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Development of the Environmental Gamma Monitoring Network for
Emergency Response Purposes in Taiwan

M. C.Horng', F.C. Huang, M. F Kao, C. C. Liu, H. H. Tseng' and C. C. Huang
Radiation Monitoring Center, A E.C ., Kaohsiung, Taiwan, R.O.C.
Ynstitute of Muclear Energy Research, AE.C., Lung-Tan, Taiwan, R.0O.C.

"E-mail: horng@Etrmc.aec.gov.iw

ABSTRACT

An environmental gamma-monitoring network in Taiwan, established in 1990, has an important place in
determining the airborne gamma doses and in altering the governmental authorities when an unexpected
release has been detected. In recent years, the network has upgraded the monitoring and communication
hardware to create a smart configuration that fits the requirements for emergency response purposes. Ah
effective approach has been developed to make rapid and accurate decisions based on real time, available
and historical data from all monitoring stations and units. As of December 2008, this network is equipped
with real time instrument installed at 28 gamma-monitoring stations, located at around the nuclear facilities,
populated cities, and offshore islands of the Taiwan area. With round the clock monitoring, data are
transmitted through the Leased lines and provided to the public by RMC's Website. So far, the data obtained
at each station were within the variation of environmental background radiation. The results ebtained
indicated the fact that there is no increase in radiation level in Taiwan due to the commercial operation of
the nuclear power plants at Chinshan, Kuosheng and Maanshan. In order to enhance emergency response
capabhilities, several of the instrument units in this work have been huilt for mobile and portable applications,
anhd are equipped with GPS (global positioning system) as well as 3G (third generation radio card). Here had
proved that these units were available for the measurement of gamma dose rate and nuclide-specific during

the 2008 nuclear emergency exercise in southern Taiwan.

Key words: environmental gamma-monitoring; emergency response; dose rate; background radiation

INTRODUCTION immission manitaring network with remote sensing
technology is adopted as far as possible.

In the unexpected event of a nuclear accident at [n 1980, we initiated a long-term plan to establish
the nuclear power plant (MPP) with radiological release, an environmental gamma-monitaring netwark (EGMN)
radio-nuclides are released into the environment may  to protect our people. Its central processing station
affect us through different expaosure pathways, and the (CPZ) is located at Radiation Maonitaring Center (RMC),
importance of which changes with time. Therefare, time Atomic Energy Council (AEC) in Taiwan. As of
after the nuclear accident determines the successive December 2008, it includes 28 fixed gamma-monitoring
order in executing different stages, namely early, stations (GMSs), located at around the nuclear facilities,
intermediate and late stages. To assure the timely populated cities, and offshore islands of the Tamwan
monitoring results can he ohtained under the smallest area. Each station has the capability of 24-hour

individual exposure in early stage, an automatic continuous radiation measurement and metearological
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data collection, and immediately can provide the data ta
the public by Website {(see Fig.1). In the past some
nuclear events period, such as the 2001 Maanshan
MPP  blackout 1994

Tokaimura criticality accident in Japan etc., the EGMM

incident in Tamwan and the

had played an important role on the stable popular

sentiment.
According to MNuclear  Accident  Emergency
Responze Act (AEC 2003), upon occurrence ar

possible occurrence of a nuclear accident, AEC should

call the designated agencies to activate the Mational

Muclear Emergency Response Center (MMERC) and
the Muclear Emergency Radiation Monitaring and Dase
Aszsessment Center (NERMDAC) as the degree of
possible impact of the nuclear accident. And, AEC
should select an emergency planning zone (EPZ) to
conduct the annual nuclear emergency exercise.
Examining the data transmission process of EGMN
must be one of main drilling items in annual exercise,
and the data was transmitted to NNERC and

MERMDAC via Internet netwarlk,
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Fig. 1. Fixed gamma Manitoring stations and real-time radiation information. This plot was updated once every one

minute (less than 0.2 @Sy b background level, above 0.2 pSv b investigation level).

MATERIALS AND METHODS

A high-pressure  ionization  chamber  (HPIC)
consists of a 7.9-liter spherical ionization chamber filled
argon under 25 the atmospheric pressure, and supplies
a nearly flat energy response from 0.07 to 10 MeV, an
omni-directional response and exceptional accuracy
from background levels to 1 mSvh! (Redter Stokes
1983).

measure natural

Here it has bheen adopted for outdoor use to

and manmade contribution to the
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gamma ray dose rate. Especially, to take account of the
absorbed dose rates in air due to cosmic rays, we
installed an HPIC in the Fixed GMS located at altitude
500 m above. Since 2000, the different types manitors
{e.g. Geiger-Muller counters, proportional counters and
scintillation detectors) have been alzo applied gradually
here. To ensure that the data collected must be
available, a calibration program has been implemented
far each manitor the

using gamma calibration

labaratory in RMC. The laboratory had the approval of



the Taiwan Accreditation Foundation (TAF).

As technology improved, so did the EGMM, making
it mare smart and efficient. In 2008, we put forward a
plan to fit the requirements for emergency response

purposes. The main points of the plan include the

equipments compactness, the communication device
update, the databank standardization, the integration
for data collected and geoagraphy information, and the
operation procedure facilitation. At the end of 2008, a
technical grade embedded compact computer (e.q.
MORA UC-7420) had taken the place of a conventional
computer in each fixed station for the eguipments
compactness. To develop the software code can fit the
compact computer, we have made the open-standard
software environment with the Linux operating system
for a desktop personal computer (PC). The code
developed for the PC platform can be stored in a flash
memory of the compact computer. It has capabilities as
data collection, analysis and transmission etc., and
simultaneously may receive and process the data from
at least & different patterns monitors. In fact, it is
necessary that integrating @ wireless communication
interface card (303),
(GFS), a memary card with at least 1 GB, and a lithium

a satellite-positioning  receiver

hattery etc., into this compact computer to enhance the

responsive capahility, as illustrated in Fig. 2. Four

instrument units with mohility and portability have been
built in June 2008. Each unit can collect data and
geographical information in the field, save, assay, and
transmit  them immediately. According to the
measurement situations, these units may also equip
with a compact camera to collect the local scene view.
At a minute interval each remote station calculates
an average of the five secands readings and sends data
directly to CPS via the 512 kbps Leased lines. The CPS
has improved and integrated the geographic
infarmation like topography, roads, and landmarks,
using Google Map to wisualize aur data. And it controls
all communications, data collection and acquisition in
automatic mode, data treatment in real time and storage,

repart generation, and alarm messages. Data from

gach station were recorded on and stored into the HP
server. An alarm message at CPS will he produced
while the radiation level at any one station exceeds
(0.2 pSwh). the

manager aon duty is alerted by a cell-phone.

pre-set  criteria Simultaneously,

Fig. 2. The structure of a mohile device, it mainly
includes (1) a GPS as positioning receiver, (2] a
(3 a

compact computer for the data processing analysis;

Wireless communication  interface card:
(41 a Mermary card; (5) a Lithium battery; (6) a
detector probe as Geiger-Mueller tube, ionization
chamber, or scintillation instruments; and (7) a

Micro-processor module with @ screen maonitar,

RESULTS AND DISCUSSION

The EGMM configuration contains a CPS, 28 fixed
GMSs, 4 mobility instrument units (MILU), and a website
with information transparence. It provides the following
capacities mainky: (1) GMS and MIU data acquisition in
autornatic mode, (2) Data transmission and treatment in
real time, (3) MIU position migration track and data
display immediately, (4) 30 objects demaonstration in
Google Earth on the map system, (8) Minutely data
transfarmation to the MNuclear Safety Duty Center in
AEC ordinarily and to the MNERMDAC in accident
period.

Analyzing the history data in our database, found




that precipitation is a major cause of increasing

exposure levels above natural background values, and

some literatures (Minato 19280; Finck and Persson 1580;

Katase et al. 1982 Fujinami 1986; Baker 1985 Horng
and Jiang 2004, Takeyasu et al. 2006, Inomata et al.
2007) have proved this phenomencon. In Tamwwan, the
raining season is longer in the narth than in the south,
especially the narthemn area is cold as well as rainy in
the winter. Therefore, the wariation curve of the 2008
overall yearly dosze rate recorded in narthern stations is
more salient in the winter (see example in Fig.3).

Other factars increasing the background radiation
level, such as the cosmic rays, the granite geology, and
the nan-destructive examination, etc., these interesting
phenomena also appeared in our warks. At very high
altitudes the absorbed dose rates from the directly
ionizing components of cosmic rays at the measuring
locations hecomes much more important (Lowder and
Berck 19B6; Hewit et al. 18800 UNSCEAR 1488;
Kendall 2000; Menzel et al. 2000; Horng and Jiang
2002). The ambient background radiations level at
Alishan GMS, which is

approximately 2500 meters, was apparently raised due

located at an altitude of

to the cosmic rays. Furthermaore, it is reported that
Granite is actually rather radioactive and has higher the
concentration of uranium compared to ather comman
rock types (Beck 1982; Goddard 2002, El Arabi et al.
2008). Here, an GMS was also estahlished in Kinmen
County, which has 150 nautical miles from Kachsiung in
southern Tamwwan. This County is very close to the
southeastern coast of Mainland China, and rich in
granitic terrain (Liang et al. 200%8). The backoround
gamma radiation at Kinmen GMS was enhanced by the
presence of large granite bodies. As the abowve
mentions, may show that data measured at the two
stations were higher than other stations, and it is
reasonable. Even the result obtained at Alishan GMS is
2 times the background radiation level at Kenting one
which is located in the mast south area of Taiwan, as
depicted in Fig. 3. In 2008, the annual average

absorbed dose rates at Alishan and Kinmen GMSs

were 0.098 and 0.083 uSv.h', respectively.

Al isban - Kimmen — Taping “ Yehlin + Kent ing

i |
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Fig. 3. The variation curve of the 2008 averall yearly
dose rate at Alishan (middle), Kinmen (offshore
islands), Taping (north), Yehliu (north), and Kenting
{south) GMSs. Each point on the chart represents

the daily average value.

The Lungmen MNPP, the fourth NPP at Taipe

County in Tawan, is under construction. Some
impottant projects in the plant required making use of
the radioactive rays to carry on the non-destructive
examination of welds, that causes increasing suddenly

far the dose rate in some time interval at Aodi GMS
which 15 located at around the Lungmen MPP. The
maximum dose rate is approximately 3 times of the
ambient radiation hackground value as shown in Fig 4.
Perhaps this case could prove that the EGMMN is

available while the MPP has an accident.
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Fig. 4. The wariation curve of dose rate at Aodi
Gongliao and Lungmen GMSs around the Lungmen
NPP (April 13, 2009). Each point on the chart

represents a 5-minute average value.

In 2008, the nuclear emergency exercise took

place in the wicinity of the Maanshan MNPP in southern
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Taiwan and had been completed on September. The
NERMOAC was activated and obtained immediately the
data from EGMM through Internet  netwaork.
Simultaneously, it will also provide the data far the
NMERC to make a proper decision in case of a nuclear
accident. Fig. 5 shows such a data transmission
process flowchart, which contains information about
MIU measurement (tracks around the Maanshan NPP),
CPZ in EMC, and warking situation for NERMDAC and
MMNERC. The histary data for each point on the tracks
can he taken any time, and shown a dose rate-time
curve, It can he also shown a nuclide-specific spectrum

as llustrated in Fig. B Data transmission process for

gach fixed GMS is the same as illustrated in Fig. 5. The
populace could obtain the data by AEC and RMC
Websites.

Data Transmission Process
0=0=0=
Data update: 1 and 5 min,

Fig. 9. The EGMM data transmission process was
divided into four steps during the 2008 nuclear
emergency exercise. The data were transmitted ta
CPZ in BEMC in real time, and integrated with the

geography information in automatic.
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Fig. 6. Results measured using a 3" x3™ Nal

detector at Takuang GMS in southern Taiwan : (a)

an ambient background radiation spectrum; (b) a
man-made radiation spectrurm which was created
using 1 pCi™¥Cs and 2 WCi *Co. The two isotopes
were produced on May 3, 1996, and simulated as
the sources  from

hypothesized  paollution an

accident plant.
CONCLUSION

The EGMM has been developed and operated
smoathly for approximately 20 years. Results obtained
fram the EGMN canfirm that there is no detectable
increase in radiation level due to the operation of the
NPPs in Taiwan. After yvears of waork, it has designed
completely to integrate into the NERMDAC, and many

times drills proved to be available and successful. Here

has also confirmed a fact, the operation mechanism of
the EGMM can change immediately fram routine to
emergency at any time. Furthermore, combining with
the GPS, GIS and wireless communication dewvice in
thiz weark, it will become a sharp network for an
adequate response in case of a nuclear incident ar a

dirty homb attack.
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