
KFKI KFKI Atomic Energy Research InstituteAtomic Energy Research Institute, Budapest, HUNGARY, Budapest, HUNGARY

Spent Fuel Management:Spent Fuel Management:
SemiSemi--dry storagedry storage

S. S. TTőőzszséérr
KFKFKKI Atomic Energy Research Institute,I Atomic Energy Research Institute,

Budapest, HungaryBudapest, Hungary
tozsertozser@@sunservsunserv..kfkikfki..huhu

IAEA Scientific ForumIAEA Scientific Forum

2020--2222 September September 20020044
ViennaVienna,, AustriaAustria



KFKI KFKI Atomic Energy Research InstituteAtomic Energy Research Institute, Budapest, HUNGARY, Budapest, HUNGARY

TopicsTopics

•• NSF’s storage practices and NSF’s storage practices and 
problemsproblems

•• Introduction Introduction to to the canning the canning 
technology and equipmenttechnology and equipment

•• Canning in practice Canning in practice –– movie clipsmovie clips
•• Canning results at BRRCanning results at BRR
•• ConclusionConclusionss
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Way to the canningWay to the canning
The storage practiceThe storage practice

•• Temporary storage (Temporary storage (AR poolAR pool→→decay+emergency,decay+emergency, AFR poolAFR pool→→long timelong time))
•• Wet Wet storage storage technology technology ((stored under waterstored under water))

TThe problemhe problem →→ originated from long term wet storageoriginated from long term wet storage
•• Wet storage can be intermediate onlyWet storage can be intermediate only (oldest for 40 years)(oldest for 40 years)
•• Transport: no decision no date (to ship final deposit place) Transport: no decision no date (to ship final deposit place) 
•• Signs of corrosion appearedSigns of corrosion appeared

What to doWhat to do? ? →→ Decreasing the corrosion processDecreasing the corrosion process
•• Change the storage mode Change the storage mode from WET to SEMIfrom WET to SEMI--WETWET

TThe he Solution Solution →→ CanningCanning
•• Technology: encapsulationTechnology: encapsulation

→→ Placing NSF into a tube, Placing NSF into a tube, →→ drying, vacuuming, drying, vacuuming, →→ filling up with filling up with 
inert gas, inert gas, →→ hermetical closing of this packagehermetical closing of this package

•• Requirements:Requirements:
–– Ensure +50 yearEnsure +50 yearss intermediate storageintermediate storage
–– ProvideProvide solution for both fuel typessolution for both fuel types
–– Ensure easy monitoring after canningEnsure easy monitoring after canning
–– Leave open all ways for final solutionLeave open all ways for final solution
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3D3D--drawings of Canning Tubedrawings of Canning Tube
CanningCanning

ConstructionConstruction
•• Tube constructionTube construction
•• AlAl--alloyalloy
•• Thickness:Thickness: 3 mm3 mm
•• Length: 939 mmLength: 939 mm
•• Diameter: Diameter: ∅∅ 100 mm100 mm

Tube  body Tube  body →→

Tube head Tube head →→

Bottom weightBottom weight →→

EKEK--10 fuel10 fuel →→

←← VVR fuelVVR fuel
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The Canning EquipmentThe Canning Equipment
Design philosophyDesign philosophy::

–– Easy handling Easy handling –– fuel manipulation before and after canning onlyfuel manipulation before and after canning only
→→ compact containercompact container

–– Closed technologyClosed technology →→ PLC controlPLC control
–– Defective canning tube handlingDefective canning tube handling →→ cropping macropping machchininee
–– Leave open all way for final solution Leave open all way for final solution →→ shipment as package or unpackingshipment as package or unpacking

Construction: Construction: compact and mobile constructioncompact and mobile construction
1. Canning Unit1. Canning Unit
•• Canning CaskCanning Cask

–– Rotating HeadRotating Head
–– Cask BodyCask Body
–– Transfer PipeTransfer Pipe

•• Assembly TrolleyAssembly Trolley
•• Control UnitControl Unit
•• Power SupplyPower Supply

–– Electrical with UPSElectrical with UPS
–– Compressed AirCompressed Air
–– Nitrogen Supply SystemNitrogen Supply System

2. Cropping Machine2. Cropping Machine
•• Driving UnitDriving Unit
•• Cropping ContainerCropping Container

–– SingleSingle--fuel fuel nestnest
–– TripleTriple--fuel nestfuel nest
–– Tube Body nestTube Body nest
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OperationOperation
(animated slide)(animated slide)

New ideasNew ideas
1.1. Sucking upSucking up
2.2. HeatingHeating
3.3. Rotating head (cRotating head (compactompact

containercontainer))
4.4. Welding under Welding under pressurizedpressurized

air (vacuumair (vacuum--tight sealing tight sealing inin
the the operation chamber operation chamber of the of the 
containercontainer))

CoolerCooler

HEPA HEPA 
filterfilter

vapour vapour 
condensationcondensation

condensed condensed 
waterwater

FanFan

Electric Electric pripri--heaterheater

Membrane pumpMembrane pump

AFR poolAFR pool

Covering lidCovering lid

180 storage tubes180 storage tubes

∇∇ 0.0 m0.0 m

∇∇ --3.0 m3.0 m

← --5.0 m5.0 m

Service Service 
plugplug

LaunchLaunch &&
reception seatreception seat

Container Container 
bodybody

Revolver Revolver 
headhead

Fix pipelineFix pipeline→→

Movable pipelineMovable pipeline→→

←← CCylindrical cavity ylindrical cavity with with 
eddy current coileddy current coil

←← Rotating bottom Rotating bottom 
shuttershutter
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Canning Canning 
caskcask

(assembling phase)(assembling phase)

Cask body Cask body →→
(round shaped steel structure)(round shaped steel structure)

Rotating headRotating head →→
←← Stepping motorsStepping motors

(3(3 items)items)

←← Transfer pipe driverTransfer pipe driver

Membrane pumpMembrane pump →→
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Canning Canning 
caskcask

(assembling phase)(assembling phase)
Cask bodyCask body →→

Transfer pipe (fix pipe section) Transfer pipe (fix pipe section) →→

Transfer pipe (movable pipe section) Transfer pipe (movable pipe section) →→
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Canning Canning 
containercontainer

(on its operation place)(on its operation place)

←← Cask bodyCask body

Rotating headRotating head →→

←← Stepping motorsStepping motors

Transfer pipe driverTransfer pipe driver →→

Welding unit Welding unit →→

←← Cropping Cropping 
machinemachine
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Cropping Cropping 
machinemachine

Cropping containerCropping container →→

SingleSingle--fuel nestfuel nest →→

TripleTriple--fuel nestfuel nest →→

Tube body nestTube body nest →→

Circular sawCircular saw--discdisc →→

Transmission barTransmission bar →→

←←Transmission Transmission barbar
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Canning procedureCanning procedure

≈≈ 5 min.5 min.placing to its designated positionplacing to its designated position
X opening by cropping machine X opening by cropping machine 

Closing phaseClosing phase

≈≈ 120 min.120 min.TOTAL CICLE TIMETOTAL CICLE TIME

Manual Manual 
op.op.

≈≈ 5 min.5 min.welded seam inspected by CCTV, welded seam inspected by CCTV, 
underwater observation (bubble test)underwater observation (bubble test)

Control phaseControl phase

≈≈ 44 min.min.capsule head is secured by weldingcapsule head is secured by welding55thth op. phaseop. phase

≈≈ 88 min.min.vacuuming, filling up with nitrogen, vacuuming, filling up with nitrogen, 
and pressing in the capsule headand pressing in the capsule head

44th th op. phaseop. phase
≈≈ 7070 min.min.drying and maintaining a given heatdrying and maintaining a given heat33rd rd op. phaseop. phase
≈≈ 55 min.min.removing the water from the capsuleremoving the water from the capsule22ndnd op. phaseop. phase

AUT AUT 
op.op.

Closed Closed 
techtech--

nologynology
chainchain

≈≈ 33 min.min.float up the capsule with intensive float up the capsule with intensive 
water flowwater flow

11stst op. phaseop. phase

Manual Manual 
op.op.

≈≈ 20 min.20 min.NSFNSF’’s legs leg--cutting, capsule cutting, capsule & NSF are& NSF are
placed in the reception seat placed in the reception seat 

Prep. phasePrep. phase
Op.M.Op.M.TimeTimeActivityActivityWork phasesWork phases
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Canning mosaicsCanning mosaics
Movie clipsMovie clips

From preparation phases From preparation phases 
1.1. NSF assembly preparation NSF assembly preparation –– legleg--cutting process  (1:17)cutting process  (1:17)
2.2. Capsule preparation  (1:04)Capsule preparation  (1:04)

From operation phasesFrom operation phases
3.3. 11stst phase: Floatphase: Float--up phase (0:18)up phase (0:18)
4.4. 22ndnd phase: phase: Removing the water from the capsule (0:40)Removing the water from the capsule (0:40)
5.5. 55th: th: Welding and control phase (0:58)Welding and control phase (0:58)
6.6. Float back of the package (0:27)Float back of the package (0:27)

From closing phaseFrom closing phase
7.7. Deposition of Deposition of tthe flawless package he flawless package –– 0:56)0:56)

Handling the defective closed capsuleHandling the defective closed capsule
8.8. Bubble test and cutting off (2:23)Bubble test and cutting off (2:23)
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NSF assembly preparation NSF assembly preparation -- legleg--cutting process (1:17)cutting process (1:17)
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Capsule preparation (1:04)Capsule preparation (1:04)
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11stst phase: phase: FloatFloat--up phaseup phase (0:18)(0:18)
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22ndnd phase: phase: Removing the water from the capsuleRemoving the water from the capsule (0:40)(0:40)
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33rdrd and 4and 4thth phasesphases
Sorry, nSorry, no movie clipso movie clips
Canning steps are carried out in the operation chamber (no obserCanning steps are carried out in the operation chamber (no observable)vable)

33rdrd operation phase:operation phase:
Drying and maintaining on a given heatDrying and maintaining on a given heat

Eddy current heating (48 VAC, 4,5 Eddy current heating (48 VAC, 4,5 kVAkVA))
warming up and min. 40 minutes maintaining on heat (130 warming up and min. 40 minutes maintaining on heat (130 ooCC))
Total phase time: Total phase time: ≈≈ 70 minutes70 minutes

44thth operation phase:operation phase:
Vacuuming, filling up with NVacuuming, filling up with N22 and pressing in the capsule headand pressing in the capsule head

Vacuuming < 50 mbarVacuuming < 50 mbar
Nitrogen: dry nitrogen (NNitrogen: dry nitrogen (N22 > 99.9999 %; H> 99.9999 %; H22O < 5 O < 5 ppmppm), ), 
overpressure: 2.5 baroverpressure: 2.5 bar

Steps:Steps: vacuuming (3 min.) vacuuming (3 min.) →→ filling filling up with Nup with N2  2  (1 min.)(1 min.)→→ vacuuming (3 vacuuming (3 
min.) min.) →→ filling filling up with Nup with N2 2 (1 min.) (1 min.) →→ pressing in the capsule head pressing in the capsule head 
(50 ms) (50 ms) →→ equalequal--warming (3 s, shrink fitting)warming (3 s, shrink fitting)
Total phase timeTotal phase time: : ≈≈ 8 minutes8 minutes
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55thth Welding and control phaseWelding and control phase (0:58)(0:58)
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Float back of the packageFloat back of the package (0:27)(0:27)
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Deposition of Deposition of tthe flawless packagehe flawless package (0:56)(0:56)
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Handling the defective closed NSFHandling the defective closed NSF

UnUn--pressed   pressed   
tube head tube head →→

OverOver--pressed   pressed   
tube head tube head →→

Defective Defective 
weldingwelding→→

Defective canned NSFDefective canned NSF
(extreme cases)
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Bubble test and cutting offBubble test and cutting off (2:23)(2:23)
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Performance indicatorPerformance indicator

898989334242342342TOTALTOTAL

141414184184184184184184VVR tripleVVR triple

99976767676222828VVR singleVVR single

666666828282828282EKEK--1010

Defective Defective 
closedclosed

CompletedCompletedRequired Required 
encapsulationencapsulation

Quantity to be Quantity to be 
cannedcanned

NSF assemblyNSF assembly



KFKI KFKI Atomic Energy Research InstituteAtomic Energy Research Institute, Budapest, HUNGARY, Budapest, HUNGARY

How further?How further?
Status:Status: Phase 1 has completedPhase 1 has completed. . 

(encapsulate all NSF irradiated before 1986)(encapsulate all NSF irradiated before 1986)
1.1. Closing activities:Closing activities:

Conservation maintenance Conservation maintenance →→ Put it in stand by;Put it in stand by;
Summary of the experiences Summary of the experiences →→ Closing report.Closing report.

2.2. No decision to start Phase 2No decision to start Phase 2
It will be a periodic canning by 3It will be a periodic canning by 3--5 years 5 years →→ depends on final solution.depends on final solution.

3.3. It is offered to fulfill any canning demand.It is offered to fulfill any canning demand.

Improvement and upgrading (?):Improvement and upgrading (?):
No decision;No decision;
Depends on outer demands and/or requirements.Depends on outer demands and/or requirements.
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ConclusionsConclusions
Technology and canning equipment are validated.  Technology and canning equipment are validated.  
Compact and closed technology that ensures safe Compact and closed technology that ensures safe 
reliable and effective encapsulation (demonstrated reliable and effective encapsulation (demonstrated 
by by 3342 42 encapsulationsencapsulations).).
Cropping machine makes the technology complete Cropping machine makes the technology complete 
(handling the defective canned packages)(handling the defective canned packages)..
The canned storage technology leaves open all The canned storage technology leaves open all 
ways for a final solution.ways for a final solution.
Human factor (3 operators form an optimum team).Human factor (3 operators form an optimum team).
The experience demonstrates that the equipment The experience demonstrates that the equipment 
provides a proper solution to the spent fuel provides a proper solution to the spent fuel 
storage problems of other research and training storage problems of other research and training 
reactors (transportability, no contamination). reactors (transportability, no contamination). 
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Thanks for your attention!Thanks for your attention!


