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THE LBLOCA ISSUE1

Large Break Loss Of Coolant Accident (LBLOCA) has beenthe basisfor the

design of water cooled reactors (namely PWR and BWR) since 1950

(connectedwith high pressureof operation andópossibilityô(not óprobabilityô)

of rupture of the pressureboundary.

LBLOCA Č Design Basis Accident (DBA) Č System Design(see next slide)

Owing to:

Å Power increase(maximum linear power of fuel rods)

Å Improved prediction capabilities

Å Discoveryof ónewôfailure mechanismsfor fuel

Č Impossibility to fulfil regulatory requirements(the ECCS rule)

Then, due to

Å (Very) Low probability of DoubleEndedGuillotine Break (or LBLOCA)

Å Improved materialsïconstruction / maintenancetechniques(e.g. LBB)

Č (Proposalfor) Exclusionof LBLOCA from the list of DBA
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THE LBLOCA ISSUE1

LBLOCA affecting

System Design: D, E, 

F consistentwith 

LBLOCA é

ALTERNATIVE PROPOSAL TO 

ADDRESS THE LBLOCA ISSUE:

A) Tolerating large releases in

containment (i.e. above the

ECCSrule).

B) Ensure radiological impact

consistent with current

acceptability thresholds.

C) Introduce the LBLOCA into the

(perspective = proposed)

Regulatory Framework 2
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THE (perspective) REGULATORY FRAMEWORK

REGULATION IS AN ENTITLEMENT OF REGULATORS! 

ANY COMMENT/PROPOSAL IS FORMALLY UNDUE!

However, letôs  consider the following:

a) The containment has óNO (key) ROLEô in the ECCS Rule*;

b) The minimum óreasonableô probability (i.e. for extreme events) is NOT 

defined;

c) 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
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THE (perspective) REGULATORY FRAMEWORK

DôAuria F., Duffey R.B., ñInnovation needs in nuclear reactor safety and riskò, 

Nuclear Energy and Technology (NUCET), 2022, 8 (2), pp 77ï90. 

https://doi.org/10.3897/nucet.8.82296
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THE (perspective) REGULATORY FRAMEWORK

Then, looking at probability (axis):

ÅAt LBLOCA occurrence (LOCA limit): relaxation of 

acceptability criteria for radiation release into 

containment^.

ÅThe RIDM limit ſ The Ultimate Probability (Pu) ċČ the fall 

of a large meteorite on the site.

ÅAt Pu (or below): Society shall take care of consequences, 

i.e. not only the Owner. 

ÅFor probability higher than Pu: all actions shall be taken to 

avoid consequences on population, i.e. ALARA and BEPU. 

^òFlexibility of Regulationò currently proposed by USNRC is NOT of concern here.
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THE (perspective) REGULATORY FRAMEWORK

Furthermore:

ÅThe I&C Modeling Č

ÅThe Independent Assessment Č

ÅThe 3D Neutron Physics coupling

Č

ÅThe BEPU

2 

Case of Boeing 737-max 

Avoiding the I&C model is NOT conservative

Not possible anymore  

Not mandatory

ñwhy BEPU is currently NOT so relevant?ò 

(to invite USNRC, IRSN, NRA, WENRA, 

ASME, ANS,é)
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MOTIVATION

SomeSMR built in Russiaand China, many othersclaim closeto deployment.

A newgenerationof 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, é) 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 é)-

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,processheat,é) .

Large number of units and large number of hosting countries unavoidably

enlargethe spectrumof potential failures (of design,safety,financialé)

Probability of disaster cannot be brought to ózeroôas shown by un-avoided

failures of any complex system within whatever military, oil, chemistry,

transportation and spaceindustry (current PRA claimsare too small and unrealistic).

NEW REACTOR DESIGNS & PASSIVE SYSTEMS3
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Categories: a) (nearly) ready for deployment (construction start foreseeable < 5 years); b)

needing more than 5 years for first construction; c) óGen-IVôneeding 10+ year for first

construction. Inside category a) distinguish: a1) water-cooled-moderated; a2) non-water

cooled. Inside a1) distinguish: a1a) power < 100 Mwe; a1b) power in the range 100-500

Mwe. All of this is needed for a suitable scientific investigation ïnot done here!

Reliability of passive systems when passive systems play a role.

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

Åsmaller coreČ worse neutron economyČ lower burn-up;

Åhigher cost/Mwh; (eventually) lower thermal efficiency;

Åneed of breeding and connection with thorium use; burned fuel use (uranium-plutonium);

Č fast reactors and natural uranium ótwinsô.

3D neutron physics use.

(Full) I&C modeling, including accident analysis.

(Above two topics strictly connected with) Independent Assessment (& Digital Twin)

Supporting experimentation

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.

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

Supporting experimentation.

X
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Natural circulation (NC) implies the use of gravity force for transferring

thermal power from a heat source to a heat sink often claimed as ñpassive

safetyò or ñinherently safeò

In NC conditions, when water is used as acting fluid, driving heads (m) are of

the order of 10-1 & 1 for single-F& two-F.The same range is 10-1 ÷ 10-2 when

pumps are present (FC).

ČThe same thermal power is transferred by NC and FC loops with differences

in driving forces of two or three orders of magnitude.

RELIABILITY OF PASSIVE SYSTEMS

å 1950  Origin of nuclear technology

1986   Chernobyl event: new interest towards passive systems

1996   Questionmarks arosein PSA technology

2000  First answerprovided by REPAS (Unipi ) : «R»calculated< 1.!

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

Č 2023 é condition to adopt a passive system

RTPS (to be proven) > RFC

SELECTED ORIGINS OF «R» < 1:   

Instability.

Incondensable gas.

Inclination a óhorizontalôpipe.

Heat losses and initial conditions.

Leakages.

KPD uncertainties (é also at very low Re)

NEW REACTOR DESIGNS & PASSIVE SYSTEMS3
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PASSIVE SYSTEMS AND EQUIVALENT ACTIVE SYSTEMS

3 NEW REACTOR DESIGNS & PASSIVE SYSTEMS
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PASSIVE SYSTEMS AND EQUIVALENT ACTIVE SYSTEMS

3 NEW REACTOR DESIGNS & PASSIVE SYSTEMS
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SUPPORTING EXPERIMENTATION 

×Disbelieve that research for deployment of current

reactors is completed (e.g. Nuclear Thermal-Hydraulics)!

2023 ïPKL RNC
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NC SCALING & EXPERIMENTATION

2023 ïPKL RNC

Å The ópressure-lineôalong 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

óscale-1ôprototype and it appears a severe limitation of

today scaling approaches.
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× A new generation of scientist/technologists is growing é disconnected from past

expertise and knowing ówhat does not workô

× Communication and ófinance-agreementsôappear 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).

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

× SMR supply-chain: companies designing/building large reactors could take care of

details. Will it be possible for SMR or micro-reactor designers?

× Regulatory framework needs update:

- reliability of passive systems (demonstration of better performance than active

systems; uncertainty Íreliability; uncertainty leads to lower perceivable reliability);

- I&C and 3D neutron physics;

- probability of extreme events is poorly handled in current PRA/RIDM .

× Suitability of computer codes for accident analysis (and EoP design) is

questionable: more and publically visible experimentation is essential.

3 NEW REACTOR DESIGNS & PASSIVE SYSTEMS

CONCLUSIONS
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The major challenges and opportunities for any SMR technology (complementary to 

what discussed) are social, financial, technical and political: 

ÅLack of credibility in claims, agreements and concept status

ÅPRA/RIDM for new technology when lacking data

ÅLack of prototype experience or FOAK operation

ÅMultimodule co-location risk

ÅMeeting promises of economic and safety performance

ÅExperienced and qualified design safety and operational nuclear staff

ÅMatching builds to local grids and investment

ÅProving proposed cost and build schedules

ÅCompeting in a crowded SMR market place

ÅExcessive reliance on government subsidies or tax incentives

ÅSupplying technical basis for entrepreneurial political activities 

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

ÅAdded contingency in schedules and cost estimates

ÅAggressive technical learning, teaching and knowledge courses

ÅModerating promises that cannot be assuredly delivered or deployed

ÅPerformance guarantees

NEW REACTOR DESIGNS & PASSIVE SYSTEMS3
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4 NUCLEAR THERMAL HYDRAULICS

WHAT IS IT?

(from recent textbooks)
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4 NUCLEAR THERMAL HYDRAULICS

RESEARCH TOPICS                      
from recent papers
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FRAMEWORK / FOREWORD

An interpretation for the Nuclear Thermal 

Hydraulics:

Modeling-Validation, Scaling, Uncertainty, 

BEPU and Application

Å Where we are? 

Å What are the perspectives?

Å What is the applicability (for the present analysis)?

4 NUCLEAR THERMAL HYDRAULICS
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MODELING

4 NUCLEAR THERMAL HYDRAULICS
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MODELING: THE DEAD END for System Codes

Å Mechanics of continuum (since 1700!)

Å Turbulence ċČ reality/experiments: modeling still empirical

Å Averaging process: not converging; consequential uncertainty unknown

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

Å 3D (three-dimensional)

Å 3f (three fields or more)

Å IAT 

Å UVUTUP (additional empirical equation unjustified)

Large errors in empirical modeling

Å TPCF 

Å CCFL

Å CHF 

Å Rewet, etc.   

Difficulty 

to improve 

further

4 NUCLEAR THERMAL HYDRAULICS
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VALIDATION

QUALITY

4 NUCLEAR THERMAL HYDRAULICS
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VALIDATION
INADEQUACIES OF óVô PROCESSfor System Codes

Å Disconnected from code improvement (partly obvious)

Å Lack of consensus: thresholds of acceptability, precision targets

Å Transient conditions: unique for nuclear thermal hydraulics: need of deep 

knowledge of ITF experiments and phenomena

Å Compensating errors: nodalization-user and modeling inadequacies interfere

NEW FRONTIER: the need for a steep change

Å Assessment of validation (assessment of assessment)

Å User qualification before assessment (tests with ranking for response)

Å V&V&C óC = Consistency connected with the development and the qualification of 

numerical codes; covers topics not considered by current V&Vô

Å Connected with prioritization of research in system thermal hydraulics

4 NUCLEAR THERMAL HYDRAULICS
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SCALING
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4 NUCLEAR THERMAL HYDRAULICS
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