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ABSTRACT 
The objective of this study is to apply Geo-Informatics Technology including 

Remote Sensing (RS), the Global Positioning System (GPS) and the Geographic 
Information System (GIS) integrated with Relational Database Management 
(RDBMS) in order to develop an appropriate database in supporting waste 
management at Ko Samet, Rayong Province. It was developed in order to support and 
strengthen the operation activities at both the practical and decision-making levels, 
using System Development Life Cycle (SDLC). The program design is based on the 
process of Data Flow Diagrams (DFDs) and an E-R Model. The software programs 
used in this study include ArcView 3.2, ArcGIS 8.3 and ERDAS-Imagine 8.3 for 
Geo-Informatics approach and Visual Basic .Net and SQL Server 2000 for relational 
database management approach.   

The output of the system shows appropriate structures for database and 
information systems supporting waste management. They include the operations of 
data input, storage, analysis and presentation. In addition, the system also provided the 
manipulation of existing status of waste and predicting waste that might occur in the 
area in the future. Thus, this should be supported for appropriate waste management 
and planning in the area. In addition, this information system has been evaluated as a 
user-friendly tool and practically available for routine operation. However, further 
design for outside linkage and networking through this system is still important and 
needed. 
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บทคัดยอ 
 การศึกษาครั้ งนี้มี วัต ถุประสงค เพื่ อประยุกต ใช เทคโนโลยีด านภูมิสารสนเทศ   
(Geo-Information Technology) อันประกอบดวย เทคโนโลยีดานการสํารวจระยะไกล (Remote 
Sensing)  ระบบพิกัดภูมิศาสตร (Global Positioning System) และ ระบบสารสนเทศภูมิศาสตร 
(Geographic Information System) รวมกับ ระบบฐานขอมูลเชิงสัมพันธ เพื่อสรางระบบฐานขอมูล
เชิงพื้นที่และเชิงอรรถาธิบายและพัฒนาโปรแกรมสนับสนุนการจัดการของเสีย บริเวณเกาะเสม็ด
จังหวัดระยอง เพื่อเปนเครื่องมือที่ชวยผูปฏิบัติงานหรือผูบริหารสามารถมองเห็นภาพรวมและชวย
ในการบริหารจัดการของเสีย โดยวิธีการออกแบบและพัฒนาระบบสารสนเทศอาศัยหลักการการ
พัฒนาระบบสารสนเทศ (System Development Life Cycle) กระบวนการออกแบบไดอาศัย
เครื่องมือตาง ๆ  เชน Data Flow Diagram และ E-R Model โดยโปรแกรมที่นํามาใชในการศึกษา
และพัฒนาระบบสารสนเทศไดแก ArcView 3.2, ArcGIS 8.3, ERDAS-Imagine 8.3, Visual Basic 
.Net และ SQL Server 2000 
 ผลการศึกษาทําใหไดรูปแบบโครงสรางระบบฐานขอมูล และระบบสารสนเทศเพื่อการ
จัดการของเสีย โดยมีสวนของการนําเขา จัดเก็บ วิเคราะห และนําเสนอขอมูล นอกจากนี้ยังสามารถ
ประเมินปริมาณของเสียที่เกิดขึ้นในสถานการณปจจุบัน และคาดการณปริมาณของเสียที่จะเกิดขึ้น
ในอนาคต ทําใหรองรับตอการวางแผนและจัดการของเสียเปนใหเปนไปอยางถูกตองและมี
ประสิทธิภาพ สําหรับผลการประเมินระบบสารสนเทศพบวาสามารถรองรับกับการปฏิบัติงานใน
ระบบงานจริงไดดี และเทคนิคการทํางานของโปรแกรมอยูระดับที่ดีและนาใชงาน 
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CHAPTER  I 

INTRODUCTION 
 

 

1.1 Background and Justification 

 

A high-quality environment is essential for the promotion of coastal tourism. 

However, the quality of the coastal environment is under a constant threat by the 

growth and development within the tourism sector itself. This is because economic 

objective of the tourism industry often runs counter to coastal environmental 

considerations. Owing to this paradoxical situation in broad scenario, there are three 

options, first to continue promoting such economic activities and, in so doing, to 

accept a certain degree of coastal environmental deterioration, or second to give 

priority to coastal environmental conservation and forfeit most of the potential income 

from tourism, and third to follow a middle path between “tourism growth” and 

environmental conservation, with trade offs calling for careful choices detrimental to 

neither. The third option is obviously the best choice to promote the tourist industry 

from a qualitative as well as quantitative standpoint. The option calls for assessment 

of trade offs. This, however, can be done only with a detailed knowledge of the 

environmental impacts of coastal tourism activities. 

Initiatives and activities in coastal tourism sector are carried out by a number 

of actors including government agencies, the private investors or developers, the 

tourists themselves, or by all, and the net result is both short-term and long-term 

impacts on environmental resources. The short-term impacts are basically associated 

with the construction phase of projects such as construction of hotel or resort 

buildings, provision of public utilities or development of infrastructure. The long-term 

effects are generally associated with the operation and maintenance of tourism 

development components and sustaining tourist recreational of activities. Many of 

these can impact either directly or indirectly on the coastal environmental parameters. 



Karn  Kamonborisut  Introduction / 2 

Ko Samet is one of the famous tourism areas in eastern part of Thailand. The 

number of tourist is quite high in both day trip and stay overnight activities since it is 

not far from Bangkok and easy access by convenient transportation. The larger 

number of tourists is also caused the more impacts on environmental quality of the 

island. The most important problems found in Ko Samet are solid waste and waste 

water treatment. The information accessibility and appropriate operations to solve 

these problems are absolutely needed. Thus, the geo-informatics and database 

management are introduced to utilize to support for this matter.   

 

 

1.2 Objectives 

 

1.2.1 To initiate and develop an appropriate database for waste management 

of Ko Samet. 

1.2.2 To apply geo-information technologies to support for sustainable 

tourism in environmental approach of Ko Samet. 
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1.3 Conceptual Framework 

 

The application of geo-informatics including Remote Sensing (RS), 

Geographic Information System (GIS) and Global Positioning System (GPS) 

integrated with database management are introduced to initiate the relationship 

between environment and resources attribute data and spatial data for sustainable 

tourism development in the case study on domestic waste management as illustrate in 

figure 1-1. 

 

 
 

Figure 1-1 Conceptual Framework Diagram 

 

 

1.4 Scope  and Limitations of the Study 

 

1.4.1 Database and Geo-information has been provided to support for 

sustainable tourism development within the case study on domestic waste 

management at Ko Samet. 
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1.4.2 The study area covers Ko Samet, a largest island of the Khao Laem Ya 

- Mu Ko Samet National Park. Ko Samet locates between 101o 26/ 40// E - 101o 28/ 

22// E and 12o 31/ 15// N - 12o 35/ 50// N Ban Phe sub district, Maung district, Rayong 

province. It covers the area of 5.11 sq.km. (3,194 rais) and is located about 6 

kilometers from Ban Phe. 

 
Figure 1-2 Study area 
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1.5 Expected Results 

 

1.5.1 Environment and resources database of Ko Samet. 

1.5.2 Geo-information for sustainable tourism development the case study 

on domestic waste management. 
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CHAPTER  II 

LITERATURE REVIEWS 
 

 

2.1 Definition of sustainable tourism 

 

Sustainable tourism development guidelines and management practices are 

applicable to all forms of tourism in all types of destinations, including mass tourism 

and the various niche tourism segments. Sustainability principles refer to the 

environmental, economic and socio-cultural aspects of tourism development, and a 

suitable balance must be established between these three dimensions to guarantee its 

long-term sustainability (1).  

Thus, sustainable tourism should: 

- Make optimal use of environmental resources that constitute a key 

element in tourism development, maintaining essential ecological processes and 

helping to conserve natural heritage and biodiversity. 

- Respect the socio-cultural authenticity of host communities, 

conserve their built and living cultural heritage and traditional values, and contribute 

to inter-cultural understanding and tolerance. 

- Ensure viable, long-term economic operations, providing socio-

economic benefits to all stakeholders that are fairly distributed, including stable 

employment and income-earning opportunities and social services to host 

communities, and contributing to poverty alleviation. 
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2.2 Definition of domestic waste 

 

Domestic Waste means Sanitary Waste or the water-carried wastes from 

drinking, culinary purposes, washing, bathing, laundering or food processing which is 

produced on a residential property and is discharged directly or indirectly into the 

Sanitary Sewer System (2). 

Domestic waste shall mean any article, thing, matter or effluent belonging to 

or associated with a residence, household, or dwelling unit that appears to be waste 

material, and includes but is not limited to the following classes of waste material (3): 

- grass clippings, tree cuttings, brush, leaves and garden refuse; 

- paper, cardboard, clothing; 

- kitchen and table waste, of animal or vegetable origin resulting from 

the preparation or consumption of foods; 

- cans, glass, plastic containers, dishes; 

- new or used material resulting from or for the purpose of construction, 

alteration, repair or demolition of any building or structure; 

- refrigerators, stoves, dishwashers, freezers or other appliances and 

furniture; 

- bathroom fixtures and plumbing parts and materials; 

- furnaces, furnace parts, pipes, fittings to pipes, water or fuel tanks; 

- derelict motor vehicles, motor vehicle parts and accessories, tires; 

- derelict machinery and equipment; 

- rubble, inert fill, fencing materials; 

- sewage. 

Domestic wastewater means wastewater from restrooms and sanitary 

conveniences of residences, cities, mobile home parks, subdivisions, restaurants, rest 

homes, resorts, motels, factories, stores and other commercial businesses. It also 

includes industrial contributions when domestic and industrial wastewater are 

combined in a city sewer system (4). 

Domestic Waste or Household Waste - means solid waste, comprised of 

garbage and rubbish, which normally originates in the residential private household or 

apartment house (5). 
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Household waste means any solid waste (including garbage, trash, and 

sanitary waste in septic tanks) derived from households (including, but not limited to, 

single and multiple residences, hotels and motels, bunkhouses, ranger stations, crew 

quarters, campgrounds, picnic grounds, and day-use recreation areas) (6). 

 

 

2.3 Municipal waste management 

 

Source reduction, recycling and composting, waste-to-energy facilities, and 

landfills are the four basic approaches to waste management. They are discussed in 

considerable detail in the following (7) 

 

2.3.1 Source Reduction 

Source reduction focuses on reducing the volume and/or toxicity of 

generated waste. Source reduction includes the switch to reusable products and 

packaging, the most familiar example being returnable bottles. However, bottle bills 

only result in source reduction if bottles are reused once they are returned. Other good 

examples of source reduction are grass clippings that are left on the lawn and never 

picked up and modified yard plantings that do not result in leaf and yard waste. The 

time to consider source reduction is at the product/process design phase. 

Source reduction can be practiced by everybody. Consumers can 

participate by buying less or using products more efficiently. The public sector 

(government entities at all levels: local, state, and federal) and the private sector can 

also be more efficient consumers. They can reevaluate procedures which needlessly 

distribute paper (multiple copies of documents can be cut back), require the purchase 

of products with longer life spans, and cut down on the purchase of disposable 

products. The private sector can redesign its manufacturing processes to reduce the 

amount of waste generated in the manufacturing process. This may require closed-

loop manufacturing processes, the use of different raw materials and/or different 

production processes. Finally, the private sector can redesign products by increasing 

their durability, substituting less toxic materials, or increasing product effectiveness. 

However, while everybody can participate in source reduction, it digs deeply into how 
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people go about their business something that is difficult to mandate through 

regulation without getting mired in the tremendous complexity of commerce. 

Source reduction is best encouraged by making sure that the cost of 

waste management is fully internalized. Cost internalization means pricing the service 

such that all the costs are reflected. For waste management, the costs that need to be 

internalized include pickup and transport, site and construction, administrative and 

salary, and environmental controls and monitoring. This is true whether the product is 

ultimately managed in a landfill, combustor, recycling facility, or composting facility. 

Regulation can aid cost internalization by requiring product manufacturers to provide 

public disclosure of the costs associated with these aspects of product use and 

development. 

 

2.3.2 Recycling and Composting 

Recycling is perhaps the most positively perceived and doable of all 

the waste management practices. Recycling will return raw materials to market by 

separating reusable products from the rest of the municipal waste stream. The benefits 

of recycling are many. It saves precious finite resources, lessens the need for mining 

of virgin materials, which lowers the environmental impact for mining and processing, 

and reduces the amount of energy consumed. Moreover, recycling can help stretch 

landfill capacity. Recycling can also improve the efficiency and ash quality of 

incinerators and composting facilities by removing noncombustible materials, such as 

metals and glass. 

Recycling can also cause problems if it is not done in an 

environmentally responsible manner. Many Superfund sites are what is left of poorly 

managed recycling operations. Examples include deinking operations for newsprint, 

waste oil recycling, solvent recycling, and metal recycling. In all of these processes, 

toxic contaminants that need to be properly managed are removed. Composting is 

another area of recycling that can cause problems without adequate location controls. 

For example, groundwater can be contaminated if grass clippings, leaves, or other 

yard wastes that contain pesticide or fertilizer residues are composted on sandy or 

other permeable soils. Air contamination by volatiles can also result. 



Karn  Kamonborisut  Literature Reviews / 10 

Recycling will flourish where economic conditions support it, not just 

because it is mandated. For this to happen, the cost of landfilling or resource recovery 

must reflect its true cost and must be at least $40 per ton or higher. Successful 

recycling programs also require stable markets for recycled materials. Examples of 

problems in this area are not hard to come by; a glut of paper occurred in Germany in 

the 1984 to 1986 time frame due to a mismatch between the grades of paper collected 

and the grades required by the German papermills. Government had not worked with 

enough private industries to find out whether the mills had the capacity and 

equipment needed to deal with low-grade household newspaper. In the United States, 

we have also seen a loss of markets for paper. Prices have dropped to the point where 

it may even cost money to dispose of collected newspapers in some parts of the 

country. 

Stable markets also require that stable supplies are generated. This 

supply-side problem has been problematic in certain areas of recycling, including 

metals and plastics. Government and industry must work together to address the 

market situation. It is critical to make sure that mandated recycling programs do not 

get too far ahead of the markets. 

Even with a good market situation, recycling and composting will 

flourish only if they are made convenient. Examples include curbside pickup for 

residences on a frequent schedule and easy drop-off centers with convenient hours for 

rural communities and for more specialized products. Product mailback programs 

have also worked for certain appliances and electronic components. 

Even with stable markets and convenient programs, public education is 

a critical component for increasing the amount of recycling. At this point, the United 

States must develop a conservation, rather than a throwaway, ethic. We saw the 

United States do this back in the energy crisis of the 1970s. Recycling presents the 

next opportunity for cultural change. It will require us to move beyond a mere 

willingness to collect our discards for recycling. That cultural change will require 

consumers to purchase recyclable products and products made with recycled content. 

It will require businesses to utilize secondary materials in product manufacturing and 

to design new products for easy disassembly and separation of component materials. 
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2.3.3 Incineration 

The third piece of the integrated waste management program is 

incineration, or waste-to-energy, facilities. These facilities are attractive because they 

do one thing very well; they reduce the volume of waste dramatically, up to ninefold. 

Incinerators can also recover useful energy either in the form of steam or in the form 

of electricity. Depending on the economics of energy in the region, this can be 

anywhere from profitable to unjustified. Volume reduction alone can make the high 

capital cost of incinerators attractive when landfill space is at a premium, or when the 

landfill is distant from the point of generation. For many major metropolitan areas, 

new landfills must be located increasingly far from the center of the population. 

Moreover, incinerator bottom ash has a promise for reuse as a building material. 

Those who make products from cement or concrete may be able to utilize incinerator 

ash. 

The major constraints of incinerators are their cost, the relatively high 

degree of sophistication needed to operate them safely and economically, and the fact 

that the public is very leery of their safety. The public is concerned about both stack 

emissions from incinerators and the toxicity of ash produced by incinerators. EPA 

addressed both of these concerns through the development of new regulations for 

solid waste incinerators/waste-to-energy plants and improved landfill requirements for 

ash. These regulations will ensure that well-designed, well-built, and well-operated 

facilities will be fully protective from environmental and health standpoints. 

 

2.3.4 Landfills 

Landfills are the one form of waste management that nobody wants but 

everybody needs. There are simply no combinations of waste management techniques 

that do not require landfilling to make them work. Of the four basic management 

options, landfills are the only management technique that is both necessary and 

sufficient. Some wastes are simply not recyclable, many recyclable wastes eventually 

reach a point where their intrinsic value is completely dissipated and they no longer 

can be recovered, and recycling itself produces residuals. 
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The technology and operation of a modern landfill can assure 

protection of human health and the environment. The challenge is to ensure that all 

operating landfills are designed properly and are monitored once they are closed. 

It is critical to recognize that today's modern landfills do not look like 

the old landfills that are on the current Superfund list. Today's operating landfills do 

not continue to take hazardous waste. In addition, they do not receive bulk liquids. 

They have gas control systems, liners, leachate collection systems, extensive 

groundwater monitoring systems, and perhaps most importantly, they are better sited 

and located in the first place to take advantage of natural geological conditions. 

Landfills can also turn into a resource. Methane gas recovery is 

occurring at many landfills today and C02 recovery is being considered. After closure, 

landfills can be used for recreation areas such as parks, golf courses, or ski areas. 

Some folks are looking at landfills as repositories of resources for the future; in other 

words, today's landfills might be able to be mined at some time in the future when 

economic conditions warrant. This could be particularly true of monofills, which 

focus on one kind of waste material like combustion ash or shredded tires. 

 

 

2.4 Wastewater Characteristics 

 

2.4.1 Water Use and Wastewater Production 

Man's consumptive use of water in the environment is depicted in 

figure 2-1, which outlines the water consumption cycle. The water source for a typical 

inland municipality may be groundwater (wells, springs), surface water (rivers, lakes) 

or rainfall (collection of runoff from specially designed pads or cisterns). The water is 

treated at a water treatment plant to remove impurities and pathogens, and perhaps to 

add beneficial constituents (e.g., fluoride). An extensive underground distribution 

system delivers the treated water to the consumer, where it is used for a wide variety 

of purposes; e.g., drinking, washing, laundering, toilet waste conveyance, lawn 

watering, fountains, fire fighting. This water may also be utilized by industries for 

cooling, processing, steam production, etc. 
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During some of the above uses the water is returned directly to the 

environment; e.g., lawn watering. Most often, however, the used water is collected in 

a sewer system and transported to a wastewater treatment plant. It is generally 

reported in the literature that from 60 to 80 percent of the water supplied to the 

consumer is returned as wastewater, the remainder being lost. Wastewater flows from 

domestic consumers are estimated at 100 gallons per day (gpd) per person for 

purposes of treatment plant design. 

 

Delivery to
consumer Consumer use Wastewater

collection

Water supply
treatment

Wastewater
treatment

Source Discharge

Indirect Reuse through
the Environment

 
 

Figure 2-1 The water consumption cycle 

 

In addition to wastewater production by domestic consumers, there are 

two other major potential sources of wastewater flow—groundwater infiltration into 

sewers and rainfall inflow. The magnitude of the infiltration flow will depend 

primarily on soil type, groundwater levels, and the physical characteristics and age of 

the sewers. Groundwater infiltration may range from 1,000 to 40,000 gpd per mile of 

sewer. Common design practice is to allow for 30,000 gpd per mile for infiltration. 
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In communities where storm sewers and sanitary sewers are combined, 

the runoff from rainfall is directed into the combined sewer system, and swells the 

normal flow. The amount of inflow due to rain depends on the frequency, duration, 

and intensity of storms and the land area which is drained by the sewers. It has been 

reported that during heavy rains the storm flow rate may reach 100,000 gpd per mile 

of sewer. 

At the step following collection in the water use cycle, the wastewater 

is treated in a wastewater treatment facility to remove waste constituents and to 

destroy pathogens before it is discharged to the environment. In some instances, the 

effluent may be utilized for beneficial, nonconsumptive purposes; e.g., irrigation or 

recreational facilities. In a very few cases the effluent has been recycled directly. 

Most frequently, however, the effluent is discharged to a nearby stream and is reused 

indirectly by a downstream municipality as a water source. 

Various constituents in wastewater are potentially harmful to the 

environment and to human health. In the environment, the wastes may cause 

eutrophication of water bodies (i.e., accelerated filling and siltation due to an 

overabundance of nutrients), destruction of animal and plant life, and aesthetic 

degradation. The wastes also contain pathogenic bacteria and viruses, which, if not 

removed or inactivated, could adversely affect individual and community health. Thus, 

the treatment of wastewater has two purposes—to protect human health and preserve 

environmental quality. 

 

2.4.2 Wastewater Flow 

The flow of wastewater into a wastewater treatment plant reflects the 

pattern of water usage in the community and the hydraulic characteristics of the sewer 

system. A residential community typically demands water, and produces domestic 

wastewater at a high rate in the early morning and early evening. This diurnal flow 

averages about 100 gallons per capita day. Commercial districts produce wastewater 

at a fairly constant rate during their, hours of operation. Typical flow volumes for 

business establishments are displayed in table 2-1. Industrial wastewater flow and 

peak flow periods vary widely and are highly dependent on industry type and location. 
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The time of occurrence and magnitude of the peak flow at a 

wastewater treatment plant are also functions of the hydraulic characteristics of the 

sewer system. An extensive system will tend to delay the time of occurrence and 

mitigate the magnitude of the peak flow. It is becoming common, in current treatment 

plant design, to provide an equalization basin at the beginning of the treatment 

process to even out peak flows and reduce the effects of varying flows on treatment 

efficiency. For wastewater flows which are predominantly domestic wastewater at a 

high rate in the early morning and early evening. This which describes the maximum 

and minimum flows that occur as ratios to the average flow (see table 2-2). 

 

Table 2-1 Typical Commercial Wastewater Flows 
Establishment Unit Average Flow gpda/unit 

Shopping center Employee 60 

Small business Employee 20 

Restaurant Meal 7 

Airport Passenger 5 

Theater Seat 5 

Motel Person 50 

Hotel Person 100 

Factory Employee per shift 25 

Self service laundry Machine 350 

Bowling alley Alley 200 

Store 25 ft frontage 400 

Auto service stations Set of pumps 500 
a Gallons per capita day. 
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Table 2-2 Domestic Wastewater Flow as Ratios to the Average 
Description of Flow Ratio to the Average 

Maximum daily 2.25:1 

Maximum hourly 3:1 

Minimum daily 0.67:1 

Minimum hourly 0.33:1 

 

2.4.3 Composition of Wastewaters 

Pure water does not exist in nature because, as a universal solvent, 

water always carries other substances with it. Solid matter may be in solutions, 

emulsions, or as a separate layer. Gases may be present in solution or as bubbles in 

suspension. 

The nature of the materials in the water determines the relative quality 

of the water and the potential use which man can derive from it. Constituents which 

are undesirable, at least as far as man is concerned, may be labeled "pollutants." It 

should be noted that the term "polluted" is of necessity a relative description, since 

any constituent carried in water might be considered a pollutant if it is present in an 

excessive concentration. "Polluted" and "unpolluted" waters carry many of the same 

constituents, but in polluted water one or more exist in concentrations which are 

undesirable. Table 2-3 lists the nature and source of commonly occurring wastewater 

constituents. 

The parameters of water quality routinely used to indicate pollution are: 

suspended solids, biochemical oxygen demand, chemical oxygen demand, nitrogen, 

phosphorus, and bacteria. Table 2-4 presents the range of values of those constituents 

commonly contained in domestic wastewater. Also included are the values of these 

constituents, selected by EPA to represent typical domestic wastewater. A thorough 

discussion of these constituents, including standardized test procedures utilized in 

their measurement and their impact on water bodies, follows. 
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Table 2-3 Wastewater Constituents 
Parameter Source 

Physical  

Solids Carriage water3, domestic and industrial waste 

Temperature Domestic and industrial wastes 

Color Domestic and industrial wastes 

Odor Decomposing sewage, industrial wastes 

Chemical  

Organic  

Proteins Domestic and commercial wastes 

Carbohydrates Domestic and commercial wastes 

Fats & oils Domestic, commercial, and industrial waste 

Grease Domestic, commercial, and industrial waste' 

Surfactants Domestic and industry wastes 

Inorganic  

PH Industry waste 

Chlorides Carriage watera, domestic wastes, ground water inflow 

Alkalinity Domestic wastes, carriage water, ground water inflow 

Nitrogen Domestic and agricultural wastes 

Phosphorus Domestic and industry wastes, natural runoff 

Gases  

Carbon dioxide Carriage water, domestic and industry wastes 

Oxygen Carriage water, surface water inflow 

Hydrogen sulfide Decomposition of domestic wastes 

Methane Decomposition of domestic wastes 

Biological  

Bacteria Domestic wastes 

Viruses Domestic wastes 
a Carriage water refers to the domestic water supply. 
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Table 2-4 Concentrations of pollutants in domestic wastewater 
Pollutant Range (mg/1) Typical (mg/1) 

Suspended solids 100-350 230 

BOD5 100-200 200 

COD 250-1,000 350 

NH3-N 15-50 18 

Total N 20-85 30 

Phosphorus 6-20 13 

UOD 219-680 383 

 

2.4.3.1 Suspended Solids  

As commonly defined, the suspended solids content of 

wastewater is that matter which is carried in suspension as opposed to other solid 

matter in solution or colloidal dispersion. Together, the classifications of "suspended" 

and "filterable" describe the total solids content of wastewater. 

Analytically, the total solids content is that matter which 

remains as residue after evaporation of the wastewater at 103° or 105°C. Naturally, 

matter having a significant vapor pressure at these temperatures will evaporate and 

not be included in the total solids analysis. 

2.4.3.2 Oxygen Demanding Constituents 

Organic and inorganic solids in wastewater, particularly the 

filterable matter, may be metabolized by bacteria and other microorganisms which, 

under aerobic conditions, draw on the dissolved oxygen reservoir in the water for their 

metabolic processes. Dissolved oxygen consumed by microbial activity is replenished 

through the diffusion of oxygen from the air into the water. The total amount of 

oxygen which would be consumed if all the oxidizable matter were oxidized is 

referred to as the Theoretical Oxygen Demand. This demand can be calculated from 

the stoichiometry of the oxidation equation of the specific compounds in the 

wastewater. 

Various analytical procedures are available to measure the 

oxygen demand of a wastewater. The two major techniques currently utilized are the 

Biochemical Oxygen Demand (BOD) and the Chemical Oxygen Demand (COD). The 

former is a bioassay procedure, while the latter is a chemical digestion process. Both 
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have significant interpretations, though they cannot always be directly related to one 

another. 

2.4.3.3 Nitrogen 

Nitrogen in domestic wastewaters occurs primarily in the 

ammonia and organic nitrogen forms. Contributions from inorganic nitrogen forms 

(nitrite and nitrate nitrogen) are usually negligible. However, there may be a 

measurable concentration of inorganic nitrogen following biological treatment, when 

a portion of the ammonia nitrogen is oxidized by the microorganisms to inorganic 

nitrogen forms. Organic nitrogen normally exists in wastewater as proteins and 

nucleic acid components arising primarily from excreta and foodstuffs. Urea in urine 

and the biodegradation of organic nitrogen accounts for the presence of ammonia 

nitrogen in wastewater. 

Nitrogen in treatment plant effluents contributes to 

eutrophication problems. In addition, organic and ammonia nitrogen may be 

metabolized by bacteria causing an oxygen demand in the receiving water. Ammonia 

nitrogen also consumes chlorine during the chlorination process, thereby inhibiting 

disinfection. 

2.4.3.4 Phosphorus 

Phosphorus exists in wastewater as inorganic phosphate ions 

(P04
3-, HP04

2-, H2P04
- and polyphosphate polymers) and as organic phosphates. The 

orgamc phosphate is bound in organic molecules, such as RNA, DNA and nucleotides, 

while the inorganic phosphates exist as ions in solution. At normal wastewater pH 

(6.8-7.2), the predominant inorganic ions are HP04
2- and H2P04

-. 

The sources of phosphorus in wastewater are excreta, food 

wastes, and synthetic detergents. Over half the concentration of phosphorus in 

domestic wastewater is contributed by detergents, in which phosphates are used as 

“builders” to enhance detergent action. 

The importance of effluent phosphorus levels is their effect on 

eutrophication of the receiving waters. 

2.4.3.5 Bacteria and Viruses 

Bacteria and viruses are ubiquitous in nature, and domestic 

wastewater typically contains a large and diverse population of these microorganisms, 
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which originate primarily from fecal matter. Bacteria are a normal part of the flora of 

the intestines of warm blooded animals, and aid in the breakdown and assimilation of 

foodstuffs in the gut. It has been estimated that up to one fourth of the weight of fecal 

matter is bacteria cells. Viruses are not normal inhabitants of the gut but may be 

present through ingestion and replication. An individual may or may not excrete viral 

particles, depending on whether or not the individual has been recently infected. 

In addition to the normal nonpathogenic bacteria in the gut, 

pathogenic bacteria may be ingested, for which the gut is an ideal environment for 

growth and reproduction. They may produce clinical disease symptoms in the host, or 

may exist subclinically. Eventually they are excreted by the host into the wastewater. 

In a few cases they may be carried in the host permanently, although no disease 

symptoms are present, and constantly shed in the excreta. In a similar manner 

pathogenic and nonpathogenic viruses are ingested, may reproduce in the gut, may 

produce disease in the host, and are excreted. 

 

 

2.5 Information System 

 

2.5.1 Definitions 

The data for planning and project decision which is correct and 

suitable for practicing is the data presenting the valid problem and the variables 

involving in the problems. So, the data supporting the project will be the correct data 

which is updated and absolutely perfect. In any projects, it is crucial to use a mouth of 

data to get the reliable result. On the other hand, tons of the collected data make the 

searching procedure taking very long time. In this case, the project decision will be 

delayed and sometimes too late. Therefore, the data management is imperative to deal 

with tons of data to be convenient for finding something easily and quickly 

consequential to project decision efficiently and currently. Information technology is 

typically suitable for this project. Tons of data will be collected by using the 

“Information System” which computer is the adding tool to raise the efficiency in this 

system. 
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System is the thing that composes of many sub units related to each 

other and working together to achieve the objectives. 

Information is the data analyzed by using any related means and it is 

the knowledge applying for certain cases. Information is the product of analyzed data 

which describes some ideas to the receiver and also can take it to cooperate with some 

activities to rise the point of understanding. 

Information System is by sequencing the analyzed data to support the 

operation, management and decision in addition to following the user’s demand. 

 

2.5.2 Components of Information System 

Information System is a tool to manage the data product and 

conclusion. The outcome can be taken back to using in the routine activity including 

in planning and organized management. The Information System composes of 5 parts 

as follow:  

1) Computer Hardware 

2) Computer Software 

3) Data and Information collected in the database 

4) Procedures using in the Information System directly 

5) Personnel 

 

2.5.3 Development of Information System 

Information system development has a characteristic of cycles 

analogous to that of living organisms, called “System development life cycle: SDLC”, 

comprising 3 majors stages; of System analysis, System design, and Implementation, 

which can be divided into 7 phases, thus (9) 

1) Problem recognition 

2) Feasibility study 

3) Analysis 

4) Design 

5) Construction 

6) Conversion 

7) Maintenance 
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In the above system development life cycle, there are various methods 

of system development; each is different in details of procedures, of which the 

appropriateness depend on formats or system characteristics 

2.5.3.1 Problem recognition 

In this stage for study the problem of the old system. 

2.5.3.2 Feasibility study 

The feasibility study is used to determine if the project should 

get the go-ahead. If the project is to proceed, the feasibility study will produce a 

project plan and budget estimates for the future stages of development. 

2.5.3.3 Analysis  

Analysis gathers the requirements for the system. This stage 

includes a detailed study of the needs of the organization. Options for changing the 

process may be considered.  

2.5.3.4 Design 

Design focuses on high level design like, what programs are 

needed and how are they going to interact, low-level design (how the individual 

programs are going to work), interface design (what are the interfaces going to look 

like) and data design (what data will be required). During these phases, the software's 

overall structure is defined. Analysis and Design are very crucial in the whole 

development cycle. Any glitch in the design phase could be very expensive to solve in 

the later stage of the software development. Much care is taken during this phase. The 

logical system of the product is developed in this phase.  

2.5.3.5 Construction 

In this phase the designs are translated into code. Computer 

programs are written using a conventional programming language or an application 

generator. Programming tools like Compilers, Interpreters, Debuggers are used to 

generate the code. Different high level programming languages are used for coding. 

With respect to the type of application, the right programming language is chosen.  

2.5.3.6 Conversion 

In this phase the system is tested. Normally programs are 

written as a series of individual modules, these subject to separate and detailed test. 

The system is then tested as a whole. The separate modules are brought together and 
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tested as a complete system. The system is tested to ensure that interfaces between 

modules work (integration testing), the system works on the intended platform and 

with the expected volume of data (volume testing) and that the system does what the 

user requires (acceptance/beta testing).  

2.5.3.7 Maintenance 

Inevitably the system will need maintenance. Software will 

definitely undergo change once it is delivered to the customer. There are many 

reasons for the change. Change could happen because of some unexpected input 

values into the system. In addition, the changes in the system could directly affect the 

software operations. The software should be developed to accommodate changes that 

could happen during the post implementation period.  

 

 

2.6 Database Management System (DBMS) 

 

The DBMS consists of a collection of interrelated data and a collection of 

programs to access those data, which contains information on one particular enterprise. 

The primary goal of DBMS is to provide an environment for convenience and 

efficiency in retrieving and storing information (10). 

The advantages of DBMS are data redundancy and programming efforts are 

reduced, time response is short, data is independent, data structure can be easily 

changed, information is protected and the system supports multi-users (11). 

 

 

2.7 Relational Database 

 

Hawryszkiewycz (12) start that the definition of a “relation” was first derived 

from mathematical relation theory, which can be used to precisely define formal 

design criteria. Presentation of this theory has been simplified over time into a form 

that is acceptable to a wider community. Thus, the simplest way to define the relation 

is as a table with data values stored in table rows. 
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The basic structure for the relational model is a relation of data. The relation is 

a two-dimensional structure that contains data. As mention previously, the term 

“relation” is derived from the mathematical theory of sets, but it is not necessary with 

the fact that the data stored in the relation is related. The relation is an abstract 

concept that is implemented through tables. The tables are closest data structural tool 

to represent the relations that are available. In most cases, it is acceptable to use the 

terms “relation” and “table” interchangeable as tables are implementation forms of 

relations (13). 

 

 

2.8 Geo-Informatics 

 

The geo-informatics are included remote sensing (RS), geographic 

information system (GIS), and global positioning system (GPS), They are defined as 

multi-disciplinary science of geo-informatics to measure, record, process, analyze, 

represent, and visualize geo-spatial data (14). The geo-informatics are emphasized on 

3D application, data acquisition for digital elevation models (DEM), data processing 

and analyses, and 3D-image output. 

 

2.8.1 Remote sensing (RS) 

“Remote sensing” is the observation of the earth from distant vantage 

points, usually by/from satellites or aircraft. Cameras mounted on this platforms 

captured detailed pictures of the earth that reveal features not apparent to the naked 

eye. Once captured, the image is passed on to analysts who interpret the data, extract 

information, and use it to answer question. This information may be used to map 

forests, detect pollution, measure elevation, locate a diseased crop, and answer a 

variety of other questions (15). 

RS provides a viable source of data from which update land cover 

information can extracted efficiently and cheaply in order to inventory and monitoring 

these changes effectively. Thus, change detection has become a major application of 

remote sensed data because of repetitive coverage at short intervals and consistent 

image quality (16). 
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Despite the undoubted potential application of RS technique to study 

feature on earth, there are still limitation and practical problems encounter in their 

uses. The limitations of using satellite data at least six points are follows: (17) 

 

2.8.2 Geographic Information System (GIS) 

There are several definitions concerning with geographic information 

system (GIS), almost are focus upon perspective view such as its development and 

disciplinary, like; 

A geographic information system (GIS) is an information system that 

is designed to work with data referenced by spatial or geographic coordinates. In other 

words, a GIS is both a data base system with specific capabilities for spatially-

referenced data, as well as a set of operations for working with the data (18). 

GIS is a computer-assisted system that can input, retrieve, analyze and 

display geographically referenced information useful for decision making (19). 

 

2.8.3 Global Positioning System (GPS) 

Global positioning system or GPS is initiated under the Navigation 

satellites or NAVSTAR program, which consists of 24+ satellites. GPS uses the 

geometric principle of triangulation to determine location of earth surface. The 

distances are measured from satellites by means of radio signals with a very precise 

time scale. A minimum of three perfect distance measurements from satellites is 

theoretically required to determine an earth location in three dimensions. GPS is using 

for various field studies. It is being used to optimize logging operations, forest fire 

distribution areas, mapping habitats for a variety of animal species, and miniaturized 

for using in radio collars for tracking animal movements, limnology and 

oceanography, environmental quality, archeology and paleontology (15). 

 

2.8.4 Integrated Remote Sensing with GIS and GPS 

In general, imagery acquired by remote sensing has to be rectified or 

geo-referenced by finding identifiable, discrete points on an image, determining their 

ground coordinates from a map, and matching the image to those coordinates. GPS 

can provide precise coordinates for ground control points and has been used to geo-
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reference satellite imagery and aerial photography. GPS can solve the problem of the 

difficulty of identifying ground locations on a relatively featureless image using for 

training within the imagery classification processes. After being geo-referenced and 

classified, imagery can be converted into GIS usable format. Conversely, GIS data 

can provide background information or layer to support for more accuracy of imagery 

interpretation. The GIS data layer can be commonly superimposed to digital images. 

The differences among remote sensing, GIS and GPS will become less distinct, 

facilitating an ability to convey information from one to another (15). 

 

 

2.9 Study Area 

 

2.9.1 Location and Area Coverage 

Samet Island is a largest island of the Khao Laem Ya – Mu Ko Samet 

National Park. It covers the area of 5.10 km2 and is located about 6 kilometers from 

Ban Phe. Samet Island is famous for its fine and whitish beach. Sun Thon Phu, a 

legendary Thai Poet, refer to this beach as amazing crystal beach comparing the beach 

that as fine as crystal. Samet Island has taken its name from the local tree species 

commonly found on the island called Samet both white and red species that found on 

a swamp near Sai Kaeo Beach. There are many natural attractions on the island due to 

abundance of beautiful beaches and bays. 

 

2.9.2 Topography  

Ko Samet is made of mountains and hills such as Kra Jom mountain. 

The area in the east of the island is highly sloped while in the east is less sloped. 

Beaches lie continuously from bay to bay all around the island. The area in the middle 

of the island is hilly. People settle in the plain near the coast and most villagers live in 

the north and the east of the island. There are another three small islands at the 

southern tip of the island, Ko Chan (Moon Island), Ko San Chalam (shark fin island) 

and Hin Khao (White rock). 
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2.9.3 Climate  

Normally, cool and dry weather starts from mid October to February. 

Average temperature all year is 28oC. Minimum temperature in average is 20oC in 

December. Maximum temperature in average is 33oC in April. Average rainfall all 

year is 1,339 mm. Minimum average rainfall in December is 4 mm and maximum 

rainfall in September is 255 mm. Average relative humidity all year is 77%. During 

December to January average wind velocity is 5 knot and maximum wind velocity is 

50 knot. 

  

2.9.4 Flora and Fauna 

Plant distribution in Ko Samet varies depending on topography which 

can be classified as follow 

Dry Evergreen Forest which is majority of vegetation type can be 

found almost everywhere on island. Flora found here include Cansjera rheedei, 

Cleistanthus helferi, Memecylon cyaneum and Wrightia arborea etc.  

Beach Forest is home to some wild flora thrived on beach. Plant and 

tree species generally found here are dwarf, branched and has short twig and thick 

leave such as Thespesia populneoides, Streblus asper, Xylocarpus rumphii and 

Terminalia catappa etc.  

Wildlife From the survey wildlife can be classified as 

- Mammals: Mammal found here such as Tree shrew, Flying Fox, 

Crab-eating Macaque etc.  

- Birds: At least 118 bird species are recorded from the survey. 

Some species found here are Black-winged Stilt, Plover and Sandpiper etc.  

- Reptiles: The survey has confirmed at least 15 species such as 

Spiny-tailed House Gecko, Flat-tailed Gecko, Tockay, Butterfly Lizard etc.  

- Amphibians: There are only 4 species of amphibians confirmed 

such as Toad, House Tree Frog and Painted Bullfrog etc. 

- Coral reefs are the underwater equivalent to tropical rainforests 

in terms of species diversity, complexity and fragility. They support an intricate 

interdependent web of coastal ecology. In addition to their intrinsic value, coral reefs 
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and sea grass beds provide invaluable habitat for a multitude of organisms including 

some economically important species. Exploring this exquisite undersea world is easy 

to do without having adverse effects on the local environment. Wildlife includes 

monitor lizards, long tailed macaques and variable squirrels. 

 

2.9.5 Tourist attraction 

Klang Bay is in the north of the Samet Island and can be viewed from 

mainland at Ban Phe. The bay has 1 km of long white and sandy beach. It is an area 

for tourist boat parking. The famous Sai Kaeo Beach is located in north-eastern of the 

island about 300 metres from Samet village. It's a gorgeous beach in the park. Wai 

Bay, Kio Bay, Toei Bay, Thian Bay, Phai Bay and Phrao Bay, they are suitable sites 

for observing coral reef because the coral lies near the shore and every bay has 

beautiful beach especially Kio Bay. 

Wong Duean Bay is located in central area on the eastern side of the 

island. The shape of bay looks like crescent. It is a 500 meters long white and sandy 

beach, located 1.5 km from Sai Kaeo Beach. It takes no more than 20 minutes of 

walking time that would pass Phai Bay and Cho Bay to this peaceful Wong Duean 

Bay. 

The main attraction has traditionally been a series of sculpted coves on 

the east shore of Samet Island which offers a variety of privately run accommodation 

on splendidly scenic beaches. Numerous restaurants serve Thai, Chinese and 

Continental cuisine. There are many beaches and bays on this island eg. Sai Kaeo 

Beach, Phai Bay, Thapthim bay, Cho Bay, Wong Duean Bay, Thian Bay, Wai Bay, 

Kio Nok Bay, and Pakarang Bay. On the west coast, there are only two bays namly 

Phrao Bay and Kio Noi Bay.  
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2.10 Case Study Reviews 

 

Prasong Prateepermpong (20) has studied “Information system for tap water 

transmission and distribution planning within the area of metropolitan waterworks 

authority”. It has been developed in order to support and strengthen the operation 

activities at of both the practical and decision-making level, using MJ. Harden criteria 

and System Development Life Cycle theories. It can be classified into 3 phases, which 

include initiative development, program design development and evaluation. The 

program design is based on the process of Data Flow Diagram (DFDs) and E-R 

Model. The software used for information system development include ArcView GIS 

and Visual Basic. 

 

Wichid Pumchan (21) has studied “Potential site for sanitary landfill 

construction center of tambon municipality in Unbon Ratchathani”. He has divided 

into 3 steps, the primary step was a study of a potential area for a sanitary landfill 

using physical, biological and environmental factors, which were evaluated by using 

Geographic Information System, the secondary step was a study of a potential site for 

a sanitary landfills using network analysis to identify suitable transportation to the site 

of the landfill in each Tambon municipality, the final step was a study of the opinion 

of people toward the proposed landfill site using multiple random sampling and 

questionnaire technique. 

 

Chaiyasit Aranyasathat (22) has studied “An application of Geographic 

information system for solid waste collection system management: a case study of 

Laksi district, Bangkok”. He has survey the collecting route of solid waste vehicles in 

the main purpose. It is the analysis of routing network in the means to find the 

appropriate route and mini transfer station to safe the performing cost on solid waste 

collecting management and also covered to all liability area as the same by using the 

Geographic Information System to adapted into the understandable database and 

convenient to improve and applied in the future. The tool for this study is the Arcview 

network analyst by using the Find Best Route function. 
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Krisada Tongudom (23) has studied “Applicaton of geographic information 

system for solid waste collection routing: a case study of prachathipat municipality, 

Pathumthani province”, in order to propose data analyzing techniques for waste 

collection routing, and to develop an application program to determine waste 

collection routing based on equal amount of waste for each truck and the shortest path 

for each truck. Application program was developed by ArcView GIS and Avenue 

script. This software was used to create GIS database and graphic user interface (GUI). 

 

Nantinna Tananpang (24) has studied “Information system for solid waste 

collection management in Salaya municipality, Phuttamonthon, Nakhonpathom 

province, Thailand, and to study and compile data from the solid waste collection 

routing system operating in Salaya municipality by using a Geographic Information 

System (GIS). Visual basic 6.0 was used for information development and 

information system quality development and work was based on comments and 

suggestions from academics and government officials from the field of waste 

management, and randomly selected user’s assessment results. The implemented and 

developed information system was well accepted and could be applicable in solid 

waste collection management. 

 

Sumalee pawasuttipaisit (25) has developed “Information system to support 

the ecotourism activities of Khao Chamao – Khao Wong national park”. The 

information system is divided into 2 main parts; first is tourist information and second 

is baseline information. Microsoft Access was used to design the database. The user 

interface was designed to be easy to use. The ArcView program was used to represent 

most of the baseline information includes physical, biological and other similar 

information. The system was designed to support 2 groups of users; tourists and 

national park staff. Staff can utilize both parts of the system in order to edit, improve 

and analyse data to support the further management of the park. 
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Navarat Kewmart (26) researched the topic of “Applying the Geographic 

Information for development plan the tourist places in near shore in Chantaburi 

province”. She used PAMAP to collect and analyzed the data to evaluate the quality 

area to preserve and develop the tourist convenience and conserve tourist. Showing 

the result in map and takes the result to be the guide line for tourist management. 

 

Prisana Mutchima (27) has applied Geographic Information System (GIS) in 

determination of potential areas for ecotourism development and to propose 

ecotourism development guidelines in Koh Kred (Kred Island), Nonthaburi by using 

ArcView GIS Version 3.1. Potential Surface Analysis (PSA) and Linear Combination 

Method is used in the study to evaluate the potential of tourist facilities in the areas 

and the potential of ecotourism areas as well as to determine potential areas for 

ecotourism development. In the potential evaluation of tourist facilities areas, various 

factors were studied including port, road/path, canal, public telephone, and 

institutional land are considered according to the importance of each factor, divided 

into 2 cases: 50 m. and 100 m. 

 

Piyasuda Tanlert (28) has studied “Information System for Point Source 

Wastewater Management in Changwat Phathumthani” that is efficient operation of 

this information system to introduce data input, storage and data output of the point 

source. This Information system was developed for standard design by gathering data 

that include point source ad quality of wastewater from pollution source in Changwat 

Phathumthani, an area suffering from a great deal of pollution due to lot of pollution 

source from agriculture, industry and communities. System development, database 

development, and system design are the tools for developing the information system. 

This system consists of many data such as data from agriculture, industry, and 

community pollution sources, data of wastewater quality, and data of wastewater 

quality standards. This information system was managed and designed by the 

relational database using Microsoft Access 97 under the windows operation system 

and using Visual Basic 6.0 for developing this application and creating user-interface 

that users can input, edit and enquire data more efficiently. 
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Kasama Poungsuwan (29) has developed an information system for water 

quality management is to strengthen and improve upon the existing information 

system in order to support the water quality management activities. The operations 

include improving the efficiency of data input, storage, analysis and developing a 

database management system concerned with suitable water quality management. A 

geographic information system was utilized and integrated with the system to present 

water quality information in a way suitable for the information system users. The 

study included the development of a relational database using Microsoft Access 97 

under the Windows operating system. The program also utilized PC Arc/Info and 

Arcview 3.0a for the GIS operation. 

 

Kamol Sinsuantaeng (30) has established and applied an academic electronic 

journal system by using the methods of Structural Analysis and Design (SAD) and 

System Development Life Cycle (SDLC) were utilized for system establishment. The 

system was evaluated by an expert on system analysis. In addition, an interview using 

a questionnaire was provided to evaluate the suitability of the system and the user 

interface. 
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CHAPTER  III 

MATERIALS AND METHODS 
 

 

3.1 Materials 

 

Hardware and Software utilized in this study are as the following: 

Hardware: 

1. Personal computer with a specification of Intel Pentium 4 

Processor 2.4 GHz., 512 MB. DDR-RAM, 80 GB. Hard disk 

2. Compass 

3. Digital Camera 

4. Global Position System Receiver 

5. Printer 

6. Scanner 

Software: 

1. Microsoft Window XP Professional 

2. ArcView 3.2, ArcGIS 8.3 

3. ERDAS-Imagine 8.3 

4. Microsoft SQL Server 2000 

5. Microsoft Visual Basic .Net 

6. Microsoft Office XP 

 Questionnaires:  

The questionnaires for user evaluation. 
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3.2 Data sources  

 

The main data sources are aerial photo and LANDSAT satellite images which 

are the main basis of this study. Table 3-1 showed the data attribute and accessing 

period. 

 

Table 3-1 Various data sources for the study 

Raster Image 

Data Scale Date Source 

Aerial Photo 1 : 4,000 2002 LDD* 

Topographic Map series L7017, map sheet 5334 III 1 : 50,000 1969 RTSD** 

Data Path/Row Bands Resolution Date Source 

Landsat-5 TM 128/051 1-5 25 m 8 Jan 1990 GISTDA*** 

Landsat-7 ETM 128/051 1-5 25 m 30 Nov 2001 GISTDA*** 

Vector Data 

Data Type Scale Date Source 

Administrative Boundary Polygon 1 : 50,000 1996 DOPA**** 

Land use Arc, Point 1 : 50,000 1996 DEQP***** 
* Land Development Department 
**  Royal Thai Survey Department 
*** Geo-Informatics and Space Technology Development Agency (Public Organization) 
**** Department of Provincial Administration 
***** Department of Environmental Quality Promotion 
 

 

3.3 Research’s Procedure 

 

The researcher applied the method of Penny A. Kendall: Structured analysis 

and design, for the proper procession in this study, Geo-Information for sustainable 

tourism development case study of domestic waste management at Ko Samet, Rayong 

province, the process of this study is separated into 3 steps including 

1. Pre-processing 

2. Data collection and field trip 

3. System development 
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System development used SDLC method 

Feasibility study 

System analysis 

System design 

System evaluation 

System construction 

System installation 

Pre-processing 

Problem recognition 

Data collection and field trip 

 
Figure 3-1 Research’s procedure 
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3.3.1 Pre-processing 

 

3.3.1.1 Literature review 

Review and define knowledge base concerning sustainable 

tourism, domestic waste management, application of geo-informatics and database 

management for the understanding to create the approach in the domestic waste 

managements. 

 

3.3.1.2 Interpret satellite image 

3.3.1.2.1 Pre-Processing 

This study was used satellite images LANDSAT-5 

TM, LANDSAT-7 ETM. The quality was approved by Histogram Analysis. They 

were prepared by radiometric correction, atmosphere correction, and geometric 

correction for strip or noise reducing and geometric position acquisition. In general, 

radiometric correction and atmosphere correction were already processed by source of 

image (GISTDA). In the geometric correction of the study, the co-register by image-

to-image method was utilized. Map projection was Universal Transverse Mercator 

(UTM) zone 47, Everest spheroid and Indian 1975 datum. Then, the study area was 

subset from the mosaic image. 

3.3.1.2.2 Image Enhancement 

Image enchantment was an addition process of 

image contrast for easier interpretation. The enchantment of this study was false color 

composite band 4-5-3 (R-G-B) and contrast stretching.  

3.3.1.2.3 Nomenclature 

Nomenclature was determination of image 

classification frame. The nomenclature of this study was referencing from Land Cover 

Classification System of Land Development in 1999. 

3.3.1.2.4 Identification of training area 

Training areas for image classification were samples 

by ground survey that was accidental sampling along the main roads. Each land use 

patterns had training area not least 3 areas. 
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3.3.1.2.5 Image Classification 

To classify satellite image was using Hybrid 

Classification method as described below:  

Computer interpretation approach of this study 

including unsupervised classification was using ISODATA Clustering Algorithm 

technique. The result was generated cluster of differentiation that cover main land use 

pattern in study area. And then supervised classification was using Maximum 

Likelihood to classify 5 land use patterns. 

Previous classifications were using only digital 

number (DN) with statistic analysis for classifying group of data (land use pattern). 

Thus visual interpretation can help classify land use pattern for correcting the result. 

3.3.1.2.6 Post Classification 

Post classification is the last step of image 

classification. For correcting the result of classification using image filtering to 

eliminate small areas were misinterpreted by computer that made data continuously 

completed. 

 

3.3.1.3 Interpret aerial photograph 

This study was used aerial photograph from Land Development 

Department. In the geometric correction of the study, the co-register by image-to-

image method was utilized. Map projection was Universal Transverse Mercator 

(UTM) zone 47, Everest spheroid and Indian 1975 datum. 

Image enchantment was an addition process of image contrast 

for easier interpretation. 

 

3.3.1.4 Classification Accuracy 

Classification Accuracy was calculated by confusion matrix 

accuracy method. That was comparing classification result with ground truth. Number 

of check point was calculated by binomial probability theory (Clark University, 2003) 

then correcting accuracy was not least than 80%.  
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 When N = Least number of checkpoint 

  Z = the standard score required for the desired level of 

confidence (e.g., 1.96 for 95% confidence, 2.58 for 

99%, etc.) in the assessment 

  p = Accuracy probability of pixel 

  q~ = 100- p 

  E = Acceptable error in percent 

 

3.3.2 Data collection and field trip 

Data collection and field trip is to develop a through understanding of 

the landscape components and ecological of major existing open spaces of Ko Samet 

in order to develop and fulfill an appropriate database in supporting waste 

management at Ko Samet, Rayong Province. 

It is important to know the landscape components beyond the actual 

boundaries of the study area such as geology, geomorphology, soils, hydrology, 

vegetation and land cover, and historic and cultural sites. Open spaces are produced 

by either natural processes or human activities and are parts of the landscape 

components. They are composed of physical, biological, socio-cultural, and aesthetic 

features. 

The tools used in this stage are visual image interpretation of the aerial 

photograph and satellite image (from stage 3.3.1.2) and GPS to recheck data and 

collect the detail of resources in study area. These are geomorphic features, water 

resources, ecological habitats, cultural sites, recreation areas, education and 

institutions, town infrastructures, and scenic spots/areas. Each category can be 

subdivided into its characteristic elements shown in Table 3-2. The relationships 

among landscape elements are complex and multivariate, so these elements may be 

more than one category. Then, input these data into the Geographic Information 

System (GIS). These may be in the form of maps (spatial data) and attribute data. 
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Table 3-2 Classification of resources in study area 
Components Categories Elements 

Physical features Geomorphic features Beach sand, beach ridge active tidal flat, 

former tidal flat, recent fold plain, natural 

levee, semi recent terrace, karst features 

(mountains including caves) 

 Water resources Rivers, perennial streams, intermittent streams, 

irrigation canals, reservoir 

Biological features Ecological habitats Forest/major woodlands 

Socio-Culture features Cultural sites Natural/cultural heritage, temples, agricultural 

lands, urban and community areas, public 

utilization 

 Recreation areas Parks, stadiums, beach sand, other land and 

water areas with the potential for providing 

significant recreational use for the public 

 Education and institutions Schools, public organization 

 Town infrastructure Streets, local streets, trails  

Aesthetic features Scenic spots/areas Major scenic spots to see panoramic view, 

major scenic areas that provide positive scenic 

quality 

 

3.3.3 System development 

 

3.3.3.1 Problem recognition 

In this stage the researcher is study the problems of the 

domestic waste in the environment and the resources field, a following. 

1. Study the problem, define the reason of the domestic 

waste and result of problem. 

2. Interview about the work of the domestic waste 

management and the way to obtain, storage, distribution the related information. 

3. Asking the specialists who are Chief of Khao Laem Ya 

- Mu Ko Samet National Park, about the method of the classification the information, 

the articles, and the research together with the problems of this. 

4. Setting the problem and the cause of problem involve 

the geo-information system which support these problems. 
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5. Scope the competent of the system from the problems 

and the solution ways. 

6. Set the Context diagram to scope the information 

system which shown the relation between the system information and the related 

organizations. 

7. Specify user, who use the system. 

 

3.3.3.2 Feasibility study 

The former system is identified the suitable for support the new 

system as, 

1. Asking the officers in the computer department about 

the computer system at the Khao Laem Ya - Mu Ko Samet National Park in these 

issues 

- Computer devises: in the efficiency 

- Software: the operation and the system management 

2. Analyze the ways of the developing geo-information 

system to consider the support system of Ko Samet’s computer at the present. 

 

3.3.3.3 System analysis 

Study and analyze the information system which related the 

knowledge of the domestic waste managements. 

1. Study the documentary, information, articles, and the 

related information system. 

2. Setting the Logical data flow diagram to show the result 

from the process. 

3. Setting the Physical data flow diagram to show the 

structure of the input data, the storage, and the distribution. 

4. Setting the Data dictionary to explain the detail of the 

system. 

5. Interview the specialist about the management of the 

domestic by using the question in the questionnaires. 
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6. Setting the System specification to explain the need of 

system. 

 

3.3.3.4 System design 

In this stage, the researcher has set up the system by asking the 

users to find the real information for setting the System specification. 

1. Setting the E-R diagram to show the information 

structure by considering the need and the condition of the system then set the 

Normalization to the table format and set the Data dictionary for the explanations. 

2. Setting the Logical data flow diagram to support the 

data in the environment and the resources field. 

3. Setting the model of the screens in part of the User 

interfaces. 

4. Testing the model by the specialist in the field of the 

environment and the resources. After that record the problems and back to improve 

the model. 

5. Setting the Physical data flow diagram to showing the 

detail of each stage. 

 

3.3.3.5 System Construction  

1. Setting the relational database by using the DBMS 

which transforms the Normalization. 

2. Writing the program from the Logical data flow 

diagram by using the specific program supporting the developing geo-information 

system. 

3. Testing the program by making the example 

information to testing and fixing the mistakes. 

 

3.3.3.6 Installing 

This stage is the process to setting the program at Khao Laem 

Ya – Mu Ko Samet National Park.  
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3.3.3.7 System Evaluation  

1. Evaluate the geo-information system by the developing 

system expert. 

2. Evaluate the geo-information system by chief of Khao 

Laem Ya - Mu Ko Samet National Park. 
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CHAPTER  IV  

RESULT AND DISCUSSION 
 

 

The result of this study can be defined into 3 parts as following. 

  

1. Land Use / Land Cover Classification 

2. Database Management 

3. System Development 

 

 

4.1 Land Use / Land Cover Classification 

 

 LANDSAT-5 TM (in 2005), LANDSAT-7 ETM (in 2001) and aerial 

photograph (in 2002) were used to identify land use / land cover of Ko Samet. It could 

be classified into 5 classes as forest area 4.18 km2, urban and communities area 0.34 

km2, opened area 0.47 km2, beach area 0.08 km2, and water bodies 0.03 km2 (as 

shown in Table 4-1 and Figure 4-1). The accuracy for interpretation, manipulated by 

confusion matrix was 89 % (as shown in Appendix B).  

 

Table 4-1 Land use / land cover area of Ko Samet 
Land Use / Land Cover Area (km2) Percent 

Beach 0.08 1.64 

Forest  4.18 81.89 

Opened area 0.47 9.15 

Urban and communities 0.34 6.73 

Water bodies 0.03 0.59 

Total 5.10 100 
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Figure 4-1 Land use classification of Ko Samet 
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4.2 Database Management 

 

The dataset in this study was included spatial and non-spatial format, which 

gathered by primary and secondary approaches. It was set up to possibly identify the 

location into geo-referenced format (as shown in Table 4-2 and Figure 4-1 to 4-8). 

Table 4-2 Spatial data catalogue of Information system for waste management 
Theme Description Feature Type Scale Date Source 

Administrative Province Polygon 1:50,000 2004 DOPA* 

 District Polygon 1:50,000 2004 DOPA* 

 Sub district Polygon 1:50,000 2004 DOPA* 

 Village Point 1:50,000 1989-93 RTSD** 

Meteorology Weather Point - 1967-97 TMD*** 

Topography Slope Polygon - 1990-96 RTSD** 

 Contour Arc, Point 1:50,000 1990-96 RTSD** 

 Aspect Polygon - 1990-96 RTSD** 

 Elevation Polygon - 1990-96 RTSD** 

Water Aquifer Polygon 1:500,000 1975 DMR**** 

 Basin Polygon 1:250,000 1991 RID***** 

 Watershed 

classification 

Polygon 1:50,000 1981-82 RID***** 

 Water body Polygon 1:50,000 1990-96 Collected 

Geology Geology Polygon 1:250,000 1984 DMR**** 

Soil Soil Polygon 1:100,000 1991 LDD****** 

Forest National Park Polygon 1:50,000 1981 DNP******* 

Land use Land use Polygon 1:50,000 2005 Collected 

Cultural Environment Heritage Point 1:50,000 2005 Collected 

Infrastructure Hotel Point 1:50,000 2005 Collected 

 Restaurant Point 1:50,000 2005 Collected 

 Road Arc, Point 1:50,000 2005 Collected 

Coastal Resources Island Polygon 1:50,000 2004 DOPA* 

 Port Point 1:50,000 2005 Collected 

 * Department of Provincial Administration 
 ** Royal Thai Survey Department 
 *** The Meteorological Department  
 **** The Department of Mineral Resources  
 ***** Royal Irrigation Department 
 ****** Land Development Department 
 ******* National Park, Wildlife and Plant Conservation Department. 
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Figure 4-2 Village of Ko Samet 
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Figure 4-3 Elevation of Ko Samet 
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Figure 4-4 Aquifer of Ko Samet 
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Figure 4-5 Watershed Classification of Ko Samet 
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Figure 4-6 Soil of Ko Samet 
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Figure 4-7 Infrastructure of Ko Samet 
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Figure 4-8 Road of Ko Samet 
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4.3 System Development 

 

The system development life cycle (SDLC) was applied to use in this study. 

The outputs are as follow. 

 

4.3.1 Problem Recognition and Feasibility Study 

 

Based on documentation gathering and indepth interview through 

Chief of Khao Laem Ya – Mu Ko Samet National Park, it was found that major 

problem of the area was the large number of tourist. They were also caused the large 

amount of waste, both solid and water. Unfortunately, most of the data concerning 

solid and water waste were not systematically recorded by the national park or even 

by local administration. Besides, they did not have the computer system to assist for 

this matter. 

The output of feasibility study was clarified that the computer system 

introduced to use for system initiative are included as table 4-3 

 

Table 4-3 Hardware and software for Information system for waste management 

Hardware/Software Estimated cost (Baht) 

Computer Processor 3.0 GHz Intel Pentium IV Processor 26,500 

 RAM 510 MB SDRAM  

 Storage Hard disk 80 GB SCSI 7,200 rpm  

Operating System Microsoft Windows XP 6,200 

DBMS Microsoft SQL Server 2000 75,000 

GIS ArcGIS 9.1 100,000 

Total  207,700 

 
 
The system should be installed under the responsibility of Khao Laem 

Ya – Mu Ko Samet National Park for implementation and monitoring aspect.  
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4.3.2 System Analysis 

 

The database design can be described in terms of context diagram and 

data flow diagram as following. 

Context diagram: The system was consisted of the basic data of Ko 

Samet, level of carrying capacity, and domestic waste section, as shown in Figure 4-9. 

 

 
 

Figure 4-9 Context Diagram 
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Data flow diagram: The system linkage and operation were clarified 

into 2 levels. The first level was to identify the data linkage and manipulation of the 

whole system, as shown in Figure 4-10. Meanwhile, the second level was divided into 

2 parts including log in process, as shown in Figure 4-11, and data management 

process, as shown in Figure 4-12. 
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Figure 4-10 Data flow diagram level 1 
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Figure 4-11 Data flow diagram level 2 (log in process)  
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Figure 4-12 Data flow diagram level 2 (data management process) 
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4.3.3 System Design 

 

The data flow diagram was utilized to design the database structure in 

order to identify the relationship among the data. The ER-Diagram was then be 

clarified as shown in Figure 4-13. 

 

 
Figure 4-13 The E-R Diagram manipulated from flow diagram 

 

4.3.4 System Development 

 

The database management system operation was manipulated by 

Microsoft SQL Server 2000. The visual basic was then provided within the user 

interface procedure including system log in, data query, data storage, data 

transformation, data analysis, and data edition.  

- The system log in section was designed to possibly access by 

using username and password, as shown in Figure 4-14.  
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Figure 4-14 System login using username and password 

   

- The data query section was provided to represent the output 

from the database in both non-spatial (descriptive), as shown in Figure 4-16, 4-17 and 

spatial data format, as shown in Figure 4-15. For spatial characteristic, the data was 

transformed into shapefile format which appropriated for data presentation using GIS 

program 

 
Figure 4-15 Spatial data representation 
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Figure 4-16 Data presentation in descriptive format 

 

  
Figure 4-17 Data presentation in descriptive format 
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- The data edit section was included adding and deleting function 

to support for updating data in the next future, as shown in Figure 4-18. 

 

 
    Figure 4-18 Data edit section. 

 

- The data analysis section was provided to support for waste 

manipulation approach, as shown in Figure 4-19. The data can be easily updated and 

waste disposal analysis would then be automatically processed.  

  
Figure 4-19 Waste manipulation section 
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The solid waste disposal was analyzed using the following formula. 

 

V = N x W / D x (1+S) 

 

Where V = landfill volume (m3) 

 N = landfill usage duration (year) 

 W = weight of expected dumping waste (ton/year) 

 D = density of compacted waste (t/m3) (e.g. 0.55) 

 S = Rate for volume of cover soil (%) (e.g. 0.2) 

 

The area required for solid waste management was manipulated using 

the following formula.  

 

A = V / H / k 

 

Where A = required area (m2) 

 V = landfill volume (m3) 

 H = landfill depth (m) 

 k = landfill efficiency (%)  (e.g. 60 %) 

 

 

4.3.5 System evaluation  

 

The system was evaluated into 3 parts, including operation staff level, 

decision level, and system development expert.  

The evaluation’s result is gained by questionnaires completed by the 

officers who test the systems plan a role concerning with an operation of data system. 

I have concluded and analyzed the information based on means of the data in each 

question, which divides the evaluation into 5 levels: most sufficient much, moderate, 

less and least (as see the questionnaires and result on Appendix C). 
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The result is; for the operating users, the simplicity and the 

convenience in the adjustment changing the data and the speed of a query are in the 

satisfaction moderately level. The completion and the accuracy are in the final less 

sufficient level. For the administrators, the applied programs are considered to be 

beneficial for the authorities and should be used in the authorities in most sufficient 

level. As for the System Developers, the simplicity and convenience are in the most 

level. Coming next are the convenience and the speed of adjusting the data in 

moderately level. 
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CHAPTER  V 

CONCLUSION AND RECOMMENDATIONS 
 

 

5.1 Conclusion 

 

The information system for waste management in Ko Samet was established 

using the application of geo-informatics and database management system. The 

process of System Development Life Cycle (SDLC) was introduced for appropriate 

design and development of the information system.  

The main purpose of this information system is to assist the users, both 

practical and decision level to get the better understanding of the whole picture of 

waste which occurred in Ko Samet area. The system is consisted of spatial and 

descriptive data which clearly defined to support for waste management and planning. 

The data could be easily updated to cope with the existing situation. Thus, the analysis 

and manipulation would be accurated and then strengthened for the suitable decision 

making.     

The system design and development are divided into 3 stages. The first stage is 

to gather an existing concerned data and clarify working system structure in order to 

identify important and needs of an information system to support for the practical 

operations. The data flow diagram and conceptual design are defined the framework 

of system procedure. The next stage is to develop the application program that suitable 

for system operation. The geo-informatics programs including ArcGIS and ERDAS 

Imagine are decided to use for spatial data manipulation. Meanwhile, the database 

program, including SQL and Visual Basic are used for descriptive data and system 

manipulation. The system is also provided the relational database and user interface 

section which supported the more convenient operation for users although they have 

not much background in geo-informatics and database management. The final stage is 

system installation and evaluation. 
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Based upon the system evaluation process, it could be divided into 3 parts as 

user interface section, database section and operating section. It was found that most 

of users were satisfied for format and operation of the system which easy utilizing and 

understanding. However, the completion of data was still important and needed to be 

improved. Hence, the information system for waste management in Ko Samet was not 

yet used in complete scale in planning and management. The advantage and 

disadvantage of the system could be concluded as follow. 

Advantage of the system: 

- Data adding section was easy and convenient. 

- Data query was easy for searching and editing. 

- An output was suited for utilization. 

- System structure was appropriated. 

- Database was efficiented to support for huge data file. 

Disadvantage of the system: 

- Could be used only with Microsoft Windows operation 

- Working function was not completed. 

- System was not attractive to use. 

- Data was not sufficient and updated for accurated manipulation. 

- Program was still not fully automatic to use. 

 

 

5.2 Recommendations 

 

The recommendations can be divided into 2 main issues as following. 

 

5.2.1 Recommendation within the information system for waste 

management 

 

5.2.1.1 The system should be design to suit for various data format 

which could be decreased an error which might be occurred within the conversion 

process. Besides, it would be supported for more efficiently in data manipulation. 
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5.2.1.2 The system should be provided the section which possibly 

interfaces with other concerned model especially waste management model. 

5.2.1.3 The other concerned factors in waste management, for instance, 

seasonal and socio-economic should be considered for better manipulation. 

5.2.1.4 Data input should be verified and updated. 

5.2.1.5 The manipulation process should be improved into fully 

automatic aspect. Besides, the system needs to propose into the level of expert system. 

5.2.1.6 The system should be provided and developed through an 

internet network operation for wider utilization. 

5.2.1.7 The resolution for spatial data should be provided within the 

scale of 1 : 4,000  

 

5.2.2 Recommendation within Hardware and Software  

 

5.2.2.1 The spatial system was developed using desktop GIS which 

powerful in presentation approach but still limited in database capability. Since waste 

management system was complex and needed to utilize large amount of data, the other 

appropriate database management program such as Oracle or Informix should be 

provided and applied. 

5.2.2.2 The system should be developed in opened sources approach 

which avoids the problem in copy right aspect.  

5.2.2.3  The system should be installed in computer hardware with at 

least CPU Pentium 350 MHz. 
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APPENDIX  A 

DATA DICTIONARY 
 

 

1. ขอมูลบุคคลเขาใชงานระบบ ตาราง Usamet ซึ่งมีโครงสรางฐานขอมูลดังนี้ 

Key ชื่อ ชนิด ขนาด คําอธิบาย 
Primary key uName char 10 รหัสสถานที่ทองเที่ยว 

 pWord char 10 รหัสที่พัก 
 
2. ขอมูลสถานที่ทองเที่ยว ตาราง Recreation ซึ่งมีโครงสรางฐานขอมูลดังนี้ 

Key ชื่อ ชนิด ขนาด คําอธิบาย 
Primary key recId smallInt 2 รหัสสถานที่ทองเที่ยว 

 recName char 100 ช่ือสถานที่ทองเที่ยว 
 xcoor numeric 9 พิกัดแกน x 
 ycoor numeric 9 พิกัดแกน y 

 
3. ขอมูลที่พัก ตาราง Hotel ซึ่งมีโครงสรางฐานขอมูลดังนี้ 

Key ชื่อ ชนิด ขนาด คําอธิบาย 
Primary key recId smallInt 2 รหัสสถานที่ทองเที่ยว 
Primary key hotelId Int 4 รหัสที่พัก 

 hotelName char 100 ช่ือที่พัก 
 noBedroom numeric 9 จํานวนหองนอน 
 noBed numeric 9 จํานวนเตียงนอน 
 noToilet numeric 9 จํานวนหองน้ํา 
 noPeople numeric 9 จํานวนรองรับคนพักมากที่สุด 
 noTourist numeric 9 จํานวนคนที่เขามาพัก 
 xcoor numeric 9 พิกัดแกน x 
 ycoor numeric 9 พิกัดแกน y 
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4. ขอมูลอาคารอเนกประสงค ตาราง Hotel ซึ่งมีโครงสรางฐานขอมูลดังนี้ 
Key ชื่อ ชนิด ขนาด คําอธิบาย 

Primary key recId smallInt 2 รหัสสถานที่ทองเที่ยว 
Primary key multiId Int 4 รหัสอาคารอเนกประสงค 

 multiName char 100 ช่ืออาคารอเนกประสงค 
 noPeople numeric 9 จํานวนรองรับคนใชงานมากที่สุด 
 noTourist numeric 9 จํานวนคนที่เขามาใชงาน 
 xcoor numeric 9 พิกัดแกน x 
 ycoor numeric 9 พิกัดแกน y 

 
5. ขอมูลทุนจอดเรือ ตาราง Pontoon ซึ่งมีโครงสรางฐานขอมูลดังนี้ 

Key ชื่อ ชนิด ขนาด คําอธิบาย 
Primary key recId smallInt 2 รหัสสถานที่ทองเที่ยว 
Primary key ptoonId Int 4 รหัสทุนจอดเรือ 

 ptoonName char 100 ช่ือทุนจอดเรือ 
 noBoat numeric 9 จํานวนเรือ 
 noPeople numeric 9 จํานวนรองรับคนใชงานมากที่สุด 
 noTourist numeric 9 จํานวนคนที่เขามาใชงาน 
 xcoor numeric 9 พิกัดแกน x 
 ycoor numeric 9 พิกัดแกน y 

 
6. ขอมูลรานอาหาร ตาราง Restaurant ซึ่งมีโครงสรางฐานขอมูลดังนี้ 

Key ชื่อ ชนิด ขนาด คําอธิบาย 
Primary key recId smallInt 2 รหัสสถานที่ทองเที่ยว 
Primary key restId Int 4 รหัสรานอาหาร 

 restName char 100 ช่ือรานอาหาร 
 noChair numeric 9 จํานวนเกาอี้ 
 noPeople numeric 9 จํานวนรองรับคนใชงานมากที่สุด 
 noTourist numeric 9 จํานวนคนที่เขามาใชงาน 
 xcoor numeric 9 พิกัดแกน x 
 ycoor numeric 9 พิกัดแกน y 
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7. ขอมูลทาเรือ ตาราง Port ซึ่งมีโครงสรางฐานขอมูลดังนี้ 

Key ชื่อ ชนิด ขนาด คําอธิบาย 
Primary key recId smallInt 2 รหัสสถานที่ทองเที่ยว 
Primary key portId Int 4 รหัสทาเรือ 

 portName char 100 ช่ือทาเรือ 
 noBoat numeric 9 จํานวนเรือ 
 noChair numeric 9 จํานวนเกาอี้ 
 noSpace numeric 9 พ้ืนที่วาง 
 noPeople numeric 9 จํานวนรองรับคนใชงานมากที่สุด 
 noTourist numeric 9 จํานวนคนที่เขามาใชงาน 
 xcoor numeric 9 พิกัดแกน x 
 ycoor numeric 9 พิกัดแกน y 

 
8. ขอมูลหองน้ํา ตาราง Toilet ซึ่งมีโครงสรางฐานขอมูลดังนี้ 

Key ชื่อ ชนิด ขนาด คําอธิบาย 
Primary key recId smallInt 2 รหัสสถานที่ทองเที่ยว 
Primary key toiletId Int 4 รหัสหองน้ํา 

 toiletName char 100 ช่ือหองน้ํา 
 noToilet numeric 9 จํานวนหองน้ํา 
 noPeople numeric 9 จํานวนรองรับคนใชงานมากที่สุด 
 noTourist numeric 9 จํานวนคนที่เขามาใชงาน 
 xcoor numeric 9 พิกัดแกน x 
 ycoor numeric 9 พิกัดแกน y 

 

9. ขอมูลประชาชนในพื้นที่ ตาราง Family ซึ่งมีโครงสรางฐานขอมูลดังนี้ 

Key ชื่อ ชนิด ขนาด คําอธิบาย 
Primary key familyId smallInt 2 รหัสที่อยูอาศัย 

 familyName char 100 ช่ือที่อยูอาศัย 
 noBedroom numeric 9 จํานวนหองน้ํา 
 noBed numeric 9 จํานวนเตียง 
 noToilet numeric 9 จํานวนหองน้ํา 
 noPeople numeric 9 จํานวนคนอาศัย 
 xcoor numeric 9 พิกัดแกน x 
 ycoor numeric 9 พิกัดแกน y 
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Province, District and Tambon Boundaries 
 

 
Coverage Name: POLBNDRY 

Feature Class: Polygon, Arc 
Data Source: RTSD 1:50,000 Topo Maps 

1:50,000 NSO maps 
NRD2C Coding Scheme 

 

POLBNDRY.PAT 

 AREA PERIMETER POLBNDRY# POLBNDRY-ID TAMBON_IDN AMPHOE_IDN PROV_CODE 

 
Coverage: POLBNDRY 
Feature Class: Polygon 
Table Name: POLBNDRY.PAT 
Data Source: National Statistics Office 1:50,000 Maps; RTSD 1:50,000 Topo Maps 
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 POLBNDRY#  4,5,B 
User-ID   13 POLBNDRY-ID  4,5,B 
Tambon ID  17 TAMBON_IDN  6,6,C 
 
*Redefined Items* 
 
District ID  17 AMPHOE_IDN  4,4,C       
Province Code  21 PROV_CODE PROVINC_IDN 2,2,C 
District Code  23 AMP_CODE   2,2,C 
Tambon Code  25 TAM_CODE  2,2,C 
 
 
Item Descriptions and Codes 
 
TAMBON_IDN Unique and complete tambon identification code, formed by combining 

the province, district and tambon codes.  This is the relate item to the 
POLBNDRY.TAMBON which provides the name of the tambon. 

 
* Redefined Items * 
 
AMPHOE_IDN Unique and complete district identification code, formed by combining 

the province code and district code.  This is the relate item to the 
POLBNDRY.DISTRICT which provides the name of the district. 

PROV_CODE Two digit province code from NRD2C coding scheme.   
AMP_CODE Two digit district code from NRD2C coding scheme. 
TAM_CODE Two digit tambon code from NRD2C coding scheme. 
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Villages 
 

Coverage Name: VILLAGE 
Feature Class: Point 

Data Source: RTSD 1:50,000 Topo Maps, GPS Survey;NRD2C 

 

 

VILLAGE.PAT 

 AREA PERIMETER VILLAGE# VILLAGE-ID VILL_CODE VILL_NAM_E VILL_NAM_T 

 
 
 
Coverage: VILLAGE 
Feature Class: Point 
Table Name: VILLAGE.PAT 
Data Source: RTSD 1:50,000 Topo Map, GPS Survey, and NRD2C  
  database 
 
Point Attribute Table (PAT) 
 
 Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Point Area  1 AREA  4,12,F,3 
Point Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 VILLAGE#  4,5,B 
User-ID   13 VILLAGE-ID  4,5,B 
Village Code  17 VILL_CODE NRD2C_ID 8,8,C 
Village Name in Eng.  25 VILL_NAM_E  50,50,C 
Village Name in Thai  75 VILL_NAM_T  50,50,C 
 
*Redefined Items* 
 
Tambon ID  17 TAMBON_ID  6,6,C 
District ID  17 DISTRICT_ID  4,4,C 
Province Code  17 PROV_CODE  2,2,C 
 
 
Item Descriptions and Codes 
 
VILL_CODE Unique identification code for village from NRD2C database. This is 

the relate item to the numerous DAT data tables which provide socio-
economic information about each village. 

 
VILL_NAM_E Name of village in English 
 
VILL_NAM_T Name of village in Thai 
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Weather 
 

Coverage Name: WEATHER 
Feature Class: Point 

Data Source: Meteorology Department digital files 

 

 

WEATHER.PAT 

 AREA PERIMETER WEATHER# WEATHER-ID W_STA_IDN WSTA_NAM_E WSTA_NAM_T 

 LATITUDE LONGITUDE WSTA_TYPE

 
Coverage: WEATHER 
Feature Class: Point 
Table Name: WEATHER.PAT 
Data Source: Meteorology Department Digital Files 
 
Point Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Point Area  1 AREA  4,12,F,3 
Point Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 WEATHER#  4,5,B 
User-ID   13 WEATHER-ID  4,5,B 
Weather Station ID  17 W_STA_IDN  11,11,I 
W. Stat. Name in English  28 WSTA_NAM_E  50,50,C 
W. Stat. Name in Thai  78 WSTA_NAM_T  80,80,C 
Latitude  158 LATITUDE  8,8,C 
Longitude  166 LONGITUDE  9,9,C 
W. Station Type  175 WSTA_TYPE  1,1,C 
 
 
Item Descriptions and Codes 
 
W_STA_IDN Unique identifier code for the weather station. This is the relate item  
 
WSTA_NAM_E Name of weather station, in English 
 
WSTA_NAM_T Name of weather station, in Thai 
 
LATITUDE Latitude of weather station, in degrees, minutes, seconds 
 
LONGITUDE Longitude of weather station, in degrees, minutes, seconds 
 
WSTA_TYPE Type of weather station 
  
 S = Full synoptic station 
 A = Agro-met station 
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Slope 
 

Coverage Name: SLOPE 
Feature Class: Polygon 

Data Source: RTSD 1:50,000 Topo Maps. A Triangulated Irregular 
network (TIN) is created from digitized contours of 20 
meter intervals. Software commands are used to generate 
slope from the TIN data. 

 

SLOPE.PAT 

  AREA PERIMETER SLOPE# SLOPE-ID SL_CLASS 

 
Coverage: SLOPE 
Feature Class: Polygon 
Table Name: SLOPE.PAT 
Data Source: RTSD 1:50,000 Topo Maps.  A TIN is created from digitized contours of 20 
 meter intervals.  Software commands are used to generated slope from the 
 TIN. 
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 SLOPE#  4,5,B 
User-ID   13 SLOPE-ID  4,5,B 
Slope Class  17 SL_CLASS  1,1,I 
 
 
Item Descriptions and Codes 
 
SL_CLASS Code classification of slope by ranges.  This is the relate item to the 

SLOPE.SL_CLASS table which stores the code and range for each slope 
class. 

 
 1  =  0 to 5% 
 2  =  greater than 5 to10% 
 3  =  greater than 10 to 15% 
 4  =  greater than 15 to 20% 
 5  =  greater than 20 to 25% 
 6  =  greater than 25 to 30% 
 7  =  greater than 30 to 35% 
 8  =  greater than 35% 
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Contours 
 

 
Coverage Name: 

 
CONTOUR 

Feature Class: Arc, Point 
Data Source: RTSD 1:50,000 Topo Maps 

 
 

CONTOUR.AAT 

 FNODE# TNODE# LPOLY# RPOLY# LENGTH CONTOUR# CONTOUR-ID CONTOUR CON_TYPE

 
 
Coverage: CONTOUR 
Feature Class: Arc 
Table Name: CONTOUR.AAT 
Data Source: RTSD 1:50,000 Topo Maps, with 20-meter contour intervals 
 
Arc Attribute Table (AAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
From-Node  1 FNODE#  4,5,B 
To-Node  5 TNODE#  4,5,B 
Left Polygon  9 LPOLY#  4,5,B 
Right Polygon  13 RPOLY#  4,5,B 
Length  17 LENGTH  4,12,F,3 
Internal Number  21 CONTOUR#  4,5,B 
User-ID   25 CONTOUR-ID  4,5,B 
Contour Value  29 CONTOUR  2,4,B 
Contour Type  31 CON_TYPE  1,1,C 
 
 
Item Descriptions and Codes 
 
CONTOUR Elevation value of contour line 
 
CON_TYPE Code indicating type of contour line. This is the relate item to the 

CONTOUR.CON_TYP which provides text descriptions of each contour 
line type. 

 
 I  =  Index 
 R  =  Intermediate 
 D  =  Depression 
 A = Approximate 
 S  =  Supplemental 
 C = Depth curve 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc.(Inf. Man. on Env. and Res.) / 79 
 

Aspect 
 

Coverage Name: Aspect 
Feature Class: Polygon 

Data Source: RTSD 1:50,000 Topo Maps. A triangulates irregular 
network (TIN) is created from digitized contours of 20 
meter intervals. Software commands are used to generate 
aspect from the TIN data. 

 

ASPECT.PAT 

 AREA PERIMETER ASPECT# ASPECT-ID ASP_CLASS 

 
 
Coverage: ASPECT 
Feature Class: Polygon 
Table Name: ASPECT.PAT 
Data Source: RTSD 1:50,000 Topo Maps.  A TIN is created from digitized contours of 
 20-meter intervals.  Software commands are used to generated slope from 
 the TIN. 
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 ASPECT#  4,5,B 
User-ID   13 ASPECT-ID  4,5,B 
Aspect Class  17 ASP_CLASS  2,2,C 
 
 
Item Descriptions and Codes 
 
ASP_CLASS Classification of aspect, based on 8 major compass directions. 
 
 F = Flat plain 
 N = North (337.5o - 22.5o) 
 NE  = Northeast (>22.5 o - 67.5o) 
 E = East (>67.5 o - 112.5o) 
 SE   = Southeast (>112.5 o - 157.5o) 
 S = South (>157.5 o - 202.5o) 
 SW  = Southwest (>202.5 o - 247.5o) 
 W = West (>247.5 o - 292.5o) 
 NW = Northwest (>292.5 o - 337.5o) 
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Elevation Zones 
 

Coverage Name: ELEV 
Feature Class: Polygon 

Data Source: RTSD 1:50,000 Topo Maps; 
20 meter contour intervals 

 
 

      ELEV.PAT 

 AREA PERIMETER ELEV# ELEV-ID EL_ZONE 

 
 
Coverage: ELEV 
Feature Class: Polygon 
Table Name: ELEV.PAT 
Data Source: RTSD 1:50,000 Topo Maps 
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 ELEV#  4,5,B 
User-ID   13 ELEV-ID  4,5,B 
Elevation Zone  17 EL_ZONE MAX_ELEV 4,5,B 
 
 
Item Descriptions and Codes 
 
EL_ZONE Elevation zones of twenty meter contour intervals. The elevation zone value 

is the high end of the contour interval range, i.e., a value of 20 is 0-20 
meters above sea level. 
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Aquifers 
 

 
Coverage Name: 

 
AQUIFER 

Feature Class: Polygon 
Data Source: DMR 

 
 

AQUIFER.PAT 

  AREA PERIMETER AQUIFER# AQUIFER-ID AQ_IDN AQ_NAME AQ_DEPTH 

 AQ_YIELD AQ_QUAL AQ_DESC 

 
Coverage: AQUIFER 
Feature Class: Polygon 
Table Name: AQUIFER.PAT 
Data Source: DMR 
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 AQUIFER#  4,5,B 
User-ID   13 AQUIFER-ID  4,5,B 
Aquifer Identification   17 AQ_IDN  4,4,I 
Aquifer Name  21 AQ_NAME    50,50,C     
Depth of Aquifer   71 AQ_DEPTH  4,5,C       
Aquifer Yield  75 AQ_YIELD  4,5,C 
Aquifer Quality  79 AQ_QUAL  30,30,C 
Aquifer Description  109 AQ_DESC  30,30,C 
 
 
Item Descriptions and Codes 
 
AQ_IDN Unique Aquifer Identification Code, This is the related item to the 

AQUIFER.DAT that provide Aquifer data 
 
AQ_NAME Name of aquifer 
 
AQ_DEPTH Depth of aquifer in feet 
 
AQ_YIELD Aquifer yield in liters per minute 
 
AQ_QUAL Qualitative estimate of aquifer quality - e.g., poor, evidence of water quality 

degradation 
 
AQ_DESC Text description of the aquifer-e.g., sandstone/shale composition, pumping 

occured over last 40 years 
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Drainage Basins 
 

 
Coverage Name: 

 
BASIN 

Feature Class: Polygon, Arc 
Data Source: The National Research Council of thailand (NRCT) 

 
 

BASIN.PAT 

 AREA PERIMETER BASIN# BASIN-ID BASIN_CODE NAME_E NAME_T REG_BASIN 

 
Coverage: BASIN 
Feature Class: Polygon 
Table Name: BASIN.PAT 
Data Source: The National Research Council of thailand (NRCT) 
Description: Watershed Basins 
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 BASIN#  4,5,B 
User-ID   13 BASIN-ID  4,5,B 
Basin Code  17 BASIN_CODE  4,4,C 
 
* Redefined Items * 
 
Regional Basin Code  17 REG_BASIN  2,2,C 
 
 
Item Descriptions and Codes 
 
BASIN_CODE Unique code identifier for basin. (4 digits code) 
 
NAME_E Basin name, in English 
 
NAME_T Basin name, in Thai 
 
* Redefined Items * 
 
REG_BASIN Regional (Main) Basin Code (first 2 digits of BASIN_CODE) 
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Watershed Classification 
 

 
Coverage Name: 

 
WSHD_CL 

Feature Class: Polygon 
Data Source: OEPP 

 
 

WSHD_CL.PAT 

 AREA PERIMETER WSHD_CL# WSHD_CL-ID WSHD_CLASS 

 
Coverage: WSHD_CL 
Feature Class: Polygon 
Table Name: WSHD_CL.PAT 
Data Source: OEPP  
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 WSHD_CL#  4,5,B 
User-ID   13 WSHD_CL-ID  4,5,B 
Wtrshed Classification  17 WSHD_CLASS  3,3,C 
 
 
Item Descriptions and Codes 
 
WSHD_CLASS Code classification of watershed indicating its quality.  This is the relate 

item to the WSHD_CL.LUT which provides a description of each code  in 
English and Thai. 

 
 1A =  Protected forest area, including headwaters of rivers having 

high elevations and steep slopes.  No human activity in this 
zone. 

 1AM  =  Same as 1A but with mining permitted. 
 1AR  =  Same as 1A but with rubber extraction permitted. 
 1B  =  Protected forest area, including headwaters of rivers having 

high elevations and steep slopes.  Human activity in this zone. 
 1BM  =  Same as 1B but with mining permitted. 
 1BR  = Same as 1B but with rubber extraction permitted. 
 CL2 = Higher elevations and steep to very steep slopes but with land 

forms that erode less easily than classes 1A or 1B,  mining and 
logging will usually be permitted. 

 CL3 = Upland areas with steep slopes, fruit trees and commercial 
logging permitted in these areas. 

 CL4 = Areas of gentle slopes, upland farming acceptable 
 CL5 = Areas of relatively flat slopes, paddy fields or other 

agricultural activities permitted with few of no restrictions. 
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Water Bodies 
 

 
Coverage Name: 

 
WTR_BODY 

Feature Class: Polygon 
Data Source: RTSD 1:50,000 Topo Maps 

 
 

WTR_BODY.PAT 

 AREA PERIMETER WTR_BODY# WTR_BODY-ID WB_IDN WB_TYPE WB_NAME_E WB_NAME_T 

 
 
Coverage: WTR_BODY 
Feature Class: Polygon 
Table Name: WTR_BODY.PAT 
Data Source: RTSD 1:50,000 Topo Maps 
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 WTR_BODY#  4,5,B 
User-ID   13 WTR_BODY-ID  4,5,B 
Water Body ID  17 WB_IDN  4,5,B 
Water Body Type  21 WB_TYPE  2,2,C 
Name in Eng.  23 WB_NAME_E  100,100,C 
Name in Thai  123 WB_NAME_T  100,100,C 
 
 
Item Descriptions and Codes 
 
WB_IDN Unique identifier code for water body 
 
WB_TYPE Code classification for type of water body 
 
 PL = Perennial lake (natural) 
 IL = Intermittent lake (natural) 
 R  =  Reservoir (manmade) 
 I  =  Irrigation structure 
 DS  =  Double line stream 
 NW = Not water 
 
WB_NAME_E Name of water body, in English. 
 
WB_NAME_T Name of water body, in Thai. 
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Geology 
 

 
Coverage Name: 

 
GEOLOGY 

Feature Class: Polygon 
Data Source: Department of Mineral Resources 1:50,000 

Geological Maps of Thailand 

 

                              
GEOLOGY.PAT 

  AREA PERIMETER GEOLOGY# GEOLOGY-ID SYMBOL DESC_E DESC_T 

 
 
Coverage: GEOLOGY 
Feature Class: Polygon 
Table Name: GEOLOGY.PAT 
Data Source: Dept. of Mineral Resources 1:50,000 Geologic Maps 
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 GOELOGY#  4,5,B 
User-ID   13 GEOLOGY-ID  4,5,B 
Map Symbol  17 SYMBOL  10,10,C 
Description in Eng.  27 DESC_E  200,200,C 
Description in Thai  227 DESC_T  200,200,C 
 
 
Item Descriptions and Codes 
 
SYMBOL Symbol on 1:50,000 geologic map. This is the relate item to the  
 GEOLOGY.SYMBOL which provides code descriptions for each map  
 symbol.   
 
DESC_E Description of symbol on the 1:50,000 geologic map, in English. 
 
DESC_T Description of symbol on the 1:50,000 geologic map, in Thai. 
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Soils 
 

Coverage Name: SOIL 
Feature Class: Polygon 

Data Source: Department of Land Development 1:100,000 Soil Map 
and attributes in digital files 

 
 

                                                                                              SOIL.PAT 

  AREA PERIMETER SOIL# SOIL-ID SERIES_NO SOILNAME_E SOILNAME_T 

 
 
Coverage: SOIL 
Feature Class: Polygon 
Table Name: SOIL.PAT 
Data Source: Department of Land Development 1:100,000 Soil Maps 
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 SOIL#  4,5,B 
User-ID   13 SOIL-ID  4,5,B 
Soil Series Number  17 SERIES_NO  4,4,I 
Soil Name in Eng.  21 SOILNAME_E  100,100,C 
Soil Name in Thai  121 SOILNAME_T  100,100,C        
       
 
Item Descriptions and Codes 
 
SERIES_NO Unique soil series number. This is the relate item to the SOIL.DAT table 

which stores the name of the soil series in English and Thai.  It is also the 
relate item to the SOIL.HORIZON table which stores information about the 
properties of each soil series. 

 
SOILNAME_E  Name of soil series, in English, as shown above 
 
SOILNAME_T  Name of soil series, in Thai 
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Forest Conservation 
 

 
Coverage Name: 

 
FOREST_C 

Feature Class: Polygon 
Data Source: Royal Forestry Department  

 
                              

FOREST_C.PAT 

 AREA PERIMETER FOREST_C# FOREST_C-ID FOR_NAME FOR_TYPE YEAR_GAZ OFF_AREA  

 
 
Coverage:   FOREST_C 
Feature Class: Polygon    
Table Name:  FOREST_C.PAT 
Data Source: Royal Forestry Department   
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item  
Variable Column Item Name Item Name Definition 
Polygon Area  1      AREA  4,12,F,3 
Polygon Perimeter  5      PERIMETER  4,12,F,3 
Internal Number  9      FOREST_C#  4,5,B 
User-ID  13      FOREST_C-ID  4,5,B 
Forest Name  17      FOR_NAME  100,100,C 
Forest Type  117      FOR_TYPE  2,2,C 
Year Gazetted  119      YEAR_GAZ  4,4,I 
Official Area  123      OFF_AREA  4,10,B   
 
 
Item Descriptions and Codes 
 
FOR_ NAME   Name of forest in Thai 
    
FOR_TYPE    Code for type of forest 
 
  NP = National Park 
    WS = Wildlife Sanctuary 
 NF = Not Forest   
 
YEAR_GAZ  Year forest was gazetted 
 
OFF_AREA  Official measurement of size of forest, in rai 
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Land Use 
 

 
Coverage Name: 

 
LU_YEAR 

Feature Class: Polygon 
Data Source: Department of Land Development, Interpreted aerial 

photo, satellite image. 

 
                              

LU_YEAR.PAT 

AREA PERIMETER LU_YEAR# LU_YEAR-ID IRR_SERV COMBINE3 COMBINE2 SLU_CODE 

PLU_CODE TLU_CODE LU_CODE LUCODE_E LUCODE_T 

 
 
Coverage: LU_YEAR 
Feature Class: Polygon 
Table Name: LU_YEAR.PAT 
Data Source: Department of Land Development: Land Use Maps, Interpreted aerial photo, 
  satellite image. 
 
Polygon Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 LU_YEAR#  4,5,B 
User-ID   13 LU_YEAR-ID  4,5,B                  
Land Use Code  18 LU_CODE  15,15,C 
Irrigation Service Code  17 IRR_SERV  1,1,C  
Prim. Land Use Code   18 PLU_CODE  5,5,C                     
Combined Land Use Code 2 23 COMBINE2  1,1,C  
Sec. Land Use Code  24 SLU_CODE  5,5,C                     
Combined Land Use Code 3 29 COMBINE3  1,1,C 
Tert. Land Use Code  30 TLU_CODE  5,5,C 
Code Desc.-English  35 LUCODE_E  100,100,C 
Code Desc.-Thai  135 LUCODE_T  100,100,C 
 
 
Item Descriptions and Codes 
 
LU_CODE Complete land use classification code, which may contain up to three 

concantenated land uses (for areas of mixed land use), composed of the 
following codes: 

 
IRR_SERV Code for irrigation project 
                                      I =    Irrigation in area 
 
PLU_CODE Primary land use code. First five characters digits of complete land use code 

for area composed of mixed land uses 
 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc.(Inf. Man. on Env. and Res.) / 89 
 
SLU_CODE This is the relate item to the LU_YEAR.LU_CODE table, which contains 

the English and Thai description of each land use code. Secondary land use 
code. Middle five characters digits of complete land use code for area 
composed of mixed land uses. 

 
TLU_CODE This is the relate item to the LU_YEAR.LU_CODE table, which contains 

the English and Thai description of each land use code. Tertiary land use 
code. Last five characters digits of complete land use code for area 
composed of mixed land uses. 

 
LUCODE_E English text description for land use classification code as shown above 
 
LUCODE_T Thai text description for land use classification code 
 
SLU_CODE Secondary land use code. Middle five characters digits of complete land use 

code for area composed of mixed land uses. 
 
TLU_CODE Tertiary land use code. Last five characters digits of complete land use code 

for area composed of mixed land uses. 
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Tourist and Natural and Cultural Heritage Sites 
 

Coverage Name: HERITAGE 
Feature Class: Point 

Data Source: Tourism Authority Maps, RTSD 1:50,000 Topo Maps, 
GPS Survey, TISTR database for OEPP 

 
 

HERITAGE.PAT 

 AREA PERIMETER HERITAGE# HERITAGE-ID OEPP_CODE CATEGORY TS_NAME_E TS_NAME_T 

 
 
Coverage: HERITAGE 
Feature Class: Point 
Table Name: HERITAGE.PAT 
Data Source: Tourism Authority Maps, RTSD 1:50,000 Topo Maps, GPS Survey  TISTR 
 Database for OEPP 
 
Point Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Point Area  1 AREA  4,12,F,3 
Point Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 HERITAGE#  4,5,B 
User-ID   13 HERITAGE-ID  4,5,B 
OEPP Code  17 OEPP_CODE  4,8,B 
Category  21 CATEGORY  1,1,I 
Site Name in Eng.  22 TS_NAME_E  50,50,C 
Site Name in Thai  72 TS_NAME_T  50,50,C 
 
 
Item Descriptions and Codes 
 
OEPP_CODE Unique site code developed by TISTR for the OEPP database. 
 
CATEGORY Code classification for general category of tourist site. This is the relate item 

to the HERITAGE.TS_CAT table, which provides a description of the 
categories of tourist sites. 

 
1 = Natural 
2 = Cultural 
3 = Tourist 
4 = Natural and Cultural Heritage 
5 = Cultural Heritage and Tourist 
6 = Natural Heritage and Tourist 
7 = Natural Cultural Heritage and Tourist 

 
TS_NAME_E Name of tourist site, in English. 
 
TS_NAME_T Name of tourist site, in Thai. 
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Places/Public Facilities 
 

 
Coverage Name: 

 
PLACES 

Feature Class: Point, Arc 
Data Source: RTSD 1:50,000 Topo Maps, GPS Survey 

 
 

PLACES.PAT 

 AREA PERIMETER PLACES# PLACES-ID PLACE_ID PL_TYPE PL_NAME_E PL_NAME_T 

 
 
Coverage: PLACES 
Feature Class: Point 
Table Name: PLACES.PAT 
Data Source: RTSD 1:50,000 Topo Maps, GPS Survey 
 
Point Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Point Area  1 AREA  4,12,F,3 
Point Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 PLACES#  4,5,B 
User-ID   13 PLACES-ID  4,5,B 
Place ID   17 PLACE_ID  4,5,B 
Place Type  21 PL_TYPE  2,2,I 
Name in English  23 PL_NAME_E  50,50,C 
Name in Thai  73 PL_NAME_T  50,50,C 
 
 
Item Descriptions and Codes 
 
PLACE_ID Unique Identifier ID for place 
 
PL_TYPE Code indicating type of place or public facility. This is the relate item to the 

PLACES.PL_TYPE which stores the code description in English and Thai. 
 
PL_NAME_E Name of public facility or public place in English. 
 
PL_NAME_T Name of public facility or public place in Thai. 
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Transportation 
 

 
Coverage Name: 

 
TRANS 

Feature Class: Arc, Point 
Data Source: RTSD 1:50,000 Topo maps, RHD 1:50,000 maps,     

GPS Survey 

 
 

TRANS.AAT 

 FNODE# TNODE# LPOLY# RPOLY# LENGTH TRANS# TRANS-ID TRANS TRANS_TYP 

 
 
Coverage: TRANS 
Feature Class: Arc 
Table Name: TRANS.AAT 
Data Source: RTSD 1:50,000 Topo Maps; Royal Highway Dept. Maps, GPS Survey 
 
Arc Attribute Table (AAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
From-Node  1 FNODE#  4,5,B 
To-Node  5 TNODE#  4,5,B 
Left Polygon  9 LPOLY#  4,5,B 
Right Polygon  13 RPOLY#  4,5,B 
Length  17 LENGTH  4,12,F,3 
Internal Number  21 TRANS#  4,5,B 
User-ID   25 TRANS-ID  4,5,B 
Transportation ID  29 TRANS  4,8,B 
Transportation Type  33 TRANS_TYP  2,2,I 
 
 
Item Descriptions and Codes 
 
TRANS  Unique identification code for road segment. This is the relate item to the 

TRANS.DAT that provides the name of transportation. 
 
TRANS_TYP Code indicating type of transportation feature.  This is the relate item to the 

TRANS.T_TYP which contains the English and Thai description for the 
code. 

 1 =  All weather: hard surface, two or more lanes wide 
 2 = All weather: loose or light surface, two or more lanes wide 
 3 = All weather: hard surface, one lane wide 
 4 = All weather: loose or light surface, one lane wide 
 5  =  Fair or dry weather: loose surface 
 6  =  Cart track 
 7  =  Footpath, trail 
 8  =  Railroads  
 9  = Railroads double track  
 10 = Future road 
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Island 
 

  
Coverage Name: ISLAND 

Feature Class: Polygon 
Data Source: RTSD 1:50,000 Topo Maps, GPS Survey, Royal Thai 

Navy, Royal Forestry Department, Tourism Authority of 
Thailand  
 

 

ISLAND.PAT 

AREA PERIMETER ISLAND # ISLAND -ID LOCATION_ID SITE TYPE_ISLAND 

    CORAL_REEF BEACH LOCATION_ID 

 
 
Coverage: ISLAND 
Feature Class: Polygon 
Table Name: ISLAND.PAT 
Data Source: RTSD 1:50,000 Topo Maps, GPS Survey, Royal Thai Navy, Royal Forestry 
 Department, Tourism Authority of Thailand  
 

Point Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Polygon Area  1 AREA  4,12,F,3 
Polygon Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 ISLAND#  4,5,B   
User-ID         13 ISLAND-ID  2,2,I 
Location_ID  15 LOCATION_ID  8,8,C 
Location Site  23 LOCAT_SITE  1,1,C      
Island Type   24 TYPE_ISLAND  1,1,C 
Beach   25 BEACH  1,1,I           
Coral Reef  26 CORAL_REEF  1,1,I 
 
 
Item Descriptions and Codes 
 
LOCATION_ID Unique island code 
 
LOCAT_SITE Location of island 
       
TYPE_ISLAND Type of island 
          
BEACH  Beach of island 
         
CORAL_REEF Coral reef of island 
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Port 
 

Coverage Name: Port 
Feature Class: Point 

Data Source: GPS for Harbour Location, The Harbour Department 

 
                              

                                                                                                             PORT.PAT             

AREA PERIMETER PORT# PORT-ID PORTS_ID PORT_NAM_T 

 
 
Coverage: PORT  
Feature Class: Point 
Table Name: PORT.PAT 
Data Source: GPS for Harbour Location, The Harbour Department 
 
Point Attribute Table (PAT) 
 
  Begin  Defined Alternate Item 
Variable Column Item Name Item Name Definition 
Point Area  1 AREA  4,12,F,3 
Point Perimeter  5 PERIMETER  4,12,F,3 
Internal Number  9 PORT#  4,5,B   
User-ID         13 PORT-ID  4,5,B 
Port-ID  17 PORTS_ID  4,5,B 
Ports Name in Thai  21 PORT _NAM_T  30,30,C 
 
 
Item Descriptions and Codes 
 
PORTS_ID Unique port code 
 
PORT_NAM_T Name of port in Thai 
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APPENDIX  B 

ACCURACY ASSESSMENT 
 

 

Table B-1 Confusion matrix of accuracy assessment  

  Real land use 

  
Class 

1 

Class 

2 

Class 

3 

Class 

4 

Class 

5 

Row 

Total 

User’s 

Accuracy (%) 

Class 1 11 0 1 0 0 12 91.67 

Class 2 1 33 2 3 0 39 84.62 

Class 3 1 0 19 0 0 20 95.00 

Class 4 1 1 1 24 0 27 88.89 

Class 5 0 0 0 0 2 2 100.00 

Column Total 14 34 23 27 2 100  In
te

rp
re

t l
an

d 
us

e 

Producer’s Accuracy (%) 78.57 97.06 82.61 88.89 100.00   

Source: Calculated 

Remark: 1. Data analysis based on vector format 

2. Class 1 Beach  

 Class 2 Forest  

 Class 3 Opened area 

 Class 4 Urban and Communities 

 Class 5 Water bodies 

 

 100 x 
sample ofnumber  total

 talliesdiagonalmajor  of sum Accuracy  Overall =  

 

 Overall Accuracy = ((11+33+19+24+2) / 100))    x 100 

 

 = 89.00% 
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APPENDIX  C 

 
แบบประเมินทัศนคติผูใชระบบ 

เร่ือง ระบบสารสนเทศเพื่อการจัดการของเสียบริเวณเกาะเสม็ด จังหวัดระยอง 

 
สวนที่ 1 ขอมูลเก่ียวกับผูตอบแบบสอบถาม 

ทําเครื่องหมาย √ หนาขอความที่เลือก 
1. ช่ือ-นามสกุล 
 …………………………………………………………………………………… 
2. เพศ หญิง ชาย 
3. การศึกษา ต่ํากวาปริญญาตรี ปริญญาตรี 
  สูงกวาปริญญาตรี 
4. ตําแหนง (ระบุ) 
 …………………………………………………………………………………… 

 
สวนที่ 2 ทัศนคติท่ีมีตอการใชงานระบบ 

ทําเครื่องหมาย √ หนาขอความที่เลือก 
 มากที่สุด มาก ปานกลาง นอย นอยที่สุด 
1. ความนาใชงาน      
2. ความงายในการใชงาน      
3. ความสะดวกในการปอนขอมูล      
4. ความสะดวกในการแกไขขอมูล      
5. ความรวดเร็วในการคนหาขอมูล      
6. ความครบถวนของขอมูล      
7. ความถูกตองของขอมูล      
8. ความมีประโยชนตอหนวยงาน      
9. ควรจะนํามาใชในหนวยงาน      
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ตารางที่ C-2 ผลการประเมินการทํางานของระบบสารสนเทศเพื่อการจัดการของเสียบริเวณ 
เกาะเสม็ด 

 ผูปฏิบัติการ ผูบริหารระบบ ผูพัฒนาระบบ 
ความนาใชงาน 80 80 76 
ความงายในการใช 80 80 68 
ความสะดวกในการปอนขอมูล 80 80 76 
ความสะดวกในการแกไขขอมูล 80 80 76 
ความรวดเร็วในการคนหาขอมูล   80 80 84 
ความครบถวนของขอมูล  60 60 80 
ความถูกตองของขอมูล 80 80 76 
ความมีประโยชนตอหนวยงาน 100 80 88 
ควรจะนํามาใชในหนวยงาน 80 60 92 
หนวย : รอยละ (เปอรเซ็นต) 
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APPENDIX  D 

 
คูมือการลงโปรแกรม 

 
ระบบสารสนเทศเพื่อการจัดการของเสียบริเวณเกาะเสม็ดจังหวัดระยอง 

INFORMATION SYSTEM FOR WASTE MANAGEMENT AT KO SAMET, 
RAYONG PROVINCE 

 
จากขอมูลที่ทําการจัดเก็บไวขอมูลดังกลาวขางตน ทําการพัฒนาระบบเพื่อการจัดการ

ฐานขอมูล  ใหสามารถทําการสืบคน แกไขและเพิ่มเติมขอมูลตางๆ ในฐานขอมูล รวมถึงเผยแพร
ขอมูลพื้นฐานของเกาะเสม็ด ระบบดังกลาวไดถูกพัฒนาขึ้นมาในลักษณะที่เปน Stand alone ใชงาน
ภายในอุทยานแหงชาติเขาแหลมหญา - หมูเกาะเสม็ด มีรายละเอียดของการลงโปรแกรมระบบ
สารสนเทศเพื่อการจัดการของเสียบริเวณเกาะเสม็ดดังนี้  

1. ติดตั้งระบบปฏิบัติการ (Operating System: OS) ไดแก Microsoft Window XP 
พรอมทั้งติดตั้ง Driver ของอุปกรณตอพวงตาง ๆ เชน Printer, Scanner 

2. ติดตั้งโปรแกรมฐานขอมูล (Database Server) ไดแก Microsoft SQL Server 
2000 

3. สรางฐานขอมูลดวยการนําเขาแบบ Attach Database จากแผน Setup Program 
4. ทาํการติดตั้งโปรแกรมโดยการ Install Program จากแผน Setup Program 
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