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1FRAME

• Focus on collaborative research in the area 
of criticality monitoring for fuel debris 
removal at Fukushima Daiichi nuclear 
power station (1F)

• 1FRAME: 1F Fuel Retrieval and Monitoring 
Experiments

• Work will include blind tests (analysis of 
unknown data) using existing measured 
data, simulated data, and new experimental 
data

• DOE NCSP IE task (IE 35)
• Work is just starting (Oct 24), so more of a 

background talk



Objectives

• April: Launched the Fukushima Daiichi Decommissioning partnership 
with TEPCO and U.S. Labs to seek research cooperation for the steady 
implementation of decommissioning the Fukushima Daiichi Nuclear 
Power Station, especially for fuel debris retrieval.

• DOE-Nuclear Criticality Safety Program (NCSP) vision statement:
– Continually improving, adaptable, and transparent program that 

communicates and collaborates globally to incorporate technology, 
practices, and programs to be responsive to the essential technical needs 
of those responsible for developing, implementing, and maintaining 
nuclear criticality safety.

• 1F fuel debris removal provides one of the most significant opportunities 
for international criticality safety technical collaboration today

– New capabilities/technologies to help with fuel debris removal also 
align with needs of US applications



Joint leaders meeting

• In April 2024 Fumio Kishida visited the US 
White House

• US White House Joint Leaders Statement: 
https://www.whitehouse.gov/briefing-
room/statements-
releases/2024/04/10/united-states-japan-
joint-leaders-statement/

• US White House Fact Sheet: 
https://www.whitehouse.gov/briefing-
room/statements-releases/2024/04/10/fact-
sheet-japan-official-visit-with-state-dinner-to-
the-united-states/

• Previously, a meeting has been held in 
Tokyo in October 2023 with TEPCO-IRSN-
LANL to present collaborative work between 
IRSN and LANL on subcritical experiments 
and noise technics
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Background

• 1F has 6 units: 400-1100 MW
– 3 operational units on 3/11/11
– Units 1-5 are BWR Mark I

• After 9.1 magnitude earthquake, all 3 units 
scrammed successfully

– Tsunami fully flooded backup generators
• Core meltdown in Units 1-3
• Hydrogen explosion in Units 1 and 3

• Japan goal: complete decommissioning of all units
– Removal of all spent fuel assemblies in all units
– Removal of fuel debris in Units 1-3
– Remain subcritical during fuel debris retrieval
– Will take several decades
– Decommissioning led by the utility TEPCO

Image from monthly released reports: 
https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/index.html#progress_status
https://www.tepco.co.jp/en/hd/decommission/information/committee/index-e.html 

https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/index.html#progress_status
https://www.tepco.co.jp/en/hd/decommission/information/committee/index-e.html


Criticality monitoring will be very challenging

• Real-time measurements are needed for 
data-driven decisions.

• Fuel debris composition is not well known
• Fuel debris location is only partially known
• Very high gamma dose
• Some units are underwater
• Access is a large challenge
• Very different than laboratory      

measurement conditions

K. Owada, “Features of Fukushima Daiichi Nuclear Power 
Plant Accident and Information on Fuel Debris Obtained 
from PCV Internal Investigations,” ICNC 2023.



Previous/current R&D efforts

• Goal: detect when/if approaching criticality
• 2 kinds of technologies

– Neutron detectors
– Noble gas

• 3 kinds of neutron detectors
– Sub-criticality measurement 

Use neutron noise Feynman-α method to assess k-eff.
Use at first to estimate k-eff

– Source Neutron Multiplication method
To decide to suspend of resume work

– Continuous neutron flux monitoring
To detect unexpected criticality change
Y. Hayashi, “DEVELOPMENT OF CRITICALITY APPROACH 
MONITORING METHOD USING NEUTRON DETECTORS 
FOR FUEL DEBRIS RETRIEVAL IN FUKUSHIMA DAI-ICHI 
NPP,” ICNC 2023.



Organizations/Meetings
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METI

• Aug 2024 meetings in Japan
– METI, MOFA, Toshiba, 

TEPSYS, JAEA
– Attended 1FD8 forum

• Oct 2024 several of our team 
members attended FDR 2024

Poster at 1FD8 forum



Experience with Measurement Systems and Noise 
Analysis

• We have experience in many types of radiation detectors.
• The MC-15 system (15 Helium 3 tubes in poly) has been used for 

many subcritical benchmarks (next slide) and was designed to 
measure unknown systems.

– Nuclear nonproliferation and nuclear emergency response.
– Benchmarks for the Nuclear Criticality Safety Program (NCSP)

• Used routinely for 
– Measurement campaigns at the National Criticality 

Experiments Research Center (NCERC).
– Measurement campaigns at other nuclear facilities.
– Field measurements.

• Very robust system built for field conditions.
• Acquired real-time measurements underwater.



NCSP Subcritical Experiments

• Growing dataset of neutron multiplication benchmarks 
experiments/evaluations

– Many years of sub-critical experiment research
– Validate nuclear data and computational methods

• BeRP-Ni (2014)
• BeRP-W (2016)
• SCRαP (2019)
• NeSO (2019)
• MUSiC (2021)
• 7uPCX at Sandia (2022)
• Experiment design, simulations,
    data analysis, and uncertainty
    quantification



Research reactor measurements

• In 2016 and 2017, two measurement campaigns were 
performed at the RPI Reactor Critical Facility (RCF) in 
collaboration with IRSN.

• Configurations ranged from deeply subcritical to critical.
• A water-tight housing was designed to ensure the 

detection system could operate underwater.



IRSN simulation experience

• MORET6 : Analog calculation in fixed source 
mode (Neutron noise experiments 
interpretation)
→ PHYSOR 2022 : New capabilities of the 
MORET 6 Monte-Carlo neutron transport 
code, 
Wilfried Monange, Aurélie Bardelay (IRSN, 
FRANCE)
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JAEA collaborations to support ADS

• Experiments performed in collaboration with 
JAEA and supported by the NA-232 Office of 
Nuclear Material Removal.

– DOE-NCSP provided support for 
benchmark evaluations

• Accelerated shipping schedule returned HEU 
and Pu fuel from FCA to US under Remove 
Program.

• Lead void measurements are important for 
regulatory approval of system with lead-
bismuth coolant.

• HEU, LEU, and Pu experiments performed.
• 5 year program: 2015-2020.
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Milestones

• 5-year collaborative project focused 
on criticality monitoring

Analysis of existing measured data
Analysis of simulated data
Real-time analysis
Determine needed detectors
Ensure needed detectors are available
Lab testing of detectors
Field testing of detectors
Real-time data acquisition
Produce simulation framework
Produce simulated files
Update files with debris info
US demonstration plan
Perform US demonstration
Design NARREC demonstration
Perform NARREC demonstration
Devolop process for fielded measurements
Demonstrate local real-time analysis
Demonstrate remote real-time analysis

Legend: Analysis Detectors Simulations Capability Demonstration Fielded capability

FY25 FY26 FY27 FY28 FY29
Methods Demonstration Fielded capability

− Analysis
− Radiation detectors
− Simulations

− Capability demonstration
− Fielded capability
− Collaboration

Focus areas:


Sheet1

				FY25								FY26								FY27								FY28								FY29

				Methods																Demonstration																Fielded capability

		Analysis of existing measured data

		Analysis of simulated data

		Real-time analysis

		Determine needed detectors

		Ensure needed detectors are available

		Lab testing of detectors

		Field testing of detectors

		Real-time data acquisition

		Produce simulation framework

		Produce simulated files

		Update files with debris info

		US demonstration plan

		Perform US demonstration

		Design NARREC demonstration

		Perform NARREC demonstration

		Devolop process for fielded measurements

		Demonstrate local real-time analysis

		Demonstrate remote real-time analysis



		Legend:		Analysis								Detectors								Simulations								Capability Demonstration								Fielded capability







IRSN work FY25

Work for 2025:
• Simulation of current state of the reactors

– Corium composition
– Fuel debris position
– Radioactivity
– Comparison with measurements from F1S

• Evaluation of neutron noise technics for reactivity 
assessment in a representative environment of F1S

• Testing / validating the IRSN neutron detector system in 
experimental reactors 

• Evaluate the possibility of using other types of detectors 
and methods

IRSN neutron 
noise detector

Simulation of the 
RCF experiment



LANL work FY25

• Investigate nuclide 
composition versus 
time

• Create initial models
• Investigate random 

geometry techniques

• Establish necessary 
agreements (MOU, 
etc.)

• Attend relevant 
workshops/meetings 

• Evaluate detectors for 
use in high gamma 
flux environments

• Document pros/cons 
of various detector 
types

• Analysis studies with 
existing data (blind 
and known)

• Compare potential 
monitoring approaches

Analysis Detectors

SimulationsCollaboration



Conclusions and future work

• Work is just starting and we are excited for this challenging opportunity
• Previously funded work (by NCSP and other NNSA sponsors) helps by providing access to

– Detection equipment
– Datasets
– Models

• R&D advancements needed for this application will benefit US missions (criticality safety, 
nonproliferation, DOE-NE, etc.)
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