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When radiological accidents occur, radioactive material may spread into the atmosphere,
causing large-scale and long-term contamination. To diminish the effects of such accidents,
researchers from many countries have investigated training programs in emergency response
to radiological accidents, especially in the wake of several serious radiological accidents. Al-
though many training programs have been proposed, this study identifies two problems: the
lack of effective data representation and the lack of complete training records. Therefore, by
considering various requirements for relief and evacuation work at radiological accident sites,
it integrates four-dimensional geographical information and mobile techniques to construct a
training platform for radiological accident emergency response. During training, groups of
participants learn to respond to simulated radiological accident scenarios. Moreover, partici-
pants can use the training platform to review and discuss training details. Judging by the re-
sults, the training platform has not only increased the effectiveness of training programs, but
also complied with standard operating procedures for radiological accident emergency re-
sponse in Taiwan. In conclusion, this study could serve as a useful reference for similar studies

and applications.
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INTRODUCTION

Our study describes the research on radiological
accident emergency response training. Radiological
accidents can be caused by mismanagement of radio-
active sources, careless use of radioactive materials,
nuclear power plant accidents and radiological
dispersal device (RDD) attacks. Such accidents high-
light the importance of radiological accident emer-
gency management.

On March 11,2011, a 9.0 magnitude earthquake
that caused a tsunami affected all nuclear power plants
in Japan. Although the Japanese government at-
tempted to respond to the many emergent radiological
events, the environment was, nevertheless, contami-
nated. In the meantime, based on the levels of classifi-
cation of the International Nuclear and Radiological
Event Scale (INES), as announced by the International
Atomic Energy Agency (IAEA) [1], the status of
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Fukushima Daiichi nuclear power plant in Japan was
identified as a major accident. Clearly, if the Japanese
government had not previously adopted response
strategies, the radiological accident would have been
much graver.

As for emergency management in the United
States, the Federal Emergency Management Agency
(FEMA) made it clear that four phases — mitigation,
preparation, response, and recovery — constitute an in-
terdependent cycle [2]. Each phase has its own pur-
pose. To either eliminate the probability of a disaster,
save lives and minimize the damage, provide emer-
gency assistance or restore things to their original sta-
tus, respectively. In order to apply this cycle to radio-
logical accident emergency management, many
countries have formulated various strategies (e. g., es-
tablishing radiation policies, monitoring radiological
activities, scheduling evacuation routes, organizing
relief personnel and instituting emergency response
centers). Given the rapid development of information
technology (IT), IT-based methodologies and applica-
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tions have also been proposed. These methodologies
and applications could be used for responding effec-
tively to radiological accidents. Training programs
could be an important means of promoting strategies,
methodologies and applications regarding radiologi-
cal accident emergency management [3].

However, during trainings in radiological acci-
dent emergency response, simulating a scenario may
prove to be difficult. For example, governmental agen-
cies may not be willing to create a radiological training
site, since such a site could affect participants and the
environment. This study, therefore, uses four-dimen-
sional (4-D) geographical information and mobile
techniques to construct a radiological accident
emergency response training platform (RAERTP) that
offers simulated radiological accident scenarios.
Through RAERTP, participants are given an opportu-
nity to practice emergency responses.

LITERATURE REVIEW

Based on experiences from several serious ra-
diological accidents (e. g., the Three Mile Island acci-
dent in the United States, Chernobyl accident in
Ukraine, and the Tokaimura accident in Japan), IAEA
offers several training programs, including those for
nuclear safety, radiation, transport and waste safety,
and radiation protection. Many countries have also
spent their own resources on improving radiological
accident emergency response training. The training
consists of following major steps [4-8].

Training of personnel and organizations. In or-
der to avoid radiological accidents due to human er-
ror, personnel and organizations should undergo pe-
riodic trainings, so as to acquaint them with the
management of radiological facilities, equipment
monitoring and possible risks. For example, in the
United States, the Department of Energy offers a va-
riety of radiological training programs, including the
tracking and dispersion of radioactive materials and
mapping of ground contamination through aerial
monitoring; expanding emergency preparedness and
response capabilities that provide rapid predictions
for transporting, diffusion and depositing of
radionuclides; locating radioactive materials and
handling of damaged nuclear weapons and medical
assistance and treatment of exposed or contaminated
patients upon radiation [9]. Moreover, many medical
organizations and schools also offer training courses
in radiological accident emergency rescue. For ex-
ample, Collander et al., [10] have designed an
“all-hazards” hospital disaster preparedness training
course that combines classroom lectures, skills ses-
sions, tabletop sessions and disaster simulations for
teaching the principles of hospital disaster prepared-
ness to hospital-based employees.

Training in information collection and com-
munication. To protect the safety of a nation and its
people, establishing radiological monitoring and al-
tering its networks is necessary. National networks
could be of use in monitoring the normal radiologi-
cal situation, providing for early warnings when ab-
normal radiological events occur, assessing the dose
and risk to the public when a radioactive contamina-
tion is detected, assuring co-ordinated action across
national boundaries, informing national and inter-
national parliaments in real-time, alerting the public
immediately and improving the reliability of exist-
ing diagnostic and prognostic transport models [4].
Therefore, during training, participants have to
practice information collection and communication
via these networks.

Some correlated studies are listed here. Huang
[11] developed a Web-based nuclear accident emer-
gency response information system for retrieving nu-
clear accident information. Mabit and Bernard [12]
integrated geostatistics and variography to establish
and map the pattern of '3’Cs redistribution.
Drndarevi¢ et al., [13] designed and proposed Uni-
versal serial bus-based applications to perform envi-
ronmental monitoring and measurement. Lesjak [14]
developed an automatic early warning system for
monitoring environmental changes. Syrakov [15] et
al. detected the transport, dispersion, chemical, and
radioactive transformations of pollutants through
BERS, and Zeb et al., [16] applied a radiation protec-
tion robotic assistant to perform wipe testing of
sealed radiation sources.

Training of decision makers. During radiologi-
cal accidents, governmental agencies and personnel
have to deal with these accidents based on available in-
formation and experience. To prompt decision mak-
ing, Decision supporting systems (DSS) have become
popular. These systems analyze accidents and evaluate
their impacts. While in training, participants are ex-
pected to practice prescribed DSS procedures. For ex-
ample, Nukatsuka et al., [17] proposed MEASURES
to improve the nuclear preparedness technology with
an application to urban safety, and Rafferty [18], ap-
plied FORIA to synthesize published information
based on the application of radiological countermea-
sures in forests and the secondary impact. Mamikhin
[19] used ECORAD to predict the radionuclide dy-
namics of *°Sr and '*’Cs in contaminated forest eco-
systems. For the purpose of radiological accident
emergency management, RODOS [20] has been es-
tablished in many European countries. In addition,
Monte [21] developed MOIRA-PLUS to identify opti-
mal remedial strategies for restoring radionuclide con-
taminated aquatic ecosystems and drainage areas.
Velasco [22] et al., constructed the RSP to simulate the
behavior of radionuclides in semi-natural environ-
ments and the consequences of exposure on the popu-
lation.
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PROBLEMS

After reviewing correlated studies, this study
recognized two problems in radiological accident
emergency response training.

Lack of effective data representation. Many
training programs are based on event sheets. Event
sheets depict essential information and parameters of
the pre-planned event sequence that refer to former ac-
cident analyses or simulated accident results [3]. The
public — medical professionals, members of the mili-
tary and law enforcement — are participants in the
training. However, they might fail to comprehend geo-
graphical relationships regarding the training sites, de-
spite the use of maps and other assistance tools. For ex-
ample, the Taiwanese government holds at least two
large-scale radiological accident emergency response
training sessions at its nuclear power plants, airports
and harbors every year, since Taiwan is located in the
earthquake belt and there are four nuclear power
plants on the island. The participants, training scenar-
ios and sites differ. During training, participants can-
not always reach their assigned locations from the
training sites. Training managers then have to describe
the geographical relationships between the training
sites. Unfortunately, the effectiveness of this training
seems to be poor.

Lack of complete training records. After radio-
logical accident emergency response training, partici-
pants must review the training details. Based on the
comparison of results before and after the training,
training managers are expected to understand the ef-
fectiveness of the program. In the meantime, training
managers can reflect on and discuss the training. How-
ever, few of the training programs automatically re-
corded the details and several offered merely partial
records. Moreover, many training programs are inde-
pendent applications, inconvenient when used on
training sites, since the participants frequently do not
stay long at fixed locations. Therefore, training man-
agers and participants need an assistance system for
recording the training details, particularly when they
have difficulties in carrying out their training missions
and synchronizing the reports of the results. For exam-
ple, based on event sheets used for training programs,
training managers would propose response strategies
for simulated radiological accidents. According to
these strategies, if the participants performed in an in-
correct manner, training managers were obliged to re-
fer to the records in order to find an understanding of
the underlying causes.

APPROACH

When radiological accidents occur, the affected
areas can stretch over several square meters to several
square kilometers. Identifying the accident sites is the
first step in emergency response. Using paper-based
maps to indicate the sites is a common method with

several advantages: it enhances the comprehension of
real world conditions, co-ordinates the efforts of relief
personnel and emergency services, offers a generally
accepted model, provides a direct guide; serves as the
quickest method for confirming the locations, and of-
fers large volumes of information [23]. Inaccurate
geographical information will delay the relief work.
Similarly, the advantage of training programs is that
the participants can rapidly determine their standing
positions and moving rientations when they embark
on various missions at the training sites. For example,
when the participants take the wrong route to the simu-
lated radiological accident sites, they waste time.

The Geographical information system (GIS) is
more powerful than paper-based maps, since GIS pin-
points and geocodes longitude, latitude, and other geo-
graphic co-ordinates of the routes. Moreover,
GIS-based spatial data can be edited, revised and
transferred for emergency response purposes [24].
Since the changes caused by radiological accidents
may be continuous, they have to be represented in
training programs. Based on these changes, the strate-
gies for emergency response can vary. After the train-
ing, participants should be able to understand the de-
signed relief processes and its possible flows. They
should be able to handle contingent conditions while
the radiological accidents enfold. Therefore, this study
integrates time-dependent accident changes and GIS
to forma4-D training platform. When accessing infor-
mation, the participants find it easy to operate mobile
devices (e. g., cell phones) instead of heavy devices
(e. g., desktop computers) on both radiological acci-
dent sites and the training ones, since mobile devices
do not require a powerful supply. Adding 4-D GIS to
mobile devices could be useful for radiological acci-
dent emergency response training.

For successful information exchange between the
devices, the Web has many advantages, such as reliabil-
ity, low-cost, convenience, and speed. Therefore, dur-
ing training, training managers and participants would
be able to immediately perform several information ex-
changes. When information is communicated, our
training platform saves time for both those who send
and those who receive commands. For example, when
training managers ask the participants to go to their as-
signed shelters, the communication and the real moving
routes are recorded. The training platform then trans-
fers these details into video-format records. Training
managers and participants can review the contents of
the training process by browsing and inquiring. In sum,
the proposed approach provides both clear data repre-
sentation and prospective training details.

IMPLEMENTATION

Simulator-assisted scenarios extend the spec-
trum of training programs [3]. To simulate radiologi-
cal scenarios, this study adopts a Gaussian plume
model that was embedded in HotSpot methods [25]
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where C is the pollutant concentration, Q — the emis-
sion rate, H — the effective chimney height, and oyand
o, are the horizontal and vertical diffusion coeffi-
cients, respectively. X is the down-wind distance, y —
the side-wind distance for assessing point-to-the cen-
ter line of plume, z — the height of the assessing point,
and u—the average wind speed. When the predicted ra-
diation dispersion and radiological impact are identi-
fied, the impact is represented through RAERTP.
RAERTP is a web-based, three-tier framework
(fig. 1). Training managers could operate our platform
in training centers via computers for the client tier. In
the meantime, participants could connect to the
RAERTP via their mobile devices at the training sites.
This platform is designed to support mobile phones.
However, the main operating systems of mobile
phones can be divided into three categories: Apple
i0S, Google Android, and Microsoft Windows Mo-
bile. The mobile interfaces of our training platform are
based on Google Android, since this operating system
is an open platform that enables programmers to con-
struct system components for free. The middle tier is
for data operation. During training, the Web server
could execute data analyses based on the commands
received from training managers and participants. For
example, RAERTP enables training managers to orga-
nize participants through e-mails and short message
service (SMS). Finally, a data transmission between
the Web and database servers exists in the data tier.
This study applies several information tech-
niques, including Microsoft ASP.Net toolkits and the
AJAX programming language, in order to develop
needed platform components. The Web server is the
Microsoft IIS Version 7, the database server,
Microsoft SQL Server Version 2008. Moreover, since
the characteristics of radiological accidents (e. g., lo-
cation, weather, affected areas, relief paths and model-
ing buildings) would be displayed through a map plat-

Web-based information transmission

Client tier Middle tier Data tier

Training centers

Web servers

Training sites

>

Figure 1. The framework of the RAERTP

form, this study uses the Google Map [26] for provid-
ing geographical information. In other words, when
the participants find themselves at the training sites,
they can swiftly obtain crucial geographic informa-
tion. So as to represent similar information through
operation devices, the RAERTP also complies with
several standards that have been set by the Open
Geospatial Consortium, Inc. [27]. These standards in-
clude the Web map service for exchanging map im-
ages between geospatial databases, the Web feature
service offering geographical features through HTTP
protocols, the Web processing service for standardiz-
ing geospatial processing services and, finally, the
keyhole markup language for distinguishing geo-
graphical annotations and their visualization.

TESTING

In this study, RAERTP was tested at the second
nuclear power plant in northern Taiwan. The testing
scenario was that of a heavy earthquake causing a tsu-
nami affecting the nuclear plant. According to INES,
the nuclear accident was identified as being of Level 6.
A significant release of radioactive material was de-
tected. Based on the standard operating procedure for
radiological accident emergency response, as pre-
scribed by the Atomic Energy Council in Taiwan [28,
29], an emergency response center was established
and relief personnel organized. In compliance with the
training platform, the participants were to carry out
eight tasks.

—  Identify the accident sites. After the alerts regard-
ing radiological accidents were given out, training
managers had to mark the accident sites and con-
firm the affected areas in the GIS (fig. 2).

—  Broadcast accident details. To inform the partici-
pants of aradiological accident, training managers
publicized details of the accident through e-mails
and SMS in the RAERTP. They could either key in
the accident details manually or import the pre-de-
signed templates.

—  Record site results. To simplify the documentation
of site results during relief work, participants
could directly fill in the templates that are embed-
ded in the RAERTP.

—  Reportsite conditions. The embedded e-mails and
SMS enabled participants to report site conditions
immediately. For example, fig. 3 shows that the
participants used mobile phones to report the con-
ditions at a site associated with specific geospatial
data.

—  Detect the radiation dose. At simulated radiologi-
cal accident sites, participants used monitoring
devices to detect the radiation dose. Moreover, ra-
diological changes at the sites were represented
through RAERTP (fig. 4).

—  Offerinstructions regarding relief work. Based on
the information received, training managers rec-



88

M. K. Tsai, et al.: Integrating Four-Dimensional Geographical Information and ...
Nuclear Technology & Radiation Protection: Year 2012, Vol. 27, No. 1, pp. 84-92

Figure 3. Reporting the site conditions via mobile phones

ommend relief strategies, confirming the con-
trolled areas and announcing evacuation routes.
For example, fig. 5 shows that the participants
should evacuate to temporary shelters and follow
evacuation routes upon the training managers’
confirmation of the status of the site in question.
RAERTP calculates the time for evacuation based

on several variables, such as the distance from and
the length of the evacuation route and walking
speed.

Complete the relief work. When the simulated ra-
diological accidents are under control, training
managers can observe the results through the 4-D
GIS in the platform.
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Figure 5. The evacuation routes

Represent training details. Upon the conclusion of
the training, the RAERTP automatically represents
the training details. Training managers and partici-
pants can then discuss gained experiences. For ex-
ample, fig. 6 shows that the RAERTP transferred
the moving route into a video-format record.

DISCUSSION

Based on the results of the testing, although

RAERTP achieved anticipated objectives, two ways
of improving the system need to be discussed.

Integrating with other emergency response sys-
tems. Radiological accidents may accompany ac-
cidents to create complex disasters. Therefore, in-
tegrating other emergency response systems with
RAERTP is essential. For example, following a
radiological accident, a fire may break out in the
reactor core. In such a situation, training managers
and participants need to consider several relief
strategies.

Evacuation training of the public. Assisting the
public to escape from accident sites to temporary
evacuation shelters is a priority in radiological ac-
cidents. However, relief personnel may be limited
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Figure 6. The recorded training details

and the affected areas may be large. If the public
could contribute to its own evacuation, the burden
of relief work would decrease significantly.
Therefore, offering evacuation training to the
public is of utmost importance.

CONCLUSIONS

The experience from previous radiological acci-
dents has shown that training programs are important.
If governmental agencies and personnel lack experi-
ence in radiological accident emergency response, the
damage increases. To enhance the effectiveness of
radiological accident emergency response, this study
has devised a 4-D GIS training platform that could op-
erate within the existing mobile devices operating sys-
tem. RAERTP offers several key advantages.

— Itprovides an alternative to conventional decision
making. To engage participants in the training pro-
grams, the training platform provides data repre-
sentation through 4-D GIS. Compared to textual
descriptions or paper-based maps, participants
would be able to promptly obtain the characteris-
tics of radiological accidents from our training
platform. In other words, training managers and
participants would be able to make an informed
decision more easily, given enough information.
For example, in assisting the public to evacuate
accident sites, training managers and participants
need to know the size of the population and the lo-
cations of the shelters.

— It increases cooperation among the participants
of the training. During training, training platforms
enabled not only the transfer of information
among many operational devices, but also re-
corded training details. Participants were given an

insight into standard relief operating procedures
and a number of possible radiological accident re-
sponse scenarios. Moreover, our training platform
is Web-based. Governmental agencies and per-
sonnel could undergo online training without the
limitations of time and space. After the training,
participants are given the possibility to refer to the
records in order to discuss the details of the train-
ing and exchange ideas. In cases of real life radio-
logical accidents, these possibilities of coopera-
tion among personnel seem to offer endless
possibilities.
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Munr-Kyan AW, Jynr-Ynnr JIWA, Yynr-Xcun JTY,
Men-Xcun YEH, Tujen-Jun 4Y, Huje-IIna JAY

NHTEIPUCAIBE YETBOPOIMMEH3NOHUNX IN'EOI'PA®CKUX
NH®OPMAIIMJA 1 MOBMIHUX TEXHUKA PAJIN YBEXBGABAIbA
PEATOBABA Y PAINOJOMKNM AKIINIEHTUMA

Y ciydajy pagMoJIOIIKOr aKIMACHTa MOXKE Ce JAOTOAWTH fa Ce PaJUOaKTHBHU MaTepHjall
ocrnoboau y armocepy M M3a30Be AYTOTpajHy KOHTaMMHALU]y IIMPOKUX pasmepa. CyouuBln ce y
MOCIIehe BpeMe ca HEKOJIMKO TEeKUX PAIMOJIONIKUX aKIUeHaTa, UCTpaXkuBauu y OpOjHUM 3eMaba
Pa3BWIIN cy IporpaMe o6yKe 3a IeIOBamhe TOKOM OBaKBUX Aorabaja. Maja cy mpeiioskeH MHOTH TPEHHUHT
OporpaMm, yodaBajy ce jBa mpoGiemMa KOju Ccy HOTHpPaHH y OBOM paiy: HEfocTaTak e(EeKTHBHOT
npeficTaBbamka MojlaTaka W HeflocTaTak ImianoBa obyke. Crora, pa3Marpajyhu pa3nuyure 3axTeBe 3a
mporec eBakyaluje Ha JIOKAalMju aKIUeHTa, TPEHUWHI NpOTpaM WHTErpUIle YeTBOPOJUMEH3NOHE
reorpadcke nHpopMaIyje 1 MOOWITHE TEXHIKE KaKo OW ce HalpaBuiia TPEHUHT Mi1aTdgopMa 3a pearoBame
y BaHpPENHUM CHUTyaljamMa y CIyd4ajy pafuoIIOIIKOT aKIUAcHTa. 3aTHM, YICCHUIU MOTY KOPHUCTUTH
TPEHUHT WIaT(OPMy pajy IOHOBHOT MIperiiefa u pacinpase o etambuma Bexxoe. Cygehu mo pesynratuma
nnatgopma 3a Bexkbe He camo f1a je moBehana eukacHOCT TpeHUHT mporpama, Beh ce ykionmna y
npeaBubhenHe craHmapHe Mpolenype 3a ciaydaj aknupenTa y Tajpany. Moske ce 3aKJbYINTH fla OBaj paj
MOXKe MMOCTYKUTH Kao KOPUCHA pedhepeHIa 3a CINYHE CTYIHje U IIPUMEHE.

Kmwyune pequ: paduosowku akyudenii, z2eozpaghcka ungopmayuja, peazosarbe y aHpeOHUM
OKOAHOCTUUMA, MOOUNHE Be3e, TUPEHUNHZ




