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Commentary

Lessons Learned from the Initial Response
to Nuclear Disaster caused by Fukushima
Nuclear Power Plants Accident
–Monitoring and Use of Radiation Information–
Fukuyama University,

Itsumasa Urabe

The results of actual environmental radiation monitoring and the series of responses to accidents and disasters have been examined in a parallel fashion to investigate how the understanding of the radiation information was made via environmental radiation monitoring and a System for Prediction of Environmental Emergency
Dose Information (SPEEDI) during the initial stage of the accident at the Fukushima
Daiichi Nuclear Power Plant. It was discovered from the discussion that a significant
amount of time was required for establishing the emergency monitoring system of
the Government Nuclear Emergency Response Headquarters and that the proposition
of plans and execution of emergency monitoring could have been significantly improved by examining emergency monitoring performed by the Tokyo Electric Power
Company and Fukushima Prefecture as well as the SPEEDI results.

I.

Introduction

Based on the experience attained from the JCO accident, the government has reinforced
the disaster protection function of the system by enacting the Act on Special Measures for
Nuclear Emergency Preparedness and reviewing the Basic Disaster Management Plan (the
nuclear emergency response version) to enforce a swift initial disaster response as well as
collaboration between the government and local public bodies. In particular, with regard to
the emergency response measures for preventing damage escalation, the government has
placed importance on the following aspects and has been working to improve the effectiveness of these aspects: implementation of emergency monitoring; an emergency response
support system (ERSS) for monitoring the nuclear reactor condition; preparation of a System
for Prediction of Environmental Emergency Dose Information (SPEEDI), which predicts the
behavior of radioactive materials in the atmosphere; and collection of accident information
and radiation information in nuclear power plants via by inspections for the operational safety
program.
The nuclear accident at the Fukushima Daiichi Nuclear Power Plant on March 11, 2011 was
one of the largest accidents in the world, which exceeded the predictions, and it is important
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to examine how the nuclear disaster response system in this country functioned to understand
its effectiveness and improve current response system, which assumed that “accidents can
happen.” Even today, there are various protective measures in place for the areas surrounding
the facility, which is under a state of emergency. While it might be premature to investigate
the protective system as a whole since various protective actions are in progress under the
emergency declaration, it is important to examine the radiation information collected as well
as the measures taken during a nuclear emergency wherein considerable amounts of radioactive materials are emitted to the environment during the initial stage to understand the actual
condition of the nuclear disaster.
During the accident, radiation information monitoring was required to be performed
during station blackout as well as during the ensuing aftershocks, which caused many difficulties. In this commentary while taking the difficult operation conditions into consideration,
the author identifies the actions taken by the Nuclear Emergency Response Office after the
onset of the accident and the operated emergency monitoring and attempts to clarify the relations between these conditions for the effective monitoring of initial radiation information
during such a disaster.

II. Monitoring of Emergency Radiation Information
1. E
 mergency Monitoring
Monitoring of radiation information is done as a basis for planning protective measures
such as evacuations at the time of declaration of a state of emergency as well as for evaluating
the effect of radioactive materials and radiation on surrounding residents 1). The implementation method is divided into two phases according to the importance of these phases when
deciding the protective measures during the initial stage: phase 1 is initiated immediately
after the onset of emergency, whereas phase 2 is initiated when the emission of radioactive
materials and radiation has been certainly reduced; this phase is intended to monitor the
effect on the surrounding areas. Speed is of importance during phase 1, while accuracy is
important during phase 2. The measurement items, locations, sample collection locations,
and measurement methods for each phase are detailed in the environmental radiation monitoring guidelines. During the monitoring conducted during phase 1, measurements of the
following are made: (a) air dose rate of radioactive noble gases, (b) radioiodine concentration
in the atmosphere and environmental samples, (c) uranium and plutonium concentration in
the atmosphere, and (d) concentration or α-ray surface contamination density of uranium and
plutonium in environmental samples.
In the monitoring conducted during phase 2, the following additions are made to the measurement items, for which the concentrations of radioactive materials in environmental samples are measured: soil, crops, livestock, raw water (rivers and purification plants), and fish
(in case of leakage into the rivers and oceans). Emergency monitoring is conducted stepwise
according to the phases by specifying the target radioactive materials; for this purpose, the
efficiency and swiftness of emergency actions during disaster responses is taken into consideration.

2. SPEEDI Network System
During an emergency, protective measures are taken based on the expected concentrations
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of radioactive materials and exposure dose rates of residents’ in the surrounding areas. The
prediction results obtained using the SPEEDI and the measured values monitored at several
points in the surrounding areas are considered. SPEEDI has been installed and maintained
by the government and local public bodies as a method to obtain information regarding the
concentrations of radioactive materials and predicted doses in the surrounding area. For the
sake of swiftly deciding upon protective measures, the environmental radiation monitoring
guidelines hold that during a nuclear emergency, it is one of the duties of radiation protection
groups in the government’s nuclear emergency countermeasure office and local countermeasure offices to use this system for estimating dosages of residents; however, it is often
difficult to quantitatively determine the information about emission sources during the early
stages of a disaster. In such cases, it is advisable to work on the emergency monitoring plan,
which includes the predicted figures for a unit amount of emission in terms of direction and
location where monitoring should be reinforced as well as the monitoring items. Furthermore,
since the calculation of SPEEDI is not always appropriate due to the differences between the
predicted and actual meteorological conditions, the guidelines mention the need for repeated
verification of the results based on the actual meteorological data.

III. Environmental Radiation Monitoring at the Early Stage
of a Disaster
1. E
 nvironmental Radiation Monitoring by Companies
Figure 1 shows the change in the air dose rate measured using a monitoring car (MC; operated by the Tokyo Electric Power Company) since the onset of a disaster 2). The air dose rate
shows the background (BG) level from the arrival of a tsunami until the early morning of
March 12, which slowly increased during the early morning of the 12th and reached its first
peak of 386 mSv/h at 10:30 am near the main gate. After that, the air dose rate continued to
vary by approximately a few hundred mSv/h, reached a high dose rate of approximately
12 mSv/h in front of the main gate on March 15 at 9:00 am, and measured approximately
11 mSv/h after being measured again on 16th at 12:30. Such abrupt changes in the air dose rate
around the facility boundaries have been examined in relation to (a) the plant phenomenon

Figure 1 Change in air dose rate near the plant facility boundaries 2)
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after the earthquake and (b) meteorological conditions. In addition, the measurement results in
Figure 1 show a change in the air dose rate in multiple directions around the same time period.
For example, on March 14, the air dose rates at monitoring posts (MPs) 2 and 4 and at the
main gate changed at the same time, indicating the possibility that radioactive materials scattered in multiple directions. This indicates the possibility that pollution caused by radioactive
materials advanced at the same time over a wide range near the facility boundaries.

2. Environmental Radiation Monitoring in Fukushima Prefecture
Figure 2 shows the environmental radiation monitoring results obtained from seven locations in Fukushima 3). The results show measurements of approximately 20 mSv/h in Minamisoma City at around 21:00 on March 12, and 24 mSv/h as measured in Iwaki City at around
4:00 on March 15. The former measurement is likely to be due to south winds early evening
on the 12th and the latter due to the north winds that had been blowing since the previous day
(the 14th). Later, the air dose rate in Shirakawa City increased, followed by an abrupt increase
in Koriyama City and Fukushima City. These changes are likely due to the east winds that
were blowing during the daytime on the 15th, which then changed into southeast and
south-southeast winds. After 16th, the air dose rate began to indicate a downward trend apart
from Minamisoma City and Iwaki City, where large changes were observed.

3. Disaster Countermeasure Office Response
Table 1 summarizes the response measures after the earthquake, abnormal phenomenon
in the nuclear power plants, and environmental-radiation-monitoring-related items 4). Table 1

Figure 2 Environmental radiation monitoring results at seven locations in Fukushima Prefecture 3)
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also indicates that the function of MPs at the facility boundaries was maintained immediately
after the earthquake, but the monitoring function was lost after the station blackout due to the
tsunami. In addition, the loss of ERSS functionality after the earthquake meant that the act
of conducting quantitative calculations using SPEEDI became more difficult. Later, a state
of emergency was declared and the Government Nuclear Emergency Response Headquarters
and the Local Nuclear Emergency Response Headquarters were established, but the air dose
rate around the facility was at approximately the BG level. In the early morning on the 12th,
the staff of the prefecture, the Japan Atomic Energy Agency (JAEA), and the National Institute of Radiological Sciences (NIRS) gathered at the Fukushima Nuclear Center (Okuma
Town), but the assembling rate of the ministries and government offices was low and onsite
delegation of Nuclear Safety Commission members was not made. At this time, the Local Nuclear Emergency Response Headquarters, which was temporarily moved to another location,
returned to the emergency countermeasure office base facility (OFC), but the air dose rate
around the facility boundaries was several times as high as BG. On the afternoon of the 12th,
a hydrogen explosion occurred at Unit 1 and the air dose rate at this time exceeded 100 times
as high as BG. In the evening of the same day, the air dose rate exceeded 1000 times as high
as BG and an evacuation order was issued to the residents within a radius of 20 km from the
nuclear power plants.
Table 1 Disaster response implemented immediately after the earthquake
and environmental radiation monitoring 4)
Date and
time
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Countermeasures

Abnormal phenomenon at facility

11th
14:46

Onset of earthquake

Reactor shutdown; emergency
response support system (ERSS)
fails to function

15:30

Arrival of tsunami

Subsequently, station blackout
occurs

15:42

Establishment of Ministry of
Economy, Trade and Industry
Nuclear Emergency (onsite)
countermeasures office

MPs do not function; measurement
performed using monitoring cars
(MCs)

16:36
17:00

Establishment of countermeasures
office in official residence
Vice Minister of Ministry of
Economy, Trade and Industry departs
for Emergency countermeasures
office (OFC)

Impossible to pour water using
the emergency core-cooling
system (ECCS) ; inability to
make quantitative prediction
using the System for Prediction of
Environmental Emergency Dose
Information (SPEEDI)

19:03

Declaration of state of emergency,
establishment of the Local Nuclear
Emergency Response Headquarters
(onsite), appointment of a person as
the acting director general

Blackout; malfunction of emergency
power supply causes the inability to
communicate from OFC, so directors
move to the prefecture nuclear center
(Okuma Town)

20:50

Evacuation order by the governor for
residents within the 2-km radius

21:23

Evacuation order for those within the
3-km radius and sheltering order for Difficulty in cooling Unit 1
residents within the 10-km radius

12th
00:00

Vice minister arrived at the
prefecture nuclear center (Okuma
Town) ; staff of JAEA and National
Institute of Radiological Sciences
also arrived

Low initial assembly rate of staff
of related organizations; no onsite
delegation of emergency response
measure officials

03:20

The Local Nuclear Emergency
Response Headquarters returns to
OFC

Emergency power supply recovers
in OFC; satellite communication
system is enabled

Environmental radiation monitoring
No abnormality at monitoring posts
(MPs) in surrounding monitoring
areas

In total, 23 out of 24 MPs in the
prefecture did not function
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Date and
time
05:44

Countermeasures
Evacuation order to residents within
the 10-km radius

Abnormal phenomenon at facility

Environmental radiation monitoring

Increase in pressure in primary
containment vessel (PCV) ;
Increase in air dose rate near facility
difficulty in use of plant information, boundaries
ERSS, and SPEEDI at OFC
Government office of Minamisoma
City, acting as OFC facility, cannot
be used due to earthquake and
tsunami response

15:36
18:25

Hydrogen explosion at Unit 1
Evacuation order to residents within
the 20-km radius.

Consideration of disasters caused
due to accidents in other reactors

First emergency monitoring
information (>30 mSv/h) in some
areas)

13th
14th
07:30

Announcement of monitoring
information by Nuclear and
Industrial Safety Agency

15th

Removal of staff from OFC

11:00

At 20:00, air dose rate increases in
Minamisoma City

11:01 Hydrogen explosion in Unit 3

Explosion at Unit 4
Explosive activity at Unit 2

MC dispatch 1 (three cars) and
dispatch 2 (four cars)
Detection of high concentration of
radioiodine and cesium from surface
soil and plants

Establishment of overall
countermeasures office for the
Fukushima Nuclear Power Plant
Accident

Measurement by 15 MCs (Ministry
of Education, Culture, Sports,
Science and Technology, JAEA,
Fukushima Prefecture, National
Police Agency, Ministry of Defense,
and electric companies)

Sheltering order to residents within a
radius between 20 and 30 km;
the Local Nuclear Emergency
Response Headquarters moves to the
Fukushima government office

Collection of soil and plants
(insufficient monitoring at the
Local Nuclear Emergency Response
Headquarters due to earthquakes)
Measurement of 330 mSv/h at three
points near Namie Town

20:40
Announcement of dose rate
measurement results near Namie
Town by Ministry of Education,
Culture, Sports, Science and
Technology

Start of emergency monitoring in the
prefecture

Organization of roles within the
government (Ministry of Education,
Culture, Sports, Science and
Technology and Nuclear Safety
Commission)

Start of radiological survey of raw
milk and radiological survey of tap
water

17th

Daily announcement of
environmental monitoring by
Ministry of Education, Culture,
Sports, Science and Technology

Start of radiological survey on
vegetables

18th

Request for the introduction of
integrating dosimeters or for the
increase in measurement frequency

Collection and analysis of dust,
environmental samples, and soil

16th

Contamination verified in soil and
weeds in areas 40 km northwest

20th

21st

23rd

Ministry of Education, Culture,
Sports, Science and Technology
“Establishment of monitoring
planning for areas 20 km or more
from Fukushima Daiichi Nuclear
Power Plant”

Soil plutonium analysis

Announcement of SPEEDI
calculations

Start of sea area monitoring

163

INSIGHTS CONCERNING THE FUKUSHIMA DAIICHI NUCLEAR ACCIDENT Vol. 1

On the 13th, radiation monitoring was performed by the Local Nuclear Emergency Response Headquarters. The measurements exceeding 30 mSv/h were made in some areas and
were reported by the Nuclear and Industrial Safety Agency in the early morning on the 14th.
This was the first time that the values related to environmental radiation monitoring were announced by the Government Nuclear Emergency Response Headquarters. At this point, an air
dose rate of approximately 0.9 mSv/h was measured near the facility boundaries. From that
day onward, the Government Nuclear Emergency Response Headquarters prepared several
MCs to enhance the environmental radiation monitoring. On the 14th and 15th, explosions occurred at Units 3, 4, and 2 in succession and radiation measurements performed using many
MCs (15 cars) and as well as measurements of soil and plants were initiated. On the 15th, soil
and plants were collected for emergency monitoring, but the monitoring activity by the Local
Nuclear Emergency Response Headquarters was insufficient due to the effect of the earthquake and other disasters 4). Moreover, a dose rate of 330 mSv/h was measured in Namie Town
on the early evening of the 15th. Following this, allocation of roles in terms of environmental
radiation monitoring was made within the government on the 16th and the Ministry of Education, Culture, Sports, Science and Technology was placed in charge of implementing and
directing emergency monitoring and announcing the related reports. On the 21st, the Ministry
of Education, Culture, Sports, Science and Technology finalized and announced the “Fulfillment of the monitoring plan for areas 20 km beyond the Fukushima Daiichi Nuclear Power
Plant.” Based on the above series of events, the establishment of an emergency monitoring
system was attempted around this time, though the process still lacked a solid system in terms
of selecting the measurement locations and items.

IV. Discussions and Lessons
1. T
 ime Lag until Emission of Radioactive Materials
So far, it has been thought that when an abnormal event occurs in a nuclear power plant,
there is a certain amount of time lag until an abnormal emission of radioactive materials and
radiation into the surrounding areas occur. The monitoring data obtained this time indicate
that the air dose rate started to increase around the facility boundaries from approximately
4:00 am on the 12th, ~13 h after the onset of the earthquake, and the dose rate of a few mSv/
h continued at the same measurement location, occasionally reaching a value of several hundred mSv/h. This indicates that there was a time lag between the establishment of the precautionary office due to the abnormality notification and the emission of radioactive materials in
the facility. However, from the perspective of implementing protective measures, it is important to accurately correlate the phenomenon inside the reactor to the increase in the air dose
rate around the facility boundaries in the relatively early stages before the explosion at Unit
1. This is crucial to determine the possibility for regulating the phenomenon inside the reactor, which can affect the surrounding areas as well as the examination of effective disaster
countermeasures.

2. Initiation of Emergency Monitoring
In nuclear disaster prevention, decisions during an emergency are made based on (1) radiation dose rate near the facility boundaries and (2) observed phenomena (onset of events at
nuclear power plants and nuclear-related facilities indicating a large emission to the outside
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areas). This time, the declaration of a state of emergency was made based on the criteria
regarding the latter aspect. When declaring a state of emergency, the heads of the assigned
governmental organizations and local governmental organizations have the responsibility
to implement emergency countermeasures. This was the case even for the accident this time
in which the air dose rate was as low as BG near the facility boundaries. Therefore, in the
case of an emergency, the Government Nuclear Emergency Response Headquarters and the
Local Nuclear Emergency Response Headquarters need to immediately organize an emergency monitoring system and implement it. From an observation of the series of events from
such a perspective, even when dose rates of several tens of mSv/h (occasionally mSv/h) were
measured near the facility boundaries on the 13th (Figure 1) and dose rates of several mSv/h
were measured in Minamisoma City (Figure 2), it is not necessarily the case that emergency
monitoring was planned and implemented to evaluate the effect of the radioactive materials
and radiation from the nuclear facility on the surrounding residents until 13th from countermeasures mentioned in Table 1.
Figures 1 and 2 and Table 1 show that the initial results of emergency monitoring were obtained in the early evening of the 13th; the measured values of Fukushima environmental radiation monitoring abnormally increased around the same time of the 15th (a few mSv/h were
observed around noon near the boundaries of the facility), and a measurement of 330 mSv/h
was made in Namie Town in the evening of the same day, indicating an abrupt change in the
situation. The government attempted to establish an emergency monitoring system under such
conditions (the roles of related governmental organizations in emergency monitoring was
determined on the 16th, and the Ministry of Education, Culture, Sports, Science and Technology finalized and announced the “Fulfillment of the monitoring plan for areas 20 km beyond
Fukushima Nuclear Power Plant”), but a clear direction was established approximately 10
days after the declaration of a state of emergency. The reasons for the delay in establishing
an emergency monitoring system under a state of emergency include the loss of local infrastructure, the loss of OFC function due to the loss of means of communication caused by the
earthquake and tsunami, and the continuous aftershocks; however, the reason could also be
found in the possibility of human cognitive characteristics (normalcy bias), which prevented
an immediate recognition of a state of emergency despite the abnormally high levels of radiation observed in Fukushima area environmental radiation monitoring results and those near
the power plant. In the future, it will be necessary to examine the emergency monitoring from
such perspectives.

3. Implementation of Radiation Monitoring in Phases
Emergency monitoring is conducted in two phases to clarify its meaning. The radiation
monitoring implemented around the 21st was effectively equivalent to phase 1 of the emergency monitoring. There is no indicator for distinguishing phase 1 from phase 2; however,
by setting the boundary as the time at which it became possible to stably cool the reactor, the
duration of phase 1 can be said to have lasted as long as several months in this case. However,
phase 2 of emergency monitoring was implemented even before stable cooling of the reactor
was achieved. This indicates the necessity of reviewing the conventional boundary between
monitoring in phase 1 and phase 2 from a different perspective based on the progress of the
disaster as well as necessary information.
Furthermore, it is not appropriate to limit the target isotopes to be monitored in phase 1
to rare gas, radioiodine, uranium, and plutonium to estimate residents’ dose and the scale of
the disaster. In this case, information on radioactive isotopes that are not part of the target
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isotopes for the early stage of radiation monitoring, i.e., radioactive cesium, is necessary.
Furthermore, it is not appropriate to consider residents’ dose as an evaluation item in phase
2 due to the indivisible relationship between radiation monitoring and resident dosages. In
particular, the accuracy of the dose due to inhalation of radioactive material before the implementation of protective measures largely depends on the radiation information learned during
the early stages, so it is necessary to implement emergency monitoring for dose assessment
during the early stages. In other words, emergency monitoring can be classified into situations
wherein (a) it is difficult to regulate the release of radioactive materials from the facility and (b)
the uncertainty of the emission of the radioactive materials is significantly reduced; it is necessary to make plans and to conduct emergency monitoring for each situation to implement
protective measures and dose assessments.

4. Effective Use of SPEEDI Information
During the initial stages of an emergency, SPEEDI plays an important role, together with
environmental radiation monitoring, in estimating the resident doses and applying proper
countermeasures. However, in this earthquake disaster, the ERSS functionality was lost immediately after the earthquake, making quantitative evaluation of the system impossible. Furthermore, there were less records of use of the system as part of the countermeasures during
the initial stage. The environmental radiation monitoring guidelines indicate an expectation
that SPEEDI should be utilized applying assumed amount of emission source for emergency
monitoring and protective measures, even when there is no information about the emission
source. The values in the monitoring results near the facility boundaries were extremely high
around the noon on March 12. An abrupt change was also indicated in the monitoring results
in Minamisoma City in the early evening on the same day. Based on the radiation monitoring
results made after the 12th, proper interpretation using SPEEDI on the radiation monitoring
results, even ex-post evaluation of the emission would have enhanced the understanding of
the dynamic behavior of the radioactive materials over a wide range far from the facility and
helped in improving the planning and execution of emergency monitoring plans.
In situations wherein the condition of a disaster can only be estimated through limited
radiation monitoring, obtaining information about the emission source is important for understanding the scale and characteristics of the disaster and smoothly and effectively executing
not only the immediate countermeasures but also the disaster response in general. There is no
indication of consideration given toward estimating the information about the emission source
via SPEEDI during the initial stages. The environmental radiation monitoring guidelines do
not clearly specify the use of SPEEDI, as mentioned above, but the use of the advanced technology in addition to those in the response manual must be taken into consideration in uncertain emergency situations. Emergency countermeasures must encompass such use. The first
dose map based on SPEEDI calculations, which was later announced by the Nuclear Safety
Commission, was made with assumed emission rate values based on deductions from the
radiation monitoring results. Errors were inevitable in the results, but the estimation results
were effective in clarifying the whole picture with regard to the effect of emitted radioactive
materials and determining the subsequent protective measures.
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V.

Conclusions

The following results summarize the examination conducted herein:
(1) There was a time lag between the onset of abnormal phenomena in the nuclear facility
and the emission of radioactive materials into the environment. However, from the
perspective of disaster prevention, it is important to relate the phenomena inside the
reactor to the increase in the air dose rate around the boundaries of the facility during
the early stages.
(2) It took a significant amount of time after the declaration of a state of emergency to
establish an emergency monitoring system. This delay was caused due to the effect of
compound disaster and because of the delay, which may be caused by the normalcy
bias—a characteristic in human recognition, during the initial stages of the disaster.
(3) The current environmental radiation monitoring guidelines do not clearly define the
duty for evaluating the information about the types of radioactive materials and resident doses during the initial stages. It is necessary to consider the initial stages of a
disaster as an emergency radiation exposure situation, as defined by international organizations, and systematically review the actions of obtaining radiation information,
dose assessments, and execution of protective measures.
(4) SPEEDI has an important role in understanding the outline of nuclear emergencies in
a spatial and temporal manner. When planning for emergency monitoring, it is indispensable to include SPEEDI information to supplement the radiation monitoring information, i.e., the actual measurement information of monitoring points. The SPEEDI
system should be sufficiently flexible to utilize, including the estimation of source
term.
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