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OUTLINE and INTRO

Goal of this activity is to understanding of relevant thermal-hydraulic
phenomena that characterize LMFR safety aspects using RELAP5-3D®

for these applications:
o CIRCE-ICE and CIRCE-HERO LOF experiment for thermal
stratification
o NACIE (natural circulation, UQ)

o PHENIX EoL Dyssimmetric test (benchmark to evaluate asymmetric
effects)

o PERSEOQO benchmark on passive systems (NEA) (pool boiling and
cond.)

o ALFRED with passive-controlled Isolation Condenser (two-phase
natural circulation with non-condensable)

o FFTF TH-NK ULOF transient with physical model of GEM
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CIRCE-ICE - Transient simulation

GEC LBE mass flow rate FPS dT
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CIRCE-ICE - Transient simulation
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CIRCE-HERO

Separator

Main differences from ICE Dead

volume

* Double Wall Bayonet Tube Steam
Generator (DWBT SG) replaces the HX

* DHR system is removed

* DHR function is accomplished by the

DWBT SG, reducing secondary flow rate Riser

Steam

» Lager volume of the separator Generator

* FPS thermally insulated with stagnant LBE
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CIRCE-HERO - Transient simulation
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NACIE facility — test 201 as example for UQ RA</£EN
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NACIE facility — test 201 as example for UQ RA</£EN

Samplig
parameters: TiLee Power FW mass flow rate Tew Argon injection Powder Conductivity
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Pool
thermal Asymmetric

stratification boundary
and mixing conditions

convection Asymmetric

phenomena

within large

pool

Main vessel: 11.8 m of diameter containing about 800 ton of Na
Double-enveloped vessel: it prevents any possible sodium leaks
Primary containment vessel

Reactor pit: equipped with final emergency system ensuring
the decay heat removal in the event of a loss of normal cooling
system

Primary vessel: physical separation between the hot and cold
pools

Strongback: below the core, it redirects the 10% of the Na
mass flow rate to the vessel cooling system

Diagrid: it achieves the connection between the pumps and the
core

Primary pumps (PP): 3 PPs ensure the primary coolant
circulation

Intermediate heat exchanger (IHX): 6 IHX guarantee the
thermal power removal. From 1993, only 4 IHX was in operation
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PHENIX — Thermal-hydraulic model

* MULTID component: Diagrid, Core bypass,

Hot and Cold pool

1D model: VCs

o Inner and outer core - assembly per assembly L

o Blanket and shielding zones collapsed in 36 and = 5

24 equivalent pipes

o 3 primary pumps ngogw

o 6 IHXs modelled separately L B
« Sliced approach ==
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 HTC correlations: | ||

o Seban-Shimazaki: non-bundle —

o Westinghouse: reactor core
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PHENIX — Steady state results
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PHENIX — Transient simulation
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PHENIX — Transient simulation
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PHENIX — Transient simulation (benchmark)
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Vacuum breaker valve

Boil-off pr'_“_"
P E R S E O Aﬁ\\h — oP Steam duct
A YNEA -
SIET laboratories in Piacenza (ltaly) e~ Y & |HX Slt;aem
'Water Triggering PV
OECD/NEA/CSNI WGAMA dlsvcar::;ge valve =
State of art on reliability of thermal-hydraulic passive systems (SOAR- -
rain
RPS) - PERSEO benchmark on passive systems _—
» Evaluation of the IC performance
Condensate
discharge )
* Pressure Vessel: *  Overall Pool: l o
o it supplies steam at fixed conditions o The water reservoir oS SpRY !

£ _ 2
OP Steam duct

o a dedicated valve controlled the level « Steam duct:

within the component

o It allows the steam flow Headers: 040 - 050

+ Isolation Condenser: from the HXP to the OP —
o 120 vertical tubes - Triggering valve: — e : g
 Pipelines: o lIts opening allows the frrviee preated B
o connecting the PV and the IC actuation of the system E 030 =
« HX Pool: *  OP discharge line =
o it contains the isolation condenser *  OP Boil-off line Rt -
g%ﬂ_ lé'%% Steam g
conduit: 120 %
—
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PERSEO - Transient simulation

HTC correlations available in R5-3D Primary MFR IC outside wall T
q q 16
* Film condensation ——F_A001 600
o Default model: Nusselt for laminar, ar :gggg GZSSSE“ i
Chato-Shah for turbulent and Colburn- 550
Hougen for diffusion of non- 2 < 500
condensable gases = E
R A = ® 450
o Optional model: Vierow-Shrock 2 ]
modification of Nusselt theory E § 400t
- © = ——TW-C006
+ Boiling: = 250 | TW-0007
o Chen for nucleate and transition — Tw-coos
. . . —R5-3D: Nusselt
boiling, Bromley for film boiling 300 ——R5-3D: V&S
0
1 1.1 1.2 1.3 1.4 1.5 1 1.1 1.2 1.3 14 1.5
Time (s) «10* Time (s) %104
HTC tuning and implementation in R5 Primary MFR IC outside wall T
Default models exceed validity ranges 16 — o 500
* Multiplicative factor of 1.3 applied for HTC 141 ——R5-3D: Gor.
0 0 g — R5-3D: Gor. & Kut. fremme—n
in condensation regime, based on _ oS 550
Kutateladze correlation 2 < 500
 Multiplicative factor of 9 applied for HTC in 2 5450
e 0 = E .
pool boiling regime, based on Gorenflo § g
: £
correlation 2 @ 400 -
g Ll —TW-C006
L TW-C007
q q n a 350 —TW-C008
* Implementing the right correlation in ——R5-3D: Gor.
q 300 ——R5-
RELAP5 mod 3.3 we obtain very goof o RO-30: Gor. & Rt
reSU|tS WlthOUt tuning 1 1.1 1.2 ‘ 1.3 1.4 1.5 1 1.1 1.2 ‘ 1.3 1.4 1.5
Time (S) ><'|04 Time (S} x 104
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PhW 1 (10000 s — 11260 s)
First activation of the system
Good evaluation of the primary MFR
Discrepancy on the HX power
Good prediction of slow water
consumption within HXP
Satisfactory simulation of maximum values
of HXP level and MFR
Good agreement in the pressure drops

PhW 2 (11260 s — 11845 s)
Quasi-steady operation
Good evaluation of the MFR
Underprediction of the HX power

PhW 3 (11845 s — 14784 s)
Boil off in the HXP with a consequent level
reduction and power decrease
Globally agreement between experiment and
simulation
Typical stepwise change in the MFR and
power decrease (due to discretization of
nodalization scheme)
Oscillations related to steam condensation
instabilities
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PERSEO - Transient simulation

Primary MFR

—F_A001
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Power (K
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HX pressure drop
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Differential pressure (kPa)
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ALFRED reactor — Isolation Condenser analysis

DHR inlet
valve

« Sapienza studied the transient of the system

Non- |
developed by Ansaldo Nucleare on-condensable

tank

*  Mono-dimensional region:
Reactor core DHR Orifice |
SG (primary and secondary side): 3 components : i
PP (3 separated PUMP components)

Region above the core

DHR system: 3 different systems (one per each SG)

DHR pool: 3 different pools (each one composed of Steam
three vertical PIPE components and multiple cross outiet
junctions)

O O O O O O

. . . Steam
Three-dimensional region: isolation

o Component #100: core bypass and core inlet region outlet
o Component #110: RV pools

o Volume and junction factors reproduces the main
features of the RV geometry

HEY
M
]
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ALFRED - Transient analysis
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ALFRED - Transient analysis
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ALFRED - Transient analysis
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ALFRED - Transient analysis
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IAEA CRP Benchmark analysis of FFTF
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PHISICS/RELAPS5-3D METHODOLOGY USED

» RELAPS-3D© 4.3.4 for the thermal-hydraulic domain (apparently less numerical instability during
natural circulation in comparison to 4.4.2 for liquid metals, specific investigation needed)

» PHISICS in order to interpolate the cross sections (macro) and to calculate thermal power
distributions (using Xsec set calculated by ERANOS 2.3 - JEFF 3.1.1)

_______________________ , @ ERANOS
@ code

RELAP5-3D

o T t ---------------------- l -----------

q I, |

Heat e INSTANT Xsec |
—) te—— —— !
structures i (PHI:L?‘ZgodaI database !

: PHISICS code i

Tfuel: T cootants Peootant (for GEM)

1
[ 1
I 1
I 1
I 1
1 1
I 1
: h’ q” Tstruc :
i |
I 1
I 1

1

1

1

@ — Hydrodynami
¢ Volumes

Main focus is on the Gas Expansion Module (GEM) safety system, simulated with
the free level of sodium and considered for temperature and density feedback in the
NK, to physically evaluate the effect during the transient
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FFTF ULOF transient results
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CONCLUSIONS

The main goal of the research activity has been to investigate the capabilities of RELAPS5-
3D® for LMFR

Pool modelling has been recognized as relevant issue in the frame of STH code
application. R5-3D has highlighted satisfactory capabilities: MULTID approach is
suggested when thermal stratification or asymmetrical effects are expected;
otherwise, multiple vertical pipe approach is recommended. Future works could be
dedicated to the implementation of specific nodalization to improve the simulation of
natural buoyancy within large plena

Free level increases obviously the numerical instabilities, but it is possible to simulate also
variation of meters and multiple levels with a realistic reproduction of the pressure field

R5-3D, for LMFR systems, has shown good capabilities to reproduce behavior of primary
systems under safety-relevant conditions

The literature reported some criticalities in the prediction of passive safety systems based
on IC submerged within water pool, especially related on the evaluation of the heat
exchange. The present research activity has confirmed these issues: to improve results it
is needed an HTC tuning. Our implementation of specific correlation in RELAP5 mod. 3.3
shows the possibility to solve the problem, obtaining very good results

TH-NK analysis are in good agreement with experimental results, simulating directly free
levels and void effects
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