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NRC Understanding of the Structural Stability of the  
Fukushima Dai-ichi, Unit 4 Spent Fuel Pool 

July 5, 2012 
 

As a result of the events at the Fukushima Dai-ichi facility in March 2011, the Fukushima Dai-
ichi, Unit 4 reactor building suffered considerable damage from a hydrogen explosion.  Shortly 
after the event occurred, the damage to the reactor building raised concerns regarding its 
stability, and in particular the stability of the Unit 4 spent fuel pool (SFP), located at an elevation 
above ground level within the Unit 4 reactor building.  As a precaution, the government of Japan 
took measures to add additional reinforcement to the existing structure supporting the Unit 4 
SFP to address the potential risk of damage to the spent fuel pool from subsequent seismic 
events.  
 
More specifically, in the summer of 2011, the Japanese government consulted with NRC about 
the potential issues with seismic stability of the Fukushima Dai-ichi, Unit 4 SFP.  NRC staff in 
Japan met with representatives of Tokyo Electric Power Company (TEPCO) and the Japanese 
Nuclear Industrial and Safety Agency (NISA).  TEPCO and NISA shared their plan to address 
these issues by installing additional support (steel beams with a concrete fill) to further stabilize 
the Unit 4 SFP.  NRC staff in Japan transmitted the information received from TEPCO and NISA 
to NRC headquarters, so that NRC technical experts could provide comments on the 
stabilization plan.  The NRC technical staff performed a general review of the plan to address 
the unit 4 SFP issues.  The NRC technical staff provided the following comments to Japan: 
 

1.  TEPCO’s plan stated that the necessary engineering calculations had been 
performed and the Unit 4 SFP could withstand another design basis seismic event in its 
current condition, even without the planned additional steel and concrete support. 
 
2.  TEPCO’s plan for additional support underneath the Unit 4 SFP would provide 
additional margin against damage from a future seismic event (assuming the support 
was properly analyzed, designed, and installed); and  
 
3.  The analysis of the condition of the Unit 4 SFP performed by TEPCO (prior to the 
installation of additional support system) and the design of the additional support system 
for the Unit 4 SFP had been reviewed by cognizant structural engineers from Japan 
Nuclear Energy Safety (JNES) on behalf of NISA, and the JNES staff had concurred with 
TEPCO’s analysis and design.  The NRC was not asked to perform a detailed technical 
review of the plan.  Available evidence indicates that the Unit 4 SFP could be capable of 
withstanding a future seismic event, if the supports were properly installed, and the 
TEPCO and JNES technical staff used recognized engineering codes and standards, 
and considered the thermal, seismic, and other design basis loading conditions, when 
designing the support structure. 

 
TEPCO completed the installation of the additional support to the Unit 4 SFP on August 1, 2011. 
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Based upon TEPCO’s reported actions and the independent review and acceptance of these 
actions by JNES on behalf of NISA, and on the assumptions the additional support was properly 
installed to widely-accepted engineering standards, the additional reinforcing features could be 
viewed as enhancing the support of the Fukushima Unit 4 SFP, which remains in a stable 
condition. The NRC will stay abreast of conditions at the site by communicating on an as 
needed basis with NISA and JNES, who have the authority and responsibility for decisions 
regarding the safety of the Fukushima Dai-ichi site. 
 
Updated Information 
 
The NRC received additional information from TEPCO regarding the stability of the Unit 4 
reactor building and SFP on April 27, 2012.  In response to recent concerns raised by interested 
Japanese stakeholders who believed the Unit 4 reactor building may be tilting and in danger of 
collapsing, TEPCO took measurements within the Unit 4 reactor building at the elevation of the 
Unit 4 SFP on February 7 and April 12, 2012, and confirmed that the Unit 4 reactor building 
remained level, and was not tilting.  TEPCO also provided additional, summary information 
regarding their finite element analysis of the Unit 4 reactor building and its ability to withstand 
future seismic events.  TEPCO has concluded that the Unit 4 reactor building is capable of 
withstanding a future seismic event with ground motion at the site that is equivalent to the 
earthquake that occurred on March 11, 2011 (which was in excess of the seismic ground motion 
for which the Fukushima Dai-ichi facility was originally designed). 
 
In addition on May 25, 2012, TEPCO issued a press release confirming that the Unit 4 hydrogen 
explosion resulted in outward deformation of the reactor building west wall.  The maximum 
deformation of 33 mm occurred near the southwest corner, adjacent to the equipment hatch and 
elevator shaft.  TEPCO evaluated the observed deformation and concluded that it has little 
effect on the seismic stability of the Unit 4 SFP.  TEPCO will continue to conduct inspections 
every three months to identify and repair, if necessary, cracking in the walls and floor of the 
structure supporting the Unit 4 SFP and to detect any change in the deformation noted above.   
 
Additional information regarding these topics is available from the TEPCO website at: 
 
http://www.tepco.co.jp/en/nu/fukushima-np/images/handouts_120525_05-e.pdf 

 
 

Spent Fuel Removal from Spent Fuel Pools at Fukushima Dai-ichi Units 1-4   
 
The Japanese government and TEPCO published a December 21, 2011, roadmap for the 
decommissioning of the Fukushima Dai-ichi Nuclear Power Station facilities entitled, “Mid-and-
Long-Term Roadmap toward the Decommissioning of Fukushima Dai-ichi Nuclear Power 
Station Units 1-4, TEPCO,” (Roadmap).  The Roadmap identifies three phases of 
decommissioning.   
 
• Phase 1 consists of preparation for spent fuel removal activities from the Unit 1 through Unit 

4 SFPs.  Research into the removal of spent fuel and fuel debris (damaged fuel remaining in 
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the reactor vessels) will be performed during this period, with a target of spent fuel removal 
beginning sometime in late 2013. 

• Phase 2 targets a period up to 10 years in which spent fuel will be removed from the four 
SFPs, with spent fuel removal beginning in 2013 from Unit 4.  As lessons are learned in the 
removal of fuel from each subsequent facility, those lessons, coupled with the unique 
challenges presented by each unit, will determine the timeframe by which all fuel will be 
removed from SFPs.   

• Phase 3 addresses the removal of fuel debris from the reactor vessels and final 
decommissioning activities, lasting from 30 to 40 years from the beginning of Phase 1.  

 
To date, no additional information has been provided that challenges the current approach and 
timeline for spent fuel removal activities. 

 
Remediation and Fuel Removal Challenges Identified by TEPCO 
 
On its website, TEPCO identified the following issues that will impact the process timeline for 
spent fuel removal including the removal of rubble in each phase of remediation activities, 
installation of covers for fuel removal, and preparation of and removal of fuel from the common 
pool (the pool to which spent fuel will be transferred).  The design, manufacture, installation, and 
start of operation of specialized equipment required for remediation activities may introduce 
particular challenges before undertaking Phase 2 fuel removal.  Recent discussions about the 
placement and operation of specialized cranes above the SFPs, to be used for transferring 
spent fuel at well-above ground level heights, reflect the unique engineering and logistics 
challenges presented by spent fuel removal at the site.  The work will require dedicated 
planning to effectively address the operational and safety challenges unique to these fuel 
transfer activities.  Additional effort may also be required to evaluate and confirm fuel integrity, 
to remotely operate, handle and inspect spent and potentially damaged fuel, and to repair 
equipment.   

 
In their approach to fuel removal, and to decommissioning in total, the government of Japan and 
TEPCO, have communicated their commitment to systematic, structured, and well controlled 
and coordinated operations at the site.  Safety of the general public and workers at the site 
during all three phases of remediation and decommissioning is a priority, and operational 
procedures will reflect that priority.  To this end, throughout all remediation planning and 
implementation activities, TEPCO has indicated that operations at the site will be well planned 
and coordinated, and lessons learned in early operations within each phase of activity will be 
incorporated into future operations.   



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


