A tOmités nagynyomasd, kisnyomasu €s

| all6tomitésbél all

Miszaki adatok

Nyomas 172,5 bar
Kapacitas 18 000 t/h

Emelémag. 93 m
folyadékoszlop

Hémérséklet 350 °C
(&, Csbécsonk 800 mm

- Tomeg 50t
/ § Teljesitmény 8,5 MW
Ford.szam 1500/min
§ Betap feszlliség 10kV
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Foelzaro tolozar (FET)
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Atrakégép és pihentetd medence

KoNET, PWR
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PWR iizemanyag PWR ilizemanyag
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» Core reactivity control — burnable poison

* Kiégdmérges ﬁﬁﬁﬁp
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thimble
@® pyrex rod

I\II:H:IIII

k Discrete poison

P MOX Assembly design

@ guide thimble
O instrumentation

O gadolinium rod

* MOX
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European Fuel Group
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PWR ii O PWR ii ©
Korea Nuclear Fuel Compan Nuclear Fuel Industries Mitsubishi
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PWR design data (continued)

Korea Nuclear Fuel (KNFC) Mitsubishi Framatome ANP
OFA ACE7 KSD Plus? FORTE  ACE7 ALLIANCE Mk-B. Mk-BW17 AFA 3G
Assembly geometry 14x14 16x16 16516 16K16 17817 7 14145 15x158 17178 mr Assembly geometry 17712 1T 15x15 172 | e 15015 16x16 11712 171714 18X18
No of rods per assembly 179 204 24 264 No of rods per assembly 264 264 179 04 23 24 264 3%0
~ Fuelled 179 235 236 23 264 264 ~ Fuelled 208 264
- Unfuelied i 212 5 5 21 25 - Unfuelled 7 25
Overall assembly length (mm) 4063 4063 4528 4528 4063 1083 4057 4057 4058 4058 Overall assembly length (mm) 4060 47945 4209 4059 28%9 057 821 4060 479 4821
Overall assembly width (mm) 197 197 207 207 214 214 197 214 214 214 Overall assembly width (mm) 214 214 217 214 1972 24 2295 s 24 2295
Rod length (mm) 3868 3878 4094 4094 3879 3881 3866 3866 3856 3856 Rod length (mm) 3859 4492.3 3916 3865 26286 3874 4418 38834 44973 4429
Rod outside diameter (mm} 1016 94 a7 95 95 95 10.72 10.72 95 95 Rod outside diameter (mm) 95 a5 109/106" 95 1072 1072 1075 95 95 95
Pellet length (mm) 1049 94 99 983 .83 983 126 126 15 115 Pellet length (mm) 13.46/102 1346 15 102 15.25 15.25 10 1346 1346 966
Pellet outside diameter (mm) 8.748 .84 826 8192 8192 8192 929 929 819 8.19 Pellet outside diameter (mm) 819 819 9.4/9.8" 819 929 929 9 819 819 806
Pellet density (g/cm® or TD) 95% 85% 95.25% 95% 95% 95% 9% 9% 7% 9% Pellet density (g/cm® or TD) 1041052 104 1052 1052 104 104 104 104 104 104
Average linear fuel rating (kw/m) 2122 1762 17.245 17.68 17.83 17.85 204 03 171 179 Average inear fuel rating (kW/m) 20 178 205 178 2 234" 211 2 119 166
Peak linear fuel rating (kW/m) & “ = = Peak linear fuel rating (kW/m) 42/46.9 42 80.9 46.9 421 42 4216 4% 421 42
Maximum fuel temperature (°C) - - - - Maximum fuel termperature ('C) 2800 2800 2800M 2800'" 2800 2800 28001 2600 28001 200"
Clad material Zirlo Zirlo Tirlo Zirio Zirlo Zilo Imp.Zy4 Imp.Zy4 Imp.2y4 Imp.Zy4 Clad material M5 M55 M55 Ms'§ ZyAMs'® ZydM5 2ydiMETS TydMs'E TydMgT® ZyhIME1S
Clad thickness (mm) 0617 0572 064 0572 0572 0572 062 062 057 051 Clad thickness (mm} 057 057 0635/06" 057 062 062 0725 057 057 064
Average clad temperature (‘C) - - 5 i Average clad temperature (°C) 3 1
Maximum clad temperature ("C} - ~ & # Maximum clad temperature (°C) 400 400 420 404 400 400 400 400 400 400
Grid material Zidoor Zidoor Zirto or Zirlo or Ziloor  Zirfoor Inc. Inc, Inc/zy-4 Inc/zy-4 Grid material M5™ M5' Zya/M5™+ Inc ZyA/MS™ + Inc | Zyd + Inc Zyb+Inc Iyd+Inc b+ Iyd +inc Iyd+nc
Ine718 Inc718 Inc718 Inc718 Inc718 Inc718 B
Average discharge bumup (MWel/kgU) 2 55 n 55 8 55 Rlenge duonarge i (MNCkal) . . '
Maximum assembly burnup (MWd/kgU)y >70 =70 =58 >67 >80 60 >B0 B0 >60 >60
Maximum assembly burnup (MWa/kgU) | 60 75 60 72 60 75 55 5 55 55
requirements. **De design. 'Comprises 2 i outer quides
K 5Two-loop. “Three-loop. Four-loop, ®Usually 9Other
lattice sizes available. '°For Westinghouse units. 'For Framatome ANP units. 1ZFuel incorporating MOX and/or ORP can be supplied to individual requirements. '*Wet lattice design option,
e. i 20Thisdesign
\gh ENUSA for 2 qU. ZENU: d panish plants.
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PWR iizemanyag . PWR iizemanyag .
PWR design data (continued) PWR design data (continued
: i WestinghoussSweden-& Framatome ANP Nuclear Fuel industries
Westinghouse CE Westinghouse'? European Fuel Group (EFG - Westinghouse/ENUSA alliance) ENUSA?2
117
System 80 | Robust fuel assembly | RFAI00 RFAT300  Performance + Lo-lopar MAEF+IFM+PG ROt e
fiid . T - Vg7 Tre isE 5 T L T ET IA(16+7)  15K15-(20)  TBXIGAE0)  1TXIT-(2441)  1BXIB(24) | TAXTA-(16+1)  ISKISH20+1)  TBKIB20)  TTNIT2441)  18K18-(24) LTI P PE T R IS P LU S P
176 236 236 264 264 264 204 264 235 300 179 264 196 25 256 89 32 196 225 256 289 324 7 7 04 264 264
179 205 236 264 300 m 204 236 264 300
25 25 21 75 20 24 17 250 17 20 20 5 24 7 bal 20 25 24
3994 4491 4528 4058 4058 4795 4058 4053 4827 4827 2854 4063 3476 41791 4827 4058 4821 2900 4058 4827 405718 4827 4057 4057 4037 4058 4055
206 207 207 21 214 214 214 21 2296 2296 197 214 1915 215 296 214 296 1972 24 296 214 2956 19 19 21 21 21
73 an a2 3881 3865 1492 3874 3852 14399 4402 2503 3086 3210 38601 4395 3847 4395 %% 3854 405 3853 4405 W6 W6 M6 %2 362
1.8 a0 970 95 95 95 1072 95 1075 95 1072 a5 1075 1075 1075 95 95 1077 1075 1075 9551 95 02 w07 R 95 85
1158 991 991 283 983 983 12 ) 10 a 113 983 1.0 10 110 98 98 10 10 1no 9371 98
968 826 827 819 819 819 9.29 819 9m 805 9.29 819 an an an Ll 8.05 an an bl 817" 805
10.3-1058 1031058 10.3-10.58 10,53 10.53 105 105 105 10,53 10,53 1045 1045 1045 1045 1045 10.45 1045 1045 1045 1045 95% % 95% 45% 7%
2044 17712 17.91 179 171 178 207 167 16.70 18.93 24 ” A o " ” " ) ” 04 204 203 g 17178
46.92 4265 4298 59.0 500 Up1oBBYY  upto6B.YTt Uptodg™®  Uplod6™  Uptod6™  Uptodg™  Uplod&™ | Uplod6™  Uplods®  Uptods™  Uptods®  Uptods’® = = = = B
: f : : . : : r 28001 280078 . . . : ‘ 3 v . . § ) _ ~ ~ _
bi 74 rd Ziflg™ 74 7 Zirlg™ 24 Duplex/Zrd  Duple/Zid | Improved Zré Zirlo MS5/Qptinised ZryéiModified Zrys/Duplex Optinnised Zry4 Modified Zrys/Duplex/ 'S ImpZy4d NDA  ImpZy4 ImpZyd  NDA
0.660 0.635 0635 057 057 057 0.62 0.57 0725 064 062 057 0725 0725 0725 061 064 0725 0725 0725 061" 064 066 066 066 057,064 057
w4 zra H Ziro™ Inc/zrd InGZd  Inc/Zido™  inciZed Inc/2ed Inc/Zd | Inconelfimpr 2r4  Inconel/Zirlo Optimised ZrydModifed Zryé - Inconed Modfied 245"/ HPA-4 - Inconel(sottom grid) Inc Inc Inc noZpd ey
3 = < . . . . Upto65 Upto6s Upto65 Upto65 Upto6s Uptog5 Upto65 Uptos Upto6s Upto65 - - B = =%
- = = - . » - = o Upto70  Upto70  Upla70 Upta 70 Upto 70 Upto70 Upto70 UptoT0  UptoT Upta 70 48 55 48 48 55
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VVER design data

Mashinostroitelny zavod W ghouse.
VVER440 VVER 440
VVERlMO Serial Advanced Vvanlage 6
Serial  U-Gdfuel ~ CFAZ  VVER1000A | 440 100

Assembly geometry Hex Hex Hex Hex Hex Hex
No of rods per assembly 127 121 121 33 127 kkil

~ Fuelled 126 126 126 312 126 312

- Unfuelled 1 1 1 13 1 13
Overall assembly length (mm) 7 3217 3200 4570 3188 4583
Overall assembly width (mm) 145 145 144 2345 144 235
Rod length (mm) 2536/25467 2536/2546" 2536 3837 2520 3889
Rod outside diameter (mm) 91 a1 91 a1 89 914
Pellet length (mm) 912 911 912 912 915 94
Pellet outside diameter (mm) 157 1.57 157 751 763 764
Pellet density (g/cm? or TD) 104107 104107 104107 10.4-10.7 95%
Average lncar fuel rating (kW/m) 2% 2% 1296 167 5
Peak linear fuel rating (kW/m) 25 325 325 448 35
Maximum fuel temperature (‘C} 1500 1500 1500 1667
Clad material Zr1%Nb %ND 2r1%Nb see note® L] Zy
Clad thickness (mm) 063 063 063 063 055 057
hverage clad terperature (*C) = - i ~
Maximum clad temperature (°C) 350 350 350 - 360
Grid material 2r1%Nb N%ND 2r1%Nb 2r1%Nb I g}
Average discharge burnup (MWd/kgU) 2 - 55 >40
Maximum assembly burnup (MWd/kgU) >50 83 50 60 >80

VER 440 Soral and VVER 440 Serial U-Gal Ful are removable for inspection purposes, whereas VVER 40 Advanced CFA f not
Hi slices). 3Zr1%Nb, Zr1%Nb1,3%5n0.3%Fe.

Hex-Hexagonal

O

RPEANPHATHE (OEKOPTOPAUNI sPOCATOM:

Fuel cycle type

For the core

For full core ontaiing screen
ssemblies
Parameters
Indvanced
5-year a- year
ithout  B.— year
gdvanced U-Gd fuel/
-year 5-year with
U-Gd fuel
Reactor thermal power, MW 1375 1375 1375 1375 | 1375
Number of fuel assembiies in the core, pes. 349 349 349 513 513
[Total uranium welght in the core, t 18 VR U ) 574 74
[Time between refuellings, months 2 12 12 12 12

Number of annually replaced fuel assemblies, 75 90,5 esies  |102,5 815

Iaverage enrichment of make-up fuel, % 5,28 362 |a0ya21 359 a01

IAverage discharge fuel bun up, MWd./kg U 29,37 3820  [42/66/49893308 4195

Specific consumption of natural warium, ka/MW o o7 o1 lonioassp2ez i

'Specific volume of separative work, swu/mwd 0,134 0,119 [0,123/0,1150,136 0,126

Uzemanyag jellemz6i

10
Oxide Clad Dish
cracks : 887
. .
-
= 0
i O,
i c
-
E n
ﬁ i 21
Transverse Pellet Axial i 17“ o——mﬂmxm%
i X
micrograph micrograph Uo2 0 10000 20000 30000 40000 50000 60000 70000
5 cycles MWd/tU

Clad Oxide layer

«+ M5 dans les réacteurs 17x17
N x M5 dans les réacteurs 16x16

4 MS dans les réacteurs 18x18
Zircaloy-4

10 M dans les réacteurs 14x14
Comportement moyen

2. . S 0o
'. ., ‘e
3 ?}f!.}:. vt

k ° ‘ ) FLUEN;E rapide Eji MeV (Ef:I nicm2) “ " *
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Hibas lizemanyag — hibas iia. keresése Hibas lizemanyag — hibas iia. keresése
B-2. IN MAST SIPPING SYSTEM (gas process) o
* Xe-133/Kr-85 szivargis
S keresés/detektalas
* Viz mintavételezés szilard hasadasi
Jearriace 2 z 2z
S termékek keresésére (pl. Cs-137)
Desoemon | [ ..
e sl * 10-30 perc/UA
e * Hibas UA pélca keresése
CONNECTING LINES
’ BLADE =
SIPPING CELL
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Hibas lizemanyag — sériilt palca/vaz cseréje Hibas lizemanyag — hibas tia. keresése

_—r f Spent fuel pit ~ Video and control Fuel rod handling tool Video and control 1a1 1 ’4
Losca— ) e s ande * Geometriai vizsgilatok
Load limiter = = Handling and
= nozzjes servicing Working platform
Fuel rod transfer too! NI -
R : ‘\.
Servicing f =
H N N SEE 1L H g R £t
L [Tl m \
|~ Fuel elevator Supportin Vacuum system
Basket g
| | — Gripper tool iEame
3 L— gripper '. q Top nozzle
H - pil] -4m 0
= Positioning plate /] Distance Distance between Spring height Grid height
ZLositioning plate /
. Z rods / nozzles two rods measurement measurement
Temporary canister
| I I~ New squeleton
- A in the upper basket
] Fuel assembly = Lot
Spent fuel pool N T
(storage racks)| |y Spent fuel pogl
T storage rack)

-8m

" Inverted fuel assembly
in the lower basket

Temporary
basket

[~ Spacer block o
N
Canister
for failed|
rods

storage WMl § L ey T | R
Bottom nozzle
Ditom
13 m
Distance between Rod length Bow Tilt
14m nozzles measurement measurement
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VVER-440 lizemanyag ... <& VVER-440 ilizemanyag

¢ Koveto kazetta és abszorber
koteg

* UO,, 9 mm magas, 7,6 mm atmérdji hengeres ‘ﬁ,.
pasztilldkban

Fuel rods

* A pasztilldkat palcakba rendezik m
* 126 pélca alkot egy flitdelem-kazettat =

¢ Kkoveto- és munkakazettak

Bfot;om plate
of the reactor
Borein  Gpper penum

FIG. 3. Fuel assembly. FIG. 4. Absorber.

Fuel
assembly
I

[
|
|
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VVER-1000 lizemanyag

* hatszogletli flitdelemkoteg

* nincs palast

* anyugati példdkhoz hasonl6 SZBV
palcakotegek

— nincs kovetd kazetta

— nincs fékezdcsoblokk

FIG. 5. WWER-1000 assembly.
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A Paksi Atomeromu - aktiv zoéna

* 349 lizemanyag-kazetta
* 37 SZBV rud (30+7)
e (dusitas:

4,2%, 3,6%, 2,4%, 1,6%)

3.8 % dusités0 lzemanyag
0 2.4 % dusites0 (zemenyag
1.6 % dusitésl ilzemanyag
szebelyozo kezetek
biztonse geedelmi kaz etk

KoNET, PWR Dr. Yamaji Bogdédn, BME NTI 98

Paksi atomeromu

y T

. — 2 T £ ey
Pihentet6 medence és a kiégett kazettak tart6 racsa
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Paksi atomeromu
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Primer kor, szekunder kor Kémiai és viztisztito rendszer

e Viztisztitas: szirok,

CONTAINMENT

MOISTURE SEPARATOR ioncserélék CONTANMENT COOLING WATER
REHEATER (MSR)
SAFETY . L
T » Borsav-koncentracid reATECACR )

. THROTTLE 7z 42 HEAT EXCHANGER
? % ? Bt beéllitasa
- o sToa b Térfogatkompenzétor
i) munkapontj anak LETOOWN FILTER
o beallitasa
ELECTRIC AppiTion
GENERATOR . ., voLum s
» kis forgalmu viz- [— conmoL
—] mennyiség U
folyamatosan ki van i s
l csatolva & ﬁ — ]
CORE Py
- e FKSZ zaréviz LS 9
HEACT3§$EC:\AOMPJT
b — L
FEEE:J:TER CONDENSATE
PUMP PUMP
CONTAINMENT SUMP
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Remanensho eltavolitasa Remanensho eltavolitasa

* Reaktor leallitasat e 2. Remanenshé eltavolitd
kovetden a maradék hot rendszer:

el kell tavolitani — primerkor egy része a

STEAMTO

+ 1. Kisegitd e remanenshd eltévolito
tapvizrendszer, gz rendszerbe csatolva A
termelGdik: T — 2hG tobb l

— kondenzitorba htitérendszeren
— atmoszférdba keresztiil a
ﬂ kornyezetbe tavozik ISR g
[—]
l — ez arendszer olyan ﬁ
CORE " z z . —
o hémérsékletre tudja )
r”r . . . CORE RHR
® hiiteni a primer kort, -
Rt = vy hogy ott karbantartast e e
lehessen végezni —

CONTAINMENT SUMP.
CONTAINMENT SUMP

KoNET, PWR Dr. Yamaji Bogdan, BME NTI 103 KoNET, PWR Dr. Yamaji Bogddn, BME NTI 104




Uzemzavari hutorendszer

— {izemzavar esetén, [
LOCA baleset esetén O@maﬁ%ﬂs

biztositja a
-
hdelvonist a :
reaktorbol E AR
Q
— kiilonboz6 H | ——‘7
e
nyomasszinte H
B L[/
* magas g )
5 g [come] )
* kozepes H o SED

.« kis —»
— konténment zsomp
[l] CONTANENT
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Konténment

RN

SO

NIRRT
R

a. PWR large-dry
double barrier

b. PWR ice-condenser ¢. PWR sub-atmospheric

FIG. 2.1. Examples of PWR concrete containment cross-sections.
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Konténment

Szaraz konténment

— akkora a térfogata,
hogy LOCA esetén a
teljes primer kor
energiajat vissza tudja
tartani
(nagy p, magas T)

1. beton épiilet, 4. acél fal

viz sprinkler rendszer

—><— Valve —g—  Containment penetration
z z z DX oustiter [M] " Heat exchanger
3. konténment lefivat6 SR —
rendSZCI’/SZﬁI‘t E,; Pump ”“ Line with spray nozzles
(2 Blower, fan Y Liquid level

leeresztés

FIG. I-1. Schematic diagram of a full pressure dry containment system for a pressurized
water reactor: 1, containment; 2, containment spray system; 3, filtered air discharge
system; 4, liner.
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Konténment

P s
e Szaraz duplafalu
z
konténment ®
Y Dip i
— kettds fal )
7Y
2

1. gdomb/henger belsd
betonbdl vagy acélbol
beton kiilsé fal P

3. gylras tér
gylris tér szelldztetd - vawe R ——

@ Dust filter Heat exchanger

rendszer D HePAfiter Q Steam generator

5. konténment leftivato (§ Plae T Liqid lve

1 ‘»}\ Blower, fan
rendszer/szurt FIG. I-2. Schematic diagram of a full pressure double wall containment system for a
A pressurized water reactor: 1, full pressure containment; 2, secondary confinement;
leereSZteS 3, annulus; 4, annulus evacuation system, 5, filtered air discharged system.
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Konténment

Containment Sprays

e Szaraz
szubatmoszférikus

L L 200-Ton Crane
— szaraz konténment

X

Recire. Spray ——

— kornyezethez képest
depresszi6 (~35 kPa) 185 .
* konténment szivargas kornyezet
feldl befelé
* konténment szivargas konnyen
detektalhat6 (alacsony nyomas |
nehezebben tarthatd)
* kis mértékben jobb tiirés DBA N
esetén, a tervezési p/T | Cavity
alacsonyabb lehet

. T

Crane

Pressurizer

126 ft-

Figure 4.1-4 Typical subatmospheric containment
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Konténment
» Jégkondenzacids
— anagynyomdsu viz-goz
keveréket jeget tartalmazd
kosarakba vezeti

— 4. als6 rész: reaktor, primer
kor, sprinkler, stb.

— 3. kozépsO rész:
kondenzacios rész,
jégkosarak

_ 2. f6186 I'éSZ: —p<— Valve ﬁf Containment penetration
o . DI Dust fiter [M) Heat exchanger
nemkondenzal6dé gazok D epa fter 8] stoam generator
. ’ @O Pump o Line with spray nozzles
lde gylﬂnek S Blower, fan Y Liquid level

7 1 FIG. I-3. Schematic diagram of an ice condenser containment system for a pressurized
— 5. viz sprinkler rendszer gram of un e conde e

water reactor; 1, ¢ i ; 2, upper i volume; 3, ice condenser; 4, lower
containment volume; 5, lower containment spray system; 6, filtered air discharge system;

— 6. konténment lefavatd 7 e
rendszer/szurt leeresztés
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Konténment

» Jégkondenzacids

beton vagy acél szerkezet

Header

. 2 .. P Wall Duct
csak passziv nyomdascsokkentés Panels

ventillatorok Ice Basket Intermediate Deck
. L ., ., Columns = P
kényszeraramoltat(hat)jak a fels6
tér levegdjét vissza az alsé térbe, ~ Frame
ezzel fokozva a kondenzacids Containment
térbe torténd levegd belépést ‘ i

Crane Wall

Steam
Generator
Enclosure
— Hosszu tavon a jég megolvad, Insulating—==

mas modon Kell biztositani a
konténment hiitését reing

Vanes

Steam Generator

* konténment spray rendszer

Operating Deck
Door Port

Lower Inlet Doors
Lower Support Structure

Wear Slab

ke Figure 4.1-6  Ice condenser cutaway
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Konténment

Air Handling
Unit

» Jégkondenzacids

Header

Wall Duct Bridge Crane
Panels
Ice Basket Intermediate Deck
olumns

Lattice Crane Wall

Frame

Containment Steam
Wall Generator
‘ ¥ Enclosure
Insulating—
Panels

Steam Generator

Turning

721014-nuclear-plant-i ork-lights Vanes
/
/

Operating Deck
Door Port

Lower Inlet Doors

Lower Support Structure

ke Figure 4.1-6  Ice condenser cutaway
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Konténment

e Buborékoltatd

— anagynyomdsu gozt vizzel
toltott nyomascsokkentd

medencékbe (4) vezeti

3. alsO rész: szaraz tér:
primer kor, reaktor, stb.

— kozE€psd: buborékoltatok

— 2. felso: nedves tér

®
—DH-C—
"
o—
@

M

—><— Valve —&—  Containment penetration
D) pustiter [AA] Heat exchanger

D HEPA fiter K] steam generator

@ Pump s Line with spray nozzles
S Blower, fan 5 Liquid level

FIG. I-4. Schematic diagram of a bubbling condenser containment system for a pressu-
rized water reactor: 1, containment; 2, upper containment volume (wet well); 3, lower
containment volume (dry well); 4, bubbling condenser system (suppression pool);
3, suppression pool cooling system (not required if the heat capacity of the condenser
system (4) is sufficiently large); 6, passive spray system; 7, active spray system; 8, filtered
air discharge system; 9, liner.
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Konténment

e Sprinkler rendszer

CONTAINMENT

SPRAY RING

PUMP.

CONTAINMENT
SPRAY

CONTAINMENT-
SPRAYS

POLAR CRANE

i

I Jy N .
1

o STEAM
| GENERATORS

REFUELING
WATER

STORAGE

TANK
(RWST)

CORE
S

SYSTEM EACTOR VESSEL

IN-CORE
INSTRUMENT
TUNNEL EACTOR CAVITY
‘ sume FT BASEMAT
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Konténment

Table 4.1-1 Number of U.S. containments of each type

Containment Type Number

PWR Large Dry 59%
PWR Subatmospheric 7
PWR Ice Condenser 9

BWR Mark I 24
BWR Mark 11 8
BWR Mark 11 4

*Includes Big Rock Point, which is a BWR 1.
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Konténment

psig: relativ nyomas (tdlnyomas) [psi]
(vo. psia: psi abszoliit)

psi = pound per square inch

1 psi = 6,895 kPa = 0,06895 bar

12 psig = 0,82 bar

15 psig = 1,034 bar
45 psig = 3,103 bar
60 psig = 4,137 bar
62 psig = 4,275 bar

1 ft> =0.02832 m?
1,6E+06 ft> =45 310 m?
2E+06 ft? = 56 630 m?

Containment Net Free Volume x10° (ft))

00 02 04 06 08 1.0 12 14 16 18 2.0 22
I I I I I I I I I I

Design Pressure = 62 psig

} BWR
Design Pressure = 45 psig| | Markll
) PWR
j Ice
Design Pressure = 12 psig Condensor
BWR
Design Pressure = 15 psig Mark 11l
PWR i
Design Pressure = 45 psig| Sub-Atmospheric
PWR
9 7 Large
Design Pressure = 60 psig Dry
| | | | | | | | | | | |

0 10 20 30 40 50 60 70 80 90 100 110

Containment Design Pressure (psig)

Figure 4.1-1 Typical containment volumes and design pressure (psig)
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Konténment

200 —

191
175 - Il Ultimate
1 Design
148
—_
= 126
2
e
)
=
=
172
w
5]
=
A~ 65
56 55
45 45
10.8 15
| | | | | |
Large Dry Subatmospheric Ice Condenser Mark1 Mark 11 Mark 1ll
Zion Surry Sequoyah  Peach Bottom LaSalle Grand Gulf

Containment Type

Figure 4.1-2 Comparison of design pressure and ultimate failure pressure
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VVER-440/213 lokalizacios torony (Paks)

50m
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VVER-440/213 lokalizacios torony

| Reaktor | | Lokalizacids torony

Hermetikus tér
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Atomlé folyoso

VVER-440/213 lokalizacios torony — LOCA
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VVER-440/213 lokalizacios torony - LOCA
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VVER-440/213 lokalizaciés torony - LOCA
Lokalizacios torony

Lokalizaciés
torony akna

visszacsapd
szelep

Légcsapda

Buborékoltatd
talcak
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VVER-440/213 lokalizacios torony — LOCA
Lokalizacios torony

Viz-géz keverék
ataramlik a
talcakon, gz
kondenzalodik

Nemkondenzal6do
gazok a
légcsapdéaba jutnak
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VVER-440/213 lokalizacios torony — LOCA
-> Passziv spray

Megfordul a nyomasgradiens a
vizben és a torony hidegebb falain
torténd kondenzéciét kovetden

pakna << plécsa pda

Visszacsapo-
szelep zarva

Visszahullo
vizpermet

Passziv spray
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Irodalom
* JAEA Tecdoc 1025: Assessment and management of ageing of major nuclear
power plant components important to safety: Concrete containment buildings

* TAEA Tecdoc 981: Assessment and management of ageing of major nuclear
power plant components important to safety: Steam generators

¢ JAEA Tecdoc 1556: Assessment and management of ageing of major nuclear
power plant components important to safety: PWR Pressure Vessels

* JTAEA Tecdoc 1557: Assessment and management of ageing of major nuclear
power plant components important to safety: PWR Vessel Internals

* JAEA Tecdoc 1361: Assessment and management of ageing of major nuclear
power plant components important to safety: Primary pipings in PWRs

* Fuel Design Data, Nuclear Engineering International, pp 26-35, September 2004
* ENEN/INSTN: International Seminar on Nuclear Fuel Cycle eléadds anyagok
* US NRC: Reactor Concepts Manual, Pressurized Water Reactor (PWR) Systems

e US NRC: NUREG/CR-6042, Rev. 2. SAND 93-0971: Perspectives on Reactor
Safety

* JNES: The Presurized Water Reactor, INESeL-BK-003, training material
e Dr. Aszbdi Attila Termohidraulika c. el6adasa
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