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ABSTRACT
Japan is the world's third largest power user. Japan's last remaining nuclear
reactor shutdown on Saturday 4th of May 2012 leaving the country entirely
nuclear free. All of 50 of the nation's operable reactors (not counting for the
four crippled reactors at Fukushima) are now offline. Before last year's
Fukushima nuclear disaster, the country obtained 30% of its energy from
nuclear plants, and had planned to produce up to 50% of its power from
nuclear sources by 2030.
Japan declared states of emergency for five nuclear reactors at two power
plants after the units lost cooling ability in the aftermath of Friday 11 March
2011 powerful earthquake. Thousands of (14000) residents were immediately
evacuated as workers struggled to get the reactors under control to prevent
meltdowns.
On March 11th, 2011, Japan experienced a sever earthquake resulting in the
shutdown of multiple reactors. At Fukushima Daiichi site, the earthquake
caused the loss of normal AC power. In addition it appeals that the ensuing
tsunami caused the loss of emergency AC power at the site. Subsequent
events caused damage to fuel and radiological releases offsite. The spent fuel
problem is a wild card in the potentially catastrophic failure of Fukushima
power plant. Since the Friday's 9.0 earthquake, the plant has been wracked
by repeated explosions in three different reactors.
Nuclear experts emphasized there are significant differences between the
unfolding nuclear crisis at Fukushima and the events leading up to the
Chernobyl disaster in 1986. The Chernobyl reactor exploded during a power
surge while it was in operation and released a major cloud of radiation
because the reactor had no containment structure around to. At Fukushima,
each reactor has shutdown and is inside a 20 cm-thick steel pressure vessel
that is designed to contain a meltdown. The pressure vessels themselves are
surrounded by steel-lined, reinforced concrete shells. Chernobyl disaster was
classified 7 on the International Nuclear and Radiological Event Scale
(INES). The release of I-131 and CS-137 alone corresponds to a 500.000 T Bq
I-131 equivalent. Taken all Fukushima Daichi reactors into consideration
this is obviously an INES 7event.
In this paper a summary of events at Fukushima will be given, review of the
risks that seaside reactors face from natural disasters, roadmap of
environmental remediation activities, Japanese earthquake and tsunami
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implications for the UK Nuclear Industry and the US-NRC
recommendations for enhancing reactor safety in the 21Th century.
1- INTRODUCTION
The IAEA Incident and Emergency center received Information from the International
seismic safety center (ISSC) at around 8:15 CET 11 March morning about the earthquake of
magnitude 8.9 near the coast of Honshu, Japan. Japan's nuclear and Industrial Safety Agency
(NISA) has heightened State of alerts has been declared at Fukushima Dainchi NPP. NISA
says the plant has been shut down and no release of radiation has been detected. Onagawa,
Fukushima Daini and Tokai NPPs were also shut down automatically, and no radiation
release has been detected. The IAEA received information from it's international seismic
safety center that a second earthquake of magnitude 6.5 has stuck Japan near the Coast of
Honshu, near the Tokai plant. The earthquake and tsunami caused problems with Fukushima
Dainichi 1 Nuclear power reactors. The reactor are boiling water reactors, three of the six
reactors at the site were in operation when the earthquake hit.
The reactors are designed to shutdown automatically when a quake strikes, and
emergency diesel generators began the task of pumping water, around the reactors to cool
them down. However stopped about an hour later. The failure of the back up generators has
been blamed on tsunami flooding DC power from batteries was consumed after
approximately 8 hours. At that point the plant experienced a complete blackout (no electric
power at all). Hours passed as primary water inventory was lost and core degradation
occurred (through some combination of zirconium oxidation and clad failure). Portable diesel
generators were delivered to the plant site. AC power was restored allowing for a different
backup pumping system to replace inventory in the reactor pressure vessel.
Considering the extremely wide use of radiation in the medical, industry, power and
research reactors, radiological accidents are somewhat rare. Nevertheless the statistics
reported by the US Departments of Energy REAC/TC organization clearly show that
radiological accidents are not something that we can ignore. According to DOE-REAC/TC
from 1944 to March 2000: 414 major accidents, 133742 persons involved, 2998 significantly
exposed, and 127 fatalities. These statistics include Chernobyl Accident. The 414 major
radiation accidents include: Criticalities: 22, Radiation devices: 307, and Radioisotopes: 85.
Depending upon the Criteria used there have been only 6 to 12 accidents involving research
or power reactors.
Since 16 March at the Fukushima Dainichi nuclear plant, radiation levels spiked three
times since the earthquake, but have stabilized since 16 March at levels which are, although
significantly higher than the normal levels, were within the range that allows workers to
continue onsite recovery measures.
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The spent fuel problem is a wild card in the potentially catastrophic failure of
Fukushima power plant. Since the Friday's 9.0 earthquake, the plant has been wracked by
repeated explosions in three different reactors. Spent fuel removed from a nuclear reactor is
highly radioactive and generates intense heat. This fuel needs to be actively cooled for one to
three years in pools that cool the fuel, shield the radioactivity and keep the fuel in the proper
position to avoid fission reactions IF the cooling is lost, the water can boil and fuel rods can
be exposed to the air, possibly leading to severve damage and a large release of radiation. In
addition to pools in each of the plant's reactor buildings, there is another facility, the common
use spent fuel pool-where spent fuel is stored after cooling at least 18 months the reactor
buildings. The fuel is much cooler than the assemblies stored in the reactor buildings.
Katsuhiko who is professor of urban safety at kobe University, has highlighted three
incidents at reactors between 2005 and 2007 atomic plants at Onagawa, Shika, and
Kashiwazaki - Kariwa were all struck by earthquakes that triggered tremors stronger than
those to which the reactor had been designed to survive. In the case of the incident at the
Kushiwazaki reactor in northwestern Japan, a 6.8 Scale earthquake on 16 July 2007 set off a
fire that balzed for two hours and allowed radioactive water to leak from the plant. However
no action was taken in the wake of any of these incidents despite Katsuliko's warning at the
time that the nation's reactors had fatal flaws in their design.
On 18 March, Japan assigned an INES rating of 5 to units 1, 2, 3 and INES rating of 4
to the site, take all Fukushima Daiichi reactors into consideration this is obviously INES 7
event.
2- Japanese Earthquake/Tsunami; Problems with Nuclear Reactors
3/12/2011
The Japanese earthquake and tsunami are natural catastrophes of historic proportions.
The death toll is likely to be in the thousands. While the information is still not complete at
this time, the tragic loss of life and destruction caused by the earthquake and tsunami will
likely
dwarf
the damage caused by the problems associated with the impacted Japanese nuclear plants.
Here is the best understanding of the sequence of events at the Fukushima I-1 power
station.
•

The plant was immediately shut down (scrammed) when the earthquake first hit. The
automatic power system worked.

•

All external power to the station was lost when the sea water swept away the power
lines.

•

Diesel generators started to provide backup electrical power to the plant’s backup
cooling system. The backup worked.

•

The diesel generators ceased functioning after approximately one hour due to tsunami
induced damage, reportedly to their fuel supply.

•

An Isolation condenser was used to remove the decay heat from the shutdown reactor.
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•

Apparently the plant then experienced a small loss of coolant from the reactor.

•

Reactor Core Isolation Cooling (RCIC) pumps, which operate on steam from the
reactor, were used to replace reactor core water inventory, however, the
battery⁷ supplied control valves lost DC power after the prolonged use.

•

DC power from batteries was consumed after approximately 8 hours.

•

At that point, the plant experienced a complete blackout (no electric power at all).

•

Hours passed as primary water inventory was lost and core degradation occurred
(through some combination of zirconium oxidation and clad failure).

•

Portable diesel generators were delivered to the plant site.

•

AC power was restored allowing for a different backup pumping system to replace
inventory in reactor pressure vessel (RPV).

•

Pressure in the containment drywell rose as wetwell became hotter.

•

The Drywell containment was vented to outside reactor building which surrounds the
containment.

•

Hydrogen produced from zirconium oxidation was vented from the containment into
the reactor building.

•

Hydrogen in reactor building exploded causing it to collapse around the containment.

•

The containment around the reactor and RPV were reported to be intact.

•

The decision was made to inject seawater into the RPV to continue to the cooling
process, another backup system that was designed into the plant from inception.

•

Radioactivity releases from operator initiated venting appear to be decreasing.

•

While there are risks associated with operating nuclear plants and other industrial
facilities, the chances of an adverse event similar to what happened in Japan occurring
in the US is small.

•

Since September 11, 2001, additional safeguards and training have been put in place at
US nuclear reactors which allow plant operators to cool the reactor core during an
extended power outage and/or failure of backup generators – “blackout conditions.”

Japanese authorities are working as hard as they can, under extremely
difficult circumstances, to stabilise the nuclear power plants and ensure safety."
3- THE RISKS WITH SEASIDE REACTORS
But the risks that seaside reactors like Fukushima face from natural disasters are wellknown. Indeed, they became evident six years ago, when the Indian Ocean tsunami in
December
2004 inundated India's second-largest nuclear complex, shutting down the Madras power
station.

4

XI Radiation Physics & Protection Conference, 25-28 November 2012, Nasr City - Cairo, Egypt

Many nuclear-power plants are located along coastlines, because they are highly waterintensive. Yet natural disasters such as storms, hurricanes, and tsunamis are becoming more
common, owing to climate change, which win also cause a rise in ocean levels, making
seaside reactors even more vulnerable.
For example, many nuclear-power plants located along the British coast are just a few
metres above sea level. In 1992, Hurricane Andrew caused significant damage at the Turkey
Point nuclear-power plant on Biscayne Bay, Florida, but, fortunately, not to any critical
systems.
As global warming brings about a rise in average temperatures and ocean levels, inland
reactors will increasingly contribute to, and be affected by, water shortages. During the
record-breaking 2003 heatwave in France, operations at 17 commercial nuclear reactors had
to be scaled back or stopped because of rapidly rising temperatures in rivers and lakes. Spain's
reactor at Santa Maria de Garona was shut for a week in July 2006 after high temperatures
were recorded in the Ebro river.
During the 2003 heat wave, Electricite de France, which operates 58 reactors the
majority on ecologically sensitive rivers such as the Loire - was compelled to buy power from
neighboring countries on the European spot market. The state-owned EDF, which normally
exports power, ended up paying 10 times the price of domestic power, incurring a financial
cost of €300m. Similarly, although the 2006 European heatwave was less intense, water and
heat problems forced Germany, Spain, and France to take some nuclear power plants offline
and reduce operations at others.
Nuclear plants located by the sea do not face similar problems in hot conditions, because
ocean waters do not heat up anywhere near as rapidly as rivers or lakes. And, because they
rely on seawater, they cause no freshwater scarcity. But as Japan's reactors have shown,
coastal nuclear-power plants confront more serious dangers.
When the Indian Ocean tsunami struck, the Madras reactor's core could be kept in safe
shutdown condition because the electrical systems had been ingeniously installed on higher
ground than the plant itself. And, unlike Fukushima, which bore a direct impact, Madras was
far away from the epicenter of the earthquake that unleashed the tsunami.
Fukushima is likely to stunt the appeal of nuclear power in a way similar to the accident
at the Three Mile Island plant in Pennsylvania in 1979 did, not to mention the far more severe
meltdown of the Chemobyl reactor in 1986. If the fallout from those incidents is a reliable
guide, however, nuclear power's advocates will eventually be back.

4- SUMMARY OF EVENTS AT FUKUSHIMA DAI-ICHI

4-1 The condition at Fukushima
At 14:46 Japan standard time on March 11, 2011, the Great East Japan Earthquake-rated
a magnitude 9.0-occurred at a depth of approximately 25 kilometers (15 miles), 130
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kilometers (81 miles) east of Sendai and 372 kilometers (231 miles) northeast of Tokyo off
the coast of Honshu Island. This earthquake resulted in the automatic shutdown of 11 nuclear
power plants at four sites along the northeast coast of Japan (Onagawa 1, 2, and 3; Fukushima
Dai-ichi 1, 2, and 3; Fukushima Dai-ni 1, 2, 3, and 4; and Tokai 2). The earthquake
precipitated a large tsunami that is estimated to have exceeded 14 meters (45 feet) in height at
the Fukushima Dai-ichi Nuclear Power Plant site. The earthquake and tsunami produced
widespread devastation across northeastern Japan, resulting in approximately 25,000 people
dead or missing, displacing many tens of thousands of people, and significantly impacting the
infrastructure and industry in the northeastern coastal areas of Japan.

The Fukushima
Dai-ichi Nuclear
Power Plant is
located on the
northeastern
coast of Japan in
the
Fukushima
Prefecture.
Figure 1: Nuclear Power Plants in Japan
Fukushima Dai-ichi Units 1 through 4 are located in the southern part of the station and
are oriented such that Unit 1 is the northernmost and Unit 4 is the southernmost. Fukushima
Dai-ichi Units 5 and 6 are located farther north and at a somewhat higher elevation than the
Unit 1–4 cluster, and Unit 6 is located to the north of Unit 5.
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Figure 2: Fukushima Dai-ichi Nuclear Power Plant (status before earthquake)
The Fukushima Dai-ichi site includes six boiling water reactors (BWRs).
Table 1: Reactors at the Fukushima Dai-Ichi Nuclear Power Plant

* MWe-megawatts electric
** IC-isolation condenser, HPCI-high-pressure coolant injection system, RCIC-reactor core isolation
cooling system, HPCS-high-pressure core spray system

On March 11, 2011, Units 1, 2, and 3 were in operation, and Units 4, 5, and 6, were shut
down for routine refueling and maintenance activities; the Unit 4 reactor fuel was offloaded to
the Unit 4 spent fuel pool. As a result of the earthquake, all of the operating units appeared to
experience a normal reactor trip within the capability of the safety design of the plants. The
three operating units at Fukushima Dai-ichi automatically shut down, apparently inserting all
control rods into the reactor. As a result of the earthquake, offsite power was lost to the entire
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facility. The emergency diesel generators started at all six units providing alternating current
(ac) electrical power to critical systems at each unit, and the facility response to the seismic
event appears to have been normal. Approximately 40 minutes following the earthquake and
shutdown of the operating units, the first large tsunami wave inundated the site followed by
multiple additional waves. The estimated height of the tsunami exceeded the site design
protection from tsunamis by approximately 8 meters (27 feet). The tsunami resulted in
extensive damage to site facilities and a complete loss of ac electrical power at Units 1
through 5, a condition known as station blackout (SBO). Unit 6 retained the function of one of
the diesel generators.
The operators were faced with a catastrophic, unprecedented emergency situation. They
had to work in nearly total darkness with very limited instrumentation and control systems.
The operators were able to successfully cross-tie the single operating Unit 6 air-cooled diesel
generator to provide sufficient ac electrical power for Units 5 and 6 to place and maintain
those units in a safe shutdown condition, eventually achieving and maintaining cold
shutdown.
Despite the actions of the operators following the earthquake and tsunami, cooling was
lost to the fuel in the Unit 1 reactor after several hours, the Unit 2 reactor after about 71 hours,
and the Unit 3 reactor after about 36 hours, resulting in damage to the nuclear fuel shortly
after the loss of cooling. Without ac power, the plants were likely relying on batteries and
turbine-driven and diesel-driven pumps. The operators were likely implementing their severe
accident management program to maintain core cooling functions well beyond the normal
capacity of the station batteries. Without the response of offsite assistance, which appears to
have been hampered by the devastation in the area, among other factors, each unit eventually
lost the capability to further extend cooling of the reactor cores.
At that time the current condition of the Unit 1, 2, and 3 reactors is relatively static, but
those units have yet to achieve a stable, cold shutdown condition. Units 1, 2, 3, and 4 also
experienced explosions further damaging the facilities and primary and secondary
containment structures. The Unit 1, 2, and 3 explosions were caused by the buildup of
hydrogen gas within primary containment produced during fuel damage in the reactor and
subsequent movement of that hydrogen gas from the drywell into the secondary containment.
The source of the explosive gases causing the Unit 4 explosion remains unclear. In addition,
the operators were unable to monitor the condition of and restore normal cooling flow to the
Unit 1, 2, 3, and 4 spent fuel pools.
4-2 Sequence of Events
Below is a sequence of events early in the accident for the six Fukushima Dai-ichi
reactors. This sequence of events provides only the level of detail necessary for the near-term
assessment of insights and the recommendation of actions for consideration at U.S. nuclear
facilities. When available, times indicated are in Japan standard time.
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Figure 3: Damage to Unit 1
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Figure 4: Damage to Unit 2
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Figure 5: Damage to Unit
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Figure 6: Damage to Unit 4
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Figure 7: Fukushima Dai-ichi Units 1-4 following explosions
The tsunami was more disruptive than the earthquake, with inundation reaching many
kilometres inland and affecting an area of up to 500km2. The buildings and infrastructure of
many towns and villages have been completely destroyed, with debris scattered over a large
area. This, combined with the earthquake damage created significant problems in the first few
days following the events for access to the Fukushima-1 site for specialist equipment and
personnel.
Fuel Assemblies Cooling Ponds
Reactor Units 1, 2 and 3 were operating at power when the earthquake struck while the
Reactor Units 4, 5 and 6 were already shutdown. Reactor Unit 4’s fuel had been off-loaded to

13

XI Radiation Physics & Protection Conference, 25-28 November 2012, Nasr City - Cairo, Egypt

its pond, while Reactor Units 5 and 6 had a full complement of fuel in their respective reactor
pressure vessels despite being shutdown. The inventory in the respective ponds is shown
below:
Table 2: Number of Fuel Assemblies in Cooling Ponds at Fukushima-1

Despite the loss of power, the reactors at the Fukushima-1 site had a number of ways to
provide cooling for a short period time following the tsunami. These systems described in
more detail below required no AC power, plant service and instrument air, or external cooling
systems to deliver their function. However, they did require DC battery power to operate. It is
believed that the batteries were only rated for 8 hours which was an insufficient time for this
event for alternative power sources to be restored.
4-3 Key Events over the First few Days
Reactor Unit 1
• Containment venting started at 10:17am local time on 12 March 2011.
• Hydrogen explosion in the upper structure at 3:36pm local time on 12 March 2011.
• Sea-water injection into the reactor pressure vessel at 8:20pm local time on 12 March
2011.
• Sea-water injection stopped due to lack of water at 1:10am local time on 14 March 2011.
Restarted several hours later.
Reactor Unit 2
• Containment venting started at 11:00am local time on 13 March 2011.
• Blowout panel opened in reactor building following explosion in Unit 3 at 11:00am local
time on 14 March 2011.
• Sea-water injection into the reactor pressure vessel at 4:34pm local time on 14 March
2011.
• Reactor vented at 0:02am local time on 15 March 2011.
• Explosion heard and suppression chamber/torus pressure decreased at 6:20am local time
on 15 March 2011. Containment assumed to be damaged from this point.
Reactor Unit 3
• Containment venting started at 8:41am local time on 13 March 2011.
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•
•
•
•

Sea-water injection into the reactor pressure vessel at 11:55am local time on 13 March
2011.
Sea-water injection stopped due to lack of water at 1:10am local time on 14 March 2011.
Restarted several hours later.
Reactor vented at 5:20am local time on 14 March 2011.
Containment vessel pressure rose at 7:52am local time on 14 March 2011 ahead of a large
(presumed hydrogen) explosion at 11:01am local time.

NISA press releases suggest that the initial sea-water injection through the “Fire
Extinguish Line” was limited to about 2m3/hr. Without active cooling and/or sufficient water
injection, the reactor fuel elements in the cores would have become uncovered, over-heat, lose
their geometry and integrity, and release radioactive gases and particles previously contained
by the zircaloy fuel cladding. In addition, once zircaloy is no longer covered with water but is
in a hot steam atmosphere, hydrogen can be produced with the resulting explosion risk.
Indications of the water level in the reactor pressure vessel reported since 15 March 2011
indicate that the fuel in Reactor Units 1 to 3 has consistently been only half to two thirds
covered (Ref. 14, IAEA fax to authorities, 15 March 2011 at 5:40pm local time). The
hydrogen explosions from 12 March 2011 indicate that the fuel was actually uncovered much
earlier than 15 March 2011.
Sea-water injection was not increased from 2m3/hr until 23 March 2011 (Reactor Unit 1)
and not replaced with freshwater until 25 March 2011 (Ref. 13). Pumps on fire trucks were
initially used for the water injection. Pumping started to be switched to temporary motor
driven pumps from 27 March 2011 (Reactor Unit 1 from 29 March 2011, Unit 2 from 27
March 2011 and Unit 3 from 28 March 2011). To mitigate the risk of a further hydrogen
explosion in Reactor Unit 1, TEPCO started to inject nitrogen into the containment vessel
from 7 April 2011.
4-4 Radiation Levels:
The Japanese authorities have informed the IAEA that the following radiation dose rates
have been observed on site at the main gate of the Fukushima Daiichi Nuclear Power Plant.
At 00:00 UTC on 15 March a dose rate of 11.9 millisieverts (mSv) per hour was observed.
Six hours later, at 06:00 UTC on 15 March a dose rate of 0.6 millisieverts (mSv) per hour was
observed. These observations indicate that the level of radioactivity has been decreasing at the
site. As reported earlier, a 400 millisieverts (mSv) per hour radiation dose observed at
Fukushima Daiichi occurred between Units 3 and 4. This is a high dose-level value, but it is a
local value at a single location and at a certain point in time. The IAEA continues to confirm
the evolution and value of this dose rate. It should be noted that because of this detected
value, non-indispensible staff was evacuated from the plant, in line with the Emergency
Response Plan, and that the population around the plant is already evacuated.
Initially Japan implemented a 3 Km radious evacuation zone and 10 Km radius shelter
zone, this was quickly extended to 10 Km radius evacuation zone and 20 Km radius shelter
zone, and then later to a 20 Km radius evacuation zone and 30 Km radius shelter zone. The
Japanese do not pre-distribute potassium iodate tablests to those within the predetermined
emergency planning zone. In response to Fukushima emergency, potassium iodate tablets
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were distributed to evacuation centers within three days. Tablets were not distributed to
evacuees until nine days into the accident.
About 150 persons from populations around the Daiichi site have received monitoring
for radiation levels. The results of measurements on some of these people have been reported
and measures to decontaminate 23 of them have been taken. The IAEA will continue to
monitor these developments. Evacuation of the population from the 20 kilometre zone is
continuing.
The Japanese have asked that residents out to a 30 km radius to take shelter indoors.
Japanese authorities have distributed iodine tablets to the evacuation centres but no decision
has yet been taken on their administration.
Based on a press release from the Japanese Chief Cabinet Secretary dated 16 March
2011, the lAEA can confirm the following information about human injuries or contamination
at the Fukushima Daiichi nuclear power plant.
4-5 Injuries
The reported number of injuried person as of 16 March 2011 include:
• 2 TEPCO employees have minor injuries;
• 2 subcontractor employees are injured, one person suffered broken legs and one person
whose condition is unknown was transported to the hospital;
• 2 people are missing;
• 2 people were "suddenly taken ill";
• 2 TEPCO employees were transported to hospital during the time of donning respiratory
protection in the control centre;
• 4 people (2 TEPCO employees, 2 subcontractor employees) sustained minor injuries
due to the explosion at Unit 1 on 11 March and were transported to the hospital; and
• 11 people (4 TEPCO employees, 3 subcontractor employees and 4 Japanese civil
defense workers) were injured due to the explosion at Unit 3 on 14 March.
4-6 Radiological Contamination

About only 20 Employees are Suffering Radiological Contamination:
•

•
•
•

17 people (9 TEPCO employees, 8 subcontractor employees) suffered from deposition
of radioactive material to their faces; but were not taken to the hospital because of low
levels of exposure;
One worker suffered from significant exposure during "vent work," and was transported
to an offsite center;
2 policemen who were exposed to radiation were decontaminated; and
Firemen who were exposed to radiation are under investigation.

4-7 Evacuation of Populations:
On 12 March, the Japanese Prime Minister ordered the evacuation of residents living within
10 kilometres of the Fukushima Daini nuclear power plant and within 20 kilometres of the
Fukushima Daiichi nuclear power plant.
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Japan's Nuclear and Industrial Safety Agency (NISA) has reported that about 185 000
residents had been evacuated from the towns listed below as of 13 March 2011, 17:00 (JST).
Populations of Evacuated Towns Near Affected Nuclear Power Plants were:
Hirono-cho
5 387
Naraha-cho
7 851
Tomioka-cho
15 786
Okuma-cho
11 186
Futaba-cho
6 936
Namie-cho
20 695
Tamura-shi
41 428
Minamisouma-Shi
70 975
Kawauchi-mura
2 944
Kuzuo-mura
1 482
Total
184 670
Iodine Distribution
Japan has distributed 230000 units of stable iodine to evacuation centers from the area
around Fukushima Daiichi and Fukushima Daini NPPs. The Japanese do not pre-distribute
iodine tablets to those within the predetermined emergency planning zone. In response to the
Fukushima emergency, the tablets were distributed to evacuation centres within three days.
Tablets were not distributed to evacuees until nine days into the accident. The UK provided
potassium iodate tablets to the British Embassy in Japan.
4-8 Doses to Intervention Personnel
With regard to the Japanese response to the nuclear emergency at the Fukushima-1 site,
it has been necessary for the operator’s staff and emergency services, in seeking to restore
cooling, to incur radiation exposures considerably in excess of the 100mSv emergency dose
limit that is applied in Japan. For this work doses up to 250mSv have been authorised, and 30
people closely involved with the emergency have received doses between 100-250mSv.
4-9 Monitoring, Decontamination and Medical Assistance of Evacuees and Casualties
Monitoring and decontamination units were employed at evacuation centres to identify
those who may have been contaminated and to provide reassurance monitoring to those who
were not. It is believed that contamination was identified on a few evacuees who were
successfully decontaminated at the evacuation centre. During the emergency, there were a few
workers who received significant skin doses to their feet or lower legs (believed to be 2-3Sv)
and were taken to hospital for medical treatment and later discharged.
4-10 Radiological Monitoring of the Environment
Widespread environmental monitoring of the environment was implemented across
Japan, including measurements of air concentrations, ground deposition, water and foodstuffs
within a few days of the earthquake. Radiation monitoring during and after a nuclear
emergency plays an important role in providing an input to decision making and in the
provision of information to the public and to official bodies. Monitoring undertaken might
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relate to the immediate impact of the accident on people and the potential future impact
resulting from environmental contamination.
4-11 Taking Agricultural Countermeasures, Countermeasures against Ingestion and
Longer Term Protective Actions
In Japan, milk, leafy green vegetables and drinking water were found to exceed
regulation values in some localized areas and restrictions were implemented. Discharges to
sea of contaminated water resulted in fishing bans within 30km of the Fukushima-1 site being
implemented along with a change to the regulation value of iodine-131 in fishery products
being implemented.
4-12 Recent Developments at the Fukushima Daiichi Nuclear Power
On 1 February 2012 and continuing until 17 February TEPCO was actively monitoring a
temperature increase at a sensor located at the bottom of the Unit 2 Reactor Pressure Vessel
(RPV). Throughout this period TEPCO continuously provided updated information showing
that the temperature increase was isolated to this single sensor.
Between 13 and 17 February, TEPCO investigated whether a malfunction of this
specific temperature sensor was the cause of the increased temperature measurements. Based
on a combination of results from the initial testing performed on 13 February and continuous
monitoring, TEPCO stated that this entire event is likely caused by damage to this specific
sensor.
5- Road Map of Environmental Remediation Activities
5-1 Remediation Activities and Strategy
On 26 January the Ministry of the Environment released the "Road Map of
Environmental Remediation Activities". This Road Map covers the environmental
remediation strategy to be employed in the Deliberate Evacuation Area and the Restricted
Area. By the end of March, these areas are to be re-categorized as follows (by the Nuclear
Emergency Response Headquarters as decided on 26 December 2011):
•
•
•

The area prepared to call off the evacuation instruction, which will include those areas
with estimated doses to the public of less than20 mSv/yr;
The area to restrict residency, which will include those areas with estimated doses to the
public between 20 mSv/yr and 50 mSv/yr; and
The area with difficulty of return, which will include those areas with estimated doses to
the public of greater than 50 mSv/yr.

The following is a general overview of the remediation approach that has been proposed:
• land/house owners will be identified;
• Public meetings will be held for transparency and to increase the local population's
understanding of the remediation process;
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•
•
•
•
•
•
•

Permission from land/house owners will be obtained so that remediation teams can
access land and houses for initial surveying;
Field surveys (for radiation monitoring and earthquake and tsunami damage inspection)
will take place;
The best environmental remediation process for each area will be determined;
Permission from land/house owners will be obtained again before implementation of
any remediation actions;
Remediation of sites will take place;
Radiation monitoring will confirm the effectiveness of the remediation activities; and
Results of the remediation activities will be provided to the land/home owners.

The following is an approximate remediation schedule of activities to take place in the
re-categorized areas:
•

•
•

In areas with estimated doses to the public of less than20 mSv/yr;
o For those areas with 10 to 20 mSv/yr and schools with more than 5 mSv/yr
remediation activities are planned to be completed by December 2012;
o For those areas with 5 to1 0 mSv/yr remediation activities are planned to be
completed by the end of March 2013; and.
o For those areas with 1 to 5 mSv/yr remediation activities are planned to be
completed by the end of March 2014.
In areas with estimated doses to the public between 20 mSv/yr and50 mSv/yr
remediation activities are planned to be completed by the end of March 2014; and
In areas with estimated doses to the public of less than50 mSv/yr remediation
demonstration projects will be conducted. When the demonstration projects are
completed a review and discussion of the results will take place to decide the best way
forward in these areas.

The Road Map states that in March in-depth action plans for environmental remediation
for each municipality are planned to be developed. Finding appropriate locations to
temporarily store any removed material (soil, concrete, etc.) and organizing appropriate
manpower to conduct remediation activities is an on-going priority.
5-2 Radiation Doses to Workers
Table 3: Combined external and internal radiation doses to workers at Fukushima
Daiichi
Dose (mSv)

March

April

May

June

July

August

September

Greater than 250

6

0

0

0

0

0

0

200-250

2

0

0

0

0

0

0

150-200

13

0

0

0

0

0

0

100-150

77

0

0

0

0

0

0

50-100

309

3

0

0

0

0

0
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20-50

859

81

19

16

6

0

7

10-20

1041

310

133

96

69

21

28

Less than 10

1434

3214

2854

1997

2043

1080

1011

Total personnel

3742

3608

3017

2111

2118

1101

1046

Max (mSv)

670.36

69.28

41.61

39.62

31.24

18.27

30.81

Average (mSv)

22.58

3.83

2.85

2.26

1.85

1.46

1.80

On 17 October, a TEPCO employee was working with water injection equipment on the
second floor of the reactor building for Unit 1. When his work was completed, contamination
was discovered around his mouth. However, a whole body counter measurement identified no
internal contamination.
TEPCO had previously reported that 65 personnel (all sub-contractors) who worked at
the Fukushima plant during the initial response had not undergone whole body counting.
Several have been identified since that time and an investigation to identify remaining
personnel is on-going. At present there are 20 persons outstanding from this identification
process. Nine of them have been identified as not being applicable for whole body counting,
seven are still under investigation to obtain their contact details and four have been unable to
be found through their provided contact information.
On29 October two workers were injured onsite. An accident occurred during the
disassembly of a crane used to construct the Unit 1 reactor building cover. A bundle of wires
fixed by the bank wire on the base released and struck workers engaged in dismantling work.
One worker broke both of his legs and the other worker sustained injury to both his shoulders
and other areas of his body. The worker with broken legs was transported via helicopter to the
Fukushima Medical University Hospital immediately after the accident where he had surgery
and was transferred to an Intensive Care Unit. The other worker was transported to the Sogo
lwaki Kyoritsu Hospital approximately 4 hours after first receiving treatment at the medical
unit at J-Village. The cause of the accident is currently being investigated.
On 1 November TEPCO announced that due to the reduction of the airborne
concentration of contamination onsite, requirements for wearing facemasks onsite are being
reduced. These new rules come into effect on 8 November.
5-3 Latest Information Regarding Protective Measures for the Public
On 20 February Fukushima Prefecture released preliminary results from their project to
estimate external doses to residents who were in the surrounding area for the first four months
following the accident, Le. from 11 March to 11 July 2011. The table below shows the
estimated external doses to those members of the public that were in Namie Town, Kawamata
Town (in Yamakiya district) and litate Village. [Please note that these external dose estimates
have been put together based on a survey of when and where people were during the months
that followed the accident. When the full survey is released it will likely include a substantial
discussion of the estimation process.]
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Table 4: Estimated external doses to 9747 members of the public from Namie Town,
Kawamata Town and Iitate Village from 11 March to 11 July 2011
Estimate dose (mSv)
Number of people*
0-1
5636
1-2
2081
2-3
825
3-4
387
4-5
290
5-6
203
6-7
130
7-8
62
8-9
46
9-10
16
10-11
26
11-12
14
12-13
8
13-14
6
14-15
7
>15
10
Total
9747
* Please note the figures apply only to members of
the public in the surrounding areas. They do not
include radiation workers who lived in the area and
worked onsite in this time period.
5-4 Investigation Committee on the Accidents at the Fukushima Nuclear Power Station
The Investigation Committee on the Accident at the Fukushima Nuclear Power Stations
was established by the Japanese Government after the accident occurred in March 2011. This
committee is currently producing an independent review of the accident and will publish a full
document on this topic during this summer. On 26 December 2011 the committee released an
interim report providing their preliminary findings.
5-5 Updated Mid and Long Term Roadmap on Decommissioning of Fukushima Daiichi
Nuclear Power Plant
On 23 January METI updated the Roadmap document titled the "Mid-and-long-Term
Roadmap towards the Decommissioning of Fukushima Daiichi Nuclear Power Station Units
1-4, TEPCO" which outlines the proposed decommissioning process. This document was
originally finalized during a meeting on 21 December 2011 between the Agency of Natural
Resources and Energy (ANRE), METI, NISA and TEPCO. An updated summary document is
also available online.
The decommissioning Roadmap employs three distinct phases which are quoted here:
• "Phase 1: From the completion of Step 2 to the start of fuel removal from the spent
fuel pool (target is within two years). In addition to work preparing to start removing

21

XI Radiation Physics & Protection Conference, 25-28 November 2012, Nasr City - Cairo, Egypt

•

•

fuel from the spent fuel pool, this phase will include research and development
necessary for the removal of fuel debris, the start of site investigations, and other tasks
in a period of intensive preparation for decommissioning.
Phase 2: From the end of Phase 1 to the start of fuel debris removal (target is within
ten years). Within this phase, we will step up many research and development tasks
towards the removal of fuel debris, and tasks such as reinforcement of PCV. This
phase will be further divided into three steps: early, mid, and late, as a guideline for
judging progress within the phase.
Phase 3: From the end of Phase 2 to the end of decommissioning (target is 30-40
years). This is the phase for implementation of tasks from fuel debris removal to the
end of decommissioning."

5-6 Research and Development Roadmap Document
On 23 January METI released the document titled the "Research and Development Road
Map for Decommissioning Units 1-4 at TEPCOs Fukushima Daiichi Nuclear Power Plant"
which was previously released on 21 December and only available in Japanese. This road
map document was drafted between ANRE, TEPCO, MEXT, JAEA, and Toshiba and Hitachi
/ Hitachi-GE Nuclear Energy Ltd.
This document is comprised of the fundamental research and development (R&D)
philosophy, the R&D plan, the R&D framework and the ideal state of international
cooperation for R&D.

The R&D areas have been divided into:
•
•
•
•

R&D related to removal of fuel from spent fuel pools;
R&D related to preparation for removal of fuel debris;
R&D related to processing and disposal of radioactive waste, and;
R&D concerning remote control devices.

R&D for each of these areas is described within the plan based on the phases introduced
in. the mid and long term decommissioning plan. This document introduces a number of
technical issues which need to be resolved during the R&D program. It discusses prospective
technologies that could be introduced to help solve these challenges.

6- Uk Office for Nuclear Regulation Activities:
6-1 Evaluation and Conclusions:
The UK office of Nuclear Regulation (ONR) the situation was kept the situation under
review at the highest level in Government. The health and Safety Executive's Nuclear
Directorate (which became the office for Nuclear Regulation (ONR), an Agency of the Health
and safety Executive – on 1 April 2011, provided authoritative advice on nuclear aspects
throughout the crisis. An interim report was prepared responds to the secretary of state for
Energy and Climate Change to examine the circumstances of the Fukushima accident to see
what lessons could be learnt to enhance the safety of the UK nuclear industry.
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The direct causes of the nuclear accident, a magnitude 9 earthquake and the associated
14 metre high tsunami, are far beyond the most extreme natural events that the UK would be
expected to experience. We are reassuringly some 1000 miles from the edge of a tectonic
plate, where earthquake activity is more common and severe. Design provisions at the
Fukushima-1 site appear to only have been made to protect against a 5.7 metre high surge in
sea level, and there is a history of large tsunamis hitting this coast of Japan. It is reported that
over the 150 years Japan has experienced along its east coast several tsunamis of height
greater than six metres, some greater than 20 metres. However, we have been unable to
identify the specific history of tsunamis at the Fukushima-1 site.
UK nuclear power plants, both operational and those planned, are of a different design
to the BWR reactors at the Fukushima-1 site. In addition, our approach to design basis
analysis requires designers and operators to demonstrate that adequate protection is in place
for natural events of a very remote nature, based on an extrapolation from the historical
record. We then require them to demonstrate that there are no “cliff-edge” effects or that more
could not be reasonably done to protect against very remote events. This leads them to
conclude that:
Conclusion 1: In considering the direct causes of the Fukushima accident there is no
reason for curtailing the operation of nuclear power plants or other
nuclear facilities in the UK. Once further work is completed any
proposed improvements will be considered and implemented on a case
by case basis, in line with the normal regulatory approach.
Conclusion 2: In response to the Fukushima accident, the UK nuclear power industry has
reacted responsibly and appropriately displaying leadership for safety
and a strong safety culture in its response to date.
Conclusion 3: The Government’s intention to take forward proposals to create the Office
for Nuclear Regulation, with the post and responsibilities of the Chief
Inspector in statute, should enhance confidence in the UK’s nuclear
regulatory regime to more effectively face the challenges of the future.
Conclusion 4: To date, the consideration of the known circumstances of the Fukushima
accident has not revealed any gaps in scope or depth of the Safety
Assessment Principles for nuclear facilities in the UK.
Conclusion 5: With considerations of the events in Japan, and the possible lessons for the
UK, has not revealed any significant weaknesses in the UK nuclear
licensing regime.
Conclusion 7: There is no need to change the present siting strategies for new nuclear
power stations in the UK.
Conclusion 8: There is no reason to depart from a multi-plant site concept given the
design measures in new reactors being considered for deployment in the
UK and adequate demonstration in design and operational safety cases.
Conclusion 9: The UK’s gas-cooled reactors have lower power densities and larger
thermal capacities than water cooled reactors which with natural cooling
capabilities give longer timescales for remedial action. Additionally, they
have a lesser need for venting on loss of cooling and do not produce
concentrations of hydrogen from fuel cladding overheating.
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Conclusion 10: There is no evidence to suggest that the presence of MOX fuel in Reactor
Unit 3 significantly contributed to the health impact of the accident on or
off the site.
Conclusion 11: With more information there is likely to be considerable scope for lessons
to be learnt about human behaviour in severe accident conditions that
will be useful in enhancing contingency arrangements and training for
such events.
6-2 UK Interim Report Recommendations
From the consideration of the events at the Fukushima-1 site various matters should be
reviewed to determine whether there are any reasonably practicable improvements to the
safety of the UK nuclear industry. In formulating the interim report recommendations a trial is
made to group them into logical categories and to identify those who are expecting to follow
up the recommendations. The recommendations in full are listed below.
Table 5: UK Interim Report Recommendations
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7- Usnrc: Enhancing Safety in the 21st Century
In the days following the Fukushima Dai-ichi nuclear accident in Japan, the U.S.
Nuclear Regulatory Commission (NRC) directed the staff to establish a senior-level agency
task force (the Task Force) to conduct a methodical and systematic review of the NRC’s
processes and regulations to determine whether the agency should make additional
improvements to its regulatory system and to make recommendations to the Commission for
its policy direction. The Policy Statement on Safety Goals sets forth two qualitative safety
goals, which are supported by two quantitative supporting objectives. The following are the
qualitative safety goals:
Individual members of the public should be provided a level of protection from the
consequences of nuclear power plant operation such that individuals bear no significant
additional risk to life and health. Societal risks to life and health from nuclear power
plant operation should be comparable to or less than the risks of generating electricity
by viable competing technologies and should not be a significant addition to other
societal risks.
7-1 Quantitative Supporting Objectives:
The risk to an average individual in the vicinity of a nuclear power plant of prompt
fatalities that might result from reactor accidents should not exceed one-tenth of one percent
(0.1 percent) of the sum of prompt fatality risks resulting from other accidents to which
members of the U.S. population are generally exposed. The risk to the population in the area
near a nuclear power plant of cancer fatalities that might result from nuclear power plant
operation should not exceed one-tenth of one percent (0.1 percent) of the sum of cancer
fatality risks resulting from all other causes.
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In the Policy Statement on Safety Goals, the Commission emphasized the importance of
features such as containment, siting, and emergency planning as “integral parts of the
defense-in-depth concept associated with its accident prevention and mitigation philosophy.”
A cursory review of documents discussing the agency’s approach to defense-in-depth
provides a range of explanations and applications.
The Commission’s policy on probabilistic risk assessment (PRA) (“Use of Probabilistic
Risk Assessment Methods in Nuclear Regulatory Activities,” dated August 16, 1995), states
the following:
Defense-in-depth is a philosophy used by the NRC to provide redundancy for
facilities with “active” safety systems, e.g. a commercial nuclear power [plant], as well
as the philosophy of a multiple-barrier approach against fission product releases.
The decision described defense-in-depth as encompassing the following requirements:
(1) require the application of conservative codes and standards to establish substantial
safety margins in the design of nuclear plants;
(2) require high quality in the design, construction, and operation of nuclear plants to
reduce the likelihood of malfunctions, and promote the use of automatic safety
system actuation features;
(3) recognize that equipment can fail and operators can make mistakes and, therefore,
require redundancy in safety systems and components to reduce the chance that
malfunctions or mistakes will lead to accidents that release fission products from the
fuel;
(4) recognize that, in spite of these precautions, serious fuel-damage accidents may not be
completely prevented and, therefore, require containment structures and safety
features to prevent the release of fission products; and
(5) further require that comprehensive emergency plans be prepared and periodically
exercised to ensure that actions can and will be taken to notify and protect citizens in
the vicinity of a nuclear facility.
The Task Force has found that the defense-in-depth philosophy is a useful and broadly
applied concept. It is not, however, susceptible to a rigid definition because it is a philosophy.
For the purposes of its review, the Task Force focused on the following application of the
defense-in-depth concept:
• protection from external events that could lead to fuel damage
• mitigation of the consequences of such accidents should they occur, with a focus on
preventing core and spent fuel damage and uncontrolled releases of radioactive material
to the environment
• emergency preparedness to mitigate the effects of radiological releases to the public and
the environment.
Many of the elements of such a regulatory framework already exist in the form of rules
regarding station blackout, anticipated transient without scram, maintenance, combustible gas
control, aircraft impact assessment, beyond-design-basis fires and explosions, and alternative
treatment. Other elements, such as severe accident management guidelines, exist in voluntary
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industry initiatives. The Task Force has concluded that a collection of such “extended designbasis” requirements, with an appropriate set of quality or special treatment standards, should
be established.
The Task Force applied this conceptual framework during its deliberations. The result is
a set of recommendations that take a balanced approach to defense-in-depth as applied to lowlikelihood, high-consequence events such as prolonged station blackout resulting from severe
natural phenomena. These recommendations, taken together, are intended to clarify and
strengthen the regulatory framework for protection against natural disasters, mitigation, and
emergency preparedness, and to improve the effectiveness of the NRC’s programs.
7-2 Task Force's Recommendations
Clarifying the Regulatory Framework
1. The Task Force recommends establishing a logical, systematic, and coherent regulatory
framework for adequate protection that appropriately balances defense-in-depth and risk
considerations.
Ensuring Protection
2. The Task Force recommends that the NRC require licensees to reevaluate and upgrade as
necessary the design-basis seismic and flooding protection of structures, systems, and
components for each operating reactor.
3. The Task Force recommends, as part of the longer term review, that the NRC evaluate
potential enhancements to the capability to prevent or mitigate seismically induced fires
and floods.
Enhancing Mitigation
4. The Task Force recommends that the NRC strengthen station blackout mitigation capability
at all operating and new reactors for design-basis and beyond-design-basis external
events.
5. The Task Force recommends requiring reliable hardened vent designs in boiling water
reactor facilities with Mark I and Mark II containments.
6. The Task Force recommends, as part of the longer term review, that the NRC identify
insights about hydrogen control and mitigation inside containment or in other buildings as
additional information is revealed through further study of the Fukushima Dai-ichi
accident.
7. The Task Force recommends enhancing spent fuel pool makeup capability and
instrumentation for the spent fuel pool.
8. The Task Force recommends strengthening and integrating onsite emergency response
capabilities such as emergency operating procedures, severe accident management
guidelines, and extensive damage mitigation guidelines.
Strengthening Emergency Preparedness
9. The Task Force recommends that the NRC require that facility emergency plans address
prolonged station blackout and multiunit events.
10. The Task Force recommends, as part of the longer term review, that the NRC pursue
additional emergency preparedness topics related to multiunit events and prolonged
station blackout.
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11. The Task Force recommends, as part of the longer term review, that the NRC should
pursue emergency preparedness topics related to decision making, radiation monitoring,
and public education.
Improving the Efficiency of NRC Programs
12. The Task Force recommends that the NRC strengthen regulatory oversight of licensee
safety performance (i.e., the Reactor Oversight Process) by focusing more attention on
defense-in-depth requirements consistent with the recommended defense-in-depth
framework.

IAEA NUCLEAR SAFETY ACTION PLAN
12 Point Plan
Adopted by Board of Governers
Endorsed by all Member States

Regulatory Bodies
Operating organization
IAEA Safety Standards

MAKING NUCLEAR POWER SAFER
The IAEA Action Plan

12 Actions
39 Sub
Actions

170
Activities

¾ Assessment of Safety Vulnerabilities.
¾ IAEA PEER Reviews.
¾ Strengthen Emergency preparedness and Response.
¾ Strengthen the Effectiveness of National Regulatory Bodies.
¾ Strengthen effectiveness of operating organizations.
¾ Review and Strengthen IAEA Safety Standards.
¾ Improve Effectiveness of International Legal Framework.
¾ Member States Embarking on Nuclear Power Program.
¾ Strengthen and Maintain Capacity building.
¾ Protection of People+ Environment from Ionizing Radiation.
¾ Communication Dissemination of Information.
¾ International Expert’s Meeting Reactor and spent fuel safety.
¾ Research and Development.
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8- Evaluation and Conclusions
International cooperation and coordination is needed including the following:
• Participation collaborative, international efforts to determine and analyze the Fukushima
accident sequence of events.
• Participation in international efforts to update IAEA Fundamental safety standard [NSR1] and other related standards to reflect insights from the Fukushima event.
• Continued cooperation and coordination between national regulatory authorities on
insights from the Fukushima event as well as their plans, actions and findings. According
to the given information in this paper, the following technical issues have priority for
further examination:
- External event issues (seismic, flooding, fires, sever weather).
- Station blackout.
- Severe accident measures (combustible gas control, emergency operating procedures,
severe accident management guidelines).
- Strategies intended to maintain or restore core cooling, containment, and spent fuel pool
cooling capabilities under the occurrence of explosions or fire to include strategies in the
following areas.
(i) fire fighting (ii) operations to mitigate fuel damage, and (iii) Actions to minimize
radiological release.
- Emergency preparedness (emergency communications, radiological protection,
emergency planning zones, dose projections and modeling, protective actions).
Abbreviations
AEC
Atomic Energy Commission (Japan)
BWR
Boling Water Reactor
C&I
Control and Instrumentation
CSF
Critical Safety function
DBA
Design Basis Analysis
DG
Diesel Generator
EOP
Emergency Operating Procedures
HPA
Health Protection Agency
HPA-CRCE Health Protection Agency Centre for Radiation Chemical and Environmental
Hazards
HPCI
High Pressure Coolant Injection
HSE
Health and Safety Executive
IAEA
International Atomic Energy Agency
ICRP
International Commission on Radiological Protection
LOCA
Loss of Coolant Accident
LWR
Light Water Reactor
METI
Ministry of Economy Trade and Industry (Japan)
MEXT
Ministry of Education Culture Sport Science and Technology (Japan)
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MOX
NEA
NISA
NPP
OECD
ONR
PSA
RCIC
RCS
RHR
SAM
SAMG
SBO
SRV
TEPCO
US NRC
WANO
WHO

Mixed Oxide Fuel
Nuclear Energy Agency (of the OECD)
Nuclear and Industrial Safety Agency (Japanese nuclear safety regulator)
Nuclear Power Plant
Organization for Economic Co-operation and Development
Office for Nuclear Regulation (formerly the Nuclear Directorate of the HSE)
Probabilistic Safety Analysis
Reactor Core Isolation Cooling
Reactor Coolant System
Residual Heat Removal
Severe Accident Management
Severe Accident Management Guidelines
Station Blackout
Safety Relief Valve
The Tokyo Electric Power Company
Nuclear regulatory Commission (United States of America)
World Association of Nuclear Operators
world Health Organization
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