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Steam generator tube rupture
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Pressurize Water Reactor (PWR)

A/A L~ .
)

pressurizer

]

nuclear fuel cladding

\

Steam generator

Secondary Cooling system

IRSH I




Steam generator tube rupture

Release of the primary coolant in the

latmosphere
Safety valve D
© Atmospheric steam dump
valve (6CTa)
Reactor
containment
Steam | | Condenser /
Generator I — turbine
T Steam isolation
|
Water supply of valve
i i SG (ARE, ASG)
Pipe rupture
> SG letdown (APG)
—> —»

Water of the primary coolant system
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Duration of release = 1 h

Total Activity
Radionuclide released
1h (Bq)
Noble Gases 2,0.10"3
lodine 2,1.1013
Caesium 4,0.1012




Steam generator tube rupture

Release rate
(Ba/h)

Released
activity (Bq)
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Steam generator tube rupture - Simplified Approach

B Model:
®m pX (IRSN Puff model ) : 1 to 50 km (“short range” modeling)

B Objective approach: having a maximum contamination = no dispersion effect
m flat terrain
®  constant meteorological conditions during dispersion
= uniform wind field direction

B Meteorological data:
®  Mean wind in spatial grid
» Atmospheric stability : Stable - wind speed : 2m/s - direction 77°
» Atmospheric stability : Neutral - wind speed : 3.2m/s - direction 80°

B Simulation endpoints
= [P
®m Guadalajara
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Steam Ge ne rator Tube- Rupture
Stable wind 77° - 2 m/s-
" Total Dsed Aptlwty (B_q/mz.).

11 f&aldepumﬁnn
'Elevatlun
- 70000
0000 - BO000
10 - 50000
000 - 40000
10 - 30000
10000 - 20000

| 5000- 10000
B 1000 - 5000

. 0+ 5000 JOO00  » 20000 Meters - f/;“H:ﬂuuuhk_r__ffijEEE?**)zg
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Atmospheric stability : Stable - wind speed : 2m/s - direction 77°
Deposited Activity - Guadalajara & IP

Deposited activity (Bq/m?)

3.5E+04

Deposited activity

3.0E+04 -

2.5E+04 -

—— P - total deposited activity
JOEsO4 L - - - -IP - Cs-137 deposited activity

— - -IP - I-131 deposited activity

Guadalajara - total deposited activity
15E+04 +

- - - Guadalajara - Cs-137 deposited activity

— - -Guadalajara - I-131 deposited activity

T.0E+04 — oo [ - —_—
//
7~
5.0E+03 . E—S
0.0E+00 ‘
0 1 2 3 4time (h) 5 6 7 8 9 10
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Atmospheric stability : Stable - wind speed : 2m/s - direction 77°
Air Activity Concentrations - Guadalajara & IP

Air Activity concentrations (Bq/m3)

3 0E+03 - - - oo oo oo oo oo
Air Activity concentrations (Bq/m3)
300E+03 4+ ------- e e e N
—— 1P - total Air Activity concentrations
2.50E+03 - - - - - oo - - - IP - Cs-137 Air Activity concentrations
— - -IP - I-131 Air Activity concentrationsy
2.00E+03 -

Guadalajara - total Air Activity concentrations
1.50E+03 - - - - -Guadalajara - Cs-137 Air Air Activity concentrations
1006403 | N — - - Guadalajara - 1-131 activity concentrations
5.00E+02 - - - - - - - oo [ m oo oo oo

-~
0-00E+00 T T \- — T 1 1 _\_-__‘_—_\ T T T
0 1 2 3 4 5 6 7 8 9 10
time (h)

N (R s




Steam Ge ne ratar Tube Ruptu re
Neutral - wind 80° - '3.2. m/s
" Total. DeposedActlwty (qum’-’)

S ((J-I‘I”O

".

; : = eQ rld
o thal deposed activity
'.Elevﬁtmn

. L X - ’IDDhEII:II:I— 1500000
90 sthono - 1000000
* . 100000 - 500000
iy 5O00E - 100000
10000 - 50000
5000 - 10000

i ; - ) . " [ 1000-5000
. 5000 {0000 - 20000 Meters - [N 500 - 1000
" /.H-
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Atmospheric stability : Neutral - wind speed : 3.2m/s - direction 80°
Deposited Activity - Guadalajara & IP

Deposited Activity (Bq/m?)

2.0E+03 ~
Deposited Activity (Bq/m?)
1 BE+03 - - —m oo T e e
1.6E+03
14E+03 & —IP - total Deposited activity |
- - -IP - Cs-137 Deposited activity
T2E+03 - — - -IP - I-131 Deposited activity |77 ¢
10E+03 4o oo Guadalajara - total Deposited activity |
- - ‘Guadalajara - Cs-137 Deposited activity
8OE+02 +-------- - : . T it
— - - Guadalajara - I-131 Deposited activity
60E+02 +------- - - - - ———————————————_———— -
4.0E+02 -
20402 +-------------f- NS
.,/_-_:::=.,—II===========================================
0.0E+00 T f T T f = - T T T T T T T 1
0 1 2 3 4 time (h) 5 6 7 8 9 10 11
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Atmospheric stability : Neutral - wind speed : 3.2m/s - direction 80°
Air Activity Concentrations - Guadalajara & IP

Air Activity concentrations (Bq/m3)

2.5E+02 -

Air Activity concentrations (Bq/m3)

2.0E+02 -

—— P - total Air Activity concentrations

- = = IP - Cs-137 Air Activity concentrations

1.5E+02 — - -IP - I-131 Air Activity concentrationsy -

Guadalajara - total Air Activity concentrations

- - - -Guadalajara - Cs-137 Air Activity concentrations
1.0E+02 -

— - - Guadalajara - I-131 Air Activity concentrations

5.0E+01 -

0.0E+00
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Comments

B Maximum contamination in wind axis, no dilution by complex terrain
effects.

B |IRSN will used the 2D wind field in the puff model (observation points :
only IP and Guadalajara)

B |IRSN can’t used the 2D wind field proposed by the Emras Group in our
long range model
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Core meltdown (without vessel rupture)
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[ CONTAINMENT BARRIERS ]

First barrier :
huclear fuel cladding
Second barrier :
primary coolant system

=

Third barrier :
containment building

=

IRSH I




[ THE SCENARIO ENVISAGED (1) ]

Large break on primary

coolant system

> second barrier
rupture

IRSH I




[ THE SCENARIO ENVISAGED (2) ]

Reactor trip

— >nuclear reaction trip

Lower water level

> core uncovering

IRSH I




[ THE SCENARIO ENVISAGED (3) ]

Radioactive products
dispersion inside the
reactor building

Core meltdown

> First barrier rupture

IRSH I




THE SCENARIO ENVISAGED (4)

e,

Increased pressure in
the building

radioactive release by
containment natura
leakages
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THE SCENARIO ENVISAGED (5)

Containment spraying

> Reduced pressure
»Reduced temperature
>radioactive release
downwash
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Core Meltdown

Supposed duration of
release =24 h

Total Activity

redioactive release by Radionuclide released

g — 24 h (Bq)
Noble Gases 2,1.10"6

Aerosol iodine 8,7.1013

Molecular 13

iodine 1,4.10
Caesium 1,8.10"3
Tellurium 3,25.10"3
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Core Meltdown

Release rate
(Bg/h) S

I aerosol

—— 1 organique
—_—CS
— Te

Released
activity (Bq)
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