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ABS77?ACT

The radiological safety aspects of the operation of an electron beam facility in general

and the 3 MeV ALURTRON electron beam facility of the Malaysian Institute of Nuclear

Technology Research MINT) in particular'were reviewed and evaluated. Evaluation was

made based on existing records as well as actual monitoring around the facility.

Area monitoring results using TLI)s are within permissible levels. The maximum

reading of 729 mSv measured in year 2000 is very low as compared to the annual dose limit

of 50 mSv/year.

In general, the shielding for the installation is adequate and no significant radiation

leakage were detected based on radiation survey results. However, measured radiation levels

with a maximum of 19 mSv/h at the sampling ports easily exceed the limit of 25 �6v/h.

The facility is equipped with safety features, such as interlocked system, adequate

shielding, engineered safety design of irradiation and accelerator rooms, and accessories such

as conveyor system and product handling system. Warning lights and signals are adequately

installed around the facility.

Other identified hazards that may affect the operator, workers, and personnel were

also evaluated based on previous records of monitoring. The ozone concentration levels with

a maximum reading of 0.05 ppm measured in the environment of the facility are within the

threshold limit value of 0.1 ppm. The measured noise levels at all locations around the facility

are generally below the maximum permissible level of 8OdB.

The ALURTRON has achieved a minimum safety requirement to warrant its full

operation without relying on administrative controls and procedures to ensure safety in

operation.
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1. INTRODUCTION

Electron processing system (EPS) is a inature, viable ad dnamic technologv. It is (I

powerful tool for technical innovation to open up new ways in saving resources and energies

and in reclaiming useful materials from waste, ranging from quality improvement of plastics,

rubber cross-linking, curing of coatings, removal of Sx and Nx from exhaust gases and to

sterilization of sewage and ooze. The technology, having a wide range of applications, had

been making notable contributions to aerospace, nuclear power, electronics, computer,

automotive, and metal processing industries

In Malaysia, the first 3 MeV electron beam facility had been providing irradiation

services to clients for a decade now. One of the many applications of the technology is

radiation cross-linking of wires and cables and heat sensitive tubing for industrial

applications.

In view of the benefits that we get from the technology the safety of the operator,

workers and personnel involved in the operation of the facility as well as the public and the

environment should not be taken for granted. It cannot be denied that the operation of the

facility presents radiological hazards and other incidental hazards that can affect the health

and safety of the operator, workers and personnel involved.

This research study was conceived on the principle that the hazards associated wth

radiation processing using electron beam can be prevented or minimized through a system of

radiological protection. Hazard evaluation and measurement should be done and improvement

of the safety aspects should be given consideration.

1. 1. Objectives

This research study on the radiological safety aspects of the operation of electron

beam facility aims to achieve the following:

a. Review the status of the radiological and other safety aspects of the operation of an

electron beam facility with special reference to the ALURTRON Electron Beam

Facility;

b. Evaluate adequacy and prformance of the protective shielding and design of te

facility through radiation monitoring to ensure that the operation of the facility

does not pose haza d to the operator, workers and personnel involved, the public

and the environment-,
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c. Compare results of area monitoring, for radiation, ozone gas, and noise level \\it h

standard safety limits.

1.2 The ALURTRON Electron Beam Facility

Electron beam processing technology was started in Malaysia when the first Electron

Beam Machine was commissioned in the late 1991. The facility named ALURTRON is being

managed and operated by the Unit Tenaga Nuklear (UTN) of the Malaysian Institute for

Technology Research (MINT). It is located at UTN Complex, Dengkil Branch, Bangi,

Kajang, Selangor Darul Ehsan.

ALURTRON comprises of two electron beam machines (EPS-3000 and CuretTon ad

product handling system. The electron processing system (EPS) consists of 6 ain

components and 4 additional ones, as follows: (a) DC high voltage power supply, (b)

Accelerator assembly; (c) Scanning assembly; (d) Pressure tank and SF6 gas handling

equipment-, (e) Control cabinet; (f) Protective and interlock function-, (g) Cooling blower-, )

Exhaust blower; (i) Purge blower; and ) Toe conveyor system.

The wire and under beam handling system (WUBHS) was incorporated and installed

at the facility to enable the transportation of commercial products such as cables and tubes

into irradiation area for cross-linking treatment without twist of cables or tubes and ost

importantly, ensure dose homogeneity. ATUBHS was designed by MINT and some machines

are partly fabricated locally.

The system comprises of pay-off machines, take-up machine, tension control auxiliary

machineries, diverter/pulley and capstans and motor auxiliary machineries in the rradiation

bunker.

For the purpose of this study only the EPS-3000 machine is discussed.

I.2.1 Operational Parameters

The EPS is capable of generating up to 3 MeV energy electrons. It can be operated at

beam currents from I to 30 mA, stable to within 2. The scanning horn of the facility

provides a beam of 120 cm width (with dose uniformity to within ±%). Materials call be

irradiated on a conveyor belt driven at speeds from I to 20 m/min.
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1.2.2 Classification of the Facility

The electron beam facility at MINT is classified as a Category 11 electron bcalli

facility (Fig. 1) A category 11 facility is a uit oused i shielded room tat are maintained

inaccessible during operation by an entry control system (IAEA, 1992).

The energy of an electron accelerator is another key parameter for the classification of

the several types used in the field (Jongen, 1998). The EPS-3000 is considered under low

range type (say up to 3 MeV). It uses Cockcroft-Walton generator. At low energy, multi-gap

accelerators with electron tubes and scanners are used. The machine needs concrete radiation

shielding.

High
Voltage

---- System

Oscillator
Cabinet

Scan
Horn

Concrete
Shield

F.
Labyrinth Conveyor

Fig. 1. Cutaway view of a typi Category H electron beam facility
(IAEA, 1992)

1.2.3 Advantages and Disadvantages

Electron beam processing offers many advantages over the conventional ones from

industrial point of view. It is a fast process with a high efficiency, high uniformity and good
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control. The electrons are directed towards the target aterial and irradiate wide aeas (-)I'

material evenly. The radiation-induced reaction is easily controlled by regulating tile

irradiation time. The irradiation process is carried out at room temperatur ad atTords llgh

throughput.

Besides the advantages offered by this technique, there are however limitations, which

among others include: (a) the up-front capital is relatively high; (b) Inert atmospheres are

necessary for efficient process; (c) The process is most efficiently adapted to flat surfaces; and

(d) For profitable operations, the production volume must be relatively big (Dahlan, 2002).

I.3 Accelerator Technology

In an accelerator, the electrons are generated by the electron gun (heated tungsten

filament is a LaB6 tablet source). A voltage gradient draws the electrons away from te gun

and accelerates them through the vacuum tube. As the high voltage beam of electrons passes

from the beam tube and through the scan magnet, an oscillating magnetic field sweeps the

beam back and forth across the scan window.

The voltage of the EPS ranges from 500 keV to MeV, which is great enough to

accelerate the electrons through the metal foil of the scan window and irradiate product

passing beneath. Electrons accelerated under a voltage of MeV are traveling at

approximately 99.6% of the speed of light, or nearly 3000,000 km/sec, when they enter the

scan window.

An electron accelerator bundles into a 3 to cm diameter beam to irradiate industrial

products. The enormous number of electrons and the high acceleration voltage produces rapid

reaction by radiating directly on the molecules within the product.

Beam current is an indication of the number of electrons being accelerated. In te

EPS, the beam current is a thousand times microamps A beam current of I mA represents

about 6 million billion-electron particles every second. The number of electrons emitted per

unit time is dependent upon the power of the electron accelerator. This is expressed in kW.

According to the treatment to be carried out, the power of the electron beam may vary from

IO to several hundreds of M, for an energy of to IO MeV.

The facility uses a Cockcroft-Walton direct current high voltage generator. Direct

accelerators generate high electrical potentials, which equal the final energy of the electrons.

They give continuous electron beams at high average currents and power ratings and thus

accommodate high processing rate. They are useful in low and medium energy applications.
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1.4 Industrial Applications

The facility is intended for use in research in the field of radiation processing as well

as for commercial purposes. Electron beams are used in industry for several applications,

including: (a) Sterilization of medical and pharmaceutical products, (b) Crosslinking and

grafting of polymers (cable and heat shrinkable products); (c) Reticulation and polymerization

of materials, and (d) Treatment of smoke, water, soil and waste.

The operating hours of the electron beam facility are divided between processing of

commercial products and R & D activities. A summary of the operating hours for the last 4

years is given in Table 1. An increasing trend on the use of the facility is observed.

Table 1. Summary of operating hours of the ALURTRON electron beam facility

Ycar 1999 2000 2001 2002
Total Hours of 77.9 249.4 299.9 1225.5

Operation

In Malaysia, the potential of electron beam processing is great and promising.

Specifically, the applications of electron beam processing include the following: (a)

Crosslinking of industrial components such as wires, cables and heat shrinkable tubings; (b)

Purification of flue gases; (c) Development of such products a gasket, seals, tires, and molded

components for the automobile industry; (d) Radiation curing of surface coating for durability

and surface finishing; (e) Location of wing to body fairing on Airbus A320 aircraft, )

Pollution control such as disinfecting water, sewage and sludge and removal of Sx and Nx

from power plant emissions; (g) Modification of natural polymers such as sago-starch and

agro fibers for the production of biodegradable products such as packaging foams, films and

profiles-, and (h) Development of hydrogel for wound dressing from sago-starch and high

performance natural fiber-polymer composites.

1.5 Safety Standards

The operation of an electron beam processing system presents several known hazards,

which can be grouped as follows: (a) Radiation; (b) Ozone, noxious and other toxic gases, (c)

Incidental hazard (noise, etc.); and (d) Other health hazards (high voltage and SF6 Gas).

The radiation hazard, which results from the generation of x-rays, is the utmost

important hazard to be given primary attention in safety considerations. Nevertheless, safety

consideration of other hazards should also be carried out to ensure that their presence would

not significantly increase the health risks to the personnel involved.
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1.5.1 Radiation Protection Standard

For the radiation protection aspect, the UTN follows the Malaysian Atomic Energy

Licensing Act (Act 304) and all other regulations ad guidelines iplemented Under tis Act

The permissible dose levels are: 50 mSv/year - Individual exposed to radiation in

his/her occupation; 15 mSv/year - Adult worker not engaged in radiological work- and 

mSv/year - General public.

Based on the above permissible levels, it is further specified as follows: (a) The dose

level shall not be more than I 0gSv/week in dwelling areas and outside of the work premises;

(b) Any areas in which the dose level may exceed 03 mSv/week shall be classed and labeled

as the controlled areas; (c) The dose level in work areas where radiological workers may enter

0.shall not exceed I mSv/week; and (d) The dose level in other areas shall not exceed

mSv/week.

1.5.2 OzoneandotherNoxiousGasProtectionStandards

The UTN has no protection standard yet for ozone and other noxious gases. For the

time being, it uses the protection level of 0 I ppm, which is the threshold limit value (TLV)

for Chemical Substances in the Work Environment adopted by the American Conference of

Governmental Industry of Hygienists (ACGIH) for 1988-1989 with Intended Changes, for the

protection and safety of personnel, the public and the environment against ozone.

Other gases was not considered here yet since their formation is not as significant

compared to ozone gas.

1 53 Noise Protection Standard

The UTN uses the noise protection standard for the working condition in factories set

by the Factory and Machinery Department. The noise permissible level is set at a maximum

of 80 dB and as prescribed by the PUSPATI Safety Committee as necessary.

1.6 Classification of Areas

The system of area classification is the most basic radiation protection procedure to

control radiological hazard. Its objective is to segregate working areas according to the hazard

involved.

The yearly likely doses for each area classification are as follows: (a) Clean - 5rnS%-1-

(b) Supervised - 5 rnSv < 5 mSv; and Controlled - > 15 mSv.

llot Graduale Diplonia Coume in Radiation Protection. Universili Kebangsaan %lala%%ia. 2002-2003
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UTN implements the following classification of areas:

A, Irradiation and Accelerator Rooms

i. These rooms are designated as Controlled Areas. These are not permitted or

entry during operation of the electron beam machine because of the existence

of very high radiation level.

B. Ground Floor

i. All rooms/ areas bordering the irradiation room are designated as Workin(j

Area Class A as defined in the Act 304 Atomic Energy Licensing Act (Basic

Safety Standard for Radiation Protection) PU(A) 61.

ii. All areas other than A. i above are classified as Uncontrolled Area.

iii. Product entry and exit areas, and service areas are designated as Supervised

Areas.

C. First Floor

i. All rooms/areas bordering the accelerator room are classified as Working Area

Class B as defined in the Act 304 Atomic Energy Licensing Act (Basic Safety

Standard for Radiation Protection) PU (A) 61.

ii. All areas other than B.i above are classified as Uncontrolled Areas.

D. Areas Outside the EBM building

i. The areas outside the building were also considered because of the sky shine

effect. These areas are classified as Uncontrolled Area since it is open to the

non-radiation workers and the public.
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II. MATERIALS AND METHODS

A study on the safety aspects in te operation of te electron bealli facility was dolle

through a review of existing safety evaluation reports, previous records of area monitoring

and available literatures on electron beam technology in general and on the ALURTRON

electron beam facility in particular. Consideration was made not only on the radiological

aspect but also on related safety aspects that may affect the health and safety of workers in the

facility.

Area monitoring using thermoluminescent dosimeters (TLDs) was done at identified

locations around the irradiation and accelerator rooms to measure the dose during operatio of

the facility. There were 18 monitoring locations around the facility. Each location has a

wooden case holder attached to the wall of the facility at a height of about 65 m. The

TLD I 0 chips, sealed in foil and plastic were placed in duplicates inside the case holder at the

monitoring locations. TDs were collected after days of monitoring. Dose evaluation using

the TLD reader Harshaw Model 2000D and 2080 was done at the Secondary Standard

Dosimetry Laboratory (SSDL), MNT. Results of dose measurements were compared with

prescribed dose limits. An assessment of the area monitoring results done by the Health

Physics Group for the past four years is presented. TD monitoring is done for two months

after which the TLDs are analyzed using the TLD reader mentioned above.

Radiation survey of the area was done using a properly calibrated portable survey

meter during the operating hours of the machine. Radiation surveys were done at the

following areas: eighteen monitoring locations, five openings for entry to high radiation level

areas, and the sampling ports. Results of monitoring were compared with prescribed dose

limits.

Alternative studies on radiation shielding, interlocked system, warning lights ad

signals, shielding door, noise, ozone, and other health hazards were done based on records of'

monitoring and safety evaluation reports.
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Ill. RESULTS AND DISCUSSION

111.1 RadiationMonitoring

Since the year 1992, TLD monitors (TLDI00) were installed around the irradiation

room as well as the accelerator room to measure the dose during operation of the electron

beam machine. There are 18 locations of these TLD monitors as shown in Figures 2 and 3 ).

Dose evaluation is done at the Secondary Standard Dosimetry Laboratory (SSDL), MINT

every after two months of monitoring.

Area monitoring using TLDs was done by the researcher. Due to time constraint,

monitoring was done for only days during which the machine was in operation for a total of

9.5 hours. Results of measurements done at the SSDL are presented in a graph in Fig. 4 The

highest reading of 004 mSv is very much below the prescribed hourly dose limit of 0025

mSv based on the annual dose limit.

Area monitoring activities are continuously pursued. Monitoring results done by the

Health Physics Group for the years 1999, 2000, 2001 and 2002 are presented in a graph Fig

5). Readings with the highest reading of 7.29 mSv measured at STN-7 in 2000 were all within

prescribed limits. It can be noted that readings in locations STN-7, STN-8, STN 3 and STN-

15 for the year 2000 are higher, although not exceeding limits. These can be due to some

activities, i.e. beam conditioning, voltage conditioning, and prolonged operating hours during

that year.

111.2 Radiation Survey

Survey of the area using a calibrated radiation survey meter was also done o 28

November 2002. Survey readings are shown in Table 2 It can be noted that the highest

readings, which range from 12 - 19 mSv/h were observed at the sampling ports. These

measurements were taken at a height of about 195 m from floor level, which is not

accessible, by an ordinary person. The direction of radiation is upwards because the outlets of

the sampling ports are directed 35' angle upwards. All other readings were equivalent to

background readings and below prescribed limits.

The facility has also 2 fixed area monitors installed inside the walls of the product

entrance of the irradiation room and the entrance of the accelerator room. The safety limits for

these are 200 mSv/h at the accelerator room and 30 mSv/h at the iadiation room. The

indicator is displayed at the Control Room.
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Table 2 Area monitoring results at electron beam facility using survey meter
Date: 28 November 2002

Location EB Facility OFF EB Facility ON
(mSv/h) (mSv/h)

S-1 0.0002 - .001 0.0002 - 0.001
S-2 0.0002 - .001 0.0002 - 0.001
S-3 0.0002 - .001 0.0002 - .001
S-4 0.0002 - .001 0.0002 - .001
S-5 0.0002 - .001 0.0002 - .001
S-6 0.0002 - .001 0.0002 - .001
S-7 0.0002 - .001 0.0002 - .001
S-8 0.0002 - .001 0.0002 - .001
S-9 0.0002 - .001 0.0002 - .001
S-10 0.0002 - .001 0.0002 - .001
S-1 1 0.0002 - .001 0.0002 - .001
S-12 0.0002 - .001 0.0002 - .001
S-13 0.0002 - .001 0.0002 - .001
S 14 0.0002 - .001 0.0002 - .001
S-15 0.0002 - .001 0.0002 - .001
S-16 0.0002 - .001 0.0002 - .001
S-17 0.0002 - .001 0.0002 - .001
S-18 0.0002 - .001 0.0002 - 0.001
Sampling Port - Inlet 0.0002 - .001 1.2 - .8
Sampling Port - Outlet 0.0002 - 0.001 1.2 - 19
1 m from Outlet 0.0002 - .001 0.04 - 1.5
3 in ftom Outlet 0,0002 - .001 0.003 - 002
Window 0.0002 - .001 0.00005 - 00003
Shielding door from experime al area 0.0002 - .001 0.00005 - 00002
Maze door from the non-sterile area 0.0002 - .001 0.05 - 020
Product entry port from the non-sterile area 0.0002 - .001 0.00005 - 00002
Product exit port from the sterile area 0.0002 - .001 0.00005 - 00002
Accelerator door on the first floor 0.0002 - .001 0.05 - 020

Notes:
EB Machine Operational Parameters:

Beam Cuffent: 30 rnA
Acc. Voltage: 3 MeV

Specifications of Survey Meter:
Ludlum Model SN 64636
Range: - 2 mR/h
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111.3 Alternative Studies

Alternative studies on radiation shielding, interlocked system, warning lights and

signals, shielding door, noise, ozone, and other health hazards were done based on records f

monitoring and safety evaluation reports.

111.3.1 Radiation Shielding

1111.3.1.2 Shielding Design of EPS-3000

The EPS-3000 is housed in a shielded room having a 2-m thick wall made of high

density concrete.

The main entrance to the irradiation room is a 3-layered maze type. The plug-type

shielded door is made of concrete with steel casing.

The design of product entrance to the iradiation room is also a maze or labyrinth type

with four 90' turns.

111.3.1.3 General Shielding Design Considerations

Accelerated electrons from the EPS are low in penetrating power. However, x-rays

generated as brernsstrahlung when electrons collide with matter are quite high in penetrating

power. They are biologically active and if a particular intensity is exceeded, they represent a

health h7A d. Therefore, suitable shielding is required for protection in the immediate

vicinity of the facility.

Electrons have a finite range in matter approximately proportional to the density of the

absorbing material. The maximum electron range is approximately 06 g CM-2 times the

energy in MeV, in the energy range 2 to 20 MeV (NRCP, 1997). The maximum range of

electrons is small compared with that of x-rays; therefore in the calculation of the shielding

requirements, only the generated x-rays need to be taken into account.

Shielding calculations shall be performed for the maximum energy and the maximum

current that the electron acceleration can deliver. Calculations shall be performed under the

assumption that all electrons are absorbed by the heaviest element that may be exposed to the

beam. Account shall be taken of the composition of the structural materials and products tat

might be irradiated in the facility.
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Tile following features shall be considered i te design of a industrial acceleratol.

(a) Positive means of disabling the main accelerator system, (b) Built-in achine parameter

monitoring, and (c) Built-in remote machine diagnostics.

Selection of shielding materials is done primarily from the viewpoints of economy and

ease of construction and maintenance. Low-Z materials such as aluminum and ordinary

concrete are to be preferred, to minimize the production of x-rays. An appropriate shielding

for a 3 MeV electron beam is concrete. Air is also an absorber of electrons, and is often

utilized as such in those facilities where the absorption distance can be accommodated or

where the production of ozone and other noxious gases does not represent a hazard.

An important parameter for accelerator shielding design is the 900 emission rate

(< 1.0 MeV) or the forward (00) emission rate (FILO MeV) from high-atomic number (high-Z)

thick targets (NRCP, 1997).

Shield thickness is determined from the material used, the accelerator voltage rating

and conditions of operation hours or operating environment.

In the commissioning of an electron irradiation facility special attention has to be paid

to 'hot spots', i.e. small areas of high radiation intensity due to spurious radiation penetrating

through ducts in the shielding. The neighborhood of such ducts should be shielded with lead

or steel shot in order to reduce radiation to acceptable levels.

Attention should also be paid to 'spurious' x-radiation, particularly in accelerators

operating at high voltage levels with accelerator tubes located outside the irradiation room.

The causes of 'spurious' x-radiation are described in the following: (a) Backscattered

electrons can possess sufficient energy to stream back through the accelerator tube. This

effect is particularly pronounced when high-energy electrons impinge on a high atomic

number target for x-ray conversion; and (b) During conditioning of the electron accelerator

and during operation under relatively poor vacuum conditions, 'dark currents' in the

accelerator tube occur which generate x-rays.

111.3.2 Interlocked System

The facility is equipped with interlocked system to ensure that no personnel or

individuals can enter the iadiation or accelerator rooms during irradiation. There are five

openings for entry to these high radiation level areas during operation, as ollows- (a)

Shielding door from the experimental area; (b) Maze door from the non-sterile area-, (c)

Product entry port from the sterile area; and (d) Accelerator door on the first floor.
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Use of One-Key System

The use of one-key system is the first step of interlocking. The EPS cannot be put 111to

operation uless the key is inserted to control the EPS. This key cannot be removed unless tile

EPS control is disabled to shut down the equipment. This key is also used to unlock the door

of the irradiation chamber.

111.3.2.2 Door Interlocks

All the 3 doors that lead to the irradiation room (shielding and maze doors) and

accelerator room (accelerator door) are provided with limit switch that are interlocked with

the accelerator starting sequence. The acelerator starting procedure is disabled when one or

more of these switches is open (no current flow). In this case the operator must reset the

interlocks and ensure that the affected doors are fully closed to enable the starting sequence.

111.3.2.3 Safety Switch Interlocks

The inside sections of the 3 doors are provided with safety selector switches

(OPERATION-MAINTENANCE switch) which are also interlocked to the accelerator

starting sequence. As a safety measure, any personnel that enters any one of these areas is

required to change the selector switch from OPERATION to the MAINTENANCE position.

This procedure renders the machine inoperable thus preventing the possibility of accident

when personnel or individual is still present in these highly dangerous radiation areas.

111.3.2.4 Photodetector Interlocks

Photodetector systems are installed at both the product entry and exit ports. These

systems are also interlocked to the accelerator starting sequence. Triggering the photodetector

system will cause the iadiation to be stopped immediately and any attempt to restart tile

operation sequence without first resetting the photodetector at the location where it is

triggered will be useless.

The photodetector system used at the facility consists of a unidirectional infrared light.

It will soon be upgraded to include a multidirectional infrared light that can also distinguish

between human or living things and product samples.

Ill.3.3 Radiation Warning Signs

Radiation warning signs are installed at all sides, one on each side attached to the

outside walls of the irradiation room and accelerator room. There are 9 signboards bearing the
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radiation symbol and the warning writte i te local language as "APYAS

KA WA IA Ar'.

111.3.3.1 Warning Lights

Warning lights are installed selectively at strategic locations in the building (Figures 6

and 7 There are 2 kinds of warning light provided, namely:

a. Door Status

There are many doors that lead to potentially hazardous areas. These areas include

irradiation room, maze areas, accelerator room, and the route to the accelerator and machinery

room. The safety concept adopted here is to wam the operator of the action that one or more

of these doors are opened. There are 7 signal lights shown as DIL# in Figures 6 and 7 where 

denotes a number. When any of these doors is opened the light on top of the door shows

"RED" giving a high pitch beeping sound sufficiently warning the individual of the situation.

This warning is also indicated at the indicator console in the control room. Thus, the operator

will be aware of this situation and can take proper safety actions deemed necessary during any

accident.

b. Electron Processing System (EPS) Operational Status

The operational status of EPS is indicated by 9 signal lights as shown in Figures 6 and

7. The signs are denoted by the word EBM# where denotes a number. There are 2 displays,

namely EBM OFF and EBM ON. The former is lighted with GREEN color and indicates that

the machine is at off condition while the letter is lighted with RED and indicates that the

machine is in operation. The lighted warning signs, which show the status of the EPS, had

been separated from the door status indicator lights.

111.3.4 Operation of Shielding Door

111.3.4.1 Operation Switch

There are 2 sets of operation switches provided for the shielding doors. One each at

the outside and inside wall of the irradiation room.

At the switch outside the iadiation room, there are 2 sets of "RED" and `GREII-X'

buttons arranged side by side. The left side buttons are for opening while the right side

buttons are for closing. These buttons will only be operable when the key switch located at the

bottom right is turned to "ON" position.
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At the switch inside the irradiation room, there is only one set of "RED" and

"GREEN" buttons below a big "RESET" buttorls. These "RED" and "GREEN" buttons call

only be used to close the shielding door from inside provided that the isolator switch wic is

also provided is at the "ON" position. This isolator switch functions like the key switch

outside the irradiation room. The "RESET" button is provided as an "EMERGENCY" button

to open the door from inside.
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111.3.4.2 AUdibleWarningSignals

There are 3) types of audible warning signals pertaining to te operation of te

shieldin- door, as follows�

(a) Intermittent buzzer - to show that the door is moving either during closing or

opening. This audible warning signal stops when the door stops moving.

(b) Beeping sound - to show that the door status (open)

(c) One-Minute siren - to show that the door is fully closed to warn the people that the

EPS will be operable after the one-minute siren expires. This time rela is

connected to the EPS RESET button in the Control Room.

I I 1. 4. Current Status of the Shielding Door Operation

When the EPS is going to be operated, the following items pertaining to the shielding

door should be ensure&

(a) "MAINTENANCE-OPERATION" selector switch is at the "OPERATION"

position-,

(b) Isolator switch is at the "ON" position, and

(c) Safety key switch is at the "OFF" position.

Nevertheless, isolator and safety key switches are not prerequisites for EPS starting

sequence regardless of the position of the switches.

The status of the shielding door operation is as follows:

(a) Before opening the personnel ust first put the safety key switch to the "ON"

position,

(b) To open the door, the left "GREEN" button must be pushed. The door will stop

when it reaches the contact switch at the end of the track consequently stopping

the buzzer alarm. The movement of the door can be stopped at any time by

pushing the "RED" button beneath the left "GREEN" button-,

(c) The door has 2-movement speed, i.e. slow and fast. It opens at initially slow speed

then changes to a higher speed after the door moves past the limit switch located at

the ceiling on top of the door track, and

(d) Any personnel going into the irradiation room is required to change tile

"MAINTENANCE-OPERATION" switch to the "MAfNTENANCE" position and

the isolator switch to the "OFF" position for safety reasons.
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I I . Other Relevant Accessories

Accessories and equipment that can contribute to tile protection and safety of tile operatol"

workers ad personnel from radiation hazards are incorporated in the facility. Some of thew

are as follows:

Ill.3.5.1 Conveyor

The conveyor system is installed to convey sample in and out of the irradiation zone. It

can be moved forward and backward with a speed of I m./min - 20 m/min. It can carry a

maximum of 10 pieces of sample with a maximum of 600 mm width x 600 mm length. TeID

conveyor under the scanner can be separated from conveyor line.

Ill.3.5.2 TVMonitorSystem

1TV Monitor System consists of a camera with Pb shielding and a TV monitor. Tile

camera with Pb shielding is located in the irradiation room and shows how the material Is

processed through the reflection of stainless steel mirror. All doors, critical and non-critical

are equipped with TV monitors

111.3.6 OzoneandotherNoxiousGases

Ozone 03), oxides of nitrogen and other noxious gases (e.g. from certain plastics) are

hazards resulting from the operation of the electron beam machine. These gases are generated

by radiolysis in air. When a beam of electron passes through air, a large amount of ozone is

generated, which causes violent irritation when its concentration is higher than I ppm. The

presence of ozone is perceptible of its pungent odor; an experienced person can sense its

presence of even such as low as concentration as 001 ppm.

For the time being, only the aspect of ozone safety has been considered because of Its

higher production rate compared to other toxic gases.

According to ACGIH, ozone is a highly injurious and lethal gas at relatively ow

concentrations (a few ppm) and at short exposure pefiods (a few hours). Ozone is apparently

radiomimetic, i.e. it mimics in its effects on health, those of ionizing radiation. The TVL of

0 I ppm for ozone represents a limit which, although it results in no ostensible or manifest

injury, may result in premature aging in a manner similar to that from continued exposure to

ionizing radiation, if exposure is sufficiently prolonged (NCRP, 1997).
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Ili addition to the health hazard, there is a stroncy possibility of chemical darnage to he

accelerator, to the irradiated material, ad to ay wiring, conduits, pipes or apparatus ill thC

VI Ci 11 ty.

The amount of ozone generation is determined by the electron energy loss when an

electron beam passes through the air and by the amount of beam. The ozone generation rate Is

given as 0 I I kg/kWh.

The facility should be designed to prevent the mitigation of the ozone produced ill all

irradiation into areas that may be occupied and where the concentration could potentially

build up to exceed the currently accepted limit. This can be achieved by using a ventilation

system that creates a negative pressure in the irradiation room.

One method of controlling personnel access until the ozone level is at an acceptable

level in the irradiation room is to provide a time delay interlock mechanism. This would

prevent personnel access doors from being opened before a preset time has elapsed after

termination of irradiation (IAEA, 2000).

In general, the ventilation systems designed for ozone removal are more than adequate

to remove the other noxious gases.

The UTN has adopted measures to protect its personnel. In order to keep the ozone

concentration to a minimum level inside the irradiation room, the room air is exhausted using

a high capacity blower installed in the accelerator room on the first floor. The exhaust blower

is designed to provide 60-air change per hour for the irradiation room. The maximum ozone

concentration in the exhaust ducts permitted so that the environment ozone concentration does

not exceed 0 I ppm is 50 ppm. The operation experience has shown that ozone concentrations

in the exhaust ducts under full power operation of the machine had rarely exceeded an

average value of 20 ppm. Measurements for ozone concentration of ozone in the environment

outs'de the building, using an ozone meter (Quantimeter 1000-Dragger Tube) showed ill]

readings except for a reading of 0.05 ppim at the non-sterile area.

A method used by the UTN to protect the environment from ozone is the use of a very

tall exhaust stack (about 35 rn in height) to delay the release of ozone to the atmosphere

(Hashim, 2002).

1113.7 NoiseHazard

Noise is an incidental hazard, which is present when the electron beam machine ad

its aux 1iliary equipment are operated. During full power operation, the noise level inside the
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facility could reach more than 80 dB i certain areas based o measurements ade A S111d

level meter is used to measure noise level.

Tile sources of noise were identified to orimnate from: (a) Mechanical vbration ftoni

the blower, ducting and motor operation, (b) High-speed air jets directed toward te

accelerator window used for cooling-, (c) High-speed air 'ets at the exhaust outlet

(environment noise)-, and (d) Accelerator noise.

To solve the problem of noise, some actions had been taken in 1991 by: (a) Not

operating the purge blower, which supplies fresh air to the irradiation room. The rradiation

room gets its supply of fresh air by normal condition created when exhaust blower is in

operation. The fresh air gets into the irradiation room through the entry-exit openings, (b)

Reducing the exhaust blower speed by increasing the diameter of the pulley-, and (c)

Removing the duct pr 'ection in the irradiation room.

The noise levels were reduced when these actions were taken but the levels are still

unacceptable in some areas. Measurements made in January 1992 showed that the noise level

in the non-sterile area was 87 dB.

Subsequent to the safety recommendations, the Japan International Cooperation

Agreement (JICA) in 1992. As a result of this mission a report which includes the methods to

reduce the noise level was submitted to the UTN-JICA Joint Committee. Shimizu Corporation

carried out modifications in December 1992.

The UTN Safety Department had conducted noise measurement in January 993 and

the results showed that the noise level ranges from 48 dB to 7 dB.

Ill.3.8 OtherHealthHazards

I I 1. 3 ). 8. 1 High Voltage

The EPS generates high voltage in its operation. The voltage on parts of the equipment

is considered deadly. To prevent electrocution and related incidents, the operator and the

maintenance personnel should familiarize themselves with the Safety Precautions associated

with High Voltage Equipment prior to operating or servicing the equipment. The

manufacturer, NISSIN High Voltage Co. Ltd., recommends the following safety measures: (a)

Do not open the control panel, terminal box and D.C. power supply tank during operation.

Hazardous voltages are present at all times when connected to the power source, (b) When

opening the control panel and terminal box, remove power and wait for 60 seconds before
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servicing- and (c) After opening the D.C. power supply tank, and before entering It, (Fround

the hi,,h voltage circuit with the groundings, bar.

111.3.8.2 SF6 Gas

The sulfur hexafluoride (SF6) gas is used as an electrical insulating material in both

the power supply and the accelerator. This gas Is normally nontoxic, but if it is subjected to

electric sparks, it may break down into other gases that are extremely poisonous or

suffocative. Therefore, to prevent unnecessary inhalation, the manufacturer suggested that the

gas must be exhausted sufficiently to either the reclaiming system or the outside vent

whenever it is necessary to open the pressure tanks.

The SF6 gas is much heavier than air and caution must be taken to ensure that the gas

does not accumulate in the low areas such as the basements by proper ventilation.
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IV. CONCLUSIONS

Based on the results of the study, the following conclusions were made�

1) The ALURTRON electron beam facility has achieved a minimum safety

requirement to warrant its full operation without relying on administrative controls

and procedures to ensure safety in operation.

2) In general, the shielding for the installation is adequate and no significant radiation

leakage were detected based on radiation survey results. However, measured

radiation levels with a maximum of 19 mSv/h at the sampling ports easily exceed

the limit of 25 �tSv/h.

3)) Results of area monitoring using TLDs with the highest reading of 279 mSv

measured in 2000 are within permissible limit and minimal as compared to te

annual dose limit of 50 mSv.

4) Interlocked system is adequate and is functioning as required.

5) Lights and warning signals installed are in accordance with international

convention.

6) The ozone concentration levels with a maximum reading of 0.05 pprn measured in

the environment of the facility are within the threshold limit value of 0 I ppm.

7) The measured noise levels, which ranges from 43 dB to 73 dB at all locations

around the facility are generally below the maximum permissible level of 8dB.
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V. RECOMMENDATIONS

To further ensure personnel safety during the operation of facility, the following,,

recommendations are proposed:

1) Radiation survey should be conducted regularly during the operation of the

facility.

2) Personal monitoring devices, such as TLDs, film badges and pocket dosimeters

should be worn by the operator, workers, and personnel involved in the operation

of the facility.

3) Workers should avoid staying near sampling ports during operation because of

radiation hazard in the area.

4) Monitoring of ozone as well as other noxious gases should be continued.

5) If the noise level around the facility will exceed permissible levels and cannot be

solved by engineering and administrative controls, hearing protection should be

worn.

6) Health hazards can be prevented by following strictly safety measures. Written

procedures and safety precautions can be posted at strategic locations to serve as

reminder to personnel involved.

7) Since there is a potential hazard that exists at all times in the facility, fire

prevention authorities should be consulted to ensure that appropriate fire-proofing

and fire-extinguishing equipment are provided.

8) It is further suggested that comprehensive studies should be undertaken on: (a)

radiation shielding, (b) 'spurious' radiation ('dark current'), and (c) ozone gas ad

other noxious gasses.
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