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MELCOR history in the UPM

e UPM-CSN (Spanish Nuclear Safety Council) agreement to collaborate
in CSARP (July 2017)

e The translation of Trillo NPP from MELCOR 1.8.5 to MELCOR 2.1 has
been performed as part of the agreement between CSN and UPM.

e Previous works with MELCOR 1.8.3:

A PWR-W model was developed in the UPM and used for European report
project.

e Currently UPM is working with different NPPs models (PWR-W, BWR,
PWR-Siemens, AP1000) in several projects.
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MELCOR Models

S3AREORV

-8B

-+ S0HNAT

e PWR-Siemens (Trillo NPP)
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* Translation of the model from
MELCOR 1.8.5to 2.1 "o,

* A set of sequences were used
to verify the model

Containment
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MELCOR Models

* PWR-W main features
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Based on: F. Martin-Fuertes et al., “Analysis of three severe accident sequences (AB, SGTR and V) in a 3 loop W-PWR 900 MWe NPP with the MELCOR code,”
European Commission, vol. EUR 16054, 1994
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MELCOR Models

* PWR-W Containment
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MELCOR Models

e PWR-W Vessel and core

e 28 Heat Structures
e 35 CV
e 6 Rings 13 Levels
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MELCOR Models

TVH-TUG -
(' DOWNCOMER)

PROGRAMA FZR

'
| TMED

k- kil —— 32 .
r-- ADD TASFUN i
|

1
| ERROR LEVEL
VH-TLID i T I
i - L =
[UPPER PLENUM') -
T ADD |
NIVELPRES % i !
|
CVH-CLIOLEV R 35 -l E BANDA 53
{PzRY) EOUALS ] L] "
-t
seale=8.51382 H LGT !
[ J - : |
! I
e i |
i CAL APOYO I
1
L El ~ i
| T TAB.FUN i i
1 NNEL=1S ! CALDEOW !
! : =1 (2356 | !
: N T T
L e T
el | ! e ! e .
H 1 : : a0 | . CALDEO FINAL W
e Safety Injection System ' A o |- g e
| CVH-P{'PZR'} - | L
| | =3 77ES ! - & e T &
: : :'"'_ MULTIPLY
! ! PIR SPRAY Y I
| 1 |
ontro odele : b - :
1 TAB-FUN !
I
| |
H

PZR Control T
Pumps performance

i L r =l
B o -t Total MELCI | i LaTE
L 228 . |
d SCI{AM ] | R |
i i
| ez - |
LPEI Todal oricE 1 EIE NTMASS |
247 o . [
ADD WTEG | !
| BAJOMVEL RWSET |
! vl 4
to-----f or 1
ini=me L
BciZENFa 2 TIME RETARDO
x == )’__ L 224 . ez
LaE TRE I J— .
Init=talsc -
Init=tals
lowPaT=t +dlary
3
LAND
Ini=talse

April, 2019 European Melcor Users Group, Switzerland




MELCOR Models
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PWR-W MELCOR Model Results

Study of FLEX Strategies with the MELCOR code:

e Simulation of a Recirculation Failure after LBLOCA
e Comparison of Different Time Failures

e Comparison with ASTEC

e Study with RN package included

e Simulation of using portable equipment after recirculation Failure to inject
into RCS.
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LBLOCA with recirculation failure

* Injection with Portable
Equipment into RCS

e Option B is selected and
simulated with MELCOR 2.2

Refueling Water

Storage Tank
RWST
..... i ﬂ Option A
' Other water
SIS tanks

Option B £
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PWR-W MELCOR Model Results
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PWR-W MELCOR Model Results
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Mass (kg)

PWR-W MELCOR Model Results
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PWR-W MELCOR Model Results
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PWR-W MELCOR Model Results

e Comparison with ASTEC (KWU) MBLOCA
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Ref: Investigation of SAM measures during selected MBLOCA sequences along with Station Blackout in a generic Konvoi PWR using ASTECV2.0. Ignacio Garcia Gomez-
Torafio et al. Annals of Nuclear Energy Volume 105, July 2017, Pages 226-239
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PWR-W MELCOR Model Results

e Behavior of Core Temperature along different FLEX INJECTIONS

Recirculation failure since recriculation begins
0 min 10 min 70 min 130 min 190 min 250 min 310 min 370 min 430 min

30 min
60 min . . .
FLEX 90 min Calculation of the different Reponses against an

e e injection of water in a degraded core with portable

time since 150 min
failure 180 min equipment. (Also using different equipment)
min
240 min
>270 min
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PWR-W MELCOR Model Results

e Behavior of Core Temperature along different FLEX INJECTIONS
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PWR-W MELCOR Model Results

* Behavior of Core 30008 | ,
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PWR-W MELCOR Model Results

e Behavior of Core Temperature along different FLEX Sate State
Injections Fue) g

Corium Relocation
Vessel Failure
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April, 2019 European Melcor Users Group, Switzerland 20




PWR-W MELCOR Model Results

e Behavior of Core Temperature along different FLEX Injections.

G =20kg/s Recirculation failure since recriculation begins
190 min 250 min  |[310min (370 min  |430 min
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PWR-W MELCOR Model Results

Behavior of Core Temperature along different FLEX Injections:

e After 270 min without injection, it is not posible to avoid vessel
Failure

e |f more than 25 tons of corium are relocated in the Lower Plenum,
vessel failure is very likely (same conclusion as ASTEC).

e |tis better to inject in the RCS as soon as possible, more than
delaying the failure of the recirculation.
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PWR-W MELCOR Model Results

Behavior of Core Temperature along different FLEX Injections.

* Enveloping Strategy to overcome lack of convergence
* Inference of accident progression if too small DT.

e MELCOR 2.2 used (more stable)

e DT max study provided 0.01 sec as the most stable

e Lack of convergence (small DT) cannot be esily predicted, sometimes causing
Failure in apparently non-problematic scenarios.

» Reflooding of the hot core decreases the DT up to 1E-06 during the process.
* No problem detected in cases without Hot core reflooding.
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PWR-W MELCOR Model Results

Study of Instrumentation Survival with the MELCOR code:

LBLOCA with Recirculation Failure (SBO) is simulated.
Instrumentation Survival during a Severe Accident

Use of a subdivided containment to localize each instrument and obtain “local
conditions”

Developing a strategy for instrumentation Reading based on survivability.
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PWR-W MELCOR Model Results

Study of Instrumentation

Survival with the MELCOR
code: i

—

1
e Containment subdivided in several l
Rooms to provide a higher =

resolution on Temperature. Tl 1
* Other studies have similar ‘ ‘ i ot
objectives and outcomes PRSI —

........

Ref: J. L. Rempe, D. L. Knudson, and R. J. Lutz, “Scoping Study Investigating PWR Instrumentation during a Severe Accident Scenario,” 2015
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PWR-W MELCOR Model Results

Study of Instrumentation

oy IR MELEOR e e
code:

Anomalous operating conditions |. The operating conditions are

Damage Condition 1 challenging or above the design, but useful measurements in tendency and
values are still obtained.
° initi 1 Anomalous operating conditions II. The limit is greatly surpassed, and
Defl n It 1on Of d Iffe re nt Da m age Damage Condition 2 measurements on value are no longer valid. The information on tendency
141 H and order of magnitude is still useful.
Conditions of the Instrumentation :

Damage Operating Conditions. The instrument measurements are only
reliable in terms of tendencies, not values or orders of magnitude.

present study (future research

lines)

Damage Condition 3
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PWR-W MELCOR Model Results

Room close to Break

Study of Instrumentation
Survival with the MELCOR
code:

e |BLOCA with SBO at 5200 sec

e Different temperatures for
different locations and
containment compartments
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PWR-W MELCOR Model Results

Study of Instrumentation
Survival with the MELCOR
code:

e Damage condition Evolution of
the different instrumentation
systems.

e Actions within the SAMGs make
use of this instrumentation but no
regard on which is the most
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PWR-W MELCOR Model Results

Study of Instrumentation
Survival with the MELCOR
code: P2 pressure
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PWR-W MELCOR Conclusions

1. PWR-W MELCOR Model used in the UPM is allowing the study of different
accidents.

2. A SA scenario involving Portable equipment is simulated adequately with
MELCOR 2.2

3. An enveloping strategy and careful choosing of parameters is used to
determine the damage condition of the core and vessel and retain numerical
stability.

4. A detailed containment and RCS nodalization allows to obtain “local”
conditions of the instrumentation, which permits the study of the
instrumentation survivability.
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MELCOR Models

Thank you very much for your attention
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