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1: Introductory remarks






Research Proposal to KEK Director General

Inspection of Nuclear Fuel Status of Fukushima-Daiichi Nuclear Reactors

by Near-Horizontal Cosmic-Ray Muon Radiography

K. Nagamine
Muon Science Laboratory, IMSS, KEK
(April 7, 2011)
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K. Nagamine proposed to study the damaged reactor by the
Cosmic Muons (CMR) to A. Suzuki, then DG of KEK, and he
supported his proposal and organized a study team at KEK

in March 2011.
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Schematic View of the Nuclear Reactor at the FD

Cosmic Muon

. . F=E IR
B wwee . * |
‘,I: |
Detector ] = F3%m
: |
| PRMEE , ' |

1

Py
Ll

i
I
AR




Two Types of the Nuclear Reactor at the FD
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2: Test Experiment at the JAPC @Tokai,
Ibaraki

- Reactor : GE MKII type

- Experiment : from mid 2011 to the end
of 2013




Detector-2-2 Detector-2-1

Nuclear Reactor was studied at three locations.




Cosmic Muon Detector
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X-Y Detector Unit
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Images formed from the two Hodoscopes

“Bright Center Part”
It is like an image of the pin-hole camera.

16






Observed Spots of Heavy Absorption

i

Point 1 Point 2 Point 3

Combined Analysis

!

Spots of Heavy Absorption are in the Storage
Pool of the Nuclear Fuel.
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3: Study at the Fukushima Daiichi

3-1: Goal of the Study

3-2: Protection against the radiation

3-3: Detection System

3-4: Present Status of the Study of
the reactor

3-5: Related Works
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3-1:Goals of the Study

A) To know if the heavy of object such as
the Nuclear Fuel > 1m could be identified
and located

B) To know if the heavy of object such as
the Nuclear Fuel > 1m remains in the PV

C) To know if the the Nuclear Fuel remains
in the Storage Pool



3-2: Protection of the Detector against
the environmental radiation of
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Radiation Survey Map

December 6, 2013 17:00
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Effect of Iron Shielding
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Detection System
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3-4: Present Status of the Study

Measurement of Cosmic Muons
- from Feb 2015 to Sept 2015
- three detector locations outside
of the Reactor #1 of the FD
- for 90 days

Detectors are moved away from the
reactor site and ceased measurement.



* Summary of the measurement at the FD

1: The Structure inside the Reactor Building could
be visualized.

2: No hints of objects which are larger than 1m and
which stops cosmic rays could not be identified in
the PV.

3: Observed image hints for the existence of
massive objects in the Nuclear Fuel Storage pool.

4: At low angles, images of the reactor get less
clear and therefore, the existence of the
“Nuclear debris” could not be confirmed at the
bottom part of the PV.



3-5: Related Activities

Measurement of Cosmic Muons at low angles
Down-sizing of the detection system

Measurement of Cosmic Muons below the
ground level
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Detector Down Sizing

Muon flux (arbitrary unit)
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Measurement of Cosmic Muons
below the ground level
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4. Summary

- We have studied the damaged reactor
at the Fukushima Daiichi from outside of
the reactor building and demonstrated
that the CMR can be a useful mean to
visualize the damaged reactor.

- However, much more study is needed
for getting the detailed images of the
reactor.
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