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Accident conditions for dominating PSA-2 case: PDS-05C

Initiating event SBLOCA d=11mm
ECCS No
Cont. Init. State Intact
Spray No
Sec. Side depressurisation Yes
Sec. Side FW No
Prim. Side depressurisation Yes
Early cont failure No
Ex-vessel cooling Yes
Filtered vent Yes
Late phase cont. Failure No
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Detailed Full Circuit model: External Vessel Cooling
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Cavity flooding: Draining the pressure suppression pool water
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Drainage starts at:

¢550C core exit temp+30 min
eDrain duration 80 min

eDrain to cavity starts immediately
eIn reality cirtain level should form
before drain to cavity
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VVER-440 Simplified Stand Alone Containment:
Sources: Primary circ + Ex-vessel cooling + BC drain+Fvent
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Filtered vent model for VVER-440/213 Stand Alone
Containment
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External reactor vessel cooling: Heat balance detai

HEAT BALANCE from RPV+LH to POOL Fig. /e
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External reactor vessel cooling: Heat balance - Graes
.s HEAT BALANCE from RPV+LH to POOL Fig. /f
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External Reactor Vessel Cooling: Heat balance - Cohgsions

Heat removed from RPV:

e early stages: Vessel wall dominates

e |ate stages: Lower Head dominates

e VVery late stages: Vessel wall and LH are similar

Unresolved:

ePresence of FOCUSING EFFECT of molten metallic layer on RPV wall
eEffect of crust separating the molten metallic layer from the RPV wall
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Mid term Containment TH with Ext. Vessel cooling ard FVent
In Stand Alone Containment — Small LLOCA d=11mm

Limiting case: Thermal hydraulic sources from
— No Alkalising agent added Full Circuit Model:
to Sump water — Pipebreak blowdown d=11mm
— Water limited to Bubbler — PRV relief valve discharge
Condenser (BC) amount — SGhox-Cavity balance aft. Cavity
flooding

Model verification:

Full circuit and Stand Alone Containment Model
Calculated Pressures and Temperatures were very similar
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Mid term Containment TH with Ext. Vessel cooling aml FVent
IN Stand Alone Containment — Small LLOCA d=11mm : Pressres

Cont. Pressures (Break in SGBox203) Fig. /a
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Mid term Containment TH with Ext. Vessel cooling ard FVent
Stand Alone Containment — Small LLOCA d=11mm : SGBox.ocal levels

Cont. Collapsed Local Liquid Levels Fig. /k
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Mid term Containment TH with Ext. Vessel cooling aml FVent
IN Stand Alone Containment — Small LLOCA d=11mm : H2, @, Steam

Hydrogen in containment Fig. /m
2.0 T — - - = T
5 f'ge,nﬂm ccnlfcunmer:i \g; /n . . . i ;
‘*-\_\ — — “RDome
1 « & = ; 1.8 Iy T P SCRax203 : SGBox203 =
; *‘\V,/ W, //""A | — =" SGBox2@4,
1.6 } d N — 4 — SGBox204
- [ _ —
1.6 N | 1. a Pumpdeck
":;l 1 ﬁl 1
R e 1.2 H
— 1 = 4 - i-"‘\ug - | —
T > - o Only BC wat I
, ) = | nly water supply!
o 1 > = X 2 t =
S : I 1 = 0.8 K
-1 2 1
= = 0.6 '!'-:i.
— 1 @] i il 5 T R LD Steam in containment PPart/P /p
2= y 3 & 1.0 T T SO T v o=
s A 0.4 kMY T - e :
— ] 4 \ 8 ..'3 ' }’ —————— Cavity
— ] i \ , -~ / : ‘ == -
- 4 | 0.2 F \ s G RDome
- 0.8 ] A LY % i — . SGBox203
% | —\ 0.0 Y B < 0.8 —‘; t'lf 4 — — — SGBox204 |-
= O . 6 L " {\ 0 200 5 7 ';*E'i”’ i
1 !‘ PDSO5C dilmm NoFW NoH2Burn 98 ~-~ g g |l | "
O . 4 _ A DIKOx8YT 10/28/10 18:03:40 oo 5 Pl s S SRR SRR IS RS RSB OB S056s INE W T eRs
= R _
‘ . O g8 % i
i =
O . 2 = { A/ Rt 0.4 ki -
. A =2 H
’ 0.3 -
0] 9] - =P \“"}_ [ i i T~y I
- O . 2 F_ \ o
o) 200 40 | F R .
r'e e N Y = *
0.1 pien- = -7 -~ -
TIMI - -
O . 0 1 'l 1 L 1 L I} L
PDSO5C d1imm NoFW NoH2Z2Burn 98Rhall 0 200 400 600 800
DIKOx8YT 10/28 /10 18:03:40 MELC TIME (103s) il hiisin
PDSO5C dillmm NoFW NoH2Burn 98Rhall ContResS.his BTe” 29
— ower
DIKOx8YT 10/28/10 18:03:40 MELCOR B e
BelowTray

NUBIKi Nuclear Safety Research Institute, Budapest16/25



Mid term Containment TH with Ext. Vessel cooling ard FVent
IN Stand Alone Containment — Small LLOCA d=11mm : Leakrates

Leak integral from containment Fig. /r
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.o RAD. SUSPENDED AEROSOL and VAPOR IODIN Fig. /o
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Mid term Containment I1-131 Release with External Vesel cooling and FVent
In Stand Alone Containment — Small LLOCA d=11mm

«Corrected [-131 distribution:

Decay=10days

MELCOR: 2 CVs only calculated = 2.8-times
MELCOR mass balance errors: 8% (only!)

Volatile I-131 Aerosol I-131 (in CsI)
Room [-131 TBq | Phase Room [-131 TBq | Phase
Oper.Rooms | 172 Vapor in Gas Oper.Rooms | 4301 Deposited
Environment | 216 Vapor in Gas Environment | 909 Vapor in Gas
Rest of 3530 Bound Rest of 56342 Liquid
containment containment

Only BC Deposited in the pool I-131 (in CsI)

water Supplyl Room [-131 TBq | Phase
Sump 472431 MI (Bound)
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Long term Containment TH with Ext. Vessel cooling ad FVent
In Stand Alone Containment — Small LLOCA d=11mm : Pessures

Cont. Pressures (Break in SGBox203) Fig. /a
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Long term Containment TH with Ext. Vessel cooling ad FVent
In Stand Alone Containment — Small LLOCA d=11mm : Levels

Cont. Collapsed Local Liquid Levels Fig. /h
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Long term Containment TH with Ext. Vessel cooling ad FVent
In Stand Alone Containment — Small LLOCA d=11mm : Leaks

Leak Iinfegral from containment Fig. /k
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Small LLOCA d=11mm, Stand Alone Containment, NoAlkalizing

1.E+00 -

Aerosol (Cslas |I) and Volatile (I) lodine suspended in system -‘
parts

= = =Csl-Environment
. Long term | release:
[-Containment

1.E-01 - LOPRoOMS Containment, Op.Rooms,
Environment

—— == -Environment

1.E-02

Mass, kg

1.E-03 - ol

L] "',&l

|
1.E-04 :{

External water supply! Time.days

1.E-05

0 5 10 15 20 25

NUBIKi Nuclear Safety Research Institute, Budapest23/25



Small LLOCA d=11mm, Stand Alone Containment, NoAlkalizing
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Long term Containment I-131 release with External Vessel Cooling ahFVent
iIn Stand Alone Containment — Small LLOCA d=11mm:

Summary

Environment after 3-25 days
Aerosol [-131 ceases after 3 days

For relatively short lived isotopes a single release
number for volatile 1-131 is not informative

Release can be described by a rate:

— 10-20 TBg/d during 10-20 days
— 5-7TBg/d after 23 days

NUBIKi Nuclear Safety Research Institute, Budapest25/25



MELCOR 1.8.6 In Vessel Retention and IPM model: Problems

| n-Vessel Retention
— Optimum No of axial levelsin LP/LH for FOCUSNG EFFECT

— Melting of LH nodes? Isit calculated? How to plot?

| PM
— Max 2 control volumes with IPM can be activated
— Mass balance error is between 8-100% (depends on sequence)

— NRC questionsthe validity of the IPM model

However
— |PM reproduced the Phebus FPT-1 test well

— The plant calculated results seems to be reasonable
(although there is nothing to compare with)
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