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The method of gas detonation wave attenuation and suppression by chemically inert particles injection
before the leading shock front is considered. Parameters and cell size of a steady detonation wave are
calculated. The minimum mass fraction and total mass of particles and the characteristic size of the cloud,
which are necessary for detonation wave suppression, are calculated. Methane-, Cyclohexane-,
Hydrogen- and Silane-air mixtures with particles of W, WC, Al2Os, SiO2 and KCI are considered. Results of
calculations quite good correspond to available experimental data. The process of suppression is more
effective, if particles have high heat capacity and heat of melting. Among the particles under consideration
AlOz and SiO; particles are better for detonation suppression.

Detonation limits for different chemical compositions of methane-air mixtures and mass fractions of SiO2
particles are calculated. An increase of particles concentration leads to increase of the lower and decrease
of the upper detonation limit. If a mass fraction of condensed phase is high enough, detonation wave
propagation is impossible.

A steady detonation wave reflection from a rigid wall (D — D reflection) in cyclohexane- and silane-air
mixtures with SiO; particles is considered. It is shown, that particles can drastically reduce pressure and
temperature behind the reflected wave and therefore prevent crucial destruction of equipment.

The efficiency of detonation wave suppression at different relations between fuel and oxidizer is calculated.
Methane- and cyclohexane-air mixtures with Al.Os particles are considered. It is shown, that for every
particles concentration the value of cell size has a minimum, which corresponds to a fuel-rich chemical
composition. It means that for this relation between fuel and oxidizer the efficiency of detonation wave
suppression by particles injection has a maximum.

1. Introduction

Chemically inert solid particles can be used for effective control of gaseous detonation. Theoretical and
experimental investigation of detonation wave (DW) suppression in gaseous mixtures by injection of
chemically inert particles ahead the wave front are very important for safety industry and very far to be
completed.

An algorithm for calculation parameters and cell size of detonation wave in a mixture of a gas with
chemically inert microparticles was presented in article of Fomin and Chen (2009). Results of calculations
are used for analysis of the method of multifront detonation wave (DW) suppression by particles injection
before the leading shock front. The ratio between the channel diameter and the detonation cell size was
used to estimate the limit of detonation. The minimum total mass of the particles and the characteristic size
of the cloud, which are necessary for detonation suppression, were calculated. It was shown, that such
suppression is mare effective, if the particles have high heat capacity, low melting point and high heat of
melting.

But the model of Fomin and Chen (2009) was not compared with available experimental results. The
validity of the madel for a wide range of chemical compositions of gaseous mixtures and kinds of particles



was not verified. Additionally, the following questions still need to be considered. Is it possible to reduce an
impact of DW on the wall by the particles injection and therefore prevent crucial destruction of equipment,
caused by detonation? How additions of the particles influence on pressure and temperature behind a
reflected wave? How chemical composition of gas influences on DW parameters at different mass fraction
of condensed phase? At which chemical compaositions relative cell size is bigger and therefore the
efficiency of DW suppression by particles injection is higher? How concentration limits of detonation wave
depend on mass fraction of a condensed phase? Such problems will be considered here for a wide range
of chemical compositions of gaseous mixtures and kinds of particles. Fomin and Chen model (2009) (with
some madifications, see below) will be used

2. Parameters and relative cell size of DW in gas-particles mixture

The typical results of calculations of DW parameters in gas-particles mixture is shown in Figure 1. A steady
one dimensional DW in methane/O2/N2 mixture with WC, KCI, and Al203 microparticles is considered; a 1s
the unitless mass fraction of condensed phase, up, P and T are DW velocity, pressure and temperature in
Chapman-Jouguet (C —J.) plane respectively, Tsw and Ps, are temperature and pressure behind the shock
front, Pp and Ty are initial pressure and temperature.
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Figure 1. DW parameters In CHy + 202 + N2 mixture with Al:0s , KCI and WC microparticles; Py = 1 atm,
To=273K

Energy losses due to heating of particles are determined by corresponding increase in enthalpy of
condensed phase. The increase in enthalpy of Al2Os is greater than that for KCl and WC, heated fo the
same temperature. As a result, as is seen from Figure 1, DW parameters in mixture with WC and KCI (i.e.,
the wave velocity, pressure, and temperature behind the leading shock front and in C -J. plane) are higher
than the corresponding parameters of mixture, containing AlzOs; particles. Similar results have been
abtained for cyclohexane-, hydrogen- and silane-air mixtures

3. Minimum total mass of a cloud; comparison with experimental data

Note the minimal total mass of particles that should be injected into the tube o suppress DW and the
corresponding longitudinal size of the cloud as M and H. In Fomin and Chen (2009) model it was assumed
that F=L =a, where L, F and a are the longitudinal size of the cloud after compression, the distance
between the leading shock front and C.-J. plane and the transverse size of detonation cell respectively. In
the frames of the present work it is assumed that F ~ 3a and, owing to transition processes, caused by



detonation wave penetration into the cloud, L ~3F. Such changes increase the accuracy of M and H
calculations as compare with corresponding formulas of Fomin and Chen (2009) model. The value M,
calculated in the frames of the algorithm, presented here, is shown in Figure 2; n is the unitless molar
fraction of the fuel in the gas, d is a tube diameter (d = 16.4 mm). Calculations: SiO2 microparticles;
experimental results (Laffitte and Bouchet, 1959): potassium bitartrate 10-20 pm particles. Black triangles
and squares caorrespond to experiments and calculations respectively. As can be seen, the calculated
value M quite good corresponds fo the available experimental results.
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Figure 2: The minimum mass of particles, leading to detonation suppression. Mixture nCHs + (1 — n)Og,
Po=1atm, To=298K

4. Detonation wave reflection from a rigid wall in gas-particles mixtures

A problem of DW reflection from a rigid wall in gas/chemically inert particles mixtures is considered (Figure
3a). A steady one-dimensional DW with constant C.-J. parameters behind the leading front impacts a rigid
wall. As a result, reflected wave occurs. The gaseous phase behind the reflected wave front is in a state of
chemical equilibrium. Such kind of reflection in gaseous mixtures called D — D reflection. The same term
for DW reflection in gas/particles mixtures is used here
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Figure 3: D — D reflection of DW in 0.1CgHi2 + 0.90z mixture with AlzOz microparticles



Mass fraction of particles and parameters of initial detonation wave (velocity ™, temperature Tiy,
pressure Py, mixture velocity upy, density pw and molar mass up of gas) assumed to be known.
Parameters of reflected wave (velocity uDREF, pressure Pger, temperature Tger, mixture velocity tger,
density prer and molar mass pges Of gas) should be calculated. The following system of algebraic
equations is used: conservation equations of (a) mass, (b) momentum and (c) energy, (d) equation of state,
(c) equation of chemical equilibrium and (d) traditional condition, that behind the reflected wave velocity of
a mixture equals to zero. Thus, the number of equations equals to the number of variables.

Results of calculations of D — D reflection in mixture 0.1CgHq2 + 0.902 with Al.Os microparticles are
presented in Figure 3(b-d), « is the unitless mass fraction of condensed phase. As can be seen, particles
can essentially reduce parameters of reflected wave and therefore prevent crucial destruction of
equipment, caused by detonation. For example, as can be seen from Figure 3c, if mass fraction of
particles increases from 0 to 0.675, a temperature behind reflected wave decreases in 1.67 times.
Attenuation of pressure in this case is even more effective: its value decreases in 2.25 times (Figure 3d).

5. The influence of gas composition on DW suppression by particles injection

The efficiency of detonation wave suppression in gas-particles mixtures with different stoichiometry and
mass fractions of condensed phase can be analyzed. The resulis of calculation of DW parameters in
cyclohexane/oxygen and CHgfoxygen mixtures with AlOs; and SiOz microparticles and different
stoichiometric relation between fuel and oxidizer are presented in Figures 4-6; 7 is the unitless molar
fraction of the fuel in the gas, « is the unitless mass fraction of condensed phase, ag is the transverse cell
size in gas without particles, Pa =1 atm, Tp =298 K. As can be seen from Figures 5 and 6, at fixed
concentration of the particles the value a/ae has the minimum. Such minimal value corresponds to the
lowest efficiency of detonation wave suppression (because the minimum value of the relative cell size
corresponds to the maximum values of M and e-). For example, if o = 0.5, then a/ae has the minimum
value at n = 0.1625 (stoichiometric mixture carresponds to 17 = 0.1). It means that for this stoichiometry the
efficiency of detonation wave suppression by particles injection is minimal too. An increase of the value
a/ap in fuel-lean and fuel-rich mixtures means that the efficiency of detonation suppression by particles
injection increases too. But for fuel-rich mixtures such effect is not so essential.
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Figure 4. C.-J. parameters of DW at different stoichiometry and mass fraction of microparticles. Mixture:
nNCsHiz + (1 — n)Oz with Al:O3 microparticles
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Figure 5. Von Neumann spike parameters and relative detonation cell size at different stoichiometry and
mass fraction of condensed phase. Mixture nCeHi2 + (1 — n)O2 with AloOz microparticles
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Figure 6. DW parameters and relative cell size at different stoichiometry and mass fraction of condensed
phase. Mixture nCHy4 + (1 — )0z with SiO» microparticles

6. Detonability limits of DW in gas-particles mixtures

The algorithm for calculation the detonability limits in gaseous mixtures (see, for example, Vasil'ev, 2012)
can be used for calculation the existence region of detonation waves in the gas-particles mixtures too. For



this purpose, equation a = md and detonation cell size as a function of chemical composition of a mixture
and mass fraction of a condensed phase should be used (Fedorov et al., 2012).

Methane/oxygen gaseous mixture with SiO2 microparticles will be considered. The algorithm for calculation
detonation wave parameters and relative cell size, presented here, will be used, Pop=1atm, To =298 K,
d =164 mm. The relative cell size as a function of the chemical composition of the mixture and mass
fraction of the condensed phase is shown in Figure 6, 17 is the unitless molar fraction of the fuel in the gas.
Detonation cell size in pure methane-oxygen gaseous mixture can be found in Vasil'ev et al. (2000) article.
Equation a = r7d, Figure 6 and Vasil'ev et al. (2000) article allow us to calculate the detonation limits in the
heterogeneous mixture under consideration (Figure 7). Results of calculations qualitatively correspond to
the available experimental data (Wolanski et al., 1988).
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Figure 7. The existence region of detonation wave. Mixture nCHas + (1 — g)Oz with different mass fractions
of SiO» microparticles. Black squares correspond to the existence region of detonation wave

7. Conclusions

C.-J. parameters, cell size, limits and D — D reflection of DW in mixtures of combustible gas with
chemically inert microparticles are calculated. The method of attenuation and suppression of multi-front
DW in gas by particles injection is analyzed. The algorithm for estimation the minimal total mass of
particles and characteristic size of the cloud, which are necessary for successful quenching of DW is
presented. Results of calculations quite good correspond to the available experimental data.

It is shown, that the efficiency of detonation suppression is more effective for fuel-lean mixtures. D - D
reflection of DW is considered. According to calculations, particles can essentially reduce pressure and
temperature behind the reflected wave.
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Environmental Protection Administration
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Risk Management and Regulatory Control of Toxic Chemicals i
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Toxic Chemicals Control Act in Taiwan

The Environmental Protection Administration (EPA) of Executive Yuan, ROC
Taiwan, is in charge of the implementation of Toxic Chemical Substances
Control Act (TCSCA] since its promulgation in 1986. Under the Act, the Taiwan
EPA has currently declared 302 toxic chemicals under state control. The
number is increased at a rate of about 10 chemicals per year.

350
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Toxic Chemical Substance Control Act Between 2001 and 2007
The initiation of on-scene response aids

The Fu-kuo Incldent with runaway re'act‘ron and toxic release InMay 2001, 1 Falamyé

EPA appreciated the importance of the on-scene response and setup on-scene

response centers in northern, central, and southem Taiwan. In five years' time

frormn 2002 to 2006, more than 500 on-scene response services were provided.

The 3 centers expanded into 7 Emergency Response Teams(ERTs) in 2007

operated by:

* Industrial Technology Research institute (TRI} for Information Center and
Control Center,

¥ Chung Yuan Christian University for 3 Northern Teams

¥ National Yunlin University of Science and Technology (NYUST) for 2 Central
teams

> Mational Kachsiung First University of Science and Technology (NKFUST)
for 2 Southern Teams

The Setup of Emergency Response Team

| Control Canter
EPaNa
Taipe| Team
TApHEPANG

ilan Team
Yian EPAG

B on

Geographic lacation of Ihe seven ERTs.
The separation line is the county borderline.

The primary objectives ofthe seven ERTs are as follows:

# Provide round-the-clock on-scene emergency response aids to a toxic chemical
incident within one hour after the incident’s occurrence. The aid includes technical
advice, coordination of the response, PPE for the responders, kits for stopping
leaks or spills, advice on clean up, ete.

# Provide on-scene air pollution monitoring. The monitoring equipment includes a
portable GC-MS, a dual function open-path and closed-cell FT-IR spectrometer,
photo-ionisation detector (PID), flame-ionisation detector (FID), multiple gas
detector, and detection tubes.

* Provide surface water, soil, solid waste analysis at the incident site. The analytical
equipment includes a headspace module of portable GC-MS for water and solid
waste or soil, a Smith Detection Identify IR for unknown solid, and a portable X-
Ray Fluorescence (XRF)for heavy metal detection

¥ Provide i for incident investi

mi 109 injurles.

National Kaohsiung First Univers
of Science & Technology

2. Departmend of Safety, Health and Environmental Engineering
Nationed Kaoksivng First University of Science and Technalogy
1 Universily Road, Yanchau, Kaohsiung 824, Tuiwan,

The Taiwan EPA founded the seven ERTs through contracted projects. Each
ERT has full-time staffs of sixteen people. EPA also provided directly the
following equipment to each team:

Further Stringent Management and Contrel of
Toxic Incidents in Transportation

Although the ERTs helped greatly the control of the toxic incidents, the
number of responded incidents reached a record high in 2007, among which
more than 20% were tr ion incidents. latory efforts were
initiated in 2008 and revised regulations were issued for transportation of
toxic chemicals:
Regulations Goveming the Transportation Management of Toxic Chemical
Substances: A real-time tracking system shall be installed in transportation
vehicles.
Regulations Governing the ment and t of D
Environmental Protection Units or Personnel: The carrier shall assign one
Class C dedicated persannel.
Toxic Chemical Substances Hazard Prevention and Respense Plan
Regulations: A transportation hazard prevention and response plan shall
be submitted to the competent authority for future reference.
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Conclusions

Growing industrial development has brought the growing need for the use of a
wide range of toxic chemicals. Taiwan EPA implemented both regulatory
measures as well P supports to ize the potential
impacts from toxic chemical incidents. The efforts have shown that the
number of incidents has declined from 2009 but vet eliminated completely.
Challenges remain with the proper andp ion of incidents.

P

Taiwan EPA is planning to further expand the regulatory control and support in

the following two issues:

» Atotal solution fo the incident response and recovery.

» Establishment of training fields and training regulations for emergency
response of toxic incidents.

The seven ERTs are funded and supported by the Environmental Proteclion
Adminisiration. Taiwan
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In this paper, we describe the evolution of Toxic Chemical Substances Control Act (TCSCA) regulated by
Taiwan Environmental Protection Administration during the past two decades. The TCSCA was originally
drafted for the management of utilization and operation of toxic chemical substances from cradie to grave.
Following the 921 earthquake in central Taiwan in 1999, the newly issued Disaster Prevention and
Mitigation Act further required that the risk management and disaster mitigation from all listed toxic
chemicals must also be regulated in TCSCA. Since then, significant modification in the Act and new
regulations are added and implemented. In addition, Taiwan EPA is also established information and
monitering centres and seven emergency response teams. These facilities provide 24-hour service and
have at least 25 people on duty at all times. The main tools used by these facilities are environmental
monitoring equipment, personal protection equipment, and response equipment for leak patching and
chemical transfer. The increased regulatory control and response capabilities have greatly reduce the
occurrence and potential impact from toxic chemicals incidents as evident from the incident statistics.

1. Intreduction to Toxic Chemicals Control Act in Taiwan

Taiwan is a well-populated island stocked with industries ranging from refineries, petrochemicals, specialty
chemicals, pharmaceuticals, semiconductor fabrication, and electronics manufacturing, etc. All these
industries rely heavily on the use or production of chemicals. Although the rapid industrial development
brings prosperity to the people, it also brings adverse effects such as pollution and, more recently, the
disasters from the use or production of chemicals.
The Environmental Protection Administration (EPA} of Executive Yuan, ROC Taiwan, is in charge of the
implementaticn of Toxic Chemical Substances Control Act (TCSCA) (EPA, 2012a) since its promulgation
in 1986. The Act aims to reduce the potential hazards and prevent potential pollution from the use of these
chemicals. Under the Act, the Taiwan EPA has currently declared 298 toxic chemicals under state control.
The number is increased at a rate of about 10 chemicals per year as shown in Figure 1. Licenses are
required for the manufacturing, import, sale, and use of these toxic chemicals. The TCSCA was originally
drafted for the management of utilization and operaticn of toxic chemical substances from cradle to grave.
Article 24 of the Act also requires that persens handling the toxic chemical substances shall immediately
take emergency measures and report to the Responsible Agencies at the local government level where
the accident occurred, within one hour of the occurrence of one of the following incidents:
1. Pollution of the envircnment surrounding the handling site as the result of chemical leaking, reactions,
or other incidents; or
2. Potential pollution of the environment or endangerment of human health as the result of accidents
occurring during toxic chemical substance transportation.
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Figure 1. Number of listed foxic chemicals.

The Responsible Agency shall order persons handling toxic chemical substances to take necessary
measures addressing the aforementioned incidents, and may order such persons to partially or totally
terminate handling of the substances upon the occurrence of the incidents. The persons handling toxic
chemical substances shall, after the incidents, be responsible for cleaning up according to relevant
regulations and shall submit a written report describing the incidents and the remedial measures taken to
the Responsible Agency at the local government level where the accident occurred for reference. Clearly,
the Act has required the operating facilities to be responsible for the response and clean up in case of
incident occurrence. The requirement, however, has posed a significant burden for small facilities that
have very limited resources, experience, and capabilities. Unfortunately, small facilities represent more
than 90% of the total facilities using the listed toxic chemicals.

After the implementation of the Disaster Prevention and Response Act (NDPPC, 2002) in 1999, the
Taiwan EPA is also in charge of disaster prevention and response of toxic chemicals. Thus, Taiwan EPA
contracted the Centre for Environmental, Safety, and Health Technology {(CESH) of Industrial Technology
Research Institute (ITRI) for the level-one response service to the whole island, namely providing
necessary response information service over the phone, fax, or internet to the incident facilities. The
information provided includes the materials safety datasheets (MSDS), the emergency response
guidelines, selection of personal protective equipment etc. The level-one response service has helped the
local EPA office and fire brigades to handle the response properly till early 2001.

2. Toxic Chemical Substance Control Act Between 2001 and 2007

2.1 The initiation of on-scene response aids

In May 2001, a runaway reaction incident (Kao and Hu, 2002) in an acrylic plant in Hsinchu, northern

Taiwan, resulted in 1 fatality and 109 injuries and raised great awareness of the proper response of toxic

chemical incidents. The explosion energy was estimated to be about 1000 kg TNT, implying a possible

vapour cloud explosion from the runaway reactor. Glass windows of buildings within 500 m radius were

shattered. The explosion and fire also resulted in significant fire, smoke, and chemical and gas spillage.

The incident required significant response aids and monitoring equipment and were provided by ITRI

which happened to be located in close proximity to the plant. ITRI provided, during the response and

cleanup of this incident, the following support:

. On-scene technical advice for chemical spillage and clean up.

. On-scene coordination for locating resources such as personal protection equipment (PPE) from
other operating facilities.

. On-scene air monitoring of smoke and chemical vapour by Fourier Transform Infrared (FTIR)
spectroscopy.

The incident could have been worse if it cccurred elsewhere, without the direct and prompt help from ITRI.

EPA appreciated the importance of the on-scene response and decided in late 2001 to setup level-two

response centres in northern, central, and southern Taiwan for a more prompt and direct response of texic

chemicals incidents. ITRI, National Yunlin University of Science and Technology (NYUST), and National

Kaohsiung First University of Science and Technology (NKFUST) were chosen for the setup of joint

response centres in northern, central, and southern Taiwan, respectively. ITRI was chosen for its proven



experience in emergency response while NYUST and NKFUST were chosen for their combined expertise
in environmental and safety engineering.

In five years’ time from 2002 to 2006, more than five hundred on-scene response services were provided.
The incidents ranged from a leak of a toxic gas cylinder to a large-scale fire in a high-tech facility. The
effective response service has greatly reduced the potential impact from these incidents. More details on
the level-two response systems have been provided in Chen et al. (2003).

2.2 The Setup of Emergency Response Team

Although the three response centres did provide effective responses to the incidents, the growing number
of incident has increased the burden and timing on the response work. In 2007, EPA proposed a Plan to
Strengthen Toxic Chemical Safety Management and Incident Response which was ratified by the
Executive Yuan. This invelves commissioning the establishment of information and monitoring centres and
seven Emergency Response Teams (ERTs) with increased staffs and equipment to reduce the response
load and timing.

The responsible counties for the seven ERTs were divided according to geographic and traffic
considerations. Taiwan is an island, with 70% of its land consisting of hills and mountains that spread from
the north to the south, dividing the island into west and east areas. Traffic from west to east relies on three
roads that cross the Central mountains. Among the seven teams, six teams are located in the west, while
one team is located in the east, reflecting the fact that most industrial parks and small industries are also
located in the west. The three ERTs in the northern and eastern part of Taiwan are cperated by a
response centre held by the Chung Yuan Christian University. The two ERTs in the central part of Taiwan
are operated by a response centre in National Yunlin University of Science and Technology. The two
ERTs in the southern part of Taiwan are operated by a response centre in National Kaohsiung First
University of Science and Technology. In addition, there is one Information Centre and a Control Centre
both operated by Industrial Technology Research Institute. Figure 2 shows the geographic location of the
seven teams.
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Figure 2: Geographic focation of the seven ERTs. The separation line is the county borderfiine

The primary objectives ofthe seven ERTs are as follows:

. Provide round-the-clock on-scene emergency response aid to a toxic chemical incident within one
hour after the incident’s occurrence. The aid includes technical advice, coordination of the response,
PPE for the responders, kits for stopping leaks or spills, advice on clean up, etc.

. Provide on-scene air pollution monitoring. The monitering equipment includes a portable GC-MS, a
dual function open-path and closed-cell FT-IR spectrometer, photo-ionisation detector (PID), flame-
ionisation detector (FID), multiple gas detector, and detection tubes.

L Provide surface water, soil, solid waste analysis at the incident site. The analytical equipment
includes a headspace module of portable GC-MS for water and solid waste or soil, a Smith
Detection Identify IR for unknown solid, and a portable X-Ray Fluorescence (XRF) for heavy metal
detection.

. Provide assistance for incident investigation.

The other objectives of the ERTs include but are not limited to:

. Provide non-emergency information service to local EPA bureaus.



. Hold response training courses for persons in charge of toxic chemical management in operating
facilities.

(] Assist large-scale drills for the response of toxic chemicals in each county.

. Assist local EPA officers in inspecting and auditing the operating facilities.

In addition to the seven ERTs, an Information Centre is also set up to provide safety related information

during emergency response and non-emergency ingquiries. The Information Centre also holds all relevant

information from every toxic chemical operating facility. This information helps to assess the operating

facilities should an incident occur. Another Control Centre is also set up directly in the EPA headquarters

to help EPA officers in acquiring photos or video clips from the incident, monitoring the progress of the

incident, and assessing the impact from the incident. Both centres are operated by Industrial Technology

Research Institute.

For the service to be effective and prompt, it is necessary that the ERTs are promptly notified of the

incident. Article 24 of the Toxic Chemical Substances Control Act has regulated that the operating facilities

must report the incident to the local EPA office within one hour after occurrence. This is usually the case

when the incident is caused directly by the listed toxic chemicals. In the cases when the incident was not

caused directly by the listed toxic chemicals, the reporting may be delayed.

The best practice found is to have a direct link between the Information Centre and the local fire brigades

where most incidents, regardless of the causes, were reported. Upon receiving incident messages from

the fire brigade, the Information Centre immediately check and confirm for the chemicals involved and

provide relevant information to the ERTs and the fire brigade. On-scene emergency response of the ERTs

is activated, depending on the cause of the incident and possible chemicals involved.

Another rapid source of acquiring incident information is through the TV news. CNN-like TV news media in

Taiwan are popular and compete vigorously for breaking news like a chemical incident. They usually

arrived at the incident site almost the same time as the fire brigade and broadcasted the incident

immediately with Satellite News Gathering (SNG) systems. Therefore, regular monitoring of the TV news is

also done in the Information Centre.

The Taiwan EPA founded the seven ERTs through contracted projects. Each ERT has full-time staffs of

sixteen people. EPA also provided directly the following equipment to each team:

. 20+ sets of Level A suits with self-contained breathing apparatus (SCBA).

. 1000+ sets of personal protection kits, each including a disposable Level C suit, a half-mask air-
purifying respirator, a pair of chemical resistant gloves, and a chemical absorbent pad.

. 1 medium-size vans, 1 medium-size truck, and 1 large-size truck.

] 2 sets of portable four-gas detectors.

. 2 sets of direct-reading gas-detecting tubes covering all possible toxic gases or vapours
. A Photo-ionisation detector (PID) for continuous monitoring of air pollutant down to ppb level.
. A Flame-ionisation detector (FID) for the continuous monitoring of all flammabkle air pollutant down to

sub-ppm level

. A portable FT-IR with dual open path and closed cell sampling loops for identification and monitoring
of air pollutant down to ppm level at the incident site.

. A portable GC-MS system for the identification and monitoring of volatile organic chemicals at the
incident site

] A solid FTIR system for the identification of unknown waste or powder at the incident site.

. A portable X-Ray Fluorescence (XRF) for the detection of heavy metals in soil or solid waste at the
incident site.

2.3 Regulatory control on toxic incidents

In addition to the ERT system that helps the operating facilities in responding to the toxic incidents, EPA

also strengthen the regulatory control towards the response of toxic incidents. The new regulations issued

in 2007 included:

] Toxic Chemical Substances Accident investigation and Disposal Report Operating Standards (EPA,
2012b)
The handler of toxic chemical substances shall submit a preliminary accident investigation and
disposal bulletin within three days after an accident occurs, and shall submit a summary accident
investigation and dispesal report within 14 days after the accident to the special municipality, county,
or city competent authority in the area where the accident occurred for subsequent reference, and
shall send copies to the central competent authority.

L] Toxic Chemical Substance Handling Liability Insurance Regulations (EPA, 2012c)



When the total quantities of manufactured, used, stored, or transported toxic chemical substances
exceed a specific quantity, the handler shall purchase liability insurance pricr to handling.
Both regulations aimed at the enforcement of the handlers to have more liability and learning in an incident.

3. Further Stringent Management and Control of Toxic Incidents in Transportation

Although the establishment of the ERTs helped greatly the control of the toxic incidents, the number of
responded incidents reached a record high ih 2007, among which more than 20% were transportation
incidents as shown in Figure 3 The transportation incidents which consisted mainly tank truck incidents on
the road not only require significant resources and efforts to respond but also put nearby communities into
risk. Regulatory efforts were initiated in 2008 and revised regulations were issued for transportation of
toxic chemicals.

. Regulations Governing the Transporitation Management of Toxic Chemical Substances (EPA, 2012d)
A real-time tracking system shall be installed in transportation vehicles when the total quantities of
transported toxic chemical substances exceed a specific quantity.

. Regulations Governing the Establishment and Management of Dedicated Environmental Protection
Units or Personnel! (EPA, 2012e)

When the total quantities of transported toxic chemical substances exceed a specific quantity, the
carrier shall assigh one Class C dedicated personnel, and shall provide the name of that dedicated
personnel and the carrier he is employed by on the toxic chemical substance transport manifest.

] Toxic Chemical Substances Hazard Prevention and Response Plan Regulations (EPA, 2012f)
Owners of toxic chemical substances who carry out on their own or commission others to transport
toxic chemical substances shall submit a transportation hazard prevention and response plan to the
special municipality, county or city competent authority for future reference.
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Figure 3: Analysis of number of incident from year 2006 and onward. Data for year 2012 is updated to August.

The stringent requirement on the management of toxic chemicals transportation drastically reduced the
number of all transportation incidents, whether it was listed toxic chemicals or non-listed chemicals, from
26 incidents in 2007 to below 10 incidents after 2008. Overall numbers of injury and fatality from these
incidents are also reduced. Training and education of truck drivers and toxic facility operators are
increased as a result of the new regulations.

4, Conclusions

Growing industrial development has brought the growing need for the use of a wide range of toxic
chemicals. Taiwan EPA implemented both regulatory measures as well on-scene response supports to
minimize the potential impacts from toxic chemical incidents. The efforts have shown that the number of
incidents has declined from 2009 but yet eliminated completely. Challenges remain with the proper
response and prevention of incidents.

With the technical supports from Chung Yuan Christian University, National Yunlin University of Science
and Technology, National Kachsiung First University of Science and Technology, and the Industrial
Technology Research Institute, Taiwan EPA is planning to further expand the regulatory control and
support in the following twoe issues



. A total solution to the incident response and recovery: Although the Toxic Chemical Substances
Control Act requires the operating facilities to be responsible for the response and clean up in case
of an incident, there remain small facilities with very limited staff that are unable to fulfil any response
task. The well-equipped ERTs will play an increasing role in the incident response in these small
facilities. The ERTs may also contract specialists to perform post-incident recovery and the cost will
be compensated later through the facility or its insurer. The total solution from incident response and
recovery will help to prevent any incident from endangering the environment.

. Establishment of training fields and training regulations for emergency response of toxic incidents: A
comprehensive training field for toxic incident response is under construction in northern Taiwan to
aid the training and education of tank truck drivers and toxic facility operators. Another two training
fields are also under planning and will be built in central and southern Taiwan. All these three
training fields are planned to be completed by 2015 and will be operated by the ERTs. Regulations
are also planned to be issued that requiring toxic facility operators be trained in these training fields.
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