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ABSTRACT
An earthquake measuring 6.8 on the Richter scale struck the Niigata-Chuetsu region of Japan
at 10.13 on the 16™ of July, 2007. The earthquake was followed by the sustained occurrence
of numerous aftershocks, delaying the reconstruction of community lifelines. The earthquake
affected the Kashiwazaki-Kariwa nuclear power plants (NPPs), the biggest NPP site in the
world. The earthquake caused damage to NPPs, resulting in a small amount of radioactive
materials being released into the air and the sea. However, no significant effects were detected
in the public and the environment. As medical response to this earthquake, 42 Disaster
Medical Assistance Teams (DMATs) were sent to hospitals and first-aid care centers at the
NPP site. In order to evaluate the perceptions of the deployed DMAT personnel regarding
concerns about the health effects of radiation and information about the damage to NPPs,
questionnaires were sent to 40 facilities that dispatched DMATS to the earthquake area. Most
of them were concerned with the effects of radiation, and adequate information about the
problems at the NPPs was not communicated to them. This preliminary study suggests that
communication of information is extremely important for DMAT members in the case of
disasters, and in particular if there exists a possibility of radiation exposure, since radiation
cannot be detected by our senses. DMAT members are critical to any mass casualty incident,
whether caused by human or nature. We have learned from this earthquake that there is urgent
need for an all-hazards approach, including a “combined disaster” strategy, which should be
emphasized for current disaster planning and response. This is the first report on DMATSs

deployed to an earthquake site with damage to NPPs.
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INTRODUCTION

The occurrence of radiation or nuclear disasters requiring medical care is fortunately
very rare. Nevertheless, countries with nuclear facilities, and especially nuclear power plants
(NPP), have established a system for radiation emergency medical preparedness for
accidents/disasters and also malicious use of nuclear/radiation materials. In Japan, the system
has been reviewed and revised after a criticality accident which occurred in a Japanese
company dealing with nuclear fuel conversion at Tokai-mura, Ibaraki prefecture in 1999
(Akashi et al. 2001; Hirama and Akashi. 2005); the central and/or local government now
performs an annual radiation emergency drill. However, drills using the scenario of
radiation/nuclear event caused by an earthquake have never been performed in Japan.
Earthquakes can cause not only death and life-threatening injuries, but also have tremendous
impact on the infrastructures of public and nuclear facilities. There are many kinds of
disasters: earthquake, storm, heavy rain or snow fall, flood, high tide, tsunami, volcano, fire
or wild fire, explosion, and major transportation accidents with ship, train, and plane. Among
any of these, radiation cannot be detected by our senses and does not cause immediate
signs/symptoms. Thus, people cannot become aware of the occurrence of a radiation/nuclear
disaster unless an elevated level of radiation can be measured by some device, or information
is provided. Moreover, both the public and medical professionals have limited information to
share with colleagues or concerned members of the public concerning the frequency and
severity of radiation accidents.

A disaster medical assistance team (DMAT) consists of a group of professional and
paraprofessional medical personnel designed to provide emergency medical care during a
disaster or other emergency. DMAT is principally a community resource available to support
local and regional requirements. In Japan, the Ministry of Health, Labor and Welfare
(MHLW) is responsible for organizing and maintaining a national medical response capability

in the event of a major disaster, per the Disaster Basic Management Plan under the Disaster
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Countermeasures Basic Act. In the event of a significant man-made or natural declared
disaster, local governments (at prefectural levels) can ask the MHLW to activate individual
DMAT, which is a locally organized medical team trained by the national system. The Niigata
Chuetsu-Oki Earthquake occurred on July 16, 2007, in Niigata prefecture in Japan. Niigata
prefecture requested the MHLW to activate DMATSs; 42 DMATs were sent to the site from 40
medical facilities in Japan. Members of DMATs witness severe injuries and death and must
make rapid decisions to allocate limited sources (Stevens et al. 2008). Recent studies have
shown that those providing immediate response to disasters are at high risk of developing
psychiatric morbidity, and stress management is needed for DMATs members (Stevens et al.
2008: Erickson et al. 2004). The Niigata earthquake caused damage to the largest nuclear
power station in the world. Fortunately, the earthquake did not cause any significant health
effects from the view-point of radiation exposure, although radioiodine and particulate
radionuclides (°'Cr, ® Co) were released into the air and the sea. Nevertheless, almost no
information about the nuclear events at NPPs was provided to these DMATSs as part of the
pre-deployment briefing. In this preliminary study, a questionnaire about the experience of
DMAT personnel deployed to the NPP areas during the earthquake was sent.. Most of their
members were clearly concerned with the threats posed by the NPPs. In addition, this
earthquake experience resulted in considerations of the possibility of damage to the

infrastructure including the radiation monitoring system.

THE EARTHQUAKE
An earthquake measuring 6.8 on the Richter scale (Mima=6.8 according to the
Japanese Meteorological Agency) struck the Niigata-Chuetsu region of Japan at 10.13 on the
16" of July, 2007 (Fig. 1). It was followed by another measuring 5.8 on the Richter scale at
15:37 on the same day, and numerous, sustained aftershocks followed. The earthquake and

aftershocks left 15 people dead and 2,315 injured (FDMA. 2007). A total of 1,319 houses had

— 140 -



collapsed and 40,335 were partially destroyed in Niigata prefecture. Kashiwazaki City was
the most affected in the prefecture, with 14 dead and 1,109 collapsed houses. The earthquake
caused damage to the Kashiwazaki-Kariwa NPPs of Tokyo Electric Power Company, Inc.
(TEPCO) located along the northwest coast of Japan, approximately 16 km south of its
epicenter and 23 km from its hypocenter. This NPP is the largest site in the world; it consists
of 7 units with a combined capacity of 8,212 MW (IAEA. 2008). Five reactors are the boiling
water reactor (BWR) type and two the advanced BWR (ABWR) type. The five BWR units
entered commercial operation between 1985 and 1994 and the two ABWRs in 1996 - 1997.
At the time of the earthquake, four reactors were in operation: Units 2, 3, 4 and 7, with Unit 2
being in start-up mode. These units shut down automatically immediately after upon detection
of the earthquake. Other units had been already shut down for annual inspection. No
significantly increased levels of radiation were detected at the surrounding environmental
monitoring posts. On the other hand, leakage of water containing radionuclides was found in
non-controlled areas of the third floor and the lower fourth floor in the Unit-6 reactor building
of on July 17,2007 (METL 2007). Investigation of this water leak revealed that an amount of
about 0.6 liters on the third floor and about 0.9 liters on the lower fourth floor. The leaked
water from these non-controlled areas was also released into the sea via a drainage system in
the facility. The amount of leaked water into the sea was 1.2 m’ and its radioactivity was
estimated as 9 x 10* Bq: **Co, 7.7 x 10° Bq; *°Co, 4.3 x 10" Bg; '**Sb, 3.5 x 10* Bq (TEPCO.
2007). Furthermore, radioactive iodine (1311, 1337 135 L, total activity: 4 x 108 Bq), ey (14x
10® Bq) and ®°Co (2.3 x 10° Bq) were detected on the main exhaust stack of Unit 7 during the
annual weekly measurement (TEPCO. 2007; METI. 2007). Since Unit 7 was automatically
shut down, no significantly increased level of radiation was detected on the radiation monitors
of the main stack.

Damage to the Kashiwazaki-Kariwa NPP was evaluated according to the

International Nuclear Event Scale (INES) (IAEA. 2001). Results are shown in Table 1. The
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INES evaluation of two of the four incidents relevant to the Niigata Chuetsu-Oki earthquake
showed a score of "0-", indicating no safety significance. The other two incidents could not be
detected by the scale (METL 2008). Thus, this earthquake did not affect the environment
significantly from a radiological standpoint. However, it had a major social impact, based on
the fact that this nuclear power station is the largest in the world. In addition, the earthquake

also triggered a fire outbreak in the Unit 3 transformer.

COLLAPSE AND DESTRUCTION OF INFRASTRUCTURE

Two fires were reported as a result of this earthquake by the Fire Disaster
Management Agency (FDMA. 2007); one was at the NPP, but the other was elsewhere. The
former fire broke out at an electrical transformer in the Unit 3 of the NPP, as described
above. This fire was probably caused by the leakage of oil in the transformer housing, which
then ignited. The fire-wall between the transformer and the turbine building prevented the fire
from expanding further. Two minutes after the earthquake occurred, an operator on patrol
found smoke in the Unit 3 transformer and reported this to his supervisor. The supervisor tried
to notify the emergency operation room of the NPP, but it could not be entered due to damage
caused by the earthquake. Moreover, the in-house fire extinguishing system including fire
hydrant operation was damaged due to soil settlement caused by the earthquake. This means
that the infrastructure was badly compromised. Another problem was the delay in notifying
the public fire department, which was not accomplished until 14 minutes after the earthquake
had struck. The fire department asked the NPP to try to extinguish the fire using their own
resources until they could attend. Firefighters finally arrived at the NPP one and a half hours
after the operator detected the fire, as earthquake-caused landslides and ground deformation
resulted in damage to public roads, and traffic overload and congestion resulted. The fire was
finally confirmed to be extinguished almost two hours later. It was pointed out that a lack of

first response staff and also appropriate fire fighting training for the first-responder staff at the
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NPP was one of the causes for the delay in extinguishing the fire (NISA. 2008). Further
investigation found that about 100 drums in the storage house for radioactive solid waste had
fallen over, and the lids of several drums had opened. Fortunately, the system for radiation
monitoring in the store house surrounding area had not been affected, and no levels over than
the background of radiation were detected in this earthquake. Moreover, the

telecommunication system was not affected.

METHODS

Niigata prefecture requested the MHLW to send DMATs at 10:33 on July 16, 2007,
20 minutes after the earthquake struck. Niigata prefecture also requested neighboring
prefectures to send DMATS to the site. Thus, 42 DMATs were dispatched to the site from 40
medical facilities in Japan. These DM ATs were inactivated at 10:00 on July 18, 2007. The
Japanese Association for Disaster Medicine organized a special committee for identifying the
lessons learnt from the response to the Niigata Chuetsu-Oki Earthquake, and this committee
prepared the questionnaire for the DMAT members deployed to the earthquake response zone.
This questionnaire consisted of closed questions regarding: (1) awareness of damage to NPP;
(2) concern about health effect; and (3) providing DMATs with information about radiation. In
December 2007, the questionnaire was sent to the 40 medical facilities that had dispatched

DMATSs to hospitals and first-aid care centers at the NPP site.

RESULTS
Twenty-one facilities that sent DMATSs, including four from Niigata, 10 from
neighboring and seven from other prefectures,completed the questionnaire, a response rate of
52.5%. Fig. 2 shows the responses to the questions and answers. Almost half of the DMAT
members had some information regarding the damage to the NPP before they left for the site.

However, 35% answered that they would not have joined the DMAT if they had known about
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the problems at the NPP, and 40% did not answer this question. It is noteworthy that 85%
expressed their concern about the health effects caused by the radiation problems at the NPP.
Moreover, no DMAT members felt that they had received adequate information about the

problems at the NPP.

DISCUSSION

Radiation cannot be detected by our senses and symptoms/signs do not appear
immediately after exposure to radiation. In addition, radiation accidents or disasters requiring
medical care are thankfully a rare occurrence. Medical professionals as well as the public
usually have limited information on radiation and radionuclides, and are clearly concerned
with and afraid of unfamiliar issues. Unfamiliarity with radiation accidents or disasters can be
psychologically upsetting. The Niigata Chuetsu-Oki Earthquake caused damage to the NPP;
radionuclides were released into the air and the sea. Since the amount of radionuclides
released was limited, no adverse radiation-related health effects were detected. However,
there were concerns about radiation among the DMAT members who were deployed for the
medical response to the disaster site.

The predominant concern for DMAT members was about radiation exposure and/or
internal contamination by released radioactive materials from the NPP. The authorities
received the report on the leakage of radionuclides at 18:52 on July 16 2007; almost 9 hours
had passed since the earthquake struck. At that time, DMATs had already been sent to the
field of the site. Thus, the DMAT members were informed about the leakage of radionuclides
from the NPP after they had been deployed in the field. Some members of these DMATSs
probably had little knowledge about radiation including what “Bq” and “Sv”” mean. In Japan,
local governments with nuclear facilities such as NPPs run the training system of radiation
emergency for medical professionals. DMATSs from local governments without nuclear

facilities were included in the medical response teams for this earthquake. Among the 21
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