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UPM and Nuclear Safety Group

« UPM Nuclear Safety group:

— Technical University of Madrid,
Spain.

— Research with the GOTHIC
code since 2012.

— Gonzalo Jiménez, Rafael
Bocanegra, Samanta Estévez,
Carlos Vazquez, Emma Lopez-
Alonso, César Queral, Kevin
Fernandez-Cosials.

— Containment simulation is the
cornerstone of the Group.
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A Little bit of History
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Lumped Parameters Approach
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1 or few computational cells
60000 m?

2-3 phases (liquid, gas and
drops)

Several components (Steam,
air, H,, N,).

Westinghouse Methodology
(2013)

Framatome Methodology
(2004)

Dominion Methodology (2006)
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Lumped Parameters Approach

Simulation
hypothesis
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Containment Acceptance Criteria

The US acceptance criteria in section 6.2.1.1.A of Standard Review Plan (SRP)
requires that (the text is a sub-section):

1. The peak calculated containment pressure following a postulated loss-of-coolant
accident, or a steam or feedwater line break, should be less than the containment
design pressure.

2.  The containment pressure should be reduced to less than 50% of the peak
calculated pressure for the design basis loss-of-coolant accident within 24 hours after
the postulated accident.

3. Instrumentation capable of operating in the post-accident environment should be
provided to monitor the containment atmosphere pressure and temperature and the
sump water level and temperature following an accident.

4.  Containment internal structures and system components (e.g., reactor vessel,
pressurizer, steam generators) and supports should be designed to withstand the
differential pressure loadings that may be imposed as a result of pipe breaks within
the containment subcompartments.

5. In meeting the requirements of 10 CFR 50.34(f)(3)(v)(A)(1), applicants subject to this
section should evaluate an accident that releases hydrogen generated from a 100%
fuel clad metal-water reaction
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Previous Applications

Example of a containment GOTHIC model: Spray Flow
aF
e Prairie Island GOTHIC Containment AT ‘]l ““““ !
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Model scheme for MSLB Events. WCAP- : @jﬁ |
| |
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Recently, GOTHIC is able to i EI | BF
perform 3D simulations 17 @@@ T
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5G Sido Condenser Side
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UPM 3D modelling Capabillity

1. The GOTHIC code

2. General Approach to Containment Modelling

3. Detalled Integral modelling, Multi-zone/Nesting Dolls
containment modelling and Geometrically Simplified

Grid Adapted modelling

4. Application and model verification
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UPM 3D modelling Capabillity

GOTHIC code:

— Lumped Parameter or Multi-dimensional Modeling

— Solves Conservation of Mass, Momentum, Energy for
different phases, Eulerian-Eulerian approach.

— Uses Correlations for heat transfer and friction (based on
bulk values)

— Can use different spatial discretization schemes and
algorithms limiters.

— Simulation Engineered Safety Equipment (Components)
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UPM 3D modelling Capabillity

e GOTHIC code:

— Uses a Cartesian mesh
— Uses a porous approach to model geometries
— Only certain geometries are allowed (wedges, cylinders,

caps, torus)

Indistinguishable for the code
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UPM 3D modelling Capabillity

GOTHIC code:

— GOTHIC has 3D CFD capabilities (3D mesh, turbulence
models (RANS)) with correlations for wall heat transfer and wall
friction

— GOTHIC allows to simulate a containment with less
computational cost than a commercial CFD BUT with
some approximations (wall heat transfer and wall friction)
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General approach to Containment Modelling

Detailed 3D CAD Model Simplified 3D CAD Model Thermal-Hydraulic Model

Ref: Bocanegra, R., Jimenez, G., Fernandez-Cosials, M.K., 2016. Development of a PWR-W GOTHIC 3D model for containment accident analysis. Annals of Nuclear Energy 87, 547-560. https://doi.org/10.1016/j.anucene. 2015.10.022
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General approach to Containment Modelling

e 6

Detailed Model Simplified Geometries Model

Ref: Bocanegra, R., Jimenez, G., Fernandez-Cosials, M.K., 2016. Development of a PWR-W GOTHIC 3D model for containment accident analysis. Annals of Nuclear Energy 87, 547-560. https://doi.org/10.1016/j.anucene.2015.10.022
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General approach to Containment Modelling

VOLLWIEE LS

TTT T

STrATrAaTrATeT

T

38.55 m

J8.55 m

Top View

A challenge of Porous CFDs is fluid separation between walls

Ref: Bocanegra, R., Jimenez, G., Fernandez-Cosials, M.K., 2016. Development of a PWR-W GOTHIC 3D model for containment accident analysis. Annals of Nuclear Energy 87, 547-560. https://doi.org/10.1016/j.anucene.2015.10.022
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General approach to Containment Modelling

CAD Model CAD Model

CAD Model

Lumped Parameters Models (LPM)
8 cells
* No mesh
* No geometry
* Very low computational cost

Detailed Integral Model (DIM)
» 20k-50k cells
* No Flowpaths; No 3D Connectors
*Reasonable computational cost

Multi-Zone/Nesting Dolls Model (MZM)
» 1k-10k cells
*Flowpaths + 3D connectors
eLow computational cost

Geometrically Simplifided Grid Adapted
Model (GSGA)
» 20k-50k cells

*Complex Geometry modelling
*No Flowpaths; No 3D Connectors
*Reasonable computational cost

Ref: Bocanegra, R., Jimenez, G., Fernandez-Cosials, M.K., 2016. Development of a PWR-W GOTHIC 3D model for containment accident analysis. Annals of Nuclear Energy 87, 547-560. https://doi.org/10.1016/j.anucene.2015.10.022
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Detailed Integral Modelling

Integral model : Single Subdivided Volume

With simple geometries a fine mesh can capture fluid separation

Ref: Bocanegra, R., Jimenez, G., Fernandez-Cosials, M.K., 2016. Development of a PWR-W GOTHIC 3D model for containment accident analysis. Annals of Nuclear Energy 87, 547-560. https://doi.org/10.1016/j.anucene. 2015.10.022



L

POLIT NICA

DE EXCELENCIA 3. GOTHIC 3D modellin g Universidad Politécnica de Madrid

INTERNACIONAL

Example of Integral Model

UK EPR™ features a total of 47 passive catalytic
recombiners (41 large and 6 small) distributed
throughout the containment
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Nesting Dolls/Multi-zone approach

* |t allows a coarse
mesh reducing
computational effort

* Reduces the detalil
and accuracy in
exchange of more
stability and less
computational effort.

Ref: Bocanegra, R., Jimenez, G., Fernandez-Cosials, M.K., 2016. Development of a PWR-W GOTHIC 3D model for containment accident analysis. Annals of Nuclear Energy 87, 547-560. https://doi.org/10.1016/j.anucene. 2015.10.022
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Nesting Dolls/Multi-zone approach

« Different Subdivided volumes to mantain fluid separation
between walls

‘ .'_

Used by UPM in BWR/Mark Ill, PWR-W and PWR-KWU containment
models

“
i

| Ref: C. Serrano, et al.. A proposed methodology for the Passive Autocatalytic Recombiner sizing and location for a BWR Mark-IIl reactor containment building. Annals of Nuclear Energy 94 (2016) 589-602
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Example of Nesting Dolls/Multi-zone

approach

« With complex
geometries an multi-
zone approach is
normally the best
approach.

SBO WITHOUT PAR SBO WITH PAR

ppppp Pool

Filter

Drywell

Lower Drywell Cavity

BWR-
Markll|

E—X}-— 31.76

Ref: C. Serrano, et al.. A proposed methodology for the Passive Autocatalytic Recombiner sizing

and location for a BWR Mark-Ill reac

tor containment building. Annals of Nuclear Energy 94 (2016) 589-602 |
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Example of Nesting Dolls/Multi-zone
approach

Loopdi3 bottom rooms Vilume 1

Loopé1 bottam rooms

PRZ batiom room

« With complex ;
geometries an multi- [
zone approach is
normally the best
approach. S— R s

Loop#? bottom rooms Siaircase '

Figure 2: Nodalization detail for lower containment volume (Vol.17s) (a) and upper
containment volume (Vol.1s) (b).

PWR-KWU

Ref: Simulation of the hydrogen
distribution in a power plant using
the GOTHIC code. D. Papini, P.

Steiner, M. Andreani, B. Ni¢eno, J.-
U. Kligel and H.-M. Prasser.
ERMSAR2015 Marseille (France)

Frgure 1: Contanment nodahzanon diagram.



g . oE ExceLexci 3. GOTHIC 3D modellin g Universidad Politécnica de Madrid
INTERNACIONAL

Geometrically Simplified Grid Adapted
approach

* In order to create
an integral model
of a complex
geometry the
GSGA approach
can be used.

e This is the case of
Trillo NPP (PWR-
KWU)

Ref: Fernandez-Cosials et al. Desarrollo de un modelo 3D de contencién de la Central Nuclear de Trillo mediante un proceso de modelizacion optimizado In Spanish Nuclear Society Annual Meeting 2018
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Geometrically Simplified Grid Adapted
approach

 The porous CFD
does not “see”
this geometry
change.

e Geometry is
rebuilt over a pre-
established mesh

e The process is the
“Inverse” to CFD
meshing.

Indistinguishable for the code

Ref: Fernandez-Cosials et al. Desarrollo de un modelo 3D de contencién de la Central Nuclear de Trillo mediante un proceso de modelizacion optimizado In Spanish Nuclear Society Annual Meeting 2018
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Geometrically Simplified Grid Adapted
approach

Detailed model GSGA model




E.?"ETEF.WA 3. GOTHIC 3D modelling Universidad Politécnica de Madrid
Add-ons to the methodology (bricklayers)

A series of Scripts, Programs and Add-ons
are used to bound the different methdologies:

- Capabillity to analyze each room
Independently

- Capability to analyze flow patterns

- Capability to analyze hydrogen risk

- Matlab, Paraview, Python, dlls
AutohotKeys...

|||||||||||||||

: . ParaView : ' - Tl N

Seccion E-O
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Applications of the GOTHIC code (pre-step)

“The frequently heard argument ‘any solution is better
than none’ can be dangerous In the extreme. The
greatest disaster one can encounter in computation Is
not instability or lack of convergence but results that are
simultaneously good enough to be believable but bad

enough to cause trouble.”

- Ferziger & Peric

3. GOTHIC 3D modelling  Universidad Politécnica de Madrid 7 -
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3. GOTHIC 3D modelling
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Applications of the GOTHIC code (pre-step)
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Applications of the GOTHIC code (pre-step)
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3. GOTHIC 3D modelling
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Applications of the GOTHIC code (pre-step)
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Applications of the GOTHIC code (pre-step)

140

e The comparison of :
average values E "
between Lumped I~
Parameters models o |
and 3D show similar * | |
trends h Y -
« The condensation s —
and heat transfer - A
affect the different £ ' \
values. : /
ot S |

Timae ()
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Modeling Conclusions GOTHIC

e Itis possible to build a 3D detailed model with the
GOTHIC code with reasonable computational cost.

« The results of the simulations are in agreement with
other comparable lumped parameters simulations for
LBLOCA in the containment building.

 The 3D models developed allow studying the behavior of
all the containment rooms and regions during an
accident.

o Use of the Integral/ GSGA to obtain local maximum
temperatures in a LOCA/MSLB transient & Use of the
Multi-Zone/Nesting Dolls to reduce computational cost
for a sensitivity analysis
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Applications of the GOTHIC code

3D Containment Applications with GOTHIC in the UPM:

1.

Analysis of Equipment and instrumentation Qualification
Criteria

Analysis of Venting Strategy and hydrogen risk

Methodology for location and analysis of Passive
Autocatalytic Recombiners

Simulation of AP1000 Mass and Energy Release in
Containment
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1. Analysis of Equipment and instrumentation
Qualification Criteria

Use of the Detailed Integral PWR-W model to run detailed
simulations.

aaaaa Raom 4
- Room 3 “:
'.""\ {
:m; |\
A Room
; Room : ’ 1k -
4 T, N, 7 Raom 24 ! T Room 41, \
3y N\ N e P i 1 3 |
Y 7 4 . . - 1 Room 4
| Neasccee v 7 i LA
‘Rbom 7 Roomze. g ] G
] : s i ‘Roam 44 | |
S—— 7 By £ & 7 | Room 40 Foom 4:
I 7 _ Room 2 g ; 'I
ooms Reom 12 1| 2 s ‘ g | 1 i
Az | % . I\
TR 2727 ? 7 Room 47
Roam 1 ? [ E——— =—
il Foam 35 Room 28 ; | |
rzammssans | Room 43 )
aom I B ' | P {
| oom 34 | ______/
- A .
Room 1 i i
] S -
_'_;—f s e o N S L e :

Containment divided into 49 Different Rooms

Ref: Analysis of the equipment and instrumentation qualification criteria using 3D containment models. G. Jimenez, K. Fernandez-Cosials, R. Bocanegra, C. Queral. Nuclear Engineering and Design 323 (2017) 28-38
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1. Analysis of Equipment and instrumentation
Qualification Criteria

Cota 35

MkVIaMThm Time: Os o Seccion N-§ Seccion E-O

Ref: Analysis of the equipment and instrumentation qualification criteria using 3D containment models. G. Jimenez, K. Fernandez-Cosials, R. Bocanegra, C. Queral. Nuclear Engineering and Design 323 (2017) 28-38
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Ref: Analysis of the equipment and instrumentation qualification criteria using 3D containment models. G. Jimenez, K. Fernandez-Cosials, R. Bocanegra, C. Queral. Nuclear Engineering and Design 323 (2017) 28-38



1. Analysis of Equipment and instrumentation
Qualification Criteria

Average Room Pressure
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Ref: Analysis of the equipment and instrumentation qualification criteria using 3D containment models. G. Jimenez, K. Fernandez-Cosials, R. Bocanegra, C. Queral. Nuclear Engineering and Design 323 (2017) 28-38
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1. Analysis of Equipment and instrumentation
Qualification Criteria
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Ref: Analysis of the equipment and instrumentation qualification criteria using 3D containment models. G. Jimenez, K. Fernandez-Cosials, R. Bocanegra, C. Queral. Nuclear Engineering and Design 323 (2017) 28-38
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1. Analysis of Equipment and instrumentation
Qualification Criteria

From the results obtained, a proposal was raised:
3D models should be used to evaluate the
potential damage for the containment equipment
and instrumentation during an accident.
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risk
Particullary Interesting
regarding Hydrogen danger

Hydrogen

Hydrogen
Mass

Concentration

Oxygen

Oxygen
Mass

Concentration

Venting and spray time and
duration modifies H2 risk

4' CO n tal nm ent Ap p I I Catl ons Universidad PUlitéCI'liC'd LiE.‘ Madrid

2. Analysis of Venting Strategy and hydrogen

. Containmenj
sprays /

Wl e

ar crane

|
|
|
|
|

' . Steam generators oL
il t . '

Reactor vessel
In-core

instrument
tunnel

Reactor cavity

’ Ref: Study of hydrogen risk in a PWR-W containment during a SBO scenario; Tau parameter definition and application on venting strategy analysis. Kevin Fernandez-Cosials et al. Engineering and Design 325 (2017) 164-177 |




. G_ : s atia 4. Containment Ap p lications Universidad Politécnica de Madrid

POLITECNICA INTERNACIONAL

2. Analysis of Venting Strategy and

hydrogen risk

 Use of a PWR-W
Multi-zone model
to run dozens of
simulations with an
adequate accuracy.

 The sequence is an
SBO that
maximizes the
hydrogen
generation.

n volume fraction

o
o
»

ydroge

. Hydrogen
' release start

2500 5000 7500 10000 12500 15000 17500 20000
Time [s]

Ref: Study of hydrogen risk in a PWR-W containment during a SBO scenario; Tau parameter definition and application on venting strategy analysis. Kevin Fernandez-Cosials et al. Engineering and Design 325 (2017) 164-177
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2. Analysis of Venting Strategy and
hydrogen risk

Room 1

Room 2

DDT Room 3

Room 4

Room 5

Room 6

FA

Room 7

Room 8

Room 9
Room 10
Room 11

SD

No Combustion

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
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Ref: Study of hydrogen risk in a PWR-W containment during a SBO scenario; Tau parameter definition and application on venting strategy analysis. Kevin Fernandez-Cosials et al. Engineering and Design 325 (2017) 164-177
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2. Analysis of Venting Strategy and
hydrogen risk
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Ref: Study of hydrogen risk in a PWR-W containment during a SBO scenario; Tau parameter definition and application on venting strategy analysis. Kevin Fernandez-Cosials et al. Engineering and Design 325 (2017) 164-177
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2. Analysis of Venting Strategy and
hydrogen risk

From the results obtained, a temporal window to
reduce the hydrogen risk was detected.
Future applications of hydrogen risk
guantification and assessment of SAMGs is
projected
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3. Methodology for location and analysis of
Passive Autocatalytic Recombiners

The location and sizing
of passive Autocatalitic
Recombiners is a
critical parameter to
mitigate a Severe
Accident

Recombination of
hydrogen into water

Reduces the risk of
hydrogen detonation
which can impair the
containment
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Ref: C. Serrano, et al.. A proposed methodology for the Passive Autocatalytic Recombiner sizing and location for a BWR Mark-IIl reactor containment building. Annals of Nuclear Energy 94 (2016) 589-602
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3. Methodology for location and analysis of
Passive Autocatalytic Recombiners

 The Nesting-Dolls

model is used to ) (6
simulate the accident. H2 (%)
8_
L
* Algorithm that modifies 6
PAR location and sizing )

and runs the simulation
again.

 The PARs prevented L
the entrance into
hazardous combustion SBO WITHOUT PAR SBO WITH PAR
regimes

Ref: C. Serrano, et al.. A proposed methodology for the Passive Autocatalytic Recombiner sizing and location for a BWR Mark-IIl reactor containment building. Annals of Nuclear Energy 94 (2016) 589-602
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3. Methodology for location and analysis of
Passive Autocatalytic Recombiners

e The GOTHIC code
and the method used
provided the location
and sizing of the PARs
of Cofrentes NPP.

 More than 40 PARs
were installed in the
DryWell, WetWell,
Supression Pool ...

PAR installation in Cofrentes NPP

Implantacién de los Recombinadores Autocataliticos Pasivos en la
Central Nuclear de Cofrentes. C. Serrano, M. Gonzalez, V. Zuriaga.
Nuclear Espafia, 381 (Febrero 2017), 39-42

Ref: C. Serrano, et al.. A proposed methodology for the Passive Autocatalytic Recombiner sizing and location for a BWR Mark-IIl reactor containment building. Annals of Nuclear Energy 94 (2016) 589-602 |
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3. Methodology for location and analysis of
Passive Autocatalytic Recombiners

The methodology proposed by UPM and
Iberdrola has demonstrated to be efficient for
PAR sizing and location.

It allows the implementation of the recombiners
based on the preferred Hydrogen pathways and
accumulation points
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4. Study of the AP1000 Containemnt with
the GOTHIC code

The phenomena
inside an
AP1000/CAP1400
containment is both
complex and
important

The containment
plays an “active role”
in the managing of
an accident

Shield building (SB)

Air baffle

Steel

Outlet

Internal condensation
and
natural recirculation

Containment
Vessel (SCV)

Ref: Kevin Fernadndez-Cosials et al. Three-dimensional
simulation of a LBLOCA in an AP1000® containment
building; Energy Procedia Volume 127, September 2017,

Pages 234-24

Estévez-Albuja et al. AP1000® Passive Cooling
Containment Analysis Of A Double-ended Lbloca With A

3d Gothic Model. ICONE26-81886
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4. Study of the AP1000 Containemnt with
the GOTHIC code

«Creation of a full containment model Velocidad vapor (m/s)

-~ 40,0

for AP1000 with GOTHIC

*Creation of a IRWST 3D model with
GOTHIC

«Creation of a Shield Building model
with STAR-CCM+ and GOTHIC

«Simulation of design basis accidents
(LBLOCA, SBLOCA) and severe
accident (future works)

Epl " GOBERNO  MINISTERIO
@ DEESPANA  DEECONOMIA
y | i Y COMPETITIVIDAD

Ref: Kevin Fernandez-Cosials et al. Three-dimensional simulation of a LBLOCA in an AP1000® containment building; Energy Procedia Volume 127, September 2017, Pages 234-24
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UPM applications on Large enclosures

1. Simulation of steam jet into a suppresion pool experiment
(TU Munich)

2. Simulation of Hydrogen distribution experiment (PANDA
facility, PSI)

3. Simulation of Filtered Containment Venting System of a
BWR.
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1. Simulation of steam jet into a suppresion
pool
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Into open Atmosphere

Thermocouple (TC)

« An experiment in TU of .._

Munich (Germany) was N

performed and simulated with 4

GOTHIC.
* The experiment consisted of Shasen S

a steam injection into a Nocroms | I

channel filled with water to B

simulate the steam injection I i

inside a suppression pool. Nozzle ==

« Thermocouples and high
speed camera data was
recorded.



CAMPUS
DE EXCELENCIA
INTERNACIONAL

5. Other Applications
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1. Simulation of steam jet into a suppresion

pool
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1. Simulation of steam jet into a suppresion
pool

Given the GOTHIC low
computational effort, a wide
sensitivity analysis can be

JEENINIIINRIN NI
o LT PP PP oT ]

performed:
Xb
 The mesh was studied in
different configurations.
« Different turbulence models = = .
were assessed
. . . . 7
» Different discretization 5
schemes 2s
- Different Heat transfer options.  §* Z 2 Z
23 7o B = - A HE 7 7
g2 7 7 Z 2 = Ak
o AHEE 4 Z AN = 5 HENHE P
TC TC2 TC3 TC4 TCS TCB TCT TC8

% ke-STD (Reference case) MALX-L ke--RG ke-ML2 Mo Turbulence model
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2. Simulation of Hydrogen distribution
experiment

AC00 mm

&
¥

» An experiment conducted in the Paul ¢ ----------

Scherrer Institute (PANDA facility was
simulated with GOTHIC as part of the g Heliumaic
International Benchmark Exercise Il

» The experiment consisted of a light .
gas injection into a large enclosure g
filled with a stratification layer of =
Helium.

}h—m-::& i Venting line E

« Temperature, Concentration and Helimmsair 1%

velocities data was recorded. # el
¥

~1333mm -G48 mam

Ref: Kevin Fernandez-Cosials et al. Analysis of a gas stratification break-up by a vertical jet using the GOTHIC code. Nucl Eng Des 2016; 297:123-35. doi:10.1016/j.nucengdes.2015.11.035.
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2. Simulation of Hydrogen distribution
experiment
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* Anintegral model of the
vessel in 3 D with a
relative coarse mesh
(relative to CFD codes)
was created.

 Arefinement in the most
important zones is used.

« The mesh has to be
carefully designed to
allocate the sensors in the
cells center.

Ref: Kevin Fernandez-Cosials et al. Analysis of a gas stratification break-up by a vertical jet using the GOTHIC code. Nucl Eng Des 2016; 297:123-35. doi:10.1016/j.nucengdes.2015.11.035.
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2. Simulation of Hydrogen distribution
experiment

* As usual, the low
computational effort permit

a wide sensitivity analysis
for this phenomena 2

* The sensitivity analysis
reached to a simulation | g
more accurate than all the
participants of the IBE-III of
the pre-test.

Time Step Turbulence model

* The sensitivities were Pressure convergence imit
analyzed according to their
impact on the simulations
results.

Ref: Kevin Fernandez-Cosials et al. Analysis of a gas stratification break-up by a vertical jet using the GOTHIC code. Nucl Eng Des 2016; 297:123-35. doi:10.1016/j.nucengdes.2015.11.035.




3. Simulation of Filtered Containment
Venting System of a BWR
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* The Filtered Venting system of a BWR/Mark
Il containment is being built in Cofrentes
NPP

* Itinvolves a bypass of the hard venting, and
includes aerosol and iodine filters.

 If hydrogen is present in the containment, it
can reach deflagration conditions in the filter

. . Second connection with the
lodine Filters

Demister filter system (outlet FS)

Aerosol Filters

> Connection with the

Wetwell atmosphere

Rupture Disk (RD)

Non-return

DE EXCELENCIA 5 . Oth er Ap pl | C atl ons Universidad Politécnica de Madrid

Connection with

environment

First connection with the
filter system (inlet FS)

Bypass Valve (BV)

Valve (NRV)

First connection with
the HVS (Inlet FS)

Isolation Valves (IVs)

Second connection with
the HVS (Outlet FS)

Fernandez-Cosials, K et al., 2018. Analysis of Inertization Strategies for the Filtered Containment Venting System in Cofrentes Nuclear Power Plant. Journal of Nuclear Engineering and Radiation Sci

ence 4, 031016.
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Applications of the GOTHIC code

* An Integral GOTHIC Model
of the pipe and filtered
system is used.

 The comparison of mass
flow between GOTHIC and
a pipe-specific code
provides almost identical
results of a venting during
a SBO.

Universidad Politécnica de Madrid

Mass flow through the FCVS [kg/s]
= = P . w w . s
[¥a] o] [¥,] o] [¥,] L] [ L] [¥a}

=

¥
*
¢ VALCON
4 GOTHIC
100 200 300 400 500

Containment Pressure [kPa]

Fernandez-Cosials, K et al., 2018. Analysis of Inertization Strategies for the Filtered Containment Venting System in Cofrentes Nuclear Power Plant. Journal of Nuclear Engineering and Radiation Science 4, 031016.
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Applications of the GOTHIC code

« After finding hydrogen risk
during the simulation with
GOTHIC, it was later used
to locate and size the
Nitrogen sweep injections

e Three injection points were
identified to sweep dead-
ends with stagnant air.

 The sweep displaces all the
oxygen, so it cannot react
with the hydrogen

Environment
Atmosphere

N; injection
point #2

N, injection point #1

N, Rich zone

N, injection point #3

Iodine Filters

Aerosol Filters

l d?

Containment
Atmosphere
¥_

C
A

Before Inertization

Environment
Atmosphere

N, injection point #3

N—4

—)

N, injection
point #2

| d?

N, injection point #1

ontainment
tmosphere
{

After First Inertization (240 s)

Fernandez-Cosials, K et al., 2018. Analysis of Inertization Strategies for the Filtered Containment Venting System in Cofrentes Nuclear Power Plant. Journal of Nuclear Engineering and Radiation Science 4, 031016.

Iodine Filters

Aerosol Filters
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Applications of the GOTHIC code

 After the Nitrogen Sweep

the hydrogen risk was . XX O sRemapmenmm— X ctonone £
eliminated during the first x x 7
venting. : y .
S 015 - x ]
@ + U ! X
« If the Filter System is not 2 * g, ok
. - _g + ! % 3
inerted, the Nitrogen : o o e g BX
Sweeps still eliminated the & w0 X
A (240 s) Nitrogen
o L i
* The opening time and (0.015) Minimurm oxygen o
duration of each injection is feauered forcombustion | _ Y

established with GOTHIC. °

1 10 Time [s] 100 1000

Fernandez-Cosials, K et al., 2018. Analysis of Inertization Strategies for the Filtered Containment Venting System in Cofrentes Nuclear Power Plant. Journal of Nuclear Engineering and Radiation Science 4, 031016.
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Summary

« GOTHIC Containment 3D modelling capability has been
deeply studied

 More accuracy and detall than the LPM can be
obtained, leading to local analysis in large enclosures

 The lower computational cost than a commercial CFD
allows to deeply study a sequence through sensitivity
analyses.

 The containment codes 3D capabilities may influence in
the way containment licensing is currently done.
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Future Research Lines

« Different containments development (VVER/AES, EPR)
or large enclosures (PANDA, TOSQAN, Thai...)

* Application of containment 3D analysis to create the
enveloping profile for EQ (using LOCAs and MSLBSs)

* Include Equipment & Instrumentation Failure location
during a DBA or SA.

« Application of the Tau parameter to compare hydrogen
risk of a wide range of accident simulations

« BEPU analysis, taking advantage of the small
computational effort relative to commercial CFDs
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