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This software was developed for the facilities in chemical and hazardous
material storage in Thailand. It helps classifying chemical and hazardous materials for
safe storage according to related laws in Thailand. The software was constructed by
the PHP and JavaScript language using MySQL as the database and use Internet
Explorer on Window XP as an operator. The database of the software contains

information about chemicals and hazardous materials from related Thai regulations.

Main functions of the software consist of detail of the facility, classification of
chemicals/hazardous materials for storage, identification of chemical storage area,
request-issue record (warehouse management), specific requirement related to

chemical storage.

The program usability test was performed by responsible persons in the
selected facility, 9 officers and one of the management who has responsibility for
whole plant management. The objective of this test is to get the response from direct
and indirect program users. The result shows that all of the testers could operate this

program.

The result from index score of questionnaire shows that the software is

acceptable by the testers. Therefore the software is usable.
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SOFTWARE FOR SAFE STORAGE OF CHEMICALS AND
HAZARDOUS MATERIALS

INTRODUCTION

Nowadays the growth of industry in Thailand has accelerated the import of
new technology and materials from overseas. Without control measure, these
materials might increase the risk to human health, properties and the environment in

case of explosion, fire and chemical leakage.

To prevent any incident that might occur from unsafe storage of chemical and
hazardous materials, Department of Industrial Works (DIW) has announced Chemical
Substances and Hazardous Material Storage Manual on November 27, B.E 2550. The
manual intends to be a guidance for factories and business to handle with chemical

substance or hazardous materials safely.

In April 2008, Ministry of Industry has issued a Notification of Ministry of
Industry on Hazardous Material Storage under the control of the Department of
Industrial Works B.E.2551. The regulation mentions that all factories whose business
is related with hazardous materials have to implement safe storage management in
their plant. It includes classification for storage, safety control measure, and special
requirement for hazardous materials. The regulation will be fully effective in year
2010. Therefore, staffs of factories have to prepare themselves prior to fully comply

with the regulations.

Besides the new laws, there are other local laws and regulations concerning
about storage, transportation, and usages of chemical substances and hazardous

materials. The regulations are as follows;

- Hazardous Material Acts B.E. 2535
- Factory Acts B.E. 2535

- Revolution Group Announcement Edition 103



Since these requirements are separated due to they have been issued by other
organizations, they may be overlooked by responsible person of the factories. The
competency of responsible persons who control hazardous materials is still doubt.
Most of them have less knowledge about chemical. It will be difficult for them

especially in the step of classification

Thus, to provide a tool for the responsible person to work on appropriate
storage of chemical substances and hazardous materials, computer software should be
developed. It should include classification of chemical for storage, condition
requirement for storage warehouse and other concerned regulation. Proper chemical
storage controls health and physical hazards posed by chemical compounds during

storage.

This research focuses on management of chemical storage according to
Chemical Substances and Hazardous Material Storage Manual issued by Department
of Industrial Work on November 27, B.E 2550. Moreover, the researcher has

reviewed other concerned regulations and processes that could be advantage.



OBJECTIVES

1. To review Thai and national regulations related to chemical substances and

hazardous materials.

2. To design and develop software to classify chemicals and identify its safety
storage in industries in Thailand based on Thai Laws.
2.1 To classify chemical correctly according to Hazardous Material and
Chemical Storage Manual.
2.2 To check available storing area of chemicals where it is suitable by

comply with Thai laws

3. To evaluate the developed chemical storage software by applying with case

study.
Scope of the study
1. This software is developed for industries in Thailand based on Notification
of Ministry of Industry on Hazardous Material Storage under the control of the

Department of Industrial Works B.E.2552.

2. This study focuses only on hazardous substance storage according to

Hazardous Material Acts B.E. 2535.

3. In order to serve the factories in Thailand, Thai language is used in the

interface of the software.

Outcomes of the study

1. The developed software will assist the warehouse person to classify

chemical easily and practically.



2. Application of the developed software will help improve safety for the

company, workers and to the environment.



LITERATURE REVIEW

Many chemical management softwares have been developed but they do not
directly concern about storage for safety. The available chemical softwares were
reviewed in order to develop proper software for safe storage. This part is divided into

three parts as follows.

I. Chemical management software
II. Related laws and regulations

III. Characteristics of software database
1. Chemical management softwares

A. Chem Master ® 2000 (EHS Innovators, n.d.) This software has been
developed by EHS Innovators. CHEM Master® 2000 is a software system which is
designed for managing hazardous materials and right-to-know reporting. The software
consists of

1. Identification of material information

2. Emergency information

3. Physical data

4. Ingredients and regulatory information.

5. Information about Inventory and supplier and other function such as

searching function.

CHEM Master® 2000 is compatible with Microsoft Windows 32-bit operating
systems, Window NT40 and other local area network systems. Sample of the

program is shown in Figure 1 and 2.
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Figure 1 Sample of CHEM Master 2000 program — page 1

Source: EHS Innovators (n.d.)
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Figure 2 Sample of CHEM Master 2000 program — Inventory Module

Source: EHS Innovators (n.d.)



B. ChemTrack 2009 (Chulalongkorn University, 2009) This program has

been developed and copyright since year 2007 by Chulalongkorn University,

Thailand. Then, it has been revised in year 2009.

ChemTrack 2009 is a software system for chemical management in term of

type and quantity of chemicals usage in Chulalongkorn University. It intends to

consolidate chemical data in one or many storage locations. The software requires

user record data such as incoming, requisition and transfer chemicals for monitoring.

Main menu of ChemTrack 2009 program is shown in Figure 3.
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Figure 3 Main page of ChemTrack 2009 program

Source: Chulalongkorn University (2009)
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C. CAMEO® (National Oceanic and Atmospheric Admistration's Office of

Response and Restoration [NOAA OR&R] and the U.S.Environmental Protection

Agency's Office of Emergency Management [EPA OEM], n.d.) CAMEO Chemicals



was developed by the National Oceanic and Atmospheric Admistration's Office of
Response and Restoration (NOAA OR&R) and the U.S.Environmental Protection
Agency's Office of Emergency Management (EPA OEM). CAMEO® is registered

trademarks of the United States Government.

CAMEO Chemicals is a database of hazardous chemicals that emergency
responders and planners can use it to get response recommendations and predict the

possible hazards. Main menu of CAMEO® program is shown in Figure 4.
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Figure 4 Main menu of CAMEO® program
Source: NOAA OR&R and EPA OEM (n.d.)

Key Program Features

(1) Extensive Chemical Database: CAMEO Chemicals uses a chemical
database, which contains response recommendations for thousands of chemicals. Find
a chemical of interest by searching on a name, identification number, or other search
criteria.

(2) Critical Response Information: Chemical datasheets provide physical

properties, health hazards, information about air and water hazards, and



recommendations for firefighting, first aid, and spill response. UN/NA datasheets
provide response information from the Emergency Response Guidebook and shipping
information from the Hazmat Table (49 CFR 172.101).

(3) Chemical Reactivity: This tool predicts what hazards could arise if
chemicals were to mix.

e Online and Standalone Versions: Use the CAMEO Chemicals site to
get quick, convenient access to all of the response datasheets and the
reactivity prediction tool. All of the same functionality is also included
in a standalone version that you can download and run from your own
computer so that you do not have to rely on an Internet connection to

get your response information.

The web site is maintained by NOAA's Office of Response and Restoration.

CAMEO Modules consist of 8 modules i.e. Facilities, Chemicals in inventory,
Contacts, Incidents, Special Locations, Routes, Resources, and Screening and
Scenarios. Chemicals in Inventory Module - Use the Chemicals in Inventory module
to maintain inventory records for stored chemicals, including descriptions of each
chemical’s physical state, storage conditions and locations, and quantities routinely on
site. It could be also kept track of chemicals that are commonly transported on routes

in the community.

Summary of the review output is shown in Table 1. Form the review, it was
found that CHEM Master 2000 and CAMEQO were developed based on U.S.
regulations and there is no software developed for appropriate storage of hazardous
materials according to Thai regulations. As a result, it is necessary to develop
software for safe storage and management of chemical and hazardous materials in the

factory.



Table 1 Summary of the selected reviewed programs

Program Developer Functions Advantage Limitation
1. CHEM Master EHS 1. Material 1. It contains all data 1. There is no
2000 Innovators Identify data and its details such as physical about the chemical requirement of safe

data , Emergency information include
Hazardous label, CAS.No. , Regulatory
control and Supplier.

2. Inventory

Identify quantity and usage information such
as container size and material location.
Report shows information of average usage,
maximum and minimum usage.

3. MSDSs

Identify detail in Safety Datasheet sheet such
as Product and company identification,
Composition/Information on Ingredients ,
Hazard Identification and etc.

4. Form "R"

Form "R" or The Toxics Release Inventory
used by facilities to report their toxics release
inventory data to EPA

5. Other that are Spills, IH and Mass Balance
module are not available for DEMO version.

including MSDS

2. The report could be
printed out.

3. Comply to EPA
about Toxic Release
Report.

storage.

0l



Table 1 (Continued)

Program Developer Functions Advantage Limitation
2. ChemTrack Chulalongkorn 1. Record of chemical use in stock 1. Good control stock 1. There is no
2009 University,  This function to record chemical including of chemical. requirement of safe
Thailand 2. The report could be  storage.

3. CAMEO® NOAA OR&R

information of manufacturing and supplier

2. Request-Issue chemical

To request chemical in stock , add new
requester and transfer chemical to other
owner.

3. Report

To print the report of using , expense , general

information and report for the management

4. Support function
- Bar code printing and search of chemical

1. Extensive chemical database
2. Critical Response information

3. Predict chemical reactivity

selected separately for
the chemical user and
the management.

1. The program could
predict chemical
reactivity.

2. The program could
be used on internet
download or stand
alone computer.

2. The program has
been developed to use
only in Chulalongkorn
University.

There is no requirement
of safe storage.

11
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2. The related laws and regulations

In Thailand, a law directly related to chemical and hazardous material storage
has been established since B.E. 2550 by the Department of Industrial Works (DIW).
The purpose is for control all factories under responsibility of DIW. The laws will be
effective in year 2011. In the same year, DIW also announced related law about the
specialized responsible person. All mention laws are under Hazardous Substance Act

B.E. 2535.

A. Notification of Department of Industrial Works on Storage of chemical and

hazardous substance manual B.E. 2550. (Department of Industrial Works,2007)

1. Definition of “Hazardous Substance” means the following substance.
a) Explosives
b) Flammable substance
¢) Oxidizing agent and peroxide
d) Toxic substance
e) Substance causing diseases
f) Radioactive substances
g) Mutant causing substance
h) Corrosive substance
1) Irritating substance
j) Other substances either chemicals or otherwise which may cause injury to

the persons, animals, plants, property, or environments.

However, the hazardous substance segregation regarding to the Hazardous
Substance Act B.E. 2535 is similar to the classification of transportation regulation. But
for the hazardous material storage area, there is another specific requirement since it is

designed by considering large volume of the materials stored inside.

2. Storage Building Design Requirement

a) Wall and Fire Compartment
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(1) Wall must be fire-resistance. To ensure that fire does not spread to
other area, fire compartment must be higher 0.3 — 1.0 meter than a roof and longer 0.3 —
0.5 meters (m) than other wall. Wall must resist any hitting to prevent chemical falling
down. Generally, the wall must have retention rating 30 minutes, made by cement
brick and must prevent air passing. Plastic tent is allowed for temporary storage for less
than 3 months. For separated room, a wall inside the building must be constructed
according to any requirement for fire wall.

(2) For hazardous material warehouse that its length less than 30 meters
and total area more than 1,200 square meters , fire compartment or more than one must
be constructed every 40 meters.

(3) If the distance of hazard material storage is less than 10 meters from
other building, its wall next to other building must be fire compartment with retention
rating of 90 minutes, except for non-flammable material.

Remark: Fire-resistant wall is divided to 5 classes by type and thickness of

material. It is 30, 60, 90, 120 and 180 minute resistant time.

b) Floor
(1) Floor must be strong enough for all chemicals and hazardous
materials.
(2) The material of the floor must be water and chemical resistance
material.

(3) Floor must prevent of electrostatic for flammable liquid, flammable
gas or explosives.
(4) Bumper, fissure or slope is not allowed, to ensure spills cannot

penetrate underneath floor and can be ease to clean.

¢) Door and emergency exit door
(1) Specification of location, amount, size and material of the door
depend on the design and usage.
(2) There must be at least 2 doors include emergency exit door in the
opposite side.

(3) The doors for loading or unloading products must safe for workers, no
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obstacles and have clear sign.

(4) Emergency exit door must be easily opened from inside only. The
width must be at least 1.10 meters. It must not be locked with keys and not open to the
dead end. Sliding door must not be allowed using as fire exit.

(5) Emergency light must be installed near emergency exit door. The
safety sign must be posted, no obstacles and can be observed in the dark.

(6) Big building must have emergency exit every 35 meters.

(7) Fire-resistant door must be a part of fire-resistant wall. Resistant time
must be same as fire wall.

(8) Fire door must be automatic close during emergency and must be
connected with fire alarm.

(9) Sliding door must be installed with a safety device to protect the door

out of the rail. Vertical-Sliding door must have appropriate fall protection device.

d) Roof
(1) Roof must be designed for releasing heat and smoke in case of fire.
(2) Main structure must be covered with non-combustible material.
(3) Roof must be made of fire resistance material with retention time 30
minutes.
(4) Roof must not be covered with insulator. If necessary, it must be non-

combustible material and smoke detector must be installed.

e) Ventilation
(1) Good ventilation is necessary. The design of ventilation
system depends on type of chemical inside.

(2) Natural air ventilation must be maintained.

f) Electricity, Electrical and Emergency Light
(1) Design must be complied with Engineering standard
(2) Electrical system must be explosion and fire proof.
(3) Light bulb must be located above over the goods at least 0.5
(4) meters. Type and space of light bulb must not generate heat.
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(5) Mercury and metal halide light bulb must be covered.
(6) Electrical must be grounded and has electric shock protection.

(7) Explosion proof must be considered for flammable storage.

g) Lighting
(1) Lightning rod must be installed in warehouses.
(2) Building in 30 meters around explosive and flammable warehouse
must be equipped with lightning rod.
(3) The lightning rod must be installed by specialists.

h) Emergency Alarm System
(1) Emergency alarm is classified into 2 types;

(a) Fire Alarm: It can be manual or automatic detector. The siren
must be loud enough for everybody. Generally it will alarm in 1 minute.

(b) Gas Leak Alarm: Gas is detected by detector. The siren must be
loud enough for everybody. Generally it will alarm in 1 minute then the sound is
reducing.

(2) Manual alarm must be installed every 30 meters. Its sound must be
different from other sound.

(3) Detector must be designed for fire more than one fire-pattern e.g. heat
detector, smoke detector, flame detector or gas detector. Selection of detector must be

done by considering chemical, or many types of detector can be used.

1) Fire Protection System
(1) Fire Equipment

(a) Chemical storage rooms must have proper and sufficient fire
extinguishers. Every 200 meters must have at least ABC type, 12 kilograms
extinguisher and 50 pounds extinguishers for flammable liquid storage area. The
extinguisher must be inspected at least every 6 times per month.

(b) Fire equipment must be installed at the suitable area. Fire
equipments lay-out must be set up and maintained.

(c) Fire equipment must be readily and convenient to use.
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(d) Use red color for emergency sign.
(e) Class of fire:
Class A: Fire that is generated by combustible material such as wood, cloth,
rubber, paper and plastic.
1) Class B: Fire that is generated by flammable liquid,
flammable gas such as oil, crude oil, solvent, natural gas and LPG gas.
i1) Class C: Fire that is generated by electrical.
ii1) Class D: Fire that is generated by auto-ignition metal such as
Magnesium, Lithium and Sodium.

(f) Recommended extinguisher agents is shown in table 2.

Table 2 Type of extinguisher agents

Extinguisher Class of Fire
Agents Class A Class B Class C Class D
Water Used Cannot used Cannot used Cannot used
Dry Chemical : ABC Used Used Used Cannot used
Dry Chemical : BC Cannot used Used Used Cannot used
Used on liquid,
Foam Used Cannot use Cannot used
Cannot used on gas
Aqueous Film
Used Used Cannot used Cannot used
Forming (AFFF)
Carbon dioxide Cannot used Used Used Cannot used
Dry Chemical : D Cannot used Cannot used Cannot used Used

Source: Department of Industrial Works (2007)

(2) Water Supply system
(a) Water Sprinkling System: must be installed at the appropriate
position that can cover all area. In-rack sprinkle must be installed every 2 shelf.
(b) Water Hydrant: amount and distance between the hydrants
depends on the length of fire hose and water pressure. Normally distance between the
hydrants is 50 meters.

(c) Hose: length and number of hose is sufficient to use and must be
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the same type as the local officer use.

(d) Sizing of water: it must be enough for fire fighting for two hours.
Reserved water should be 100 cubic meter per hour for storage area less than 2,500

square meter and 200 cubic meters per hour for storage area more than 4,000 square

meter.

(e) Design and Installation must be audited by license engineer.

j) Storage for contaminated water after fire fighting
(1) Contaminated water must be drained to a pit for appropriate treatment
(2) Wastewater pit must have enough capacity, volume of water is

depended on area as shown in table 3.

Table 3 Hazardous chemical storage area and pit capacity

Hazardous Chemical Storage Area Capacity of sump pit
(square meter) (Cubic Meter)
25 6
50 12
75 18
100 25
150 40
200 55
250 7
300 90
400 125
> 500 150

Source: Department of Industrial Works (2007)

(3) Contaminated water pit can be constructed with cement or can be

slope at warehouse area to prevent water flow to outside.
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3. Outside storage design requirement

To prevent sunlight and rain, barrier and roof are needed as same as mention

in building requirement.

1) The selection of the site shall be such to minimize the risk of landslide or
flood damage. Select area by consider Material Safety Data Sheet (MSDS).

2) To avoid groundwater and surface water contamination, floor must
construct with heat and water resistant material. Avoid asphalt floor because it is weak
when exposing to heat or some chemicals.

3) Pump with valve must be installed at barriers. It should be closed in
normal condition. Only responsible persons open the valve to drain rainwater.

4) Chemical store at outside area must be inspected to prevent
contamination to the drainage.

5) Chemical in temperature tolerance container such as 200 liters iron drum
is possible to keep at outside if the chemical is not effect from high temperature and
security is good. To store the chemical outside, maintain some space to reach in case
emergency case or fire. For some chemical such as high flammable, gas pipeline or

liquid chlorine, it should be placed outside.

4. Hazardous Material Classification for Storage

Hazardous material should be classified by their hazard; the first qualification
priorities are flammability, explosion and oxidation, next are toxicity, corrosion. For
irritation, human health effect and environmental hazard are not consideration for

storage.

a) Chemical and Hazardous Material Classification
(1) Class 1 Explosive substance: materials that have explosive
properties according to Explosive Laws of Ministry of Defence or class 1 in UN
recommendations or Thailand Hazardous Material Transportation Requirement Volume

1 (TP1)
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(2) Class 2A Compressed air , Liquefied and dissolved gases : a
material or a mixture of materials which is a gas at 20 °C of less at 101.3 Kilopascal
include gas in class 2 by UN recommendations or Thailand Transpiration Requirement
Volume 1 (TP1), and gas in other class in Hazardous Material Transportation
requirement (such as Hydrogen Fluoride in Class 8). However it does not include
compressed air in aerosol can and refrigerated liquefied gas or cryogenic liquefied gas.

(3) Class 2B Pressurized small gas containers, aerosol can/aerosol
container: pressure receptacles, aerosol dispensers or compressed gas in any container.

(4) Class 3A Flammable liquids: a liquid having a flash point below 60
°C in closed cup test. High viscosity liquid must be in this class or Class 10 depends on
the viscosity, spread out and a potentially explosive atmosphere.

(5) Class 3B Flammable liquids: a liquid having a flash point 60 to 93
°C in closed cup test and is insoluble.

(6) Class 4.1A Flammable Solids: a solid substance, other than one
which is defined as a blasting agent of explosive. A substance in class 4.1 of UN
recommendation than can explode, or in Thailand Transpiration Requirement Volume 1
(TP1) is an explosive substance that is inert by alcohol or water, or diluted by other
solid desensitized explosive.

(7) Class 4.1B Flammable Solids : a substance in Class 4.1 of UN
recommendation or in Thailand Transpiration Requirement Volume 1 (TP1) is an Class
4.1 that is not explosive but is liable to cause fire through friction or spread rapidly ,
test result is less than 45 second in 100 millimeters or having speed combustible more
that 2.2 millimeters/second. For metal or alloy metal, it is flammable.

(8) Class 4.2 Substances liable to spontaneous combustible: Substances
in Class 4.2 of UN Recommendation or in Thailand Transpiration Requirement Volume
1 (TP1) that is;

1) Pyrophoric substances that is generated from oxidation. The
oxidation will occur in 5 minutes, after that its temperature will be raised to auto-
ignition temperature.

i1) Self-heating substances from the chemical reaction between
substance and oxygen. The temperature will rise until auto-ignition. And it will be

happened in large quantity and in long time.



20

(9) Class 4.3 Substances which in contact with water emit flammable
gases: Substances in Class 4.3 of UN Recommendation or in Thailand Transpiration
Requirement Volume 1 (TP1) that when react with humidity can generate flammable
gas to the air in the ignition concentration.

(10) Class 5.1 A, 5.1 B and 5.1 C Oxidation substances: Substances in
Class 5.1 of UN Recommendation or in Thailand Transpiration Requirement Volume 1
(TP1). This substance will release oxygen.

1) Class 5.1 A is rapid reaction oxidizing agent shown in Table 4.

Table 4 Class 5.1 A Rapid reaction oxidizing agent

UN-Number Substance
1445 BARIUM CHLORATE
1447 BARIUM PERCHLORATE
1449 BARIUM PEROXIDE
1450 BROMATES, INORGANIC, N.O.S.
1452 CALCIUM CHLORATE
1453 CALCIUM CHLORITE
1455 CALCIUM PERCHLORATE
1461 CHLORATES, INORGANIC, N.O.S.
1462 CHLORITES, INORGANIC, N.O.S.
1470 LEAD PERCHLORATE
1471 LITHIUM HYPOCHLORITE , DRY or LITHIUM

HYPOCHLORITE-MIXTURES with more than 39% available
Chlorine (8,8 % available Oxygen)

1472 LITHIUM PEROXIDE

1475 MAGNESIUM PERCHLORATE

1479 OXIDIZING SOLID, N.O.S.

1481 PERCHLORATES, INORGANIC N.O.S.
1483 PEROXIDES, INORGANIC, N.O.S.
1484 POTASSIUM BROMATE

1485 POTASSIUM CHLORATE
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Table 4 (Continued)

UN-Number Substance

1489 POTASSIUM PERCHLORATE

1491 POTASSIUM PEROXIDE

1494 SODIUM ROMATE

1495 SODIUM CHLORATE

1496 SODIUM CHLORITE

1502 SODIUM PERCHLORATE

1504 SODIUM PEROXIDE

1506 STRONTIUM CHLORATE

1508 STRONTIUM PERCHLORATE

1510 TETRANITROMETHANE

1513 ZINC CHLORATE

1745 BROMINE PENTAFLUORIDE

1746 BROMINE TRIFLUORIDE

1748 CALCIUM HYPOCHLORITE , DRY or CALCIUM
HYPOCHLORITE-MIXTURES more than 39% available
Chlorine (8,8 % available Oxygen)

1873 PERCHLORIC ACID with more than 50% but not more than
72% acid by mass

2015 HYDROGEN PEROXIDE, STABILIZED or HYDROGEN
PEROXIDE, AQUEOUS SOLUTION,STABILIZED, with more
than 60% hydrogen peroxide

2466 POTASSIUM SUPEROXIDE

2495 IODINE PENTAFLUORIDE

2547 SODIUM SUPEROXIDE

2723 MAGNESIUM CHLORATE

2741 BARIUM HYPOCHLORITE with more than 22% available
Chlorine

2880 CALCIUM HYPOCHLORITE, HYDRATED or CALCIUM

HYPOCHLORITE, HYDRATED MIXTURE, with not less
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UN-Number Substance
than 5,5% but not more than 10% water
3085 OXIDIZING SOLID, CORROSIVE, N.O.S.
3087 OXIDIZING SOLID, TOXIC, N.O.S
3098 OXIDIZING LIQUID, CORROSIVE, N.O.S.
3099 OXIDIZING LIQUID, TOXIC, N.O.S
3212 HYPOCHLORITES, INORGANIC, N.O.S.

POTASSIUM METAPERIODATE
SODIUM METAPERLODATE
PERIODINE ACID

Source: Department of Industrial Works (2007)

Table 5.

i) Class 5.1 B is Moderate reaction oxidizing agents shown in

Table 5 Class 5.1 B Moderate reaction oxidizing agent

UN-Number Substance
1438 ALUMINIUM NITRATE
1446 BARIUM NITRATE
1448 BARIUM PERMANGANATE
1454 CALCIUM NITRATE
1456 CALCIUM PERMANGANATE
1457 CALCIUM PEROXIDE
1458 CHLORATE AND BORATE, MIXTURE
1459 CHLORATE AND MAGNESIUM CHLORIDE, MIXTURE ;
SOLUTION
1463 CHROMIUM TRIOXIDE ; ANHYDROUS

1469

LEAD NITRATE
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UN-Number Substance

1473 MAGNESIUM BROMATE

1476 MAGNESIUM PEROXIDE

1477 NITRATES, INORGANIC , N.O.S.

1479 OXIDINZING SOLID, N.O.S.

1482 PERMANGANATES, INORGANIC, N.O.S.

1486 POTASSIUM NITRATE

1487 POTASSIUM NITRATE AND SODIUM NITRATE, MIXTURE

1488 POTASSIUM NITRITE

1490 POTASSIUM PERMANGANATE

1498 SODIUM NITRATE

1199 SODIUM NITRATE and POTASSIUM NITRATE

1500 SODIUM NITRITE

1503 SODIUM PERMANGANATE

1509 STRONTIUM PEROXIDE

1515 ZINC PERMANGANATE

1516 ZINC PEROXIDE

1796 NITRATING ACID MIXTURE

1802 PERCHLORIC ACID, with not more than 50% acid by mass

1826 NITRATING ACID MIXTURE , SPENT with more than 50%
nitric acid

2014 HYDROGEN PEROXIDE, AQUEOUS SOLUTION, with not
less than 20% but not more than 60 % hydrogen peroxide

2032 NITRIC ACID, RED FUMING

2427 POTASSIUM CHLORATE, AQUEOUS SOLUTION

2488 SODIUM CHLORATE, AQUEOUS SOLUTION

2429 CALCIUM CHLORATE, AQUEOUS SOLUTION

2469 ZINC BROMATE

2573 THALLIUM CHLORATE

2626 CHLORIC ACID; AQUEOUS SOLUTION, with not more than
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Table 5 (Continued)

UN-Number Substance

10% chloric acid

2627 NITRITES, INORGANIC, N.O.S.

2719 BARIUM BROMATE

2721 COPPER CHLORATE

2722 LITHIUM NITRATE

2726 NICKEL NITRITE

2976 THORIUM NITRATE, SOLID

2381 URANYL NITRATE, SOLID

3084 CORROSIVE SOLID; OXIDIZING, N.O.S.

3085 OXIDIZING SOLID, CORROSIVE, N.O.S.

3086 TOXIC SOLID; OXIDIZING; N.O.S.

3087 OXIDIZING SOLID, TOXIC, N.O.S.

3093 CORROSIVE LIQUID; OXIDIZING, N.O.S.

3098 OXIDIZING LIQUID, CORROSIVE, N.O.S.

3099 OXIDIZING LIQUID, TOXIC, N.O.S.

3122 TOXIC LIQUID; OXIDIZING; N.O.S.

3139 OXIDIZING LIQUID, N.O.S.

3210 CHLORATES, INORGANIC, AQUEOUS SOLUTION, N.O.S.

3211 PERCHLORATES, INORGANIC, AQUEOUS SOLUTION,
N.O.S.

3213 BROMATES, INORGANIC, AQUEOUS SOLUTION, N.O.S.

3214 PERMANGANATES, INORGANIC, AQUEOUS SOLUTION,
N.O.S.

3218 NITRATES, INORGANIC, AQUEOUS SOLUTION, N.O.S.

3219 NITRITES, INORGANIC, AQUEOUS SOLUTION, N.O.S.

3247 SODIUM PEROXOBORATE, ANHYDROUS

CHROMYL CHLORIDE
POTASSIUM IODATE
SODIUM IODATE
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Table 5 (Continued)

UN-Number Substance

1451 CAESIUM NITRATE

1465 DIDYMIUM NITRATE

1466 FERRIC NITRATE

1474 MAGNESIUM NITRATE

1477 NITRATES, INORGANIC, N.O.S.

1479 OXIDIZING SOLID, N.O.S.

1482 PERMANGANATES, INORGANIC, N.O.S.

1492 POTASSIUM PERSULFATE

1493 SILVER NITRATE

1505 SODIUM PERSULFATE

1507 STRONTIUM NITRATE

1514 ZINC NITRATE

1872 LEAD DIOXIDE

2014 HYDROGEN PEROXIDE, AQUEOUS SOLUTION, with not
less than 20% but not more than 40 % hydrogen peroxide

2208 CALCIUM HYPOCHLORITE-MXTURES, DRY with more
than 10 %, but not more than 39 % available Chlorine

2464 BERYLLIUM NITRATE

2465 DICHLOROISOCYANURIC ACID, DRY or
DICHLOROISOCYANURIC ACID SALTS

2467 SODIUM PERCARBONATE

2468 TRICHLOROISOCYANURIC ACID, DRY

2627 NITRITES, INORGANIC, N.O.S.

2720 CHROMIUM NITRATE

2724 MANGANESE NITRATE

2725 NICKEL NITRATE

2727 THALLIUM NITRATE

2728 ZIRCONIUM NITRATE

3085 OXIDIZING SOLID, CORROSIVE, N.O.S.
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UN-Number Substance

3087 OXIDIZING SOLID, TOXIC, N.O.S.

3098 OXIDIZING LIQUID, CORROSIVE, N.O.S.

3099 OXIDIZING LIQUID, TOXIC, N.O.S.

3122 TOXIC LIQUID; OXIDIZING; N.O.S.

3139 OXIDIZING LIQUID, N.O.S.

3210 CHLORATES, INORGANIC, AQUEOUS SOLUTION, N.O.S.
PERCHLORATES, INORGANIC, AQUEOUS SOLUTION,

21 N.O.S.

3213 BROMATES, INORGANIC, AQUEOUS SOLUTION, N.O.S.
PERMANGANATES, INORGANIC, AQUEOUS SOLUTION,

214 N.O.S.

3215 PERSULFATES, INORGANIC, N.O.S.
PERSULFATES, INORGANIC, AQUEOUS SOLUTION,

3210 N.O.S.

3217 PERCARBONATES, INORGANIC, N.O.S.

3218 NITRATES, INORGANIC, AQUEOUS SOLUTION, N.O.S.

3219

NITRITES, INORGANIC, AQUEOUS SOLUTION, N.O.S.

SODIUM PERBORATE - MONOHYDRATE
IODINE ACID

CALCIUM IODATE
IODINE PENTOXIDE

Source: Department of Industrial Works (2007)

Ammonium nitrate.

(11) Class 5.2 Organic peroxides: Substances in Class 5.2 of UN

i11)Class 5.1 C is a substance contain Ammonium nitrate and

Recommendation or in Thailand Transpiration Requirement Volume 1 (TP1).

Substances that comprise with 2 oxygen atoms -O—O- (peroxide), oxygen atom is
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replaced with other 1-2 organic radical. And include compound that contain organic
peroxide since 5% or more than. This organic peroxide is not stable; it will be heat and
increasing temperature.
(12) Class 6.1A and 6.1B Toxic substances: Substance that intake by
eating, inhalation or skin absorb causing death or severity sickness immediately or
chronic.
(a) Class 6.1 A Combustible toxic substances ;
1)  Soluble flammable liquid having flash point more than 60
to 93 °C test by closed cup
ii) Insoluble flammable liquid having flash point more than 93
°C test by closed cup.
i) Flammable solid which is not classified as a substance in
Class 4.1 B
(b) Class 6.2 B Non-combustible toxic substances i.e. Non-
flammable liquid and non-flammable solid
(13) Class 6.2 Infectious substances: Microorganisms or substances
comprise of some microorganisms or parasites causing sickness in human and animals.
These microorganisms are bacteria, viruses, rickettsias, fungi and mutation
microorganism.
(14) Class 7 Radioactive substances: Substances or compounds that can
decompose by release radiation.
(15) Class 8A and 8B Corrosive substances: Substances having chemical
reaction when contact to body tissue cause severity damage or in case of leakage will
destroy material include the vehicles. These substances can also cause other hazard.

(a) Class 8A — Combustible corrosive substances

1)  Soluble flammable liquid having flash point more than 63
to 93 °C
ii) Insoluble flammable having flash point more than 93 °C

ii1) Flammable solid which is not classified as a substance in
Class 4.1 B
(b) Class 8B — Non-combustible corrosive substances that are non-

flammable liquid and non-flammable solid.
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(16) Class 9 Other hazardous materials in transportation system, not
consider in safety storage.

(17) Class 10 Combustible liquids that is not classify as 3A and 3B

(18) Class 11 Combustible solids that is not in flammable solid class
4.1B

(19) Class 12 Non-combustible liquid

(20) Class 13 Non-combustible solid

b) Procedure to classify Chemical and Hazardous Material
(1) Study chemical safety data
(2) Storage procedure; the separations for keeping have the key

important by following

(a) Substance causing diseases or Infectious Substance — Class 6.2

(b) Radioactive substance — Class 7

(c) Explosive — Class 1

(d) Compressed Gases, Compressed liquid gases, the solution gas
with pressure and the small quantity packaging with pressure — Class 2A and 2B

(e) Substances liable to spontaneous combustible — Class 4.2

(f) Substances which in contact with water emit flammable gases —
Group 4.3

(g) Organic peroxide — Class 5.2

(h) Oxidizing agent — Class 5.1A, 5.1B, and 5.1C

(i) Flammable solids — Class 4.1A and 4.1B

() Flammable liquids — Group 3A and 3B

(k) Combustible toxic substances — Class 6.1A

(I) Non-combustible toxic substances — Class 6.1B

(m) Combustible corrosive substances — Class 8A

(n) Non-combustible corrosive substances — Class 8B

(o) Combustible liquids that is not classify as 3A and 3B — Class 10

(p) Combustible solids that is not in flammable solid class 4.1B —
Class 11

(q) Non-combustible liquid — Class 12
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(r) Non-combustible solid — Class 13

In case of mixing compound, the consideration depends on main
chemical property. Procedure to classify chemical and hazardous material is shown in

Figure 5.
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5. Procedure to store chemical and hazardous material. Two storages are

classified;

a) Separate Storage: Separate all hazardous and chemical substances.
(1) Storage in one warehouse must have fire compartment with
retention rating 90 minutes
(2) Storage outside warehouse (Outdoor), substances must be
separated in proper distance such as 5 meters between flammable and inflammable or
10 meters between other substances or separate by fire compartment retention rating 90

minutes.

b) Segregate Storage: means storage of hazardous chemical since 2
classes in the same area. There must be proper prevention procedure, specific

requirement must be considered as shown in table 6.



Table 6 Mixed hazardous storage requirement table

Storage Class

Explosive Substances

Compressed Gases liquified and Dissolved gas
Pressurized small gas containers

Flammable liquids

Flammable liquids
Flammable Solids :
Flammable Solids ] [ 4] 12]
Substances liable to spontaneous combustible :
Substances which emit flammable gases contact with water : | 4]
Oxidizing substances

Oxidizing substances

Oxidizing substances ;

Organic peroxides :
Combustible toxic substances : | 8
Non-combustible toxic substances !

Infectious substances

Radioactive substances 18 18
Combustible corrosive substances 9 12 4
Non-combustible corrosive substances 9 12 4
Combustible liquids that is not classify as 3A and 3B | 6 12 4
Combustible solids that is not in flammable solid class 4.1B | 5| 6] 5 4

Non-combustible liquids
Non-combustible solids

Separate storage
is required

- Mixed storage is Mixed storage is permitted

permitted in principle only with restrictions (See
number)

Source: Department of Industrial Works (2007)

S¢
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Table 6 (Continue)

Remark: Condition

1. The jointed storage of flammable liquids and pressured gas packages is
permitted if a) Good ventilation b) The storage room is covered filled to not more
then a maximum of 60% of its area with goods of any kind. c) Total quantity limit is
100,000 liters.

2. Pressured gas packages may be stored together with toxic and very toxic
substances if a) The storage has fire compartment and its area and amount limits is 60
square meter and 60% accordingly. b) Room temperature limits 50 °C. ¢) Good
ventilation d) There are two emergency exits, each exit door has a fire extinguisher
dry chemical type ABC, size 6 kilograms.

3. Combustible materials such as packaging should be separated from toxic
substance and flammable liquid.

4. Inert substance may be stored together with other substance but
segregation by a compartment, keep some space or in safety container.

5. In storage room, pressurized gas cylinders is limited 50 cylinders, and
among those, not more than 25 are filled with flammable, oxidizing or very toxic
gases . Combustible material (Class 8A and 11 except flammable liquid) can be stored
in this room if separate by at least by a 2 m high wall, made from a non- flammable
material, and a space of at least 5 m.

6. The Storage is permitted if the safety technological requirements for the
whole amount of all stored material are adapted to the requirements of storage class
2B.

7. The joint storage with flammable liquid having flash point more than 60
°C is allowed if there is no chemical reaction with other hazardous material but if
there are, should keep space at least 5 meters.

8. Toxic substances class 6.1 A can store with flammable solid class 4.1B

9. Do not allow to store flammable liquid Class 3A together with corrosive

substance in fragile containers. This also applies also if the products can be stored in
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the storage room in such a way that they cannot influence each other in the case of an
accident.

10. The joint storage is allowed except flammable gas.

11. The additional prevention must be set up and allow by the Department of
Industry Works.

12. Substances with highly flammable or flammable materials class 4.1 A
that is explosive may be kept together with Class 3B ,4.1B, 8A, 8B, 10, 11, 12 or 13 if
the protection and safety distances that are intended to avoid an amplification of the
danger for the surrounding of the stock are sufficient or are increased. This has to be
checked for every case.

13. Organic peroxide substances class 5.2 can store with flammable solid
class 4.1B

14. Propellants and radical initiators are allowed to store if there is no heavy
metal contain.

15. The storage of oxidizing agent Class 5.1 B together with combustible
toxic material (Class 6.1A) and non-combustible toxic material is allowed but not
over 20 tons. There must be additional safety requirement that is the storage
warehouse must have fire alarm, sprinkle and advance fire fighting team with fire
engine. If the storage is not more than 1 metric ton, the requirement is not necessary.

16. When storing organic peroxides together with other flammable
materials, it has to be carried out a checked case-by-case as certain whether the safety
distances measures to avoid a possible amplification of the danger in the case of an
accident for the surrounding of the stock are sufficient or have to be increased.

17. Safety specific requirement for each hazardous substance must be
considered.

18. Radioactive substances must be separated by the Safety Requirement of

IAEA and permitted by Government Office.

¢) Small Amount Storage: Storage of hazardous material (e.g. Class
2B, 3A,3B,4.1B, 4.3, 5.1B, 5.1C, 5.2 ,6.1A 6.1B,8A, 8B, 10, 11, 12 and 13) in small
quantity together with large quantity of other substances in the same warehouse is not

allowed but if necessary , temporary storage is allowed within the requirement ;



substances.

(1) Meet the requirement for hazardous material safe storage.

(2) Small quantity hazardous material will not react with other

(3) Addition requirement is needed such as space out at least 3

meters, store in specific container and separated room.

(4) Storage of aerosol must have a compartment or metal sheet.

Requirement to keep small quantity of chemicals and hazardous

materials is shown in table 7.

Table 7 Small chemical and hazardous material storage requirement

38

Capacity of storage limit Capacity of storage more than
Classification
5,000 kilogram 5,000 kilogram
1 - -
2A - -
2B 500 aerosol cans 500 aerosol cans
3A Flammable liquid having flash point Flammable liquid having flash point
23 °C limit 100 liters 23 °C limit 100 liters
Flammable liquid having flash point Flammable liquid having flash point 23-
23-60 °C limit 200 liters 60 °C limit 200 liters
3B Less than 5,000 kilograms Less than 5,000 kilograms
4.1A - -
4.1B 200 kilograms 200 kilograms
4.2 - -
43 200 kilograms -
5.1A - -
5.1B 200 kilograms 200 kilograms
5.1C 100 kilograms -
52 100 kilograms (must keep in packaging -
less than 100 g for solid and 25 ml for
liquid
6.1A 50 kilograms 50 kilograms
6.1B 200 kilograms 200 kilograms
6.2 - -
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Table 7 (Continued)

Classification Capacity of storage limit Capacity of storage more than
5,000 kilogram 5,000 kilogram
8A Less than 5,000 kilograms 5,000 kilograms
8B Less than 5,000 kilograms 5,000 kilograms
10 Less than 5,000 kilograms 5,000 kilograms
11 Less than 5,000 kilograms 5,000 kilograms
12 Less than 5,000 kilograms 5,000 kilograms
13 Less than 5,000 kilograms 5,000 kilograms

Source: Department of Industrial Works (2007)

For substances in Class 1, 2A, 4.1A, 4.2, 5.1A, 6.2 and 7 are not
allowed to store with other substances even small quantity. The storage must comply

with the requirement.

6. Special Requirement

a) Special requirement for explosive substance
(1) Defence Industrial Department Rogation of The Defence
Industry Energy Center classifies bullet and explosive material into 6 classes by the
hazardous and appearance of the damage.
(2) Specific requirement for explosive substance should comply

with Defence Ministry Law — The storage of bullets and explosive substances.

b) Specific requirement for gas
(1) All kind of gases must be filled in the packaging passing the
test and valves must be covered.
(2) Good ventilation, window should be installed by engineering.
(3) Gas detector must be installed for Toxic gas.

(4) Explosive detector must be installed to detect flammable gas
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(5) Electrical system must be covered with explosion proof
system.

(6) To store flammable gas, the floor must be non-electrostatic

(7) Toxic gas must store at the control area.

(8) Flammable or oxidizing gas cylinders must be segregate at
least 2 meters.

(9) Storage of aerosol can together with other substance should
separated by a compartment or metal net.

(10) Aerosol can must be store in the warehouse only, outdoor is

not allowed.

c) Specific storage requirement for flammable substances (3A and
5.2)
a) Electrical devices and vehicle must be explosion proof.
b) Storage of flammable substances, there must be sprinkle in the
suitable place and also the quantity.
c) Fire compartment having retention rating 90 minutes, it must
space less than 10 meters from other building.
d) Good ventilation, wind change rate is 5 times of volume of the
room per hour. Window should be installed by engineering.
e) Loading of flammable liquid
(a) Explosion proof should be used.
(b) Electrostatic prevention should be adapted.
(c) Use the ground with iron drum and all metal devices.
(d) Loading hose should be electrostatic prevention.
(e) The area should be open for the air pass through. Good
ventilation
(f) In case of insoluble flammable substance, there must be

slope for containing the spill.

d) Specific storage requirement for oxidizing agent
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(1) Joint storage with other substances must comply with mix
storage table.

(2) Do not allow to use any wood to support especially liquid
oxidizing agent.

(3) Storage room must have only one floor, fire compartment 90
minutes, 1 meter higher than the roof and wider than side wall 0.5 meters.

(4) Combustible material is not allowed to store with oxidizing

agent.

B. Notifications of Ministry of Industry on Hazardous Material Storage under
the control of the Department of Industrial Works B.E.2551. (Department of
Industrial Works, 2008)

The notification imposes the company business who import, export , produce
and possess of chemical and hazardous material to implement safety management
about hazardous material storage , hazardous material classification for storage ,
related special requirement by comply to the Notification of Department of Industrial

Works on Chemical and Hazardous Material Storage Manual B.E. 2550.

C. Notifications of Ministry of Industry on Designating Hazardous Material
Business to appoint Specialized Responsible Personnel for hazardous material storage
under the control of the Department of Industrial Works B.E.2551. (Department of
Industrial Works, 2008)

The notification imposes the company business involving hazardous
material to appoint the specialized responsible personnel. The specific requirement of
those companies includes

1. The importer, exporter or producer who has hazardous material type 1,
2 or 3 since 1000 metric tons per year

2. The possessor who has 300 square meter or more

3. The importer, exporter, producer or possessor who has hazardous

materials which is flammable, oxidizing and peroxide.
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The law imposes the responsibility of the business owner to appoint a
specialized person within 90 days and report and confirm the report to the Department

of Industrial Works.

Responsibility of the specialized person is to ensure the hazardous material
storage area must comply with the the Notification of Department of Industrial Works
on Chemical and Hazardous Material Storage Manual B.E. 2550 and report on the
performance to DIW.

D. Notifications of Department of Industrial Works on Specific Criteria and
procedure for register Specialized Responsible Personnel and report on hazardous
material storage under the control of Department of Industrial Works B.E. 2551

(Department of Industrial Works, 2008)

The notification imposes the qualification of specialized person and
registration form. The specialized person criteria must pass the test by DIW with

score more than 80 percentages. A report criterion by the attached form is in this law.

E. The Hazardous Substance Act B.E. 2535 (Thai Government, 1992)

Hazardous Substance Act is intended to control hazardous materials
management to be safe for human and environment. By integrated laws to use for
others government offices that are Department of Industrial Works, Department of
Agriculture, Food and Drug Administration, Department of Fisheries, Department of
Livestock, Department of Energy Business and Office of Atoms for Peace. The
Hazardous Substance Committee is authorized from these government offices to play
an important role in determining hazardous material controlling policy.

The law identifies hazardous substances into 10 classes that is following
substance.

1. Explosives.

2. Flammable substance.

3. Oxidizing agent and peroxide.



Toxic substance.

Substance causing diseases.

4
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6. Radioactive substance.
7. Mutant causing substance.

8. Corrosive substance.

9. Irritating substance.

10. Other substance either chemicals or otherwise which may cause injury

to the persons, animals, plants, property, or environments.

The hazardous substance is classified according to the needs for
control as follows:

1. Type 1 hazardous substance is that of which the production, import,
export, or having in possession must comply with the specified criteria and
procedures.

2. Type 2 hazardous substance is that of which the production, import,
export, or having in possession must first be notified to the authority and must also
comply with the specified criteria and procedures.

3. Type 3 hazardous substance is that of which the production, import,
export, or having in possession must obtain a permit.

4. Type 4 hazardous substance is that of which the production, import,

export, or having in possession is prohibited.
F. International Maritime Dangerous Goods (IMDG) Code (IMDG, n.d.)

The International Maritime Dangerous Goods (IMDG) Code was
developed as a uniform international code for the transport of dangerous goods by sea
covering such matters as packing, container traffic and stowage, with particular
reference to the segregation of incompatible substances.

Classification of dangerous goods in IMDG.

1. Class 1: Explosives

a) substances and articles which have a mass explosion hazard
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b) substances and articles which have a projection hazard not a mass
explosion hazard
c) substances and articles which have a fire hazard and either a minor
blast hazard or a minor projection hazard or both, but not a mass explosion hazard
d) substance and articles which present no significant hazard
e) very insensitive substances which have a mass explosion hazard
f) extremely insensitive articles which do not have a mass explosion
hazard
2. Class 2: Gases
a) flammable gases
b) non-flammable, non-toxic gases
c) toxic gases
3. Class 3: Flammable liquids
4. Class 4: Flammable solids; substances liable to spontaneous
combustion; substances which, in contact with water, emit flammable gases
a) flammable solids, self-reactive substances and desensitized
explosives
b) substances liable to spontaneous combustion
c) substances which, in contact with water, emit flammable gases
5. Class 5: Oxidizing substances and organic peroxides
a) oxidizing substances
b) organic peroxides
6. Class 6: Toxic and infectious substances
a) Toxic substances

b) Infectious substances

Classification of dangerous goods in IMDG is shown as table 8.



Table 8 IMDG Segregation Table

CLASS DESCRIPTION CLASS 12 13,16 14 21 22 23 3 41 42 43 51 52 61 62 7 8 9

EXPLOSIVES 1.1,1.2,1.3 * * * 4 2 2 4 4 4 4 4 4 2 4 2 4 X

EXPLOSIVES 1.3,1.6 * * * 4 2 2 4 3 3 4 4 4 2 4 2 2 X

EXPLOSIVES 1.4 * * * 2 1 1 2 2 2 2 2 2 X 4 2 2 X

FLAMMABLE GASES 2.1 4 4 2 X X X 2 1 2 X 2 2 X 4 2 1 X

NON-TOXIC, NON-FLAMMABLE GASES 2.2 2 2 1 X X X 1 X 1 X X 1 X 2 1 X X

TOXIC GASES 23 2 2 1 X X X 2 X 2 X X 2 X 2 1 X X

FLAMMABLE LIQUIDS 3 4 4 2 2 1 2 X X 2 1 2 2 X 3 2 X X

FLAMMABLE SOLIDS 4.1 4 3 2 1 X X X X 1 X 1 2 X 3 2 1 X

SUBSTANCES LIABLE TO SPONTANEOUS COMBUSTION 4.2 4 3 2 2 1 2 2 1 X 1 2 2 1 3 2 1 X

SUBSTANCES , WHICH , IN CONTACT WITH WATER , EMIT 43 4 4 2 X X X 1 X 1 X 2 2 X 2 2 1 X
FLAMMABLE GASES

OXIDIZING SUBSTANCES 5.1 4 4 2 2 X X 2 1 2 2 X 2 1 3 1 2 X

ORGANIC PEROXIDES 5.2 4 4 2 2 1 2 2 2 2 2 2 X 1 3 2 2 X

TOXIC SUBSTANCES 6.1 2 2 X X X X X X 1 X 1 1 X 1 X X X

INFECTIOUS SUBSTANCES 6.2 4 4 4 4 2 2 3 3 3 2 3 3 1 X 3 3 X

RADIOACTIVE MATERIAL 7 2 2 2 2 1 1 2 2 2 2 1 2 X 3 X 2 X

CORROSIVE SUBSTANCES 8 4 2 2 1 X X X 1 1 1 2 2 X 3 2 X X

MISCELLANEOUS DANGEROUS SUBSTANCES & ARTICLES 9 X X X X X X X X X X X X X X X X X

Source: Dangerous Goods Legislation Consultants EC Logistics (2008)
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Table 8 (Continued)

Remark

* = Refer to special provisions for Explosives (Clause 7.2.7.2 of the IMDG
Code)

1 = Away from: Effectively segregated so that the incompatible goods
cannot interact dangerously in the event of an accident but may be transported in the
same compartment or hold or on deck , provided a minimum horizontal separation of
3 meters , projected vertically is obtained

2 = Separated from: In different compartments or holds when stowed under
deck. Provided the intervening deck is resistant to fire and liquid, a vertical
separation, i.e. in different compartments, may be accepted as equivalent to this
segregation. For “on deck” stowage, this segregation means a separation by a distance
of at least 6 meters horizontally

3 = Separated by a complete compartment or hold from: Either a vertical or a
horizontal separation. If the intervening decks are not resistant to fire and liquid, then
only a longitudinal separation, i.e. by an intervening complete compartment or hold, is
acceptable. For “on deck” stowage, this segregation means a separation by a distance
of at least 12 meters horizontally. The same distance has to be applied if one package
is stowed “on deck”, and the other one in an upper compartment

4 = Separated longitudinally by an intervening complete compartment or
hold from: Vertical separation alone does not meet this requirement. Between a
package “under deck” and one “on deck” a minimum distance of 24 meters, including
a complete compartment, must be maintained longitudinally. For “on deck” stowage,
this segregation means a separation by a distance of at least 24 meters longitudinally.

X = No segregation required except if specifically indicated in the Dangerous

Goods List
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G. The Factory Act B.E.2535 (Thai Government, 1992)

The act imposes operating standard and implementing requirement for
controlling the factory. The act authorizes the minister to prescribe regulations related
to:

- The location and environment of the factory and its buildings.

- The manufacturing process, provision of equipment and device to
prevent, or control the factory’s impact on its neighbors;

- The documents and material safety data sheet for hazardous materials.

H. Globally Harmonized System of Classification and Labeling of Chemicals

(GHS). (United Nations Economic Commission for Europe, n.d.)

The Globally Harmonized System of Classification and Labeling of
Chemicals (GHS) focuses on the classification of chemicals by the types of hazards
that they present. It also proposes standard hazard communication elements such as
labels and material safety data sheets. This requirement aims to ensure that
information on physical hazards and acute toxicity from chemicals is made available,
in order to enhance the protection of human health and the environment during the
handling, transport, and use of these chemicals. The GHS also provides a basis for
harmonization of rules and regulations on chemicals at national, regional and world-
wide level, an important factor for trade facilitation. This publication is extremely
useful for national and regional governments as well as for those in industries that will

ultimately implement the requirements that have been adopted.

I. Notifications of the Hazardous Material Committee Resolution on Land
Transportation of hazardous materials B.E.2545 (Hazardous Material Committee,

1992)

The Notification is Thai regulations about hazardous material

transportation on land. The law defines classification of hazardous materials, its
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packaging and specific requirements, procedure for transport, label and manifest

documents including training for responsible person.

J. Ministerial Regulation on criteria, procedure and regulations for controlling

health-hazard activities, B.E.2545 (Ministry of Public Health, 2002)

The company must provide safety control measurement. In case they have
possessed hazardous materials, the storage area for hazardous materials that could be
harmful or ease of flammable must be safe and complied with specific and related law

requirements.

3. Development of software/database

To develop a suitable software, interesting software and database was
reviewed. PHP and MySQL have been chosen as a software and database

respectively.

A. PHP

PHP is a scripting language originally designed for producing dynamic web
pages. It has evolved to include a command line interface capability and can be used

in standalone graphical applications.

PHP is a open source software released under the PHP License; however it is
incompatible with the GNU General Public License (GPL), due to restrictions on the

usage of the term PHP.

PHP is a widely-used general-purpose scripting language that is especially
suited for web development and can be embedded into HTML. It generally runs on a
web server, taking PHP code as its input and creating web pages as output. It can be

deployed on most web servers and on almost every operating system and platform
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free of charge.PHP is installed on more than 20 million websites and 1 million web

servers. (Anonymous, 2009)

B. MySQL

MySQL is a relational database management system. MySQL stands for "My
Structured Query Language". The program runs as a server providing multi-user

access to a number of databases.

MySQL is owned and sponsored by a single for-profit firm, the Swedish
company MySQL AB, now a subsidiary of Sun Microsystems. As of 2009 Oracle
Corporation began the process of acquiring Sun Microsystems; Oracle holds the

copyright to most of the MySQL codebase.

MySQL is often used in an open source software projects which require a full-
featured database management system, such as WordPress, phpBB and other software
built on the LAMP software stack. It is also used in very high-scale World Wide Web
products including Wikipedia, Google and Facebook. (Anonymous, 2009)



MATERIALS AND METHODS

This study aims to develop software for chemical substance and hazardous
material storage. The purpose of the software is to rise up the ability of warehouse
controllers to comply with concerned laws and to control chemical substance and

hazardous material safely for worker and the environment.

Steps of research methodology

I. Collecting data related to hazardous materials available in Thailand,
regulations of chemical management, chemical management software.

II. Design of software.

III. Development of proposed software.

IV. Software Usability Test

1. Collecting data related to hazardous materials available in Thailand,

regulations of chemical management, chemical management software.

1.1 Summarizing of regulations and safety requirement for storage of

chemical substances and hazardous materials in Thailand.

1.2 Reviewing other regulations and standards related to chemical substance

and hazardous materials including chemical classification and storage requirements.
1.3 Reviewing the available chemical storage softwares or programs by
selecting programs involving hazardous material control and stocks as well as

chemical classification.

2. Designing and selecting appropriate functions of software of development.

The characteristic of the proper software should be:
- A common tool for the personal computer user.
- Easy to install and user-friendly.

- Stable and low cost.
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2.1 Defining the detail of software development, data input user
communicative screen feature and report appearance.
2.2 Designing the process operation sequence and feature screen by

considering format and security of the software.
3. Development of proposed software
The tool can be separated into 2 parts
3.1 Hardware and Software Devices
3.2 System Database

3.1 . Hardware and Software Devices

3.2.1 Hardware Devices

To develop a safe storage software for chemical substance and hazardous

material, the following hardware were selected for server, client and intranet network:

- Server : Dell Optiplex 745 Desktop PC

- Client : Computer desktop in Intranet system in W.R.Grace (Thailand),

Ltd
- Intranet Network: Intranet Network of W.R.Grace (Thailand), Ltd.

3.1.2 Software
To develop a safe storage software for chemical substance and hazardous
material , the following program were selected:
- Operation system for server: Windows XP
- Web server : IIS (Internet Information Services)
- Operating system for client: Windows XP and Internet Explorer
- Database: MySQL for storage data

- PHP language and JavaScript were used for software development

Summary of programs used in the software development is shown in table 9.
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Table 9 Summary of program used in the software development

Name of Software

Function

Reason

1. Microsoft
Windows XP

2. Internet
Information Services

(1IS)

3. Internet Explorer

4. MySQL
5. PHP and

JavaScript Language

Operating system of
service providers and

clients.

Web Server System

A Web Browser for
the system through the

use of clients.

A database system

A language for
developing web
application to make it
connect between
client and the

database.

- The operating system functionality
for the Web Server and the database.
A system is installed promptly in a
computer since purchasing period.

No cost is increased.

- This Web Server is installed with
the operating system Microsoft
Windows XP. The server can
support the development of PHP and
JavaScript programming language

very well.

Web Browser has already installed
with Microsoft Windows XP.

MySQL is an open source system.
A programming language that users

can understand easily.
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B. System Database

The safe storage for chemical substance and hazardous material software is
developed as a web and database (Web-based technology) by HTML and PHP
Language. Including use of JavaScript language associated with database technology

MySQL database, the software can be used via any web browser.

4. Software Usability Test

The software was tested by a selected chemical factory. To use the software,
the responsible persons who have background in chemical storage warehouse were
selected and trained. The testers consist of 9 of user software and one from the

management.

After the test, the questionnaire was introduced to the testers. The
questionnaire was adapted from the study of Chemical substances and hazardous
materials database for safety officers in the electrical industrial group by Wangsri
(2005). The questionnaire consists of three parts. The first part relates to general
information of the tester. The second part is the tester’s opinions of the software

usability and the last part is the comments and suggestions.

All comments were collected and analyzed. The descriptive statistic included
data from the questionnaires from which frequency distributions were created and

means and standard deviations were calculated.



RESULTS AND DISCUSSION

Results

1. Review Thai and regulations related to chemical substances and hazardous

materials.

There are 10 laws and regulations that were reviewed. The related laws that

involve in the development of software are;

A. Notification of Department of Industrial Works on Storage of chemical

and hazardous substance manual B.E. 2550. (Department of Industrial Works, 2007)

The related parts are
- Specification of hazardous storage warehouse
- Classification of hazardous material

- Hazardous storage warehouse regulation

The detail is described in literature review.

B. Notifications of Department of Industrial Works on Specific Criteria and
procedure for register Specialized Responsible Personnel and report on hazardous
material storage under the control of Department of Industrial Works B.E. 2551
(Department of Industrial Works, 2008)

The notification imposes the qualification of specialized person and

registration form. The specialized person criteria must pass the test by DIW with

score more than 80 percentages. A report criterion by the attached form is in this law.

C. Hazardous Substance Act B.E. 2535 (Thai Government, 1992)
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Hazardous Substance Act intends to control hazardous materials
management to be safe for human and environment. By integrated laws to use for
others government offices that are Department of Industrial Works, Department of
Agriculture, Food and Drug Administration, Department of Fisheries, Department of
Livestock, Department of Energy Business and Office of Atoms for Peace. The
Hazardous Substance Committee is authorized from these government offices to play

an important role in determining hazardous material controlling policy.

The hazardous substance is classified according to the needs for control as
follows:

1. Type 1 hazardous substance is that of which the production, import,
export, or having in possession must comply with the specified criteria and
procedures.

2. Type 2 hazardous substance is that of which the production, import,
export, or having in possession must first be notified to the authority and must also
comply with the specified criteria and procedures.

3. Type 3 hazardous substance is that of which the production, import,
export, or having in possession must obtain a permit.

4. Type 4 hazardous substance is that of which the production, import,

export, or having in possession is prohibited.
D. Factory Act B.E.2535 (Thai Government, 1992)

This act imposes operating standard and implementing requirement for
controlling the factory. The act authorizes the minister to prescribe regulations related
to the location and environment of the factory and its buildings.

F. Notifications of the Hazardous Material Committee Resolution on Land

Transportation of Hazardous Materials B.E.2545 (Hazardous Material Committee,
2002)

UN number was used as a database for classification.
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2. Design of software

The Safety Storage for chemical and hazardous materials has been developed

by PHP and JavaScript language and using MySQL as the database.

After the summary of regulations and safety requirement for storage of chemical

substances and hazardous materials in Thailand, laws concerned chemical and

hazardous material as mentioned in the Literature Review were considered. Then the

function in the software was set up.

Components of the developed software consist of seven storage files as shown

in Table 10.

Table 10 Component of the developed software

No. Name of Table Detail of data in the table

1 Classno Storage requirements and restrictions of
chemicals in each class number.

2 Companydetail Detail of the company

3 Idpwd Usernames and passwords for access

4 Typedefine Storage of chemical classification to
indicate class number of chemicals.

5 unNumber UN Number to indicate class number of
chemicals.

6 Warehouse Total storage warehouse / storage. Size and
ability of the material to store

7 Whtype Type of storage warehouses

3. Development of proposed software

The software is named “Thai Safe Storage”. All requirements are considered

and designed in the software. For security, the login page is designed. Then, the main

menu will appear after login. The software contains 5 functions.
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A. Login Page

For security, the login page is designed as shown in Figure 6. Password
can be changed by clicking on change password and the window for password
changing will appear as Figure 7. In case the user forget password, the user must
request for new password from the administrator as appear in Figure 8.

Require input:

1. Login name or username that receive from administration

2. Password that receive form administration

TWsuasumsdaium i
Thai Safe Storage

Password:

(— o |
vilfisw Password | 4 Passwor
0= 5

@\ Laogin Mame:
@r

Figure 6 Login page of the software

Remark: Explaining of Figure 6

@ Login name @ Password

@ Login — press login when finish input data to access the program
@ Change password — See detail in Figure 7.
@ Forget password — See detail in Figure 8.



Tilsupsnriadumnadd
Thai Safe Storage

Login Name:

Password:

Login
@ wilisw Password & Password

( 2 Change Password - Mozilla Firefox Q@E|

| |_L] httpfflocalhostfchidthesis/changepwd. php b 5!

uldsu Password

|
Lagin: —_ |

Password iy
@< Password Tvai:
Password b Ehuiiu):

[ A ] [ Bk

&

Figure 7 Change password page

S

k Diane

Remark: Explaining of Figure 7

@ Change password (Login page) : click it then window @ is appeared.

@ Change password page: this page is appeared after click change
password

@ Login: input current login

@ Current password

@ New password

@ Confirm new password

@ OK: Click OK for confirm changing

Cancel
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Wsunsunsiaiiumnad
Thai Safe Storage

Lagin Mame:

Fassword:

Lagin

silie Password| &4 Password @

© Forget Password - Mozilla Firefox

| |_1'] http:f flocalhost fchidthesis/Forgetpwd, php oy E!

#u Password

@_ ngamdinsavs siaenu w16
meuthFen waneau Tn s 911 > @

mwtiena

of

Figure 8 Forget password page

Dane

@
—

Remark: Explaining of Figure 8

@ Forget password (Login page): click it then window is appeared.

@ Change password page: this page is appeared after click change
password.

@ Information message: Please contact administrator to request new

password
@ Close window
B. First Page: The menu software

There are 5 menus designed for easy usage. After login, the user can go to

the function they want to use. Five function menus are;
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1. Description of the facility

2. Classification of the chemical
3. Designating of storage area
4. Request - Issue of chemical

5. Regulation

Home page of the software is shown in Figure 9.

@9 Tsuasumsiadvmnnail
Thai Safe Storage

®\ m fasmaaul senauns | dayadisead | mssameiy | arsedingns | dadimue | Lagin Mame: admil logout

> B 99 é)

.In ”
Pan -
=TS 2N
: =
WARENOUSE CLASSIFICATION

ITORE
[Hayadgaudsznaums) [Hayagisnil) {nsaniu)

O ©
PWITIT{H DIFATW SPECITICATION
(Asiiindna) (fiadnwun)

Figure 9 Home page: Menu of the software function

Remark: Explaining of Figure 9

Top menu bar. The menu is as same as the menu bar.

Login Name: to show who is login

Logout: click when the user wants to logout from the program.
Main menu

Description of the facility

Classification of the chemical

Designating of storage area

Request - Issue of chemical

©OPOEOOEHE®E

Regulation



C. Description of the facility

This page will help the facility to clarify that they should have assigned a
responsible person for hazardous warehouse control according to the law required.

Moreover, this page can be printed as the report for the Department of Industrial
Works.

There is an option to attached lay out of the facility therefore the user can

see the overview of the facility. Overview page including require input is shown in
Figure 10-12.
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Figure 10 Description of facility



Figure 10 (Continued)
Remark: Explanation of Figure 10

@ Description of the facility
@ Heading: Description of the facility
@ Facility Name: require input
@ Scope of operation: require input
@ Location: require input
a) North to arrive at / next to
b) South to arrive at / next to
c) East to arrive at / next to
d) West to arrive at / next to
@ All area (square meter) (require input)
@ Attach layout (optional)@ Browse (Find file) @ Attached file
Total chemical in term of type and quantity. (require input)
@ Detail of storage area (require input)
a) Name of storage
b) Type of storage, classify as
(1) Separate Storage
(2) Segregate Storage
(3) Small Amount Storage
(4) Outside Storage
(5) Tank or Silo
(6) Portable /Bulk container Cryonenic Liquefied gas or
Refrigerated liquefied gas

Add size and type of container: require input for use in Designating of

Storage area

(11) Edit

@ Regulation for responsible person
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To edit or input data in Description of facility page, click edit as shown in

Figure 10. Then, page will be shown as Figure 11.
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Figure 11 Edit page of description of facility
Remark: Explanation of Figure 11

@ Description of the facility
@ Add more storage area
@ Delete storage area

@ Save



Size and type of container is already in the database. The user must select
the containers they use.To calculate the area for storage, estimated area for storage is
provided. Common containers that are already provided are bag size 20-25 kilogrames,
drum 200 liters, drum 20 liters, drum 50 liters, bulk 1000 liters, big bag 500-1000
kilograms and bag size 100 kilograms. However, due to there are many type of
container. The program is also available to add more containers ,as instruction in

Figure 12.
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Figure 12 Add size and type of container
Remark: Explanation of Figure 12
@ Description of the facility

@ Add size and type of container: then window as @ will appear.
@ Window container page
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Figure 12 (Continued)

@ Number
@ Type of container

Storage area (Square meter) for each container
@ Check when this container is use in the facility and press save
Type of container: input when there is other container in the database

@ Storage area (square meter) of the container in

Save

D. Classification of the chemical

This page will help the facility to clarify their chemical for storage. The
detail of the classification is in material safety data sheet which mostly is in
transportation class. The responsible person must classify by themselves. This page
will help them to classify it correctly. The users can input data by name of chemical
or the UN number then the class of material will appear. Some chemical might need
more explanation. It is explained in Figure 13-14. If the users do not know UN
number or the data is not available, the user must classify for chemical by them. The
material safety data sheet is a necessary assistance in this function. The manual

classification is explained as Figure 15.

The chemical database was collected from hazardous chemical list as
announced by the laws. The regulation for safe storage of hazardous materials is

concerned in the software.

There is an option to attach the Material Safety Data Sheet for more
information and link to Hazardous Material Information Checking website of

Department of Industrial Work.

CAS. No. is a necessary input as the database in the program for further

searching.
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Figure 13 Classification of chemical by inserting chemical name
Remark: Explanation of Figure 13

@ Classification of the chemical

@ Trade name or other name of the chemical

@ CAS No.
@ Attach MSDS (optional) Browse (Find file) Attached file

@ Chemical Name

@ Check: To check chemical classification in the database

@ Status of the chemical

UN Number is known: Click if the user knows UN number

@ UN Number is unknown: Click if the user does not know UN number

Link to DIW website
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Figure 14 Classification of chemical by inserting UN Number of the chemical
Remark: Explanation of Figure 14

@ Classification of the chemical

@ UN Number is known

@ Input UN Number of the chemical

@ Check: Click it to check chemical classification in the database. If the
database can find the classification, then the classification and the regulation for safe

storage appear.
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Figure 15 Manual classification of chemical by using the information in Material

Safety Data Sheet
Remark: Explanation of Figure 15

@ Classification of the chemical

@ UN Number is unknown

@ Manual select classification

@ Check classification requirement (optional)

@ Save

When the chemical class is specified, its requirement for storage is shown

as Figure 16.
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Figure 16 Classification of the chemical and safe storage requirement
Remark: Explanation of Figure 16

@ Classification of the chemical
@ Classification of chemical after classify
@ Safe storage requirement of classified chemical, as Figure 16 it is

classl and safety storage requirement for class 1

There is a print report for this part. To print report, print icon is in the
bottom of page as shown in Figure 17 and the report format will transfer to Acrobat

file. Detail in the report as shown in figure 18.
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Figure 17 Print report function
Remark: Explanation of Figure 17

@ Print report function

i

VouamsInl (Chemical Information)

u

%liilﬁ'lﬁ (Trade Name)
?é}'illﬂﬁ (Chemical Name)
a0 (Status)

CAS number

UN Number

Class

Y o o o e a
YamuUamIvanl (Safe Storage Requirement)

Figure 18 Detail in Chemical Information report
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E. Designating of storage area

At main menu, all storage areas are defined. The information of storage
area will be used for chemical storage in this page. Then the storage requirement for

each chemical will appear in the last column.

This page is separated two parts that are 1) chemical waiting for storage
and 2) Chemicals in the storage. In case of any revision, the user must correct data in

this part as shown in Figure 19- 20.
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Figure 19 Designating of storage - Chemical waiting for designating of storage

Remark: Explanation of Figure 19

Designating of storage

Chemical waiting for designating of storage
Number

Trade name

Chemical name

CAS Number

Attached MSDS

UN Number

Class

OLEXOROOLOO

Container: require input
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Figure 19 (Continued)

@ Quantity: require input

@ Storage area: require input by selecting in the list

@ Remain area

General safe storage requirement for this chemical class

@ Specific safe storage requirement for this chemical class in case of

storage with other chemical in the same area
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Figure 20 Designating of storage - Chemical that is already kept in the database

Remark: Explanation of Figure 20

@ Designating of storage
@ Chemical that is already kept in the database

@ Number
@ Trade name

@ Chemical name
@ CAS Number
@ Attached MSDS
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Figure 20 (Continued)

UN Number

@Class
‘Contamer

@General safe storage requirement for this chemical class
Speciﬁc safe storage requirement for this chemical class in case of

storage with other chemical in the same area

The data that is already saved in the database could be edited by click edit
button as Figure 20 then it will appear as Figure 21.
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Figure 21 Edit data of Chemical that is already kept in the database
Remark: Explanation of Figure 21
@ Designating of storage

@ Chemical that is already kept in the database
@ Trade name: could be changed



Figure 21 (Continued)

@ Chemical name: could be changed
@ CAS Number: could be changed
@ MSDS: Select to delete

@ Quantity: could be changed
Storage area: could be changed

@ Save

In case that the chemical contain in more than one container, it could be
added by click duplicate. The same chemical will be duplicate in a new line and the

information about container and quantity could be edited as Figure 22.
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Figure 22 Duplication of chemical data

Remark: Explanation of Figure 22

@ Designating of storage @ Duplicate
@ The duplicated line

@ Container: could be selected in the list
@ Quantity: require input



There is a function button to look at stock history. It is in the top right of
page as shown in Figure 23 and the report format will transfer to Acrobat file. Detail

in the report as shown in Figure 24.
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Figure 23 Check storage history

Remark: Explanation of Figure 23

@ Designating of storage
@ Check history
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Figure 24 Detail in Storage History report



F. Request-Issue of chemical

This page is use for daily request and issue of the chemical in the storage
area. It can be summarized and printed out. The user can select either by chemical or
the storage area. Then quantity will be required to input and remain quantity in the

warehouse will appear automatically as shown in Figure 25-26.
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Figure 25 Detail in Request-Issue page

Remark: Explanation of Figure 26

@ Request-Issue
@ Searching chemical by chemical name

@ Select storage area

@ Chemical name
@ CAS Number

UN Number
@ Class

Container

@ Quantity in storage area
@ Request quantity
@ Remain quantity



- =3 =h
Thuasunidaiiumsad “
Thai Safe Storage
wiw 5n | Hagadnrualsenauns | dasadisead | osee afraue | Laogin Mame: adrmin |
aylse Wi adnae
O Fuwnannan s @ FuwrainnEsdudn | Admidure Warshouse v
EyL3T] a 4 = CAS UN il gl O
= fad1s fawadi dszam arsus fAdedlu  five - .
Number Number ol - Tiwas
Ava iin
1 uyEee  AblEEEEEeREGE e g 1866 go, OEEREND g insandi
type) ECH

@0 @

Figure 26 Request-Issue chemical when select the chemical

Remark : Explanation of Figure 26

@ Request-Issue

@ Request quantity: require input

@ Remain quantity: automatically shown
@ Request: click when finish input data

There is a function button to look at Request-Issuing history. It is in the top
right of page as shown in Figure 27 and the report format will transfer to Acrobat file.

Detail in the report as shown in Figure 28.
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Figure 27 Check request-issue history
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Figure 27 (Continued)

Remark: Explanation of Figure 27

@ Request-Issue
@ Check history
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name) ame) in Storage | Quantity) !
© Quantity)

area)

Figure 28 Detail in Request-issue history report

storage. It is a design guidance for new chemical room. There are main three subjects

This function is a reference for overall requirement for hazardous material

as follow;

G. Regulation

- Regulation for safe storage as shown in Figure 29-30

- Regulation for chemical classification as shown in Figure 31

- Regulation for responsible person as shown in Figure 32

click on the topic which is underlay as shown in Figure 29-30.

To be good appearance, the detail is hided. To see the detail, the users must
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Figure 29 Regulation for safe storage

Remark: Explanation of Figure 29

@ Regulation

@ Regulation for safe storage
@ Topic of each requirement such as wall, floor and exit door: click to

see more detail

La



Tsuamnsiadumnai
Thai Safe Storage G

u u n Fr - = - 1 >
wuwsn | Dagadoiuwdsenaynms | Dayadisied | psiaeay | msvinsns | gadimee

fiafnwundatuiiusnen I@ farnwue iyl ssrananseail FIAFTHUALS BUR AT TR

amuiudnendasiinradueandwsolluldoun grinenrvanaasuasidn s dad

1. pfasrarsuasdunaduld @

1 1 dipaangamukla mw\anulﬂamamawulﬂmuaﬁmm 0.3 1.00 wms uawamaanmnmmmww 0.3 8 1.00 wey
hasBusnaniiafudng 0.3 84 0.5 wms faiduldmuseasdonludiofmuniy wEaiEnsduy ﬂmmmﬂmﬂum%aﬂmwm

L+d181

1.2 znmsma.l%ﬂmawawﬂmﬂﬂmmwmm&mamw 30 e uasdisiuidiaus 1,200 ssasmsiuly asfoadiofisinlyivin
mauﬂm&ammammulmmu 40 wms -ﬁsa‘immmmwawmns:al‘lﬁs’qmuamamﬂssm
1.3 Asdimeufifu Sl ssorisnnowm sBudioondn 10 wes el stnufisndrfiosafadinedunaiuliifsonoanu

lyladnadion A0 wid saviusamdifosned Sfvam s lafalaindu

2. #u

2.1 HufizanTans dgananom s Fumaiina anduas g dun e farm @
2.2 Faniidlum steaedianuseluaza and

2 3 nsdbfuvaaraalalel Frelalvason soda dudiaad b8 Ladn e

2.4 fuaim o ldeauvaaa ey lad ldseann¥n weinuarands

. ASEARAE N8N RALAY

WAl

. FEVVTEWIEAAH

. szuulvidh wdasdraansiu watadasaildh
. mzilaaiudadia

. FEIMABUN

(== N - p T g I A L]

Figure 30 Detail of safe storage requirement

Remark: Explanation of Figure 30

@ Regulation

@ Regulation for safe storage
@ More detail after click the underlay topic
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Class 1: 9nasziin [Explosive substances]

Class 2A: fisén mwad wieiishazarsnwliniudy [Compressed. Liquefied and
dissolved gases]

Class 2B: fvsasldaasulunsusyssavuwan (nszlasdulsd) [Pressurized small gas
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Class 3A: vaawwaalald [Flammable liquids]
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Class 4.1B: waautialald [Flammable solids]

Class 4.2: msagamdsaneni manlwsiléies [Substances liable to spontaneous
combustion]
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flammable gases]
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Figure 31 Regulation for chemical classification

Remark: Explanation of Figure 31

@ Regulation

@ Regulation for chemical classification
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Figure 32 Regulation for responsible person

Remark: Explanation of Figure 32

@ Regulation

@ Regulation for responsible person
@ Link of the report for responsible person to DIW

Manual of the developed software is provided in Appendix A.

Software must be installed in web server of the facility. Program file is

referred in Appendix C.
4. Result of Software Usability Test

The usability test of this software was performed by 10 users by using

questionnaires.

A. The characteristics of software usability testers

Lo
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The characteristics of software usability testers are shown in Table 11. The

software usability testers were 10 persons in the W.R.Grace (Thailand) Ltd.

Table 11 Characteristics of software usability testers

Characteristics of tester Number Percentage
Total 10 100
1. Gender

Male 4 40

Female 6 60
2. Position

User 9 90

Management 1 10
3. The knowledge of Chemical and Hazardous Material

Yes 6 60

No 4 40
4. Use of other chemical storage software

Yes 0 0

No 10 100
5. Age

<30 years 1 10

30-35 years 3 30

>35 years 6 60

Mean of age 39.5

Min — Max of age 27-56

The result shows that male is 40% and female is 60%. For position, the

user as officer
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B. Result of the software usability test by questionnaire and interview

The questionnaire was developed for evaluating the software usability. The
sample and filled of questionnaire were shown in Appendix B. It consisted of 17
questions for three parts, which were the general characteristics of the tester, the
opinion of software usability and the comment and suggestions. The software was
tested by 10 persons that are the users and the management of the site. The

questionnaire was sent and collected along with the interview after testing.

Table 12 Software usability attitude

Software usability Average SD Index
score
1. Ease of data entry 2.5 0.53 Good
2. Format and order of the content 2.9 0.32 Good
3. Completion of content 23 0.48 Fair
4. Data processing 2.7 0.48 Good
5. Appearance and attraction 2.6 0.52 Good
6. Flexibility of software 2.8 0.42 Good
7. Enhance work capability 2.6 0.52 Good
Total 2.63

The result showed the mean score of the software usability attitude. There
were 3 scores that are 3= Good , 2= Fair and 1=Need improvement. It mean average
score more than 0.5 is need improvement, more than 1.5 is Fair and more than 2.5 is
Good. The software was evaluated as 2.63 mean that it is “Good” by users. The
highest score was the format and content while the lowest score was found to be the

completion of content.



Table 13 Software Satisfactory, Strength , Weak Point and Software Improvement

Software usability Number Percentage
Total 10 100
1. Satisfaction of software
Not satisfied 0 0
Fair 2 20
Satisfied 8 80

2. The strength of the software (more than one

item can be chosen)

Convenience and easy to use 7 35
Completion of the outcome 9 45
Format and process of data entry 2 10
Correction and completion of data 2 10
Etc

3. The weak point of the software (more than one

item can be chosen)
Difficult to enter data 6 60
Difficult to understand 1 10
Incompletion of data 2 20
Software slow processing 0 0

Etc 1 10
4. Which part of this software should be

improved? (Can chose more than one item)

Ease of usability 2 17
Linkage to other software 10 83
Etc

5. Should this software been improved in the

future
Yes 10 100

No 0 0




Table 13 shows that most of the subjects are satisfied in this software. It is
shown that the software is satisfied by 80% of the testers. The strength of this
software is the completion of outcome. The weak point of this software is the
difficulty of data entering. The linkage to other softwares were suggested from the

testers.

Comments from the testers.

1. There should be a search engine for CAS number of the chemical.

2. There should be more key word for chemical name searching due to there
could be many chemical names for one substance.

3. It is very useful for warehouse management due to the calculation of space.

4. Detail in safety data sheet should be added or link

5. Lay out of the plant should be added to show the overall picture of the plant

6. Type and size of container should be added.

7. History of request-issue or stock should be added

5. Improvement according to the comment

After the software usability test, the software i1s modified.

1. CAS number of chemicals could be added.
2. Lay out was added in the program.
3. Type and size of container was added.

4. History of request-issue or stock was added.
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Discussion

The software was constructed by the PHP and JavaScript language and using
MySQL as the database while using Internet Explorer on Window XP to operate. The
information in the database of the software contains requirements of related Thai
Laws about chemical and hazardous material, which is necessary for the responsible

person of chemical storage.

Main functions of the software consist of

1. Detail of the facility

2. Classification of chemicals/hazardous material for storage
3. Identification of chemical storage area

4. Request-Issue Record (Warehouse Management)

5. Specific requirement related to chemical storage

The software usability test was performed by responsible persons in the
selected facility consisting of 9 officers and one management who has responsibility
for whole plant management. The objective of software usability test is to get the
response from direct and indirect software users including the management. The result

shows that all of the testers could operate this software.

The result from index score of questionnaire shows that the software is
acceptable by the testers and 80% of the testers feel satisfied with the software.
Software usability is evaluated as “Good” in overview. Completion of content is
suggested to be improved by the testers. The strength of this software is completion of
outcome, and the format and content. The weak point of this software is the difficulty

of data entering.

There are some weak points about searching function in the classification
section. Due to more than one chemical name is available, the database should

provide more available chemical name to assist the user.
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The testers agree that this software should be further improved by
recommendation. Due to the software helps the responsible person to manage
warehouse safely and efficiently. The receiving-issuing function assists in stock
balance. There is a recommendation to add a lay out of the plant to show the overall
picture of the plant. The function is interesting however it is difficult to implement at

present because of limitation of the software.
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CONCLUSION AND RECOMMENDATION

Conclusion

1. The developed software is evaluated to be very useful by the responsible
persons of the facility in classification of chemical according to the Hazardous
Material and Chemical Storage Manual because they can comply with Thai
regulations and make their job easier.

2. The usability test indicates that the software is usable to check available
storing area of chemicals where complies with Thai laws

3. The software is usable for the chemical factory because the Material

Safety Data Sheet of the materials is mostly available.

Recommendation

Recommendation for database user

1. The user manual can increase the database efficiency, therefore users
should read it carefully before
2. In future, there should be more safety data in the database. The

information might come from MSDS.

Recommendation for further study

1. In this study, the software developed for Thailand factories only. For usage
outside Thailand, other related regulations should be concerned.

2. In classification of chemical, it is recommended to use a guidance for
prioritize classification such as diamond diagram in case of manual classification.

3. The capacity of racking is not considered in this software. It should be
added into the software in the future.

4. Tt is recommended to add the information of shelf life of the chemical in

the software. The benefit of shelf life function is to control the inventory of chemical.



5. In the description of the facility page, there should be the summary of

chemical class and its quantity in the facility.
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1. m3itlalifsunsa Access of the program

4 o a 3 d 4 1 a 4 a
Lﬁ@‘ﬂ1ﬂﬁ@lﬂﬁx‘]%ﬂﬂﬂll’)iﬁﬂﬂ%ﬁ]ﬂué}? ‘Vﬂuﬁ’nﬂﬁﬂlﬂﬂiﬂillﬂﬁ\lLﬁﬂi%ﬂulﬂﬂ

T1/51n5% Internet explorer 1@ URL http://ServerName/ThaiSafeStorage/ 11%09 Address
Y E4

Bar 11ntiuvzsinguiiang asil
When the software is already installed, the user must open Internet Explorer and fill

http://ServerName/ThaiSafeStorage/ in address bar then the window will appear as the below

figure.

‘3 about:blank -
Flle

@ Back

Address

Edit  Wie

rosoft Internet Explorer I;I@ E‘
&

»

= \j @ @ fh pSearch {?Favurites @ B' } ™ | I_J
VB &

@ Done & Internst
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2. M3 IFnuazmstldeusanu Login page and changing of the password

A 9 o1y A9 1 A g IYyYg Y v 1Ay Y
IDLUIFHULTN %ZNWNWINLW@iWPﬂ%NHﬂifJﬂ user name LAY ﬂ‘if]ﬂi?i’ﬁWﬂl‘ﬂhlﬂ
4
MNAguaszUY ntuazdgyiinsn (Homepage) ¥0952U1
For security, the login page is designed. The user must fill user name and password that

received from administration.

23 Talsunsunsanivan 7183 : Login - Microsoft Internet Explorer. E|@rz|
File Edit Wiew Favorites Tools  Help :,"
P >} Iﬂ Ig] 7;\1 /7 ! Search \jl'\;’ Favorites Q“? 7 4 7' f
Address v; Go @
-
PO -
ilj"illﬂ‘illﬂ"l"iiﬁlﬂl.lil'l‘ilﬂ"
Thai Sale Storage
Login MName: I, ]
Paseward: | ]
valhaw Password | & Password
-
@ Downloading from site: about:blank S Local intranet

[ ~ @ 1 Y A A A @ 1 Y o [
mummamﬂaauiWﬁmu‘lﬂTﬂﬂﬂaﬂmug wagusernu Eﬂ%ﬂ‘ﬂﬂgﬂlﬂ%ﬂﬁTﬁiU
udsWaruAegll
Password can be changed by clicking on change password and the window for password

changing will appear as below figure.



Tilsuasunsiafumvnadd
Thai Safe Storage

LoginName: | |
Pessword: |

valsiaw Password | & Password

3 Change Password - Mozilla Firefox

I |j hittp: fflocalhost/chidthesis/changepwd.php pg E!

Passward wis: l:l
Passward vl l:l
Pasgword Lesifudu); l:l

[ LIS ] [ EIIT ]

Done @

winawswaruldaadedaua llsunsy ivevensviaruIvald

In case the user forget password, the user must request for new password from the

administrator
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3. maglsunsumsl¥au The menu software

] k4
1o login A dENUHTh Homepage %zﬁgmgﬁqwu@ 5919M3

ayaailsznoums 2. Yoyamsiall

)
1. ¥
)
U

9y a
4, VOYANIILUNY

v
3. Yoyamsdamny

Y o A A 9
5. VNI UANLNYIVDN
After login, menus program will appear. There are 5 menus designed for easy usage

Five function menus are;
1. Description of the facility 2. Classification of the chemical

3. Designating of storage area 4. Request - Issue of chemical

5. Regulation

Tilsunsumsiandumsiail
Thai Safe Storage

| wfw sa | Aayraniwasznaums | Hayaasead | n1siaeiy | msslnde | Hadewe |

n _'..
WARENOUSE CLASSIFICATION
(fiayaaanuilsznaunis) (Hlayaaswmil) {sdenA)
(Wi HIDIFARW SPECIFICATION

(Fafdwun)

[msiiindna)
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4. nmﬁu/uﬁ"lmsffmgaamuﬂizna‘umi Description of the facility

41 Funsendoyavesaniuilsznoums eilugiudoya nazldlss Tonilu
msdanuludrdudelal.

Start by input data of the facility as the database for Storage function.

9 Ao & Y Ay ) & 9 ey Yo o o
4.2 GUleJ"ﬂ‘lfliﬂL‘lJuﬁfNﬂ‘ifJﬂﬂ@(’llfllluﬁﬁlu"ll@ 6 mmayjammu%Glfvmmmmmﬂ
A A o g o w J
ﬁ’fﬁlﬂﬂJLW@ﬂﬂlﬂUiu%ﬂﬂUﬂ@ulﬂ
Require input is item 6 in this function. The data will be used for designated of

storage area.

43 foyalude 4 9o 5 vzelumsmivhanmlszneumsiusuiudesd
YAAINTIMZANNYUNe (@t mualuntdesivug)

Data in item 4 and 5 will help the facility to clarify that they should have assigned a
responsible person for hazardous warehouse control according to the law required. (See more

detail in Regulation Menu).

D, v v ¥ LI v ~ S a9
4.4 W’]ﬂ@ﬂﬂﬂTiﬂgllﬂ"lﬂlm@M”aclﬂﬂﬂﬂullﬂqmmﬂy‘aﬂwuawﬁcﬂ'mmfnmf‘] ﬁnﬂuu{lw
v XK 9
ﬂﬂ'ﬂu[ﬂﬂmﬂll”a

To edit data in the program, click Edit at the end of page then click save.



Tilsnnsunnsdaiuannadd
Thai Safe Storage

N =

LI
* ymmnsiane ssnafis Jisiod Fufasaudnueeaaafalu Taan s Ao Sne e g See safdaudiw menadauan s ising Fani s fuaeden Fua s eaissio andeaeiin s
nsmisamuam‘amnssmﬁ’mum( AN SE N 1 S8R S99 QEEYRA S 55 L5 NS AT ‘Wam«m]ssnaumﬁmqiumswﬁuwaﬂnsmw'\zEﬂﬁsmaammm]'aamﬁamsmﬁu%’nm"ﬁmqiﬂmswﬁnsmisaaw
guAnnssusuAnEey W 2601 )
S iuasnawdied 1 wied 2 stauded 3 enewsssredyda i aiwnse @dud 3) e 2552
Tsunsmsdaniummaid

Thai Sate Storage
nhus) fawsssrsdssnaums | faemsied | msteufy| mado [ fadmea | LoginName: odrmin logoul

p DL
* yrannsiaws mnufs Gnidd & 1O & st § # i fi fi
0

[C
s mnssuluiemsay w.#.2551)
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1 A 9 a2 Yo [ A < a A
4.5 ‘]Jil “LW?JsUfJi;Ijﬁﬂ”IGHHZ” Mhl’Jﬁ”IﬁiiJﬁﬂTu‘]Jizﬂ@‘]Jﬂﬁ‘ﬂMﬂﬁlﬂ‘uﬁﬁlﬂu‘ﬁiﬂ

[

o A 1 A o Y
A1 u@]iw“lumﬁvummwnwmwTﬂmﬂiumwuﬂuﬂﬁ

“Add container” is for adding new container that is not provided in the program.

Wsunsmnmsiaivmmadi
Thai Safe Storage

| asiusn | Sagadarmalssnannas | fayadrisiadl | msianfiy | mssdlindas | dadmuea | Login Name
Toaxavpmo sz NpunTg
1. fovFin
N l 3 Untitled Document - Mozilla Firefox E}@@
2. dnvorn sy senoy S
3. vt [ |] | http:fflocalhost/chidthesisstoragetype.php 3 E!
bbb BUAVBANIBUS Aundniy LEEN -
filldiasn adua siavsanIBuL AuRaady 15w -
it Tu0ona 5 1 gevwn 20-25 nn 0.025 W
fisinzFunnasn 2 favan 200 dns 0.25 H [
e 3 davwm 20 ny 0313 Ok
[_ayout quﬂqqu 4 fyvunm 50 dng 0111 D H
@il3lunsavas 5 dswum 1000 dins 1 W
T B gavwm 5001000 nn. 1 H
7 1 : 1 7
P ———— aamna 100 an 0 O
6.1 Hufidi [
6.2 Hufifi [
X i -
6.3 wufifi — ® - nal.
BARAR I TR TATI eI | TR e
-

5. mstiia/ud lvdeyamsnd

e

[ J . A A A = =
5.1 ’Jﬁqﬂizﬁﬂﬂﬂlﬂﬂ function H AvtaLeNUIzINNVBITTIANMNLIZIANUOIATIAL

=

o v < @ [ o A
uazasaeutoiuamstamy auiulelimsal vl TdyaansdsuRareunsondoya

Qe

1 y g g ' ¢ o g A
Tududoyacnsnil tivenuidlugiudoya mind MSDS nuaunsauuy lduazdanuiive
Sengiladesns luseauy lvd MSDS

This page will help the facility to clarify their chemical for storage. Responsible person

must input the data in this page. MSDS can be added in the program by attached in the page.
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(3 IS o’/’ % 1 dy
5.2 m'imwuﬂﬂizm‘ﬂmimummumum@m"lﬂu

Procedure to classify class of chemical by follow ;

5.2.1 ﬂiﬂﬂcﬁ’ﬂﬁﬁmﬁ NA Check Lﬁi’)@]ﬁ?ﬂﬁi’)ﬂﬂigmﬂﬁﬁmﬁ fg]JW]iTJﬁ]‘W‘U
Usznnasnil lugwdoyaszuvszdsinglszamasuazdoimua min luwu 11935 Aum
#14 UN Number

The users can input data by name of chemical. Click “check” to check chemical
classification in the database. If the database can find the classification, then the classification and

the regulation for safe storage appear.

TWsuasumsvanun siai
Thai Safe Storagé

ar ar ar - - = - ] ar
#sA | daygadnruilsEnaunts | Hagadisuvad | asiaeay | aasedinans | dadvee |

TaHaYs-tETL A H

fladns CAS Mo,
MSDS Browse.. ” wun vl ]

ANTUE | WandaTME |V

O w510 UN-Mumber O Taimsny UN-Number

e < - e
&’IS‘Q?I‘dBﬂﬁB&]‘a‘a"liLFINHS.IL‘QSJ‘LYJEIHSNISGQ"I‘H 'alwm"mmswaau'amqaumsw ﬂ%&ltia%ﬂ‘ﬂa&’lﬁﬂ‘ﬁﬂis&l

5.2.2 A58IN31 UN Number 1%n380 UN Number 1980339901 UN Number
9 = 9
910 MSDS asnanIlvgou t‘lW]ﬁ’Ji]WﬁJ'iJi%LﬂﬂﬁﬁLﬂiJGluﬁTL!GUfJHﬂi%ﬂﬂﬁ]%ﬂiWﬂ{]ﬂ‘iglﬂ‘ﬂ
asuazvaiviua vin lunu 1R 1§35 aur Taadenaed “11n311 UN Number”
If UN Number is known, the user can input UN Number of the chemical. Click
“check” to check chemical classification in the database. If the database can find the
classification, then the classification and the regulation for safe storage appear. If UN No. is

unknown, click “UN No. is unknown” and go to next step.
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o Y A a qu/ dy J = ~
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If the users do not know UN number or the data is not available, the user must
classify for chemical by them. The material safety data sheet is a necessary assistance in this

function. The manual classification is explained in Regulation function.
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When the chemical is classified, the page will appear.
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The information can be printed out by click “Print” at the bottom of page.
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6. mytiiz/udlvtoyamsdaivasinil Designating of storage area

o ¢ A a A oy v ~
6.1 ’JQ‘]Qﬂﬁxﬁ\‘]ﬂ(’Uﬂq function H ﬂ@iWﬂLﬂuﬂl@HaﬂWiﬁ]@Lﬂ‘llff'ﬁ!ﬂll LLATNTINDU

Y o a A g < = @ A Y
VN UANFABINDADINITLINUAITLANITINNUAITOU 9 Gh«lﬂﬁ\‘]

At main menu, all storage areas are defined. The function is to check chemical regulation

in case of storage of other chemical in same storage.
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This page is separated two parts that are
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Section 1 New chemical waiting for storage : The information of storage area
will be used for chemical storage in this page. Then the storage requirement for each chemical

will appear in the last column. To edit and save by click at the button in last column.
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Thai Safe Storage
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Section 2 Chemicals in the storage : In case of any revision, the user must

correct data in this part as shown in below figure.

Tsunsunidarfvanad

Thai Safe Storage
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6.3 Muansngilsziamsivdn Taaidentugsziamsaud la
To check history page, the user can click “Check history” at the top right of page.
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7. mada/aemsnil Request-Issue of chemical

[ J . dy A g a @ a 1 =
7.1 QWQﬂﬁgﬁﬂﬂﬂlﬂﬁ function # (WO UMITVTHISIAMIMSILNOE5LIAN

This page is use for daily request and issue of the chemical in the storage area.
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The user can select either by chemical or the storage area. Then quantity will be required

to input and remain quantity in the warehouse will appear automatically.

7.3 Muansaglszianmssudn Taedenijugiszianisud ly

To check history page, the user can click “Check history” at the top right of page.
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8. UVOMHUAUAZUVUI BN Regulations and Reports
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This function is a reference for overall requirement for hazardous material storage. It is a
design guidance for new chemical room. There are main three subjects as follow ; Regulation for

safe storage , Regulation for chemical classification and Regulation for responsible person.
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Click underline to see description.
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Thai Safe Storage
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Tuasuniaivmyail
Thai Safe Storage
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Class 1: 9mgs:viim [Explosive substances]

Class 2A: sda fimwan wiefisAataramsliniiuéu [Compressed, Liquefied and
dissolved gases]

Class 2B: msasldmaudulunisuzyssavuwan (nscilasdulsd) [Pressurized small gas
containers; aerosol canfaerosol container]

Class 3A: waawaalald [Flammable liquids]

Class 3B: waawwaalald [Flammable liquids]
Class 4.1A: waaudalaliifinaanifnisszda [Flammable solids]
Class 4.1B: vsaufialald [Flammable solids]

Class 4.2: #1snannandsanenisan lnsilfies [Substances liable to spontaneous
combustion]

Class 4 3: sislsisllshiladudasnd [Substances which in contact with water emit
flammable gases]

Class b 1A: #1sssnfilas [Oxidizing substances]
Class 5 1B: #13asaflas [Oxidizing substances]
Class 5.1C: g1seenflas [Oxidizing substances]
Class 5.2: wasuladsanlsfaun3sd [Organic peroxide]
Class 6.1A: sishnldiinasuifRaianiudy [Combustible toxic substances]
Class 6.1B: aislidaldffauaudaaniiuie [Non-combustible toxic substances]
Class 6.2: a1sfada [Infectious substances]
Class {: J@siuiiwnsad [Radioactive substances]
Class 8A: sishnldfifnmanifnisinndau [Combustible corrosive substances]
Class 8B: wislifaldifinauduiAnisianden [Non-Combustible corrosive substances]
Class 9: fFaiiuinadun sumlsaandug munisduuadanmssuds hiandaisanlunssyaunsimiy
Class 10: vaawarfinld [Combustible liquids]
Class 11: waauiiainld [Combustible solids]
Class 12: waawwad hifinld [Non-combustible liquids]
Class 13: waausialsifinld [Mon-combustible solids]

! 9 o & Yy A ~
8.3 Glumu%mwumﬁmuﬂmﬂﬁmww ‘i%”U”]JUlﬂlﬁiEliJ!L‘]J‘]JﬂEJ\‘ﬂuGﬂiJ‘VIﬂ'ﬂJIi\NTLl
fMuUALazaNNTa print tedensu Isanumuimuaszeznane 1y
In section “Regulation for responsible person”, the software provides report form

regarding to Department of Industrial Work Requirement.
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Thai Safe Storage

u u u " R o= =
wusn | dagadnwalssnaunis | dayadiseed | nsiahy | aasidinany | dadiswa

2w S ETSTS - o i
TEATHUAEDTHAN LSO HT HarmruailssLanansei TIETITH RS B U FET0 TR TR

%)

[E

AU SR SIS T URRIN ARz

1 P P -2 - 2 Py - = 13 1 1

ff1lsznavnisinadun e fidaatiunmin szl s haa i Sendunse L Bl sroun stisdnsasdulunadialnde
P | =

vitkafiaRia bl

fudm i fRssanugdunsns AitTegdunsestag 1 2009 2 wSandind 3 U5 1000 wmdnaual duld

27 = = o & ow P = = 1 -3
il soum s simaiun SR EuT Ry S St seia 300 msnasmn sl

fud i fheoan wEn 13 lun seunso e Tnadun s A e lald windngaan 8 lnduss Tnguls Saanlad

W TR R S Sa e s (16, 4) 1w FiuRen Rz

a J
9. MINUNIEIH Report Printing
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Login Mame: admin [logout]

a -4 a -4
Tumswiunisreanu gldaueaunsadon function msiuinnuii lsunsyla Tag

BV Uz 111111 Acrobat File

For report, it will be appeared in Acrobat file which is prompt for printing.
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Appendix B
Evaluating Software Usability Form



wuuisziiunistaidsunsy
(Evaluating Software Usability Form)

a o P s o/ ' as
Bav Tdsunsunisiaduansiafivazinndunsiaatinvilaanse

(Safety Storage Software for Chemical and Hazardous Materials)

Hu 1 Aayatdarfueaunuudauaiu (Vinedasuung / wihdaanuidan)

(Part 1 The characteristics of software usability testers)

1. we (Gender) g (Male) el ey (Female)

2. é@wnudg (Position) . Wl (User) ............ #{15%15 (Management)

3. fianusidmduansiafinarinnduanamndauvidaly ... 1 1aidi
(Knowledge of Chemical and Hazardous Materials) (Yes) (No)

4, mldouldsunsudaAuansafidun 0 e WAL e sivae
(Use of other chemical storage software) (Yes) (No)

T I T T (- Ve 1) i

il 2 anudaniuidrfunisladeuidsunsuudvannitldnaaale (1dn3asunne /
wihadamnuiidan)

(Part 2 Software usability attitude after test)
#itia (Subject) Not Good Fair Good

6. anuenn-dnalunmsilaudayaingldsunsy ... 710 2 N ihunag ... Naldl
(Ease of data entry)

7. sUwuuuavarduaandam 0 . Tig 1hunag ... f
(Format and order of the content)

8. fimnuAsudiuauysafvaviiayainaua ... Tiasy e dhunae ... AT
(Completion of content)

9. munahlumsinduatiayaidadnis ... # e dhunae ... 152
(Data processing)

10. mnusaunRsANUN g . Wel e, U9 ... ]
(Appearance and attraction)
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11. Tdsunsufianuazanlunsidey ..., TFLAIA v 1UARNY ..., SECRR]
(Flexibility of software)

12. ahaAndnaainlunisvinouaadvinuwsa’lld ... Yidhe ...ahadhua’e  LLaheldunn
(Enhance work capability)

13. anunalazasvinulunsldldswasud ... Tdwala ... 1uAag ..., wala
(Satisfaction of software)

14. vinudadn aaduzasldsunsuiiwanduda (Ban'ldunnnii 1 da)
(Strength of the software - more than one item can be selected)

........ ANuFzaINTIaEI tlunsvinuzavzianuls (Convenience and easy to use)
......... ANugnaadasuiIuuasdiaya (Completion of the outcome)

........ sluvuuaviunaulunisilaudiaya (Format and process of data entry)
......... ANuFNYsaluaInadnYifiugny (Correction and completion of data)
......... Auq (1usaszy) (Etc. — Please specify)

15. vinudainaadasaslusunsuiiwanduda
(Weak point of the software - more than one item can be selected)

......... {laudiayaeann (Difficult to enter data)

......... dayarinlaann (Difficult to understand)

......... fiaya‘linsudiuauiisasnis (Incompletion of data)
......... Aandusdszananati (Software slow processing)

......... Auq (Tusaszy) (Etc. — Please specify)

16. vinudanAsimuwazlsulse Tlsunsufiludiulatine  (\an'léninndin 1 da)
(Which part of this software should be improved? — More that one item can be selected)

......... aNudalunsldou (Ease of usability)
......... asuiantavfuganwsAAenAuansiafidug (Linkage to other softwares)

......... Auq (Tuseszy) (Etc. — Please specify)

17. Tdsunsuiimsaswaiunsaldviali inntamieele ... TAs AT
(Should this software been improved in the future?) (Yes) (No)
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duil 3 931saluavaiamuaunur (Part 3 Comments and Suggestions)
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Appendix C
Thai Safe Storage Software



List of program files (All files is in Attached CD, in ThaiSafeStorage floder)

Folder

- Attach

- connection
- css

-DB

- images

Files

- law2_files

- add_file.html

- add_file.php

- addinv2.lphp

- addnv.php
changepwd.php
chemprogram.php
companyEdit.php
conditionclass.php
Copy of pagel.php
Copy of page2.php
Copy of page3.php
Copy of page4.php

Copy of storagetype.php

forgetpwd.php
home.php
index1.php
index.php
inputdata.php
laws.html
login.php
login_chk.php

120



loginerror.php
logout.php
outputdata.php
pagel.php

pagel copy.php
page2.php
page3.php
page4.php
pageS.php
specl.html

specl 1.html
spec2.html
spect2_1.html
spec3.html

spec3 1.html
specification.php
storagetype.php
sttypadd.php
sttypesave.php
template.php
wh1.html
whDel.php
whEdit.php
whrequirement1.htm
whrequirement.htm
whrequirement.php

withdrawMatt.php
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: Bangkok

: YEAR INSTITUTE

2000 Mabhidol Univ.
Thailand
: Safety Officer

: W.R.Grace (Thailand) Ltd.
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B.Sc.
(Public Health)

122



	1. COVER-Acknowleadement.pdf
	2. TABLE OF CONTENTS.pdf
	3. Chapter I  introduction.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




