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A D ECADE OF R E S E A R C H

A decade in, our research continues.
We evolved out of the real time global
sharing of information about the 3-11
disaster that started on a Reuters live
blog.

There is much left to understand as we
continue to comb through data, the
best independent research, news and
the personal stories of those impacted
by the disaster.

Our important work continued with
hundreds of thousands of followers
and over 50 active researchers
contributing information to help
everyone understand what was rapidly
unfolding in Japan.

Things that were in flux in the early
years have sorted themselves into
more defined problems. Those new
issues will be addressed more in depth
on our website going forward to help
people better understand the disaster.

Our work continues across multiple
disciplines to help understand and
communicate the evolving story of the
triple disaster and more specifically
how Fukushima Daiichi has become
the world's worst nuclear power
disaster.

Check our website throughout 2021 as
we release new information and new
tools to better understand the ongoing
disaster and its impact on the world.
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IN T R ODUCTION
Ten years have unfolded since the March 2011 disaster. The
world was shocked as one of the worst multifaceted disasters
in modern history unfolded, broadcast live around the world.
Social media saw an unprecedented spike in traffic as people
searched for and shared information in real time.
Usable information and details about the devolving situation at
Fukushima Daiichi were scant, due to the disruption of the
disaster and an unwillingness by TEPCO and the Japanese
government to be transparent with the public at a time that it
was most needed. Denials that there was a problem at the
plant continued right up until the moment unit 1 exploded on
live TV.
Even with the explosion of two nuclear reactors, seen by
millions around the world, TEPCO continued for months to
insist the reactors did not suffer meltdowns. Later information
proved that they knew. Executives at TEPCO also knew the
potential risk before the disaster and did nothing to better
protect the plant.
A decade in, the disaster is better understood, but much is left
to know.
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A T T HE DISAS T E R S I T E

The industry of
generating power has
turned into the industry
of dealing with the
massive aftermath of
2011
The plant site for Fukushima Daiichi
has changed considerably. Facilities
and buildings that used to help
operate the 6 reactor plant have
given way to fields of contaminated
water tanks, new buildings to store
dangerous waste materials and
debris and new command facilities.
The industry of generating power has
turned into the industry of dealing
with the massive aftermath of 2011.
The large rest building, operating as
a command and employee center was
completed in 2015. The new building
contains everything including a
Lawson convenience store.
A Christmas day 2020 photo dump
by TEPCO included this interesting
photo. The location is the sea front
directly south of the reactor block
areas. The original hill bluff around
the plant can be seen along with
terraced landscaping going down to
the sea.
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The photo, taken on March 20, 2011,
shows where the tsunami wave
attacked the hill as it met the sea.
The wave height can be seen in the
color change where the vegetation
and top soil are missing. The wave
reached about ¾ of the way up the
hill. Had the plant been sited on the
natural hill instead of the hill being
cut down by General Electric to save
money on water pump equipment
costs, the disaster may have turned
out quite differently. (3)

This work would then help inform fuel
debris removal planning at units 1 and
3.

Spent fuel removal work continues at
the disaster site. This important work
was given priority to prevent a
subsequent accident should any
of these pools suffer new damage or
failures. TEPCO plans to have all
spent fuel pools emptied by the end
of 2031. Details of each unit’s spent
fuel removal is included in the
section for that reactor. (7) The
shared storage pool is 98.3% full,
with most of that being fuel offloaded
from the spent fuel pools. The dry
cask storage facility on the hill is
51.3% full. As spent fuel assemblies
are removed from each reactor’s
spent fuel pool they are first moved
to the shared pool, then eventually to
a storage cask, then placed in the dry
cask storage facility on the hill. Some
of unit 4’s spent fuel was diverted to
unit 6’s spent fuel pool due to space
constraints at the time. (24)

Unit 1
Spent Fuel Removal:
Starts FY 2027-2028
Fuel Debris Removal:
No assigned date

Fuel debris removal work has been
delayed and now TEPCO no longer
gives projected start dates for units 1
and 3. Unit 2 is scheduled to begin
the early phases of fuel debris
removal in 2021. (7) A change in
tactics now focuses on fuel debris
removal at unit 2 first to determine
what technology works best.

Unit 1 has an upcoming containment
inspection that should provide some
additional information but unit 3 has
no scheduled upcoming inspections
despite many questions remaining
about the meltdown there.

Unit 1 Fuel Debris Retrieval
The effort to eventually find and
retrieve fuel debris inside unit 1 has
progressed slowly. The longer term
plan involves deploying a new
underwater ROV (remote operated
vehicle) inside unit 1’s containment.
Preparation work discovered there
were objects interfering with the
route for the ROV inside
containment. Researchers have
developed a device to inspect this
area further using a drop down
camera on a cable. This work was
expected to be completed by the
end of January 2021 but has been
deferred. (7)(8)
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IRID developed ROV for the upcoming unit 1 inspection:
Image credit: IRID

The diagram above explains the future route of the ROV inside containment
Image credit: IRID
*machine translation SimplyInfo.org
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A 3D camera was inserted into the
unit 1 containment hatch that is being
prepared as a pathway for the new
boat type ROV. While capturing
images inside the hatch they
discovered the pressure inside
containment began to drop and
stopped the work. Workers eventually
plan to use the same camera to take
images inside containment through
this hatch area. (25)
A previous containment inspection
in 2017 collected data on a portion of
the containment structure. The ROV
reached the pedestal doorway area
but little information was given to the
public at the time. An IRID
(International Research Institute for
Nuclear Decommissioning) report in
2021 reveals new information about
that inspection.

They were able to confirm or
estimate that melted fuel did leave
the pedestal through the pedestal
doorway and through a drain
connected to the pedestal sumps.
This adds to the body of evidence
that melted fuel was able to leave the
pedestal and eventually leave
containment. Prior studies and
reports from various sources assumed
melted fuel or fuel particles had
made its way into the torus room and
parts of the torus tube structure.
Orange colored areas on the image
below indicate known or assumed
locations of fuel debris based on the
ROV inspection. Only a portion of the
containment structure was inspected
in this manner leaving no data for the
other half of containment. (8)

3D camera inside containment hatch
Image credit: TEPCO
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Containment inspection diagram
Image credit: IRID
*machine translation by SimplyInfo.org

IRID assumes there is a layer of
melted fuel on the drywell floor of
unit 1. This is the concrete floor area
inside containment. They assume this
is covered with a deep debris bed
but do not elaborate on the
composition of the debris bed or how
it was produced.

The upcoming ROV inspections are
documented as multiple phases, each
accomplishing a specific task and
type of information gathering. Prior
inspections were able to identify the
depth of the total debris bed on one
side of containment and water levels
vs. the containment floor.

The previous ROV inspection
obtained samples of the top of the
debris bed. The analysis given to the
public was mostly inconclusive but
they did mention that it wasn’t
considered to be fuel debris and the
chemical composition appeared to
back that up. The debris bed looks
like coarse sand. (8)

This diagram below shows a rough
estimate of what they think the debris
bed might look like along with the
upcoming phases of inspection. (8)
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Image credit: IRID
*machine translation by SimplyInfo.org

Unit 1 Microparticles
A new study confirms more details
about the microparticles from unit 1.
Microparticles are tiny glass like
materials of fused nuclear fuel,
reactor parts, and concrete, created
in the conditions of a reactor
meltdown. This new understanding
has been one of the most significant
developments of the last decade.

The formation of the particles
inside unit 1 came from extended
high temperature and pressure
conditions needed to create these
unique formations. Unit 1’s
microparticles are spherical yet oval,
but contain imperfections in the
surface and significant round voids
inside them.
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A separate study found similar
evidence, and also concluded these
unique particles were derived from
unit 1. The study confirmed a group
of particles found in Futaba, close to
Fukushima Daiichi, to be larger than
most found fused particles, these
were too large to be an inhalation
risk. This follows the assumption that
larger particles fell closer to the
plant, smaller microparticles were
capable of long distance transport.
Image credit: Martin et al (19)
Cross sections of unit 1 microparticles

This indicates that the molten fuel
inside unit 1 was low viscosity and
high in heat. These conditions are key
to understanding the behavior of
molten fuel and the ability for it to
burn through the containment
structure. A hotter, low viscosity
molten fuel over an extended period
of time has a higher probability of
spreading and burning through
containment structures. This has
been an area of concern with unit 1,
that the fuel may have burned
through the containment wall and
migrated into the torus room.
The unit 1 microparticles have silicon
fibers assumed to be from reactor
insulation, embedded into the outer
surface of the microparticles. This is
different from unit 3’s microparticles
that had insulation materials in the
inner material only. The differences
may provide hints about how or when
insulation material was incorporated
into the fuel melt. Unit 1’s spherical
microparticles are lower in radiation
but larger in size than the ones found
at unit 2 but they are still an
exposure hazard. (19)

One of the particles of a slightly
different type, found in this study,
had the highest level of radioactive
cesium found in these types of
particles in the environment to date.
This indicates there may be some
variance or multiple sub-types of
particles from unit 1. (20)
Unit 1 New Containment Damage
A 7.3 earthquake in February of 2021,
considered to be an aftershock of the
2011 quake, caused new damage to
unit 1’s containment structure.
TEPCO detected decreases in
containment temperature days after
the quake. On the 18th of February an
abrupt 70cm (27 inch) drop in the
standing water in containment was
found. The probable location of new
damage is in places that would be
difficult to inspect. These areas
would require robot or scope
inspections that typically take months
to arrange. This new damage raises
concerns about the long term
integrity of the damaged reactors.
Plans to eventually flood the
containment structures to remove
melted fuel debris now seem even
less likely. (15)
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Unit 1 Suppression Chamber
TEPCO has paid particular attention
to the vacuum breakers and certain
areas within the suppression chamber
structure, also known as the torus.
Proof of molten fuel migrating from
the containment structure into the
suppression chamber and torus room
were confirmed in previous years.

Extensive damage was found on the
vacuum breaker of X-5E. Japan’s NRA
assumes this could have contributed
to gasses from the containment
structure and drywell area directly
venting without water scrubbing to
the environment when unit 1 was
vented. (10)

Image credit: TEPCO
Suppression chamber and vacuum breaker, unit 1

Inspections found a high radiation
level of 1.5 Sv/h at the X-5E “vent
tube” on the suppression chamber
torus tube. A similar location at “vent
tube” X-5G was recorded as 2.4 Sv/h.
Other parts of the upper suppression
chamber were 200-400 mSv/h for
comparison.

This may evidence of the
contamination route of the SGTS
(Standby Gas Treatment System)
filter system becoming highly
contaminated, and may have
significantly influenced the total
source term of vented radiation
releases to the environment. (10)
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This location of high radiation at
X-5G roughly matches up with a
location of high radiation inside
containment found back in 2015. That
location inside containment, found
on the diagram below, indicated a
radiation reading of 24.9 Sv/h
between the B11 and B13 points on
that inspection. On the diagram, the
demarcation line that runs through
the large hatch opening leads to the
steam tunnel on the first floor areas.
This puts the B11 and B13 inspection
locations inside containment in the
same area as the X-5G location in the
suppression chamber. (11)

This is also in the general vicinity
where scorch marks, melted wiring
and a pile of what appeared to be
melted nuclear fuel was found inside
the torus room back in 2012.
Radiation readings taken down into
this underwater area of the torus
room reached some of the highest
radiation readings found at the
disaster site. (12)
Unit 1 SGTS Survey
NRA (Japan’s nuclear regulator)
conducted two surveys of the SGTS
(Standby Gas Treatment System)
room of unit 1 in 2020. This room
houses a pair of HEPA filter trains for
the venting systems. Emergency
venting systems that do not route
through this filter bank can still
contribute radiation into the venting
systems pipes and the filter trains.
NRA’s survey found radiation as high
as 3 Sieverts/hr near one of the filter
trains with multiple locations near the
filter trains over 1 Sievert/hr. Those
levels are considered lethal. Packbot
robots were used to do the two
surveys. It is noted in the report that
a similar survey will be conducted at
the same location for units 1 – 4 to
help determine the progress of the
accident and to guide future
decommissioning work.

Image credit: TEPCO
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The radiation levels found indicated
that unit 1’s multiple venting attempts
did include radioactive materials
released to the environment. The unit
1-2 shared vent tower is one of the
most contaminated locations on site.
The root cause of that contamination
has been a point of concern. Those
details could help better understand
the meltdowns and the releases to
the environment.

Image credit: TEPCO
SGTS radiation readings

The graphic below shows the related
radiation readings. Standard readings
are at 1 meter above the floor,
additional readings at a location are
at the floor level. Floor level readings
appear to be higher than the 1 meter
readings. (1)

Unit 1 Reactor Well
Japan’s NRA and JAEA (Japan
Atomic Energy Agency) looked at the
contamination in the reactor well of
units 1-3. Unit 1’s reactor well was
found to be damaged and the
concrete cover slabs dislodged on
prior inspections. This new work
determined that the contamination

level in the unit 1 reactor well is the
lowest of the three units. Based on
their findings, they assume unit 1 did
not have a significant radiation
release from the reactor well before
the hydrogen explosion at this unit.
What contamination was found
appears to have concentrated in the
areas where the concrete slabs
connect.

Fukushima At Ten | SimplyInfo.org | Page 13

NRA/JAEA also assumes that due to
the slabs being dislodged, they did
not trap most of the leaking
contamination like units 2 and 3 did.
Unit 1’s reactor well contamination
estimate was 0.1-0.2 Pbq. For
comparison, unit 3’s was 30 Pbq and
unit 2’s was 40-79 Pbq. (14)

Unit 1-2 Vent Stack
JAEA conducted tests on water
recovered from the unit 1-2 vent
stack drain sump. It was used as a
comparison to unit 3’s refueling floor
wall rubble. This vent stack is one of
the most contaminated locations at
the disaster site. The drain sump
water samples confirmed that the
water runoff from the vent stack was
also highly contaminated. The high
levels of contamination in the vent
stack provide a useful contrast to the
unit 1 reactor well readings that were
comparably low.
Work to cut the upper portions of the
vent stack were completed in May
2020 and a cap was put on the
remaining vent pipe to prevent water
infiltration. The drain sump for the
vent stack was found to have
increased water levels after the cap
was installed. The south side opening
to the sump pit was assumed to be
the cause. A cover was added to
prevent water infiltration. After this
cover was installed, increases in the
water level in the sump were still
discovered. The cause of water input
into the sump is currently under
investigation. (22)

Unit 1’s SGTS filter train was three
times as contaminated as the same
filter train at unit 2. The piping from
the vent valve inside unit 1 to the
vent tower on the unit 1 side is highly
contaminated. Residual cesium 137
contamination in the unit 1 SGTS pipe
that runs to the vent stack is
estimated to be 0.1 Tbq, The unit 1
SGTS filter train was 10 Tbq. This
more in depth inspection work
confirms that unit 1 was the sole
contributor to the contamination of
the vent stack. These high levels of
residual contamination including the
deadly high levels of radiation found
at the base of the vent stack in
previous years show that unit 1
ejected a significant amount of
radioactive contamination via the
vent tower. To date, none of the
entities granted access to this area
have tested the pipes or the vent
stack for evidence of fuel
microparticles. (21)

Unit 1 Refueling Floor &
Spent Fuel Pool Work
Work to clean and stabilize the
refueling floor of unit 1 has continued
through 2020. This work is in
preparation for the installation of a
spent fuel removal defueling building
over unit 1. In November 2020, work
to stabilize the damaged overhead
crane on the refueling floor was
completed. This involved a series of
braces and jacks to keep the crane
from falling as nearby debris is
eventually removed. (6)
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Diagram of the damaged overhead crane and repair work
Image credit: Japan NRA

A defueling building will be
installed before the damaged cranes
and remaining debris will be removed
from the refueling floor. Construction
of the new defueling will begin in the
first half of fiscal year 2021. (22)

Damaged overhead crane and new
blue support brace
Image credit: Japan NRA

Unit 1 Defueling Building
Work continued in late 2020 to
dismantle the old interim cover
building over unit 1. This work is
expected to finish in June of 2021.
The “large scale” cover building
(defueling building) that will be used
for spent fuel removal work is
currently scheduled to begin
construction in the first half of fiscal
2021. (7)(22) The eventual
completion of the new building is
planned for 2024. This new defueling
building would go over the existing
reactor building, transferring most of
the weight directly to the ground.
The plan still needs to pass seismic
building requirements and review by
Japan’s nuclear regulator. The
planned design would include a steel
shell and a sealed & filtered air
handling system intended to catch
radioactive dusts. TEPCO plans to
begin spent fuel removal work at unit
1 in fiscal years 2027-2028. (7)
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Image credit: TEPCO

Unit 1 Ground Fissure
Soon after the initial disaster, what
appeared to be a large fissure in the
ground appeared in a photo released
by TEPCO. The poor quality photo
near unit 1 appeared to show a deep
tear in the earth. This entire area was
filled with dirt soon after, making
further analysis difficult. This photo
from March 20, 2011, released by
TEPCO in late 2020, clearly shows
the area in question. The area near
the reactor building appears solid
and largely unscathed. There is a
smaller area near the road that
does show dirt being dug out or piled
up near the road and what could
have been a small ground
disturbance. Earlier concerns that a
fissure could have damaged the unit 1
reactor building appear to have not
been the case. This is a good
example of the long game of
understanding what happened at
Fukushima Daiichi, and why
subsequent information is crucial to
that work. Photo that was released
in 2020 but taken in March 2011 at
top. (4)

Image credit: TEPCO
Top image: newer photo
Lower images: original 2011 photos that caused
concern.
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Unit 1 Conclusions
Inspection work to find the melted
fuel has found some of it on the
containment floor under a deep bed
of fine sand like debris. Radiation
levels and visual evidence have found
fuel debris in the torus tube, torus
room, the SGTS vent filters and
various locations along the
ventilation pipe routes and the vent
tower.
Microparticles from unit 1 appear to
be a significant problem. These have
been found in the environment
outside the plant grounds, and
around the evacuation zone. The
presence of these fuel microparticles
may explain TEPCO’s hasty
construction of a fabric tent over unit
1 back in 2011. A reason was not
given at the time. Evidence of fuel
debris outside of containment in the
torus room may have added to that
decision to cover unit 1. The high
radiation levels in the vent systems
and vent tower along with a lower
than expected radiation level in the
reactor well indicate that unit 1’s
major radiation release may have
come from the emergency venting of
the reactor.
The hydrogen explosion likely
contributed to the releases, but the
vent system is one of the highest
areas of contamination on site. The
exact location and condition of the
melted fuel (aka: corium) in unit 1,
and how much of that has migrated
out of the containment structure is a
major question that must be
answered as soon as possible.

Unit 2
Spent Fuel Removal:
Starts FY 2024-2026
Fuel Debris Removal:
Starts in FY 2021
TEPCO plans to begin spent fuel
removal work at unit 2 in fiscal years
2024-2026.(7) Before that begins, a
new outdoor platform and equipment
will be installed to assist in
completing the work. High radiation
levels on the refueling floor prevent
workers from conducting spent fuel
removal work in person.
Plans to remove the intact 5th floor
roof and walls, to install large remote
equipment was considered and
eventually rejected due to the
amount of radioactive substances this
would have ejected into the air. The
additional platform and remote
equipment concept was established a
few years ago, and now that plan has
been refined into a detailed project.
Preparation work has begun outside
the unit 2 reactor building to clear
the ground for the platform
foundation. The new platform
building will include an air handling
and containment system to prevent
radiation releases from the refueling
floor to the environment.
Construction is expected to be
completed before the 2024 spent
fuel removal date. (28)

Fukushima At Ten | SimplyInfo.org | Page 17

Ground preparation work outside unit 2
Image credit: TEPCO

Unit 2 new platform building construction phases.
Image credit: TEPCO
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Design of the remote rig that will be used to remove spent fuel.
Image credit: TEPCO

Unit 2 Reactor Well
Investigations of the reactor well at
each unit found that unit 2 has the
highest radiation level of the three
that suffered meltdowns. The
contamination in the reactor well was
found to be 40-70 Pbq. Unit 2’s
meltdown circumstances may have
caused this unit to have the highest
concentration. The concrete well
cover slabs are intact and not
dislodged. Significant amounts of
highly radioactive steam leaked out
of the reactor well of unit 2 for years.
This combination may have caused
large amounts of contamination to
cling to the reactor well cover slabs.

Unit 2 reactor well with cover slabs after
extensive remote cleaning of the refueling floor
Image credit: NRA

The image above shows the refueling
floor area above the reactor well. This
was initially covered in random debris
left over from pre-disaster work.
Before cleaning this area, the center
of the reactor well was over
880 mSv/h. After cleaning and
decontamination the readings were
down to 140 mSv/h. (14)
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Unit 2 SGTS & Vent System

Unit 2 Fuel Debris Removal

Unit 2’s SGTS filter train and most of
the vent lines were found to be low in
contamination. The filter train is lower
than the filter train at unit 1. A section
of unit 2's outdoor vent pipe that is
significantly contaminated is a 10
meter run of pipe that connects to
the main shared vent pipe with unit 1
before the vent stack. It is assumed
that contaminated gasses flowed
backward into the unit 2 pipes then
cooled and condensed, settling in the
pipe. Evidence gathered from unit 1
appears to show that unit 1 was the
sole contributor of contamination in
the vent tower and that unit 2’s
venting during the meltdown was not
successful. (21)

One of the key components of the
plan to remove fuel debris from unit
2’s containment is the retractable arm
system. This is a multi-task system for
various phases of fuel removal from
containment. The arm is currently
under testing and final development
in the UK. Due to the coronavirus
pandemic, final work and
transportation to Japan has been
postponed for about 1 year. (7) This
will put the fuel debris retrieval work
further behind for all three units.
Work at unit 2 is being used as a
learning experience to help guide
plans for future fuel debris removal at
units 1 and 3.

Image credit: IRID
*machine translation by SimplyInfo.org

The robot arm is retractable,
telescoping and can have multiple
devices installed on the tip. (8)
The arm will include various
interchangeable retrieval devices
including a brush, a vacuum and a
grabber capable of capturing pebble
shaped debris. (9)

Fukushima At Ten | SimplyInfo.org | Page 20

Debris collection device
Image credit: IRID

Brush head for fuel removal arm
Image credit: IRID

End of fuel removal arm.
Image credit: IRID

Vacuum head for fuel removal arm.
Image credit: IRID

The enclosure for the robot arm has been built, IRID published photos of the finished enclosure in 2020. (9)
Diagram of the hot cell for the fuel removal arm.
Image credit: IRID
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Interior of the hot cell for the fuel removal arm.
Image credit: IRID
Exterior of the hot cell for the fuel removal arm.
Image credit: IRID

The arm and hot cell when installed on the containment structure
would look like this. (8)
Image credit: IRID *machine translation SimplyInfo.org

The hot cell for removing and replacing fuel debris storage canisters would look like this, installed
next to the robot arm. (8)
Image credit: IRID *machine translation SimplyInfo.org
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In order to install and operate this
new equipment the containment
hatch door will eventually need to be
removed. The diagrams and photos
below show equipment for that
purpose. This prevents the release of
radioactive materials and shields
workers from radiation.

Image credit: IRID
*machine translation SimplyInfo.org

The concept includes a fuel removal
tunnel and a bridge type structure.
The bridge would span between the
ground outside the reactor building
and the reinforced concrete
containment structure. The reactor
buildings are unable to bear the
additional load of all of this large
equipment. The solution was to
develop a bridge that would span
between the two stable areas. (8)

Reports from IRID show it being
installed on a containment hatch.
This is unlikely to be inside unit 2 as
the background area appears
undamaged and workers are not
wearing protective gear. This is more
likely being tested at unit 5 at
Fukushima Daiichi. The unit 5 reactor
was largely undamaged by the 2011
disaster and has been used as a test
bed for various work slated for the
damaged units. (8)

Image credit: IRID
*machine translation SimplyInfo.org
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A prototype fuel canister removal
robot (image left) was mentioned in
2020 by IRID. Information about the
device was scant in the presentation.
(9)
An ongoing plan to inspect inside the
reactor core of unit 2 has progressed.
The plan involves installing a drilling
rig on the existing refueling floor
level access platform that was
installed a few years earlier.

Image credit: IRID

This rig would drill at an angle
through the building, containment
wall, reactor vessel wall and allow
inspection with a scope camera
inside the reactor vessel. IRID
confirms this concept is viable and
will move forward. This work
currently does not have an
implementation timeline. (8)

Image credit: IRID
*machine translation SimplyInfo.org
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This upper inspection will help gather
information for future work to remove
fuel debris from the reactor vessel
through the top of the reactor
building. This work has been planned
as “wet” or dry. One concept requires
flooding the entire containment
structure, the other does not. The
flooding concept has met with
various challenges including a lack of
structural integrity within the
building, capable of holding that
volume of water. The number of
penetration holes in the containment
structure that would require water
tight sealing is also a problem. Either
way this upper extraction method
continues to be part of fuel removal
planning.

Image credit: IRID
*machine translation SimplyInfo.org

Image credit: IRID

Image credit: IRID

The upper fuel removal method has
been refined in recent years. A
containment cell and a basic removal
arm concept have been established.
This currently doesn’t include a
method for removing canisters so it is
still very much in the concept stage.
(9)

A 3D scan inside unit 2’s lower
containment was conducted in
October of 2020. No further
information about this work was
provided. The gathered information
will be used to further refine the
future fuel debris removal work. (22)

Fukushima At Ten | SimplyInfo.org | Page 25

Any fuel debris removal work
increases the risk of releasing fuel
microparticles, dusts or other
radioactive fine materials. TEPCO
plans to use negative air pressure
and water spraying to reduce the
potential for these kinds of releases.
Earlier research into fuel debris
removal has looked at the potential of
this work to create a dangerous
criticality in the fuel debris and fine
mobile materials. Detection
equipment and boron injection
equipment have been planned to
attempt to reduce that risk. Both a
criticality, or a fuel dust release could
have major consequences at the
plant site and to any nearby
community.
Unit 2 Microparticles
A recent study highlights a new
understanding of unit 2’s ejected fuel
microparticles by comparing them to
units 1 and 3. Unit 2’s microparticles
are significantly smaller, much more
radioactive and hold more of the
radioactive cesium in the outer glassy
surface. Unit 1’s microparticles have
been further identified and
documented. It showed those were
also spherical but much larger in size
with a porous nature both inside and
out. Unit 2’s microparticles were
clearly produced under different
circumstances than the other two
reactors. One behavior the study
mentions is that high heat and
pressure are conditions key to making
the spherical microparticles vs.
slightly lower heat that created the
jagged microparticles from unit 3.
(19) The smaller size and high
radioactivity make these unit 2
microparticles a significant health risk
as they are easily inhaled.

No studies have been done to date
to see if the release of these
microparticles coincided or caused
the widely described problems of
nose bleeds, sore throats and
medical ailments that looked like
radiation exposure symptoms among
people further away from the plant in
places like Iwaki and as far away as
Tokyo as reported on social media in
2011.
Unit 2 Conclusions
Unit 2’s meltdown provides an
interesting contrast to the events at
units 1 and 3. Unit 2 was never
successfully vented and did not
suffer a hydrogen explosion. The
removal of the refueling floor blow
out panel, described by TEPCO as
being caused by unit 3’s explosion,
may have spared unit 2 from creating
the conditions needed to cause
a hydrogen explosion.
The unique conditions at unit 2
allowed it to spread a significant
volume of easily transportable, highly
radioactive fuel particles out to the
environment and as far away as
western Kanto, past Tokyo. Unit 2 has
been subject to more inspections
than the other units. The fuel debris
found in containment is lower in
radiation than expected and assumed
to be high in metals while low in
nuclear fuel. This raises significant
questions about where the nuclear
fuel itself actually is. It could be
below the metal layer, effectively
shielded by the metal. How far it
could have burned down through the
basemat concrete is not known.
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Also not quantified or fully
understood is how much of the total
nuclear fuel materials converted to
microparticles and have left the
containment structure via air leaks in
the reactor well or along with cooling
water that leaks out of the lower
levels of the containment structure.
As workers begin the first phases of
fuel removal at unit 2, this should
help provide new information
about the meltdown that could
answer some of these questions.

Unit 3
Spent Fuel Removal:
Completed
Fuel Debris Removal:
No assigned date

Spent Fuel Removal
As of mid-January 2021, 70 spent
fuel removal processes had been
completed. Each removal process is
limited by the number of fuel
assemblies that can be put into the
transportation cask. This spent fuel is
then moved to available space in the
common spent fuel pool building. (2)
The total removed fuel assemblies as
of the end of December 2020 was
441/566, by the end of January that
number was 517/566. (22) With a
significant portion of the fuel
assemblies removed, work slowed
down as workers focused on how to
remove damaged spent fuel
assemblies left in the pool.
TEPCO planned to have unit 3’s
spent fuel pool emptied by the end
of fiscal year 2020, end of March
2021. (7) Work was completed ahead
of schedule and all of the spent fuel
including damaged assemblies were
removed on February 26th, 2021.
(33)

Damaged spent fuel assembly being removed from unit 3’s spent fuel pool in
February 2021.
Image credit: TEPCO
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In order to remove these damaged fuel
assemblies TEPCO needed special
equipment. A tool was developed to
straighten bent fuel rack lifting handles
that were obstructing the removal of
some spent fuel assemblies along the
edge of the fuel rack.. (24)

Image credit: TEPCO

The plan for removing the remaining
damaged fuel assemblies was to limit
the lifting force to 1000 pounds. If an
assembly remained stuck, use vibration
to see if that would free it. If vibration
did not work then attempt to cut the
fuel rack storage channel until the fuel
assembly is free. A mock-up of the
vibration device was tested at one of
the research facilities but eventually
never used. (24)

Vibration device
Image credit: TEPCO
Fukushima At Ten | SimplyInfo.org | Page 28

A fuel rack cutting device was
designed and was tested at a
research facility. This was ultimately
not used. (24)

The image below shows some of the
damaged assemblies that required
additional work to safely remove
them. (24)

Image credit: TEPCO
Image credit: TEPCO

A two slot spent fuel assembly
transfer and storage cask was
developed to transport the damaged
assemblies from unit 3’s spent fuel
pool. (24)
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Image credit: TEPCO

By the end of February, 13 damaged
fuel assemblies remained in the spent
fuel pool. TEPCO determined that
they could be removed by chiseling
the debris lodged around the top of
the fuel assembly. (28)
The first damaged assembly was then
moved to a rack in the shared pool.
The remaining 12 were completed
February 26th, 2021. (30)

Image credit: TEPCO

Chisel in use to dislodge damaged fuel assemblies
Image credit: TEPCO
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Unit 3's spent fuel is currently stored
in the common pool. It will eventually
be transferred to dry cask storage.
(28)

Spent fuel assembly transfer from unit 3 into the
common pool for storage.
Image credit: TEPCO

Unit 3 spent fuel assembly being placed into
a storage rack in the common pool.
Image credit: TEPCO
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SRV Valve Failures
SRV valves (steam relief valves) allow
the reactor vessel to release
pressure, preventing damage from an
over pressure event, similar to a relief
valve in a pressure cooker.
Investigations by Japan’s NRA found
that these valves had a limited
capability after AC power was lost.
The valves have a backup nitrogen
supply to open and close the valves
about 8 times each. When that runs
out the valves cease normal
functions.
NRA found that these valves in unit 3
went to a state they called
intermediate open. This was where
they were not open but not capable
of fully closing either. The valves
were left in a state where they could
continually leak pressure to the
suppression chamber. Heat and other
factors are assumed to play a role in
the problems with the SRV valves.
(13) This may have changed the
assumptions about the conditions
inside the reactor vessel, and how
that contributed to conditions in the
suppression chamber and
containment structure.
Reactor Well Damage & Radiation
All three reactors that suffered
meltdowns have this problem to
some extent, yet each unit’s damage
and contamination differs slightly,
indicating specific meltdown factors
were involved. The reactor well
concrete cover slabs at unit 3 were
most contaminated in the top cover
level and the intermediate layer
directly beneath it. (14)

Image credit: Japan NRA

The contamination levels in unit 3’s
reactor well cover slabs is estimated
to be 30 Pbq. This is considerably
higher than unit 1, but significantly
lower than unit 2. Unit 3’s cover slabs
are mostly in place and intact with
the exception of the top layer center
slab that has cracking damage. The
more intact the slabs are, the more
contamination is assumed to be
deposited on the lower slabs. (14)
Reactor Building Rubble
JAEA (Japan Atomic Energy Agency)
collected and tested a group of
concrete samples from unit 3. The
samples were identified as portions
of the inner and outer upper building
walls. For comparison, they also ran a
group of samples from unit 1’s vent
stack drain sump. Both are assumed
to be locations of high radiation and
potential escape points for reactor
fuel particles. The radiation readings
for both sets of samples were in
different units of measurement but it
is still clear they differed greatly.
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The unit 1 drain sump readings are
quite high while the building rubble
from unit 3 is quite low when
compared to the other sample set.
(14)
Unit 3 Explosion Review
Japan’s NRA , Nippon Television and
Fukushima Chuo Television used
existing webcam video of unit 3’s
explosion to try to gain a better
understanding of the events that took
place. Images were processed and
enhanced to bring out details.
The image analysis proved that unit
3’s explosion was a multi stage event.
NRA also claims that the 200 meter
plume at unit 3 was caused by the
massive combustion rather than a
specifically explosive force.
“The plumes and debris that rose
about 200 meters above the reactor
building were not blown up by the
impact of the hydrogen explosion,
but by the air flow associated with
the combustion of flammable gas
centered on hydrogen.”

This new analysis was able to capture
the first signs of the explosion. These
included a distortion of the northwest
corner of the building, the portion of
the building that would eventually
suffer the largest destruction. The
first sign of the hydrogen ignition and
flame was found at the southeast
corner of the building. These two
pieces of information are useful for
understanding the damage found
within the building after the
explosion.
In the accessible portions inside the
reactor building, signs of an east to
west and south to north force were
found. Equipment and doors on the
east and south side were blown
towards the west and north or center
of the building. On the west and
north sides structures and equipment
were blown north and westward or
away from the center of the building.
This ignition and bulging found in this
first image may show what caused
this unique damage inside unit 3.

As part of NRA’s research, they used
landmarks in the video to establish
the height of various events within
the explosion, something we did with
a lower quality version of the same
video years earlier. Landmarks such
as other buildings and the vent stacks
provide useful reference points. NRA
was able to identify the floor level
within unit 3 where various portions
of the explosion took place.
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Image credit: NRA, Nippon Television, Fukushima Chuo Television

The image below shows the next
progression of the explosion. The
building continues to distort towards
the west and north and now the east
and south side of the building
appears to either collapse inward or
down, it is not exploding outward.

Image credit: NRA, Nippon Television, Fukushima Chuo Television
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Image credit: NRA, Nippon Television, Fukushima Chuo Television

In the image above the southeast
explosion grows, the south wall
collapses and an outward force can
be seen, the northwest corner of the
building continues to distort outward.

Image credit: NRA, Nippon Television, Fukushima Chuo Television

The image above shows the start of
the massive explosive column in the
center of the reactor building. The
south refueling floor level wall is
gone. A narrow flame is seen in the
north west area of the reactor well.
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Image credit: NRA, Nippon Television, Fukushima Chuo Television

The southeast flame continues to expand, a new
flame emerges around the west side of the roof, on
the opposite side of the growing explosive column.

Image credit: NRA, Nippon Television, Fukushima Chuo Television

The image above shows the start of the massive explosive
column in the center of the reactor building. The south refueling
floor level wall is gone. A narrow flame is seen in the south west
area of the reactor well.
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Image credit: NRA, Nippon Television, Fukushima Chuo Television

From this point the west side of the building
explodes in a roll of black smoke while the explosive
column continues to build.

Image credit: NRA, Nippon Television, Fukushima Chuo Television

As the explosion continues, NRA considers the large flame to be
sucked into the growing explosive column, not obscured by it.
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Image credit: NRA, Nippon Television, Fukushima Chuo Television

As the explosive column grows, large rolling plumes
of black smoke expand across the ground.

Image credit: NRA, Nippon Television, Fukushima Chuo Television

The column of smoke migrates to the north as it rises.
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NRA’s report notes that the debris
and smoke plume are rising together
and the building debris hangs for
about 9 seconds before falling back
to the ground. They cite that it is
“difficult to explain” the smoke and
debris plume as being only blown up
by the initial explosion.
NRA notes that unit 1’s flame portion
of the explosion at that reactor took
place from 0/60 to 2/60 but the unit
3 explosion flame took place between
0/60 to 30/60. They consider it to
be stably burning rather than an
explosion. NRA estimates that the
containment cap for unit 3’s
containment began leaking 3 hours
before the explosion. They think this
caused a significant amount of water
vapor and hydrogen to be leaked to
the reactor building. (13)
As part of the effort to determine the
causes of the explosion, NRA looked
at the initial flame burst seen in the
south east corner of the reactor
building. They reviewed different
known combinations of factors
involved in a hydrogen explosion to
try to match one to the yelloworange flame found in this initial
flame up before the explosion.
“On the other hand, as for
combustion of organic compounds, it
is greatly dependent on the oxygen
volume and premix conditions with
which it reacts. When oxygen and
organic compounds achieve efficient
and diffused combustion with
stoichiometric concentrations, a blue
flame known as an oxidized flame is
produced. Meanwhile, when there is
oxygen deficiency and less premix, a
yellow-orange flame is produced
and soot, a carbon produced by
incomplete combustion appears.“
(13)

Organic compounds would include
anything that involves carbon.
Petroleum products, petrol fuels or
natural materials such as wood would
contain carbon. Petroleum products
could include roof asphalt, petroleum
based paints, some hydraulic fluids,
motor lubricants and electrical wiring.
It is unclear if there are enough of
these substances in the unit 3 reactor
building and containment to create
sufficient organic compounds to
cause this behavior.
A significant question remains with
unit 3’s explosion and the fuel
microparticles found in the
environment. The bulk of the ejected
fuel particles from units 1 and 3 are
assumed to have taken place during
the hydrogen explosions. (14)
Multiple studies and reports confirm
that unit 3’s ejected fuel
microparticles are the type that are
jagged in shape and this feature is
unique to unit 3. (14)(17) This
includes TEPCO pulling a sample of
these microparticles out of unit 3’s
reactor building. (18) Early
independent investigations tied the
jagged particles to the black highly
radioactive street dusts found around
the region. (16)(17) This leads to an
assumption that the unit 3
microparticles are black in color.
Correlation is not causation. We do
not know if the ejected fuel existed in
a quantity and property that would
have colored the explosive plume
dark black.
Is the cause of the black smoke in the
explosion from organic compounds,
black fuel microparticles, or both?
The yellow-orange flame adds some
confirmation to NRA’s theory that
organic matter was a factor in the
coloration of the explosion plume.
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NRA reviewed seismic data as part of
this review of unit 3. They found unit
1’s explosion had the highest ground
acceleration wave of the three units
(units 1, 3 and 4). (13) Unit 1 was
highest, followed by unit 3 and then
unit 4. Unit 1 being higher than unit 3
was unexpected. NRA didn’t make a
deeper conclusion about this finding
but it may be a key piece of
information for understanding unit 3’s
explosion going forward. This seismic
research also found a slight
difference in ground motion during
unit 3’s explosion that supports the
idea that the explosion at unit 3 was
a multi-stage event. (13)

Unit 3 3rd & 4th Floor Building
Damage
NRA provided new information on the
damage inside unit 3. They previously
inspected this area in December of
2019 and later went back in
September of 2020 for another
inspection. NRA makes some
assumptions based on their new data.
The ceiling beams of the 3rd floor
ceiling have been an area of
investigation by the NRA. This
section of the 3rd floor that makes up
the largest non-containment expanse
is the west, land side area of the
building. This is where significant
damage was found. Both ends of the
beam at the west-center location of
the ceiling had the most significant
damage. NRA considers this shear
force destruction. Both ends of this
beam are damaged along with cracks
along the underside of the beam at
the center. This is considered
“bending destruction”.

Image credit: Japan NRA
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The downward damage to the ceiling
beam is considered to be from
downward displacement from the
explosion. The current assumption is
hydrogen detonation in the 4th floor
space caused the ceiling damage in
the 3rd floor.

“No large-scale damage was
confirmed for piping, support
structures, equipment, etc. In
addition, it was not confirmed that
the wall on the containment vessel
side was damaged. Debris is
scattered on the floor.”

Damage on unit 3’s 4th floor was
investigated in 2020. The 3rd and 4th
floors of unit 4 were used as a
comparison model. There is no stair
access into the 4th floor inside unit 3
due to building damage. High
radiation levels had been detected on
the 4th floor near the tool pit on the
north side of the building in previous
years, so no attempt to physically
enter the 4th floor was possible.
Investigators instead used equipment
on a telescoping rod passed through
an opening in the 3rd floor ceiling in
the spent fuel pool heat exchanger
room. NRA cited this damage found
by their 4th floor inspection.

The containment wall is largely
undamaged. Cable trays and other
equipment along this wall appear
undamaged. A pair of heat
exchangers on the 4th floor appear
undamaged including the insulation
on their piping. Debris on the floor is
from the 4th floor ceiling. Some
debris fell through the broken ceiling
as debris was cleaned off the 5th
floor. Radiation levels on the 4th floor
are over 100 mSv/h. For comparison
the 3rd floor in the same area is
about 20-30 mSv/h. They assume
there is a radiation line source on the
4th floor.

Image credit: Japan NRA

Fukushima At Ten | SimplyInfo.org | Page 41

Image credit: Japan NRA

NRA considers some of the damage
inside units 3 and 4 may be pressure
damage rather than explosive
damage. NRA considers the damage
in unit 3 to be a combination of
pressure damage and explosion
damage.
Unit 3 Fuel Microparticles
A new study shed further light on the
production and the qualities of unit
3’s fuel microparticles that were
ejected to the environment. The
particles are again confirmed to be
much more fragmented and jagged
than the microparticles produced by
units 1 and 2. The study concludes
that unit 3’s microparticles were
produced in a cooler meltdown
scenario than units 1 and 2 and that
they are more prone to further
fragmentation and breakdown in the
environment.

The current state of fragmentation is
assumed to have been caused by the
cooling process that caused them to
break apart. Size is assumed to be the
key factor in how far a microparticle
would be capable of travel away from
the disaster site. Larger
microparticles would be more likely
to fall near the plant site, smaller
ones capable of further distances.
Fibrous strands determined to be
silicon insulation fragments were not
found on the surface of the unit 3
particles but were found inside them.
This material is assumed to be
industrial insulation used inside the
reactor containment. Radioactive
cesium in the unit 3 microparticles is
significantly lower than the unit 2
microparticles. Another distinct
difference is the unit 3 microparticles
had most of the cesium activity
inside the particle, not on the
surface. The chemical composition of
unit 3’s microparticles included
substances that could be sourced
back to electrical wiring and paints.
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The fragmentation behavior of the
unit 3 fuel may pose a unique
problem for fuel removal at this unit.
The study cites the easily fragmented
behavior may cause an aerosol
generation hazard as fuel removal
takes place. (19) This will require
extensive efforts to contain air and
dusts while this work takes place.

If the damage is lower in containment
this could cause a significant water
level drop over time. If the water
level drops low enough it could
expose fuel debris in the bottom of
containment, creating a new serious
problem. (15)

Units, 4, 5 & 6

Image credit: Martin et al, (19)
Unit 3 microparticles are OH-06-07
and OH-06-10

Unit 3 Containment Damage
Unit 3 suffered some form of new
containment damage from the 7.3
earthquake in February 2021. A
gradual reduction in temperature and
the containment water level began on
February 17th, days after the quake.
The standing water in unit 3’s
containment structure is the highest
of the three reactors. Unit 3’s water
level had previously normalized
around the level of the MSIV room on
the first floor, putting unit 3’s water
level above the ground line. This new
water level drop of about 30cm (11.8
inches) does not have an identified
location.

Unit 4’s spent fuel was offloaded in
2014, leaving no fuel of any sort in
the reactor building. Units 5 and 6
both have fuel in their spent fuel
pools. Unit 6’s spent fuel pool also
contains fuel from unit 4’s spent fuel
pool moved there for long term
storage. As both units 5 and 6 are
considered largely undamaged, spent
fuel removal for these units does not
have a specific start or completion
date established. This will be some of
the last work at the disaster site. The
lack of sufficient cask storage space
up on the hill is contributing to
delays in removing spent fuel from all
of the reactor buildings, forcing
TEPCO to prioritize the most
dangerous ones first.
Unit 5 re-established the reactor data
transmission system with the national
government in February 2021. This
system was non-functional before the
2011 disaster. TEPCO plans to
re-connect the other reactor units at
Fukushima Daiichi to this transmission
system, including units 1-4. The data
transmission system sends reactor
data plus wind speed, wind direction
and radiation readings from the
monitoring posts around the plant
site to the government nuclear
regulator. (34)
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Contaminated Water
As of 2020, contaminated water
being generated at Daiichi was down
to 140 m3/day. Much of the
reduction is due to measures to
prevent groundwater and rainwater
from leaking into the plant buildings
and contaminated soil.
Stagnant water in the reactor building
basements is scheduled for removal
beginning in fiscal year 2022 with
completion slated for 2024. This work
has the potential to expose highly
radioactive sludge and fuel particles
that have settled in torus room floor
areas. In the case of unit 1 there is a
high probability of some amount of
previously molten fuel in the torus
room. (22) The sludge is assumed to
contain reactor fuel particles or other
highly radioactive materials.
Sludge from the unit 2 torus room
was sampled as part of preparation
work for the eventual water removal.
The torus room floor sludge was
found to have a significant amount of
alpha radiation from uranium fuel
particles. Included with the uranium
were other reactor derived
substances. Research is underway to
modify the existing filtration systems
to handle these alpha radiation
particles as they pump water out of
the torus room basements. (23)
Current contaminated water tank
space at Daiichi is expected to run
out in the fall of 2022. Measures to
reduce the daily accumulation of
contaminated water has helped move
the date space would run out from
summer of 2020 to fall of 2022. (32)

In an effort to further reduce
contaminated water on site a new
drainage canal has been installed at
Daiichi. This replaces the existing “D”
canal. Estimates indicate this would
spare the reactor block area from rain
inundation and related water
infiltration. (29)

Replacement drainage canal.
Image credit:TEPCO

Residual silt and standing water in
the process main building was found
to be highly radioactive in recent
years. The lower level of this building
was used as impromptu contaminated
water storage early in the disaster.
Bags of zeolite were placed in a
lower level tunnel in an attempt to
absorb some of the contamination.
The bags apparently worked and are
now the source of high radiation with
the surface of these bags as high as
2.8 Sieverts/hr.
TEPCO estimates the radiation levels
in the filter bags could be as high as
4 Sieverts/hr. An underwater remote
operating vehicle was used to check
the radiation level of the bags. Future
work will need to safely remove these
bags using remote equipment and
then drain the tunnel. (23)
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Radiation readings above the zeolite bags in the main process building taken with an underwater ROV.
Image credit: TEPCO

The old bolt together contaminated
water tanks on site have mostly been
removed. Work at the H9 tank farm to
remove this last remaining group is
underway. It appears that none of the
bolt together tanks are still in use.
These were hastily constructed soon
after the initial disaster but only have
a 3-5 year life span due to the
gaskets used to seal the tank
sections. The potential failure of
these tanks caused concerns for
contaminated water leaks. (23)
Having them out of service and
removed reduces one of the many
risk factors at the plant site.

The frozen wall has continued to
mostly work. Upper sections near unit
4 appear to not be fully frozen. Lower
sections in this area struggled to
freeze in previous years but now
appear to be more uniformly frozen.
(23) The frozen wall does appear to
be making a difference in
contaminated water levels and leaks
from the reactor block area.
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Frozen wall diagrams January 2021
Image Credit: TEPCO
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Onsite Contamination
The seafront and port area at Daiichi
continue to have contamination
problems. Some areas of
contaminated groundwater at the sea
front have decreased, others have
leveled off. The port remains higher
in contamination even with multiple
measures to prevent contaminated
water from leaking into the port. (23)

Workers
Extensive precautions for workers to
prevent covid have been in place at
Daiichi. This included instructions to
not leave the prefecture and to avoid
in person meetings or socializing.
Workers who have activities outside
of these restrictions are expected to
work from home for 2 weeks. Shift
work was already in place before the
pandemic, this shift system has been
used to attempt to divide the work
force down into groups that have less
contact with each other. Workers
involved in critical tasks such as fuel
debris removal preparation work or
reactor cooling work are further
isolated from other staff to help
prevent their infection. As of the end
of January eight workers at the plant
site had contracted covid. One was a
TEPCO employee, the rest work for
contract companies. (26)

The number of workers who have
been screened and needed treatment
won’t be released until the next
quarterly report by TEPCO. (26) A
2016 study asked workers at the plant
site about their concerns related to
radiation exposure 30% said they had
anxiety about their radiation
exposures and health risks. (31)

Outside R&D Work
A hot lab facility intended to handle
fuel debris and other highly
radioactive samples from Fukushima
Daiichi is preparing to open.
Functional tests were underway at
building 1 in February of 2021.
Building 1 handles building debris
and contaminated water samples.
Testing found that the building’s air
handling and filtration system was
not sufficient to move the needed
volume of air in and out of the
building. A start date for building 1
had been scheduled for June 2021.
That is now delayed while they solve
the air handling problem. Building 2
where fuel debris samples would be
handled doesn’t appear to be under
construction yet. (27)

Current and former workers have
been periodically screened for health
problems from their radiation
exposures. The ongoing program
attempts to document health
problems and provide needed
medical care.
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Building #1 hot lab
Image credit: JAEA

Conclusions
A notable gap exists between the
reporting from the disaster site and
the information from researchers
related to the wider environment.
TEPCO and the related entities
working at the disaster site document
the masses of fuel debris found to
date in units 2 and 3. They admit that
microparticles have been found in
the clean-up and analysis work
related to the reactors, and that alpha
radiation containing fine particles and
sludge exist in various parts of
reactor building basements and
elsewhere at the plant site. These fine
particles, like those found in unit 2’s
torus room have a high probability of
containing microscopic bits of fuel
debris and cesium bearing
microparticles. There is no clear
admission and no clear accounting
for how much of the nuclear fuel
resides in the fuel debris piles and
how much has left reactor
containments as fine materials such
as microparticles.

How much reactor fuel exists in
containment, in silts in reactor and
turbine buildings, in contaminated
water filters, and in the environment
are sorely needed to fully understand
where the fuel is. The answers to this
may not be pleasant, but they are
critical to understanding the
meltdowns and for planning any
future decommissioning work at the
plant site. New research related to
the reactors in the last year has
helped refine the understanding of
the disaster but has not provided the
kind of specific answers many people
expected to have ten years after the
disaster. This is still progress as the
understanding is further refined, yet
each new piece of information seems
to create many new questions.
Answers will still be had, eventually,
as work progresses and more 3rd
party investigation is allowed. Until
the three reactors that suffered
meltdowns are fully understood and
addressed, they will continue to pose
a hazard to the environment and
public health in the region and
potentially the wider world
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E N V IRONMENT

Natural migration and
concentration also
play a role in
decreasing and
sometimes increasing
levels of radiation even
years after the initial
disaster.
Ten years after the disaster some
improvements in the environment
have been found. Much of this is due
to the half life decay of the
radioactive substances ejected into
the environment. Natural migration
and concentration also play a role in
decreasing and sometimes increasing
levels of radiation even years after
the initial disaster. Evidence from
Chernobyl shows this will be a long
term problem.
The government radiation distribution
maps for the region around
Fukushima Daiichi show an expected
reduction in levels compared to 2011,
due mostly to the natural decay of
those substances.
Top map 2011, Bottom map 2021
Image credit: Japan NRA
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Strange after effects of the tsunami
continue to show up a decade later.
A small fishing boat swept away in
the 2011 tsunami was found in
late 2020 about 300km south of
Tokyo. The boat originated in
Kesennuma in Miyagi prefecture,
north of Fukushima. It is estimated
the boat floated somewhere near the
US coast before circulating into the
south Pacific and eventually making
its way up the Japanese coast. (1)

Image credit:ANN News

Water near Fukushima Daiichi has
been periodically tested by Japan’s
nuclear regulator since the early
years of the disaster. Two locations
directly north and south of the port
at the plant site have consistently
shown beta radiation readings in the
teens. Ten years after the initial
disaster those readings have failed
to reduce. This appears to indicate
there is still an ongoing contribution
of radioactive material into the water
at those locations. (2) This is despite
all of these new countermeasures
against water infiltration at the plant.
Further out to sea radioactive iodine
129 from Fukushima Daiichi has been
found in sea sediments offshore from
the plant site. A study found the
concentrations of i129 in a deeper
sediment layer than cesium 137 has
typically been found in.

Iodine 129 has a long half life,
causing concerns it could pose a
long term problem in the
environment. (12)
A fish was found with five times the
legal limit for radioactive cesium, off
the coast of northern Fukushima
prefecture. The location was 65km
north of the plant site. The rockfish
registered over 500 bq/kg of
radioactive cesium. Regional fishing
cooperatives and citizen groups
continue to monitor the environment
and food products for contamination.
(7)

Levels of cesium 134
and 137 ranged from
87.1–8,120 Bq/kg fresh
mass.
Wild boar sampled in Tomioka, near
Fukushima Daiichi found 210 of 213
boar had radioactive cesium
concentrations in their muscle tissue
that was over the government
intervention level for food. Levels of
cesium 134 and 137 ranged from
87.1–8,120 Bq/kg fresh mass. Fresh
mass indicates the muscle tissue
samples were not dried before
testing. Dried samples would have
significantly higher radiation readings
per kilogram. (8) This phenomenon is
still a persistent problem in portions
of Europe that were subjected to
long distance radioactive fallout from
Chernobyl. This same problem
appears to exist in the Fukushima
region.
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Mother’s Radiation Lab Iwaki has
provided a consistent independent
review of radiation in the
environment and in food products.
Their 2020 radiation test results
provide some interesting data on the
current situation in the region. A soil
sample from Futaba, near Fukushima
Daiichi, was found with 59,130 bq/kg
of cesium 137 & 134. A group of soil
samples from parks in Iwaki city
found consistent soil contamination
readings in the 100’s to 1000’s of
bq/kg. Soil samples from parking lots,
farm fields and other locations in
Iwaki were consistently in the 1000
or higher range with one in the city
found to be 63,920 bq/kg. Iwaki is
just outside of the original evacuation
zone to the south. Wild mushrooms,
pine cones and cedar leaves were
found with 100,000+ bq/kg level
readings.
A wide variety of food products were
found to be contaminated at low
levels. Unexpected findings such as a
plum pickled in shochu from
Yamagata prefecture was found to
have 2.9 bq/kg of combined cesium
contamination. Pine leaf from Ibaraki
prefecture was found to have levels
between 21-58 bq/kg. Sea water and
fish collected near Fukushima Daiichi
continued to show low levels of
contamination where official sources
frequently claim none is detected.
Beach sand from various beaches
along the Fukushima coast were
found to be in the 10’s of bq/kg at
the surface and at multiple depths
into the sand. Wood ash from Tochigi
and Nagano were found to be
contaminated.

The ash sample from Nagano on the
west coast of Japan was over 661
bq/kg. Unexpected findings from
outside of Japan continue to show up
in citizen run testing such as this. 14
bq/kg of strontium 90 that was found
in tea leaves imported from Turkey.
(14)
A study found that basic dusting and
vacuuming of homes in Fukushima
prefecture put radioactive particles
that are small enough to inhale
into the air creating a health hazard.
The researchers found if windows
were opened while cleaning took
place the concentrations were
significantly lower.

Wild mushrooms, pine
cones and cedar
leaves were found with
100,000+ bq/kg level
readings.
This showed that even a decade after
the initial disaster, routine living
activities still pose problems for
those living in the region. (3)
Nuclear fuel microparticles continue
to be a dangerous and persistent
problem in the environment both in
Fukushima prefecture and far
beyond. Independent readings taken
in 2019 showed that concentrations
of black microparticles of reactor fuel
were still being found in the
environment. A mass of new black
microparticles was found in
Nihonmatsu, north of Fukushima
Daiichi. (4)

Fukushima At Ten | SimplyInfo.org | Page 55

An independent study of non-woven
pollen face masks typically worn in
spring in Japan discovered cesium
bearing microparticles from the
reactors at Fukushima Daiichi lodged
in some of the masks. Three
individual masks worn by people in
Fukushima prefecture in 2013 had
microparticles stuck to the mask
surface. The three masks found “type
A” particles lodged in the mask
material. These are assumed to be
from units 2 or 3.
The mask wearers were in Fukushima
City and Koriyama, both areas are
outside the evacuation zone. In most
cases this spherical type A particle
has been identified as coming from
unit 2. The study concluded the
found microparticles were from
deposition that was later resuspended into the air. The study
also found that cesium containing
dust and dirt particles were insoluble
in water. This is significant as most
cesium containing dirt particles were
assumed to be water soluble. The
insolubility of these particles raises
health concerns as they would be
more difficult for the body to expel.
(10)
These same type A microparticles
were found around Tokyo and the
wider Kanto region on March 15, 2011
based on collected filter tapes. A
2020 study investigated samples
from air pollution monitoring stations
at 99 locations in the Kanto region
around Tokyo from 2011.
The same air plume that deposited
some of the first discovered spherical
microparticles in Tsukuba, carried
these microparticles from unit 2
further into the Tokyo area.

The microparticles were found in a
wide band across Kanto stretching
from east to west with the most
distant microparticles found about
300km from the disaster site. (11)

Image credit: Abe et al

Ongoing microparticle research has
found that some of these particles
contain uranium from the reactor fuel
and also plutonium. Plutonium is a
particularly dangerous inhalation
hazard. A recent study found nano
scale bits of plutonium adjacent to
uranium and zirconium within a
cesium bearing microparticle. The
three substances are derived from
nuclear reactor fuel and cladding.
The potential for plutonium to be
included into these microparticles
with a long range of deposition is a
discovery with significant
implications. Initially, the official
stance was that any ejected
plutonium would stay close to the
plant due to the typical weight of
such materials. Plutonium contained
within microparticles could have long
range transit capability, and pose a
significant health hazard.
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Cesium bearing microparticles were
isolated from soil samples collected
in Okuma, near Fukushima Daiichi.
The three found microparticles are
confirmed to be from units 2 or 3.
The study concluded that the
plutonium found in these three
microparticles did not have the right
ratios to be derived specifically from
the MOX fuel inside unit 3, but that
they are indeed microscopic fuel
particles wrapped in the cesium
bearing glass material commonly
found in cesium bearing
microparticles from Fukushima
Daiichi. (15)
Larger highly radioactive particles
were found within 3.9 km north west
of Fukushima Daiichi. These particles
were identified as materials from unit
1. The found particles had
microparticles embedded into them
leading to the assumption these were
created during the hydrogen
explosion of unit 1. While being too
large to inhale these particles still
pose an external exposure hazard.
(16)
Research and a new understanding of
microparticles has grown over the
years as we detailed here and in the
reactor specific section of this
report. A group of researchers
recently created Project IPAD, a
central database that collects all of
the technical information about found
microparticles from the Fukushima
disaster. The database includes a
public interface that allows anyone
to look up in depth data on various
documented microparticle findings
and research. (9) This level of
transparent cooperation is sorely
needed in other aspects of research
related to the 2011 disaster.

Government efforts to compel
residents to return to the evacuation
zone continue, even when the
environmental levels of
contamination may not be safe. One
of the designated “difficult to return
zones”, Iitate village is considering
allowing the central government to
reopen the area without conducting
decontamination work first. The area
would be designated as industrial and
wouldn’t allow people to live there.
The village government is
considering this change as they
consult with the former residents. (5)

The three found
microparticles are
confirmed to be from
units 2 or 3.
A portion of Okuma town near
Fukushima Daiichi that is part of the
“difficult to return zone” will be
reopened to residents in March 2021.
The area underwent some
decontamination work. Officials claim
radiation levels to be under
3.8 uSv/h. Other locations near the
disaster site that reopened after
decontamination found the radiation
levels soon went back up as
contamination from forests and other
areas migrated to the living areas. (6)
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Radiation from the initial disaster was
found around the world. A recent
study confirmed the cesium 137 and
iodine 131 deposition over North
America in 2011. The high range on
the maps is 35 bq/m2. While these
estimates are nothing close to what
was seen in the Tohoku region of
Japan, the models show that a
nuclear disaster is more than a local
problem. (13)

Image credit: Hoffman et al
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FOOD

Both farming and food consumption
have been ongoing issues in Japan,
even more so in the region around
Fukushima Daiichi. Some limited
efforts have been made to test farm
to prove certain products can be
grown without contamination, others
have hobbled along with government
programs that entice people to buy
food products from the region.
Test farming was conducted in Iitate
Village using “decontaminated” soil.
The tests included growing green
beans and cabbage on this
decontaminated soil with and without
a cover of imported uncontaminated
soil. The results were below the 100
bq/kg government limit that bans
food from public sale. They did not
disclose the actual radiation levels in
the foods. (1)
An indication of what the future of
food in Fukushima may look like, a
recent Chernobyl study found
persistent contamination in grains
and firewood. The study looked at
various grain crops and firewood
from an area 50km away from the
Chernobyl disaster site. This area is
outside the official exclusion zone.
48% of the samples were found to
have enough cesium 137 or strontium
90 to be over the government limits
for consumption or use in Ukraine.
(2)

In Namie, one of the most
contaminated areas near Fukushima
Daiichi, an agriculture company
harvested what was dubbed
“recovery rice”. The farm land was
leased from the farmers who
originally farmed the area. Reports
stated the rice was below the
government interventional level for
food (100 bq/km) but did not state
what the radiation levels were in the
harvested rice. (3)
Wood grown open air and wild
mushrooms in Saitama were found to
be contaminated with cesium 137 &
134 with readings as high as 67
bq/kg. (4) Fish hauled in Chiba
prefecture near Tokyo showed
intermittent low levels of cesium
contamination within the last year.
(5) Chiba’s limited food testing found
one slightly contaminated yuzu fruit
in 2020, but their total number of
tested products was low. (6)
Funabashi City in Chiba prefecture
published some recent data that
showed their garbage incineration
ash was contaminated. The readings
for February 2021 were between 7110 Bq/kg. (7)
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Most of the garden vegetables tested
in Funabashi City were not
contaminated. Bamboo shoots tested
in January of 2021 were as high as 15
Bq/kg with most of the tested
samples showing some level of
contamination.
There were some rather outrageous
outliers. Mother’s Radiation Lab Iwaki
found 124,770 bq/kg of cesium 137 &
134 in a wild mushroom sample from
Futaba, near Fukushima Daiichi. (9)
Certain food products appear to
continue to be persistently
contaminated. Wild or outdoor
mushrooms, certain wild grown
vegetables like bamboo shoots, and
wild boar. This mirrors what has been
seen after Chernobyl where certain
plants and animals that are good at
accumulating radioactive cesium
tend to be highly contaminated long
term.
Without better and more widespread
impartial testing programs, it will be
difficult to fully understand the long
term consequences of contaminated
food products. Certain food products
remain high risk, but most food items
appear to have seen reduced levels
of contamination over time.
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H E A LTH

Independent studies of the health of
those most exposed to Fukushima
fallout have been few since the initial
years of the disaster. A new
understanding of the radiation
releases from Fukushima Daiichi and
the findings of fuel microparticles in
the environment raises questions
about reliance on these old health
assumptions. Health issues in Japan
continue to be entangled with legal
and political issues making them
harder to know and address.
More than 240 suicides have been
officially connected to the 2011
disaster. 118 of them in Fukushima
prefecture alone. The government
assumes an even larger number of
people suffer from PTSD. A related
mental health hotline documented
that the largest issues cited by
people who called the line was the
mental stress of evacuations and life
disruptions from the disaster, along
with stresses about where to live. (1)
People impacted by the disaster
continue to try to have their voices
heard. Blogs and independent
projects like the graphic novel
“Fukushima 3.11” attempt to tell their
stories in their own words. (2)
The Fukushima Health Survey, a
government run effort to document
pediatric thyroid cancers from the
nuclear disaster continues.

A total of 252 suspected
or confirmed thyroid
cancers have been
documented to date.
The pandemic caused the survey’s
thyroid scans and regular meetings to
be postponed. A small group of new
data was presented in 2021 from
the work was able to take place in
2020. There were 6 new suspicious
or malignant thyroid cancer cases
found and 3 required surgery. A total
of 252 suspected or confirmed
thyroid cancers have been
documented to date. Of those, 202
have been surgically confirmed to be
thyroid cancers. Only a fraction of
the potentially exposed population
has participated in the survey. Over
300,000 participated in the initial
screenings that took place between
2011 and 2013. Others have opted to
not participate and rely on private
medical care or non-profit groups
providing thyroid screenings. (3)
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Long term health problems and the
potential health risks of people
returning to the contaminated region
were estimated early on based on
certain assumptions that may not be
accurate based on newer information.
Early assumptions considered
Fukushima’s releases to be less than
Chernobyl and to have been mostly
gaseous releases. Newer research has
shown that more radioactive
materials may have been released to
the environment and in forms not
considered when most of these
health projections were made.
Inhalable microparticles including
those that contain microscopic
fragments of reactor fuel were
released near Fukushima Daiichi and
as far as regions beyond Tokyo. Soon
after the meltdowns, complaints
about nosebleeds and a wide array of
symptoms that mimicked radiation
exposure symptoms erupted on
social media in areas south of the
disaster site, including in Tokyo. Such
complaints were dismissed as
hysteria at the time.

Cases such as the social media cases,
and the many evacuees that fled the
region during the meltdowns, may
have had exposures that were
significantly different than initially
assumed. If non soluble forms of
radioactive substances like
microparticles ejected from
Fukushima Daiichi and non soluble
cesium particles were inhaled, those
would not metabolize back out of the
human body as expected and
would instead provide a persistent
internal exposure. Early internal
radiation exposure calculations were
dependent on the radioactive
substances metabolizing back out of
the body over an expected period of
time.

Such a phenomenon
was found years ago
in a group of highly
exposed Fukushima
Daiichi workers.
If a portion of these materials instead
stayed lodged in people’s lungs or
respiratory tract, exposures may have
been more severe. Such a
phenomenon was found years ago in
a group of highly exposed Fukushima
Daiichi workers. This group of
workers were found to have
persistent internal radioactive
contamination in their lungs that did
not reduce as expected. Inhalation of
non-soluble forms of radiation were
determined to be the cause. (4)
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S O C IO-ECONOM I C

The socio-economic aftermath of the
disaster continues to be one of the
significant problems. Efforts to revive
local economies ran into the complex
realities of the situation. Persistent
radiation levels, widespread damage
to the evacuated areas that only
became worse after years of vacancy,
and a lack of basic services
complicated recovery. Those willing
to return to damaged communities
are few, most that do are retirees.
Roughly 60,000 people remain
evacuated due to the 2011 disaster.
This includes people who have
moved into some sort of temporary
housing and those who opted to
move to a different region. (10)
30% of Fukushima residents said they
were happy with the disaster
recovery process in a recent poll.
The neighboring prefecture of Miyagi
sat at 80% approval, Iwate was at
66%. These other prefectures were
not directly impacted by the nuclear
disaster. A resident from Futaba
quoted in a news report said this:
"My hometown is full of vacant plots
of land," said a man in his 50s who
evacuated from Futaba, which hosts
the Fukushima Daiichi plant, to Iwaki
in Fukushima Prefecture. "I cannot
imagine the town becoming a place
we can return to."

"My hometown is
full of vacant plots of
land, I cannot imagine
the town becoming a
place we can return
to."
Many cited the combination of a lack
of stable jobs and the need to obtain
bank loans to rebuild their homes as
a major obstacle towards their own
efforts to reestablish their home. (1)
In Namie, near the Fukushima Daiichi
disaster site, only 5% of the residents
have returned.
Those who were classified as
“voluntary evacuees” lost government
housing assistance in 2017, leaving
them to figure out how to cover their
expenses wherever they found
themselves after evacuating. (2)
Lawsuits against TEPCO and the
Japanese government continue to be
ruled upon by the courts. A recent
judgment found TEPCO liable for
damages to the citizens of Kawamata
town. The area was part of the
mandatory evacuations in 2011. (3)
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A court in Sendai recently ruled in
favor of 52 Fukushima residents, and
families of the deceased, who
voluntarily evacuated after the
nuclear disaster, granting them
financial compensation. TEPCO vows
to appeal the ruling. (5)
A recent ruling in Tokyo found both
the Japanese government and
TEPCO to be liable for the disaster.
This has been an ongoing dispute in
the courts. Some have found TEPCO
solely at fault, others have
determined both parties are. (6)
The existing compensation system
has left people with offered payments
that did not cover their losses,
causing many to look to the courts
for redress.
A new report outlined the inadequacy
of the nuclear compensation program
for Fukushima. The report highlights
the global problem of communities
near nuclear sites having no real
decision in nuclear projects and their
mostly non-existent compensation
plans. (9)
Fukushima school children and their
families filed a new court case in
February of 2021. Parents and
children sued the Japanese
government for not providing a safe
educational environment. The suit
cites the high radiation levels at some
schools in Fukushima prefecture. The
requested redress included providing
school facilities that are under 1
mSv/year in exposure levels and
100,000 yen in compensation per
student. (11)

Economic recovery in the region
continues to look less likely. For years
the central government injected
public recovery money into the
disaster hit areas hoping to revive the
economy. Most of this went towards
rebuilding industrial sites and some
basic retail. As that money ran out,
economic recovery has waned. (4)
This combined with other challenges
has stalled any major recovery of the
hardest hit areas.
Local economic drivers like rice
production have focused more on
modernization and marketing rather
than assuring food products are free
of radiation and conveying that kind
of proof to the public. (7)

In Namie, near the
Fukushima Daiichi
disaster site, only 5%
of the residents have
returned.

The Japanese government’s focus
has been to make people accept
contaminated food rather than
gaining public trust in the food
system. 15 countries or regions
continue to impose restrictions on
food products from the region in
Japan impacted by the Fukushima
disaster. (8)
What the long term future of the
towns that were directly impacted by
the nuclear disaster looks like remains
to be seen. Government programs
have had limited effect. Compounded
problems remain. Where communities
want to rebuild, persistent radiation
levels may complicate those efforts.
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P O L ITICAL

The political efforts around the
aftermath of the initial disaster have
been an interesting display of
governance in the face of real
problems. Frequently, the decisions
are more about keeping political
power structures and their financial
allies in place, and less about helping
those they claim to represent.
It was revealed in 2021 that the
Japanese government had planned
to evacuate the Emperor from Tokyo
during the height of the meltdowns in
Fukushima. The Imperial Household
Agency rejected the idea stating the
Emperor would not evacuate unless
the people were also to evacuate. (1)
This incident reminds how serious the
disaster was, the potential for it to
become a much larger problem and
the very real concerns of the central
government that they may have had
to evacuate Tokyo if the disaster had
become worse.
The 2020 Tokyo Olympics were
conceived by the Japanese
government as a massive public
relations stunt to proclaim the 2011
disaster was “over”. Many of the
events were planned to take place in
the disaster hit regions including
parts of Fukushima prefecture that
are still heavily contaminated with
radiation. The pandemic threw this
plan into disarray and eventually
forced the postponement of the
games.

Japan’s government intends to hold
the games in August of 2021
including at the various venues in
Fukushima prefecture. The timing and
the probable lack of sufficient global
vaccination by that time make the
plan ill fated. Japan is already months
behind in vaccinating their
population. The first vaccinations
were given to health care workers in
mid-February and there appears to
be no plan to rapidly vaccinate other
populations in the country. (7)
The financial aspect of the games is
built on large volumes of
international tourism to bring in
revenue. (2) With a significant third
wave of covid infections in Japan
that is just now waning, and the
realization that vaccinating large
numbers of public may be months or
years away, the Olympics may not
happen after all. The Japanese
government admitted the games may
not be able to happen but stopped
short of speculating if they would be
postponed again or outright
canceled. (3) A survey of people
from the disaster hit region in Tohoku
found that 64% consider the idea of
the Olympics being used to boost
reconstruction in the region to be
useless. (6) Some governors have
asked for their prefecture to be left
out of the torch relay, citing
concerns over the pandemic. They do
not want people traveling to the
prefecture as spectators, potentially
increasing the infection rate. (8)
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Financial concerns still play a large
role in how local decisions are made.
Before the 2011 disaster, local
communities relied heavily on tax
revenue from nuclear power plants in
Japan to subsidize their budgets.
In the ten years since, tax revenues
from nuclear plants increased rather
than decreased even with most plants
offline. Some of this is due to local
municipalities changing how such
taxes are calculated. In 2011 the local
municipalities around Fukushima
Daiichi received about $193.7 million
USD in tax revenue. In 2020 that
amount more than doubled. (4) This
may add to the nuclear industry’s
motivation to restart more nuclear
power plants in Japan.

Major change did not happen.
Government worked to assure the
same people stayed in power as their
primary focus. The 2011 disaster was
not enough to dislodge the
entrenched powers in Japan’s
government, but social media may
have found that power. More young
people, dissatisfied with life under
the rule of the “old man's club” have
begun to challenge the existing
political power structure. (9) This
may do more to upend political
dynamics in favor of the people than
even a global nuclear disaster could.

In 2011 Japan’s central government
restricted nuclear power plants to 40
years of operation as part of their
post Fukushima reform efforts. A
narrow exception was made to
potentially give a reactor an
additional 20 year extension. This is
now being exploited by power
companies in an attempt to operate
aging reactors beyond 40 years.
Japan lacks a viable nuclear fuel
cycle program and has no functional
national program to deal with all of
the spent fuel located in the country.
(5) Efforts had been made to try to
find a community willing to volunteer
to host an underground dump for
spent nuclear fuel and other high
level nuclear waste. So far no
community has been willing to do
this.
Anyone hoping a massive triple
disaster would prompt a government
into change, or acting in the best
interest of people first, would be
sorely disappointed in the last
decade in Japan.
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C O N CLUSION

Progress in understanding the
meltdowns has been slow but
what has been accomplished in the
last 10 years has been useful towards
controlling, and understanding the
disaster. Large gaps of knowledge
remain and within those gaps are
significant problems. The lack of a full
understanding of where the reactor
fuel is and in what forms, means this
risk continues to be improperly or
inadequately addressed. This may
cause unnecessary environmental and
public exposures and could cause
unknown conditions related to the fuel
or the buildings on site to worsen.
Many questions remain. The location
of all of the melted fuel, how much
was ejected to the environment and
how much resides in unexpected
places such as building basements
and contaminated water filters,
needs to be determined. Early
estimates may not reflect the newly
understood reality. Conditions in parts
of the reactor buildings such as the
upper containment structures,
portions of unit 3’s torus room and
other yet to be explored areas are not
known but may be important to fully
understanding the disaster. Many of
these tasks appear to be perpetually
deferred at Fukushima Daiichi.
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C O N CLUSION

Political and business priorities
continue to stymie understanding the
true impact of the disaster on people,
their health and the environment. The
real health consequences may never
be fully understood due to this, or will
only come to light after it is too late
for many individuals. Strides have
been made to understand the disaster
through environmental research. This
same kind of unbiased independent
research needs to be used to better
understand all aspects of the disaster.
Ten years after the disaster, the places
where progress happened, where
hope lived, were where people were
able to act independent of political
and business interests. Scientific
understanding happened when
academic researchers could work
without undue influence on their work.
Citizen groups that monitored their
environment, their food, their health
and their communities created a body
of reliable information that is more
useful than any of the government’s
official efforts. Technical research
towards solving the problems at
Fukushima Daiichi worked best when
it was based on factual information
rather than TEPCO’s public relations
strategy. All of the places where
things worked right may be the best
path out of this long term disaster.
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