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phe;rc:;r;;a:aa; :);Wn;am ‘ parameter description é % E g 5 g g % % g
flow rates repartition Jcore pressure drop 0 3 0 0 0 3
- [fraction of water and steam in total wall friction 2 0 2

wall friction - -
fform loss in broken loop HL, in DC/CL at branch 3 3
Icritical flow subcooled 0 1 0 1 2
critical flow two-phase 0 1 0 0 1
flow rate at the break ek 5 > >
Jbreak discharge coefficient 0 2 2
[initial core power ol o] o 1] 2] o] 3] 2 8
Ipeaking factor 2 3 2l o] o] 3J 10
gap size 2 3 1 3 3 0 3 15
fuel thermal behaviourfldecay power olJofo]3[o]Jolo]J1]o 4
JuO2 conductivity 3 3ol 2]3]o] 1] 3]1s5
loap conductivity 0 0| 3] 3 0l o] 3 9
Iuoz specific heat 3 3 0 0| o 6
- liquid forced convection HTC 0 0 0 0 0 0 1 1
heixggrzso':ethe fnucleate boiling HTC 0]l o] o] o1 0] 0 1
fcomple of heat transfer models 2 2
lvapor forced convection HTC 1 0 0 2 1 0 1 5
[film boiling HTC 3l o[ 3] o] 3 o | 2 11
fconduction term of the wall to fluid HT in the film 2 2
heat transfers in the fheat transfer in the dry zone HTC (global in reflood) 2 2
dry zone [transition film boiling 0| 1 0 1
Ipool film boiling at natural convection 0 2 2
comple of heat transfer models 2 2
Iminimum film boiling temperature 0 0 0 0 3 3
. Critical Heat Flux 3 0 0 0 3 0 0 1 7
critical heat flux ICHF selection of correlations 3 0 3
Idipersed flow interfacial shear 2 0 2
interfacial shear in non-dispersed vertical pipe flow 3 0 0 3
interfacial friction finterfacial shear in non-dispersed vertical bundle flow 3 0 2 5
interfacial shear in non-dispersed vertical DC flow 2 0 0 2
interfacial shear in bundle: alternative model 2 2
CCEL CCFL in the upper core plate: ¢ of Wallis correlation 2 2
CCFL in the UP: m of Kutateladze correlation 2 2
- interfacial shear in stratified flow 0 0 2 0 2
steam binding transition velocity from stratified to slug flow in 3 0 3
evaporation Inumber of vapor bubbles per unit volume 0 2 2
data related to the Ipressurizer initial level 0 1 1
data specific to 0-D JO-D module: bubble rise velocity 2 2
reflood (if not quoted JHTC of rewetted side, upper QF 2 0 2
initial conditions _flinitial intact loop cold leg temperature 2 2
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Overall Priority Ranking (Single-Phase) Overall Priority Ranking (Multi-Phase)
Item I Score Item . Score
No. Short Description /36 No. Topic 136
1 PTS 31 1 Reflooding following LB-LOCA o8
- . _ (including UPI and EPR)
2 Hydrogen mixing and combustion in containments 31
2 PTS 27
3 Flows in complex geometries 29
3 CHF 26
4 Boron dilution 28 —
4 Condensation-induced water hammer 26
5 Sump strainer clogging 26 —
5 Sub-cooled boiling in PWRs 23
6 Aerosol deposition in containments 26 —
6 Steam condensation in pools 19
7 Thermal fatigue <+ 23
7 Induced break 16
8 MSLB (leading to asymmetric flow) 22 : :
8 Gas entrainment in LMFRs 9
9 Hot-leg heterogeneities 21 —
9 Special issues for CANDU reactors 3
10 HTGR lower plenum mixing 16
11 HTGR core heat transfer 15 7.7_2-5
4,
12 HTGR reactor cavity cooling heat transfer 13
13 | VHTR heat transfer issues 12 v HIM/L/(n/a) were assigned the numerical values
: : 3/2/1/0, respectively.
14 Flow behind blockages in LMFRs 9
15 | Flow-induced vibrations in LMFRs 8 v The numbers from the 12 participants were then
16 | Core barrel vibration in APWRS 6 summed to give a total priority value (max. 36).
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Al. GEOMETRICAL DATA

e

v ﬁE% 0) ?&ﬁ 'j_jl' The complete test rig. which is located at the Vattenfall Research and Development
. = . B Laboratory at Alvkarleby. Sweden, is illustrated in Fig. Al. Cold water is supplied from a
- g*ﬁ IJll.o) T'\] u nCtlonll:l.’. A high-level reservoir designed to maintain a constant water level independent of the flow rate.
s A stagnation chamber of diameter 400 mm is mounted at the beginning of the horizontal pipe.

N — =/ ; : £ ' : A . o
v / \“JT /77]—— )Lx %O) %5% and contains two pelfmah_acl plates, a tube bundle (1.111161 diameter of the T}lbes s 10 mm and
- o the length 150 mm). a third perforated plate and finally a contraction with an area ratio of
(CFD7 '/_ I‘ ) about 8:1. The stagnation chamber is designed to provide a high quality flow without large-
scale turbulence or secondary flows. The stagnation chamber is connected to a 10 m long pipe
\/ H 2 1&6 ﬁ %14; ?ITEEZTT section made from ABS plastic, which is followed by a Plexiglas section extending 1270 mm
> upstream of the T-junction. The total upstream length of the pipe. with constant diameter

H 22 ﬂE4 ﬁ 30 E ﬁg *ﬁ' %E% p( ‘t)] Dg=140_ mm, is thus more than 80 lpipn? diameters. The flow rate is measured using an electro-

magnetic flow meter (labelled Q2 in Fig. A1).
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o

: /
1.2 =% 4
Input data are 800000 g % ] -
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giveninterms of ... : . ~ -
3 : o o P i o P P o i P i o P o P o o i P o i i P P o P P P P i P P i Y,
measured velocity 2 o : -
. » — . —
profiles upstream o 3D upstream
oz # el P
f th . t - : T-junction 26D & 6 6D downstream
0 e junC |0n o (p]emglass]
E

-1 -0.5 o 05 1 i —

o iR AT=19K . | i cimounding box.
DownStream data w1 . ;La:51t§ntUbe Eli:‘:éﬂ?;ur;;ggn;rm \:? i Plexiglass tube Di=140 Plastic tube
(averaged and / v with surrounding box D,=140

: , ot T
H : I iz T
time-dependent  =° "R, | Job a2 « 4
temperatures and = ,,,| e, o™ Tt
. Dog [
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to be predicted T I " 1220 (-8 D) 1220 (>3 D) .
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- * Open Test ‘093 A&, 6 AR

* Blind Test ‘097 A &4, 12R1RH
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xR
[T

T, FBRETHZVET 7OV TUNEEETHIENEREIN TS,

(1) IAEA
- NS-R-1 Safety of Nuclear Power Plants: Design (Requirements)
SETTOUTUNEREITER T AIEZEZEK

- NS-G-1.10 Design of Reactor Containment Systems for Nuclear Power
Plants (Safety Guide)

BMBRRETFIHTEIVETT7 IO TUMDFHER G CFEFZTRTE

(2) K[E (SRP19E)
VETTOUTUMDREEIEEEWEDEERZEMNZRITTEX,
BRgIZIZ,

e CDF <104, LRF <10

« JFIMEERIR R 245/ (& 18I 28DV O I FE7Z MU ST BE IS AY
HlkEnsdE

o XU ARBIEMEIL0.LLITTHA AL
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S FTOUT UK
HEHNEDIK;

O EFHLEEEE(ERAF5A28BHITRFHLEZTESREX R ERAFKERFIRHERIC
BITBVETTIUTUOMNREELTDTZ OO TURNIL—U A MIDWNTI(FERKRA4ES A288 T 1T,
FRL 94108208 — B E)

>UERERE. BEFIRREBICEVWTHRMNLGET IOV TUOINIR—UAUNEB T HIICEHEL. B

=HX=

—@iﬁAl:ChEE’JEEI K TESAIIICT A EIFEBERMSINEIRNETHAHEZZ D,
SEFLGRESN DR FIFMRRIT DOV TIL, HERIRFIF5HER O FMERET D BRE LR R 0 H
(:\77*‘/7““/I~7* DAVMDERAE EIELODERRK. FIREDER. %E@%&ﬁnﬂlﬁ
F)IOVWT ITBRTHALHMEEZIT, IR T DHELET D, —cORFTERZR(T. [RFIFHK
BIX.TOVT IR =V A MR 7 U IR F (P % D PR T Hi & TS ﬁﬁ‘d’é:tt‘d‘éo

O (B RERFHELEMEB=L. 1999F4 8 1T RIER BB KIFDIKRMBIRZETICHTHIETTIY
TUMHEKEDEERIEELT, MR KIFOREFIFHEABRRRETICBITAIVETTIOTUR

DEREICETAIHARSA 1R E=IERICHEY

O HI3:SET7T7 LT U ERFEMDI=H DIRMB /AN MY —(CET) ICEAT AR (FRFHE
EHEE. BEEHNCORT)>MFRMEIICHESY

O H17~19: [ BF HFELANL2PSAEMEEDEE

v BRI, REEICVET T IV T UMARDERENKROHLON TS,
:> BAETIE. FREOBTHRDESA TS,
v ERMGBKFOREDEOICIE, BREFHIBFDIT IV TUIIRD AV
O)ﬁLLIE’jH'%EﬂﬁE':T%)ﬂZ‘Eb‘%%) Page 19
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OECD/NEA

SETFTOITUR
s A EEILEIZ. OECD/INEAT O T HRELTER
— BIYRNIERT

* WGAMATIZL. BIEE (RA1APS!) EEMRY )L —THRE4L B8
v BEZ: BiTEHREFEEO-RERMEEDHER. 7—0avT DR,
B ENE-HODEIF—DER &
vV & R5EHE L. WCAMATD SR R

Hydrogen (8 sub-issues)

In-vessel early phase core degradation (3 sub-issues)
Late phase debris behaviour (4 sub-issues)

In-vessel coolability / retention and accident stabilization (2 sub-issues)
Core melt issues (3 sub-issues)

Containment issues (5 sub-issues)

Fission products and aerosols (4 sub-issues)

Accident management and link to WRISK (4 sub-issues)
Advanced Numerical Analysis Methods (4 sub-issues)
10. Steam generator tube integrity during severe accidents
11. Generation IV necessities

© ©NOo kA~ wDdDRE
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| OECD/NEA

SETTOIUTUR
. BEOEEEROHRE (H))

Nr. | Issue description S Time Risk Regulatory Comments
target  schedule relevance relevance
8 | Accident management and link to WRISK
Technical
report in . .
Update of 1996 SESAM report T Medium Sufficient interest, follow on
8.2 . . liaison H L
on SAMG implementation with term activity of 8.1
WRISK
Wait until Int. ARTIST
10 | Steam generator tube integrity | ¢ \p | Medium| L project is finished, which will
during severe accidents term provide some elements as
NRC suggests
1| Hydrogen issues
11 H distribution ISP I\t/:)eldourj]m M M Wait until OECD SETH and
| (stratification/mixing/transport) termg THAI projects are completed
Wait until sufficient new data
. Medium available from ISTC programs
1.2 ;Jn%dgf(e.\?;sigf) i' rseopuor::tezn n- rS;a'E)uri to long M M on quenching and FzK
P term QUENCH program during
reflooding of degraded core
: : . Wait until information
Re_com_blner performance (incl. Status Medium available on EPT3
1.5 [ poisoning) under SA to long H H .
- report Recombiner Coupon
conditions term o
Poisoning
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“HsArd  EUSARNET2 o,

* SARNET (2004-09. 204 E51#4E8)

esearch
work of excellence

BEF1I5051—A(£KELTIIESS0FI—A) DAR2302DHAEE http://www.sar-net.org/
SETFTIOTURI—FASTECORAEZ X BIZ

* SARNET-2(2009-13, 21hE (EUZEE. X. 8. hF45 . R4 R) ., 41#E8)

v SARNETCRIESNI=-6IEENE T3/ A )T, E%E. SIEHNDT—Y
NV —UTEBT DETE (ARITLUT D4/ —)

* 6B DETSM4F ) TR
v BRKFEOFILAEEET I A

v MCCIF D& MR 22 R DB RRKFIDEE) (53

1) £ LEREKIC K LB ID A E]

v KPR DBRIFID BT LRI B R NERE

fRIL A EN (FCI)
V RINABHNDKERES ERIE
VRUEDBIELOESDRAIZESY—RE

— LADEE

VRS (GEIASRM) OIY RIS
s IEDENE

\

~/

)

c ATBE DI —DI1\vr—>
v WP5: ) LETT)D AEITE (
BHEKEE.)
v WP6: MCCI
v WP7: 18I B s NKETIERKEK
RIRBE

v WPS8: BRE A —RFA—LIZRIFT
2 (Ru, HBU %> MOX #%4).
1T RBROIBEMBEFNDIAVRILZF

v ASTECa—KIZ&AT—491 3y 7 (554BIERMSAR @ Bologna. 201091tE) 0 BifE
V AMBERDE=ODE1EEHEI—R (20104 LH) DET Page 22
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MDEP’ZEDEIZ(1.72)
BE R OERSR R

o ZEMREELET 05 5L (Multinational Design Evaluation Program) (.

HRFHETDLE 1 —ZRSNDEDRFNLBOEREMHBZHERE S
HAHEFMT IO—FERRET S-OOERHGA =T T1ITHS

* MDEPIEZ3DNDAT—U TSNS
AT—U1 BHEORESOBRATOZEMOGHLRE
AT—02 O—F EEMGIGHERE T2 HEDHESDIRELE

AT—U3 FHIRLF (new reactors. Gen-VEKEIA—SLTHEINDDHLFEEL) D
O FHEERETIEODNDRAT—20BBOERLGE

cAT—U2MBEENEHAREMEEHET A=OIZ. 1 ERD/N(/OvkT0O
1Yk (2006-07) AEFEN, VETTIVT DR LDRYFZL®
ECCSERIERET~DPSADERIKRIZEAL T, HEDENHI B IL-T-

:> EECHYE. FEFOENESHERE N4, BEMEEAE
BeEz  IGRERIEZ HEELLE A ROLNS

http://www.nea.fr/mdep/
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PG
March

08
S1C STC 5TC
Sept 07 June D8 MNow 08

PG
March 09
STC 5TC
Feh 09 JuneS R&

5TC
Feb 09

EPR EPR APR1400
Nov 08 May 09 VVER ?
= HTGR

SPECIFIC WORKING GROUPS: :ﬁ.ﬁﬁﬂﬂ
COOPERATION Feb 09

1R BPIE S L DL —F

CSWG ISSUE SPECIFIC
Jul 09 - WORKING GROUPS:
— | [P — CONVERGENCE
VICWG VICWG
April 08 April 09

DICWG 'DICWG DICWG
April 08 Feb 09 June 09 . __/

=
o
on
=
ik}
e
-4
-
=
=]
(=8
i k]
¥
=

]

Muclear Energy Agency

Ag

Programime management; Deaign apecific working groups an

PiE: Palicy Group AP1000: Advanced Passive 1000 DICWE: Digital instrumentstion snd controls

STL: Steering Technical Committee EPf: Evolutionary Power Resctor VICWG: Vendor inspections cooperation
CPWE: Codes and Standards
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Representation of safety classification schemes applied to Instrumentation and Control
Systems within the international nuclear”.

Standard - - | Classification of the Importance to Safety
Systems Important to Safe
IAEA NS-R- ys p ty Systems Not
Safety I Safety Related Important to Safety
IEC 61226 Systems Important-to Safety
Functions Cat. A |Cat.B Category C Unclassified
Systems Class1 | Class2 Class 3
Canada Category 1 I Category 2 Category 3 Category 4
Important to Systems Not
! 3 SH o
France N4 1E 2E o Safety Important to Safety
European 1F1A F1B
Utility (Auto)) (Auto. and | F2 Unclassified
Requirements | Man.)
Japan PS1/MS1 | PS2/MS2 | PS3/MS3 Non-nuclear Safety
Korea IC-1 | IC-2 IC-3
Class 4 (Systems
Russia Class 2 Class 3 Not Important to
Safety)
Switzerland Category A Category B Category C Z\;t;_;tl;np ortant to
UK
Functions Cat. A |Cat.B Category C Unclassified
Systems Class1 | Class2 Class 3
Systems Important to Safety
; Safety
}_II:‘,SE% and Related, . Non-nuclear Safety
Safety, of (No name assigned)
Class 1E

* This figure is a very coarse representation. Since the different schemes use different
criteria, a simple two dimensional drawing cannot fully show the relationships.

World Nuclear Association
Cooperation in Reactor Design Evaluation and Licensing
Western European Nuclear Regulator's Association
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MDEP/ZE DENE (2.72)

» BEDHALL OHR

V REHRENDEEESFE(ER) AEOCKEREICEL
Y. EZREEHICLTLNS, (T—F., RE. *EE%)
ZD=6 . MDEPDE®IZIEL TH— MG 0 FEE %
(TA5FEDEENVE,. FOER/BINTLNS

v =1L, EFHNLGEFEEZEELLTEZEEHREZTEDS
DIFXIAEAD B EITHY . MDEPILE R L BERHE D
EEREEY . BEERDFEBICETHELHE,

* MDEP Conference @ Paris, 2009 94

vV RHICERAEN L, FERPEFBNRIND

v EEFRWNA®DCORDEL WGH' Benefits Gained
through International Harmonization of Nuclear Safety

Standards for Reactor Designs ] %[ International
Standardization of Nuclear Reactor Designs .
['International Design Certification ], Z M7= DMDEP
DIRARGHEEERIEIEEZTIREL . AREVAILEER

o FAHIDOWENRAMD Safety Objectives of New Power
Reactors| ('09 128) C6IEEB DX BIEEFIRE

http://www.nea.fr/mdep/
http://www.wenra.org/extra/pod/
http://www.world-nuclear.org/ Page 25
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MDEP Conference (73, ‘0998)
Design-Specific WG M5 DEPRIZEIT A FEE (¥ 1/3)

/@iyﬁ-‘*ﬁ‘" Agence pour |'énergie nucléaire (@
\,;_xj'! NEA Nuclear Energy Agency OECD

b

EPR Working Group -
PSA

« PSA analyses and modeling
— requirements,

— main results and risk profiles -
differences identified, causes studied

« Co-operation with other task
groups
— Insights from Level 2 reviews
— Modeling of I&C
« Internal and External events
— Layout and Fire protection
« Design difference between EPRs

— causes for differences
— risk significance and modeling

Source: Clipart

Source: Areva EFR Brochure M arch 2005

http://www.nea.fr/mdep/events/conf_sept_2009/agenda.html Page 26
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MDEP Conference (/3. ‘0998)

Design-Specific WG b‘waPRl 1842 365 (Hks 2/3)
@)’/P“' Agence pour I'énergie nucles

Nuclear Energy Agency

EPR Working Group .
Accidents and Transients

« Containment issues

— long-term mass and energy release to
containment

— two room concept and mixing
— leak tightnhess of containment

+ Methodologies for accident and
transient analyses

« LOCA issues
— sump design and tests,

L —— BEnrm
; iy 3 % o
— debris and downstream effects = Swae wa ™
— NPS&SH for emergency core cooling T e - L i e -7
systems m P e A . ',,_,;
. -\ oM T T (me ™
« Criticality safety | e | o =/ _
—— b e ||| =) O —— |- |
— management of boron dilution ; ® .9 1 o ;
— criticality control during outages B . B - =R
Source: Areva EPR Brochure March 2005 9
http://www.nea.fr/mdep/events/conf_sept_2009/agenda.html
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MDEP Conference (4S8, ‘0998)
Design-Specific WG WS NDEPRIZBIT 3%k (3 3/3)

N A I'é i |éaire
@7 1N Nuciear EnergyAgenig 2
EPR Working Group -

Severe Accidents g

+ Hydrogen management in two
room concept

— several analyses made by different
codes and models (independent
from vendor’'s codes and models) -
good compatibility, good reliability

« Cooling of the molten core
— design of the cooling system
— structure of the spreading area

« Severe accident instrumentation
— Scope and qualification

« Operating strategies for severe
accidents

http://www.nea.fr/mdep/events/conf_sept_2009/agenda.html
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F=ED

OECD/NEADFEEZH DI, BREER-MLICERS
FRiRhEOHKEBHETHIFE

e EKA
« VEFTOVTUR
o HEEREE

MEnARHE
o WA EAEEFTI—F (BE. BEPU. CFDHE) ANEMTBHRXAA )L
o BEGRTI (GRETHERLD) . BiBAZE. BRETHE) ZENH-BHFTra—F DEF

o EERZEDE LD ] ) i .
— HERBAHICEKAIEFXZEDOADFEAIRDTHRZEDERRICZ LA,
CFDORUFI—IFERBRLGEIC=Z—XFY

ENEOR S fEHTO—F (BE. CFD%) (X REBHNMNEA T, BRI DL
— BRZEEILSBEEOHENTI—FICAAVILTAHEL,
MEREAILE D EMER

BEAEOHR: REBEEMSIVRFEDFER. BTRiiT0ER

RE DA R
° MDEP#EZBL T, EFBEDABRTOERAEZEIER
s BEDIFHRIITDT—RARAT 4 = FRITIKFLEVMEERZDIREL Page 29
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0 IIRZE (20065 108)
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