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A DECADE OF RESEARCH

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

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

Our work continues across mult iple
discipl ines to help understand and
communicate the evolving story of the
tr iple disaster and more specif ical ly
how Fukushima Dai ichi has become
the world's worst nuclear power
disaster.  
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There is much left  to understand as we
continue to comb through data, the
best independent research, news and
the personal stor ies of those impacted
by the disaster.

Things that were in f lux in the early
years have sorted themselves into
more defined problems. Those new
issues wi l l  be addressed more in depth
on our website going forward to help
people better understand the 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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Ten years have unfolded since the March 2011 disaster.  The
world was shocked as one of the worst mult i faceted disasters
in modern history unfolded, broadcast l ive around the world.
Social  media saw an unprecedented spike in traff ic as people
searched for and shared information in real t ime. 

Usable information and detai ls about the devolving situat ion at
Fukushima Dai ichi were scant,  due to the disruption of the
disaster and an unwil l ingness by TEPCO and the Japanese
government to be transparent with the publ ic at a t ime that i t
was most needed. Denials that there was a problem at the
plant continued r ight up unti l  the moment unit  1  exploded on
l ive TV. 

Even with the explosion of two nuclear reactors,  seen by
mil l ions 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  r isk 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. 

INTRODUCTION



The plant s ite for Fukushima Dai ichi
has changed considerably.  Faci l i t ies
and bui ldings that used to help
operate the 6 reactor plant have
given way to f ields of contaminated
water tanks, new bui ldings to store
dangerous waste materials and
debris and new command faci l i t ies.
The industry of generat ing power has
turned into the industry of deal ing
with the massive aftermath of 2011.
The large rest bui lding, operat ing as
a command and employee center was
completed in 2015. The new bui lding
contains everything including a
Lawson convenience store.

A Christmas day 2020 photo dump
by TEPCO included this interest ing
photo. The location is the sea front
directly south of the reactor block
areas. The original hi l l  bluff  around
the plant can be seen along with
terraced landscaping going down to
the sea.

AT THE DISASTER SITE
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The photo, taken on March 20, 2011,
shows where the tsunami wave
attacked the hi l l  as i t  met the sea.
The wave height can be seen in the
color change where the vegetat ion
and top soi l  are missing. The wave
reached about ¾ of the way up the
hi l l .  Had the plant been sited on the
natural  hi l l  instead of the hi l l  being
cut down by General Electr ic to save
money on water pump equipment
costs,  the disaster may have turned
out quite differently.  (3)

Spent fuel removal work continues at
the disaster s ite.  This important work
was given prior ity to prevent a
subsequent accident should any
of these pools suffer new damage or
fai lures.  TEPCO plans to have al l
spent fuel pools emptied by the end
of 2031. Detai ls of each unit ’s spent
fuel removal is included in the
section for that reactor.  (7) The
shared storage pool is 98.3% ful l ,
with most of that being fuel off loaded
from the spent fuel pools.  The dry
cask storage faci l i ty on the hi l l  is
51.3% ful l .  As spent fuel assemblies
are removed from each reactor’s
spent fuel pool they are f i rst moved
to the shared pool,  then eventual ly to
a storage cask, then placed in the dry
cask storage faci l i ty on the hi l l .  Some
of unit  4’s spent fuel was diverted to
unit 6’s spent fuel pool due to space
constraints at the t ime. (24)

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 f i rst to determine
what technology works best.  

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

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

Unit 1  has an upcoming  containment
inspection that should provide some
addit ional 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 eventual ly f ind and
retr ieve 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.
Preparat ion work discovered there
were objects interfer ing 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)



Fukushima At Ten |  SimplyInfo.org |  Page 06

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

 



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 eventual ly
plan to use the same camera to take
images inside containment through
this hatch area. (25)

A previous containment inspection
in 2017 col lected data on a port ion of
the containment structure. The ROV
reached the pedestal  doorway area
but l i t t le information was given to the
public at the t ime. An IRID
(International Research Inst itute for
Nuclear Decommissioning) report in
2021 reveals new information about
that inspection.

They were able to confirm or
est imate 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 eventual ly leave
containment.  Pr ior studies and
reports from various sources assumed
melted fuel or fuel part icles 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 port ion of the
containment structure was inspected
in this manner leaving no data for the
other half  of containment.  (8)
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3D camera inside containment hatch
Image credit: TEPCO



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

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 i t  wasn’t
considered to be fuel debris and the
chemical composit ion appeared to
back that up. The debris bed looks
l ike coarse sand. (8)

The upcoming ROV inspections are
documented as mult iple phases, each
accomplishing a specif ic task and
type of information gathering. Pr ior
inspections were able to identify the
depth of the total  debris bed on one
side of containment and water levels
vs.  the containment f loor.  

This diagram below shows a rough
estimate of what they think the debris
bed might look l ike along with the
upcoming phases of inspection. (8)

Fukushima At Ten |  SimplyInfo.org |  Page 08

Containment inspection diagram
Image credit: IRID

*machine translation by SimplyInfo.org



Unit 1 Microparticles

A new study confirms more detai ls
about the micropart icles from unit 1 .
Micropart icles are t iny glass l ike
materials of fused nuclear fuel ,
reactor parts,  and concrete, created
in the condit ions of a reactor
meltdown. This new understanding
has been one of the most s ignif icant
developments of the last decade.

The formation of the part icles
inside unit 1  came from extended
high temperature and pressure
condit ions needed to create these
unique formations. Unit 1 ’s
micropart icles are spherical yet oval ,
but contain imperfections in the
surface and signif icant round voids
inside them.
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Image credit: IRID
*machine translation by SimplyInfo.org



This indicates that the molten fuel
inside unit 1  was low viscosity and
high in heat.  These condit ions are key
to understanding the behavior of
molten fuel and the abi l i ty for i t  to
burn through the containment
structure. A hotter,  low viscosity
molten fuel over an extended period
of t ime has a higher probabi l i ty 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 wal l  and
migrated into the torus room. 

The unit 1  micropart icles have si l icon
fibers assumed to be from reactor
insulat ion, embedded into the outer
surface of the micropart icles.  This is
different from unit 3’s micropart icles
that had insulat ion materials in the
inner material  only.  The differences
may provide hints about how or when
insulat ion material  was incorporated
into the fuel melt .  Unit 1 ’s spherical
micropart icles are lower in radiat ion
but larger in s ize than the ones found
at unit  2 but they are st i l l  an
exposure hazard. (19)
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A separate study found similar
evidence, and also concluded these
unique part icles were derived from
unit 1 .  The study confirmed a group
of part icles found in Futaba, close to
Fukushima Dai ichi ,  to be larger than
most found fused part icles,  these
were too large to be an inhalat ion
risk.  This fol lows the assumption that
larger part icles fel l  closer to the
plant,  smal ler micropart icles were
capable of long distance transport .

One of the part icles of a s l ightly
different type, found in this study,
had the highest level of radioactive
cesium found in these types of
part icles in the environment to date.
This indicates there may be some
variance or mult iple sub-types of
part icles 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
diff icult  to inspect.  These areas
would require robot or scope
inspections that typical ly take months
to arrange. This new damage raises
concerns about the long term
integrity of the damaged reactors.
Plans to eventual ly f lood the
containment structures to remove
melted fuel debris now seem even
less l ikely.  (15)

Image credit: Martin et al (19)
Cross sections of unit 1 microparticles



Unit 1 Suppression Chamber

TEPCO has paid part icular attention
to the vacuum breakers and certain
areas within the suppression chamber
structure, also known as the torus.
Proof of molten fuel migrat ing from
the containment structure into the
suppression chamber and torus room
were confirmed in previous years.
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Extensive damage was found on the
vacuum breaker of X-5E. Japan’s NRA
assumes this could have contr ibuted
to gasses from the containment
structure and drywell  area directly
venting without water scrubbing to
the environment when unit 1  was
vented. (10)

This may evidence of the
contamination route of the SGTS
(Standby Gas Treatment System)
fi l ter system becoming highly
contaminated, and may have
signif icantly inf luenced the total
source term of vented radiat ion
releases to the environment. (10)

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

Inspections found a high radiat ion
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 location of high radiat ion at
X-5G roughly matches up with a
location of high radiat ion inside
containment found back in 2015. That
location inside containment, found
on the diagram below, indicated a
radiat ion reading of 24.9 Sv/h
between the B11 and B13 points on
that inspection. On the diagram, the
demarcation l ine that runs through
the large hatch opening leads to the
steam tunnel on the f i rst f loor 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)
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This is also in the general vicinity
where scorch marks, melted wir ing
and a pi le of what appeared to be
melted nuclear fuel was found inside
the torus room back in 2012.
Radiat ion readings taken down into
this underwater area of the torus
room reached some of the highest
radiat ion readings found at the
disaster s ite.  (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 f i l ter trains for
the venting systems. Emergency
venting systems that do not route
through this f i l ter bank can st i l l
contr ibute radiat ion into the venting
systems pipes and the f i l ter trains.

NRA’s survey found radiat ion as high
as 3 Sieverts/hr near one of the f i l ter
trains with mult iple locations near the
fi l ter trains over 1 Sievert/hr.  Those
levels are considered lethal .  Packbot
robots were used to do the two
surveys. I t  is noted in the report that
a similar survey wil l  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



The radiat ion levels found indicated
that unit  1 ’s mult iple 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
detai ls could help better understand
the meltdowns and the releases to
the environment.
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Unit 1 Reactor Well

Japan’s NRA and JAEA (Japan
Atomic Energy Agency) looked at the
contamination in the reactor wel l  of
units 1-3. Unit 1 ’s reactor wel l  was
found to be damaged and the
concrete cover s labs dis lodged on
prior inspections. This new work
determined that the contamination 

level in the unit 1  reactor wel l  is the
lowest of the three units.  Based on
their f indings, they assume unit 1  did
not have a signif icant radiat ion
release from the reactor wel l  before
the hydrogen explosion at this unit .
What contamination was found
appears to have concentrated in the
areas where the concrete slabs
connect.  

Image credit: TEPCO
SGTS radiation readings

The graphic below shows the related
radiat ion readings. Standard readings
are at 1 meter above the f loor,
addit ional readings at a location are
at the f loor level .  Floor level readings
appear to be higher than the 1 meter
readings. (1)



NRA/JAEA also assumes that due to
the slabs being dislodged, they did
not trap most of the leaking
contamination l ike units 2 and 3 did.
Unit 1 ’s reactor wel l  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 refuel ing f loor
wal l  rubble. This vent stack is one of
the most contaminated locations at
the disaster s ite.  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 wel l  readings that were
comparably low.

Work to cut the upper port ions of the
vent stack were completed in May
2020 and a cap was put on the
remaining vent pipe to prevent water
inf i l t rat ion. The drain sump for the
vent stack was found to have
increased water levels after the cap
was instal led. The south side opening
to the sump pit was assumed to be
the cause. A cover was added to
prevent water inf i l t rat ion. After this
cover was instal led, increases in the
water level in the sump were st i l l
discovered. The cause of water input
into the sump is currently under
invest igation. (22)
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Unit 1 ’s SGTS f i l ter train was three
times as contaminated as the same
fi l ter train at unit  2.  The piping from
the vent valve inside unit 1  to the
vent tower on the unit 1  s ide is highly
contaminated. Residual cesium 137
contamination in the unit 1  SGTS pipe
that runs to the vent stack is
est imated to be 0.1 Tbq, The unit 1
SGTS f i l ter train was 10 Tbq. This
more in depth inspection work
confirms that unit  1  was the sole
contr ibutor to the contamination of
the vent stack. These high levels of
residual contamination including the
deadly high levels of radiat ion found
at the base of the vent stack in
previous years show that unit  1
ejected a signif icant amount of
radioactive contamination via the
vent tower.  To date, none of the
entit ies granted access to this area
have tested the pipes or the vent
stack for evidence of fuel
micropart icles.  (21)

Unit 1 Refueling Floor &
Spent Fuel Pool Work

Work to clean and stabi l ize the
refuel ing f loor of unit  1  has continued
through 2020. This work is in
preparat ion for the instal lat ion of a
spent fuel removal defuel ing bui lding
over unit  1 .  In November 2020, work
to stabi l ize the damaged overhead
crane on the refuel ing f loor was
completed. This involved a series of
braces and jacks to keep the crane
from fal l ing as nearby debris is
eventual ly removed. (6)



A defuel ing bui lding wil l  be
instal led before the damaged cranes
and remaining debris wi l l  be removed
from the refuel ing f loor.  Construction
of the new defuel ing wil l  begin in the
first half  of f iscal year 2021. (22)
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Unit 1 Defueling Building

Work continued in late 2020 to
dismantle the old inter im cover
bui lding over unit  1 .  This work is
expected to f inish in June of 2021.
The “ large scale” cover bui lding
(defuel ing bui lding) that wi l l  be used
for spent fuel removal work is
currently scheduled to begin
construction in the f i rst half  of f iscal
2021. (7)(22) The eventual
completion of the new bui lding is
planned for 2024. This new defuel ing
bui lding would go over the exist ing
reactor bui lding, transferr ing most of
the weight directly to the ground.
The plan st i l l  needs to pass seismic
bui lding requirements and review by
Japan’s nuclear regulator.  The
planned design would include a steel
shel l  and a sealed & f i l tered air
handl ing system intended to catch
radioactive dusts.  TEPCO plans to
begin spent fuel removal work at unit
1 in f iscal years 2027-2028. (7)

Diagram of the damaged overhead crane and repair work
Image credit: Japan NRA

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



Unit 1 Ground Fissure

Soon after the init ia l  disaster,  what
appeared to be a large f issure in the
ground appeared in a photo released
by TEPCO. The poor qual i ty photo
near unit  1  appeared to show a deep
tear in the earth. This entire area was
f i l led with dirt  soon after,  making
further analysis diff icult .  This photo
from March 20, 2011,  released by
TEPCO in late 2020, clearly shows
the area in question. The area near
the reactor bui lding appears sol id
and largely unscathed. There is a
smal ler area near the road that
does show dirt  being dug out or pi led
up near the road and what could
have been a smal l  ground
disturbance. Earl ier concerns that a
f issure could have damaged the unit 1
reactor bui lding appear to have not
been the case. This is a good
example of the long game of
understanding what happened at
Fukushima Dai ichi ,  and why 
 subsequent information is crucial  to
that work.  Photo that was released
in 2020 but taken in March 2011 at
top. (4)
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Image credit: TEPCO

Image credit: TEPCO
Top image: newer photo
Lower images: original 2011 photos that caused
concern. 



Unit 1 Conclusions

Inspection work to f ind the melted
fuel has found some of i t  on the
containment f loor under a deep bed
of f ine sand l ike debris.  Radiat ion
levels and visual evidence have found
fuel debris in the torus tube, torus
room, the SGTS vent f i l ters and
various locations along the
venti lat ion pipe routes and the vent
tower. 

Micropart icles from unit 1  appear to
be a signif icant problem. These have
been found in the environment
outside the plant grounds, and
around the evacuation zone. The
presence of these fuel micropart icles
may explain TEPCO’s hasty
construction of a fabric tent over unit
1 back in 2011.  A reason was not
given at the t ime. Evidence of fuel
debris outside of containment in the
torus room may have added to that
decision to cover unit  1 .  The high
radiat ion levels in the vent systems
and vent tower along with a lower
than expected radiat ion level in the
reactor wel l  indicate that unit  1 ’s
major radiat ion release may have
come from the emergency venting of
the reactor.  

The hydrogen explosion l ikely
contr ibuted to the releases, but the
vent system is one of the highest
areas of contamination on site.  The
exact location and condit ion 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.
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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 f iscal years
2024-2026.(7) Before that begins, a
new outdoor platform and equipment
wil l  be instal led to assist in
completing the work. High radiat ion
levels on the refuel ing f loor prevent
workers from conducting spent fuel
removal work in person. 

Plans to remove the intact 5th f loor
roof and wal ls ,  to instal l  large remote
equipment was considered and
eventual ly rejected due to the
amount of radioactive substances this
would have ejected into the air .  The
addit ional platform and remote
equipment concept was establ ished a
few years ago, and now that plan has
been ref ined into a detai led project.  

Preparat ion work has begun outside
the unit 2 reactor bui lding to clear
the ground for the platform
foundation. The new platform
building wil l  include an air  handl ing
and containment system to prevent
radiat ion releases from the refuel ing
floor to the environment.

Construction is expected to be
completed before the 2024 spent
fuel removal date. (28)
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Ground preparation work outside unit 2
Image credit: TEPCO

Unit 2 new platform building construction phases.
Image credit: TEPCO



Unit 2 Reactor Well

Invest igations of the reactor wel l  at
each unit found that unit  2 has the
highest radiat ion level of the three
that suffered meltdowns. The
contamination in the reactor wel l  was
found to be 40-70 Pbq. Unit 2’s
meltdown circumstances may have
caused this unit  to have the highest
concentrat ion. The concrete wel l
cover s labs are intact and not
dislodged. Signif icant amounts of
highly radioactive steam leaked out
of the reactor wel l  of unit  2 for years.
This combination may have caused
large amounts of contamination to
cl ing to the reactor wel l  cover s labs. 
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The image above shows the refuel ing
floor area above the reactor wel l .  This
was init ia l ly covered in random debris
left  over from pre-disaster work.
Before cleaning this area, the center
of the reactor wel l  was over 
880 mSv/h. After cleaning and
decontamination the readings were
down to 140 mSv/h. (14)

Design of the remote rig that will be used to remove spent fuel. 
Image credit: TEPCO 

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



Unit 2 SGTS & Vent System

Unit 2’s SGTS f i l ter train and most of
the vent l ines were found to be low in
contamination. The f i l ter train is lower
than the f i l ter train at unit  1 .  A section
of unit  2's outdoor vent pipe that is
signif icantly contaminated is a 10
meter run of pipe that connects to
the main shared vent pipe with unit  1
before the vent stack. I t  is assumed
that contaminated gasses f lowed
backward into the unit 2 pipes then
cooled and condensed, sett l ing in the
pipe. Evidence gathered from unit 1
appears to show that unit  1  was the
sole contr ibutor of contamination in
the vent tower and that unit  2’s
venting during the meltdown was not
successful .  (21)
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Unit 2 Fuel Debris Removal

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 mult i-task system for
various phases of fuel removal from
containment.  The arm is currently
under test ing and f inal  development
in the UK. Due to the coronavirus
pandemic, f inal  work and
transportat ion to Japan has been
postponed for about 1 year.  (7) This
wil l  put the fuel debris retr ieval work
further behind for al l  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 mult iple 
 devices instal led on the t ip.  (8) 
The arm wil l  include various
interchangeable retr ieval devices
including a brush, a vacuum and a
grabber capable of capturing pebble
shaped debris.  (9)
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Debris collection device
Image credit: IRID

Brush head for fuel removal arm
Image credit: IRID

Vacuum head for fuel removal arm.
Image credit: IRID

End of 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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Image credit: IRID
*machine translation SimplyInfo.org

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 bui lding
and the reinforced concrete
containment structure. The reactor
bui ldings are unable to bear the
addit ional load of al l  of this large
equipment.  The solut ion was to
develop a bridge that would span
between the two stable areas. (8)

In order to instal l  and operate this
new equipment the containment
hatch door wi l l  eventual ly 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 radiat ion. 

Reports from IRID show it  being
instal led on a containment hatch.
This is unl ikely to be inside unit 2 as
the background area appears
undamaged and workers are not
wearing protective gear.  This is more
l ikely being tested at unit  5 at
Fukushima Dai ichi .  The unit 5 reactor
was largely undamaged by the 2011
disaster and has been used as a test
bed for var ious work slated for the
damaged units.  (8)
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Image credit: IRID
*machine translation SimplyInfo.org

A prototype fuel canister removal
robot ( image left) was mentioned in
2020 by IRID. Information about the
device was scant in the presentat ion.
(9)

An ongoing plan to inspect inside the
reactor core of unit  2 has progressed.
The plan involves instal l ing a dri l l ing
rig on the exist ing refuel ing f loor
level access platform that was
instal led a few years earl ier .  

This r ig would dri l l  at an angle
through the bui lding, containment
wal l ,  reactor vessel wal l  and al low
inspection with a scope camera
inside the reactor vessel .  IRID
confirms this concept is viable and
wil l  move forward. This work
currently does not have an
implementation t imel ine. (8)
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Image credit: IRID

This upper inspection wil l  help gather
information for future work to remove
fuel debris from the reactor vessel
through the top of the reactor
bui lding. This work has been planned
as “wet” or dry. One concept requires
f looding the entire containment
structure, the other does not.  The
flooding concept has met with
various chal lenges including a lack of
structural  integrity within the
bui lding, capable of holding that
volume of water.  The number of
penetrat ion holes in the containment
structure that would require water
t ight seal ing is also a problem. Either
way this upper extraction method
continues to be part of fuel removal
planning.

Image credit: IRID

The upper fuel removal method has
been ref ined in recent years.  A
containment cel l  and a basic removal
arm concept have been establ ished.
This currently doesn’t include a
method for removing canisters so it  is
st i l l  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
wil l  be used to further ref ine the
future fuel debris removal work.  (22)



Any fuel debris removal work
increases the r isk of releasing fuel
micropart icles,  dusts or other
radioactive f ine materials .  TEPCO
plans to use negative air  pressure
and water spraying to reduce the
potential  for these kinds of releases.
Earl ier research into fuel debris
removal has looked at the potential  of
this work to create a dangerous
crit ical i ty in the fuel debris and f ine
mobile materials .  Detection
equipment and boron injection
equipment have been planned to
attempt to reduce that r isk.  Both a
crit ical i ty,  or a fuel dust release could
have major consequences at the
plant s ite and to any nearby
community. 

 
Unit 2 Microparticles

A recent study highl ights a new
understanding of unit  2’s ejected fuel
micropart icles by comparing them to
units 1 and 3. Unit 2’s micropart icles
are signif icantly smal ler,  much more
radioactive and hold more of the
radioactive cesium in the outer glassy
surface. Unit 1 ’s micropart icles have
been further identif ied and
documented. I t  showed those were
also spherical but much larger in s ize
with a porous nature both inside and
out.  Unit 2’s micropart icles were
clearly produced under different
circumstances than the other two
reactors.  One behavior the study
mentions is that high heat and
pressure are condit ions key to making
the spherical micropart icles vs.
s l ightly lower heat that created the
jagged micropart icles from unit 3.
(19) The smal ler s ize and high
radioactivity make these unit 2
micropart icles a s ignif icant health r isk
as they are easi ly inhaled.
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No studies have been done to date
to see i f  the release of these
micropart icles coincided or caused
the widely described problems of
nose bleeds, sore throats and
medical ai lments that looked l ike
radiat ion exposure symptoms among
people further away from the plant in
places l ike Iwaki and as far away as
Tokyo as reported on social  media in
2011.  

 

Unit 2 Conclusions
 
Unit 2’s meltdown provides an
interest ing contrast to the events at
units 1 and 3. Unit 2 was never
successful ly vented and did not
suffer a hydrogen explosion. The
removal of the refuel ing f loor blow
out panel,  described by TEPCO as
being caused by unit 3’s explosion,
may have spared unit 2 from creating
the condit ions needed to cause
a hydrogen explosion. 

The unique condit ions at unit  2
al lowed it  to spread a signif icant
volume of easi ly transportable, highly
radioactive fuel part icles 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
radiat ion than expected and assumed
to be high in metals whi le low in
nuclear fuel .  This raises signif icant
questions about where the nuclear
fuel i tself  actual ly is .  I t  could be
below the metal layer,  effectively
shielded by the metal .  How far i t
could have burned down through the
basemat concrete is not known. 



Also not quantif ied or ful ly
understood is how much of the total
nuclear fuel materials converted to
micropart icles and have left  the
containment structure via air  leaks in
the reactor wel l  or along with cool ing
water that leaks out of the lower
levels of the containment structure.
As workers begin the f i rst 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
l imited by the number of fuel
assemblies that can be put into the
transportat ion cask. This spent fuel is
then moved to avai lable space in the
common spent fuel pool bui lding. (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
signif icant port ion 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 f iscal year 2020, end of March
2021. (7) Work was completed ahead
of schedule and al l  of the spent fuel
including damaged assemblies were
removed on February 26th, 2021.
(33)
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Damaged spent fuel assembly being removed from unit 3’s spent fuel pool in 
February 2021. 
Image credit: TEPCO



In order to remove these damaged fuel
assemblies TEPCO needed special
equipment.  A tool was developed to
straighten bent fuel rack l i f t ing handles
that were obstructing the removal of
some spent fuel assemblies along the
edge of the fuel rack. .  (24)
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Image credit: TEPCO

The plan for removing the remaining
damaged fuel assemblies was to l imit
the l i f t ing force to 1000 pounds. I f  an
assembly remained stuck, use vibrat ion
to see i f  that would free it .  I f  v ibrat ion
did not work then attempt to cut the
fuel rack storage channel unti l  the fuel
assembly is free. A mock-up of the
vibrat ion device was tested at one of
the research faci l i t ies but eventual ly
never used. (24)

Vibration device
Image credit: TEPCO



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

A fuel rack cutt ing device was
designed and was tested at a
research faci l i ty.  This was ult imately
not used. (24)

Fukushima At Ten |  SimplyInfo.org |  Page 29

Image credit: TEPCO

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)



By the end of February, 13 damaged
fuel assemblies remained in the spent
fuel pool.  TEPCO determined that
they could be removed by chisel ing
the debris lodged around the top of
the fuel assembly. (28)
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Chisel in use to dislodge damaged fuel assemblies
Image credit: TEPCO

Image credit: TEPCO

The f i rst damaged assembly was then
moved to a rack in the shared pool.
The remaining 12 were completed
February 26th, 2021. (30)



Unit 3's spent fuel is currently stored
in the common pool.  I t  wi l l  eventual ly
be transferred to dry cask storage.
(28)
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Unit 3 spent fuel assembly being placed into 
a storage rack in the common pool. 
Image credit: TEPCO

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



SRV Valve Failures

SRV valves (steam rel ief valves) al low
the reactor vessel to release
pressure, preventing damage from an
over pressure event,  s imi lar to a rel ief
valve in a pressure cooker.  
 Invest igations by Japan’s NRA found
that these valves had a l imited
capabi l i ty after AC power was lost .
The valves have a backup nitrogen
supply to open and close the valves
about 8 t imes each. When that runs
out the valves cease normal
functions. 

NRA found that these valves in unit  3
went to a state they cal led
intermediate open. This was where
they were not open but not capable
of ful ly closing either.  The valves
were left  in a state where they could
continual ly 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 condit ions
inside the reactor vessel ,  and how
that contr ibuted to condit ions 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 s l ightly,
indicating specif ic meltdown factors
were involved. The reactor wel l
concrete cover s labs at unit  3 were
most contaminated in the top cover
level and the intermediate layer
directly beneath it .  (14)

The contamination levels in unit  3’s
reactor wel l  cover s labs is est imated
to be 30 Pbq. This is considerably
higher than unit 1 ,  but s ignif icantly
lower than unit 2.  Unit 3’s cover s labs
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)
col lected and tested a group of
concrete samples from unit 3.  The
samples were identif ied as port ions
of the inner and outer upper bui lding
wal ls .  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 radiat ion and
potential  escape points for reactor
fuel part icles.  The radiat ion readings
for both sets of samples were in
different units of measurement but i t
is st i l l  clear they differed greatly.  
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The unit 1  drain sump readings are
quite high whi le the bui lding rubble
from unit 3 is quite low when
compared to the other sample set.
(14)

Unit 3 Explosion Review

Japan’s NRA , Nippon Televis ion and
Fukushima Chuo Televis ion used
exist ing 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 detai ls .  
The image analysis proved that unit
3’s explosion was a mult i  stage event.
NRA also claims that the 200 meter
plume at unit  3 was caused by the
massive combustion rather than a
specif ical ly explosive force.

 “The plumes and debris that rose
about 200 meters above the reactor
bui lding were not blown up by the
impact of the hydrogen explosion,
but by the air  f low associated with
the combustion of f lammable gas
centered on hydrogen.” 

As part of NRA’s research, they used
landmarks in the video to establ ish
the height of var ious events within
the explosion, something we did with
a lower qual i ty version of the same
video years earl ier .  Landmarks such
as other bui ldings and the vent stacks
provide useful reference points.  NRA
was able to identify the f loor level
within unit  3 where various port ions
of the explosion took place. 

This new analysis was able to capture
the f i rst s igns of the explosion. These
included a distort ion of the northwest
corner of the bui lding, the port ion of
the bui lding that would eventual ly
suffer the largest destruction. The
first s ign of the hydrogen ignit ion and
flame was found at the southeast
corner of the bui lding. These two
pieces of information are useful for
understanding the damage found
within the bui lding after the
explosion. 

In the accessible port ions inside the
reactor bui lding, s igns 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 bui lding. On the west and
north sides structures and equipment
were blown north and westward or
away from the center of the bui lding.
This ignit ion and bulging found in this
f i rst image may show what caused
this unique damage inside unit 3.  
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The image below shows the next
progression of the explosion. The
bui lding continues to distort towards
the west and north and now the east
and south side of the bui lding
appears to either col lapse inward or
down, i t  is not exploding outward. 
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Image credit: NRA, Nippon Television, Fukushima Chuo Television

Image credit: NRA, Nippon Television, Fukushima Chuo Television



In the image above the southeast
explosion grows, the south wal l
col lapses and an outward force can
be seen, the northwest corner of the
bui lding continues to distort outward. 
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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 bui lding. The
south refuel ing f loor level wal l  is
gone. A narrow f lame is seen in the
north west area of the reactor wel l .  



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

Fukushima At Ten |  SimplyInfo.org |  Page 36

Image credit: NRA, Nippon Television, Fukushima Chuo Television
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The image above shows the start of the massive explosive
column in the center of the reactor bui lding. The south refuel ing
floor level wal l  is gone. A narrow f lame is seen in the south west
area of the reactor wel l .  



From this point the west s ide of the bui lding
explodes in a rol l  of black smoke whi le the explosive
column continues to bui ld. 
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Image credit: NRA, Nippon Television, Fukushima Chuo Television

As the explosion continues, NRA considers the large f lame to be
sucked into the growing explosive column, not obscured by it .  



As the explosive column grows, large rol l ing plumes
of black smoke expand across the ground. 
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Image credit: NRA, Nippon Television, Fukushima Chuo Television

The column of smoke migrates to the north as i t  r ises.  



NRA’s report notes that the debris
and smoke plume are r is ing together
and the bui lding debris hangs for
about 9 seconds before fal l ing back
to the ground. They cite that i t  is
“diff icult  to explain” the smoke and
debris plume as being only blown up
by the init ia l  explosion. 

NRA notes that unit  1 ’s f lame port ion
of the explosion at that reactor took
place from 0/60 to 2/60 but the unit
3 explosion f lame took place between
0/60 to 30/60. They consider i t  to
be stably burning rather than an
explosion. NRA est imates that the
containment cap for unit  3’s
containment began leaking 3 hours
before the explosion. They think this
caused a signif icant amount of water
vapor and hydrogen to be leaked to
the reactor bui lding. (13)

As part of the effort to determine the
causes of the explosion, NRA looked
at the init ia l  f lame burst seen in the
south east corner of the reactor
bui lding. They reviewed different
known combinations of factors
involved in a hydrogen explosion to
try to match one to the yel low-
orange f lame found in this init ia l
f lame up before the explosion.

“On the other hand, as for
combustion of organic compounds, i t
is greatly dependent on the oxygen
volume and premix condit ions with
which it  reacts.  When oxygen and
organic compounds achieve eff icient
and diffused combustion with
stoichiometr ic concentrations, a blue
flame known as an oxidized f lame is
produced. Meanwhile,  when there is
oxygen deficiency and less premix, a
yel low-orange f lame 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 hydraul ic f luids,
motor lubricants and electr ical  wir ing.
It  is unclear i f  there are enough of
these substances in the unit 3 reactor
bui lding and containment to create
suff icient organic compounds to
cause this behavior.   

A signif icant question remains with
unit 3’s explosion and the fuel
micropart icles found in the
environment. The bulk of the ejected
fuel part icles from units 1 and 3 are
assumed to have taken place during
the hydrogen explosions. (14)

Mult iple studies and reports confirm
that unit  3’s ejected fuel
micropart icles are the type that are
jagged in shape and this feature is
unique to unit  3.  (14)(17) This
includes TEPCO pul l ing a sample of
these micropart icles out of unit  3’s
reactor bui lding. (18) Early
independent invest igations t ied the
jagged part icles to the black highly
radioactive street dusts found around
the region. (16)(17) This leads to an
assumption that the unit 3
micropart icles are black in color.
Correlat ion 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 micropart icles,  or both?
The yel low-orange f lame adds some
confirmation to NRA’s theory that
organic matter was a factor in the
colorat ion 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
accelerat ion wave of the three units
(units 1 ,  3 and 4).  (13) Unit 1  was
highest,  fol lowed 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 f inding
but i t  may be a key piece of
information for understanding unit 3’s
explosion going forward. This seismic
research also found a sl ight
difference in ground motion during
unit 3’s explosion that supports the
idea that the explosion at unit  3 was
a mult i-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 cei l ing beams of the 3rd f loor
cei l ing have been an area of
invest igation by the NRA. This
section of the 3rd f loor that makes up
the largest non-containment expanse
is the west,  land side area of the
bui lding. This is where signif icant
damage was found. Both ends of the
beam at the west-center location of
the cei l ing had the most s ignif icant
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”.  
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The downward damage to the cei l ing
beam is considered to be from
downward displacement from the
explosion. The current assumption is
hydrogen detonation in the 4th f loor
space caused the cei l ing damage in
the 3rd f loor.  

Damage on unit 3’s 4th f loor was
invest igated in 2020. The 3rd and 4th
f loors of unit  4 were used as a
comparison model.  There is no stair
access into the 4th f loor inside unit 3
due to bui lding damage. High
radiat ion levels had been detected on
the 4th f loor near the tool pit  on the
north side of the bui lding in previous
years,  so no attempt to physical ly
enter the 4th f loor was possible.
Invest igators instead used equipment
on a telescoping rod passed through
an opening in the 3rd f loor cei l ing in
the spent fuel pool heat exchanger
room. NRA cited this damage found
by their 4th f loor inspection.

“No large-scale damage was
confirmed for piping, support
structures, equipment, etc. In
addit ion, i t  was not confirmed that
the wall  on the containment vessel
side was damaged. Debris is
scattered on the f loor.”

The containment wal l  is largely
undamaged. Cable trays and other
equipment along this wal l  appear
undamaged. A pair of heat
exchangers on the 4th f loor appear
undamaged including the insulat ion
on their piping. Debris on the f loor is
from the 4th f loor cei l ing. Some
debris fel l  through the broken cei l ing
as debris was cleaned off the 5th
f loor.  Radiat ion levels on the 4th f loor
are over 100 mSv/h. For comparison
the 3rd f loor in the same area is
about 20-30 mSv/h. They assume
there is a radiat ion l ine source on the
4th f loor.
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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 l ight on the
production and the qual i t ies of unit
3’s fuel micropart icles that were
ejected to the environment. The
part icles are again confirmed to be
much more fragmented and jagged
than the micropart icles produced by
units 1 and 2. The study concludes
that unit  3’s micropart icles 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
cool ing process that caused them to
break apart .  Size is assumed to be the
key factor in how far a micropart icle
would be capable of travel away from
the disaster s ite.  Larger
micropart icles would be more l ikely
to fal l  near the plant s ite,  smal ler
ones capable of further distances.
Fibrous strands determined to be
si l icon insulat ion fragments were not
found on the surface of the unit 3
part icles but were found inside them.
This material  is assumed to be
industr ial  insulat ion used inside the
reactor containment.  Radioactive
cesium in the unit 3 micropart icles is
signif icantly lower than the unit 2
micropart icles.  Another dist inct
difference is the unit 3 micropart icles
had most of the cesium activity
inside the part icle,  not on the
surface. The chemical composit ion of
unit 3’s micropart icles included
substances that could be sourced
back to electr ical  wir ing and paints.  
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I f  the damage is lower in containment
this could cause a signif icant water
level drop over t ime. I f  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

Unit 4’s spent fuel was off loaded in
2014, leaving no fuel of any sort in
the reactor bui lding. 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 specif ic start or completion
date establ ished. This wi l l  be some of
the last work at the disaster s ite.  The
lack of suff icient cask storage space
up on the hi l l  is  contr ibuting to
delays in removing spent fuel from al l
of the reactor bui ldings, forcing
TEPCO to prior it ize the most
dangerous ones f i rst .  

Unit 5 re-establ ished 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 Dai ichi to this transmission
system, including units 1-4. The data
transmission system sends reactor
data plus wind speed, wind direction
and radiat ion readings from the
monitoring posts around the plant
site to the government nuclear
regulator.  (34)

The fragmentation behavior of the
unit 3 fuel may pose a unique
problem for fuel removal at this unit .
The study cites the easi ly fragmented
behavior may cause an aerosol
generat ion hazard as fuel removal
takes place. (19) This wi l l  require
extensive efforts to contain air  and
dusts whi le this work takes place.
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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 normal ized
around the level of the MSIV room on
the f i rst f loor,  putt ing unit 3’s water
level above the ground l ine. This new
water level drop of about 30cm (11 .8
inches) does not have an identif ied
location. 



Contaminated Water

As of 2020, contaminated water
being generated at Dai ichi was down
to 140 m3/day. Much of the
reduction is due to measures to
prevent groundwater and rainwater
from leaking into the plant bui ldings
and contaminated soi l .  

Stagnant water in the reactor bui lding
basements is scheduled for removal
beginning in f iscal year 2022 with
completion slated for 2024. This work
has the potential  to expose highly
radioactive sludge and fuel part icles
that have sett led in torus room f loor
areas. In the case of unit  1  there is a
high probabi l i ty of some amount of
previously molten fuel in the torus
room. (22) The sludge is assumed to
contain reactor fuel part icles or other
highly radioactive materials .  

Sludge from the unit 2 torus room
was sampled as part of preparat ion
work for the eventual water removal .
The torus room f loor s ludge was
found to have a signif icant amount of
alpha radiat ion from uranium fuel
part icles.  Included with the uranium
were other reactor derived
substances. Research is underway to
modify the exist ing f i l t rat ion systems
to handle these alpha radiat ion
part icles as they pump water out of
the torus room basements.  (23)

Current contaminated water tank
space at Dai ichi is expected to run
out in the fal l  of 2022. Measures to
reduce the dai ly accumulat ion of
contaminated water has helped move
the date space would run out from
summer of 2020 to fal l  of 2022. (32)

In an effort to further reduce
contaminated water on site a new
drainage canal has been instal led at
Dai ichi .  This replaces the exist ing “D”
canal .  Est imates indicate this would
spare the reactor block area from rain
inundation and related water
inf i l t rat ion. (29)
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Replacement drainage canal.
Image credit:TEPCO

Residual s i l t  and standing water in
the process main bui lding was found
to be highly radioactive in recent
years.  The lower level of this bui lding
was used as impromptu contaminated
water storage early in the disaster.
Bags of zeol i te 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 radiat ion with
the surface of these bags as high as
2.8 Sieverts/hr.  

TEPCO estimates the radiat ion levels
in the f i l ter bags could be as high as
4 Sieverts/hr.  An underwater remote
operat ing vehicle was used to check
the radiat ion level of the bags. Future
work wi l l  need to safely remove these
bags using remote equipment and
then drain the tunnel .  (23)



The frozen wal l  has continued to
mostly work.  Upper sections near unit
4 appear to not be ful ly frozen. Lower
sections in this area struggled to
freeze in previous years but now
appear to be more uniformly frozen.
(23) The frozen wal l  does appear to
be making a difference in
contaminated water levels and leaks
from the reactor block area. 

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. I t  appears that none of the
bolt together tanks are st i l l  in use.
These were hast i ly constructed soon
after the init ia l  disaster but only have
a 3-5 year l i fe span due to the
gaskets used to seal the tank
sections. The potential  fai lure 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 s ite.  
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Radiation readings above the zeolite bags in the main process building taken with an underwater ROV. 
Image credit: TEPCO
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Frozen wall diagrams January 2021
Image Credit: TEPCO



Onsite Contamination

The seafront and port area at Dai ichi
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 mult iple
measures to prevent contaminated
water from leaking into the port .  (23)

Workers

Extensive precautions for workers to
prevent covid have been in place at
Dai ichi .  This included instructions to
not leave the prefecture and to avoid
in person meetings or social iz ing.
Workers who have activit ies outside
of these restr ict ions 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 cr it ical  tasks such as fuel
debris removal preparat ion work or
reactor cool ing 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)

Current and former workers have
been periodical ly screened for health
problems from their radiat ion
exposures. The ongoing program
attempts to document health
problems and provide needed
medical care. 

The number of workers who have
been screened and needed treatment
won’t be released unti l  the next
quarter ly report by TEPCO. (26) A
2016 study asked workers at the plant
site about their  concerns related to
radiat ion exposure 30% said they had
anxiety about their  radiat ion
exposures and health r isks.  (31)
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Outside R&D Work
A hot lab faci l i ty intended to handle
fuel debris and other highly
radioactive samples from Fukushima
Dai ichi is preparing to open.
Functional tests were underway at
bui lding 1 in February of 2021. 

Bui lding 1 handles bui lding debris
and contaminated water samples.
Test ing found that the bui lding’s air
handl ing and f i l t rat ion system was
not suff icient to move the needed
volume of air  in and out of the
bui lding. A start date for bui lding 1
had been scheduled for June 2021.
That is now delayed whi le they solve
the air  handl ing problem. Bui lding 2
where fuel debris samples would be
handled doesn’t appear to be under
construction yet.  (27)



Conclusions

A notable gap exists between the
report ing from the disaster s ite and
the information from researchers
related to the wider environment.
TEPCO and the related entit ies
working at the disaster s ite document
the masses of fuel debris found to
date in units 2 and 3. They admit that
micropart icles have been found in
the clean-up and analysis work
related to the reactors,  and that alpha
radiat ion containing f ine part icles and
sludge exist in var ious parts of
reactor bui lding basements and
elsewhere at the plant s ite.  These f ine
part icles,  l ike those found in unit  2’s
torus room have a high probabi l i ty of
containing microscopic bits of fuel
debris and cesium bearing
micropart icles.  There is no clear
admission and no clear accounting
for how much of the nuclear fuel
resides in the fuel debris pi les and
how much has left  reactor
containments as f ine materials such
as micropart icles.  

How much reactor fuel exists in
containment, in s i l ts in reactor and
turbine bui ldings, in contaminated
water f i l ters,  and in the environment
are sorely needed to ful ly understand
where the fuel is .  The answers to this
may not be pleasant,  but they are
crit ical  to understanding the
meltdowns and for planning any
future decommissioning work at the
plant s ite.  New research related to
the reactors in the last year has
helped ref ine the understanding of
the disaster but has not provided the
kind of specif ic answers many people
expected to have ten years after the
disaster.  This is st i l l  progress as the
understanding is further ref ined, yet
each new piece of information seems
to create many new questions.

Answers wi l l  st i l l  be had, eventual ly,
as work progresses and more 3rd
party invest igation is al lowed. Unti l
the three reactors that suffered
meltdowns are ful ly understood and
addressed, they wi l l  continue to pose
a hazard to the environment and
public health in the region and
potential ly the wider world
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Building #1 hot lab
 Image credit: JAEA
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Ten years after the disaster some
improvements in the environment
have been found. Much of this is due
to the half  l i fe decay of the
radioactive substances ejected into
the environment. Natural  migrat ion
and concentrat ion also play a role in
decreasing and sometimes increasing
levels of radiat ion even years after
the init ia l  disaster.  Evidence from
Chernobyl shows this wi l l  be a long
term problem. 
 
The government radiat ion distr ibution
maps for the region around
Fukushima Dai ichi show an expected
reduction in levels compared to 2011,
due mostly to the natural  decay of
those substances.

ENVIRONMENT
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Natural migration and

concentration also

play a role in

decreasing and

sometimes increasing

levels of radiation even

years after the init ial

disaster.

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 smal l  f ishing boat swept away in
the 2011 tsunami was found in
late 2020 about 300km south of
Tokyo. The boat or iginated in
Kesennuma in Miyagi prefecture,
north of Fukushima. I t  is est imated
the boat f loated somewhere near the
US coast before circulat ing into the
south Pacif ic and eventual ly making
its way up the Japanese coast.  (1)

Levels of cesium 134

and 137 ranged from

87.1–8,120 Bq/kg fresh

mass.

Wild boar sampled in Tomioka, near
Fukushima Dai ichi found 210 of 213
boar had radioactive cesium
concentrat ions in their  muscle t issue
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 t issue
samples were not dried before
test ing. Dried samples would have
signif icantly higher radiat ion readings
per ki logram. (8) This phenomenon is
st i l l  a persistent problem in port ions
of Europe that were subjected to
long distance radioactive fal lout from
Chernobyl .  This same problem
appears to exist in the Fukushima
region.

Iodine 129 has a long half  l i fe,
causing concerns i t  could pose a
long term problem in the
environment. (12)

A f ish was found with f ive t imes the
legal l imit for radioactive cesium, off
the coast of northern Fukushima
prefecture. The location was 65km
north of the plant s ite.  The rockf ish
registered over 500 bq/kg of
radioactive cesium. Regional f ishing
cooperatives and cit izen groups
continue to monitor the environment
and food products for contamination.
(7)

Image credit:ANN News

Water near Fukushima Dai ichi has
been periodical ly tested by Japan’s
nuclear regulator s ince the early
years of the disaster.  Two locations
directly north and south of the port
at the plant s ite have consistently
shown beta radiat ion readings in the
teens. Ten years after the init ia l
disaster those readings have fai led
to reduce. This appears to indicate
there is st i l l  an ongoing contr ibution
of radioactive material  into the water
at those locations. (2) This is despite
al l  of these new countermeasures
against water inf i l t rat ion at the plant.

Further out to sea radioactive iodine
129 from Fukushima Dai ichi has been
found in sea sediments offshore from
the plant s ite.  A study found the
concentrat ions of i129 in a deeper
sediment layer than cesium 137 has
typical ly been found in.
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Mother’s Radiat ion Lab Iwaki has
provided a consistent independent
review of radiat ion in the
environment and in food products.
Their 2020 radiat ion test results
provide some interest ing data on the
current s ituat ion in the region. A soi l
sample from Futaba, near Fukushima
Dai ichi ,  was found with 59,130 bq/kg
of cesium 137 & 134. A group of soi l
samples from parks in Iwaki city
found consistent soi l  contamination
readings in the 100’s to 1000’s of
bq/kg. Soi l  samples from parking lots,
farm f ields 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 f indings 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 col lected near Fukushima Dai ichi
continued to show low levels of
contamination where off icial  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 mult iple depths
into the sand. Wood ash from Tochigi
and Nagano were found to be
contaminated. 

Wild mushrooms, pine

cones and cedar

leaves were found with

100,000+ bq/kg level

readings.

The ash sample from Nagano on the
west coast of Japan was over 661
bq/kg. Unexpected f indings from
outside of Japan continue to show up
in cit izen run test ing 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 part icles
that are smal l  enough to inhale
into the air  creating a health hazard.
The researchers found if  windows
were opened while cleaning took
place the concentrat ions were
signif icantly lower. 

This showed that even a decade after
the init ia l  disaster,  routine l iv ing
activit ies st i l l  pose problems for
those l iv ing in the region. (3)

Nuclear fuel micropart icles 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 concentrat ions
of black micropart icles of reactor fuel
were st i l l  being found in the
environment. A mass of new black
micropart icles was found in
Nihonmatsu, north of Fukushima
Dai ichi .  (4)



An independent study of non-woven
pollen face masks typical ly worn in
spring in Japan discovered cesium
bearing micropart icles from the
reactors at Fukushima Dai ichi lodged
in some of the masks. Three
individual masks worn by people in
Fukushima prefecture in 2013 had
micropart icles stuck to the mask
surface. The three masks found “type
A” part icles 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 part icle
has been identif ied as coming from
unit 2.  The study concluded the
found micropart icles were from
deposit ion that was later re-
suspended into the air .  The study
also found that cesium containing
dust and dirt  part icles were insoluble
in water.  This is s ignif icant as most
cesium containing dirt  part icles were
assumed to be water soluble. The
insolubi l i ty of these part icles raises
health concerns as they would be
more diff icult  for the body to expel .
(10)

These same type A micropart icles
were found around Tokyo and the
wider Kanto region on March 15, 2011
based on col lected f i l ter tapes. A
2020 study invest igated samples
from air  pol lut ion monitoring stat ions
at 99 locations in the Kanto region
around Tokyo from 2011.  

The same air  plume that deposited
some of the f i rst discovered spherical
micropart icles in Tsukuba, carr ied
these micropart icles from unit 2
further into the Tokyo area.
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The micropart icles were found in a
wide band across Kanto stretching
from east to west with the most
distant micropart icles found about
300km from the disaster s ite.  (11)

Ongoing micropart icle research has
found that some of these part icles
contain uranium from the reactor fuel
and also plutonium. Plutonium is a
part icular ly dangerous inhalat ion
hazard. A recent study found nano
scale bits of plutonium adjacent to
uranium and zirconium within a
cesium bearing micropart icle.  The
three substances are derived from
nuclear reactor fuel and cladding.

The potential  for plutonium to be
included into these micropart icles
with a long range of deposit ion is a
discovery with signif icant
implicat ions. Init ia l ly,  the off icial
stance was that any ejected
plutonium would stay close to the
plant due to the typical weight of
such materials .  Plutonium contained
within micropart icles could have long
range transit  capabi l i ty,  and pose a
signif icant health hazard.

Image credit: Abe et al



Cesium bearing micropart icles were
isolated from soi l  samples col lected
in Okuma, near Fukushima Dai ichi .
The three found micropart icles are
confirmed to be from units 2 or 3.
The study concluded that the
plutonium found in these three
micropart icles did not have the r ight
rat ios to be derived specif ical ly from
the MOX fuel inside unit 3,  but that
they are indeed microscopic fuel
part icles wrapped in the cesium
bearing glass material  commonly
found in cesium bearing
micropart icles from Fukushima
Dai ichi .  (15) 

Larger highly radioactive part icles
were found within 3.9 km north west
of Fukushima Dai ichi .  These part icles
were identif ied as materials from unit
1 .  The found part icles had
micropart icles embedded into them
leading to the assumption these were
created during the hydrogen
explosion of unit  1 .  While being too
large to inhale these part icles st i l l
pose an external exposure hazard.
(16)

Research and a new understanding of
micropart icles has grown over the
years as we detai led here and in the
reactor specif ic section of this
report .  A group of researchers
recently created Project IPAD, a
central  database that col lects al l  of
the technical information about found
micropart icles from the Fukushima
disaster.  The database includes a
publ ic interface that al lows anyone
to look up in depth data on various
documented micropart icle f indings
and research. (9) This level of
transparent cooperat ion is sorely
needed in other aspects of research
related to the 2011 disaster.
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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 “diff icult  to return
zones”,  I i tate vi l lage is considering
al lowing the central  government to
reopen the area without conducting
decontamination work f i rst .  The area
would be designated as industr ial  and
wouldn’t al low people to l ive there.
The vi l lage government is
considering this change as they
consult with the former residents.  (5)

A port ion of Okuma town near
Fukushima Dai ichi that is part of the
“diff icult  to return zone” wi l l  be
reopened to residents in March 2021.
The area underwent some
decontamination work. Off icials claim
radiat ion levels to be under 
3.8 uSv/h. Other locations near the
disaster s ite that reopened after
decontamination found the radiat ion
levels soon went back up as
contamination from forests and other
areas migrated to the l iv ing areas. (6)

The three found

micropart icles are

confirmed to be from

units 2 or 3.
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Radiat ion from the init ia l  disaster was
found around the world. A recent
study confirmed the cesium 137 and
iodine 131 deposit ion 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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In Namie, one of the most
contaminated areas near Fukushima
Dai ichi ,  an agriculture company
harvested what was dubbed
“recovery r ice”.  The farm land was
leased from the farmers who
original ly farmed the area. Reports
stated the r ice was below the
government interventional level for
food (100 bq/km) but did not state
what the radiat ion levels were in the
harvested r ice. (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 l imited food test ing found
one sl ightly contaminated yuzu fruit
in 2020, but their  total  number of
tested products was low. (6)

Funabashi City in Chiba prefecture
publ ished some recent data that
showed their garbage incinerat ion
ash was contaminated. The readings
for February 2021 were between 7-
110 Bq/kg. (7)

FOOD
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Both farming and food consumption
have been ongoing issues in Japan,
even more so in the region around
Fukushima Dai ichi .  Some l imited
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 I i tate
Vi l lage using “decontaminated” soi l .
The tests included growing green
beans and cabbage on this
decontaminated soi l  with and without
a cover of imported uncontaminated
soi l .  The results were below the 100
bq/kg government l imit that bans
food from publ ic sale.  They did not
disclose the actual radiat ion levels in
the foods. (1)

An indication of what the future of
food in Fukushima may look l ike, a
recent Chernobyl study found
persistent contamination in grains
and f i rewood. The study looked at
various grain crops and f i rewood
from an area 50km away from the
Chernobyl disaster s ite.  This area is
outside the off icial  exclusion zone.
48% of the samples were found to
have enough cesium 137 or strontium
90 to be over the government l imits
for consumption or use in Ukraine.
(2)
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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
outl iers.  Mother’s Radiat ion Lab Iwaki
found 124,770 bq/kg of cesium 137 &
134 in a wi ld mushroom sample from
Futaba, near Fukushima Dai ichi .  (9)

Certain food products appear to
continue to be persistently
contaminated. Wild or outdoor
mushrooms, certain wi ld grown
vegetables l ike bamboo shoots,  and
wild boar.  This mirrors what has been
seen after Chernobyl where certain
plants and animals that are good at
accumulat ing radioactive cesium
tend to be highly contaminated long
term.

Without better and more widespread
impart ial  test ing programs, i t  wi l l  be
diff icult  to ful ly understand the long
term consequences of contaminated
food products.  Certain food products
remain high r isk,  but most food items
appear to have seen reduced levels
of contamination over t ime.
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The pandemic caused the survey’s
thyroid scans and regular meetings to
be postponed. A smal l  group of new
data was presented in 2021 from
the work was able to take place in
2020. There were 6 new suspicious
or mal ignant 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 surgical ly confirmed to be
thyroid cancers.  Only a fraction of
the potential ly exposed populat ion
has part icipated in the survey. Over
300,000 part icipated in the init ia l
screenings that took place between
2011 and 2013. Others have opted to
not part icipate and rely on private
medical care or non-profit  groups
providing thyroid screenings. (3)

HEALTH
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A total of 252 suspected

or confirmed thyroid

cancers have been

documented to date.

Independent studies of the health of
those most exposed to Fukushima
fal lout have been few since the init ia l
years of the disaster.  A new
understanding of the radiat ion
releases from Fukushima Dai ichi and
the f indings of fuel micropart icles in
the environment raises questions
about rel iance on these old health
assumptions. Health issues in Japan
continue to be entangled with legal
and pol it ical  issues making them
harder to know and address. 
 
More than 240 suicides have been
off icial ly 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 hotl ine documented
that the largest issues cited by
people who cal led the l ine was the
mental stress of evacuations and l i fe
disruptions from the disaster,  along
with stresses about where to l ive. (1)
People impacted by the disaster
continue to try to have their voices
heard. Blogs and independent
projects l ike the graphic novel
“Fukushima 3.11” attempt to tel l  their
stories in their  own words. (2)

The Fukushima Health Survey, a
government run effort to document
pediatr ic thyroid cancers from the
nuclear disaster continues. 
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Long term health problems and the
potential  health r isks of people
returning to the contaminated region
were est imated 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 micropart icles including
those that contain microscopic
fragments of reactor fuel were
released near Fukushima Dai ichi and
as far as regions beyond Tokyo. Soon
after the meltdowns, complaints
about nosebleeds and a wide array of
symptoms that mimicked radiat ion
exposure symptoms erupted on
social  media in areas south of the
disaster s ite,  including in Tokyo. Such
complaints were dismissed as
hysteria at the t ime.

Such a phenomenon

was found years ago

in a group of highly

exposed Fukushima

Daiichi workers.

Cases such as the social  media cases,
and the many evacuees that f led the
region during the meltdowns, may
have had exposures that were
signif icantly different than init ia l ly
assumed. I f  non soluble forms of
radioactive substances l ike
micropart icles ejected from
Fukushima Dai ichi and non soluble
cesium part icles were inhaled, those
would not metabol ize back out of the
human body as expected and
would instead provide a persistent
internal exposure. Early internal
radiat ion exposure calculat ions were
dependent on the radioactive
substances metabol iz ing back out of
the body over an expected period of
t ime. 

I f  a port ion 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
Dai ichi workers.  This group of
workers were found to have
persistent internal radioactive
contamination in their  lungs that did
not reduce as expected. Inhalat ion of
non-soluble forms of radiat ion were
determined to be the cause. (4)
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Many cited the combination of a lack
of stable jobs and the need to obtain
bank loans to rebui ld their  homes as
a major obstacle towards their  own
efforts to reestabl ish their  home. (1)

In Namie, near the Fukushima Dai ichi
disaster s ite,  only 5% of the residents
have returned. 

Those who were classif ied as
“voluntary evacuees” lost government
housing assistance in 2017, leaving
them to f igure 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 l iable for
damages to the cit izens of Kawamata
town. The area was part of the 
 mandatory evacuations in 2011.  (3)

SOCIO-ECONOMIC
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"My hometown is

ful l  of vacant plots of

land, I  cannot imagine

the town becoming a

place we can return

to."

The socio-economic aftermath of the
disaster continues to be one of the
signif icant problems. Efforts to revive
local economies ran into the complex
real i t ies of the situat ion. Persistent
radiat ion levels,  widespread damage
to the evacuated areas that only
became worse after years of vacancy,
and a lack of basic services
complicated recovery. Those wil l ing
to return to damaged communit ies
are few, most that do are ret irees. 
 
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 pol l .  
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 ful l  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."
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A court in Sendai recently ruled in
favor of 52 Fukushima residents,  and
famil ies of the deceased, who
voluntar i ly evacuated after the
nuclear disaster,  granting them
financial  compensation. TEPCO vows
to appeal the rul ing. (5) 

A recent rul ing in Tokyo found both
the Japanese government and
TEPCO to be l iable for the disaster.
This has been an ongoing dispute in
the courts.  Some have found TEPCO
solely at fault ,  others have
determined both part ies are. (6) 

The exist ing 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 outl ined the inadequacy
of the nuclear compensation program
for Fukushima. The report highl ights
the global problem of communit ies
near nuclear s ites having no real
decision in nuclear projects and their
mostly non-existent compensation
plans. (9)

Fukushima school chi ldren and their
famil ies f i led a new court case in
February of 2021. Parents and
chi ldren sued the Japanese
government for not providing a safe
educational environment. The suit
cites the high radiat ion levels at some
schools in Fukushima prefecture. The
requested redress included providing
school faci l i t ies that are under 1
mSv/year in exposure levels and
100,000 yen in compensation per
student.  (11)

In Namie, near the

Fukushima Daiichi

disaster s ite,  only 5%

of the residents have

returned.

Economic recovery in the region
continues to look less l ikely.  For years
the central  government injected
public recovery money into the
disaster hit  areas hoping to revive the
economy. Most of this went towards
rebui lding industr ial  s i tes and some
basic retai l .  As that money ran out,
economic recovery has waned. (4)
This combined with other chal lenges
has stal led any major recovery of the
hardest hit  areas.

Local economic drivers l ike r ice
production have focused more on
modernizat ion and marketing rather
than assuring food products are free
of radiat ion and conveying that kind
of proof to the publ ic.  (7)

The Japanese government’s focus
has been to make people accept
contaminated food rather than
gaining publ ic trust in the food
system. 15 countr ies or regions
continue to impose restr ict ions 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 l ike remains
to be seen. Government programs
have had l imited effect.  Compounded
problems remain. Where communit ies
want to rebui ld, persistent radiat ion
levels may complicate those efforts.
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Japan’s government intends to hold
the games in August of 2021
including at the various venues in
Fukushima prefecture. The t iming and
the probable lack of suff icient global
vaccination by that t ime make the
plan i l l  fated. Japan is already months
behind in vaccinating their
populat ion. The f i rst vaccinations
were given to health care workers in
mid-February and there appears to
be no plan to rapidly vaccinate other
populat ions in the country.  (7)

The f inancial  aspect of the games is
bui l t  on large volumes of
international tourism to bring in
revenue. (2) With a signif icant third
wave of covid infections in Japan
that is just now waning, and the
real izat ion that vaccinating large
numbers of publ ic may be months or
years away, the Olympics may not
happen after al l .  The Japanese
government admitted the games may
not be able to happen but stopped
short of speculat ing i f  they would be
postponed again or outr ight
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, cit ing
concerns over the pandemic. They do
not want people travel ing to the
prefecture as spectators,  potential ly
increasing the infection rate. (8)

POLITICAL
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The pol it ical  efforts around the
aftermath of the init ia l  disaster have
been an interest ing display of
governance in the face of real
problems. Frequently,  the decisions
are more about keeping pol it ical
power structures and their f inancial
al l ies in place, and less about helping
those they claim to represent.  
 
I t  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 stat ing the
Emperor would not evacuate unless
the people were also to evacuate. (1)
This incident reminds how serious the
disaster was, the potential  for i t  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 publ ic
relat ions 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 st i l l  heavi ly contaminated with
radiat ion. The pandemic threw this
plan into disarray and eventual ly
forced the postponement of the
games.



Financial  concerns st i l l  play a large
role in how local decisions are made.
Before the 2011 disaster,  local
communit ies rel ied heavi ly on tax
revenue from nuclear power plants in
Japan to subsidize their  budgets.
In the ten years s ince, tax revenues
from nuclear plants increased rather
than decreased even with most plants
off l ine. Some of this is due to local
municipal i t ies changing how such
taxes are calculated. In 2011 the local
municipal i t ies around Fukushima
Dai ichi received about $193.7 mil l ion
USD in tax revenue. In 2020 that
amount more than doubled. (4) This
may add to the nuclear industry’s
motivat ion to restart more nuclear
power plants in Japan.

In 2011 Japan’s central  government
restr icted nuclear power plants to 40
years of operat ion as part of their
post Fukushima reform efforts.  A
narrow exception was made to
potential ly give a reactor an
addit ional 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 al l  of
the spent fuel located in the country.
(5) Efforts had been made to try to
f ind a community wi l l ing to volunteer
to host an underground dump for
spent nuclear fuel and other high
level nuclear waste. So far no
community has been wil l ing to do
this.

Anyone hoping a massive tr iple
disaster would prompt a government
into change, or acting in the best
interest of people f i rst ,  would be
sorely disappointed in the last
decade in Japan.
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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 dis lodge the
entrenched powers in Japan’s
government, but social  media may
have found that power. More young
people, dissat isf ied with l i fe under
the rule of the “old man's club” have
begun to chal lenge the exist ing
pol it ical  power structure. (9) This
may do more to upend pol it ical
dynamics in favor of the people than
even a global nuclear disaster could.
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Progress in understanding the
meltdowns has been slow but
what has been accomplished in the
last 10 years has been useful towards
control l ing, and understanding the
disaster.  Large gaps of knowledge
remain and within those gaps are
signif icant problems. The lack of a ful l
understanding of where the reactor
fuel is and in what forms, means this
r isk continues to be improperly or
inadequately addressed. This may
cause unnecessary environmental and
public exposures and could cause
unknown condit ions related to the fuel
or the bui ldings on site to worsen. 
 
Many questions remain. The location
of al l  of the melted fuel ,  how much
was ejected to the environment and
how much resides in unexpected
places such as bui lding basements
and contaminated water f i l ters,
needs to be determined. Early
est imates may not ref lect the newly
understood real i ty.  Condit ions in parts
of the reactor bui ldings such as the
upper containment structures,
port ions of unit  3’s torus room and
other yet to be explored areas are not
known but may be important to ful ly
understanding the disaster.  Many of
these tasks appear to be perpetual ly
deferred at Fukushima Dai ichi .

CONCLUSION
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Polit ical  and business prior it ies
continue to stymie understanding the
true impact of the disaster on people,
their  health and the environment. The
real health consequences may never
be ful ly understood due to this,  or wi l l
only come to l ight after i t  is too late
for many individuals.  Str ides have
been made to understand the disaster
through environmental research. This
same kind of unbiased independent
research needs to be used to better
understand al l  aspects of the disaster.  
 
Ten years after the disaster,  the places
where progress happened, where
hope l ived, were where people were
able to act independent of pol i t ical
and business interests.  Scientif ic
understanding happened when
academic researchers could work
without undue inf luence on their work.
Cit izen groups that monitored their
environment, their  food, their  health
and their communit ies created a body
of rel iable information that is more
useful than any of the government’s
off icial  efforts.  Technical research
towards solving the problems at
Fukushima Dai ichi worked best when
it was based on factual information
rather than TEPCO’s publ ic relat ions
strategy. Al l  of the places where
things worked r ight may be the best
path out of this long term disaster.

CONCLUSION
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