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Scrubber design data:
Mass flow < 13.5 kg/s
Types of flow Air/steam

and mixtures
Diameter 4 m

Height B m

{ (Siemens T14)
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FILTRA/MVSS (cylindncal building shown at the lower left
corner) at Forsmark 3, Sweden. Photo: Hans Blomberg

Forsmark 3 5@ HBITA=AF_UFa ) 22738 (EAOMBRER) (WHHt 7L o b)
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riser pipe
D Pool

TIFROFaA) AT L
A Pressure relief ine from
reactor containment
B Ventur distribution system
C. Venturs, including

E: Moisture

F. Release to atmosphere
G’ Pressure vessel

H Manhole

|. Liner

TERH/ISA—S
VATLIZNAYOT T, BBERIC 30 BRI
Stk ELEELEL.,

HAFE: 0.1~13keg/s
I7OJ7LFEHESE: 15em

BWR PWR
I7aJILER: 90kg 180kg
WMEEI70YVILE: 20k 20kg
HELR/ DF: 100 500
(7O NEIHE)
ARIEME:  400kw

(CSNI Report 148, 1988 f)
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747 F®DPWR (VVER)

dome steel shell
externally

nng-mrm containment
cooling by spraying the

Hydrogen mitigation
= Forcing the ice
condenser doors open

= Catalytic recombiners —{ - '!“ i
* Igniters (glow-plugs) -

Depressurization of
the RCS

Loviisa SAM strategy - implementation

Containment isolation

= Manual backup

* Local control centres
= Monitoring of the isolation

SUCCESS

* Monitoring of the leakages

In-vessel retention

of corium
+ Inlat valvas

-» Qutlet valves
-+ Lowering of the bottom part of the

thermal insulation/neutron shield
-+ Screening of impurities

LovisaiZ f5 1T 52 SAMRRES = W FESHAEHOH

©Fortum
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Major Modifications and Upgrades to U.S. Boiling Water

Reactors with Mark | Containment Systems.

. Added spare diesel generator and portable water pump = 2002
Added containment vent - 1992

Mare batteries in svent of station blackeut — 1288
Strengthened torus — 1980

Controd room reconfiguration = 1980

Back-up safety systems separated - 1979
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Figure 1
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1. Pre-fliter; 4, Flltered dry alr supply during normal

Existing penetration, 300 mm diameter operation; Preheating for "H2 risk™ in case of SA
for 1300MWe plants, 250 mm diameter
for 500 MWe plants. 5. Sand filter.

2. Manual valves, operatd by reach rods 6. Radlation monitor

from behind shelding.
7. Plant stack, with small vent stack

1. Prassura latdown orlfice.
8. Arrangement for twin units ( doo Hne)

Schematic diagram of the eontainment venting system
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PCV VentD{t#k

o AiEh A EMERAEDTERE
AT LANODES : BIFFBRIES (5barabs), & L< 1% 1986 fHESH (FF> Fd
B A T OB TR TE)
< IR 140°C (&Rt JIRF)
- Jii & : bkgls (F&FZEFRIEJIFF)
- W dkg/m3 (FEAAZE AL JIFF)
0 HEAEEE 10 (=7 IZELT)
OEAREFEFITRO LB, 72720, W —F o AOBFHIIZEE L2,
e T nAiELLTH Y FEFIH, R&D 71 75 4 [PITEAS] OFEBEAEE. F
RiaiIko BV,
B ROaT A E : 80em
» B RORLEE - 0.6mm., mAEERZ2
« O RJE B % - 104Pa

26



Leibstadt NPS

PCV Filtered
Vent

Ry 7l - By50F 7 %w
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How does it work? IMI

NUCLEAR

The filter vessel
Clean gas outlet

to stack

Stage 3: End Separator

) Filtration & separator
Contaminated gas

inlet from
containment

| Water level
Stage 2: Co-current Scrubber & —=—_ !

Gas volume

Stage 1: Nozzle Scrubber

Mixing elements |

Leibstadt NPS

Recirculation zone " Nozzles



How does it work — Layout IMI

ildi NUCLEAR
Reactor building
Containment Clean gas line Stack
!
! Rupture disk, only for
' passive system option
Pre-filter A
| [om=1 ]
i [r——y— g ' N2 N2
I
- . + naw -
: | - ! A Water conditioning
! ‘ ' - long term
I _ >
M 1
i . o x—!“«.
:I _ : i =5, - -
I Isolation valves b|‘ = nE -
I !
| | | t“v e
: N =
\ 4
Water conditioning *

Contaminated gas line - immediate R — Drain



Experimental data base - Initial R&D IMI

NUCLEAR

Test loop used for initial development and qualification <1993

Basic Testing of Mixing Elements:

* Co-current scrubber

* Droplet separator

« Scale-up testing / industrial experience

Full Scale Segment Testing:

* Filter qualification and variation of main
parameters

Column outlet

Column inlet




Experimental data base — Verification & further tests IMI

NUCLEAR

Test loop used for Further Qualifications for Aerosol Retention at PSI (1993-1995)

Plasma used to evaporate
tin powder. After
condensation of tin vapor,
SnOz2 particles are
generated

Facility to prepare
aerosol laden steam-

gas mixture flow A representative module of FCVS

filter used for aerosol tests



Released Methyl lodide [%]

lodine Retention Tests IMI

NUCLEAR

Methyl lodide release from solution during irradition

100
e I I T 1 'I I LI I LI L | I L L L | I LI I r ¥ 1 'I' r ¥ 1 I r ¥ 1 'I |

80 =
2 With co-agent only -

60 e
0 With thiosulfate only :

40 = —
= With thiosulfate -

= and co-agent -

20 - -
0 I I 1 M [l 1 ] I ] 1 ' I ] [l 1 I 1 ] I B I ]

0 200 400 600 800 1000 1200 1400
Dose [Gy]
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Experimental data base — Conclusions of the tests IMI

NUCLEAR

» Activity retention

Overall decontamination factors in cnmparirson with
(minimum values) for the 1%t generation FCVS:
2"d generation FCVS:

= Aerosols » 10000 >1000
< Elemental iodine (I,) > 1000 >100
© Organic iodide (CH,l) > 1°000 none!

In the following operational conditions:
« Start-up
« Single/multiple venting operations
« Post venting
« Cold/hot water pool conditions
« Low/high pH
« Radiation dose due to accumulated activity



One of the most important lessons is

Preventing C/V rapture
Preventing Radioactive material exhaust

Fukushima Daiichi NPP
#1 C/V 7bar + Vent + H, Explosion  ~1day
#2 C/V Tbar + No Vent + C/V rapture ~3.5day
#3 C/V 6bar + Vent + H, Explosion ~ ~3day

Prevent over-pressure C/V rapture + Exhaust of Rl and H,,
—> Filtered Containment Venting System (FCVS)

Prevent over-temperature C/V rapture + H, leakage
—> Special Emergency Heat Removal System (SEHR)

JSME visit Leibstadt NPP, Swiss, on Nov.11,2011 41



FCVS (Filtered Containment Venting System)
Backfitted on 1992 for DiD4 (mitigation of Sever Accident)

Stuck

Rapture Disk
(~3bar)

)l

>«
MOV MOV
Normal Normal

Open Close

NaOH

Solubility pH10 ~50
Solubility pH7

Prevent C/V overpressure failure DF > 1000 aerosol
Capture radioactive materials > 100 I,
Feed and Bleed under Long SBO & LUHS 42



FCVS (Filtered Containment Venting System)

\

entrance

m M
8

|

JSME visit Leibstadt NPP, Swiss, on Nov.11,2811




SEHR (Special Emergency Heat Removal System)

Backfitted on late *70s for DiD3 (additional C/V cooling)

and DiD4 (mitigation of Sever Accident)

L Heat

Exchanger

Suppression Pool

___________________________________________

___________________________________

underground

Two D/G for SEHR  dwells

__________

NN
N
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Exelon.

MY Thﬂl-lg hts Nuclear Pariners

LA G

N

The challenge is not of technical rather organizational and cultural
We will overcome Fukushima as we have with TMI and Chernobyl
We will institutionalize all the learning

We will protect our critical components beyond design basis and validate
the assumptions behind the design basis

We will improve our hardware and human performance
VWe must through R&D change the cladding matenal
We strengthen SAMG, SBO, BSB, Harden Pipe, etc.
We will be a stronger industry

Nuclear technology will advance and will remain as an essential part of
our life

45



Installed FCVS - Leibstadt Nuclear Power Plant IMI

NUCLEAR

Layout for General Electric BWR6

Clean gas line
2 Filter vessels without separate building



Installed FCVS — Leibstadt Nuclear Power Plant IMI

NUCLEAR
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Delivery of two filter vessels to the NPP Leibstadt



Installed FCVS — Leibstadt Nuclear Power Plant IMI

NUCLEAR

J"l'

[
Filter room
e
Cardan shaft for valves actuation

— o
P —
- g

Active line with 2 isolation valves

S ok B



Installed FCVS - Leibstadt Nuclear Power Plant IMI

NUCLEAR
Local control room

Foo

Manual / electrical
actuators



Installed IMI FCVS IMI

NUCLEAR

Beznau Nuclear Power Plant — Layout for Westinghouse 2 loops PWR

Stack along reactor building
Separate buillding

Clean gas ling

Reactor basdoing

Contanersant

Scrubber
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Installed FCVS — Beznau Nuclear Power Plant IMI

NUCLEAR

Filter room:
Clean gas piping
(bottom up view)

Local control room with manual control
valves and instrumentation

Filter room: Inlet piping
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