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. THE LBLOCAIUSSUE

Large Break Loss Of Coolant Accident (LBLOCA) hasbeenthe basisfor the
design of water cooled reactors (namely PWR and BWR) since 1950
(connectedwith high pressureof operationandd p o s s i(nbtidlpir toyo @ b
of rupture of the pressureboundary.

LBLOCA C Design Basis Accident (DBAL System Desigrisee next slide)
Owing to:
A Powerincrease(maximum linear power of fuel rods)

A Improved prediction capabilities
A Discoveryof 6 n efailde mechanismdor fuel

C Impossibility to fulfil regulatory requirements (the ECCS rule)

Then, dueto
A (Very) Low probability of Double Ended Guillotine Break (or LBLOCA)

A Improved materialsi construction/ maintenancetechniques(e.g. LBB)

C (Proposalfor) Exclusionof LBLOCA from the list of DBA -




® THE LBLOCAISSUE

LBLOCA affecting
System DesignD, E,
F consistentwith

LBLOCA ¢é
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ALNERMWATIVEIPROPAQSALLTOD
ADDRESS THE LBLOCA ISSUE:

A) Tolerating large releases in

B)

C)

containment (i.e. above the
ECCSrule).

Ensure radiological impact
consistent with current
acceptability thresholds

Introduce the LBLOCA into the
(perspective = proposed
Regulatory Framework




Q THE (perspective) REGULATORY FRAMEWORK

REGULATION IS AN ENTITLEMENT OF REGULATORS!

ANY COMMENT/PROPOSAL IS FORMALLLY UNDUE!

Howewer letis ,conisider thefollowingn si der t he f ol |l owi
a) The eontainmentchasINOgkey) ROLE’3n thelECCS(Rule*y ) ROL E

b) The eninimum ‘reasomable’ prebakility{i®.lfdr extreme everits) iis NOTI |
defined;

¢) There is a need of INNOVATION/CHANGE owing to the discovery of
nuclear fuel weaknesses™, **;

d) Unavoidably, distinguish Owner and Societal Risk.

*connected with the LBLOCA issue, *“connected with added safety barrier -




0 THE (perspective) REGULATORY FRAMEWORK

D’Auria ., Dufffey R.B., ffinnovation needs in nuclear reactor safety and riskd,

Nuclear Energy and Technology (NUCET), 2022, 8 (2), pp 77-90.
hittos://doi.org/10.3897/nucet,8,82296

Consequences N The ESF RIDM Rule
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6 THE (perspective) REGULATORY FRAMEWORK
Then, looking at probability (axis):
A At LBLOCA occurrence (LOCA limit): relaxation of

acceptability criteria for radiation release into
containment™®.

A The RIDM lintit\& TheiUltimdte Probabiiity (Pi) &&= theFall e
of a large meteorite on the site.

A At Pu (or below): Society shall take care of consequences,
i.e. not only the Owner.

A For probability higher than Pu: all actions shall be taken to
avoid conseqguences on population, i.e. ALARA and BEPU.

NOFl exibility of Regulationo currently pis




e THE (perspective) REGULATORY FRAMEWORK

Furthermore:
Case of Boeing 737-max

A The I&C Modeling &
Avoiding the I&C model is NOT conservative

A The Independent Assessment &  Not possible anymore

A The 3D Neutron Physics coupling
- Not mandatory
A The BEPU

Awinh YyEPB E PudenthsNOC sorraiceamit?’l y
(to invite USNRC, IRSN, NRA, WENRA,
ASMEANS ANS, €)

MAY 19-24, 2024 - LUCCA, ITALY

BEPU2024 alad ~~-

BEST ESTIMATE PLUS UNCERTAINTY INTERNATIONAL CONFERENCE
Multi-Physics Multi-Scale Simulations with Accuracy and Uncertainty _

Towards a broader and consistent application in safety assessment and licensing




© NEW REACTOR DESIGNS & PASSIVE SYSTEMS

MOTIVATTONN

SomeSMR built in Russiaand China, many othersclaim closeto deployment

A new generationof designersand safetyanalystsis growing but connectionwith
pastexpertiseand depth of experiencefor many conceptsis questionable

Superior acceptability of SMR over large reactors may exist in some areas

(financing, construction time, simplification, & ) but questionablein others (costof unity product
e.g. kwhr/thermal efficiency, utilization of nuclear fuel, proliferation -safeguards, environment

damagefollowing out-of-control accidents,multiple unit commitment €& )-

Non-electricity exploitation (a wide variety of possibilities are proposed ranging from
transportation to chemical industry) imposes the consideration of specific safety
frameworks and many not new ( co-gen,hydrogen, processheatg ).

Large number of units and large number of hosting countries unavoidably
enlargethe spectrum of potential failures (of design,safety,financiale )

Probability of disaster cannot be brought to &zerod as shown by un-avoided
failures of any complex system within whatever military, oil, chemistry,
transportation and spaceindustry (current PRA claims are too small and unrealistic).




© NEW REACTOR DESIGNS & PASSIVE SYSTEMS

Categories: a) (nearly) ready for deployment (construction start foreseeable < 5 years); b)
needing more than 5 years for first construction; c) d&en-IVoneeding 10+ year for first
construction. Inside category a) distinguish: al) water-cooled-moderated; a2) non-water
cooled. Inside al) distinguish: ala) power < 100 Mwe; alb) power in the range 100-500
Mwe. All of this is needed for a suitable scientific investigation i not done here!

Reliability of thermal hydraulic passive systems when passive systems play a roJe.

Accepting the challenges (for SMR, related to large scale 1000 Mwe reactors):

Kmaller core C worse neutron economy C lower burn-up;.

Aigher cost/Mwh; (eventually) lower thermal eff|C|ency

Aeed of breeding and connection with thorium use burned%{“use (uranium-plutonium);

C fast reactors and natural uranium dwinsa .
. K %
3D neutron physics use. D Vg
(Full) 1&C modeling, including accident analysis. @&[ C?O
J ﬁ§
(Above two topics strictly connected with) Independent Assessm Jg C)rwm)

Supporting experimentation. O

Non-electricity production
The SMR supply-chain: quality and education of humans, quality and rules for industry: a
new paradigm for development of industrial and regulatory framework. | x 10/39




© NEW REACTOR DESIGNS & PASSIVE SYSTEMS
RELIABILITY OF PASSIVEISYSTEMS

Natural circulation (NC) implies the use of gravity force for transferring
thermal power from a heat source to a heat sink often claimed as fnpassive
safetyo or finherently safeo

In NC conditions, when water is used as acting fluid, driving heads (m) are of
the order of 10 & 1 for single-F & two-F. The same range is 10t =+ 102 when
pumps are present (FC).

C The same thermal power is transferred by NC and FC loops with differences
in driving forces of two or three orders of magnitude.

o

a 1 POBdn of nucleartechnology
1986 Chernobylevent new interest towards passivesystems

1996 Questionmarks arosein PSAtechnology
SELECTED ORIGINS OF «R» < 1:

Instability.

Incondensable gas.

Inclinationadé hor i zpipe.t a l
Heat losses and initial conditions.
Leakages.

Keouncertainties (& also at very low Re)

2000 Firstanswerprovided by REPAS Unipi) : «R» calculated < 1'

2004 RMPS (EU Project)onfirmation: «R» < 1.

I B

C 2 0 2 3condition to adopt a passivesystem
Res (to be proven) = Rec | 11/39 |




© NEW REACTOR DESIGNS & PASSIVE SYSTEMS &

PASSIVE SYSTEMS AND EQUIVALENT ACTIVE SYSTEMS

SYSTEM1
(passive)

CORE- ‘

@ = horizontal alignment

L = closed valve leakage

SYSTEM 2
(active)

C OR E pump

THREE SYSTEMS: ONE TASK

SYSTEM 3
(active)

ECC
TANK

|

@ and L irrelevant
in an active system

CORE |

CONTAINMENT
SUMP

/39




© NEW REACTOR DESIGNS & PASSIVE SYSTEMS ##

™

&
" syt

PASSIVE SYSTEMS AND EQUIVALENT ACTIVE SYSTEMS

TM = Target Mission

A PM = Probability of Mission

TM = 1. = Mission target (fully) achieved
- PM = 1. = Situation expected for system operation

O ——8&—
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S ¢ ~ @ = Predicted operational point for an active system
“~ .. - - -
\Q O = Predicted operational point for a passive system

L
NUAIR

: Un-reliability’ region for a passive system

'.i. .. ........................ .. — . ..‘... ..‘........ e R e R e

, ‘Un-r}zliability’ region for an active system
|

Note: TM mdy have the same definition for passive and active systems;
PM va¥ues may refer to different mechanisms
1

PM* 0.5
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a SUPPORTING EXPERIMENTATION

x Disbelieve that research for deployment of current
reactors is completed (e.g. Nuclear Thermal-Hydraulics)!

camar= 120231 PKL RNC
Knowledge of Kpp = f (geometry, Re, a) is

essential for safety demonstration including
stability analyses

Current computer codes are NOT capable to
predict, with suitable error, pressure drops

° specific geometries as a function of lds
1wy number and void fraction (ess g‘% or stability
o rSSE3 analysis, reliability calcul tc.) s%
° 1e00e 20000 tii?io(os) B so000 B0 C("O %
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6 NC SCALING & EXPERIMENTATION

Pressureline along the loop

13
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‘QQA The 6 pr e s-Isiu meg the loop is NOT considered when

designing NC experiments which aim at simulating the
performance of nuclear reactors. This prevents the
possibility to reproduce the dynamic response expected in
0 s c 4d peototype and it appears a severe limitation of
today scaling approaches.

15/39
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© NEW REACTOR DESIGNS & PASSIVE SYSTEMS ##
CONCLUSIONS

:
Sty

x A new generation of scientist/technologists is growing € disconnected from past
expertise and knowing avhat does not workd

x Communication and dinance-agreementsoappear as the main features and driving
for new nuclear reactor design, rather than technology strengths (findings and
achievement from existing reactor technology CANNOT be used to support new
designs).

x Passive systems may constitute a fashion rather than a need (in most cases).

x SMR supply-chain: companies designing/building large reactors could take care of
details. Will it be possible for SMR or micro-reactor designers?

x Regulatory framework needs update:
- reliability of passive systems (demonstration of better performance than active
systems; uncertainty | reliability; uncertainty leads to lower perceivable reliability);
- 1&C and 3D neutron physics;
- probability of extreme events is poorly handled in current PRA/RIDM .

x Suitability of computer codes for accident analysis (and EoP design) is
guestionable: more and publically visible experimentation is essential. 16/39




© NEW REACTOR DESIGNS & PASSIVE SYSTEMS
PERSPECTIVES

The major challenges and opportunities for any SMR technology (complementary to
what discussed) are social, financial, technical and political:

A ack of credibility in claims, agreements and concept status
APRA/RIDM for new technology when lacking data

A ack of prototype experience or FOAK operation

Avlultimodule co-location risk

Avieeting promises of economic and safety performance
Axperienced and qualified design safety and operational nuclear staff
Avatching builds to local grids and investment

Aroving proposed cost and build schedules

ACompeting in a crowded SMR market place

AExcessive reliance on government subsidies or tax incentives
ASupplying technical basis for entrepreneurial political activities

Possible areas for innovative solutions (market, government and industry wide):

Andded contingency in schedules and cost estimates

A\ggressive technical learning, teaching and knowledge courses

Avoderating promises that cannot be assuredly delivered or deployed
Merformance guarantees 17/39




© NUCLEAR THERMALHYDRAULICS

Table 1

Topics in muclear thermal-hydraulics derived from recent books,

Editors and avthors Pradip Saha D'Auria Akimoto Guillem Bertodanoetal. Wang etal  Zohurd & Notes ?
- (Ed) et al., {Ed.) (Eds.) Fathi
Tople/book chapter @ = Kay Tople -
4 O = Side Tople
2007 am7 2018 2013 2017 28 2005 = = Mentioned
MA = Not Applicable
T S T from recenttextbooks
2 = Numerics NA [o] NA NA L] NA o] Solution schemes
3 ~ Dbt fluse = o . ) ) NA NA
4 - MOC NA NA (s} NA . NA NA
5 CFD [+ L] L] . . . NA Including Navier-Stokes eqs.
-] - RANS/LES NA . = L] L] L] NA
7 = Mixing NA o = . = . NA
] = Fluid bed NA NA NA [ ] © NA NA
9 = Meshing NA [s] NA o - [} NA Inclisding related issues
10 Cost MNA NA NA MA MA NA L] Nuclear technology exploltation
11 Croslink PH-WINR-AS NA ) NA NA NA NA NA
12 Definitions & Backgmund @ . L] NA [s] L]
in TH
13 Experiments = . (s} NA NA (s} NA
14 Fluid & Fluid Motion = [} [} [} o [} . Incliding constitutive aquations,
15 = Laminar & Turbulent = . L] . [s] L] L ] exeept PD and HT
Flow
16 Gen IV Reactors [a] NA NA NA MA NA L]
{application)
17 Heat Exchangers MNA = o] MA = L] L] Bollers, Regemeratorns, afc.
18 Ideal gas NA NA . NA NA NA o
19  Mechanical Integrity MNA = = . MA NA [} Including stress-strain
consideration
20 Mubiphase & Muld-feld [a] . NA = MA NA L] Balance eqe and constituthve
models
21 Non-WCNR TH NA NA (o] o NA L] L] Gas, Na, LM, SMR & non-nuclear
22 Nuclear Fuel including = = = NA NA NA L] Materal & radiologieal
waste perfomance
23 Nuclear & Neutron Physes NA = NA = [+] .
24 PEA & Risk = = = NA MNA NA L]
25 Radicactivity considemation  NA = NA NA NA NA . Inclisding evaluation
26 Rocket Engine desig MNA NA NA . NA N&A
27 Role & History of TH ) ) NA NA = = .
28 Safety & Licensing Methods @ L] = NA = (s} L] Including code applications
29 - Containment = [} NA NA NA NA . Inclisding maodel ing
30 Selected WOCNR Safery . L] (s} NA NA s [s]
Systems
31 Severs Accident MNA NA NA MA NA L] Including molten materiak Nuclear Englneering and Design 354 (2019) 110246
32 Speclal Models NA [} [s] NA - - [} MNeeaded in addition to PDE
33 - Presure wave NA [o] L NA L] L] L]
*#  -TRCF = . . HA = NA . Contents lists available at ScienceDirect
35 - CCFL "= . NA NA MA NA L]
36 Steady State TH-CHF ) ) . NA = . .
37 - Energy [s] [&] L] [s] = NA L] Including Bernoulli 3 H H
Y e 2 e : e - n : T —— Nuclear Engineering and Design
3m = Sub-chanmel . . L] NA NA NA L] Including core-design and core TH
:‘; :E:;‘ﬂi?am‘sysmn' - ; f :: :“ : : SEVIER journal homepage: www.elsevier.com/locate/nucengdes
code
42 TH aspects of accidents NA L] NA MA NA (s} L] TMI, Chernobyl, Fuludima
43 Themodynamic Laws NA = [] NA = NA . Preface F. D'Auria®, N. Aksan, Y. Hassan
44 Transient PH in WCNR NA . o o o " - E
45 - BWR oscillations = [s] [} NA [} - [} Bolling channel and reactor NUCIEBI‘ thennal-hydrau]ics: What iS 1[?
46 - Heat Transfer (HT) = L] L] = ] o L]
47 + Condensation NA L] L ] MA MA L ] L ]
+ Comduction = L] L NA = = L]
44 + Radiation = ) . NA NA NA .
+ Reflood o o = NA NA NA NA
51 = Pressure Drop (PD) [s] [} [} - [} [s] .
52 VAV and/or Scaling "= L ] - NA [s] NA NA
33  Uncertainty & BEFU ~ L] NA MA MA NA NA




P NUCLEAR THERMAL' HYDRAUWLICS

RESEARCH TOPICS
from recent papers

Precislon targets, [4D] SYS/CFD PC for any model
Pressure wave propagation, [124] S¥S E TH * - 1007

PTS, [1B] () CFD-1 P C *

QF propagation In fuel rods, [134] S¥S E TH ™Y o 1007

QF propagation In passive structures, [14A]) 5YS E TH [ ] - 1997, e.g. BWR fuel box
Qualificetion & applicability, [120] (m) 5YS P C a licensing relationship
Reflood, [18A4] 55 E TH Y o 1997, see also BEMUSE
RPV Integrity, [55] (1) SYS EC . PWR technology

RPV Internals Integrity, [55] ()} SYS EC ™ PWR technology

EPV mixing following MSLE, [1B] () CFI-1 M TH ® o

SA analysls up to core degradation, [14D) (a) 5YS P C [ ] severe accldent

5A application of codes, [14D] (b} 5YS PC [ ] need support by TH codes
Scaling, [7D] SYS/CFD P OTH o o . TH code applicability
Single fallure (licensing), [12D] (e} 5YS PC [ ] to become ‘robust”

Space better than time averaging, [4B] (b} CFD-2 All PN [ ] In Intermittent flow
Steam line dynamics, [154] 5YS E TH [ ] = 1997, and acoustic waves
Sub-filter phenomena and transfers, [4B] (c) CFD-2 All PN [ ] need to be modeled
Sump-rectreulation, [1207] (1) 5YS E TH [s] [ ] to become mandatory -BEPU
Thermal fatigue, [1B] (h), [75] CFD-1 EC L ] > *EPR technology, branches
TPCF breaks, [164] SYS E TH Y - o 1907

TPCF downstream supersonic, [30] () SYS (CFD) E TH e eg SRV discharge pipes
TPCF Jumps, [3D] (c) SYS (CFD) E TH [ ] In space

TPCF on-off, [3D] (b) 5YS (CFID E TH [ ] In time

TPCF pipes, [17A] 5YS E TH [ ] = ] 1007

TPCF valves, [184] 5YS E TH [ ] = ] 1007

Transport equations, [2B] (b) CFD-2 BF M TH e size and distributions

T effect, [2B] (a) CFD-2 BF M TH [ ] momentum & energy
Two phase flow regimes, [110] (a) 5YS E TH [ ] [ ] Improved model needed
Uncertalnty, [9D)] U P TH [] consensus & qualification
Uncertainty in probabdlity, [13D] (b) 5YS PC [ ] to be considered in PSA
User training, qualification, [150] SYS/CFD PC . detalls In other papers
UP flow, [68] (b)) SYS/CFD M TH [s] L ] L ] EPR.

VE&V Improvement, [2D] SYS (CFD) P OTH o . e VEVEC

VE&V of coupled codes, [10D] (b) SYS (CFD) P OTH .

V&V quantification of errors, [11D] () SYS (CFD) P TH [

Wall functions, bubble generation, [2B] (e} CFD-2 BF M TH momentum & energy

3D NK TH coupling (licensing), [12D] {d} SYS PC ™ to become mandatory
4-fleld model recommended, [4B] (a} CFD-2 ALl P TH

Table 1
Summary of el for ideration in future devel of nuclear thermal hydraulics.

No Element Sector Purpose TH or C [A] [B] [5] o MNotes

@ = Originating

© = Embedded

= Marginal

1 Avatlability of systems (licensing), [12D] (f) SYS PC ® to become ‘robust’ 7,
2 BEPU consideration (licensing), [12D] (c) 3Ys P C [ ] to become mandato
3 BEPU: PTS, ATWS, SBO (Ucensing), [120] (g) s¥s PC ™ to become mandaton 74
4 Break position (licensing), [12D] (h) s¥s P OTH ® to become ‘robust’ 75
5 Break opening time (licensing), [12D] (1} 5YS P C [ ] to become mandatm 76
6 Boron dilution, [18] (b) CFD-1 M TH . ™ focus to mixing 77
7 Boron dilution, [1A] 5Ys E TH '] ] 1997, fecus to syster 78
8 Burn-up / fuel weaknesses, [12D7], (J) SYS EC . . to be considered 79
Q9 BWE/ABWR lower plenum flow, [1B] (e) CFD-1 M TH Y - B0
10 CCFL in HL and CL (need for 3D, [24]) SYS E TH . o 1997 Bl
11 CFD application/applicability to NRS, [5D CFD M TH [ ] [ ] not specified 82
12 CHF mixing In sub-channel, [18] (k) CFD-1 M TH ™ [} 83
13 Cladding Integrity-LOCA, [55] (g) SYS EC ] PWR technology :‘;
14 Cladiding Integrity-RIA, [55] (h) s¥s EC ™ PWR bt
15 Closure egs. outside valldation, [11D] (d) 5YS E TH [+] [ ] specific activity neei &7
16 (L strat. heat & mass transfer, [3B] () CFD-Z PTS M TH [ ] at free surface BS
17 CL strat. momentum transfer, [38] (e} CFD-2 FTS M TH [ ] at free surface &9
18 (L strat. heat transfers, [3B) (h) CFD-2 PTS M TH ] CL & APV walls o0
19 L strat. non-condensable gases, [38] (1) CFD-2 FTS M TH [s] L] Influence on conden 9]
20 L strat. turbulence production, [3B] (g} CFD-2 PTS M TH [ ] wall & interfacial sh 92
21 CL strat. wurbulent diffuston, [3B] (1 CFD-2 FTS M TH L ] effect upon condens 93
e g (CL strat. waves, turb., condensation, [3B) (J) CFD-2 FTS M TH [ ] Interactions at Inter] 94
3 L temperature stratification, [3B] (k) CFD-Z PTS M TH o influence on turb. O 95
24 Conservatism not sulted (Ucensing), [12D] {b) 5YS P TH = = = [ ] Independent asessn = %6
5 Coupling with RCS-core, [10D] () 5Ys P TH [ ] sub-channel & conta 7
2% CRUD-nduced localized corrosion, [5S] (b} SYS EC o ™ PWR technol 8
vl (RUD-induced power shift, [58] (&) S¥YS EC L] PWR technology ?go
28 DC mixing: flow separation, [3B]) (m) CFD-2 FTS M TH o [ ] at CL nozzle 101
20 DC mixing: heat transfers, [38] (n) CFD-2 PTS M TH o L] with walls 102
30 DNE, [55] (f) SYS/CFD E TH ® ™ PWR 109
31 Droplets by film splitting, [SB] (a) DNS-LES M TH [ ] at QF, drop size prev 15,
32 Droplet entrainment from fAlm, [SE) (<) DNS-LES M TH L ] rewetted grid 105
33 Droplet split, [5B] (b) DNS-LES M TH [ ] non rewetted grid 106
34 DWO, [35] 5Ys E TH L] BWR technology 107
35 ECCS criterion (each, in licensing), [120] (k) SYS P C s} [ to become mandator 108
36 Entropy consideration, [30] SY¥S (CFD) E TH [ ] PS-cont. (TPCF cond 100
37 EOP 8 SAMG design, [13D] (a) SYS P OTH ® d with PSA
35 Erosion, comoston and deposition, [1B] (z) CFD-1 MC L ]
30 Fleld avg., disp. droplets & small bubbles, [48] (d) CFD-Z All P TH [ ] interface track. Technigue
40 Fluld-structure Int. & acoustic vibration, [25] Y5 E C BWR technology
41 Forces acting, [2B] (c) CFD-2 BF M TH L] drag, VM, Uft and turb. diff.
42 Fuel assembly distortion, [55) (e) s¥s EC PWR
43 Global multi-0 - core (need for 30, [3A] 5Y5 E TH ] ] 1997, temperature, void, flow
4 Global multt-D - DC (need for 310, [44] s¥s E TH - ™ 1007, temperature, vold, flow
45 Global multl-D - 5G 58 (need for 300, [54] 5YS E TH ] = 1007, temperature, vold, flow
% Global multt-D - UP {need for 300, [64] s¥s E TH ) o 1997, temperature, vaid, flow
rd Gravity driven reflood, [7A] SYS E TH . 1007
48 Grid-to-rod fretting fatlure, [55] {c) SYS EC ™ PWR technology
40 Heterogeneous flow distribution, [1B) (d) CFD-1 M TH L ] SGIP mixing and vibrations
=0 HTC mult-D surface, [2D] SYS/CFD M TH Including reflood & cond.
51 Hydrogen distribution, [1B] {3 CFD-1 M TH [ ] In contalnment
52 Impact of averaging, [110] () 5YS M N o [ ] to be quantified
53 Impact of CV, [110] (&) s¥s M N ® see Impact of averaging
54 Induced break, [1B] (g) CFD-1 PC L] by loss of ductility
55 Interfaclal area transport, [15] SYS/CED M TH ™ ™ BWR technology
56 Interfactal transfers, [28] (d) CFD-2 BF M TH ™ heat mass and momentum
57 I & C modeling need (licensing), [12D] (a) 5¥S PC ° to become mandatory
58 Jet condensation, [38] (b) CFD-2 FTS M TH [ ] before mixing
3] Jet entralnment and migration, [38] (c) CFD-2 PTS M TH ] steam bubbles below level
&0 Jet instabilities, [3B] (a) CFD-2 PTS M TH ™ ECC injection
&1 Jet turbulence production, [3B] (d) CFD-2 PTS M TH [ ] below level
62 Local pressure drop, [10], [11A] (1997) CFD/SYS M TH ] [ ] at geometric discontinuities
63 LP flow, [£5] (a) SYS/CFD M TH L] L] EPR technology
&4 Mixing & stratification # HL, [1B] (<) CFD-1 M TH [
&5 Multi-Field consideration, [11D] (<) 5Y8 M TH L ] L ] two-phase flow
&6 Non condensable gas effect, [BA) 5YS E TH [ ] = 1997 condensation Impact
&7 Parallel channel effect and Instability, [94] SYS E TH ° 1007 BWR
-] Passive system, [60] 5Y8 P TH [ ] TH phenomena rellability
&0 Pellet-clad Interaction, [55] (d) s¥s EC PWR technology
70 Phase separation at branches, [104] Y8 E TH [ ] o] 1007, TPCF conditions
71 Post-dryout HT & radiation, [45] s¥s E TH o BWR technology

Nuclear Englneering and Deslgn 354 (2019) 110248

Contents lists available at ScienceDirect
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©® NUCLEAR THERMALHYDRAULICS
FRAMEWORK / FOREWORD

An interpretation for the Nuclear Thermal
Hydraulics:
Modeling-Validation, Scaling, Uncertainty,
BEPU and Application

A Where we are?
A What are the perspectives?

A What is the applicability (for the present analysis)?
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© NUCLEAR THERMALHYDRAULICS
MODELING

1-¢, 2-¢ : One Phase, Two-Phase

3D: Three Dimensional

3f: Three Fields Swlilc

CFD: Computational Fluid Dynamics Compriers

DNS: Direct Numerical Simulation

TAC: Interim Acceptance Criteria

SM-TH: Specialists Meeting in Thermal Hydraulics

TMI: Three Mile Island

USAEC: US Atomic Energy Commission d o
I

|

I

Mathematicians

Dead
End

! I T— 1)  cocmmmme-

Navier — Stokes Numerical USAEC Un-resolved
Euler (1785-1836) (1819-1903) Solutions IAC issue
(1707-1783) (1845) (1960) (1971) (2000)  (2022)
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© NUCLEAR THERMALHYDRAULICS
MODELING: THE DEAD END for System Codes

A Mechanics of continuum (since 17001

A Turbulence ¢ C reality/experiments: modeling still empirical
A Averaging process: not converging; consequential uncertainty unknown

Attempts since 25+ years (to go from 3 to 6 PDE it took 5- years)

A 3D (three-dimensional)
A 3f (three fields or more)

A AT —
A UVUTUP (additional empirical equation unjustified) Difficu Ity
| - | to improve
Large errors in empirical modeling
A TPCE further

A CCFL
A CHF
A Rewet, etc. ‘22/39 |



©® NUCLEAR THERMALHYDRAULICS

VALIDATION

EXPERIMENTAL CALCULATION VALIDATION NEEDS FOR:
DATA ” RESULTS MODEL, CODE (C), NODALIZATION (N), USER
- — | gy R
Scaling Uncertainty
— —) ERROR QUANTIFICATION ” ACCEPTANCE THRESHOLDS C———J
ACCURACY, (C), (N) - FFTBM -
T - 4 T e
B0 e \ . .t
S I [~ bo = i
% s *."4. —-’q\____\_. *E - o
&y 'ﬁ "t.‘ = :‘
S'S ﬁl‘ h"t.‘ % - S ——— L
ﬁ 5 h”'f. 5 g ‘:.."
O | Actual R gis e OUALLITYY
-, mEEEEEmE Exl}efted. .."'b-- (,:11 -"i"ﬂ EEEmmERm EXpE'(‘tE'd
i i > worsening —*
| | .
Flattening in code improvement, e.g. [5] (Possible) compensating errors, [6]
New frontier
ASSESSMENT OF VALIDATION V&V&C
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© NUCLEAR THERMALHYDRAULICS

VALIDATION
| NADEQUACI ES OF doVsystel Bo@e€ E

Disconnected from code improvement (partly obvious)

Lack of consensus: thresholds of acceptability, precision targets

Transient conditions: unique for nuclear thermal hydraulics: need of deep
knowledge of ITF experiments and phenomena

Compensating errors: nodalization-user and modeling inadequacies interfere

> o3> P

NEW FRONTIER: the need for a steep change

Assessment of validation (assessment of assessment)
User qualification before assessment (tests with ranking for response)

V&V& C 6 C = Consi st e nwiththe developnentamt the qualification of
numerical codes; covers topics not considered by current V&Vo6

Connected with prioritization of research in system thermal hydraulics
24/39
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SCALING




