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ABSTRACT

The objective of the research is aiming at calculation for appropriate
rates of charge for the central waste water treatment plant (the Center) at Samae
Dam. At present, the implementation of the Center charges the factories for
waste treatment only one rate. If the Center charges the factories that generated
severe hazardous waste higher rate than the factories generated light hazardous
waste, it would be justified to any factories. In the concerned study the factories
have been classified into three groups according to their waste treatment and
their toxic wastes. They are from manufacture of electroplating, manufacture of
dyeing and mahufacture generated solid waste from their production process.
Regarding the methodology of this study, the data is conducted by survey and



interviewing. The users from the electroplating group, the dyeing group and the
solid waste group 50, 18 and 20 users respectively, have been interviewed.
About 76.1% of the sampling users agree with new rates of charge, but 23.9%
of the sampling users disagree. The results of Analysis of Variance (ANOVA)
the relating of users' opinion between electroplating and dyeing group by the
One-way classification method, are the statistic significant vanables at level
0.05. It means the relating of users' opinion between two groups no significant
variable found.

The financial analysis and study on the manufactories sampling group
found that after use the new charge rate, calculated by the application program,
the Center's income has increased by 544,545.00 to 603,066.50 baht or
increased by 9.70 % of the old income. These incomes were obtained from the
waste water treatment and the solid waste disposal groups. The waste water
treatment group's income has increased by 203,220.00 to 221,886.50 baht or
increased by 8.41% of the old income, while the solid waste disposal group's
income has increased by 341,325.00 to 381,450.00 baht or increased by 10.52%
of the old income. Therefore, the new charge rate has been appropriated for the
economic and justified among the factories that used the service of the Center at

Samae Dam.
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CHAPTER 1
INTRODUCTION

1.1 Problem Statements

In the past, Thailand used to be an agricultural country, the main
production and national income were obtained from an agricultural sector. Over
the recent years the major production has been taken place by an industrial
sector. During the last three decades, the first year - (1961) of the first
development plan and the last year (1991) of the sixth development plan, the
proportions of the industrial products to the Gross Domestic Product of
Thailand have expanded rapidly from 12.3% to 25.1%. Then the main sources
of income of Thailand were obtained from the export of industrial goods. The
proportion of value of industrial export goods to the value of gross export
goods has expanded from 1.4% to 76.2% over the period of 1961-1991. Due to
the rapid growth of Thai economic development of the industrial sector a large
amount of Thai labor has transferred to the factories. In other word Thailand is
going to be the New Industrialized Country.

The economic development aiming at upgrading human livihg nowadays,
neceds the advance technologies to improve their life style. One of the
technologies is the chemical used in industrial and agricultural sector, and
some of them caused a severe hazardous waste to living things and
environment. They appear in term of the utilized products, domestic garbage or
industrial wastes contaminated into the air, water and soil. The inorganic ones
will accomulate and concentrate in the tissue of an aquatic lives as well as the
food cycle to the extent that they can become dangerous to human
consumption.

From the study concerned on preparing hazardous waste treatment
program at the national level, the inorganic wastes caused in 1991 by the
factories were estimated at the rate of 1.9 million tons per year. These sources
of hazardous wastes by 70% were located in Bangkok Metropolis and the -
adjacent areas. They were further estimated to be 3.5 million tons in 1996 and 6
million tons in 2001. .

In case of no appropriate prevention measure, the adverse effect on
environment certainly occurs. Because of the hazardous wastes were ignorantly



disposed into the environment. The hazardous wastes from those factories were
usually mixed with domestic garbage or dispose inappropriate dumping sites.
They occasionally contributed by hazardous wastes have rainfall and run off
before discharged into the river, canal, sea and then leached to underground
water. They subsequently accumulated in waters' resources. For example, the
Chao Phraya river at the lower pzirt of Bangkok Metropolis was found to be
contaminating Mercury above normal level and at the mouth of Chao Phraya -
river or the bottom of the Gulf of Thailand was the Mercury dissolve by 0.7-4.0
ppb. (Mercury value in natural water should be lower than 0.1 ppb., whereas
critical value for drinking water must be lower than 2 ppb.). In the meantixne;
heavy metal (Lead, Cadmium, Zinc and Copper) accumulated in fishes and
shells from this area were found more than 10-20 times of normal value
(Industrial Hazardous Waste treatment Facilities Office M.P.P.: i.ntroduétion).
Having drunk such water or consume these aquatic lives and plants, human
could get toxic symptom by the reason heavy metal stored in their body.

Without appropriate techniques in hazardous waste's treatment, they will
cause environmental impact and also be dangerous to public health in both
short and long periods. Therefore, the Ministry of Industry, which directly
responsible for this aspect had issued laws and regulations to control the
hazardous wastes from factories. The announcements of Ministry of Industry
enactment No.25 (B.E.2531) set forth the function for ones who get the
factories license to cluster and dispose solid wastes or residue material. The
announcement of the Industrial Works Department (IWD) No.l1 (B.E.2531)
regarding the method of storage, annihilate, disposal, burying, dropping, transfer
and package the solid wastes and residue material must be followed up the
criterion and methodology of the IWD. In accordance with the above
announcement of the Ministry of Industry, the manufactures decided to meet the
environmental measure, by providing their own disposal system and the secure
landfill site for self-buries (Boonyong Lowongwatana 2528: 4-5).

Some group of small manufactures of the electroplating and ' dyeing,
faced with the waste water treatment system problem. Because of they lack of
knowledge to establish their own waste water treatment. Moreover, the other
groups of them are facing with problem on deterioration or disposal of toxic
wastes from producing process as well as the waste water disposal, deterioration
of used chemicals, heavy metal sludge, toxic wastes etc.

A concerned survey recommended that, the manufactures of
clectroplating in Bangkok Metropolis area, have discharged the heavy metal



wastes include Chromium, Nickel, Copper, etc., in the annual quantity of the
production process is estimated at 12 tons. These waste waters after treatment,
they will accumulate in term of sedimentation, after the process of the disposal
system. Then they must be buried in suitable landfill site by appropriate
technique. Besides that the heavy metal, sludge & solid, toxic wastes including
chemical sludge, deteriorated from production process in the factories in
Bangkok Metropolis and nearby provinces, were estimated to be about 40-60
thousands' tons left each year that must be annihilated and buried in self-
procures landfill sites. Therefore, if the factories do not have an appropriate
control or suitable disposal system, these toxic wastes will create the polluted
environmental problem in future. At the present, due to the legislation to oblige
the factories must be responsible on allocating budget for their own toxic
wastes' disposal. Many factories decided to provide the own waste disposal
system and landfill site for self-buried. Most of the landfill sites are scattered in
area of Bangkok Metropolis and nearby provinces. This self-waste treatment
system is not economical and very difficult to control. In the long run, the toxic
wastes may affect the environment, which happened in many developed
countries. Because of the point where the landfill sites have been buries did not
meet the government standards. Having covered with soil over the top and
smoothed as surrounding area, the landfill site of buried could not be
remembered later on by any one. Moreover, the community expansion reached
these areas building, crops and fruits were set cover such landfill sites. The
toxic wastes used to affect the environment in some part in the United States,
the super funds were therefore provided by the government to move toxic
wastes from those landfill sites to other secured place.

Knowing such clear examples, we together must scek the measure to
prevent the environmental problems. Besides the toxic wastes from manufacture
sector have been increased with the manufacture devclopment, due to their
utilization of chemical agents in both manufacture and agricultural productions.
Therefore, the manufacture waste disposal center must be established as
implemented in many countries.

The Industrial Hazardous Waste Treatment Center (the Center) at Samae
Dam, Bang Khun Thien, Bangkok Metropolis, has been operated since 1988,
under the responsibility of the Industrial Wastes Treatment Facilities Office. It's
objective aims at providing the demonstration of technical and economical
feasibility. In the first phase, the office set forth the service for manufacture of
electroplating and dyeing in Bangkok Metropolis and nearby provinces that



produced small volumes of hazardous wastes. (National Environmental
Committee Office 2531: 3)

In order to reduce the task of the IWD and follow up the government
policy, the private sector was allowed to cooperate 1n collection, annihilation
and transportation the hazardous wastes to the disposal place. The IWD, mean
while, has acted as the discussion and suggestion's agency. If this
implementation is practicable, the IWD will continue to newly construct such
Industrial Hazardous Waste Treatment Center (the Center) in accordance with
work plan.

1.2 Conceptual Framework

There is certain difficulty to determine the appropriate rates of charge for
the waste water or polluted waste treatment services. There are a lot of cost and
expenditure as the capital to establish and run on the waste water treatment
system, which must take into account. The fixed capitals are; the cost of land,
land development, road construction, waste water treatment building,
constructed installation, treatment system installation, waste water treatment
equipment and piping, etc. The assumed capitals are including, the cost of
waste water collection, transportation, chemicals, power, fuel, wages,
maintenance, etc. The others expenditure are including, the cost of interest,
taxes, insurance and recession cost ,etc. (See figure 1.1)



Service
pay for the charge — has limitation a5 follow;
(a part of production capital)

- wastewaler treatment of electroplating factories 200 > day
- wastewaler treatment of dyeing factories 800 m~/day

- solid waste treat/annihilate system 100 tons/day
Consumer .
(factories)
type of waste
raw material —> production process ——» wastewater —| quantity ————> The central wastewater treatment plant ——————o
concentration
factors which are the fired cost consist of;
- cost of land, development land and road construction
- cast of wastewater treatment building

- cost of technology for wastewater treatment
- cost of piping

factars which are the operating cost consist of;
- cost of keeping and transportation wastes
- cost of chemical for trestment
- cost of septic wastewater wash
- cost of fuel energy
- cost of wages

factors which are the over head and others cost consist of;
appropriate charge rate ——————{ - cost of maintenance mechanical equipment
- cost of insurance
(study result) - cost of depreciation
- others cost

Figure 1.1 The factor for determine the charge rate of the central
treatment plant



This research study concerns on the study .of the determination of
appropriate rates of charges belonged to the Center at Samae Dam, Bang Khun
Thien, Bangkok Metropolis, under the control of the Industrial Waste Water
Disposal Central and Services -Office, the IWD, Ministry of Industry. Its
objective is to contribute the small factories, in particular which lacks of
technical staff on running the waste water disposal system such as annihilation,
burying, incineration the industrial wastes.

To establish several separated the waste water and manufacture solid
waste disposal plants, large amount of budget must be allocated. Therefore, it is
much economical to set the center at Samae Dam and also convenient for the
IWD to control the factories. The Center at Samae Dam, has been operated
since August 8,1988. The procedure of treatment, annihilation and burying of
- industrial wastes as shown in the diagram in figure 1.2.



MATERIAL
PRODUCTION WASTE WATER TRANSPORTATION TREATMENT AND
PROCESS —» AND SOLID FROM FACTORY ANNIHILATION
WASTE TO THE CENTER AT THE CENTER
N
PRODUCTS TRANSPORTATION

FROM THE CENTER

TO SECURE LANDFILL

l

WASTES BURY

MANAGEMENT

AT RATCHA BURI

Figure 1.2 The procedure of industrial waste tréatment, annihilation and

burying at the Center




The Center provides principle for calculate rates of charges as shows in
table below;

Types of waste Treatment rates from Treatment rates at the Transport rates from the ‘ Burying rates at Ratch|
factory to center Center at Samae Dam | Center to landfill site Buri Province
(bahtfton-km.) "I (bahtfton) (baht/ton-km.) (baht/ton)
1. waste wmfer from 1 45 2 100
electroplating plant
2. waste water from 1 45 - -
dyeing plant
3. mercury solid waste 2 450 2 100
4. sedimen£ wastes 1 l 450 1 100
5. others 2 450 2 100

Source : The Central Waste Water Treatment Plant at Samae Dam (1988)

From the above table, the rates of charges varied with following factors;

- The distance from the factories to the Center and also the
distance from the Center to the landfill site (except for the waste water from the
manufacture of dyeing)

- The quantities of waste water or solid wastes

- Types of waste water or solid wastes from factories classified by
the Center.

Due to every factory must pay for the same charge rates, which are not
justified among the factories. Before the Center at Samae Dam, consider the
charge rates as waste water volumes that the factories sent to be treated. Even
if, the Center has already been classified the typc ol wastc water from
electroplating and dyeing plant only, but the charge rates were the same. It is
not justified for other factories, used the treatment of the Center. Therefore, the




Center should find the appropriate charge rates that are acceptable for the users
of the Center at Samae Dam, in present and future.

1.3 Objective of the Study

1.3.1 To evaluates the former implementation of the Center at Samae
Dam.

1.3.2 To studies the criteria for determining appropriate rates of charges
serve by the users who use waste water treatment of the Center at Samae Dam.

&

1.3.3 To develops the computer software program for calculating service
charge for the Center at Samae Dam.

1.4 Scope of the Study

This scope of research study aims at the methodology of calculating’
appropriate charge rates of the central waste water disposal provided by the
Center at Samae Dam, these following aspects are concern;

1.4.1 The current amount of users (up to July 31,1993)
1.4.2 Categorization of treated water;

1.4.2.1 waste water from manufacture of electroplating; most of
waste water comes from electroplating (both electricity
and non-electricity),

1.4.2.2 waste water from manufacture of dyeing; most of waste
water comes from manufacture of dyeing

1.4.2.3 old chemicals and disuse; most of wastes come from
manufacture of electroplating (non-electricity) and
manufacture of electronics, .

1.4.2.4 heavy metal sludge and solids; most of waste sediment
come from manufacture of electronic, manufacture of car
. assembly, manufacture of steel galvanizing,

1.4.2.5 solid wastes; most of solid wastes come from manufacture
' of pesticides, manufacture of fluorescent lamps,
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manufacture of electrical, manufacture of solvent
production.

1.5 Glossary for This Research

Charge for different weight more than 10%: The fine that the
IHWTC charge the manufacture due to their treatment/disposal 10% exceeding
the contract quantity. '

Cost of the waste water treatment plant: Total amount of currency in
baht that pay for the cost of waste water treatment at the Center expressed in
ratio of cost to weight.. (baht/ton)

Industrial hazardous wastes: The toxic wastes from manufacture of
electroplating or the wastes from production process in form of waste water
contaminated by mixing with heavy metal sediment including Chromium,
Nickel, Copper, Zinc, Aluminum and Cyanide.

Landfill site: The buried place of industrial wastes that annihilated,
located in Ratcha Buri province.

Monthly rental fee: The rental rate that the IHWTC charge the lessee in
baht per month.

Rates of Charges: The total expenditure involving this following;

- The cost of waste's transportation from factories to the Center,
expressed in ratio of cost to weight to distance. (Baht/ton-km.)

- The cost of waste water and sohd waste's treatment at the
Center, expressed in ratio of cost to weight. (baht/ton) ‘

- The cost of treated solid wastes transportation from the Center
to the landfill site, expressed in ratio of cost to weight to distance. (baht/ton-
km.)

Royélty for extra factories: The fine that the IHWTC charge the
factories in baht to compensate the waste treatment/disposal for out of classified
factories groups ( for example; waste water from manufacture of paint instead
of waste water from the manufacture of electroplating and dyeing).

Royalty for more than low limit quantity: The fine that the TWD
charge the THWTC at Samae Dam, for its waste treatment/disposal exceeding
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low limit quantity for the IWD's specification as follows;
| - waste water from electropiating not exceed 1,000 tons/month
- waste water from dyeing not exceed 4,000 tons/month
- solid waste not exceed 330 tons/month

The central waste water disposal .plant: The place for wastes treatment
or waste's disposal including the landfill sites provided for final burying of
small, medium factories are in Bangkok Metropolis and nearby provinces, the
Center emphasis particularly on - the industrial wastc water trcatment  of
electroplating and dyeing manufacture, and some other types of toxic wastes
contaminated with héavy metal. This Center was established by the IWD,
Ministry of Industry with the cooperation of private sector on its procedure. It
locates at Samae Dam, Bang Khun Thien, Bangkok Metropolis.

The manufacture sites: The distance in kilometer between the place
where manufacture is located and the Center.

. The user: The owner, manager or acting manufacture manager assigned
by the owner to manage and control the manufacture of electroplating activities,
manufacture of dyeing and other's manufacture who requests the service of the
Center at Samae Dam.

Waste water volume: The quantity of waste water in unit of ton that
produced from production process of electroplating and dyeing manufacture that
uses the service of the Center at Samae Dam, Bang Khun Thien, Bangkok
Metropolis.



CHAPTER 2
LITERATURE REVIEW

2.1 General Literary Works Revision

2.1.1 The Situation and the controlling of environmental problems
of the industrial sector in Thailand

For more than thirty years , during the period of the first National Social
and Economic Plan (1961-1966) through the seventh Plan (1992-1996) an
industrial development in Thailand, has been changed apparently. At first, the
development was emphasized specially on producing for replacing the import
goods, but today it has been emphasized on export goods, since the end of the
second Plan (1967-1971) until now. Although the industrial development has
grown rapidly but no effective measure, proposed for controlling that pollution
generated by industries. Nowadays the characteristic of industrial section on
utilizing raw materials in their producing process shift to the hazardous
materials more than in the past. Therefore, hazardous wastes have been
generated increasingly to environment. Moreover the producing technology has
been developed rapidly, industrial wastes with high level of toxic solvent, were
consequently provided. Some needed complex treatments, which then caused
some difficulties on keeping, collecting, treatment and disposal.

2.1.2 Type of industrial wastes

Industrial wastes can be categorized into two types (Adisak
Thongkaimuk 1991: 3) as follows;

1. Non-hazardous waste, which is looked alike rubbish, is the waste from
the production process without toxic solvents. It can be treated together with
domestic rubbish that leftover form slice, peel, and cut open in food
manufacturing, etc. '

2. Hazardous waste, or industrial toxic waste, is the waste with one of
this typical toxicity; ignitability, reactivity, corrosivity, toxicity and leachingility
(Boonyong Lowongwatana and Smarn Tangthongtawee M.P.P. : 16). It cannot
be left and treated together with domestic rubbish wastes because of its harmful
to ‘environment and public health. Therefore, this is the industrial producers’
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responsibility to handle such toxic waste treatment from their factories, with
appropriate treatment upon the IWD's measure.

From the study and national plan implemented by the office of National
Environmental Committee, industrial hazardous waste was estimated as shown
in Table 1. (The National Environment Committee Office, 1988: 1)

Table 1 | The quantity of hazardous waste from manufacturing acﬁvity
' and others (tons/year)

Activity 1986 1991 1996 2001
Manufacturing 266,379 428,750 700,186 1,161,406

Others™ 882,963 1,564,853 2,758,577 4832434

Total 1,149.342 1,993,602 3,458,783 5,993,840

* Solid wastes from other activities involving agricultural / commercial
& service / municipal solid waste (toxic) / electrical utilities / hospital &
laboratories / marine & harbor / coal & lignite based / petroleum based & metal
smelting

Source : National Hazardous Waste Management Plan (1989)

2.1.8 The cause of accumulation and sedimentation of the industrial
hazardous waste

Currently, the violence of on accumulated and suspended wastes from
the factories, likely to be increased every year, depended on these following
factors; (Adisak Thongkaimuk, 1991: 5)

1. The increasing amount and diversity of hazardous waste, scatter of the
source of hazardous waste, economical expansion including technology
development are altogether accelerate the release of hazardous waste.

2. The current hazardous waste treatment systems do not involve all
procedures concerned. Most of them are emphasized on the treatment and
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discharge only. The neglect on other procedures is still found; appropriate
method on grouping and keeping hazardous waste, and regulation emergency in
case of hazardous waste leakage.

3. The number of existing hazardous wastes' treatment system, is not
enough to serve the whole demand. The only one Industrial Hazardous Waste
Treatment Center (IHWTC), under the IWD located at Samae Dam, Bang Khun
Thien, Bangkok Metropolis. Its capacity is able to handle the waste
management specific of quantity and type. »

4. Lack of financial support and skill staff, which needed for enhancing
the capacity on operating, controlling and monitoring of hazardous waste
management relating to others' activities.

5. The obligatory legislative for hazardous waste management system
does not cover the whole procedure and 1ts application has been also neglected
to implement seriously. The waste producers have a chance to avoid and refuse
their responsibility on problems relating to hazardous wastes. .

6. People do not realize in the risk of hazardous wastes and the methods
on suitable. Therefore, the agency does not cooperate in implementing from the
appropriately on keeping transferring and treating hazardous waste treatment.

2.1.4 The problems of inappropriate industrial solid waste
management

The inappropriate management of industrial solid wastes causes four
basic problems affected the environment and public health (Adisak
Thongkaimuk 1989: 4) as follows;

1. Human health risks related to cancer, man's by touching involving
with toxic chemicals including breath of polluted air, i.e., Benzene and
Formaldehyde, or consumption of food, water contaminated with hazardous
chemical induced cancer.

2. Non-cancer human health risks are caused by the following organic
synthetic chemical and heavy metal solids in both prompt or gradual manner;

- Mercury is high toxic compounds, especially mercury alkyl compound
is more serious. harmful than other mercury compounds. Normally mercury
causes Minamata disease.
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- Cyanide, mainly used in electroplating manufacture is severely harmful
to human tissue on blockage of oxygen in blood circulation system.

- Lead, is normally mixed in benzene for car-engine combustion and
diffused the air. It is also used in car batteries and paint. It is absorbed by
human body through water, air and food. The accumulated lead will be harmful
to brain condition.

- Chromium as the toxic sabstance is Crt0 used mainly in electroplating
manufacture.

- Cadmium, concentrated drinking water could cause Itai Itai disease
with symptom of bonesore. It mainly used in paint manufacture, electroplating
and textile, etc.

- Arsenic is poisonous to human health, particular liver, kidney, skin
cancer. It is used in manufactures of paint, dynamite, glass, semiconductor and
herbicide.

- PCB (Poly Chlorinated Biphenyl) could injure skin and harm to liver
enzyme, and may affect the reproduction of man and animals. It is refractory
substance in bio-system. It is mainly composed in electrical equipment,
capacitors and transformers.

3. Adverse ecological effects, without suitable waste treatment, could be
caused by hazardous waste accumulated in food chain and also in genetic
mutation. It affects directly to ecosystem such as, soil contaminated with lead
affected on plants and small lives under soil surface. Lead will be accumulated
in these small lives and transfer into the food web, and finally harmful to
human-being. Bayer, Chaney and Mulhern (1982: 381-385) reported that in soil
contaminated with lead, worms could accumulated lead much more than the
worms in normal ground about 1.2 times.

4. Public welfare effects; fire, corrosion of facﬂmes and the failure of
tourism activities declination of environment.

2.2 The policy of industrial work management

At present, the government is attending more seriously in the distribution
of the industrial sector to local areas of the country and the control of the
environment problems which generated by the industries. Since the fifth
National Social and Economic Plan (1972-1976) the government considered the
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factors which stipulated the current environmental situation and economic
measure. Therefore, policy and measure set up for industrial pollution control
~are suggested as follows;

1. The ambient quality target

The policies, rules and regulations are taken into consideration for
ambient quality target. Likewise the main objective is the standard of water
quality in rivers. The standard of water quality from industries or community,
will be involved in approaching the above-mentioned target. Therefore, the
standard of waste water quality ought to be flexible and adjustable according 1o
the standard of water quality in each certain areas or river. Similarly, the quality
of air pollution from factories chimney should not have the same value for the
whole country, but it should vary in accordance with their location.

2, The minimum cost principle

The policy and measure adopted for controlling the polluted environment
should be practicable and attainable of the environmental quality control with
the minimum cost. For example, the set up of standard of water quality, air
pollution quality should consider the possibility of technology of treatment and
its cost. This principle is also covering the pollution management, such as
encouraging the cooperation of the private sector in monitoring the
environmental quality control. Such 'opcrating cost for might be lower than the
government operation alone, for the same level of success.

3. The Polluter Pays Principle

Because the envifonmcnt, could not insisted the polluted sitnation
anymore, the treatment of waste water and air polluted could not be avoidable.
The capital mobilization, the cost of capital, and the cost of other
implementation shall be charged from the polluter. This principle is used in
world wide, because of its justification and appropriation. Although, in the
present situation the main export of Thailand is industrial goods, but the
government should not take the taxes collected from people to expense on
industrial waste treatment, to benefit foreign customers on consuming our goods
in cheaper price. In practical the producers need to add the cost of waste
treatment together with the goods price and then the burden is left to the
consumer. It is no problem for the goods with reasonable price, but if the price
is so high that cannot be accepted, then the producer or industrial sector must
be affected.
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4. The competitiveness imperative

For making policy an ability in competitive of Thai industrial should be
taken into consideration. In long term, the effective control of pollution may
affect the change of Thai industrial structure for example less number of the
industries prodlicing hazardous waste, it nevertheless does not mean the
decrease of industrial growth.

5. The policy of transition

To change industrial structure from high toxic wastes to lower one is the
method of environment quality control. At present, particular - Bangkok
Metropolis and neighboring provinces become the "heaven of polluted.” In
order to let the industrial structure change is justifiable and efficient, the policy
should be well organized in the procedure, the schedule and clear objective. For
example, the initial measure concerning quality standard of the environment
should be set up at the acceptable level, and subsequently enhanced its
- obligation in accordance with planned time table and objectives. In case of
relocating some types of factories, it requires time and other supporting factors
for proceeding transition. (National Environmental Committee Office 1990: 79-
80)

2.8 The situation and tendency of policy and work plans of
industrial environmental management

The industrial environmental management during the period of the
second, third, fourth development of social and economics plans concerning
pollution of water, air and wastes, has been adopted for controlling, the
factories to follow up the government standard of generating polluted wastes.
However it was not success in practice, since the factories usually united
together due to the industrial constructions and infra-structure services.
Consequently, the number of factories increased so high, which the government
could not monitor the pollution quality (the factories tried to generate untreated
wastes which do not meet the quality standard into unsuitable place). The
problem is that the capacity of the contained area.

The policies of industrial environmental management have implemented
since the fifth development plan. The government assisted the industrial sector
to provide the suitable area for environmental aspect by focusing on its storage
capacity for polluted wastes. The industrial section is not allowed to establish
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in the same locations of community section or fertile lands of agriculture. First,
the lay-out of city and agricultural zoning must be considered. One of other
tools to control new industries is that, they must be established in the industrial
estate, together with enhancing the control for the old and new expansion
industries to provide the waste water treatment, collecting solid waste system.
Therefore, the amount of polluted waste, which lined over the capacity of the
nature could be managed by integrated waste treatment system for both inside
and outside the industrial estate to meet the standard quality acceptable by
environmental aspect. '

The policy of establishment the Central Waste Water Treatment System
(CWTS) trends to be initiated soon for the factories in some critic areas of
Bangkok Metropolis and neighboring provinces. This belongs to the IWD plan
to establish the above-mentioned system for the dense area of old factories in
Samutprakarn (Suksawat, poochao saming prai, Tepharuk), Pratum thani
(Rungsit), Samut sakorn (Kra tum ban) and Nakorn prathom province
(Sampran). The establishment the CWTS should be impossibly implemented
according to the national environment B.E.2535; the integrated waste water
treatment is changeable from users.

At the moment, policy of waste disposal system is implemented by
establishing the CWTS for the factories in Bangkok Metropolis area. The
service charge will be collected . from these factories. In practical, it is
successful in some level, due to some factories did not use the treatment
service, but discharged the untreated waste directly to the nature. From the
amount of solid waste transported to the Industrial Hazardous Waste Treatment
Center at Samae Dam, under supervision of the IWD did not meet the capacity

of waste disposal system as designed. Whereas about 70% of industrial solid
~ waste of the whole country was occurred in Bangkok Metropolis area.

The policy on managing the industrial area by using the industrial estate
as a tool is apparently successful in some areas with good economic and well
organize infra-structure such as Rayong. Nevertheless most of the factories are
scattered around Bangkok Metropolis and neighboring provinces, for instance
Chachoeng Sao, Chon Buri, Ayuthaya and Sara Buri. That is, the factories
distribution to the regional areas not really successful.

Therefore, the seventh and eighth development plans have set up the
priority of distribution areas, firstly eastern part, secondly the upper most
central part and then other regions. The appropriate environment condition
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should be considered before set up any industrial estate to be useful tool for the
accomplishment management. One of the measure to further motivate the
factories distributing the financial support, becanse costs of land and charging
rates of waste water treatment system, and water supply inside the industrial
estate are higher than the outside. ’

Thai's law and the international principle could be frameworked for our
policy on the environment management. Today our structure of industrial
development is emphasized on the exporting goods and the joint-venture with
other countries, therefore, Thailand should select the management systems,
which is widely used in abroad, to apply in Thai legislation. There are three
principles as follows; -

2.3.1 The Polluter Pays Principle

According to enactment of the promotion and maintenance of national
- environmental quality B.E.2535, the polluters need to four following items;

- treatment charge, in case of the integrated waste water treatment system
is available

- the amendment cost
- damage cost on social and environmental impacts
- the fines sanctions of producer

There are two more items of Polluter Pays Principle widely used in
abroad but not in Thailand as follows;

- Air pollution charge, solid wastes, and noise pbllution. Though the
integrated polluted treatment system is unavailable, but the polluter must pay
upon the quantity of generated pollution.

- Pollution permission, for each area will limit quota of polluted quantity
generation for each factory, but not higher than its permission.

2.3.2 The Principle of managing for area using for carrying
capacity

As the above-mentioned enactment, there are two items implemented;
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-"To specify the area for industrial zone, it could be polluted control
zone and environmental preserved zone, authorized by Ministry of Science
Technology and Environment, and the industrial restricted zone authorized by
Ministry of Industry. ~

- To set up the measure of controlling the type, dimension, amount of
factories in the industrial site and/or the quality standard for the certain area
that more strictly than the standard level of the country. This is the management
of carrying capacity of the environment. ‘

2.83.3 The principlé of technology assessment and clean technology

It is a new method which is alert in abroad aiming at transferring the
manufacturing technology with pollution reduction, and the waste recycle. Each
country which obtained those technology transfer, needs to assess specific
technology appropriated to its own techniques, environment and economic.

2.4 Alternative of charge effluent rate

Because nature has its own limited level in carrying capacity, therefore,
we should use that capacity beneficially. The exceeding pollution for carrying
capacity of nature should be brought to determine for effluent rate, and this rate
must be coincident with the environmental risk or treatment capital in future.
This principle however cannot be adopted to implement as the whole
requirement, because it is not practicable. So it should compromise the principle
with the relative practice.

Alternatives for measure, coinciding with principle are as follows;

- Charge for the pollutants concentration, this starts from zero and
increases in progressive rate, by assuming that the nature has no carrying
capacity for the pollution. It sounds simply, but neither follow the actual one,
nor coincide with the principle of efficient use of resources and environment.

- Charge for excessive portion of quality standard, this measure coincides
with the principle but its possibility more or less depends on the practicability
for specifying limit of waste load dischar and damage affecting the
environment (similar to discharge rate, which  only the approximated value,
then use trial and error for adjustment). Howzver, the problem is that other
branches generated same type of pollution discharge. It is therefore necessary to
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categorize each responsibility on evaluating the standard on polluted discharge
quantity. Since charge for excessive portion of fix standard value, therefore, this
measure coincides with the principle of environment management. Nevertheless
- depended on an acceptable of estimated value, this measure will be approved as
an effective one.

- Charge together with water/electrical fee, this measure to adjust the
way of collecting service charge, by simplifying the practice. Since the
determination of discharge rate have to measure the value of concentration
relating to the pollutant load, the discharge rates that have to be charged,
sometimes it is too complicate and not worthwhile in practice, for example
small factories discharge small quantity of pollution. In practical, it should be
added up with consumed water/electrical charge for those factories. However
this measure should be a supplement one rather a main measure.

- Charge for the range exceeding standard. This method will approve the
possibility support by current legislation. Though, range is possibly specified by
the IWD's, but it is obliged by the other law to collect some charge. It is also
necessary to assign a particular authority for spending the income. It looks alike
the legislation amendment. These methods are no used in practicality.

2.4.1 The method of computing water pollution charge

In abroad, pollution charge and treatment charge are the same rate, but
it is valid for water pollution control only. This method is also adopted to use
in Thailand. However, the categorization of polluted factories is applied into 5
groups. Their characteristics of toxicity, pollutant quantity, pollutant types,
discharge load, and rate of charge in both progressive and multiplier rate should
be taken into consideration on grouping.

In addition, the area multiplier method, has been widely used, i.e.,
Netherlands and France. This method is applied in Thailand by weighting with
carrying capacity and collected with additional indices of river basin
characteristic, high potential agriculture area, land used, city and community
planning.

The waste treatment charge has been practiced in Thailand since 1987.
The Industrial Estate Authority of Thailand (IEAT) has set formula for practical
use in Industrial Estate, located in Bangkok Metropolis and neighboring
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provinces area (Lad Kra Bang, Bang Plee, Bang Poo) for the Central Waste
Treatment's activated sludge;

C = 1/3 (Vx/2100 + Bx/420 + Sx/570) x 381,500 baht/month

Vx = Industrial waste water load in integrated treatment system, m3/day
(80% of water supply from water meters in a month average in
number of day)

Bx = BOD loading, kg./day (waste water random)
Sx = Suspended solid loading, kg./day (waste water random)

1/3 means that Industrial Estate accept two parts of waste water charge
task (including capital of land price before hand) and factories take one part of
task. Rate of 381,500 baht/month is the constant cost, which is construction
capital and the cost of full efficiency. In case of sharing task by 1/3, the
average BOD loading becomes 2.50 baht/kg., suspended solid loading equals
1.75 baht/kg. and the average of waste water charge rate is 0.50 baht/m3, on the
other hand if it is not sharing in task, the values will be 7.50, 5.25 and 1.50

respectively.

In addition, some industrial estates, i.e., Bang Poo some part of used
Aerated Lagoon, in case of without sharing task the formula will be

C = 255Vx +6.10 Bx baht/month

Therefore, the mean of fix BOD value at 6 baht/kg. and the waste water
estimate at 2.50 baht/m3. Moreover, the Northern Regional Industrial Estate
Authority has set up BOD value as BOD load in each day, by progressive rate
as follows; ’

- BOD load lower than 200 kg./day; BOD charge for 5 baht/kg.
- BOD load between 200-300 kg./day; BOD charge for 6 baht/kg.
- BOD load higher than 300 kg./day: BOD charge for 7 baht/kg.
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BOD maximum rate at the industrial estate is not more than 7.50
baht/kg., and waste water rate does not exceed 2.50 baht/m3, meanwhile the
minimum water supply rate for industrial sector is 8 baht/m3 (maximum 17
baht/m3). Otherwise the industrial development will be seriously affected.

The area management principle emphasized on its capacity was under
taken together with the policy of industrial distribution by using the industrial
estate as a controlled tool. This implementation was applied to the water
Polluter Pays Principle, for manufacture in Bangkok Metropolis and
neighboring areas, in particular subside land caused by underground water
pumping for reducing or substituting the consummation of water supply,‘ waste
water charge and BOD rate can be set up as follows;

1. Bangkok Metropolis and neighboring areas inside the industrial estates
using the rate of the estate.

2. Bangkok Metropolis and neighboring areas outside the industrial
estates using higher rate than the industrial estates, but not exceed BOD rate at
7.50 baht/kg., or waste water rate at 2.50 baht/m3 in case of using water
supply. Due to consuming under-ground water, 2 baht will be added up to
normal rate for Bangkok, Samutprakarn and Nontha Buri arcas, and added up 1
baht to normal rate for Samut sakorn, Pathum Thani and Nakorn Prathom areas.

3. Metropolis and regional areas inside industrial estates using the rate of
- those estates. (fix rate should be lower than one set for Bangkok Metropolis and
neighboring areas)

4. Metropolis and regional areas outside industrial estates using similar
- rate as those estates. (fix rate should be higher than one set for Bangkok
Metropolis and neighboring areas)

BOD pollution charge in Bangkok Metropolis and neighboring areas will
be loaded up to 1.5 times. Because of degradation rate in the lower Chao
Phraya river is lower than 0.5 per day. Nevertheless load adjust might be
reserved to 1.2 times for industrial areas and decreased to 1.0 or 0.9 times for
upon the agricultural potential of the areas.

Bangkok Metropolis and neighboring areas with severe crisis of water
such as the west side of Samutprakarn province; BOD rate from domestic and
industrial areas high uﬁ to 765 mg./l, whereas others have range not more than
150 mg./1 to 40 mg./l. In some areas of the west side of Samutprakarn could be
specified as a pollution control area with load value at 1.5 times, load adjust
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decreased to 1.4 times for economic area, and 1.2 times for the outside with
suitable for agriculture, then waste water and BOD rate equal to (2.50x1.2) 3
baht and (6x1.2) 7.20 babht respectively. This area has produced industrial waste
water at rate of 11,757 m3/day, and BOD rate from industrial at 17,179 kg./day,
the factories therefore have to pay for pollution charge by estimated rate at
35,000 baht/day and 0.12 million baht/day respectively.

Assuming that Samutprakarn area is announced as a whole pollution
control zone. The industrial waste water rate at 44,060 m3/day, and BOD rate
at around 33,750 kg./day, payment for pollution charge at 135 million bahts/day
from total number of 3,347 factories (aVerage 40,000 baht per factory per
annum), such rates are payable. This income should be contributed to the
environmental funds, and used as the capital of Samutprakarn's central waste
water treatment or sufficient for developing province environment, i.e., flood
prevention, road reconstruction and waste water channel improvement, etc.

Service charge of factories pollution could be considered toxicity,
pollutant types and discharge load and categorized mto five groups; charge for
group 3 is flat rate, due to its moderate levels of pollution, group 1, 2 which
are heavy to maximum levels of pollution will be charged increasingly for 20%,
10% respectively. Charge for group 4, 5 with light to minimum level of
pollution decrease 20%, 10% respectively. The categorization of factories are as
follows; (The Ministry of Science Technology and Environment,1992: 56)

Group 1 Maximum pollution - petro-chemical, tire, metal smelting,
electrical circuit, electrical apparatus and
supplies, oil refinery

Grbup 2 Heavy pollution - electroplating, dyeing, chemical, paint,
car assembly, batteries, pesticide, leather

Group 3 Moderate pollution seasoning powder, paper, earthenware,

cosmetic, medicine

sugar, whisky, beer, beverage, freezer,
foodstuff

Group 4 Light pollution -

textile, concrete, flavor food, mill, milk,
canned, sawmill and others

Group 5 Minimum pollution

2.4.2 The method of computing charge of solid waste treatment
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By using the same criteria as water pollution charge, it is classified by
its toxicity, types and quantity of substances, polluted load and could be
categorized as follows; (The Ministry of Science T echnology and
Environment,1992: 56)

clectrical apparatus and supplies, metal
electroplating, petrochemical, chemical

Group 1 Maximum pollution

Group 2 Heavy pollution - earthen ware, concrete, lime, paint,
plastic, car assembly, electrical circuit

ceramic, batteries, tire, drycell, glue,
dyeing, shoes, canned

Group 3 Moderate pollution

Group 4 Light pollution - sugar, whisky, beer, foodstuff, rubber,
leather

mill, textile, flavor food, sawmill, wood
furniture, others

Group 5 Minimum pollution

Similarly, charge will be more/less depended on the types of
manufacture, which are as follows;

Group 5 charge decrease 20%
Group 4 charge decrease 10%
Group 3 flat rate

Group 2 charge increase 10%
Group 1 charge increase 20%

The calculation of charge for solid waste disposal from manufactures in
Thailand, for example the IHWTC at Samae Dam, will vary with types and
quantity of solid waste, distance from factories to the IHWTC at Samae Dam,
the solid waste quantity to be buried, and transportation cost between the
IHWTC at Samae Dam and the landfill site (at Ratcha Buri). D1fferent rates can
be written in the following formula;

1. For the waste water of electroplating factory
.C=45Vx + 1Dx + 100VVx + 2 DDx  baht/ton
2. For the waste water of dyeing factory

C =45Vx + 1Dx  baht/ton
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3. For hydroxide solid wastes
C =450Vx + 2Dx + 100VVx + 2DDx  baht/ton

1s given
Vx = quantity of solid wastes before disposal (tons)
VVx = quantity of solid waste after disposal which is sent to landfill site

(tons)

Dx, DDx = the distance from factory to the IHWTC at Samae Dam, and
’ - from the IHWTC at Samae Dam to landfill site at Ratcha Buri
(km.)

C = the solid waste charge; if used for polluted drainage in some area,
where still able to handle, it may be adjusted increasingly/
decreasingly depend on the type of manufacture group. But in the
discharge restrict area, standard will follow up the theory.
Otherwise the adjusted values are 1.25, 1.50 to 2.0 times, if it
does not follow up the classification of level of pollution or it is
decreasing value 0.75, 0.5 to 0 time, if it does.

2.5 The Industrial Hazardous Waste Treatment Center at Samae
Dam, Bang Khun Thien, Bangkok Metropolis

2.5.1 Background

Some groups of small factories in the manufacture of electroplating and
dyeing, faced with the waste water treatment problem, because of lacking
knowledge of establishing their own waste water treatment. Moreover, the other
groups are facing with problem on deterioration or disposal of toxic wastes
from producing process as well as the waste water treatment, deterioration of
- use chemicals, heavy metal sludge toxic wastes, etc.

A concerned survey reported that, the manufactures of electroplating in
Bangkok Metropolis area, have discharged the heavy metal wastes include
Chromium, Nickel, Copper, etc., from production process estimated at 12
tons/year. These waste water will accumulate in a term of sedimentation, after
the process of disposal system, then they must be buried in suitable landfill
sites by. appropﬁate techniques. Besides that the heavy metal, sludge & solids,
toxic wastes including chemical sludge, deteriorated from production process in
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the factories of Bangkok Metropolis and nearby provinces, were estimated to be
about 40-60 thousands tons left each year which must be annihilated and buried
in self-procedure landfill sites. Therefore, if the factories do not have
appropriate control or suitable treatment, these toxic waste waters will create
the polluted environmental problems in future.

According preliminary survey of manufacture data, it found that 862
factories were identified as possible producers of toxic inorganic wastes and
734 factories were retained as definite generators of toxic wastes, these
manufactures were as follows; '

Types of factories Number of factories
1. Manufacture of Caustic soda 3.
2. Lead smelting 3
3. Car batteries 16
4. Fluorescent lamps 5
5. Drycell batteries 16
6. Electroplating 130
7. Manufacture of paints, varnishes and lacquer 77
8. Manufacture of pharmaceutical products 120
9. Dyeing & Finishing textile 126
10. Steel Galvanizing 15
11. Integrated Circuit 2
12. Manufacture of pesticides 14
'13. Car Asscmbly ' 15
14. Manufacture of transformers 11
15. Manufacture of polystyrene foam iO
16. Manufacture of thermoset plastic 27
17. Manufacture of bicycle & Motorcycle 10
18. Manufacture of radio & television 12

19. Tanneries & leather finishing 122
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Total ' 13

~

[

Source : Industrial Works Department, Ministry of Industry B.E.2531

At the present, due to the legislation to oblige the factories must be
responsible on allocating budget for their own toxic waste treatment. Many
factories decided to provide their own waste treatment systems and landfill site
for self-buried. Most of the landfill sites are scattered in areas of Bangkok
Metropolis and nearby provinces. But these self-waste treatment systems are not
economical measure and very difficult to be controlled. In the long run, the
toxic wastes may affect the environment, which happened in many developed
countries. Because of the point where the landfill sites have been buried, did
not meet the government standards. Having covered with soil over the top and
smoothed as surrounding area, the landfill site of buried could not be
remembered later on by any one. Moreover, the community expansion reached
these areas, as well as building, crops and fruits were set cover such landfill
sites. The toxic wastes used to affect the emvironment in some part in the
United States, the super funds were therefore provided by the government to
move toxic wastes from those landfill sites to other secured Pplace.

Knowing such clear examples, we together must seek the measure to
prevent the environmental problems. Besides the toxic wastes from manufacturc
sector have been increased with the manufacture development, due to their
utilization of chemical agents in both manufacture and agricultural productions.
Therefore, the manufacture waste treatment center must be established as
implemented in many countries.

2.5.2 The principle of establish the solid waste treatment center

The government supplied land, and constructed the Annihilate and
Disposal Center for u‘caﬁncm, annihilation, landfill sitc for the private investor
who win the bidding will be granted to operate including treatment/annihilation
and final buries, all operating of the lessee is under control of the IWD, and the
coordination on service charge as assigned by the IWD then the government
will collect the rent monthly from the lessee.

Initially, project on establishment of 4 Annihilate and Disposal Centers, -
cach Center will serve for treatment, annihilate and landfill site. They are as
follows;
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treatments/annihilates burying and landfill sites
1. Bang Khun Thien Ratcha Buri
2. Rangsit Prathum Thani Sara Buri
3. Chon Buri | Chon Buri
4. Rayong | Rayong

The first project for the central establishment was the IHWTC at Samae
Dam. The IWD has feasibility studied and cooperated with foreign experts. The
financial of the government ‘grant was supported by the government budget. The
private investor was granted the lessee to operate the Center. The next project
to establish the industrial solid waste treatment center will be established at
Samutprakarn, where are dense factories location. The next center will be
established in Rayong to serve for the manufacture rapid growth nearby the
eastern seaboard area.

2.5.8 The procedure for the first central establishment

The IHWTC at Samae Dam, Bang Khun Thien, the first central service
of Thailand (The Industrial Hazardous Waste Treatment Facilities office
2531:4) was established by the IWD, Ministry of Industry. Its objective is to
provide the waste treatment / disposal and landfill site for the manufactures in
Bangkok Metropolis and neighboring provinces. At present, the central
treatment plant is emphasized on the waste water treatment for the manufactures
of electroplating and dyeing only. For the toxic waste contaminated with heavy
metal is the biggest problem of the country (Office of National Environmental
Committee 2531: 5). Because the small factories cannot be established the
waste water treatment system efficiently. The factories shall be followed up the
rule which sct forth in cnactment of the FFactory B.IE.2512.

The IWD, Ministry of Industry, determine the’ factories to implement as
follows; :

2.5.3.1 To study and survey for the fixed area to establish the central
service, as the urgently need, will be the first establishment. For the small
factories, faced with the waste treatment problem continuously, that trend to be
more serious problem. If it does not have a suitable improvement, the IWD will
specify the area to establish the central service at Ratcha Buri or Bang Khun
Thien and the place for landfill site for burying in Ratcha Buri.
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The government of Canada has assisted the IWD to initiate feasibility
study for the construction of the central waste disposal in Bangkok Metropolis.
The study has been completely finished since 1985. The IWD had also hired
' the Faculty of Engmeer, Kasetsart University for landfill site survey at Ratcha
Buri area. The IWD spent 400,000 baht of budget has been used for this
research work. The project has been finished since 1985.

The information from this study, the IWD had brought to use for the
IHWTC specification assignment, for example the waste transportation, the
principle of disposal/annihilate and burying, efc.

- The process of solid waste annihilate at the central service solid waste
disposal at Samae Dam

1. Analysis in chemical laboratory

In chemical operation room, the chemist will analyze the waste water
before sending to treatment system, water from treatment system and solid
waste, etc. (Ouyporn Sophonsalidsuk, Theeraporn Sophonkanaporn 2532: 15)

The equipment uses for analysis are consisted of;
- Automatic absorption spectrophotometer use for heavy metal value test

- Jar test use for calculating substance quantity that use for initial
treatment, then brought to compare with the actual value of treatment process.

- Spectrometer use for CN-, Cr*0 and COD evaluation
- Reactor digestion use for COD evaluation

The service charge rate for waste water analysis, shown in Table 2
(waste for analysis is in form of solution).

In addition, the liquid sample, need to digest and pay 100 baht morc for
cach sample (for solid waste pay 200 baht for a digestion).

For sludge cake must pay 500 more for extraction test.

- Parameter charge of waste water before treatment

Parameter value of waste water for both manufactures of electroplating
and dyeing are varied. The waste water parameter value from manufactures of
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electroplating and dyeing can be estimated as follows;

Cu  estimated value 30-7,000 ppm.
Ni  estimated value 10-500 ppm.
Crt0 estimated value 20-170 ppm.
Zn  estimated value 100-7,000  ppm.
Pb  estimated value 10-120 ppm.
CN-  estimated value 20-170 ppm.
pH  estimated value 3-7

The parameter value of waste water from manufacture of dyeing as

follows;
BOD estimated value 20-25 ppm.
COD estimated value 5,000-7,000 ppm.
pH  estimated value 6.5-7.5

Suspended solid waste estimated value is 500-900 ppm., heavy metal
(Cu, Ni, Cr, Zn, Pb, Cd, Hg estimated value less than 1 ppm.)

- Parameter value of treated water

It will be controlled the lower or the equal value to the standard of waste
water, specified by the IWD (Table 3). Water sample should be collected from
oxidation pond 2 times/month, to check if it still follow up the IWD's standard.

- Waste water after treated and resided in oxidation pond

Waste water after treated will be sent to public canal where line in front
of the IHWTC at Samae Dam, Then drained out to the Sanarm Chai canal.



~ Table 2 : The service rate of waste water from the factories

Source :

substance price of analysis
(baht/sample)
Cu 200
Ni 200
Crt6 200
Zn 200
Pb 200
Cd 200
Hg 300
CN- 200
Total solid 100
color 50
Cl- 100
COD 250
Turbidity 50
Total dissolve solid (TDS) 100
Total suspended solid (TSS) 100
pH 50

32

The Industrial Hazardous Waste Treatment Center at Samae Dam

(B.E.2531)
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Table 3 : The parameter value of treated water %::\ff Q\\c‘?
4y, 2 INFORMNCY
Do, ynwss'
type of substance maximum acceptable value
(ppm.)
Cu 1
Ni _ 0.2
Crt6 06
Zn 5
Pb 0.2
Cd . 0.1
Hg 0.002
CN- : 0.2
BOD 20-60

Source : The Industrial Hazardous Waste Treatment Center at Samae Dam
(B.E.2531) '

The procedure for waste water treatment (Ouyporn Sophonsalidsuk and
Theeraporn Sophonkanaporn 2532: 17)

- The waste water quality test before the treatment by the methods of
chemical laboratory before treated in the treatment process. Waste water sample
will be collected from pump sump. There are five wells (well No.1 is waste
water sample from manufacture of dyeing, well No.2, 4 are waste water sample
from manufacture of electroplating, contaminated with chromium, well No.3 is
waste water sample from metal electroplating contaminated with Cyanide.

Test waste water quality in chemical laboratory and load value analysis
for pH, CN-, Ni, Cu, Zn, Pb, Cr0.

Test waste water chemical laboratory, for checking type and chemical

3 1 10%60% b L

iAW)
-3
[SY
<
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load used for treatment and the price chemical treatment, this parameter must be
taken in to account.

- The process in treatment plant
(A) Waste water treatment from manufacture of electroplating

Waste water from manufacture of electroplating will be separated to treat
according to the type of contaminant, in water include, Cyanide, Chromium and
other heavy metal as follows; '

- Cyanide contaminated waste water

Cyanide in waste water will be dissolved by alkali chlorinating process,
which is widely used, and cheaper than other methods. In this process, Chlorine
(Sodium hypo chloride) will be added with lime in waste water to adjust pH to
be 11.0-11.5. Chlorine will react with Cyanide completely at approximated
redact potential -220 mv. as followmg equations;

2 [CN- + Cl 5503 CNCI + CI'] 1
2 [CNC1 + 20H" - > CNO- + CI" + H20] )
2 CNO- + 40H- + 3Cly - > 6 CI" + 2COy + 2Hy0 + N3 .3
2 CN- +5Cly + 8 OH- - > 10 CI- + 2 COy + Ny + 4Hy0

From above equations, Cyanide toxic waste will change to be non-
hazardous Nitrogen (N97) and Carbon dioxide gases. The reaction 1 is very
quickly and not depend on pH, but the reaction 2 active in high pH, and the
reaction 3 active quickly in medium pH.

- Chromium contaminated waste water

Chromium (+6) in waste water will be reduced to be non-hazardous
Chromium (+3) by adding sodium metasulphate in waste water. pH value will
be adjusted to. be 2-2.5 with sulfuric acid. The reaction will be mixed
completely at redact potential value -280 mv as equation below;
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HCrO4™ + 3HSO3™ + 5SH+* > 2Cr3* + 3502 + 5H,

After that, this Chromium (+3) will be sediment in alkalinity (pH at
around 10) with lime process.

- Heavy metal contaminated waste water beyond Chromium and
Cyanide

Other heavy metals including, Zinc, Nickel, Copper in waste water will
be treated by sedimentation process, PH of waste water will be adjusted at
around 10, with lime process. In addition to this process, polyelectrolyte will be
added to enhance the sedimentation of sodium hydroxide.

(B) Waste water treatment for manufacture of dyeing

The waste water from manufacture of dyeing mainly consists of organic
matters that can be extracted by sedimentation (alum) and polyelectrolyte
substances. The amount of those chemicals include pH value, which appropriate
for the sedimentation can be determined by the Jar Test in laboratory. Clear
water from this process, will be sent to oxidation pond to limonite the organic
matters left in natural biology method. But sediment in sediment tank will be
transferred to be thickenered and then sent to drying bed for further drying.

The waste water from treatment plant belonged to both manufactures of
clectroplating and dyeing, will be further treated for diminishing organic
matters in waste water by the system of facultative pond. It consists of five
ponds with different sizes connected in series among their bottoms. The waste
water from the last pond (pond 3) will be checked sequentially, for assuring its
quality to meet standard level of the IWD, Ministry of Industry, before
discharged into public canal.

(C) Hazardous wastes disposal

At present, the IHWTC at Samae Dam, can treat the solici wastes and
disuse material contaminated by inorganic toxic in heavy metal condition such
as Nickel, Copper, Zinc, Chromium, Cadmium, Lead and Mercury, etc.

- Sludge cake with heavy metal contaminated
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Most of sludge cake contaminated with heavy metal i.e. Lead
Manganese, Chromium, Nickel, Cadmium, etc. is in term of hydroxide. The
sludge cake disposal will be mixed with the lime or its solution with sludge
cake thoroughly in order to increase pH up to 12, then left for drying, and kept
as solid stone, before buried at the landfill site. ’ :

In case of Chromium contaminated, sludge cake needs additional
treatment by mixing with concrete to be solid stone.

- Sludge cake or disuse material contaminated with Mercury

When sludge cake contaminated with Mercury is dissolved in sodium
sulphite solution the output of chemical reaction becomes Mercury sulphite.
This disuse material contaminated with Mercury, e.g. fluorescent lamp
production, must be crushed into small pieces and mixed with sodium sulphite
solution for completely reaction. Then it is made to be solid stone by added up
with concrete and sodium silicate solutions.

(D) The bury of treated solid waste

Annihilated solid waste will be sent to landfill site to be buried
technically. The study of the Faculty of Engineer, Krasetsart University (refer to
Boonyong Lowongwatana 2532: 178) confirm that Ratcha Buri province is a
suitable area for landfill site of solid waste because of its geology characteristic
and nearby to the IHWTC at Samae dam. It is a mountain area with hard soil
and bed rock, which can handle the weight of solid waste and do not cost any
adverse problem to the under-ground water.

2.5.3.2 The IWD requested government to allocate financial for land of
establishing the first Industrial Hazardous Waste Treatment Center (THWTC) in
the fiscal year of 1985. There were initially 2 options for the area’ of Ratburana
and Bang Khun Thien. In that year the IWD purchased 9.5 million baht for 65
Rai of land at Samae Dam, Bang Khun Thien, Bangkok Metropolis. It proposed
the government for financial approval of 22 million baht for the IHWTC
construction in 1986. The design and the construction procedures were
controlled by the IWD. By the end of 1986, the IWD was permitted by the
Department of Forestry to use the national forestry preservation at Hauy Yang



37

Ton, Pak Tho, Ratcha Buri for secure landfill site.

There were some obstructive problems due to an unacceptable of the
population who lived nearby the area to this project. Therefore, they resisted the
solid waste to be buried in this area. But the IWD and Ratcha Buri
administrative made an effort to assure the people to agree with this project.

The reason for selecting landfill sites at Ratcha Buri area due to the
problem of Bangkok Metropolis is swamp area with high soil water table and
the soil is soft which cannot support the weight of buried solid waste. But the
area at Ratcha Buri is a mountain area, without ground water problem, and its
hard soil and rock bed can be handled the weight of solid waste. According to
the report of Krasetsart University upon the requirement of the IWD, several
points for securing landfill site in this area were suggested.

2.5.3.3 The IWD prepare document for renting the IHWTC according the
government policy to motivate the private investor to cooperate on
privatization. The draft contract for rent has been prepared by the IWD include
the right to operate the IHWTC. The IWD assigned 5 year's period in rent
contract and tried to motivate the private investor to modernize and develop the
treatment system by extending the duration of the contract. The IWD also made
and effort to encourage for more capital investment including the treatment and
annihilation, technical transfer, incinerator and increasing of resource recovery
plant. Nevertheless, the private investor must submit the project proposal and
relevant conditions to the government for approval.

. The operation of the IHWTC by the private investor must cover

disposals annihilate and the solid to be buried in the secure landfill site. The
user will be charged directly at the rate which is approved by the government.
But such practice have no current legislation for governing the investor, because
it new measure for Thailand. In addition, the factories enactment have not been
defined apparently to oblige the factories on using central treatment system and

paying for the central service as in abroad.

Therefore, it is the right of factories on managing the waste treatment by
themselves or using treatment at the IHWTC. In the first phase of this project,
the private investor thus were not interested in this investment. Therefore, the
government need to seed investment to lead and to assure them. The IWD had
submitted the government for financial support on land expenditure, the
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IHWTC construction cost include the provision of landfill site.

For the next project of the IHWTC establishment, the government could
reduce some supporting budget. Therefore, finally, only the cost of lands for the
IHWTC establishment and for secure landfill site will be provided. After that,
the IWD prepared document for rent and rent contract and submitted to the
Department of Public Prosecution to approve the contract for the rent bidding.
This document was approved by the cabinet, before the announcement for the
IHWTC rent bidding by the end of 1987. Detail will be further describe in
specification of 2.5.5.

2.5.4. The construction of the IHWTC at Samae Dam, Bang
Khun Thien, Bangkok Metropolis

The Sithichai Engineering Co., Ltd. was the bidding winner, by starting
to construct this IHWTC on October 1, 1985 and ending on April 1, 1988, with
the constructed expenses of 22 million bahts. The IHWTC is located at 14-15
- Thon Buri-Pak Tho road, Samae Dam, Bangkok Metropolis. There are some
other facilities including Head Office building, analytical rooms; scale-devices
and other facilities which are necessary for the treatment and annihilate system.
There are 3 systems upon their capacity as follows;

1. waste water treatment system from the manufacture of electroplating
at 200 m3/day,

2. waste water treatment system from the manufacture of dyeing at 800
m3/day,

3. sludge cake or solid waste annihilated system at 100 tons/day.

2.5.5 The service procedure by private company

The IWD provided rent bidding among private investor for running the
treatment IHWTC following the principle approved by the cabinet. There were
6 companies bought the bidding application forms but only three of them were
m competition. The IWD has considered and selected the Siam Control Co.,
Ltd. to be the winner. The Siam Control Co., Ltd. located at 994 soi thong lor
(55) Sukhumvit road, Bangkok 10110 is the for operating the IHWTC at
Samae Dam. He himself seck customer, (the IWD provide information
suggestion and coordinate with factories), transportation, treatment and
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annihilate, management on burying, personnel procurement and management,
and other implementations under supervision of the IHWTC.

The cooperation of the private investor for rent and carty out the
IHWTC, is the government policy. The IHWTC operation is controlled by the
government including the service charge from the . To avoid troublesome user
or the factories producer, the service charge can be devided into following
categories;

(1) Cost of solid waste transportation from the factories to the IHWTC at
Samae Dam, charge in baht per ton and kilometer. (baht/ton-km.)

A (2) Cost of solid waste treatment at the IHWTC at Samae Dam, charge
in baht per ton (baht/ton) according to the type of solid waste which vary to the
treatment method, chemical and power use.

(3.) Cost of treated waste transportation/annihilation from the [HWTC to
the secure landfill site at Ratcha Buri, charge in baht per ton and kilometer.

(baht/ton-km.)
-(4) Cost of bury at Ratcha Buri charge in baht per ton. (baht/ton)
2.5.6 The maximum charge rate which proposed for bidding

_ The maximum service charge rate for each type of wastes management
as the following table charged by the IHWTC at Samae Dam.

Types of waste Treatroent rates from Treatment rates at the Transport rates from the Burying ratea at Ratch
factory to center Center at Samﬁe Dam Center to landfill site Buri Province
(baht/ton-km.) (baht/ton) ({baht/ton-kum.) (baht/ton)
1. waste water from 1 45 2 100
electroplating plant
2. waste water from 1 45
dyeing plant
3. mercury solid waste 2 450 2 100
4. w@ment wastes : 1 450 1 100
5. others 2 450 2 100
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Source : The Central Waste Water Treatment Plant at Samae Dam (1988)

2,5.7 Making the range contact and beginning the operation for
the first IHWTC

An agent of SGS Environmental Service Co., Ltd. signed a rent contract
with the IWD for operating the IHWTC on April 8, 1988 and began to
implement the waste treatment/annihilate since August, 1988. The rent contract
was made for 5 years period and assigned the rent to carry out the IHWTC as
follows;

(1) to implement all the IHWTC's works,

(2) to transport waste water from the manufacture of electroplating,
dyeing and solid waste disposal,

(3) to transport annihilated solid waste to secure landfill site at Ratcha
Buri,

(4) to conduct the sludge cake or solid waste to be buried at Ratcha
Buri.

- The reward for the IWD
(a) cost of rent 50,000 baht/month

(b) royalty cost, charge for-exceeding amount in particular of waste,
fixed in the rent contract by the IWD. They are as follows;

- must pay for the royalty cost for treatment of the manufactures of
electroplating by the rate at 5 baht/ton of exceeding amount of waste water
1,000 tons/month, received from the factories.

- must pay for the royalty cost for treatment of the manufacture of
dyeing by the rate at 3 baht/ton of exceeding amount of waste water 4,000
tons/month, received from the factorics.

- must pay for the royalty cost for treatment of the manufacture of
dyeing by the rate at 100 baht/ton of exceeding amount of hazardous water 330
tons/month, received from the factories.
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2.5.8 The Requirement for treatment service at the IHWTC,
Samae Dam, Bang Khun Thien

The is responsible for the user, or the factories to use the treatment as
above-mentioned. The factories or any one who wish to use the service, must
submit the application directly to the or through the TWD. At the moment
many organization and private sector have submitted the purpose to use the
treatment at the IHWTC.

~ 2.5.9 The office responsibility for the operation of the IHWTC

The IHWTC was established by the IWD, Ministry of Industry. It is also
responsible for controlling the implement the ITWTC. The IWD's authority and
- supervision are as follows;

- To control solid waste treatment at the ITHWTC, received from the
factories to meet the certain level of the IWD's standard.

- To follow up and monitor the detail of information for the quantity and
the factors of hazardous waste that the ITWTC must be treated, to acquire the
data as actual fact, and to protects the leakage of hazardous waste.

- To conduct and charge the rent and the royalty cost from the rent
company.

- To encourage the factories to use the treatment at the THWTC, by
enhancing the admission of the license or continuation the license for the
factories which use the treatment at the IHWTC.

2.5.10 The type of factories currently use the treatment at the
IHWTC

The type of factories currently use the treatment at the JHWTC can be
classified as follows;

(a) waste water from manufacture of electroplating; most of waste water
comes from electroplating (both electricity and non-electricity),

(b) waste water from manufacture of dyeing; most of waste water comes
from manufacture of dyeing
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(c) old chemicals and disuse; most of wastes come from manufacture of
electroplating (non-electricity) and manufacture of electronics,

(d) heavy metal sludge and solids; most of waste sediment come from
- manufacture of electronic, manufacture of car assembly manufacture
of steel galvanizing,

(e) solid wastes; most of solid wastes come from manufacture of
pesticides, manufacture of fluorescent lamps, manufacture of
electrical, manufacture of solvent production.

2.6 The Documentation and research works concerned

The study on documentation and research works was found that an
" appropriate charge rate of the central waste waster treatment serve for the
industries has not studied before. Nevertheless, there are some documentation
and research work concerned as below.

Thawan Patanasthianpong (2531: abstract) studied the management of
waste water treatment for the small manufacture of electroplating by asking the
concerned people to solve the waste water problems. These including the
manufacture of electroplating producer, the people who live nearby the
manufacture of electroplating, the IWD's staff and the staff of the Office of
National Environmental Committee. It found that the factories producer disagree
to relocate the manufacture of electroplating groups in the same area and to
construct IHWTC for solving the waste water treatment systematically.

On the other hand, the IWD's staff and the staff of the Office of National
Environmental Committee agree with the implementation above- mentioned
project proposal. The reason is that industrial waste water treatment could be
controlled. However, the problem of waste water treatment system and toxic
solid waste disposal still need to be solved.

Charinee Detchachinda (2535: abstract) studied the electroplating
producer's satisfactory on the IHWTC service as well as the IHWTC's location,
landfill site, equipment and method of waste transpoﬂaf.ion, transportation
control system, regulation and procedure o service application, charge rate, the
overall satisfactory on the IHWTC and the factor affecting the THWTC's
satisfactory. The study found that the samp ling population on these aspects of
the IHWTC's location, landfill site, equipment, method of waste transportation,



transportation control system, regulation and procedure of service applications
were very satisfied. Nevertheless the transport control system and charge rate
were fair. satisfied. The overall satisfactory on the IHWTC was very much
satisfied. The producer claimed problem relating to the IHWTC was the
available trucks for waste water transportation in the IHWTC were not adequate
for service.



CHAPTER 3
THE RESEARCH METHODOLOGY

This is a survey research, aiming at the calculation an appropriate charge
rate for the treatment center at Samae Dam, Bang Khun Thien, Bangkok
Metropolis, under the control of the IWD, Ministry of Industry. The concept of
study on data collection and analysis are assigned as follows;

3.1 Preparing procedure

The documentation and data concerned are revised for the questionnaire
concept. They are consist of;

(1) Background and implementation of the Center at Samae Dam, Bang
Khun Thien, Bangkok Metropolis,

(2) Type and amount of user who use the treatment at the Center, since
the beginning of August 8, 1988 until July 31, 1993,

(3) The charge rate of the Center received from the user up to the
present time (July 31, 1993),

(4) The charge rate, charged from the users at the other treatment plants
in both domestic and abroad

3.2 Design for data survey
It is divided into two parts;

3.2.1 To design survey formation for the Center at Samae Dam as
follows;

- data survey for investment cost, since the initiation of the project until
the beginning of operating

- data survey for operating cost and maintenance cost, since the
beginning of operating August 8, 1988 until July 31, 1993

- data sMey for the Center income from August 8, 1988 until July 31,
1993
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- capacity survey for disposal of wastes and industrial solid waste at
Samae Dam Center at the present time

- effectiveness survey for industrial wastes and sludge cake of the Center
at Samae Dam, from August 8, 1988 to July 31, 1993

8.2.2 The design of survey formation for the factories which use
the treatment at the Center

Survey the number of users who use the treatment from the Center at
Samae Dam. They are divined accordingly to the type of the treatment of
industrial waste and sludge cake at the Center at Samae Dam as follows;

(a) waste water from manufacture of electroplating; most of waste water
comes from electroplating (both electricity and non-electricity),

(b) waste water from manufacture of dyeing; most of waste water comes
from manufacture of dyeing

(c) old chemicals and disuse; most of wastes come from manufacture of
electroplating (non-electricity) and manufacture of electronics,

(d) heavy metal sludge and solids; most of waste sediment come from
manufacture of electronic, manufacture of car assembly manufacture
of steel galvanizing,

(e) solid wastes; most of solid wastes come from manufacture of
pesticides, manufacture of fluorescent lamps, manufacture of
electrical, manufacture of solvent production.

The number of users who used treatment service of the Center at Samae
Dam, since the beginning of the Center operation until July 31, 1993 could be
categorized by the type of treatment as follows;

Type of factory Number of factories
Electroplating (a) 149
Dyeing (b) 52

Solid Waste (c)+(d)+(e) 60
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Then sampling users in each type of the treatment of the Center by
random sampling for 30% of the manufactures use each type of the treatment
could be categorized by the type of treatment as follows;

Type of factofy Number of factories
Electroplating (a) 50
Dyeing (b) . 18
Solid Waste (c)+(d)+(e) ‘ 20
Total 88

3.3 The procedure of data collection
For data collection, the survey form and questionnaire consist of;,
- data collection from the Center

- data collection from the manufactures use the service of the Center at
" Samae Dam

3.4 The procedure of evaluation and data processing

(1) The evaluation of the past operation of the Center at Samae Dam,
since start the operation up to the present time (August 8, 1988 - July 31, 1993)
in aspect of;

- The capacity of the past implementation,
- The efficiency and capability of treatment system

- Financial analysis,

(2) The analysis of the appropriate rate of charge use this following
principle;

- Analysis of benefit - cost,
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- Analysis from quantity, concentration and severity of type or kind of
waste, that users taken to be treated, annihilated and to be buried,

- The satisfactory of both the Center and the users

(3) Statistical analysis

- For explanation of the genefa.l situation of the factories by analysis of
percentage, Mean, Standard deviation, Variance,

- For the relation of variable and testing the hypothesis, analysis of
Variance (ANOVA by one-way classification method is used

(4) The application software has been created for the appropriate rate of
charge for more convenient, quick and accuracy.



CHAPTER 4
RESULTS OF STUDY AND DISCUSSION

The study for calculating the appropriate charge rate for the Center on its
treatment service given to the industries. Case study : the implementation of the
IHWTC at Samae Dam, Bang Khun Thien, Bangkok Metropolis was concerning
the project analysis and evaluation and also investigation of the user's opinion
on the criterion for the charge rates calculation. The users were interviewed (at
their factories). The data collections are brought to analyze and process
systematically. The result of the research can be discussed in each part as
follows;

4.1 The past implement of the Center at Samae Dam

Since the beginning of operation of the Center until the present time
(August 8, 1988 - July 31, 1993), they consist of;

4.1.1 The current number of users

4.1.2 The quantity of treated/disposed wastes, compared with the
target quantity

4.13 The Center's income from the industrial wastes treatment
compared with the target income

4.1.4 General Characteristic of sampling group

4.1.1 The current number of users

The number of user who use treatment service from the Samae Dam,
During August 8, 1988 - July 31, 1993) can be devided into 5 tables they are
shown in table 4.1 - 4.5 as follows;



Table 4.1 The number of factories used treatment service from the
Center at Samae Dam, during August, 1988 - July, 1989

Type of factory Number of factories used treatment service from the Center

Aug. | Sep. | Oct. | Nov. | Dec. | Jan. | Feb, | Mar.| Apr. May.| Jun. | Jul.
Electroplating 10 18 21 28 32 35 39 38 35 36 37 37
Dyeing 5 4 5 6 7 8 8 9 9 8 7 7
Solid waste 3 3 4 5 5 6 7 7 8 9 10 10

Table 4.2 The number of facfor_ies used treatment service from the
Center at Samae Dam, during August, 1989 - July, 1990

Type of factory Number of factories used treatment service from the Center

Aug. | Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. Apr. | May.| Jun. | Jul
Electroplating 38 38 38 36 39 41 50 54 60 60 60 63
Dyeing 10 7 7 8 8 7 8 8 9 10 13 18
Solid waste 10 15 18 16 21 14 18 16 16 17 19 18

Table 4.3 The number. of factories used treatment service from the
Center at Samae Dam, during August, 1990 - July, 1991

Type of factory Number of factories used treatment service from the Center

Aug. | Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. Apr. | May.| Jun. | Jul
Electroplating 70 71 73 76 75 79 78 80 86 89 105
Dyeing 17 | 19 21 | 22 27| 28} 30| 33 35 37
Solid waste 18 18 21 21 25 30 26 27 29 29
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Table 4.4 The number of factories used treatment service from the

Center at Samae Dam, during August, 1991 - July, 1992

Type of factory Number of factories used treatment service from the Center

Aug. | Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar.| Apr. | May.| Jun. | Jul.
Electroplating 108 | 110 | 113 | 116 | 118 | 121 123 ] 124 | 126 | 127 | 128 | 130
Dyeing 37 38 39 39 41 41 42 44 46 46 47 51
Solid waste 29 30 32 35 38 | 40 42 43 45 | 46 48 50

Table 4.5 The number of factories used treatment service from the

Center at Samae Dam, during August, 1992 - July, 1993

Type of factory Number of factories used treatment service from the Center

Aug. | Sep. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar.| Apr. | May.| Jun. | Jul
Electroplating 134 } 135 138 140 140 | 140 142 143 143 145 148 149
Dyeing 50 49 50 52 51 52 52 51 54 49 51 52
Solid waste 47 49 50 52 52 53 54 | 55 | 54 541 58 60

Irom table 4.1 = 4.5 arc shown that thc number of uscrs who uscd
treatment service of the Center at Samae Dam, since the beginning of the
Center operation until July 31, 1993 could be summarized by the type of
factories, electroplating, dyeing and solid waste they are 149, 52 and 60

factories respectively.
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4.1.2 The quantity of treated/disposed wastes, compared with the
target quantity

The quantity of treated/disposed wastes, compared with the target
quantity, of the Center at Samae Dam, During August 8, 1988 - July 31, 1993)
can be devided into 5 tables, théy are shown in table 4.6 - 4.10 as follows;

Table 4.6 The actual and the target quantity of treated/disposed wastes
‘ of the Center at Samae Dam, during August, 1988 - July,

1989)
Month electroplating waste dyeing waste solid v;'aste
Actual (tons) | Target (tons)| Actual (tons)| Target (tons) Acﬁﬂ (tons) | Target (tons)

August 3.67 346.7 36.84 1906.7 54.38 238.3
September 6.45 390.0 125.29 2080.0 59.64 260;0
Oétober | . 184.61 4333 377.54 22533 - 281.7
November 729.74 476.7 5271.73 2426.7 19.22 303.3
December 773.14 520.0 535.36 2600.0 - 325.0
January 929.57 563.3 660.01 27733 75.58 346.7
February 1003.19 606.7 407.73 2946.7 39.78 368.3
March 1443.79 650.0 560.32 31200 1 18.65; 390.0
April 1381.15 693.3 722.74 3293.3 | 94.93 - 4117
May 1503.86 736.7 871.47 3466.7 132.29 4333
June 1380.02 780.0 1056.12 3640.0 147.92 455.0
July i364.14 823.3 1055.10 3813.3 175.18 ' 476.7
Total 10703.33 7020.0 6936.25 34320.0 917.57 4290.0
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Table 4.7 The actual and the target quantity of treated/disposed wastes
of the Center at Samae Dam, during August, 1989 - July,

1990)

Month electroplating waste dyeing waste solid waste

Actual Target Actual Target Actual Target
August 1660.41 866.7 890.47 3986.7 122.54 498.3
September 1976.47 910.0 849.97 4160.0 253.19 520.0
October .1989.44 953.3 745.62 4333.3 211.38 541.7
November 2002.37 996.7 634.79 4506.7 359.23 563.3
December 1830.23 1040.0 570.17 4680.0 280.00 585.0
January 1966.21 1083.3 551.44 4853.3 271.67 606.7
February 2167.26 1126.7 704.43 5026.7 237.60 628.3
March | 3118.62 1170.0 800.22 5200.0 250.20 650.0
April 2259.57 12133 635.84 5373.3 196.37 671.7
May 2884.91 1256.7 713.96 5546.7 215.53 693.3
June 3282.05 1300.0 867.07 5720.6 209.34 7'15.0
Tuly 3110.12 13433 940.06 5893.3 252.85 736.7
Total - 28249.66 13260.0 8904.06 59280.0 2859.90 7410.0




Table 4.8 The actual and the target quantity of treated/disposed wastes
of the Center at Samae Dam, during August, 1990 - July,

1991)

Month electroj;lating waste dyeing waste ‘ solid waste

Actual Target Actual Target Actual Target
August 2954.78 1386.7 915.75 6066.7 294.67 758.3
September 2580.43 1430.0 1211.13 6240.0 364.40 780.0
October 2384.72 14733 1126.12 6413.3 300.59 801.7
November 2502.72 1516.7 1208.03 6586.7 313.27 823.3
December 2451.10 1560.0 1280.22 6760.0 328.45 845.0
January 2808.97 1603.3 1580.01 6933.3 412.55 866.7
February 1926.85 16467 | 1085.80 7106.7 380.64 . 888.3
March 3149.05 1690.0 2101.19 7280.0 441.39 910.0
April 2651.35 1733.3 1511.15 7453.3 402.76 931.7
May 3076.59 1776.7 2353.34 7626.7 576.70 953.3
June 3479.47 1820.0 2409.84 7800.0 471.62 975.0
July 3561.23 1863.3 2274.57 79733 502.87 996.7
Total 33527.26 19500.0 19057.15 84240.0 4789.91 10530.0
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Table 4.9 The actual and the target quantity of treated/disposed wastes
of the Center at Samae Dam, during August, 1991 - July,

1992)
Month electroplating waste dyeing waste solid waste
Actual Target ‘Aétual Target Actual Target
August 3665.29 1906.7 2514.92 8146.7 586.38 1018.3
September 3820.54 1950.0 2439.65 8320.0 612.48 1040.0
October 4051.76 1993.3 2887.20 8493.3 601.70 1061.7
November 4575.49 2036.7 2760.64 8666.7 641.99 1083.3
December 3942.48 2080.0 '2658.97 8840.0 526.06 1105.0
January ) 4519.10 21233 3083.36 9013.3 659.87 1126.7
February 13523.30 2166.7 2865.90 9186.7 553.62 1148.3
March 4834.99 22100 3584.37 9360.0 862.60 1170.0
April 4325.64 22533 3039.47 95333 749.97 1191.7
May 4294.52 2296.7 3202.17 9706.7 911.70 12133
June 5243.18 2340.0 414558 9880.0 1039.35 1235.0
July 5085.78 2383.3 4687.36 10053.3 680.79 i256.7
Total 51882.07 25740.0 37869.59 109200.0 8426.51 13650.0
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Table 4.10 The actual and the target quantity of treated/disposed wastes
of the Center at Samae Dam, during August, 1992 - July,

1993)
Month . electroplating waste dyeing waste solid waste
Actual (tons) | Target (tons)| Actual (tons)| Target (tons)| Actual (tons)| Target (tons)

August 5227.04 2426.7 4422.97 10226.7 1039.05 1278.3
September 5362.08 2470.0 4754.29 10400.0 1040.34 1300.0
October 5069.42 - 2513.3 5053.43 10573.3 1259.06 1321.7
November 5865.74 2556.7 5238.68 10746.7 1317.68 13433
December 6072.59 2600.0 .53 12.54 10920.0 1106.73 1365.0
January 6348.64 2643.3 6058.08 11093.3 1542.24 1386.7
February 6652.05 2686.7 5961.17 11266.7 1791.85 1408.3
March 7146.38 2730.0 6224.36 11440.0 1928.60 1430.0
April 6561.56 | 2773.3 - 6376.12 11613.3 1643.90 1451.7
May 7147.02 2816.7 6760.37 11786.7 1975.16 14733
June 7850.32 2860.0 7083.26 11960.0 2237.41 1495.0
July 8098.16 2933.3 7314.64 121333 2348.?3 1516.7
Total 77501.00 31110.0 70559.91 134160.0 19230.75 16770.0

From table 4.6 - 4.10 are shown that the actual quantity of waste
treated/disposed by the Center at Samae Dam, from beginning of operation until
July 31, 1993, could be summarized by the type of factories, électroplati_ng,
dyeing and solid waste compared with the target quantity as follows;
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Type of wastes Actual (tons) Target (tons)

electroplating waste 201,861.32 92,630.00
dyeing waste 14332696  421,202.00
_solid waste 36,224.64 52,650.00

_ Toal 38141292  566.482.00

The total of the actnal quantity compares with the target quantity are
381,412.92 tons and 566,482.00 tons, the target quantity is more than the actual
quantity 32.67%. They could be categorized by the type of treatment,
electroplating, dyeing and solid waste found that the actual quantity compares
with the target quantity are 201,861.32 tons and 92,630.00 tons, the actual
quantity is more than the target quantity 54.11%, the actual quantity compare
with the target quantity are 143,326.96 tons and 421,202.00 tons, the actual
quantity is less than the target quantity 65.97%, and the actual quantity
compares with the target quantity are 36,224.64 tons and 52,650.00 tons the
actual quantity is less than the target quantity 31.20%, respectively.

4.1.83 The Center's income from the industrial wastes treatment
compared with the target income '

The Center's income from the industrial waste treatment, compared with
the target income, of the Center at Samae Dam, During August 8, 1988 - July
31, 1993) can be devided into 5 tables, they are shown in table 4.11 - 4.15 as
follows;
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- Table 4.11 The detail of the rental fee, the royalty charge, the solid waste
burying cost, the total actual income and target income served
by the Center at Samae Dam, during August, 1988 - July,

1989
Royalty for more than low limit quantity
Moath Moathly Royalty for Charge for
rental fee extra factories | different weight electroplating dyeing solid waste | solid waste | Total actnal | Target income
(baht) (baht) more than 10% waste water waste water more than burying cost| income (baht)
(baht) more than 1000| more than 4000| 330 tons/ (baht) (baht)
/s h /m month
Aug 50,000 0.00 0.00 0.00 Q.00 0.00 0.00 50,000.00
Sep 50,000 0.00 0.00 0.00 0.00 0.00 0.00 50,000.00
Oct 50,000 0.00 " 000 805.80 0.00 0.00 5,516.00 56,321.80
Nov 50,000 0.00 51.30 929.13 0.00 0.00 20,162.00 71,14243
Dec 50,000 0.00 2.89 877.65 0.00 0.00 12,788.80 63,669.34
Ian 50,000 0.00 24.86 948.75 0.00 0.00 41,920.30 92.893.91
Feb 50,000 15.95 2.55 601.11 0.00 0.00 29,125.20 79,744.81
Mar 50,000 2218.95 43242 1,166.79 0.00 0.00 64,566.45 118,384.61
Apr 50,000 1,905.75 66.96 1.891.2? 0.00 0.00 57812.60 lll.67;5.&)
May 50,000 2,519.30 503.86 1,712.01 0.00 0.00 68,957.15 123,692.32
Jun 50,000 1917.36 ’957.99 1,849.35 0.00 0.00 90,162.40 144,887.10
Jal 50,000 2,066.61 1,117.34 1820.';0 0.00 0.00 76,799.70 131,804.35
Total 600,000 10,643.92 3,160.17 12;602.58 0.00 0.00 467.810.60 | 1,09421723 700,000.00
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~Table 412 The detail of the rental fee, the royalty charge, the solid waste
burying cost, the total actual income and target income served
by the Center at Samae Dam, during August, 1989 - July,

1990
Royaity for more than low hmit quantity
Moath Moathly Royalty for Charge for
rental fee extra factories | different weight} electroplating dyeing solid waste | solid waste | Total actual | Target income
(baht) (baht) move than 10% | waste water waste water more than burying cost| income (baht)
(baht) more than 1000| more than 4000f 330 tons/ (baht) (baht)
/month /month month
Aug 50,000 1,648.66 945.70 323485 0.00 0.00 69,977.70| 12581591
Sep 50,000 1,448.92 1,253.43 4882.35 0.00 0.00 10986655 167,451.25
QOct 50,000 1,157.34 1982.26 4,947.20 0.00 0.00 §9,'515.90 157,402.704
Nov 50,000 108131 1469.77 5051.85 0.00 0.00 143,500.70| 201,063.63|
Deo 50,000 1,046.85 -2,532.03 4,151.75 0.00 0.00 121,866.35] 179,596.98]
Jan 50,000 1.263.75 70545 4,831.05 0.00 0.00 126,294.30] 183,094.55
Feb 50,000 1315.09 9,369.83 5836.30 0.00 0.00 125,067.30_ 191,588.52
Mar 50,000 | 1,555.71 705.96 10,250.50 0.00 0.00 150271.90{ 212,784.07
Apr 50,000 1,138.38 254.30 1,184.00 0.00 " 0.00 101,624.60; 154.201.2#
May 50,000 1,296.86 131127 9,234.45 0.00 0.00 122.528.85] 184,371.43
Jun 50,000 1,638.52 622.87 11,149.60 000 000 125,190.89]  188,601.88|
Jul 50,000 2,107.15 204.57 10,052.20 0.00 0.00 140,857.45)  203,221.37|
Total 600,000 16,698.54 21,366.44 T74,766.10 0.00 - 0.00 1,436.362.41 2,149,193.57 l.lOODOQ.OO
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Table 4.13 The detail of the rental fee, the royalty charge, the solid waste
burying cost, the total actual income and target income served
by the Center at Samae Dam, during August, 1990 - July,

1991
Moath Monthly Royalty for Charge for
rental fee extra factories | different weight| electroplating dyeing solid waste | solid waste Tolai actual | Target income
(baht) (baht) more than 10% | waste water waste water more than burying cost] income (baht)
(baht) wore than 1000| more than 4000 330 tons/ (baht) (baht)
tons/moath fmoath moath

Aug 50,000 1951.14 710.27 9,599.15 0.00 0.00 132,980.35] 195,240.91
Sep 50,000 2,882.81 237.46 17,578.85 0.00 8,537.00 178,797.05| 248,033.17
Oot 50,000 2,867.00 551.94 - 6,465.35 0.00 0.00 151,939.90{ 211,824.19|
Nov 50,000 323645 2214.48 6,986.85 0.00 0.00 175,662.90)  238,100.68
Des 50,000 2,197.89 4,447.63 6,850.80 0.00 0.00 l62.4§7.20 225,963.52)
Jan 50,000 3,097.58 1,026.06 8,593.75 0.00 6,547.00 195,611.30} 264.875.691
Feb 50,000 2242.96 2,168.47 4,165.25 0.00 13,510.00 177916.10f  250,002.78
Mar 50,000 4236.11 633474 10,076.30 0.00 9.484.00 236,067.60] 316,198.75
Apr 50,000 3,220.47 5,254.66 7.602.75 0.00 727600 218,988.90f 292,342.78
May 50,000 4,921.31 4,711.99 9,788.00 0.00 22,564.00 273446.90]  365,432.20)
Jun 50,000 5.152.14 2,279.28 11,480.20 0.00 12,194.00 262,958.00{ 344,063.62
Jul 50,000 5,248.65 3,345.64 -10,265.30 0.00 '14,892.00 254378.10]  338,129.69
Total 600,000 41,254.51 33,282.62 99,452.55 0.00 95,004.00 2..421.21431 3.290,3)7.91 1,500,000.00
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Table 4.14 The detail of the rental fee, the royalty charge, the solid waste
burying cost, the total actual income and target income served
by the Center at Samae Dam, during August, 1991 - July,

1992
hfonth Monthly Royalty for Charge for
rental fee extra factories | differeat weight| electroplating dyeing solid waste | solid waste | Total actunl | Target income
(baht) (baht) more than 10% | waste water waste water more than burying coet| income (baht)
(baht) more than 1000| more than 4000| 330 tons/ (baht) (beht)
tons/month /month month

Aug 50,000 614077 1,320.05 12,466.90 0.00 23,758.00 2876357 421,328.10
Sep 50,000 5.850.05 2465.52 13874.35 0.00 26,462.00 303.784.20] 430,524.15|
Oct 50,000 7,151.60 4,333.01 14,306.85 0.00 27,170.00 336322.301 439,283.76
Nov 50,000 6,823.07 1,250.20 16,939.85 0.00 | 29523.00 344.653.901 449,490.02|
Deo 50,000 6,625.54 63.20 13,985.50 0.00 19,757.00 292046.50] 382A477.74
Jan 50,000 7,705.22 149.05 16,400.80 0.(!). 30,822.00 363,959.00f 469,036.07
Feb 50,000 7016.65 1,386.52 1480.120 0.00 21,952.10 310,172.20]  402,007.47!
Mar 50,000 8,002.46 193.58 18,013.75 0.00 52.324.00 428,487 .4 557,021.28
Apr 50,000 6,992.62 144,54 15,615.60 0.00 41,560.00 363,511.7 477.828.52]
May 50,000 7.696.00 127.75 15,395.85 0.00 56,154.00 | 429,686.64| 559,060.24
Jun 50,000 9,365.83 18.75 1?316.65 0.00 66,797.00 495281.52] 641,273.75
Jul 50,000 9,017.47 341.34 19,538.95 0.00 31,843.00 ' 354,880.77| 465,621.53
Total 600,000 88,988.28 11,793.51 187,829.15 0.00 428,422.00 4.310.421.91 5,694,952.63 1,900,000.00
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Table 4.15 The detail of the rental fee, the royalty éh'arge, the solid waste

burying cost, the total actual income and target income served
by the Center at Samae Dam, during August, 1992 - July,

1993
Royalty for more than low Limit quantity
Moath | Moathly Royalty for Charge for
.
rental fee | extma factories | different weight] electroplating | dyeing solid waste | solid waste | Total actaal | Target income
(baht) (baht) more than 10% | waste water waste water mare tlnn' burying cost| income (beht)
(baht) more than 1000| more than 4000 330 tons/ (baht) (beht)
VN . B\
Aug 50,000 8294.11 217 20089.15 0.00 6835900 | 44274651 58951647
Sep 50,000 935079 1438 2037495 0.00 6732800 | 458,636.14] 605,704.26)
Oct 50,000 9,156.43 148.30| 19.432.60 0.00 70,145.00 |  439,565.80]  631,502.05
Nov 50,000 887321 1,15348 | 21,174.53 0.00 71,65500 | 480,61405f 665,378.24
Deo 50,000 9,560.08 135675 | 22,567.92 0.00 6943800 | 517.833.28)  94,553.87
Jan 50,000 10,412.65 941.86 | 2086504 0.00 7424400 | 552,124.30] 723250.18
Feb 50,000 11,640.90 153447 | 2354116 0.00 T4817.00 | 544345.10] 714,622.90
Mar 50,000 10,794.01 148430 | 2243601 0.00 76.240.00 519.2704!165 678.566.20
Apr 50,000 11,256.54 1659.10 | 2174452 0.00 7186400 | 65731620 764285.64
May 50,000 13,691.36 187454 | 23260.40 0.00 75.765.50 | 688,723.08] 75361278
Jun 50,000 15,466.63 200434 | 24,851.06 0.00 8023600 | 694,672.46] 816433.52
Jul 50,000 16,544,65 2,187.15 | 26,638.48. 0.00 8145000 | 705,415.60 840.575.25{
Total 600,000 13504136 1438608 | 266975.82 0.00 887,521.00 6.701.263.‘1 8,676,001.37 2,300,000.00
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The actual income of the industrial wastes treatment service of the
Center at Samae Dam, from the beginning of operation until July, 1993, could
be compared with target income as follows;

Actual income 20,707,672.82 baht
Target income 7,600,000.00 baht

The actual income of the industrial wastes treatment service compares
with the target income are 20,707,572.82 baht and 7,500,000.00 baht
respectively, the actual income is more than the target income 63.78%

4.1.4 General Characteristic of sampling group

The general characteristic of sampling group of the users including
general situation of factory cost of treatment, quantity of wastes, hours of
working, and dates of operation, can be explained in Mean average value,
Standard deviation and Variance. They are shown in the table as follows;

Table 4.16 The general characteristic of sampling group

Variable N Mcan Sid. dev. Variance
Cost of treatment (tons/month) 88 | 6853.030 6819.470 | 46505174.200
Quantity of wastes (tons/month) 88 59.940 27.220 194.826
Hours of working (hours/day) 88 9.386 1.497 2.240
Dates of operation (days/year) ‘88 347.693 7.572 57.342

4.2 The user's opinion on the criterion of calculating rate of
charge

‘The investigated factories were categorized by their severity of pollution.
Their opinion on the criterion was explained in percentage. Meanwhile the
opinion on new charge rate was shown in the percentage, Mean average value,



Standard deviation and Analysis of Variance (ANOVA) by One-way
classification.

4.2,1 The user's opinion to the criterion for calculating rate of
charge

| Table 4.17 The total user's opinion

Variable N Percent
User's opinioﬁ agree 67 76.1
User's opinion disagree 21 23.9

Total 88 100.0

Table 4.18 The user's opinion of electroplating waste water treatment

group
Variable N Percent
User's opinion agree 39 78.0
User's opinion disagree 11 22.0
Total 50 100.0

Table 4.19 The user's opihion of dyeing waste water treatment group

Vanable . N Percent
User's opinion agree 13 72.2
User's opinion disagree 5 27.8

Total 18 100.0




Table 4.20 The user's opinion of solid waste treatment group

Variable - N Percent
User's opinion agree 15 75.0
User's opinion disagree 5 25.0

Total 20 100.0

4.2.2 The uvser's opinion to the new charge rates

4.2.2.1 The solid waste group's opinion to the new charge rates

charge raty N - Opinion Mean Std.dev. | Variance

Agree (%) | Disagree(%
550 20 |80.8 (16) | 192 (4) | 531.250 38.887 | 1512.213
500 20 |[80.8 (16) | 19.2 (4) | 487.500 27.595 761.494
450 20 192.6 (16) 74 @ 443.750 23.747 563.937
400 20 | 80.8 (16) 19.2 “@ 400.000 30.324 919.540
350 20 [ 80.8 (16) | 19.2 4 | 356.250 42759 | 1828.305

The above table shown solid wastes group's opinion for the new charge

rates explained in statistic value.
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4.2.2.2 The waste water group's opihion to the new charge rates

charge ratg N Opinion Mean Std.dev. Varianée
Agree (%) | Disagree(%)

55 68 | 80.8 (55) | 19.2 (13) { 53.125 3.887 15.122

50 68 |80.8 (55) | 19.2 (13) | 48.750 2.760 7.615

45 68 |92.6 (63) 74 (5)| 44.375 2.375 5.639

40 68 |80.8 (55) | 19.2 (13) | 40,000 3.032 9.195

35 68 |80.8 (55) | 19.2 (13) | 35.625 4.276 18.283

The Analysis of Variance in opinion between manufactures of
electroplating and dyeing by One-way classification method;

- 535 bahts charge rate group

Variable df Sum of square | Mean square | F-Ratio F-Prob
Between groups| 1  0.0147 0.0147 0.0010 0.9743
Within groups | 66 930.5000 14.0985

Total 67 930.5147

The above table shown the statistic of the opinion comparison between

manufactures of electroplating and dyeing for the 55 bahts charge rate groups,
was found no significant variable. : '



- 50 bahts charge rate group
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Variable | df | Sum of square | Mean square | F-Ratio | F-Prob
Between groups| 1 0.0016 0.0016 - 0.0002 0.9876
Within groups | 66 442.2778 6.7012

Total 67 442.2794

The above table shown the statistic of the opinion comparison between
manufactures of electroplating and dyeing for the 50 bahts charge rate groups,
was found no significant variable.

- 45 bahts charge rate group

Variable df Sum of square | Mean square | F-Ratio F-Prob
Between groups 1 0.0408 0.0408 0.0088 .0.9256
Within groups | 66 306.9444 4.6507

Total 67 306.9853
The above table shown the statistic of the opinion comparison between

manufactures of electroplating and dyeing for the 45 bahts charge rate groups,
was found no significant variable. '

- 40 bahts charge rate group

Total

67

Variable df Sum of square | Mean square | F-Ratio F-Prob
Between gfoups 1 0.1324 0.1324 0.0167 | 0.8977
Within groups | 66. 524.5000 7.9470

524.6324
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, The above table shown the statistic of the opinion comparison between
manufactures of electroplating and dyeing for the 40 bahts charge rate groups,
was found no significant variable.

- 35 bahts charge rate group

Variable df Sum of squére Mean square | F-Ratio F-Prob
Between groups{ 1 0.2761 0.2761 0.0166 0.8977
Within groups | 66 | 1094.9444 16.5901

Total 67 1095.2206 |

The above table shown the statistic of the opinion comparison between
manufactures of electroplating and dyeing for the 35 bahts charge rate groups,
was found no significant variable.

4.2.3 The appropriate rate of charge is in term of financial

There were 88 manufactures sampling which can be divided into two
groups. One is the manufactures use the service of waste water treatment, and
the other is the manufactures use the service of solid waste disposal. Each
group can be classified according to types of manufacture as follows;

1. The manufactures use the service of waste water treatment have 68
manufactures. They are classified according to the types of manufacture as
follows;

Types of Manufacture - Number of Manufactures
Electroplating - 47
Dyeing ' 13
Cosmetic products ' 2
Foodstuff “ -2

Electrical Circuit 2



Chemical

Beverage

Total

1
1
6

00

68

2. The manufactures use the service of waste water treatment have 20

manufactures. They are classified according to the types of manufacture as

follows;

Types of Manufacture

Electrical Circuit

Electrical Equipment

Car Assembly

Car Batteries

Glue

Tire

Total

10
5

1
2

o

Number of manufactures

4.2.3.1 The comparison of income from the new charge rates and the old

one in case of waste water treatment group.

Types of Manufacture | Number Quantity | New charge ratq New service charge] Old service charge
Electroplating 47 2363.9 50 118,195.00 106,375.50
Dyeing 13 1416.1 50 70,805.00 63,724.50
Cosmetic products 2 254.5 45 11,452.50 11,452.50
Foodstuff 2 192.8 40 7,712.00 8,676.00
Electrical Circuit 2 107.4 55 5,907.00 4,833.00
Chemical 1 56.3 50 v 2,815.00 2,533.50
Beverage 1 125.0 40 5,000.00 5,625.00
Total 68 221,886.50 203,220.00
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4.2.3.2 The comparison of income from the new charge rates and the old
one in case of solid waste disposal group.

Types of Manufacture | Number | Quantity | New charge ratd New service charge| Old service charge
Elcctlicz;l Circuit 10 374.2 500 187,000.00 168,390.00
Electrical Equipment 5 193.7 550 106,535.00 87,165.00
Cémned products 1 384 . 450 | 17,280.00 17,280.00
Car Assembly 1 355 500 17,750.00 15,975.00
| Car Batteries 1 " 36.0 450 16,200.00 16,200.00
Glue 1 42.6 450 19,170.00 19,170.00
Tire 1 38.7 450 17,415.00 17,415.00
Total 20 : 381,450.00 341,325.00
Total of 2 ,g;,roups 88 603,066.50 544,545.00

From the above table, the comparison of the new charge rates and the
old one of the sampling factory group for 88 factories found that the Center's
income were increased. Its means that the new charge rates are appropriate
financial matter for both waste water treatment and solid waste disposal group.

4.3 The program development for facilitating the calculation the
charge rate

The new charge rate, agrecable by most of interviewed users which
including service the charge of the waste water treatment and the solid wastes
disposal. It is statistic significant meaning as 4.2 above-mentioned. The
computer program is developed to facilitate the calculation of charge rate with
more convenient, quick and accurate. Moreover the existing data can be
recorded in diskette for data base instead of record on paper as the old fashion.
The language is developed in dBASE and source program (*.prg) will be to
compiled the execute (*.exe) with the program Clipper Version 5.01. File of
CHARGE.EXE can be run at command line directly (DOS platform only). The
program operation will be explained in Chapter 5.



CHAPTER 5
CONCLUSIONS AND RECOMMENDATION

The study for the achievement of the IHWTC's operation, the criteria for
fixing the charge rate, the appropriate rate of charge in term of the financial and
the using computer for the chéu‘gc rate calculation and the recommendations will
be concluded as follows;

5.1 Conclusions

This study is concerning with the study on appropriate rate of charge for
the Industrial Hazardous Waste Treatment Center (the Center). The case study
is involved with the preceded implementation of the IHWTC at Samae Dam,
Bang Khun Thien, Bangkok Metropolis which can be concluded as follows;

5.1.1 The achievement of the IHWTC's operation

The achievement of the IHWTC's operation at Samae Dam, from August
8, 1988 until July 31, 1993, they were classified into three parts;

(1) The number of users of the Center could be classified by the type of
treatment as follows;

Types of factory | Number of factories

Electroplating 149
Dyeing 52
Solid Waste 60

(2) The quantity of treated/disposed wastes classified by the type of
treatment;



n

Types of wastes Actual (tons) Target (tons)
electroplating waste 201,861.32 92,630.00
dyeing waste 143,326.96 421,202.00
solid waste 36,224.64 52,650.00

Total 381,412.92 566,482.00

(3) The income from the Center's treatment service.

Actual income 20,707,572.82 baht

Target income 7,600,000.00 baht

5.1.2. The criteria for fixing the charge rate.

5.1.2.1 The type of manufacture can be classified by its toxicity
wastes, into two sub-groups as follows;

(1) Waste water pollution

Group 1 Maximum pellution - petro-chemical, metal smelting, electrical
circuit, electrical apparatus and supplies,
tire, oil refinery

Group 2 Heavy pollution - electroplating, dyeing, chemical, paint, car
-assembly, batteries, pesticide, leather

Group 3 Moderate pollution - seasoning ‘powder, paper earthen ware,
‘ cosmetic medicine

Group 4 Light pollution - sugar, whisky, beer, beverage, freezer,
‘ . foodstuff



Group 5 Minimum pollution

(2) Solid waste pollution

Group 1 Maximum pollution
Group 2 Heavy pollution
Group 3 Moderate pollution
Group 4 Light pollution

Group 5 Minimum pollution
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textile, concrete, flavor food, mill, milk,
canned, sawmill and others

electrical apparatus and supplies, metal
electroplating, petrochemical, chemical

earthen ware, concrete, lime, paint,
plastic, car ‘assembly, electrical circuit

_ceramic, batteries, tire, drycell, glue,

dyeing, shoes, canned

sugar, whisky, beer, foodstuff, rubber,
leather '

mill, textile, flavor food, sawmill, wood
furniture, others

5.1.2.2 The satisfactory of the Center's staff and the users

Types of pollution waste water solid waste
(baht/ton) (baht/ton)
maximum pollution 55 550
heavy pollution 50 500
moderate bo]lutjon 45 450
light pollution 40 ’ 400
minimum pollution 35 350‘

Statistic value Analysis of Variance (ANOVA) by one-way classification
method was found, the users agree with these new charge rates.
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5.1.3.1 The comparison of income from the new charge rates and the old

one in case of waste water treatment group.

Types of Manufacture | Number | Quantity | New charge ratd New service charge] Old service charge
Electroplating 47 2363.9 50 118,195.00 . 106,375.50
Dyeing’ | 13 1416.1 50 70,805.00 63,724.50
Cosmetic products 2 254.5 45 11,452.50 11,452.50
Foodstuff 2 192.8 40 7,712.00 8,676.00
Electrical Circuit 2 107.4 55 ° 5,907.00 4,333.00
Chemical 1 56.3 50 2,815.00 2,533.50
Beverage 1 125.0 40 5,000.00 5,625.00
Total 68 221,886.50 203,220.00

5.1.3.2 The comparison of income from the new charge rates and the old
one in case of solid waste disposal group.

Types of Manufacture | Number | Quantity | New charge ratd New service charge| Old service charge
Electrical Circuit 10 374.2 500 187,000.00 168,390.00
Electrical Equipment 5 193.7 550 106,535.00 87,165.00
Canned products 1 384 450 17,280.00 17,280.00
Car Assembly 1 355 500 17,750.00 15,975.00
Car Batteries 1 36.0 450 16,200.00 16,200.00
Glue 1 42.6 450 19,170.00 19,170.00
Tire 1 38.7 450 17,415.00 17,415.00
Total 20 381,450.00 341,325.00
Total of 2 groups 88 603,066.50 544,545.00
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From the above table, the comparison of the new charge rates and the
old one of the sampling factory group for 88 factories found that the Center's
income was increased. Its means that the new charge rates are appropriate
financial matter for both waste water treatment and solid waste disposal group.

5.1.3 Using computer for charge rates calculation

Using computer program to contribute rates of charge4 calculation are
more convenient and accurate than the old style system. This software has been
developed for facilitating charge rates' calculation. All of the existing data can
be recorded in diskette, and retrieved, viewed and processed in several formats.
(It is easy to use compare to the old record system that was recorded on the
paper). Raw data could be apply for other objectives.

- Program operation

This application software for charge rates' calculation in the waste
treatment center at Samae Dam is developed from the Clipper program version
5.01 that is one of widely used data base programs.

The developed program is easy to use. The pull down menu is
interactive with the user, who could accesses by showing on typing "CHARGE"
and pressing key <ENTER> at C:\> prompt, the display screen will show;

NEW USER

OLD USER

OTHER DATA DISPLAY

FORMULA MODIFICATION

QUIT

(1) Step of charge rate calculation uter software
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1. Moving the highlight to cover one of the selected items either new
user or old user, then press <ENTER> key.

2. Enter the factory's name and press <ENTER> key.

3. When display show the type of pollution which user's require to treat
and dispose, move highlight to select the required items then press <ENTER>.

4. The new users, display will show the type of factory, move the
highlight to select the required menu and press <ENTER> key.

For the old users, this step will be skipped to step number 5.

5. The display will leave some space for enter the waste quantity, taken
to be treated and disposed for final burying at Ratcha Buri.

6. The charge rates is now being calculated and shown on the display,
but it can be printed on the printer by pressing <P> key.

(2) The review of the existing data

After selecting the option the display will show the menu as below;

NUMBER OF USER

QUANTITY OF WASTE TREATED/DISPOSED

INCOME OF THE IHWTC

- If number of user item is selected, the display will show the menu for
selection, which the manufacture of electroplating, manufacture of dyeing, and
manufactures of solid wastes, move the highlight to select the required menu
and press the <ENTER> key.

- If the quantity of solid waste treated/disposed is selected, the display
will show selected menu, which the waste water from the manufacture of
electroplating, manufacture of dyeing, and manufacture of solid wastes, move
the highlight to select the required menu and press the <ENTER> key.
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- If the income from the IHWTC is selected, the display will show
selected mcnus include monthly income, annual income, the total income,
move the h1gh11ght to select the required menu and press the <ENTER> key.

(3) Formula calculated modificati on for the rate of charge

- If the above-item is selected, the display will show the menu for
selection and the normal rate (B.E.2537) including 5%, 10%, 15%, 20%
increase respectively, move the highlight to select the required menu and press
the <ENTER> key.

5.2 Recommendations

By the result of the study, recommendation can be proposed as follows;

5.2.1 The recommendation for this research

The difficulty of the study is the collection of field data concerning the
qQuestionnaire on user's idea in several aspects. Some of the question is
involving business and financial matters which beneficial affected the taxes'
payment including their gain that cannot be revealed to public. Therefore, the
data collections for this study seem to be less, (but at least the data analysis’
shall be beneficial for further study). Nevertheless, it is acceptable in statistical
analysis.

5.2.2 The suggestion for the program operation

This program should be valid within five years, because the charge rate
must be increased with time, due to minimum labor wages, the inflation and
other factors. It must be adjusted in suitable situation. The survey of the user's
satisfactory is one of the factor that should be considered for newly the charge
adjusting rates.

5.2.8 The suggestion for further research
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1. Study on the principle and some factors in more detail should be
taken to support the consideration on calculation of the appropriate charge rate

2. Only the landfill site at Ratcha Buri is now available for toxic wastes
to be buried, but it is not enough for the increasing rate of the quantity of
industrial .toxic waste. Therefore, landfill site at Sara Buri, Chon Buri and
Rayong should be further studied their feasibility and suitability in accordance
with the future program.

3. Study on the underground water that can be affected to the leakage of
the toxic waste to be buried at the landfill site.



APPENDIX 1

Industrial waste water quality standard (The announcements of Ministry of
Industry No.12 B.E.2525)

Variable Waste water quality standard
1. pH value : 59
2. Permanganate value 60 mg/l

3. Dissolved solids

3.1 Dissolve solids 2,000 mg/l or may differ from fixed value, depend on
geography or discharge characteristic in accordance with official's
approval, but not exceeding 5,000 mg/l

3.2 The industrial waste water discharged to brackish water source or sea
water that is salinity value exceeding 2,000 mg/l. Dissolved solid's
value in waste water is higher than dissolved solids value in brackish
water source or sea water, but not exceeding 5,000 mg/l:

4. Sulfide / 1 mg/l

5. Cyanide | 02 mgl

6. Heavy metal |
6.1 Zinc 5 mg/1
6.2 Chromium 0.5 mg/l
6.3 Arsenic 0.25 mg/l
6.4 Copper 1 mg/l
6.5 Mercury ‘ 0.005 mg/l
6.6 Cadmium , . 0.03 mg/l
6.7 Barium ' 1 mg/l
6.8 Selenium 0.02 mg/l

6.9 Lead | 02 mg/l



6.10 Nickel 0.2 mgl
6.11 Manganese 5 mg/l
7. Tar none

8. Oil and Grease not exceeding 5 mg/l expect for manufacture of crude oil
refinery and manufacture of oil and grease production in accordance with
type or kind of manufacture series No0.49, 50(4) of the ministerial
regulations No.1 (B.E.2512) required oil, but not exceeding 15 mg/l.

9. Formaldehyde not exceeding 1 mg/l
10. Phenol & Cresols not exceeding 1 mg/l
11. Free Chlorine not exceeding 1 mg/l
12. Insecticide and radioactive substance none

13. If mixing rate between waste water and water in public streams within 1/8 -
1/150, suspended solid's value shall not be exceeding 30 in ppm. If mixing
rate between waste water and water in public streams within 1/151. - 1/300,
suspended solid's value shall not be exceeding 60 ppm. If mixing rate
between waste water and water in public streams within 1/301 - 1/500,
suspended solid's value shall not be exceeding 150 ppm.

14.BOD value (5 days of temperature 20 degree Celsins) not exceeding 20 mg/l
or may differ from fixed value depend on geography or discharge
characteristic in accordance with official approval, but it shall not be
exceeding 60 mg/l except for the type and kind of manufacture as follows;

14.1 manufacture of marine product according the type or kind of factories
series No.7(1) of ministerial regulation No.1 (B.E.2512), BOD value
shall be not exceeding 200 mg/l, and from January 1, 1983 forth, BOD
value shall not be exceeding 100 mg/l.

14.2 manufacture of tapioca flour as type or kind of factories series No.9(3)
of ministerial regulation No.1(B.E.2512), it has production process as
follows;

14.2.1 Swing to separate flour and drying by warming ventilation shall
have BOD value not exceeding 100 mg/l, from fixed value
depend on geography or discharge characteristic in accordance
with official approval, but it shall not be exceeding 60 mg/l.



14.2.2 Separate flour with sedimentation and drying on the floor by the
placing near the fire shall have BOD value not exceeding 200
mg/l, and from January 1, 1983 forth, BOD value shall not be
exceeding 100 mg/l.

14.3 manufacture of production of foodstuff from flour in accordance with

type or kind of factories, series No.10(3) of ministerial regulation No.1
.(B.E.2512). Noodles that use rice for raw material not exceeding 500
kg/day, BOD value shall not be exceeding 150 mg/l and from January
1, 1983 forth, BOD value shall not be exceeding 100 mg/l.

14.4 manufacture of fermentation, dyeing, leather as the type or kind of

factories, series No.29 of ministerial regulation No. 1 (B.E.2512) which
use raw hide as raw material for production process, BOD value shall
not be exceeding 200 mg/l and from January 1, 1983 forth, BOD value
shall not be exceeding 100 mg/l.

14.5 manufactures of paper pulp produce from wood membrane, bagasse,

grass, rug, etc., as the type or kind of factories, series No.38(1) of
ministerial regulation No.1 (B.E.2512), BOD value shall not be
exceeding 200 mg/l and from Januvary 1, 1983 forth, BOD value shall
not be exceeding 100 mg/l. ‘

14.6 manufactures of paper pulp produce from wood membrane, bagasse,

grass, rug, etc., as the type or kind of factories, series No.38(1) of
ministerial regulation No.1 (B.E.2512) which is aquatic taking out,
washing and freezing, BOD value shall not be exceeding 200 mg/l and
from January 1, 1983 forth, BOD value shall not be exceeding 100

mg/l.

15. Waste water's temperature which is discharged to public stream not higher

than 40 degree Celsius.

16. Color or odor of waste water shall not be objectionable when discharge to
public streams.

: The announcements of Ministry of Industry No.12 (B.E.2525)

enacted in accordance with factory act B.E.2512 publishing in the
government gazette set No.99 section 33 (special publishing, gazette
section) date on November 28, 1° /8.



- Penalty: For whom is giving the producer license, if he breaches of this
announcement, he will be charged fine by punishment not exceeding
20,000 bahts.

The criterion and the controlling pollution producing by industries

1. Granting the factory which is given factories producing license as the
following items must provide inspector and operated personnel who
responsible for the polluted environmental preventive system which have
required qualification as 2.

1.1 The factories have waste water volumes at least 125 m3/hour (accept for
water cool smelting or BOD load of influent before treatment system
for 200 kg/day or higher.

1.2 The factories used heavy metal in production process which was waste
water load 50 m3/day or higher, and the heavy metal loads in industrial
waste water. It values as follows;

1.2.1 Zinc value from ‘ 250,000 mg/day or higher
1.2.2 Chromiuvm " 25,000 mg/day or higher
1.2.3 Arsenic \ - 12,000 mg/day or higher
1.2.4 Copper " 50,000 mg/day or higher
1.2.5 Mercury " _ 250 mg/day or higher
1.2.6 Cadmiuom " 1,500 mg/day or higher
1.2.7 Barium " 50,000 mg/day or higher
1.2.8 Selenium ! 1,000 mg/day or higher
1.29 Lead " 10,000 mg/day or higher
1.2.10 Nickel " 10,000 mg/day .or higher
1.2.11 Manganese " 250,000 mg/day or higher

1.3 The manufacture of steel or steel galvanizing

1.3.1 The manufacture used oven or acid or substances that is-
dangerous to environment by its production process and the
production capacity was about 100 tons/day or higher.



1.3.2 The manufacture of metal smelting that has total capacity of 5
tons/batch or higher.

1.4 The manufacture of petfoleum, used raw material for production of
crude oil refinery, using raw material in production process for 100
tons/day or higher. ' ' ' ’

1.5 The manufacture of any size of natural gas which are for resolving and
transmute natural gas.

1.6 The manufacture of Chlor-alkali uses sodium chloride as raw material
for soda ash producing including caustic soda, hydrochloric, chlorine,
and sodium per chloride that has production capacity of each substance
or together at 100 tons/day or more.

1.7 The manufacture of any size of cement production.

1.8 The manufacture of dynamite smelting or metal smelting has
production capacity of 50 tons/day or more.

1.9 Manufacture of paper pulp that has production capacity at 50 tons/day
or more.

1.10 Manufacture of any size of crude oil refinery.

2. Inspector, - operator, personnel who responsible for the pollution
environmental preventive system must be qualified as follows;

2.1 The inspector must be bachelor in chemical, engineering chemical
science or science of technical chemistrty or equivalent with
environmental field experience. He must also be’ recommended by the
Industrial Works Department. Personnel of the engineer consultant firm
must have above-qualification.

2.2 The operator must be finished initiate secondary school and
recommended by the inspector in 2.1. '

2.3 Personnel in 2.1, 2.2 must be registered of the Industrial Works
Department, by rule and methodology in accordance with the
requirement of the Industrial Works Department.

source : The announcement of Ministry of Industry No.13 (B.E.2525) in
accordance with enactment of the factory B.E.2512 published in the
government gazette set No.99 section 89 (special publishing, gazette
section) date on June 29, 1982.
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Penalty: The one who was given the producer licénsc, if he breaches of this
announcement, he will be charged for fine punishment by not
exceeding 20,000 bahts.

Classification of type and kind of manufactures (Wittaya Yoosuk, B.E.2533:
page 8-10.)

Section1  The production of food, beverage and tobaccos, this type of
manufactures are included coffee, condensed milk, sugar, soft drink, cigarette,
beer, tapioca, sea food canning, processed food, fishmeal, etc.

Section 2  The production of textile, knitting, clothes, leather and leather
products, this type of manufacture are bag production, sock, weaving, spinning,
sanitary, carpet, soap, dyeing, tanning, net, trawl, cotton gin, etc.

Section 3  The production of wood and wood products include furniture
such as plywood, cut wood, parquet, etc.

Section 4  The production of paper and paper products, this type of
manufactures are printing, publishing, draft paper, blue print, card board,
sanitary paper, rice paper, tissue paper, etc.

Section 5  The production of chemical and chemical products, petroleum
crude oil, coal, tire and plastic, this type of manufactures are product of
hydrochloric acid, sulfuric acid, rubber tiles, cooking gas, chlorine, caustic soda,
PVC pipe, kerosene, diesel oil, fuel oil, chemical fertilizer, plastic, detergent,
match, tire, rubber, pesticide, toothpaste, shoes, alcohol, oxygen, efc.

Section 6 The production of non-metal product except for the product
from petroleum crude oil and sulfur such as; the production of glass, paper
tiles, ceramic, earthenware, sanitary accessories, cement, plaster, ready-made
cement, marble, fire-group bricks, etc.

Section 7 The manufacture of basis metal such as; the production of
steel pipe, plate steel galvanizing, Aluminum bar, Iron-smelting,  Tin plated

steel, etc.

Section 8 The manufacture of produc‘tioﬁ, metal product, equipment,
such as; threshing machine, air-condition, TV, rice mill, water pumping, car
spare part, nail, refrigerator, document cabinet, shipbuilding steel, car batteries,
car assembly, truck, tractor, electric fan, electric motor, bicycle, wire, rice
cooking, transformer, fluorescent lamps, ete.
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Section 8  The other manufacture such as; sportive production, musician
instrument, stationery, elaborated flowers and umbrella.



APPENDIX 2

INTERVIEW FORM
Date: ____ Manufacture Name : ____________
1. Person interview : Location: ___________________

() ownership of factory (Government, private, foreign)
( ) manager
( ) employee
() others; idcntify ________________________
2. Type of factory

() electroplating

() dyeing

() solid waste

3. Raw materal used in production and quantities as well as chemicals.

() Nickel () Manganese

() Arsenic () Zinc oxide

() Tin () Copper

() Cadminm () Lead

() Chromium ( ) Graphite

() Hydrogen peroxide ( ) Lacquer

() Sodium chloride () Sodium carbonate
() Sodium Sulphate " () Ammonium chloride

( ) Calcium hydroxide () Calcium chloride



() Calcium carbonate () Calcium carbide

() Hydrochloric acid () Sulfuric acid

() Boric acid ( ) Benzoic acid

() Asphalt . ' () Butyl alcohol

() Cyanide | () Alkyl mercury compound
() Caustic soda () Phosphorus compound

() Lime () Others; Identify_______

4. Does the company operate all year,

how many hours/shift

how many shifts/day
how many days/week

—— o o o ot o o —

how many weeksfyear ____________
other (for example; number of jobs assigned to the production within
1 week (dr year)

5. Quantity and Type of waste generated from the production

() solid
Typeof waste ____________ volumes ___________ m3/day
or quantities _______ tons/day
() liquid | |
Type of waste _______ volumes _____ .m3/day
or quantities _________ tons/day
() sludge
Type of waste __ volumes _______;_____ m3/day
| or quantities _________ tons/day



6. At present, you use the service of waste treatment/disposal from the Center at
Samae Dam in a period of time days/time, and shall pay for

the cost about

7. Do you know, what type of your factory and what group of factories which
is classified by its generated toxic wastes.

( ) known for the group of () group 1 maximum ( )unknown
() group 2 heavy
() group 3 moderate
() group 4 light

() group 5 minimum

8. How is your opinion, if the group of type of factories be classified by their
toxicity of waste generated in accordance with the policy of the seventh
National Social and economic plant for the issue' of the controlling and
maintenance the environmental by the industrial sector as follows;

(1) Waste water pollution

Group 1 Maximum pollution

petro-chemical, metal smelting, electrical
circuit, electrical apparatus and supplies,
tire, oil refinery

Group 2 Heavy pollution - clectroplating, dyeing, chemical, paint,
: car assembly, batteries, pesticide, leather

seasoning powder, paper earthen ware,

Group 3 Moderate pollution

cosmetic medicine

Group 4 Light pol_lution - sugar, whisky, beer, beverage, ﬁcezcr,
foodstuff

Group 5 Minimum pollution textile, concrete, flavor food, mill, milk,

- canned, sawmill and others



(2) Solid waste pollution

Group 1 Maximum pollution

electrical apparatus and supplies, metal
electroplating, petrochemical, chemical

Group 2 Heavy pollution - carthen ware, concrete, lime, paint,
plastic, car assembly, electrical circuit

Group 3 Moderate pollution

ceramic, batteries, tire, drycell, glue,
dyeing, shoes, canned

Group 4 Light pollution - sugar, whisky, beer, feedstuff, rubber,
- leather

Group 5 Minimum pollution mill, textile, flavor food, sawmill, wood

furniture, others

For the type of factories classified group generated solid waste determine
by the severity for hazardous waste, quantities of pollutants and quantities of
waste discharge as follows;

() agree

() disagree; because

9. How is your opinion, if the Center at Samae Dam, will use new charge rate
for the waste water treatment/disposal. The charge will be collected
according to the type of factories group which is classified by their toxicity
of waste. The charge rates are in the below table;



Table 1: The charge rates which the Center should collect from the factories

Types of pollution group Charge rate
Solid waste (baht/ton) | Waste water (baht/ton)
Maximum 550 55
Heavy 500 50
Moderate . 450 45
Light ‘ 400 40
Minimum ' 350 35

Do you agrée with the charge rates for waste water and solid waste?. Is
your factories classified for the group of pollution as 8.

() agree
() disagree
if disagree please specify what is the rates of charge should be;

baht/ton of solid waste

Maximum pollution should be paid

and baht/ton of waste water

Heavy pollution should be paid baht/ton of solid waste

and ___ baht/ton of waste water
Moderate pollution should be paid  ______ baht/ton of solid waste
and baht/ton of waste water

baht/ton of solid waste

Light pollution should be paid

and baht/ton of waste water

Minimum pollution should be paid baht/ton of solid waste

and baht/ton of wéste water
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