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Introduction

£ Current storage regulations provide general statements (1S-20, 1S-29,
NUREG1536, IAEA SSGL5) leaving, sometimes in the hands of the
designer the interpretation or assumptions, or in many casesin the
handsof the end-user (site-specificrequirements)

£ Design Basis Accidents (DBASs) consideredin the design of a storage
system/facility are usually basedon traditional evaluations. No specific
design requirements are provided in the Regulation (height, type,
orientations, etc..)

Z Someof the existing O O O A A EDBEsmby/é cbnsidered as DECsas
the probability of occurrence is very low8 8 Gor sometimes even
OPOAAAEEAEI BOAASG
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s Dry Storage System. OffNormal Event

Total Lossof Power Supply

£ Event Description : total loss of power supply leads in a malfunction of the pressure
transducer (interruption of the interlid pressure monitoring).

Z Analysis and Consequences. possible effects on the safety related functions of the system
are qualitatively analyze with the conclusion that the total loss of power supply does not
have any impact and due to passive behavior of the system all safety functions remain
unaltered (thermal, criticality, shielding, structural and confinement). Corrective actions are
provided in the TSAR

Leakage through one of the Confinement Barrier Seals

F Event Description : a non-detectedfailure in a confinement barrier sealoccur,resulting in a
unexpectedleakageto the environment during a period of one year at the tested leakagerate.

Z Analysis and Consequences the releasable radionuclide inventories from the cask are
according to RPSRlIand NUREG1536, and release/respiration factors per RPSRIand
NUREG/CR6487. The off-normal doserate calculation is performed assumingthat a civilian
IS present at the site boundary for an entire year. Doserate shall be below the regulatory
limits (1S-29, IAEASSGLS5 and GSRPart 3).
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Off-normal Internal Cavity Pressure

£ Event Description : additional or unexpectedloads may appear due to off-normal internal
pressureswhich needto be evaluated

Z Analysis and Consequences. cask cavity internal pressure is evaluatedin the event of the
10% rod failure (off-normal condition of storage), as indicated in NUREG1536. Calculated
off-normal pressureis to be below the maximum caskinner cavity designpressure.

Instrumentation Failure

F Event Description : an unexpectedfailure on the pressure transducer. Interruption of the
interlid pressure control.

F Analysis and Consegquences a quantitative analysis of the different possible failure
mechanismsis performed, establishing the corrective actions. This failure has no direct
impact on the safetyrelated functions of the system.
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Fire

F Event Description: fire accident according to
IAEA SSR6 (transport approach) or 1520, 1S-29 and
NUREGL1536, which allows the use of different
assumptions for the fire accident boundary conditions,
other than those for transport fire accident In this case
justification and agreementis needed

£ Analysis and Consequences The purpose of the
analysis is to confirm that the fuel assembly peak
cladding temperature is below the limit (570 °C).
Additionally, maximum operating temperature of the
Important to safety systems,structures and components
must not be exceeded FEM analysis is performed to
evaluatefire accident
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Top Lids.
Outer Lid. 120 mm
Inner Lid. 120 mm

Upper Tieplate Zone

Plenum Zone

Lossof Neutron Shielding

£ Event Description : dry storage system is
evaluated from the shielding perspective,
considering that all of the neutron shielding has
been lost due to a fire accident..realistic?..

£ Analysis and Consequences The accident | ' ********
maximum dose rate calculation is performed
assuming that a civilian is present at the site
boundary for a maximum of 30 days. Doserate
shall be below the regulatory limits.
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(ARRRL]
(I

Drops during Handling it
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Z Event Description : several drop orientation at a it}
fixed height are evaluated to cover any possible [

End Drop (0.381 m) Corner Drop (0.381

mishandling event. )

F Analysis and Consequences. analyses are
performed with the FE method, using explicit
algorithms to solve problems with very high loads
in a small fraction of time. Stressand strain limits Horizontal Brop (1.m)
are basedon ASMEBoiler & Pressure VesselCode,
Section Ill, Division 3. Complying with the stress
criteria, other safety related functions
(confinement, criticality and fuel integrity mainly)
are assured
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Tip Over

F Event Description : casktip over may occur due
to several nature disasters, such us earthquake,
flooding, wind andtornados, etc.

F Analysis and Consequences analyses are
performed with the FE method, using explicit B,
algorithms to solve problems with very high
loads in a small fraction of time. Stress and _
strain limits are based on ASME Boiler & Tip-over
Pressure Vessel Code, Section Ill, Division 3.
Complying with the stress criteria, other safety
related functions (confinement, criticality and
fuel integrity mainly) are assured
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Flooding

£ Event Description : due to natural disasters, a flooding on the storage facility may occur.
Several consequencesand their effect on the dry storage system due to flooding are
evaluated

Z Analysis and Consequences sliding, tip over and water height are evaluatedto confirmed
that no failure will occur on any of the structures and componentsof the dry storage system.
Maximum water speedand height are obtained.

Leakage through the Confinement Barrier Seals

F Event Description : it is assumedthat the confinement boundary suffers a catastrophic
failure, and the entire releasablequantity of radionuclides is releasedinstantaneously for a
period of 30 days.

F Analysis and Consequences the releasable radionuclide inventories from the cask are
accordingto RPSRhAnd NUREG1536, and release/respiration factors per RPSRNUREG/CR
6487. The accidentdoserate calculation is performed assumingthat a civilian is present at
the site boundary for a period of 30 days. Doserate shall be below the regulatory limits
(I1S-29, IAEASSGL5 and GSRPart 3).
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Tornado

Z Event Description : tornado winds effect on the dry storage system in an open pad are
evaluated Boundary condition asper Regulatory Guide1.76.

Z Analysis and Consequences dry storagesystemstability (no tip over) is confirmed.

Tornado Driven Missiles

£ Event Description : asa consequenceof tornado winds, missiles from different weight and
size may impact onto the dry storage system (open pad). Referencedata as per Regulatory
Guidel.76.

Z Analysis and Consequences. dry storage systemstability (no tip over) is confirmed. In this
caseload combination due to missile and wind forces are considered Structural integrity of
the structures and componentsof the dry storage systemis verified using both hand and FE
calculations. Complying with the stresscriteria, other safety related functions (confinement,
criticality and fuel integrity mainly) are assured

This document contains information proprietary to Equipos Nucleares, S.A. (Ensa) and shall not be disclosed or reproduced without written authorization of Ensa.



Qe .
shsa Dry Storage System. Accident Event

Explosion

£ Event Description : explosion,wherever it comethe source,is evaluated

Z Analysis and Consequences conditions under which a DSS(Dry Storage System)may be
exposed to the effects of an explosion vary greatly among individual sites. Generally,
explosive overpressure is postulated to originate from an industrial accident Overpressure
due to explosionis normally bounded by the enhancedwater immersion event.

Accident Pressurization

F Event Description : additional or unexpected loads may appear due to
accidentinternal pressureswhich needto be evaluated

F Analysis and Consequences. cask cavity internal pressure is evaluatedin the event of the
100% rod failure (accident condition of storage), as indicated in NUREG1536. Calculated
accidentpressureis to be below the maximum caskinner cavity designpressure.
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Earthquake

F Event Description : the consequence®f an earthquake are analyzed

F Analysis and Consequences dry storage systemstability (no tip over) is confirmed. Sliding
due to seismicspectrum is also analyzed Sliding hasdirect impact on thermal and criticality
behavior on the DSSmatrix array in the ISFSI

Lightening Strike

F Event Description : the effectof lightening strike on the DSSs evaluated

E Analysis and Consequences athermal evaluation is performed to obtained the maximum
rise in temperature due to lightening strike. The obtained temperature shall not exceedthe
operating temperature limit of the material.

Burial under Debris

F=vent Description : Debris resulting from natural phenomenaor accidentsthat may affect dry
storage system performance is analyzed Suchdebris canresult from floods, wind storms, land
slidesor evenstoragebuilding collapse

FAnalysis and Consequences. the principal effect is typically on thermal performance. A FE

evaluation is performed assumingthe systemhas adiabatic surfaces(conservative) and to define
the maximum time to clearthe DSSup, basedon safety related items maximum operating temp
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Aircraft crash

FEvent Description : F16 military airplane crash
onto the dry storagesystemsurface B oo s e i

F-15E Impact at 190 m/s [623 ft/s]

T.Wilt & A Chowdbury 2011

FAnalysis and Consequences analyses are
performed with the FE method, using explicit
algorithms to solve problems with very high
loadsin a small fraction of time. Stressand strain
limits are based on ASME Boiler & Pressure
Vessel Code, Section Ill, Division 3. Complying
with the stress criteria, other safety related .
functions (confinement, criticality and fuel JL-.

integrity mainly) are assured F -

FTests are mostly required to assure structural
performance of the system and model validation
(benchmarking)

Force (MN)
w 8 K B B B
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Inadvertent Insertion of a Fresh Fuel Assembly in a Storage
Position of Region i

£ Event Description : The inadvertent insertion of a fresh fuel assemblyin a
storageposition of Regionll hasto be analyzed

£ Analysis and Consequences. Sincethe reactivity of fresh fuel assembliesis
significantly higher than that of burn assemblies,this accident condition can
create a significant increase in the reactivity of Regionll racks. A criticality
analysisis performed, accordingthe requirements of ANSI/ANS57.2.
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Dropped fuel assembly outside and adjacent to storage
racks

£ Event Description : the consequenceghat a
fuel assembly is accidentally dropped
outside and adjacent to storage racks are
analyzed

£ Analysis and Consequences a criticality

analysis is performed, according the
requirements of ANSI/ANS57.2.
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Earthquake
£ Event Description : the consequences of an
earthquake are analyzed

£ Analysis and Consequences A dynamic finite
element analysis is performed to find the
maximum displacementsand efforts in the racks.
By meansof a structural finite element analysisit
Is demonstrated that the rack can withstand the
earthquake loads, meeting the requirements of
ASMEBoiler & Pressure VesselCode,Section I,
Division 1, SubsectionNF A criticality analysisis
performed, considering the maximum possible
displacement of the racks. The requirements of
ANSI/ANS57.2 must be met.
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Fuel Assembly Drop

£ Event Description : the consequencesf a
fuel assembly drop over the rack are
analyzed

£ Analysis and Consequences Several
explicit dynamic finite element analyses
are performed to find the deformations in
the racks. The objective is to demonstrate
that this accident does not influence the
subcriticality of the storage cell array,
according the requirements of ANSI/ANS
57.2. Fuel retrievability maybe required
by clients
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Lossof Forced Cooling

£ Event Description : the consequences
of a loss of forced cooling of the spent
fuel pool are analyzed

Z Analysis and Consequences The
minimum time-to-boil after loss of
forced cooling is calculated,in order to
find the time available for the
operators to intervene and start
alternate meansof inventory make-up
before the onsetof pool boiling.

Figure 3-2 CFD Model Description of the Spent Fuel Pool.

o 5 ]
o 1000 8000 (m)
— —
2000 o

000

Path Lines From the Inlet Pipe Colored By Temperature.
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existing storage facilities (1)

F In October 2011, the Spanish Nuclear Safety Council (CSN) approved a
resolution to release a Complementary Technical Instruction (ITC) to
guarantee the nuclear safety in those scenariosnow called Design Extension
Conditions (DECs)for the two operating Dry StorageFacilities in Spain

£ Thefollowing DECgequired resolution by the licensee

o Technical capability to handle the dry storage systemsand the spent fuel, inspection and
repackaging zif necessary as a consequenceof unexpected failures or severe/extreme
events,and

o To provide with the procedures, devicesto mitigate the consequencesderived from the
DECs,in particular, aircraft impact onto the DSS,as this was considered as a bounding
scenario based on the radiological, confinement, thermal and structural safety related
functions, in both DSSand the storage facility. A severe flooding was also evaluated to
assurethermal performancein DEC

£ Severalactions were taken and implemented, such us, aircraft impact analysis,
modifications of several procedures (i.e. Emergency PreparednessPlan, Fire
Protection Plang ), personneltraining, trials, etc.
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existing storage facilities (I1)

£ Atthe sametime, similar ITCwasrequired for all spentfuel pools.

F Someexamplesof the new requirements to meetwith DECsare:

o Increasetechnical capabilities to re-fill the spentfuel pool with water by using stand-alone
equipment, fire protection plans,water spray (to refill and minimize potential radioactive
releases),

o Available external equipment, suchus mobile generator, etc..
o Additional availableinstrumentation for monitoring

o Reevaluate Design Basis Accidents (Ultimate Heat Sink, Loss of Off-site Power),
instrumentation ranges, seismic and other to consider additional mitigation/prevention
measures

£ Implementation hasbeenperformed

£ CSN Safety Instruction, 1S-37, address the concept of Design Extension
Conditions, DECs

This document contains information proprietary to Equipos Nucleares, S.A. (Ensa) and shall not be disclosed or reproduced without written authorization of Ensa.
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to the design of a Centralize Storage Facility (ATC)

F The SpanishNuclear Safety Council (CSN)requestedto the Spanishlicenseeof
the Centralized Storagefacility, called ATC the implementation of the European
Directive 2014/ 87/EURATOMto the on-goingdesignof the ATC

£ The objective of this requirement is that the licensee shall develop and
incorporate strategiesand safety instructions, prior operation, to handle severe
accident scenarios, possibly call, as DECs Strategies and safety instructions
shall be duly validated and tested.

£ Basically, the scope of this study, is to considered a set of severe accidents
(DECs)and evaluate the consequencedo the radioactive contents (spent fuel
mainly, but also vitrified HLW) and to the storage facility. As the original
licensing documentation already included Design Basis Accidents (DBAS),
additional safety margins shall be establishedby comparison.

Z Resultsfrom these analysesshall be in compliance with the requirements of
Art. 8 bis of the 2014/ 87/EURATOM
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‘Ensa Application of the European Directive 2014/87/EURATOM
to the design of a Centralize Storage Facility (ATC)

£ Thefollowing table showsthe DECsconsideredin the ATCdesign

Scenario Evaluation of Consequences and Base

Criteria

05¢g V To maintain the integrity of the SSCto assure the safety
related functions of the facility (subcritical, heat removal,
confinement, radiological protection and retrievability) ,

and
V To restore by subsequentactivities -if required-, the storage

facility
Action derived from results: additional mitigation/prevention
measures

Earthquake 0.325¢g

Aircraft Crash Small airplane Commercial V To consider the impact effect, potential explosion and
airplane subsequentseverefire, affecting the integrity of the SSCo
assure the safety related functions of the facility
(subcritical, heat removal, minimum confinement with
acceptable radiological protection  according to
2014/ 87/EURATOM
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Conclusions

£ Traditional DesignBasisAccidents(DBAS)in StorageFacilities
Z New DECS but which??...opento stakeholdersdecisions??

Z Actions taken after Fukushima Daiichi accident CSN released mandatory
Complementary Technical Instruction, ITCapplicableto Dry StorageFacilities
and spentfuel pools.

£ CSNpublished a Safety Instruction, 1S-37, to address the Design Extension
Conditions, DECs

F CSNrequired the licensee the implementation of the European Directive
2014/ 87/EURATOM to the on-going design of the Spanish Centralized
Storage Facility, ATC

£ THM (Take Home Message) a unique reference (SSR4?,SSGE15?) requesting a
minimum of the DBAs and DECs should help to all
stakeholders8 8 8 8bviously, there will be always site-specificrequirements
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