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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

S

Thgh 1)1

implementation of decomm|SS|on|ng 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



In April 2024 Fumio Kishida visited the US
White House standards of safety, security, and safeguards. Iyt (Solgs3t (S Ree)sebssleyels (s

US White House Fact Sheet: > partnership with Tokyo Electric Power Company and U.S. national

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
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Reactor Building (RB)  Unit 1 Unit 2 Unit 3 Unit 4 aLS'QEL“k,?lLEEr‘;”w in 2012
1F has 6 units: 400-1100 MW Japan goal: complete decommissioning of all units
3 operational units on 3/11/11 Removal of all spent fuel assemblies in all units
Units 1-5 are BWR Mark | Removal of fuel debris in Units 1-3

Remain subcritical during fuel debris retrieval
Will take several decades
Decommissioning led by the utility TEPCO

After 9.1 magnitude earthquake, all 3 units
scrammed successfully
Tsunami fully flooded backup generators

Image from monthly released reports:

Core meltdown in Units 1-3
Hydrogen explosion in Units 1 and 3


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

-

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

Fuel debris composition is not well known aaft - o

Fuel debris location is only partially known Figure 6. Bulky depits (around point (1) in Figure 5) [3]
Very high gamma dose

Some units are underwater
« Access is a large challenge
* Very different than laboratory

ngm ,' “_“‘. B ‘I_."I ._.'- *‘_"_ y ,: I‘c‘. Y
measurement conditions R A o RN 2022/05:214 . || W R LR 202203716
N N /Y 11219_252 P At 14:10:44

Figure 7. Thread-like deposits (point @) to @ in Figure §) [3]

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




flux measurement

k-eff=1.00 ; critical

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-a 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.

k-effective

k-ref

measurement

one batch
work/ removal

>

Retrieval progress (time)
k.5 1s measured by noise analysis (approx.~1 hour)

k,.; and ¢, are obtained as basis for
neutron source multiplication method

~
rd

I Neutoron flux(¢) is measured (approx.1~2 minutes) |

l ks is estimated by neutron source multiplication method |

P 11—k,
k.rr <k-alarm
ff No
Yes
A4
One batch work (cut, break, drill, etc.) Stop the work to the fuel debris
to the fuel debris / ¢
One batch removal of the fuel debris
into a canister Counter measures to decreases keff (ex.

| neutron absorber)




Organizations/Meetings

T=PCO

Tokyo Electric Power Company Holdings

METI
1RID
(9)NRA JAPAN

Nuclear Regulation Authority

@y

Aug 2024 meetings in Japan

METI, MOFA, Toshiba,
TEPSYS, JAEA

Attended 1FD8 forum

Oct 2024 several of our team
members attended FDR 2024
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Fuel Debris Monitoring Collaboration and-
Experiences in Criticality Monitoring NCSP

J. Hutchingon', D. Bowen', J. Clavel’, I. Goda', C. Kostelac', I. Miller', G. McKenzie!,
W Monange®, M. Nelson', 5. Pignet’, F. Weldon', N. Whitman', A Chambers®
Loz Alames Mational Labaratory, “TR.5W France, 'Oak Ridge Mational Laboratory, *Sandia Mational

Lzbaratories, ‘TOE-MNCSR

Abstract

Fulezhima Datichi fuel debris remenval provides technical challenges and
opportunities for the mtemational criticality :afety commomity. The TS
DOE-NCZEP (Muclear Criticality Safety Program) and France (JREN) will
support 1F fusl debriz efforts through collaboration on rezl-time criticality M
monitering.

1. Introduction

Meatron monitoring of newtron multiplication (or degree of subcriticality
iz required to help inform fuel debris removal activities and reduce the nzk L -
of re-criticality during the remaoval process. The uproming Japan TS France R_ﬂl'"me neutron data acquisition
collaboration will focus on research zmd development z:sociated with with 30 submerged “He tubes at
crificality monitoring. The US work is fnded by the DOE-NCSP and the the RPI research reactor.

work in France will be performed by RSN

2. Previeus work

Tha DOE Muclear Criticality Safety Program has fimded Pesearch and
Development efforts asseciated with subcritical newiran poise metheds for £ -
over 10 years. This has imclided 3 Intermational Criticality Safety
Benchmark Evaluztion Project (ICSBEF) benchmarks, which have inchuded £
collaboration with IESN. In addition. two measurement campaign: on ™=
thermal raactor systems have been performed: one at the Reactor Critical ™ i
Facility (R.CF) at the Fensselaer Polytechnic Institute (BPT) {2017) and one —
at the Sandia Mational Labaratories TaPCI (2022). The former expariments
incloded placing 30 “He under appromimately 10 feet of water (inside
custom water-proof covers, net in dry-wells). For this measurement
campaizn, roughly 100 boors of contiswous real-time sreaming data were
acquirad

In addition to bempchmark measurement:, our tzam has experience in
meazuring unkmown system: under field comditions. Last, we perform
approach-to-critical operation:s for several new critical epperiments each
vear, We will share thiz emperience to assst in realdime criticality
monitering.
3. Conclusion |
The US and France are excited to start collaborating on criticality
manitoring associzted with 1F foel debriz removal efforts. Work will begin = il
later thiz year with 2 focus oo weutron amalysis, radiation detection, Subcritical measurements at the
radiation transport simulations, and culminatz in 2 capability demenstration. National Criticality Experiments
Fesearch Center.
“Our two countries plan to launch the Fukushima Daiichi Decommissioning

Partnership focusing on research cooperation for fuel debris retrieval.”

PR
Comparizon of messured and
simulated data for several
subcritical benchmarks.
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Experience with Measuremenf&

LG EWAE

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.




experiments/evaluations

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

e

BeRP-Ni (2014)

BeRP-W (2016)

SCRaP (2019)

NeSO (2019)

MUSIC (2021)

/uPCX at Sandia (2022)
Experiment design, simulations,
data analysis, and uncertainty
quantification

-

Growing dataset of neutron multiplication benchmarks

NESP™

NUCLEAR CRITICALITY SAFETY PROGRAM

:::::::

S




Research reactor measure

* 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.

communications
physics

ARTICLE

oPEN
Patchy nuclear chain reactions
2

Eric Dumonteil® ***, Rian Bahranz, Theresa Cutlerz, Benjamin Dechenaux ! Travis Grove?,
Jesson Hutchinsonz, George McKenziez, Alexander McSpadenz, Wilfried Monange1, Mark Nelsonz,
Nicholas Thompson? & Andrea Zoia® 3

'm Check for updates

“Nesp-

NUCLEAR CRITICALITY SAFETY PROGRAM




IRSN simulation experience

- MORET®6 : 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)

Page 11 of 12



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.

@y

Page 12 of 12



Milestones

5-year collaborative project focused Focus areas:

on criticality monitoring - Analysis — Capability demonstration
— Radiation detectors — Fielded capability

— Simulations — Collaboration
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

Simulations | Fielded capability

Legend:




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 ol IRSN neutron

noise detector

Testing / validating the IRSN neutron detector system in d

experimental reactors " =
Evaluate the possibility of using other types of detectors i ;! LY
and methods | WA
;;ge:%:;"gf?::‘ i ((laOIRETSd.ata(siTulatiorj) Simulation Of the

; RCF experiment

Time [s]



LANL work FY25

(.

Analysis studies with
existing data (blind
and known)

» Compare potential
monitoring approaches

 Establish necessary
agreements (MOU,
etc.)

+ Attend relevant
workshops/meetings

\_

Collaboration

Detectors

» Evaluate detectors for

use in high gamma
flux environments
* Document pros/cons
of various detector
types

~

Simulations

nvestigate nuclide

composition versus

time

* Create initial models

* Investigate random
geometry techniques

J




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.)

Page 16 of 12



Acknowledgements

This work was supported by the DOE Nuclear Criticality Safety Program, funded and managed
by the National Nuclear Security Administration for the Department of Energy.

Los Alamos National Laboratory is operated by Triad National Security, LLC, for the National

Nuclear Security Administration of the US Department of Energy under Contract No.
89233218CNAO000001.

/\
) IRSHN

» Los Alamos
I u \d S P

NATIONAL LABORATORY
EST.1943

NUCLEAR CRITICALITY SAFETY PROGRAM




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Organizations/Meetings
	Slide Number 9
	Slide Number 10
	Slide Number 11
	IRSN simulation experience
	JAEA collaborations to support ADS
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Conclusions and future work
	Slide Number 18

