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� Introduction and motivation of the OECD/SETH-2 project

� Investigations carried out in the PANDA facility

� Results from selected PANDA series

� Follow-up activities

� Conclusions

Outline
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Introduction

In a nuclear power plant the containment is the last barrier for
avoiding the release of any radiological material to the environment, 
therefore the safety systems should always ensure containment 
integrity

Analysis of thermal-hydraulic process as occurring in a LWR 
containment building under accident conditions (DBA, BDBA) is very 
complex , due to the large number of inter-related 
parameters/proceses:

� BWR and PWR have differences in the safety systems
� Performance of active (e.g. spray, cooler, etc.) or passive  

safety systems (e.g. recombiner, rupture foils, PCC, etc.) varies 
during the evolution of a postulated accident 

� Modeling of Physical phenomena : e.g. jet, plume (positively or 
negatively buoyant), diffuse flow, transport, mixing, stratification, 
condensation, re-evaporation, etc. 
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Introduction…contd.

Advanced Lumped Parameter (LP) and Computational Fluid 
Dynamic (CFD) codes are the only tools for the analysis of 
DBA and BDBA in real reactors:
� At the present the Assessment and Validation (A&V) of the 
codes is one limiting factor in their reliable application . 
� One of the hindrance in the A&V is the lack of experimental 

data for the representation of a broad range of phenomena 
and scenarios with safety relevance for LWRs

The experimental data should be obtained:
� In large-scale, multi-compartment facilities to minimize distortion 
effects due to scaling considerations.
� With instrumentation having temporal and spatial resolution 
adequate to validate both advanced LP and CFD codes.
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OECD/NEA/WGAMA and IAEA workshop…

B. Smith, ICONE17, 2009
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Severe Accident Research Priorities (SARP)

EUROSAFE (5th FWP EC): Identification of areas of needed 
research in the domain of severe accident in nuclear power 
plant 

� Outcome : identification of 21 research issues with 
recommendation for experimental programs and code
����������	
�

SARP is one of the work-packages of SARNET : reviewing 
and reassigning priorities by ranking research issues (4 ranking
grades: closed issue, low priority, medium priority, high priority)

� Containment atmosphere mixing and hydrogen 
combustion/detonation- High priority

Progress in Nuclear Energy 52 (2010) 11-18
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� Homogeneous distribution or stratification ?

� How long a stable stratification would be maintaine d ?

� Erosion of the stratified  layers by mass or heat sources

and heat sinks

The first question was investigated during OECD/SETH, EU/ECORA 
projects

The second question is the subject of the OECD/SETH- 2 project

Containment reactor safety issues

Hydrogen released into the reactor containment 
during the course of a severe accident
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OECD SETHOECD SETH--2 Project2 Project
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Subject : Investigating of key safety issues for LWR containment 
Thermal-hydraulics which are not covered by reliable simulations 

Focus : Destabilization and mixing of hydrogen stratification and 
large scale containment integral tests 

Objectives : Generation of experimental database for Advanced 
Lumped Parameter codes and CFD codes. 
Assessment/validation related to investigation of gas 
stratification break-up by:

� Horizontal or vertical, negatively buoyant  jet or plume
� Flow induced by safety system or component activation, e.g. 

spray, containment cooler, heat source simulating recombiner
� Sudden opening of hatches separating two large volumes
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Participants to the OECD SETH-2 Project
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PSI contribution to OECD/SETH-2
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VB

PPC PoolIC Pool

VB

Suppression
      Pool

Suppression
      Pool

GDCS
 Pool

PCC Pool     IC Pool

3 x PCC 1 x IC

Drywell Drywell

VB

SC RPV

Electr.
Heaters

SC

ESBWR PANDA

VB

PCCIC

Suppr.
 Pool

Suppr.
 Pool

25 m

0 m

ESBWR versus PANDA

Scaling:  
Height    ~ 1 : 1
Volume  ~ 1 : 40
Power    ~ 1 : 40 

Suppression
Chamber

Suppression
Chamber

PANDA Facility
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PANDA  facility instrumentation
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SETH-2 PANDA test campaign

-1 Long-term cooling system test (s):
Substituted with a test of ST3 type

Series ST7

13 Sudden opening of hatches separating two volumes:Series ST6

36 Heat source simulating Recombiner:Series ST5

46Containment cooler:Series ST4

34 Containment spray:Series ST3

44 Low momentum horizontal jet:Series ST2

SpecifiedPerformedInvestigation Series

915 testsLow momentum vertical steam release at various 
positions: 

Series ST1

2441Total number of tests: 

-2Diffusion tests: He-air, He-steam

-1Heat losses characterization of Vessels 1-2 
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� PANDA tests addressing phenomena challenging 
for the codes

� Implementation in PANDA of new components 
and related systems

� Obtaining the PANDA test specified conditions

� Obtaining CFD grade experimental data

� Project Schedules

OECD/SETH-2 PANDA Project challenges
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Low momentum vertical fluid release (ST1)
Issues:

The hydrogen which would be released in a postulated severe accident would mix with the 
original containment gas (air or nitrogen) and steam and may lead to a stratified gas 
atmosphere. Hydrogen stratification break- up by negatively buoyant plumes and jets.

Main objectives:

� Parametric investigation of gas stratification break up by vertical fluid release

� Characterization of erosion and diffusion effects  

� “Facility-related” effect on the evolution of stratification break-up (MISTRA LOWMA-PANDA 
ST1_7, ST1_7_2 counterpart test)    
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ST1: Experiment Description
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-2 geometry:  centered and near wall injection

-Variation of d0 , initial momentum flux

-Variation of uin0 , initial momentum flux

-Variation of � in0 , initial helium concentration

-Variation of � amb, ambient fluid (steam of air)

Large parametric test matrix
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ST1: Parametric Test Matrix
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Variation of initial momentum

Variation of injection location

Variation of fluid

Variation of initial helium concentration
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ST1: Initial Conditions

Good reproducibility of the initial helium layer concentration profile.

Helium increasing

Helium injection
height
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ST1: Velocity measurements with PIV

x [mm]

y
[m

m
]

-200 0 200

5800

6000

6200

t=56 s

b) x [mm]

y
[m

m
]

-200 0 200

5800

6000

6200

t=216 s

c)

x [mm]

y
[m

m
]

-200 0 200

5800

6000

6200

t=616 s

d) x [mm]

y
[m

m
]

-200 0 200

5800

6000

6200

t=1096 s

e)

Masked out

x [mm]

y
[m

m
]

-200 0 200

5800

6000

6200

t=1816 s

f)

x [mm]

y
[m

m
]

-200 0 200

5800

6000

6200

t=16 sST1_4_1

v

a)

� ��������1�%�����������������������������������5���� �����������1�������$���= >�%.��

� ������5���+����$�����������������1���������������C� ����7���D ���0�������������������?����1����$�����




�����		

ST1: Momentum Effect - I
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ST1_4 :   22 g/s Steam ST1_3 :   90 g/s Steam

Erosion rate increases with increasing mass flow rate

at constant initial helium concentration
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ST1: Momentum Effect - II
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ST1_4
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ST1: Concentration Effect - I

ST1_3:   Re = 42000 , Frin= 2.1
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ST1_6: Re= 39000,  Frin= 1.5
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Erosion rate increases with decreasing initial He-concentration

~38 % helium~25  % helium




�����	)

ST1: Concentration Effect - II
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ST1_2 :  Re = 28000 ,  Frin= 1.4
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ST1_6: Re = 39000, Frin= 1.5

Similar erosion rate for different Re-number

~25  % helium ~38 % helium
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ST1: analysis with GOTHIC
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ST1: analysis with GOTHIC…contd.
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ST4: Containment cooler

Issues:

In case of severe accident, with release of hydrogen, the condensation 
induced by the cooler activation as well as the flow induced by the cooler 
will have an effect on the hydrogen distribution in the containment  

Main objectives:

To investigate the effect of cooler on the gas transport in the containment, 
in particular whether a local increase of helium concentration may be 
mitigated (i.e. break-up) with the cooler in operation
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ST4: configurations

� Same gas injection scenario for all 4 tests
� Duct, cooler location, pressurization (venting) vary

E
�E
�E
�)�?
�����

E
�)�E
�E
�2
��

0��4��4��4��"�������

�-4F4�-4F%�-4F&�-4F'

� PHASE I:
Steam is injected for 3600 s at 40 g/s

� PHASE II:
Steam is injected for 1800 s at 40 g/s + Helium at 2 g/s

� PHASE III:
Steam is injected for 3600 s at 40 g/s

� ST4_2, ST4_3 and ST4_4:
� Constant pressure (1.3 bar)

� ST4_1: no venting :
��� � PRESSURIZATION

IP

Vessel 1

Steam

ST4_1, ST4_2, ST4_3

+ Helium

Steam
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ST4: PANDA Cooler

Open Face

Instrumentation support wires

Condensate drain
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ST4: schematic of test procedureST4: schematic of test procedure

Start of mass spectrometer sequence
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PRECONDITIONING

100 %  Steam
110°C  1.3 bar

TEST

t-1

* : Initial Conditions

Air injection 
Steam vent

100 %  Air
108°C  1.0 bar

100 %  Air
108°C  1.3 bar

Injection starts

t0

TEST

….

….

t0 t2t1

Superheated steam injection Superheated steam injectionSuperheated steam 
+ Helium injection

TEST

Phase I Phase IIIPhase II

PRECONDITIONING

100 %  Steam
110°C  1.3 bar

TEST

t-1

* : Initial Conditions

Air injection 
Steam vent

100 %  Air
108°C  1.0 bar

100 %  Air
108°C  1.3 bar

Cooler inlet opening Injection starts

t0

TEST

….

….

t0t0 t2t2t1t1

Superheated steam injection Superheated steam injectionSuperheated steam 
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ST4: helium concentration results
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OECD/SETH-2 PANDA highlights

� PANDA test campaign consisting of 41 tests has been concluded 
according project schedule 
� Facilities upgrading e.g. auxiliary systems, mitigation tools (spray, 
recombiners-heat source, cooler), enabled us to obtain tests with well 
controlled initial and boundary conditions and with an excellent  
repeatability   
� Efforts done to improve the various measurement systems (temperature, 
gas concentration, PIV, novel instrumentation, etc.) allowed for obtaining, 
high quality data also for the most challenging tests (e.g. cooler-
condensation, spray, rupture disk, etc.)  
� The PANDA test results contributed to an improvement of the 
knowledge on phenomena which have a high relevance f or LWR 
containment safety issues
� The relevance and applicability to plants of PANDA tests will be further 
discussed in the forthcoming OECD/SET-2 analytical workshop
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Analysis of SETH (1-2) PANDA tests
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Analysis of SETH (1-2) PANDA tests…

Approach used in the analysis:

� In-kind contribution by individual Groups

� Various EU and OECD analytical workshops

� Systematic approach in the EU 5FWP ECORA Project in 
applying BPG

Analytical workshop on OECD SETH and SETH-2 
experimental data

OECD/NEA, Paris, France, 13-14 September 2011  

Attached benchmark on PANDA ST1_7  and MISTRA LOWMA
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EDARS Project in the OECD frame .��������1

� Basic phenomena : containment stratification break-up by 
diffuse flow source , created by impinging of jet (one 
phase), two-phase flashing B
��3� 

���( ����1��	������
���	� ���(�����2
	�
 	���


� Complex flow pattern : interaction of two LWR safety 
systems: e.g. combination of spray and cooler or two heat 
sources 

� LWR system response:

� BWR system thermal stratification in wetwell pool, effect of 
spray and cooler activation, interaction of primary circuit and 
passive containment cooling system

� PWR system: overall natural circulation flow in the 
containment for effect of rupture foils opening and activation of 
safety systems.
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EDARS: selected PANDA series
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EDARS: selected PANDA series…contd.
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Conclusions

� 6���78%�598:5&86�0�����3� 	���
�2���� ��������
	��� 	��	���


����	��(��� �
�	���
�	��������	��������������	��� ��	��2�
�����
6;����������
���	#
���
���+�
���+
�������
�
� 6���/:9�:�����
	���	���������

��� ������
���+����������&�

��
���+��������(

�!��	�(��#
�����&���������
�
 �
�������
�
 ��
�;
�� ���(�� 	���	�����(�
�(�	4�
4
	��


� 6�����	�����	�	�����(�	���/:9�:��	�
	���

�	
��
�
	 ������������
� ��� ����� ���������
� �  ���������	���&86�0�����3� 	
�����

�	���
�����������������������(���� ����C����-�
!�#�	���&�
(
��#��
!3� ��� �������2����������/���
����&��	��2�����!!

� 9���
�����	�(������	��������2�4����	���&86�0�����3�  	�����
 
����	�4�����
	���	������	��� �4���������������%���%����
	
�B
�� ����	��������
��� ���7�.�+�  �-��	�"������	
�B
��$�����


