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Abstract

The CSNI Working Group on the Analysis and Managemaf Accidents (WGAMA) is committed to
advancing the understanding of the physico-chenmpcatesses of accident phenomenology in current and
advanced reactors. As a result, it addresses al ls@actrum of safety issues related to the readolant
system and the containment including safety andianxsystems for management of design-basis andre
accidents. The present paper succinctly reviewsotigoing diverse activities in the fields of thekma
hydraulics, Computational Fluid Dynamics (CFDs) laggp to nuclear reactor safety and severe accidents
Descriptions and overviews of the THICKET-4 semjthe CFDANRS-6 workshop, the GEMIX benchmark,
the status report on long term management of sea@elents, the technical opinion paper on fuelao
interactions and the insights gained concerning @halytical support of Severe Accident Management
Guidelines (SAMGs), will be provided. Finally, potel forthcoming activities will be mentioned.

Keywords: Accident analysis, management of accidents.

1. INTRODUCTION

The Working Group on Analysis and Management ofidects (WGAMA) is one of the nine working groups
in the frame of the Committee on the Safety of Maclinstallations (CSNI) of the OECD/NEA (Nuclear
Energy Agency). Fig. 1 shows the link of the WGAMA the CSNI framework. The overall WGAMA
objectives are: to assess and strengthen the tethbasis needed for the prevention, mitigation and
management of potential accidents in nuclear power plants; and to facilitate international convergence on
safety issues and accident management analysestrategies. To fulfil this objective, the Workingdap
exchanges technical experience and informatiorvaetefor resolving current or emerging safety issue
promotes the development of phenomena-based maddisodes used for the safety analysis, assesses th
state of knowledge in areas relevant for the aatidaalysis and, where needed, promotes reseatighies
aimed to improve such understanding, while suppgrthe maintenance of expertise and infrastruciure
nuclear safety research. Regardless the actifigyintention is always to make significant conttibois to the
regulatory decision-making concerning preventiod amnagement of accidents, understanding of specifi
events and identification of possible preventivesges, and to the state of knowledge and knowhow.
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Fig.1. Working Groups and Project under the NEA/CSNI framework

Through its activities the Working Group provides answers to CSNI on posed questions and/or challenges on
existing reactors, as requested, in the form of state-of-the-art and other types of technical reports, workshops
and related proceedings, benchmarking exercises and joint research proposals. Each specific activity is usually
undertaken by what is called a task group, which usually consists of a small number of national experts on the
task to be addressed. Priorities are given based on criteria of safety significance and risk and uncertainty
considerations.

Given the above objective, there are a number of technical areas that are within the scope of WGAMA. Just to
give a few examples: reactor coolant system thermal-hydraulics; scaling of thermal hydraulics systems; best
estimate and uncertainty analysis methods, design-basis accident including ECCS (Emergency Core Cooling
System) strainer clogging; pre-core melt conditions and progression of accident and in-vessel phenomena;
coolability of over-heated cores; ex-vessel corium interaction with concrete and coolant; in-containment
combustible gas control; physical-chemical behavior of radioactive species in damaged plants; combustion
phenomena; spent fuel pool accidents; informing severe accident management actions through analysis.

WGAMA has about 100 national delegates ensuring the efficient implementation of its broad work
programme. The group has a Chair, a Vice-Chair, a Secretary, a Bureau and Task Leaders. The Bureau
members play a key role providing technical and strategic advice to the Chair and Vice-Chair while the NEA
Secretariat (through NEA’s Nuclear Safety Technology and Regulation Division) provides support on
organizational, logistic and, sometimes, strategic matters with respect to all WGAMA activities. The Chair and
Vice-Chair take over the chairing of WGAMA meetings and monitor the progress of the activities, which they
report on annually to CSNI. Specialists other than the WGAMA delegates can work on WGAMA activities; in
recent years, more than 250 specialists have been actively contributing to WGAMA’s work.

The present paper outlines the activities within the WGAMA. An overview is provided so that this article
becomes a sort of directory of current WGAMA activities, including brief introductions and current status of
the on-going activities.

2. BRIEF OVERVIEW of RECENTLY FINISHED ACTIVITIES

More than a decade ago, WGAMA decided to foster the use of CFD (Computer Fluid Dynamics) for nuclear
safety. Since then three major achievements have been accomplished: best practice guidelines for the
application of CFD on single phase issues of relevance in Nuclear Reactor Safety, (NRS) in which the basis
for a sound validation is established along with advice for selection of physical models, nodalization schemes
and numerical options [1]; an assessment of CFD codes for NRS, in which a compendium of current
application areas and a catalogue of experimental validation data relevant to these applications are given



CFD codes to 2-phase flow safety problems in mioa@ 25 NRS problems where two-phase CFD may bring
real benefit, in which attention has been focused on filtering of equations; dispersed flows and free surface
flows. In the frame of these activities internadibbenchmarks have been organized to test CFD iiipab

to address reactor issues [3]. The last benchmditbev the first Uncertainty Quantification exereisn a
rather simple mixing problem in presence of buoyaaféects. This benchmark has been preceded byiewe

of uncertainty methods (propagation of input parn@mseuncertainties vs. extrapolation of accuraoy)ttieir
application to CFD calculations when addressingntiaé-hydraulic NRS issues [4].

The outstanding relevance of scaling in NRS andtiquéarly, in system thermal-hydraulics has drawn
WGAMA's attention and a Status Of the Art Repor©O@&R) has been recently approved by CSNI [5]. Given
the high complexity of a nuclear power plant (NRBydels development and validation have been based
scaled-down mock-ups and conditions as close asilppego what is foreseen under postulated scemario
After discussing the key areas and approachescidng, the SOAR collects evidences that point that
accuracy of thermal-hydraulic codes predictions may depend on the scale of experiments, so tleat th
might become a useful tool for addressing the sgasisue.

An international lodine workshop was organized iarbh 2015 in Marseille jointly by OECD/NEA, the
NUGENIA association, the European Commission an8NRGenerally speaking the workshop intended to
assess the recent progress made on Source Teranctesad its application in accident managemeng. Th
essence of the conclusions and recommendationseoorkshop regarding source term research and its
implementation in tools supporting accident analyashd management including emergency response are
detailed in a separate specific paper [6]. Theytipa®ncern the necessity (1) to perform additioreslearch
focused on reactor applications to progress inabsessment of the potential effects of “delayed’ré&P
emission in SA from deposits on RCS (Reactor Cddiystem), containment and solid filters surfaced a
from pools (sumps, suppression pools, liquid paol§ilters) on source term evaluations (2) to deefee
assessment of the validity of source term relatedets implemented in SA system codes and of metfurds
source term evaluations and quantification of dased uncertainties. Full proceedings and a summepgrt

of the workshop have been released as an OECD/NE@ent [7].

A benchmark exercise was undertaken by WGAMA tegtigate the current state of the art on fast ngni
methods and tools for predicting the accident sotiecm of radioactive releases and resulting puldises
and to promote international cooperation in futwlevelopment of such tools [8]. The project has
demonstrated that the know-how for performing sias, inevitably approximate accident modeling ustey
advanced, benefitting from the mature understandfrthe accident phenomenology, software and harelwa
advances as well as previous development eff@évweral organizations. Nevertheless, it has beanwrsthat
setting up even a relatively simple model to penf@ccident progression assessment may be a coteplica
task, especially if dealing with not-so-familiaranctor technology. The spread in predictions is tsutisl,
explained by the varying capabilities of the todks, well as by the assumptions made by the project
participant regarding the possible accident pragoes Based on the project results [8], several
recommendations for future studies have been affere

A State-Of-the-Art Report (SOAR) on molten coriuoncrete interaction and coolability was completad a
will be released in 2016 by a working group of IMSAMA of the OECD/NEA [9]. In the SOAR, the
working group concerted vision of the phenomenolofjyore-concrete interactions and melt coolabikty
summarized together with a global overview of satioh codes capabilities and validation statussThi
concerted vision demonstrates the significant @eggs made on the level of understanding regakd@gl|
behaviour under both wet and dry cavity conditibos also led the working group to identify a fewues
(particularly based on lessons learned from FuknahiDaiichi situations) that may warrant further
investigation to reduce residual uncertainties.sehissues include specific realistic reactor cammst from
the short to the long term and proposition to imprtop flooding melt coolability.
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3. ONGOING ACTIVITIES

In this section an overview of well-advanced activities is given. As no specific report has been officially
approved by NEA/CSNI a detailed technical description cannot be made. Five activities in total are described
below: the THICKET-4 course, the CFD4NRS-6 workshop, the GEMIX benchmark, the review of long-term
management and actions for a severe accident, the technical opinion paper on ex-vessel steam explosions and
the status report on informing severe-accident management guidance & actions.

THICKET-4 is the fourth edition of a course for transferring competence, knowledge and experience gained
through CSNI activities in the field of thermal-hydraulics. The seminar organisation builds on the experience
gained with the THICKET courses conducted in 2004, 2008 and 2012. The objective is to transfer to
specialists unfamiliar with CSNI activities, and to newcomers in the field, competence and experience
acquired from activities carried out in the framework of CSNI during the last two decades, e.g., state-of-the-art
reports, computer-code validation matrices, studies of uncertainty quantification, International Standard
Problems, specialist workshops, etc. This is felt by WGAMA to be necessary since many achievements of the
CSNI in the thermal-hydraulic field have been documented in diverse reports over a long period making it
difficult for individuals to reach a coherent overall picture of current knowledge and technology.

THICKET-4 was hosted by MTA EK in Budapest in June 2016 supported by the NEA Secretariat (see
http://workshops.energia.mta.hu/thicket-4/). Thirty attendees from 12 countries attended the course and
provided a rather positive feedback concerning the course quality (Fig. 2).

Participants' General Impressions Regarding Seminar Content
Fig. 2.Results of the THICKET-04 satisfaction query

The CFD4NRS-6 is the sixth edition of a biennial workshop that started in 2006 devoted to the use,
development and validation of computational fluid dynamics (CFD) and computational multi-fluid dynamics
(CMFD) for nuclear safety analyses. Experiments relevant to nuclear safety that offer CFD-quality data, i.e.,
local measurements using multi-sensor probes, laser-based techniques, hot-film/wire anemometry, digital
imaging, etc., are also a key topic. The context of this WGAMA activity is recognition of the fact that a
number of important thermal-hydraulic phenomena cannot be satisfactorily predicted using traditional
thermal-hydraulic system codes. Hence, the last two decades have seen increased use of 3D CFD and CMFD
simulations in support of nuclear reactor technology. However, CFD codes contain empirical models for
simulating turbulence, heat transfer, multi-phase interaction and chemical reactions and such models must be
thoroughly validated against experimental data before they can be used with confidence in nuclear
applications. This validation must be based on comparison of predictions with trusted data. Furthermore,
reliable model assessment requires CFD simulations to be undertaken with clear user guidelines and full
control over numerical errors and input uncertainties (see https://www.oecd-nea.org/nsd/csni/cfd/).




NEA Secretariat (selettp://cfdr.mit.edu). A total of 58 papers along with 4 keynote leesiand a plenary talk

were presented during the workshop, which was @¢igtry more than 125 researchers and engineers.

The GEMIX benchmark on uncertainty quantificati&fQ)) in CFD analyses constitutes the first of itsckin
the world. The main objective is to compare andwata different UQ methodologies currently useddsess
the reliability of CFD simulations in the preserafeseveral sources of uncertainties. Benchmarkqjaaints
contributing CFD analyses were free to choose tleiainty sources (e.g. boundary conditions, terine
model coefficients and numerical errors) and théhoaology to calculate uncertainty bands. The seleof
numerical schemes, turbulence models and compugtinesh were also left to participants’ discretidhe
exercise is based on performing analyses for skwexeriments (one of which is blind to benchmark
participants) performed in Paul Scherrer Institut's GEMIX facility (see
https://www.psi.ch/teg/facilities#GEMIXwhich investigates the mixing of two flows of féifent density
(Fig. 3). At the time of writing the analyses hdaen completed and comparisons are being prepafed:
preliminary observations have been already dongHhayt are still under discussion. Nonetheless,ntist
important conclusion from this exercise is probathlg fact that uncertainty quantification is fedesibnd
practicable in CFD analyses for nuclear reactastgaf
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Fig. 3. Conceptual schematics of the GEMIX test

Following the accident at the Fukushima Daiichi NBRe of the imperatives for the nuclear scienag an
industry communities is to reassess the safetyxddtieg NPPs, notably to evaluate the sufficiendy o
technical means and administrative measures aduges® management of an accident for the desigrispa
the beyond design basis, the emergency respons¢hanibng term post-emergency phases. Up to now,
international actions primarily addressed lessoemrnt from the Fukushima-Daiichi accident for the
management of short-term phases (EOP and SAMG dasjnand for emergency preparedness but the long
term accident management and actions (LTMA) weteeramined in detail. Therefore, OECD/NEA decided
to launch in 2014 an action to (1) review the eigare gained for LTMA from the TMI-2, Chernobyl and
Fukushima-Daiichi accidents (2) review envisagddniped or existing regulations, guidance and prastin
OECD countries for LTMA for a SA in a NPP (3) deberpossible approaches for LTMA (4) identify main
risks and issues to be tackled for LTMA and reldtedwledge gaps (5) provide guidance for enhancing
LTMA for a severe accident and (6) make recommeodsitfor future studies and research, including the
development or improvement of methods to assessA.TAmong the technical issues presently being
covered one may mention: management of damagedofugehe long term (inside the reactor vessel and
containment as well as in SFP) up to its dispagedtegies for liquid and atmospheric releasegyatitin on

the long termtreatment and management of liquid, gases and wsalsies management of the hydrogen risk
on the long termsurvivability and failure risks of equipment, systeand structures required for maintaining
the plant in a safe stable state on the long ;témsirumentation required for monitoring LTMAffect of
short-term actions undertaken for the crisis mamage on the LTMA.



Guidance for enhancing LTMA and recommendationsfiure studies and research are expected to be
delivered through a status report on LTMA in 20The main pillars of this status report will be the
information gathered from TMI-2, Chernobyl-4 andkkshima as well as alternative approaches, from
identifying Plant Damage States (PDS) to using-bia&ed methods, and MART building (Management
Action Ranking Table). At the time this articlelging written, there are a number of issues the¢ Heeen
already highlighted as key for the LTMA, among themater waste management, decontamination of large
areas of site’s buildings, reactor and spent foelgpdefueling, etc.

The Technical Opinion Paper (TOP) on ex-vesselnstexplosions arose in the context of previous
conclusions from the OECD SERENA project in 200&e($https://www.oecd-nea.org/nsd/docs/2007/csni-
r2007-11.pdf) that showed prototypical reactor-corelt to have a weak propensity to produce a steam
explosion when falling into ex-vessel water in tbentainment. However, at the same time, WGAMA
recognized that changes in national regulatoryirements post-Fukushima in some countries and iaedies
have better precision in steam explosion risk @&ssest led to both additional experiments and tredre
review new information in order to make a judgmentwhether the current international consensugeans
explosion probability remains valid. This work isan completion and will be probably published byd mi
2017.

Through the activity on informing Severe Accidenamhgement Guidance and Actions, WGAMA aims to
provide a basis for consistent definitions of cquseof “verification” and “validation” of severe-aident
management (SAM) actions and provide examples wéraé existing practices aiming at ensuring the
correctness, usability and efficiency of SAM (esp;called desk-top exercises, analytical simulatiase of
simulators, etc.). The result of analytical simiglatof SAM actions may help identify gaps or poigint
weaknesses in the existing SAM guidance and thigsitmprove or refine it. The status report will peait the
best and recommended practices regarding the uaeabftical simulations as one of the means tadadd
SAM actions and strategies. Among the upper lewelclusions one might include the suitability of the
symptom-based approach to severe accident mitigatial the capability of the current tools to helghe
definition of accident management; nonetheless, through the discussions held the groups has concluded that a
good implementation of any SAM requires a sevedant knowledge level and specific training on the
actions to be taken. This work will be publishe@@17.

4. JUST STARTING AND POTENTIAL FUTUREACTIVITIES

Interest is increasing in best-estimate analysithats using a three-dimensional (3D) analysis déipafor
nuclear safety evaluations. Most of the recentesysicale thermal-hydraulic codes propose limitedliotion
capabilities for dealing with 3D thermal-hydraupbenomena. These codes are not necessarily us&id for
plant analysis with a full appreciation of the liations of their 3D capabilities. Hence, an acfivit ongoing

to determine the state-of-the-art simulation cdfgbf system-scale thermal-hydraulic codes iratien to
3D phenomena relevant to nuclear safety. The ptodilc be a state-of-the-art report (SOAR) that lwil
provide an overview of existing 3D thermaldraulic safety issues in nuclear power plants (NPPs); provide

an overview of 3D simulation capabilities in systems codes; identify code limitations for NPRpplications;
identify the validation database for 3D syststale codes; and propose future activities on experimental and
code development aspects. The SOAR is foreseen delivered by the end of 2018.

A Phenomena Identification Ranking Table (PIRT)spent-fuel pool LOCAs (joint WGAMA activity with
the CSNI Working Group on Fuel Safety) is underwigrlier work on a NEA joint experimental project o
spent-fuel pool (SFP) accidents [10] and a joint AWA\-WGFS review of information and code-analysis
capabilities in this area [11] has already beerigld. While it is recognized that SFP accideméshaghly
improbable, it was subsequently decided that a meests to review the SFP accident phenomenology to
evaluate the importance of particular phenomenh wispect to the overall influence on the consecpgnf
SFP accidents. The phenomena identification ankingrtable (PIRT) approach has been adopted aitging
identify the most influential phenomena for whitie tevel of knowledge is poor, i.e., in need oksrsh and



addressed and three phases have been set in iterdamfolding. The traditional approach, usedthar first
time during the late 80’s of last century [12], ltee®n adopted and specific figures of merit hawnlzgreed
upon among the participants. This work should belipied in 2018 and lead to international consemsus
prioritization of research needs with respect ts kind of accident.

Recently, the Committee for the Safety of Nuclesstdllations has approved the launch of an actitgity
prepare the next CFD4NRS-7, which will keep thehhtgchnical and scientific standards of previous
additions and pay particular attention to the Utagety Quantification of CFD simulations.

Additionally, there are some activities that haeet compiled as potential future activities butenawt been
even developed to the first step needed, the pgparof a “CSNI Activity Proposal Sheet” (CAPSpr8e of
them might concern: safety assessment of passstersg a workshop on instrument performance in severe-
accident conditionsan assessment of by-pass accident sourt¢erm; an analysis of plant ageing influence on
severe-accident progression/understanding/mitigatied a code benchmark for SFP LOCA (possible result
of the PIRT on phenomena in SFP accidents).

5. FINAL REMARKS

In the sections above, the current status of theAW& group of NEA has been outlined by briefly
summarizing what has recently finished, what isspndly ongoing and what could be launched in thar ne
future. In short, all this highlights that WGAMA &very active group of NEA who in the very lastiggehas
demonstrated an outstanding capability of respdreiag capable of shaping their activities to thengpt and
demanding needs that stem from the Fukushima asalythout neglecting its own idiosyncrasy and vedy
doing. Beyond how prolific the Group is in termsSiftus Report and Status Of the Art Reports (SQAIR)
diversity of the Group activities is outstandingcempassing a broad spectrum from education (THIGKE

to code benchmarking (GEMIX). The WGAMA commitmetat produce technical support to regulatory
decision-making process has resulted in a numbededs that are being presently conceived and will
streamline the coming activity of the group in thogreas in which WGAMA develops their activities:
Thermal-hydraulics, Computational Fluid-Dynamicsl &evere Accidents.
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