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*¢ƘŜ ŎƻƴǘŜƴǘǎ ƻŦ ǘƘƛǎ ǇǊŜǎŜƴǘŀǘƛƻƴ ƛƴŎƭǳŘŜ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ά9ǎǘŀōƭƛǎƘƳŜƴǘ ƻŦ ōŀǎƛŎ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ŘŜŎƻƳƳƛǎǎƛƻƴƛƴƎ ŀƴŘ ǎŀŦŜǘȅ ƻŦ nuclear reactors for power generation  in 2013  
(technological study and research concerning forming an idea for processing and disposing of radioactive waste resulting from thŜ ŀŎŎƛŘŜƴǘύάΣ ŀ ǇǊƻƧŜŎǘ ŎƻƳƳƛǎǎƛƻƴŜŘ ōȅ ǘƘŜ 
Ministry of Economy, Trade and Industry, and the 2014 subsidiary for decommissioning and contaminated water measures (development of technologies for processing and 
disposing of waste resulting from the accident).  
*Plant information included in this document is taken from ¢9t/hΩǎ official website. 
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Overview of Units 1-4 
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Unit 2 Unit 3 Unit 4 

 

Unit 1 

Water  
injection 

Water  
injection 

Blowout panel 
(closed) 

Building cover Spent Fuel Pool 
(SFP) 

Primary  
Containment  
Vessel(PCV) 

 Reactor building (R/B) 

Reactor  
Pressure 

 Vessel(RPV) 

Fuel 
debris 

Suppression chamber 
(S/C) 

Water  
injection 

Vent pipe 

Torus room 

Cover for fuel removal 

Transferred fuel (assemblies) 

Removed  building  rubble 

Under removing spent fuel 

Electrical output 460MW 784MW 784MW 784MW 
Date of commercial 

operation 1971/3 1974/7 1976/3 1978/10 

ÂThe state of progress for decommissioning varies with each unit. 
ÂRemoving spent fuels from SFP at unit 4 started in November 18. 
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Outline of Mid-to-Long Term Roadmap 
Â Mid-to-long term roadmap was revised in June 2013. 
Â Phased approach was confirmed. 
Â Fuel removal from unit 4 SFP started in November 2013. 

December 2011 
 (Step 2 Achieved) 

Period up to the 
completion of 
decommissioning 
measures (30 to 40 
years in the future) 
 

Phase 3 Efforts to stabilize 
 plant condition 

Phase 1 

<Cold shutdown 
achieved> 
 
ωAchieved cold 
shutdown  
ωSignificantly 
reduced radiation 
releases  

Phase 2 

November 2013 
1st half of 2020 

(fast case) 
30 to 40 years 
in the future 

Period up to the 
commencement 
of the removal of 
the fuel from the 
spent fuel pool 
(within 2 years) 

Period up to the 
commencement of the 
retrieval of the fuel 
debris (within 10 years) 
 

Started first fuel assembly removal 
from Unit 4 SFP on Nov. 18, 2013 

άaƛŘ-to-long term roadmap on Decommissioning of Fukushima 
Daiichi NPSέ  was revised on June 27, 2013. 
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Concept image of work steps for fuel debris retrieval 

Repair of lower part of PCV  
Water stoppage ҦWater filling 

Retrieval  of  fuel debris 

The approach of retrieving the fuel debris submerged in water is the safest 
approach from the standpoint of minimizing exposure of workers.  

Technologies for investigations and repairing methods for filling the PCV 
with water has been conducting. Furthermore R&D for the retrieval, packing 
and storage of fuel debris will be implemented.  

Request for information(RFI) on alternative methods for the fuel debris 
retrieval was conducted.   

Overhead crane Building cover 

PCV 

Reactor RPV 

Spent Fuel 
Pool (SFP) 

Spent Fuel 
Pool (SFP) 

Reactor RPV 

PCV PCV Stopping water 

Filling water 

Torus room Torus room Torus room 

4 

               RPV lid 
 Fuel debris can container 

Retrieval 



©International Research Institute for Nuclear Decommissioning 

Major Challenges in the Existing Decommissioning Procedures  

Â Final goal is to remove all fuels from Reactor Building (R/B).   

Â Removing procedure would be much more complicated than TMI-2 case due 
to  differences like: 

TMI-2 Fukushima Daiichi 

R/B Damage Limited 
Damaged by H2 explosion    
(Units 1,3,4) 

Water Boundary RV remained intact 
Both RPV/PCV are damaged 
 (Units 1-3) 

Fuel Debris Location Remained in RV Possibly fallen out from RPV 

Bottom of the Vessel No structural components 
Complicated structure  including 
Control Rod Drives 

Â TMI-2 experience can be utilized more effectively for procedures after 
removal of fuels in decommissioning. 
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Carrying-out of 
fuel debris 

 Storing of fuel debris 

Storing of  
generated waste 

Waste treatment  
and disposal  

FS for innovative 
approach 

Fuel debris retrieval Bottom of PCV(vent tube, S/C,  torus room etc.) 

Development of 
investigation 

system 

Development of  
repair method 

Investigation on 
relevant portions 

Repair 
construction 

Upper portion of PCV(hatch, pipe penetration,  cooling system etc.) 

Development of  
investigation 

system 

Development of  
repair method 

Investigation on 
relevant portions 

Repair 
construction 

Waste treatment and disposal  

Material accountancy 
(conducted by JAEA with  

subsidies granted for  
operating expenses) 

Debris  
criticality control 

Anti-corrosion 
measurement 

PCV/RPV 

structural integrity  
assessment  

Develop remote 
decontamination system 

Establish does reduction 
plan 

Complete reduction of dose 
inside the reactor building. 

Securing work environment inside the reactor building (dose reduction etc.) 

Supply power source,  
communication means, water, etc. 

Flowchart of R&D on decommissioning /contaminated water 
countermeasures in Fukushima Daiichi NPS 

Fuel removal from spent fuel pool and storage  

Assessment of  
long-term integrity 

Treatment of 
damaged fuel etc.  

Removal of 
spent fuel etc. 

Storage of spent 
fuel etc. 

Reprocessing of 
spent fuel etc. 

R&D programs 
subsidized by Agency 
for Natural Resources 

and Energy 

Conducted by TEPCO 
(utilizing R&D results) 

<Legend> 

Flow of 
project 

Input 
information 

Establish 
measures to 

prevent 
criticality 

<submersion method (fuel debris retrieval underwater)> 
 (1) Full submersion method (if water can be filled up to the upper portion of PCV) 
 (2) Partial submersion method (if water cannot be filled up to the upper portion of PCV but handling of fuel debris will 
be carried out underwater.) 

Stable storage of 
debris and waste 

materials 

Shielding walls on the  
land side by  

ground freezing method  

ALPS 

(-FY2019) 

(FY2013-) 

(-FY2019) 

(-FY2014) 

(FY2014-) 

(FY2020-) 

(FY2011-) 

(FY2014-2019) 

FS for contaminated 
water measurement 

(-FY2016) 

(FY2014) 

(-FY2014) 

(-FY2017) 

(-FY2017) 

(-FY2017) (-FY2017) 

(FY2013-) 

(FY2014-) 

(FY2017-) 

(FY2016-) 

(-FY2018) (FY2020-) 

(-FY2016) 
(FY2017-) 

Retrieval of fuel 
debris 

(FY2019-) (-FY2019) 

(FY2020-) 

(-FY2019) 

(FY2011-) 

Introduction of decontamination  
system to the site. 

(-FY2015) 

(-FY2014) 

Maintenance  
and control 

(FY2015-2020) 

(-FY2014) 

Start operation 

(FY2014-) 

(FY2014) 
Seawater purification 
Capturing radioactive substances from soil. 
Decontamination of contaminated water tank storage 
Unmanned Boring  

Secure stable state  of the site 

Debris  
packaging/ 

transfer/storage 

RFI for 
technology 
information 

RFI for 
technology 
information 

 Removal of fuel debris/ 
reactor internals 

*S/C: Suppression Chamber 

(3) 

(2-(1) 1a) 

(2-(1) 1b) 

(1-1) 
(1-2) 

(2-(1) -2) 

(2-(1) -3) 

(2-(1) -3) 

(2-(1) -2) 

(2-(1) -8) 
(2-(1) -9) 

(2-(1) -6) 

(2-(1) -7) 

The numbers in the brackets, such as  
(2-(1) -9) indicates project No. 

Characterization by 
simulated debris 

 Treatment of fuel 
debris 

Upgrading of accident 
progress analysis   

Debris characterization 

Determination 
of actual debris  

Debris sampling 
(as part of internal 
RPV investigation 

project)   

Detection of 
radioactive material, 

such as, in S/C. 

Detection of debris  
in the reactor 

(-FY2016) 

(-FY2019) 

(-FY2016) 

(2014-FY2015) 

(2014-FY2016) 

(-FY2019) 

(-FY2015) 

(-FY2019) 

(FY2019) 

(2-(2)-2) 

(2-(3)-1) 

(2-(3)-3) 

Investigation inside  
the reactor  

Internal PCV 
investigation 

Internal RPV 
investigation 

(2-(1) -5) 

(2-(1) -4) 

(FY2016-) 

(2-(1) -5) 

Identify  conditions inside the reactor  
                                                        (debris location, amount etc.) *Retrieval method will be determined by 2018. 

<Method applied when submersion method  is not applicable  
(retrieval in the air)> 

R&D programs founded by 
supplementary budget of 
Agency for Natural 
Resources and Energy 
started from 2014  

S/C: Suppression Chamber 
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Research & development projects related to removal of fuel debris 

1. Research and development related to removal of fuel from spent fuel pool  

(1-1) Assessment of long-term structural integrity of fuel assemblies removed from spent fuel pool  

(1-2) Study of methods to process damaged fuel removed from spent fuel pool  

 

2. Research and development related to preparations for retrieving fuel debris 

(2-(1)-1) Development of technology for remote decontamination of inside of reactor building 

(2-(1)-2 & 3) Development of technologies for investigation and repair (stopping water) toward filling 

PCV with water   

(2-(1)-4) Development of technologies for investigating inside of PCV  

(2-(1)-5) Development of technologies for investigating inside of RPV  

(2-(1)-6) Development of technologies for retrieval of fuel debris/core internals 

(2-(1)-7) Development of technologies for fuel debris containing/transfer/storage 

(2-(1)-8) Development of technologies for assessing structural integrity of RPV/PCV  

(2-(1)-9) Development of technologies for criticality management of fuel debris  

(2-(2)-1) Analysis of core status by advanced technologies for analyzing progression of accident  

(2-(2)-2) Development of technologies for detecting fuel debris in reactor   

(2-(3)-1 & 3)Fuel debris characterization by using simulated debris and development of fuel debris 

processing technologies 
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1. Research and Development related to removal of fuel 

from spent fuel pool  

 

      Assessment of long-term structural integrity of fuel 

assemblies removed from spent fuel pool (1-1)  

8 
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 Objective of research 
It was confirmed by investigating new fuels in the spent fuel pool (SFP) and simulation of water 
quality conducted prior to removing fuel from Unit 4 that the peculiar environment (seawater 
injection and fall of rubble) did not influence the fuel removal work. The objective of this research 
and development is to study methods to assess and store the structural integrity of fuel assemblies 
over a long time, taking into consideration the peculiarity such as seawater injection and mixing of 
rubble.   

Ʀ Problems for assessment of long-term structural integrity of fuel assemblies at 1F site  
The following peculiarity should be considered when assessing the structural integrity of the fuel 
assemblies at 1F:  
ÅChanges in quality of water in SFP due to injection of seawater  

ÅMixing seawater components such as chloride ion and increase in electric conductivity 
ÅMixing of rubble into SFP 

ÅpH increase (alkalization) , damage of fuel assemblies (such as scratch and deformation) 

Long-term structural integrity of 1F fuel will be assessed by gathering demonstrative data through 
experiments using actual fuels, specifying conditions along with existing data.  
In addition, irradiation effects and acceleration test methods will be studied through the basic test.   

9 
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Structural integrity 

ÅHandle 

ÅUpper Tie-Plate 

ÅFastening of  Tie Rod 

Bolt 

Sealability of fuel cladding  

ÅFuel cladding 

Structural integrity 

ÅLower Tie-Plate 

Adaptabiity of store of fuel assembly in the interim storage / treatment facility for 

long term after transferred from the spent fuel pool to the common pool. 

Structural integrity Ҝ  Load transfer paths meet the required structural strength      

Fuel cladding scalability Ҝ Effect evaluation caused by fission products(FP) 

leaking from fuel cladding  

For example, below the criteria of dry cask storage.) 

Upper tie-plate 

Channel fastener 
 
Channel box 
External spring 
 

Uranium dioxide  pellet 

Water rod 

Spacer 

Lower tie-plate 

BWR fuel assembly 
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Objective 
 Since there were concerns that seawater and concrete components dissolved from rubble affect the quality of water in the channel box 
locally, tests to assess the influences on the water quality of such components collected from Unit 4 when new fuels had been checked were 
conducted.  

Immersion test using rubble mixing with fuel in SFP of Unit 4 

Å Test conditions 
  Shape of rubble: Stone or sand shape  
  Quantity of solution: 100 mL 
  Immersion temperature: 60̄C 
  Immersion time: 1,000 hr (solution to be sampled 

after 100, 300, and 500 hr) 
  Atmosphere: Released to atmosphere 
  Measuring method: Ion Chromatographs, inductively 

coupled plasma mass spectrometry (ICP-MS) 

É Total chloride ion concentration tended to saturated with immersion time.  
É No dependency on temperature of the quantity of chloride ion  was observed.  

Total quantity of Cl-, Ca2+, and Na+ dissolved from rubble at 1F 

Å Test conditions 
  Simulated rubble: rubble of commercially available concrete immersed in simulated seawater 

solution of a chloride ion concentration of about 6,000 ppm and a temperature of 90C̄ 
     Shape of rubble: Stone or sand shape 
  Quantity of solution: 100 mL 
  Immersion time: 1,000 hr (solution to be sampled after 100, 300, and 500 hr)   
  Immersion temperature: 40, 60, and 80̄C 
  Measuring method and atmosphere are equivalent to those of the SFP fuel rubble immersion 

test.   

Immersion test with simulated rubble 

Å Test result Å Test result 

Total Cl- concentration in solution in which simulated rubble is immersed 

É Chloride ion concentration tended to saturate with immersion time.  
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É Seawater components Cl- and Na+, and concrete component Ca2+ were detected.  

(1-1) Assessment of long-term structural integrity of fuel assemblies removed from spent fuel pool  (2013 result - 1) 

Heater 

Stirrer 
Block 
 
rubble 
materia
ls Outline of 

immersion test 
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Objective 
Data for comparison were collected for future research by using spent fuel rods stored in a common pool and measuring their 
oxide film thickness and inspecting their appearance. Fuel rods were selected taking into account the types and the use history of 
the fuel rods, and production conditions of the cladding.  

Fuel No. 
Manufa

cturer 

Fuel 

type 

Burn-up 

(GWd/t) 
Cy 

Irradi

ation 

days 

Remarks 

F2RN1 NFI STEPи 45.1 4 1586 High burn-up  

F6N94 GNF-J STEPи 46.3 5 1688 High burn-up  

F6M40 GNF-J STEPи 44.9 6 2118 About 2,000Irradiation days 

F5D38 GNF-J 8x8 27.8 4 1339 High burn-up  

F5C23 GNF-J 8x8 27.8 5 1659 
Equivalent burn-up range but 

many irradiation days 

Selection of fuel rod to be checked Oxide film thickness measurement 

Appearance of 
fuel assembly 

The fuel rods appeared to be covered with uniform brown clad and no special corrosive behavior was observed. 

Nor was local collection of rust suggesting crevice corrosion due to increase in chloride ion observed.  

Result of measuring the thickness of the oxide film was compared with existing data but the measurement 

result was within the range of the existing data and no special corrosive behavior was confirmed.   

WŀǇŀƴ bǳŎƭŜŀǊ 9ƴŜǊƎȅ {ŀŦŜǘȅ hǊƎŀƴƛȊŀǘƛƻƴΣ άнллр wŜǇƻǊǘ ƻƴ IƛƎƘ .ǳǊƴ-up 9 x 9 Type Fuel Reliability 
5ŜƳƻƴǎǘǊŀǘƛƻƴ wŜǎǳƭǘέΣ Wǳƭȅ нллс  
WŀǇŀƴ bǳŎƭŜŀǊ 9ƴŜǊƎȅ {ŀŦŜǘȅ hǊƎŀƴƛȊŀǘƛƻƴΣ άнллс wŜǇƻǊǘ ƻƴ IƛƎƘ .ǳǊƴ-up 9 x 9 Type Fuel Reliability 
5ŜƳƻƴǎǘǊŀǘƛƻƴ wŜǎǳƭǘέΣ 5ŜŎŜƳōŜǊ нллт 

(1-1) Assessment of long-term structural integrity of fuel assemblies removed from spent fuel pool  (2013 result - 2) 

Dependency on burnup 
Fuel tested (8 x 8 fuel, 1F3) 
Shimane fuel (8 x 8 fuel, S1) 
High-performance fuel (8 x 8 fuel, 
1F3) 
Test data (8 x 8 fuel, 1F3) 
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8 x 8 zirconium liner fuel (8 x 8 fuel, 1F3) 

High burn-up fuel for verification (high burn-up 8 x 8 fuel, 

2F2) 

9 x 9 fuel (type A) (9 x 9 fuel, 2F1) 

9 x 9 fuel (type B) (9 x 9 fuel, 2F1) 

Test data (high burn-up 8 x 8 fuel, 1F2/1F6) 

Number of irradiation days Number of irradiation days 

Dependency on number of Irradiation days 
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Objective 

(1) To assess influences of the environment history of the pool at the initial stage of the accident on the mechanical strength of cladding by conducting a ring type tensile strength test  
of cladding immersed in seawater at 80̄ C 

(2) To check influences of oxide film of pitting corrosion on used cladding by measuring pitting corrosion potential in artificial seawater   

(3) To assess influences of radiation field (highly oxidized environment) on pitting corrosion of unused cladding by measuring pitting corrosion potential with gamma ray irradiation 

*Conducted by JAE with subsidiary from the education ministry 

Test result (outline)  
(1) History of immersion in high-temperature seawater for a short time 

does not affect the strength characteristics 
(2) Existence of oxide film suppresses generation of pitting corrosion of 

cladding.  
(3) Pitting corrosion  potential of cladding does not drop in radiation field.   

(3) Influence of gamma ray irradiation (water quality 
change) on pitting corrosion potential of unused cladding in 

diluted artificial seawater   

(2) Pitting corrosion potential of unused and used 
cladding in diluted artificial sea water 

(1) Tensile strength of used cladding immersed in 
seawater at  80ϴ for 1,000 hours 

н ̀

Summary 
It is considered that possibility of pitting corrosion on fuel 
cladding is low in the spent fuel pool environment and cladding 
not damaged keeps integrity from the viewpoint of corrosion.   

(1-1) Assessment of long-term structural integrity of fuel assemblies removed from spent fuel pool  (2013 result - 3) 
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(1-1)  Assessment of long-term structural integrity of fuel assemblies removed from spent fuel pool (2014 plan) 

Main goal of 2014 
Reflecting the results of the projects in 2013, a plan for post-radiation tests using the materials of fuel removed from SFP will be made. Corrosion test and 
strength test will be conducted on simulated fuel materials not irradiated to select Items to assess influences of rubble on corrosion and judge long-term 
structural integrity of the materials when they are stored in a wet environment (water quality data, etc.).  These items for assessment will also be checked for 
validity by assessing with underwater camera the fuel assemblies transferred from Unit 4 to the common pool, and the scale of influence of each item will be 
confirmed through test.  In addition, seawater component transfer assessment and corrosion test using spent fuel cladding will also be conducted as basic tests 
related to long-term structural integrity assessment.   

2014(Ѽ) 2014(♥) 

ṕ ỄỈ Ṗ 

В ɕɶɩ ṑʤǮǵ ᾑ Ʋ▌↓  

В ɕɶɩǮǵ֝їǞ ֻ̱  

ˏ╛ ͔  

֗Ǻ ̏ ὑ 

ѝȭɧɁɇ  

Ȫɱɜ ᾑʤ  

Objectives in 2014 
 
1. Development of technologies for assessing long-term structural integrity of fuel 

assemblies  
(1) Study of test conditions for long-term structural integrity assessment  

Å A plan of a test using the materials of fuel taken out of SFP will be  made. The 
results of water quality influence assessment and corrosion tests conducted in 
2013 will be reflected. In addition, a plan for transporting fuel materials will be 
studied and incorporated into the above plan.   

(2) Development of technologies for assessing long-term structural integrity of fuel 
structures 
Å Corrosion and strength tests using non-irradiated specimen simulating the 

structure of fuel will be conducted to assess influences of rubble to be brought 
into the common pool on corrosion and influences of damage to cladding on 
corrosion.  

Å Assessment of 1F-4 spent fuel stored in the common pool will be evaluated and 
the thickness of oxide film will be measured to assess corrosion of the fuel.  

Å Tests will be conducted to assess influences of damages from falling rubble and 
water content, on the assumption that spent fuel taken out of the SFP will be 
stored in a dry environment. 

  
2. Basic tests related to long-term structural integrity assessment   

(1) A chloride ion transfer test using simulated cladding will be conducted to assess 
absorption of seawater component at the surface cladding of spent fuel.  

(2) Tests to check corrosion of the cladding of spent fuel will be conducted with solution 
containing seawater and rubble components and with gamma ray irradiated, to 
assess influences on corrosion of local changes in water quality.   

Schedule (2014) 

2014 (first half) 2014 (second half) 

Planning test and specifying test conditions 

Non-irradiated material corrosion test and strength test in 
simulated common pool environment 

Examination of removed fuel assemblies in common pool 

Dry storage assessment test 

Seawater component cladding transfer test 

Corrosion test with gamma ray irradiation 

14 



©International Research Institute for Nuclear Decommissioning 

15 

1. Research and Development related to 
removal of fuel from spent fuel pool  

 
  Study of methods to process damaged fuel  
         removed from spent fuel pool 
 

(1-2)  
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 Objective of research 
It is planned to store spent fuels removed from the spent fuel pool in the common pool of the power plant for the 
time being, but it is necessary to decide a policy toward the future processing and disposal of the fuel. Therefore, 
technical problems over reprocessing and solutions to them will be organized by examining cases where damaged 
fuels,  were handled, both domestically and internationally. In addition, information necessary for organizing indexes 
to decide on implementing processing and disposal and problems will also be organized. 

(1-2) Study of method to process damaged fuel removed from spent fuel pool (2013 result ς 1) 

 Actions 
 
(1) Studying cases of handling of damaged fuels both domestically and internationally 
 Domestic cases where damaged fuel was handled will be referred to from materials and documents made public, such as reports on 
laws and regulations, in order to identify problems of transporting and storing damaged fuels in a reprocessing facility and find solutions 
to them. In addition, overseas cases will also be studied by checking documents on damaged fuels from international organizations such 
as IAEA and the database of the International Nuclear Information System (INIS).  
 
(2) Study of requirements and criteria for handling damaged fuel, etc., in other countries  
 hǘƘŜǊ ŎƻǳƴǘǊƛŜǎΩ ŘƻŎǳƳŜƴǘǎ ƻƴ ŎƘŜŎƪ ƛǘŜƳǎ ŦƻǊ ƛŘŜƴǘƛŦȅƛƴƎ ŦǳŜƭ ŘŀƳŀƎŜ ǎǘŀǘǳǎΣ ŎǊƛǘŜǊƛŀΣ ŦǳŜƭ investigation method, etc., will be studied.  
 
(3) Study of methods and cases of handling damaged fuel, etc., in reprocessing facility  
 Descriptions on handling spent fuels under the current license of a domestic reprocessing facility will be organized.  
 
(4) Organizing decision criteria and technical problems toward reprocessing  
 Based on the above results, information necessary for preparing indexes to make decision on whether reprocessing can be 
implemented, problems, and technical issues related to handling damaged fuels will be removed and countermeasures will also be 
investigated.   

16 
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 Decision indexes and technical problems toward reprocessing 

ü Major factors making it difficult to handle damaged fuels at a reprocessing facility 
  Leakage of radioactive substances:     Contamination of pool water  
  Deterioration of mechanical strength:   Influences on removing and handling channel box  
  Deformation:                                         Interference with channel box removal and equipment  
  Accompanying impurities:                     Influences on chemical processing, etc.  
ü Possible countermeasures (Depends on condition and degree of damage.)  
  Can container (sealed (exhaust/drain functions)/unsealed)  
  Repair and reinforcement 
  Reassembly 
üMajor technical problems 
  Influences on handling (including influences on channel box, can container, repair, and 

reinforcement)  
  Influences on chemical processing, etc. (corrosion, products, waste, process operation)  
ü Possible decision indexes (permissible range at reprocessing facility)  
 Ratio of leakage of radioactive substances  
 Degree of deformation 
 Quantity of accompanying impurities 
 Structure, dimensions, etc., of can container 

(1-2) Study of method to process damaged fuels removed from spent fuel pool (2013 result ς 2) 
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(1-2) Study of method to process damaged fuel removed from spent fuel pool (2014 plan) 

Objectives in 2014 

To conduct corrosive tests on cans containing liquid waste at high concentration and liquid waste tanks to assess the concentration of impurities permissible for both the 

cans and tanks    

To analyze influences of impurities on U and Pu products and anion on U and Pu removal through removal test under FP and impurity coexisting conditions   

To complete analysis of influences of impurities on basic glass property values (such as glass transfer temperature) by producing glass specimen that takes impurities 

into consideration  

To comprehensively extract and sort out  the influences on processing damaged fuel, etc., at a reprocessing facility 

Actions in 2014 

Study of influences of damaged fuels on chemical processing 

(1) Assessment of influences of impurities on corrosion of reprocessing equipment s 

   Corrosion tests (immersion test and electrochemical corrosion test) using 

simulated solution that takes FP components into consideration will be 

conducted on high-level liquid waste tanks, the representative equipment that 

handles high-level liquid waste, to assess influences of impurities on corrosion.  

(2) Assessment of in-process behavior of impurities  

   Impurities will be removed under condition where FP coexists to confirm 

transfer of the impurities to the U and Pu products. U and Pu will be removed 

under condition where anion coexists, to confirm the influences of the 

impurities on U and Pu removal.  

(3) Assessment of influences of impurities on liquid waste  

   To assess influences of impurities on vitrified objects, glass specimen will be 

created by using powder materials based on the composition of high-level liquid 

waste to gather glass property values such as density, glass transfer 

temperature, and expansion coefficient.  

(4) removal and outlining other influences  

   Influences expected at reprocessing facility will be comprehensively removed 

and necessary research elements will be decided.   

Schedule (2014) 

2014 (first half) 2014 (second half) 

High-level liquid waste storage tank  
Immersion/electrochemical test 

Preparation 

Preparation 

Preparation   FP coexisting condition 

Preparation  Glass specimen creation  

High-level liquid waste concentration can 
immersion/electrochemical test 

Summary 

Summary 

Summary 

Preparation  Anion coexisting condition 

Gathering glass property 
values 

removing influence common and 
peculiar to facility Putting in order and summary 
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2. Research and development related to preparations for 

retrieving fuel debris  

 

Development of technology for remote decontamination of 

inside of reactor building (2-(1)-1)  

19 
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(2-(1)-1) Development of technology for remote decontamination of inside of  

reactor building (2013 result ï 1)  
Main goals of 2013  

(1) To confirm contamination situations on the upper floors (second  and upper floors of the reactor building excluding the floors damaged by explosion)  and at the 

high places on each floor (dose rate, radiation source, and contamination distribution). 

(2) To share and study the specifications of remote equipment for upper  floors for common use, and design and produce remote decontamination equipment  for 

the high places on each floor  

(3) To create shield necessary for the hot spots on the first floor of the reactor building and verify to confirm if it can be remotely installed  

Actions taken in 2013 
1. Gathering basic data on contamination conditions  
Dose rate was measured and contamination distribution, surface contamination, contained radiation source, and penetration of contamination were 
checked mainly on the upper floors and at high places of each floor of the reactor buildings of Units 1 to 3. To check penetration of contamination, 
penetrated contamination (concrete core) samples collected were analyzed at the site to assess the amount of radioactivity. Some samples were 
transported to JAEA for detailed analysis of penetration contamination.    

2. Adjusting decontamination technologies and study of concept of decontamination  
Based on the situation of contamination investigated in 2012, decontamination technologies suitable for decontamination of the upper floors were selected (by 
reviewing the result of narrowing down on decontamination technologies, which was conducted in 2012), and a basic policy for decontaminating the upper floors 
and the high places on each floor was considered.   

3. Design and production of remote decontamination equipment and verification of remote decontamination   
Specifications for common use of  a remote decontamination equipment that would be applied to the upper floors were considered and designed. In addition, a 
remote decontamination equipment that would be applied to decontamination of the high places on each floor was designed and manufactured. The system 
demonstrated in 2012 was remodeled to verify its application to the real plant.   

4. Verification of shielded installation of real plant 
Necessary shields were created for the hot spots on the first floor of the reactor building and verification was conducted to confirm that the shields could be 
remotely installed.  

*1: Investigation into small rooms was not included.  

*2: Surface contamination of core sample was investigated. *3: To be implemented at the northwest corner *4: Sample sent to JAEA for analysis 

Unit Floor/area 

Item to be checked 

Remarks Dose rate  

(dose rate 

meter) 

Contamination 

distribution  

(ɔ camera) 

Surface 

contamination (ɓ-ray 

dose rate meter or 

accumulative dose 

rate meter) 

Contained radiation 

source  

(accumulative dose 

rate meter) 

Penetration of 

contamination  

(core analysis) 

1 First floor/both sides      -2  -     

First floor/high place    -  -     

Second floor/whole area -1      -  -     

Second floor/whole area  -1     -  -     

2 First floor/high place       -2   -2     

Second floor/whole area -1      -  -     

Second floor/whole area  -1      -  -     

Fifth floor (operation floor)/whole area -1      -     

3 First floor/high place     -  -     

Second floor/whole area -1 
    -  -   

Second floor cannot be accessed 

because rubble piles up on the stairs. 
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(2-(1)-1) Development of technology for remote decontamination of inside of 

reactor building (2013 result ï 2)  

[Schedule for collecting basic data] 

H24  

Place checked 
Dose rate 

check 

Contamination 

distribution 

check 

Surface 

contamination 

check 

Penetrated 

contamination 

check 

Applicable decontamination system 

Unit 2, 5th floor     Decontamination system for upper floors 

Unit 1, 2nd & 3rd 

floors 
  - - Decontamination system for upper floors 

Unit 2, 2nd & 3rd 

floors 
  - - Decontamination system for upper floors 

Unit 3, 2nd floor   - - Decontamination system for upper floors 

Units 1 to 

3, 1st floor 

Low 

place 
    Decontamination system for low places 

High 

place 
   - Decontamination system for high places 

Unit 1, south     
Decontamination systems for low and high 

places 

Basement - - - -   

ừ: Investigated in 2012 

ủ: Investigated in 2013 
[Plan to apply result obtained by collecting basic data] 

: Basic data of 2012 will be used. 

Development of decontamination system for low places 

Dose rate data 
Contamination 
distribution 
Surface 
contamination 
data 

Dose rate data 
Contamination 
distribution 
Surface 
contamination data 

Dose rate data 
Contamination 
distribution 
Surface 
contamination data 

Dose rate data 
Contamination 
distribution 
Surface 
contamination data 
Penetrated 
contamination data 

Dose rate data 
Contamination 
distribution 
Surface 
contamination data 
Penetrated 
contamination data 

Dose rate data 
Contamination 
distribution Surface 

contamination data 
Penetrated 
contamination data 

Surface 
contamination data 
Penetrated 
contamination data 

Estimating 
route of 

transfer of 
contamination 

Estimating 
route of 

transfer of 
contamination 

Simulation of 
contamination 

Simulation of 
contamination 

Decontamination 

test of simulated 

contamination 

Decontamination 
test of simulated 
contamination 

Study of 
application of 

decontamination 
technology 

Study of 
application of 

decontamination 
technology 

Development of remote decontamination system 
Development of remote decontamination system 

Development of decontamination system for high places 
and upper floors Planning for integrated reduction of  dose 

Planning for integrated reduction of dose 

Assessment 
of radiation 

source 
distribution 

Consideration 
of method to 
install shield 

Assessment of 
effect of 

measures to 
lower dose in 

each area 
(decontaminatio

n, shielding, 
removal) 
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(2) Improvement to safely increase moving speed (to enhance 
efficiency in operating camera and employ optical LAN)  
  New around-view camera is mounted so that interference from all 
the directions of a moving cart can be viewed on a single screen (or on 
multiple screens by increasing the number of surveillance cameras).   

LƳŀƎŜ ŦǊƻƳ ōƛǊŘΩǎ-eye-view camera 

The number of cameras increased from four 
to nine per cart. 

(1) Improvement of decontamination time  
To extend decontamination time by increasing dry ice blocks to be filled 

Development of technology for remotely decontaminating floor on the wall (lower 
portion)  and the first floor of reactor building ς 1 
[Improvement of dry ice blast decontamination equipment] 

Dry ice block compartment 

Tripling blast time 
Blast time was 30 minutes before, which was 
increased to 1.5 hour after remodeling. 

Direction of 
beam from 
light source 

Direction of 
beam from 
light source 

Line of sight of 
surveillance 
camera 

Line of sight of 
surveillance 
camera 

Decontamination 
unit 

LAN distributor 
Size and 
installation 
position pending 

.ƛǊŘΩǎ-eye-view camera (left 
side)pending 

22 



©International Research Institute for Nuclear Decommissioning 

[Improvement of blast/collecting equipment] 

Development of technology for remotely decontaminating floor and wall (lower portion) on first floor of 
reactor building ς 2 

Improvement of operability 

 Improvement of screen (introduction of around-view monitor) 
 Increasing size of monitor 
 Improvement of software (reuse of arm teaching data) 

Wide head for decontamination with 
a rotary brush was produced. 

Production of collecting 
decontamination head 

Improvement of visibility 

Placement of cameras and lighting instruments was 
reviewed. 

Improvement of routing of hoses and cables 

 Adjustments were made to decrease the distance 
between casters of the cart so that hoses and 
cables do not interfere with corners of pillars and 
others. 

 The specifications of the first cart on casters were 
changed to improve the follow-up performance. 
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[Result of investigation at south side of Unit 1 (1)] 
Table: Result of dose rate measurement 

investigation with gamma camera into contamination condition 
Date: December 22 to 24, 2013 (3 days)  
Area: South area of first floor of reactor building of Unit 1 
Operations: (1) Dose rate measurement (1,500 mm and 50 mm 

above floor) 
        (2) Shooting with gamma camera 

Figure: Position of investigation of contamination conditions at the south side of first floor of Unit 1 

South 

East West 

North 

Development of technology for remotely decontaminating ceiling and wall (upper portion) on 
first floor and roof of reactor building ς 3 

Entrance for 
large objects 

Measurement points 
: Only dose rate was measured. 

X: Measurement with gamma camera 
(dose rate also measured9 

ҥΥ aŜŀǎǳǊŜƳŜƴǘ ǿƛǘƘ ƎŀƳƳŀ ŎŀƳŜǊŀ 
(Angle of elevation changed only for 
measurement in the direction 
indicated by the arrow.) 
: Measurement with gamma camera 
(Measurement focused on the 
southern direction only at elevation 
angle of 0 (or 10 degrees in some 
cases). 

 
Legend 
Blue: Measured on December 22 
Orange: Measured on December 23 
Red: Measured on December 24 

Measurement 

point 

Dose rate measurement (mSv/h) 

Height: 1,500 mm Height: 50 mm 

MS tunnel 
room 

TIP room 
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