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This research aimed at an evaluation of the potential sites for sanitary landfills
in Khon Kaen province using Geographic Information System (GIS) and Visual
Hydrologic Evaluation of Landfill Performance (HELP) computer program. Initially,
the environmental sensitive areas for landfill sites were mapped based on the criteria
of Pollution Control Department (PCD) together with some additional criteria from
Changwat (province) Action Plan for Environmental Quality Management
(CAPEQM) project. With the GIS approach, 3 levels of sensitive areas were
categorized as the highest, high, and medium to low environmental sensitive area. In
order to focus more specific criteria on groundwater level, the new environmental
sensitive areas could be then created. With the groundwater level overlain onto the
initial map, the medium to low sensitive area was significantly decreased
approximately 79% (from 2689.78 km? to 572 km?). Afterward, the impacts of the
sensitive areas were assessed in terms of volume of leachate percolation using Visual
HELP computer program. Soil profile of the 7 selected sites were carried out, they
indicate the different soil types of individual sites. Under the same conditions of
inputs ( weather, leachate characteristics, structure of landfill) and a little different in
soil types, the results simulated by Visual HELP that the percolation volume of all 7
sites were not much different in the range of 9.84 million cubic meters (MCM) to
10.3 MCM. With the mitigation measures by adding the liner of geo-membrane, the
simulating water generated was decreased in the range of 19 to 38%. Site 5 and site 3
are the most potential sites in order to less water percolation. They are the most
suitable with ‘minimal impact to environment in both of without and with mitigation
measures (geomembrane lining), respectively. It could be concluded that ground
water level and soil characteristics are the important criteria for landfill siting. GIS
and Visual HELP program are the meaningful tool to facilitate landfill siting. The
study also guided the new useful siting process technology for disposal facilities.
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CHAPTER I

INTRODUCTION AND BACKGROUND

1.1 State of the Problem

Presently, the amount of municipal solid waste (MSW) generated in the
communities has tended to increase significantly due to the rapid growth of urban and
rural development as well as expansion of tourism activity. Thailand produces
approximately 22 million tons of waste annually (World Bank, 2002). While the
amount of waste has been increasing, the collection service has not been accordingly
performed and does not cover all area. Besides, the disposal of wastes is likely
carried out improperly. In such that, they have created health hazards and
environmental problems. It is hence necessary to find the way to handle such large
amount of wastes. In addition to the solid wastes problem is the disposal of
household hazardous wastes such as batteries, fluorescence light bulb, insecticides
and pesticides, cleansing agent, dye and paint mixing with municipal solid waste.
Pollution Control Department (PCD) reports in the Summary of Year 2004
Environmental State that the amount of household hazardous waste is about 380,000
tons and most of them had been still dumped with municipal solid waste. The
chemicals contained in household hazardous waste can cause soil and groundwater
contamination. Moreover, an inadequate provision of waste collection and disposal
equipments and tools, and the inability of the responsible agencies to find appropriate
disposal sites are also. the causes-of such above mentioned-harmful impacts. As a

result, the comprehensive disposal system should be established.

Landfill or land disposal is the most current conventional method for waste
disposal. A sanitary landfill refers to an engineered facility for the disposal of
municipal solid waste designed and operated to minimize public health and
environmental impact (Tchobanoglous et.al., 1993:362). However, if the management
of landfill was not properly, it would have a high possibility for causing environment
problems from the leachate (Pollution Control Department, 2004). Groundwater

contamination according to hazardous substances has been detected in many disposal
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sites. Appropriate landfill site is evidently required by considering the criteria for site
selection. With the criteria, one of the most concerning parameters is groundwater
which would be affected by leachate. It is important to evaluate leachate generation

and movement from the landfill site to the groundwater receptor.

1.2 The Study Area

Disposal sites for this study were selected in the area of Khon Kaen province
(Figurel.1) locating in the north-eastern region of Thailand with distance of 445
kilometers from Bangkok. The area is between longitude 101° and 103° and latitude
between 15° and17°. Khon Kaen has a total area of about 10,886 square kilometers.

The area is bounded by

the north: Udorntani, Loei, and Nong Bua Lam Pu,
the south: Nakorn ratchasima, and Burirum,

the east: Kalasin, and Mahasarakam, and

the west: Chaiyabhum, and Petchabun

The topography of the area is characterized by highland plain and plateau. The
western region occupies with Phu Kradung and Petchabun mountains. While, to the
east and west, the area is covered with the plain area of the Chi and the Phong river
basin. The mean sea level is about 200 meters. The lowest and highest temperatures
are 22.35 and 32.79 °C respectively. An average annual rainfall is about 1,467.4
millimeters.

Khon Kaen province is set to be the development center of Northeast region.
This -province is going to be accordingly expanded together with the population
growth. As a result, the amount of municipal solid wastes (MSW) has continually
increased. In accordance with the data of Khon Kaen province, the amount of solid
wastes generated in and outside of the municipal area is 813 tons per day of which
276 tons per day are collected and disposed of at seven landfill sites (Khon Kaen
Provincial Office of Natural Resources and Environment, 2003). The remaining solid
wastes are left without proper management such as open dumping and open burning.
As mentioned above, the impact of landfill leachate to groundwater is possible if the
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landfill site is not properly managed. It is obviously shown by groundwater
monitoring data of Nakorn Khon Kaen municipality that the hazardous substances
detected in groundwater (Table 1.1). Therefore, groundwater level and soil

characteristics are crucial points to be focused for this study.

1.3 Objectives

The main objective is to evaluate the potential site for sanitary landfill using
Geographic Information System (GIS) and Visual Hydrologic Evaluation of Landfill
Performance (HELP) computer program.

The specific objectives are:

1) To assess groundwater criteria on landfill siting using GIS to get candidate

sites;

2) To assess the potential impact of the candidate sites on groundwater based
on soil characteristics using the Visual HELP Computer program, which
will get the potential sites ;

3) To rank the potential sites; and

4) To develop the mitigation measures for landfill sites based on soil
characteristics on the Visual HELP computer program in order to

minimize the impact to groundwater.

1.4 Hypotheses

1) Soil characteristics and groundwater level criteria can affect landfill siting.

2) Improvements of liners can minimize impact of landfill to groundwater.

1.5 Scope of Study

An important element of sanitary landfill siting is the technique of evaluation.

In this research, the area in Khon Kaen province was evaluated to select the

appropriate sanitary landfill sites by using the Geographic Information System and
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Visual HELP computer program. The scope of this research could be divided into six

major steps

1) Data Preparation and Reviewing

Raw data from various sources in form of maps and tables were collected and
prepared to be the input in GIS process. Such raw data had been reviewed and
evaluated for the areas. Particularly, the data was drawn from the Changwat Action
Plan of the Environmental Quality Management Project (CAPEQM-project) of the
areas in Khon Kaen province of which the potential sanitary landfill areas were
categorized using GIS techniques. For this research study, the candidate areas for
landfill sites were preliminary selected by using the criteria of the CAPEQM project.
Then, the sensitive areas for landfill site construction in form of spatial planning map
were consequently produced. In addition, data of soil properties and groundwater
were reviewed in order to study the contamination of groundwater resource impacted
by the leachate and percolation from the hazard substances. Landfill siting criteria
were investigated to develop the suitable criteria for this study. Data of landfill
design, weather data of Khon Kaen were collected to use in Visual HELP program.

2) Establishment of GIS and Mapping

The research developed geological criteria designed for protection of
groundwater sources from the leachate. This step divided into two processes in
relevant to GIS and mapping. Firstly, groundwater level criteria were added to the
criteria data of the CAPEQM-project using GIS technique. The improved sanitary
landfill sites were shown as the new map. Secondly, the most suitable areas (low
groundwater level) were selected to build soil profiles of the areas. The output was
demonstrated onthe spatial planning map, which is easier to understand. The
characteristic of soil such as saturated hydraulic conductivity had to be used in the
next step for amount of water (leachate) evaluation.

3) Analysis of Data Using Visual HELP Computer Program

In order to assess the impact of landfill sites, the amount of contaminated
water or leachate distributed from the landfill area was simulated using the Visual
HELP computer program. The program automatically solicits input from the user
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based on the option selected. In general, the Visual HELP model requires the
following data, whether data, soil data, landfill design information (details in Chapter

3). Some of them may be selected from the default values.

4) Mitigation Measures Development
The results of Step 3 would be the information used for developing the
mitigation measures to minimize the impacts from the leachate. Addition of the

synthetic liner is the approach for mitigation development.

5) Re-evaluation of the uses of Visual HELP Computer Program

From the Step 4, one of the mitigation measures is adding the synthetic liners
to reduce the leaked water from landfill. Hence, the new data of the sites were entered
in the Visual HELP computer program to find the amount of potential leachate of the

new designed sites.

6) Discussions and Conclusions

The results of all steps were discussed and concluded that brought to the
expected output of the research.

1.6 Expected Result

The sanitary landfill site which is critically considered on soil and

groundwater criteria, is most suitable with minimal-impact to environment



Table 1.1 Groundwater monitoring data of Nakorn Khon Kaen Municipality

) Colour Ni Cd T-Cr
Station ]
Unit Mg/l Mag./I Mg/l
No.17 75 <0.02 <0.004 <0.02
No.18 750 <0.02 0.009 0.10
No.19 20 <0.02 0.005 <0.02
No.20 250 <0.02 0.20 1.56
No.21 250 <0.02 0.22 3.28
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CHAPTER Il

THEORY AND LITERRATURE REVIEW

2.1 Theoretical Background

2.1.1 Municipal Landfill and Siting Criteria

In the account of the amount of wastes has been continually increased, the
management of wastes including wastes disposal play an important role on the
solution of the environmental problems caused by such wastes. The conventional
way to dispose municipal solid waste is landfill or land disposal which has been
universally used. According to the USEPA definition, municipal solid waste landfill
(MSWLF) unit means a discrete area of land or an excavation that receives household
waste, and that is not a land application unit, surface impoundment, injection well, or
waste pile (CFR Title 40 Part 257 § 257.2, USEPA). In the same way, sanitary landfill
refers to the engineered facility for disposal of municipal solid waste designed and
operated to minimize public health and environmental impact (Tchobanoglous, 1993).
In addition, the Pollution Control Department (PCD) of Thailand defines the meaning
of landfill facility in the Regulation and Guideline of Municipal Solid Waste
Management is as a solid waste facility which is designed for placement of compacted
wastes in a well prepared land area with successive layers of daily and intermediate
coverings, provisions of mitigation measure for leachate contamination to
groundwater, odor and vector control to the surrounding environment. PCD also
compares three different kinds of waste disposal as shown in Table 2.1.

From Table 2.1, a landfill method is possible to cause environmental effects.
The factors related to environmental protection would consequently be set for landfill
construction. In Thailand, PCD conducts the criteria for landfill siting that landfill
should not be constructed in the areas as follows:

a) Within the watershed areas class 1 and class 2 as defined under the

Cabinet Resolution on May 28, B.E. 2528 in setting up the watershed

classification.
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b) Within the 1- kilometer distance from the property boundary of any
ancient monuments as defined under the Ancient Monuments, Relics,

Antiques and National Museum Act.

Table 2.1 Comparison of three different waste disposal methods (Pollution Control
Department, 1993).

Item Incineration Composting Sanitary Landfill
Operation& - almost high ter::]r?r?cl)lljczgy - low technology
maintenance e - need semi-skillful | - "¢&d normal

- need skillful staff staff skillful staff
- 60-65% volume | - 30-35% volume | - 100% volume
Effective reduction reduction reduction
disposing - eradicate - eradicate - eradicate a small
infection 100% infection 70% number infection
System .
Hoxibility lof oV High
Environmental
effects on
- surface water | None Possible Most possible
- groundwater None Possible Most possible
- air some none possible
-odors, insects none possible some
and carrier of
disease germs
- combustible, heat
_ value not less than | Able to be Everything except
Characteristics . .
of wastes 450_0 kcal/kg and corr_lposted and infection and
moisture less than | moisture 50-70% hazardous wastes.
40%
Land size small moderate large
Capital cost very high rather high rather low
Operation &
maintenance very high rather high rather low
cost
By products heat energy compost methane productivity

c) Within the 5-kilometer distance from property boundary of any licensed
and operating airport runway.
d) Within 700 meters of existing potable water well or existing community

water treatment plant.
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h)

10
Within 300 meters of any natural or man-made body of water, including
wetlands, except bodies of water contained completely within the property
boundary of the disposal site.
In an area where geological formations or other subsurface features will
not provide support for the solid waste.
Unless in the high land area. In an area subject to frequent and periodic
flooding unless flood protect measures are in place.
Unless in area where the normal waters table is sufficiently low. In high
water level area unless special designed is provide.
Unless in stretch of sufficient large area which can be landfilled at least 20

years.

Moreover, the United States Environmental Protection Agency also develops

the criteria governed municipal solid waste landfills in 40 CFR Parts 258 as following

(http://www.epa.gov):

Specific limitations must be met regarding the location of new, existing, or

lateral expansions as follows:

a)

b)

Within 10,000 ft (3048 m) of any airport runway end used by turbojet
aircraft or within 5000 ft (1524 m) of any airport runway end used by only
piston- type aircraft [40 CFR 258.10(a) through 258.10(c) and 258.16].

In 100 year floodplains [40 CFR 258.11(a) and 258.16]. Wetlands
Limitations regarding the location of new MSWLFs and lateral expansions
in wetland [40 CFR 258.12(a)(1) through 258.12(a) (3) and 258.16].

In fault areas that have had displacement in Holocene time [40 CFR
258.13(a) and 258.16].

In seismic impact zones [40 CFR 258.14(a) and 258.16].

In unstable areas [40 CFR 258.15(a) and 258.16].

For Germany, regulates the Technical Guidance of Municipal Solid Waste to

define the requirements for all activities associated with siting, designing, operating,

maintaining and closing a landfill. The guidance requires that before siting a landfill,

the site-specific geology, hydrogeology, soil, and geotechnical conditions must be

taken into account to reduce the possibility of releasing contaminants into the



11

environment. Landfills in Germany have to be located at the distance from the nearest

residence at least 300 meters. Moreover, soil below the landfill and the surrounding

terrain should act as a geological barrier (Bilitewski, et al., 1994) and must meet the

following requirement:

a)
b)

c)
d)

Be at least several meters thick.

Be comprised of low permeability unconsolidated or consolidated
material.

Have a high potential for attenuating contaminants.

If the natural soil liner at the landfill site or the surrounding area is less
than 3 meters thick, it have to install clay or synthetic layer (ki < 1x107
cm/s).

The bottom of the landfill should be at least 1 meter above the highest

expected water table

Towards the sustainable waste management, The landfill guideline of New

Zealand given the key issues to minimize the future risk from landfill are shown

below.

a)

Geology: suitable geology Is important to ensure containment of leachate
in the long term, or in the case of failure of engineered containment
systems. Due the risk of off-site movement of leachate and landfill gas , it
is generally undesirable to site a landfill in areas with the following
characteristics:

e high permeability soils, sands, gravels, or substrata

e high permeability seams or faults; and/or

e Karst geology-regions with highly soluble rocks sink and caverns.

An assessment of geology and site soils should consider:

e the availability of on-site materials for lining, cover and capping.
Soils with a high percentage of clay particles (but which are
workable in wet conditions) are generally the prefered soil type;

e the suitability of on-site materials for the construction of dams and

drainage systems;
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potential sediment management problems, with highly erodible
soils;
existing site contamination and discharges, if present;
suitability for on-site disposal of leachate by surface or subsurface
irrigation; and
The potential effects of failure of leachate containment and

collection systems.

b) Site stability: Site stability should be considered from both short and long-

term perspectives, including the effects of settlement. It is generally

undesirable to site a landfill in the following areas:

areas subject to instability, except where the instability is of a
shallow or surface nature that can be overcome, in perpetuity, by
engineering works;

active geological faults; and

areas of geothermal activity; and/or

c) Hydrogeology : A suitable hydrogeological location is important to protect

groundwater resources and understand the likely fate and rate of discharge

of contaminants which may enter groundwater.lt is generally undesirable

to site a landfill in the following areas:

areas overlying drinking water aquifers; and/or
areas where, after taking into account specific design proposals,
there could be a risk of causing unacceptable deterioration of the

groundwater quality in the locality.

In assessing the suitability of a site for a landfill with respect to

hydrogeology, the following need to be considered:

depth to water table and seasonal water table fluctuations;
location of aquifer recharge areas, seeps or springs;
distance to water users;

sensitivity of water users;

dispersion characteristics of aquifers;

variations in groundwater levels;
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e rate and direction of groundwater flow;

e existence of groundwater divides;

e Daseline water quality; and

e the potential effects of failure of leachate containment and

collection systems.

d) Surface hydrology: There are risks of surface water pollution if landfills
are sited in close proximity to waterways. The potential impact of water
pollution is greater in those waterways used for drinking water or
aquaculture. It is generally undesirable to site a landfill in the following

areas:

e flood plains — these are generally areas which could be affected
by a major (1 in 100 year) flood event;

e land that is designated as a water supply catchment or reserves for
public water supply;

e gullies with significant water ingress, except where this can be
controlled by engineering works without risk to the integrity of the
landfill;

e water courses and locations requiring culverts through the site and
beneath the landfill (if waterways are unable to be diverted); or

e estuaries, marshes and wetlands. In assessing the suitability of a
site_for a landfill, the local surface hydrology needs to be
considered ~with respect to the sensitivity of the receiving
environment, including the following:

e the proximity of waterbodies or wetlands;

e the risks of pollution of waterbodies used for drinking water or
aqua-culture;

e sensitive aquatic ecosystems; and

e potential for impact from cyclones and tsunamis.
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e) Topography : Site topography can reduce or increase the potential for
adverse effects on the environment from odour, noise, litter, and visual
effects on neighbouring properties. In considering potential landfill sites an
assessment of the potential for existing topographical features to assist in
minimising impacts should be made. Modest slopes enable easier
stormwater control, leachate control and site stability measures, as well as
facilitating the operation of the site. Engineering techniques can also
improve site stability.

f) Climatic conditions: Climatic conditions will have an influence on the
choice of a preferred site. The following should be considered during site
selection.

e Rainfall: Areas where topographical features are likely to cause
higher than average rainfall is generally undesirable. Landfills in
higher rainfall areas require greater attention to drainage than those
in drier areas.

e Sunshine: Higher sunshine areas and north facing slopes reduce
infiltration by increased evaporation

e Wind: Natural shelter from winds will reduce the nuisance of
windblown refuse and dust. Escarpments or valleys facing the

prevailing wind should normally be avoided.

g) Environmentally Sensitive Areas :Landfills should generally be located to
avoid areas where sensitive natural ecosystems would be adversely
affected, such as:

e significant wetlands;

e inter-tidal areas;

e significant areas of native bush including the Forest Park and areas
able to comply with the requirements for QEII Trust status;

e recognized wildlife habitats;

e national/regional and local parks and reserve lands (for example,

cemeteries); and
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Any areas where release of contaminants from the site could
severely affect fish/wildlife/aquatic resources.
sites of historical or cultural significance; and

Historic and scenic reserves.

h) Access and traffic: Landfill development and operations can generate

significant flows of heavy vehicle traffic. Therefore site access should be

as close as possible to main feeder routes. The following need to be

considered when locating and determining access to landfills:

type and number of vehicles accessing the site;

other types of traffic using feeder roads;

the standard and capacity of the road network, with respect to
accommodation of traffic generated by the landfill;

whether the traffic can avoid residential areas;

Road safety considerations with respect to the landfill entrance
(vehicles using the landfill should not be required to queue on the

highway).

In Thailand, there is no the particular regulation associated with waste

management, except Department of Industrial Work Notification No.1 B.E.2531 who

determines waste collection, disposal, and transportation methods. The criteria on site

selection that were mandated in this notification are as follows:

Landfill must line with synthetic or geological liner material which
has permeability of 1x10” cm/s; and

The depth between landfill base and groundwater table must not
less than 5 feet.

Reviewed data show that many countries considered and intensively

emphasized on groundwater contamination. Therefore, the criteria involve in

groundwater and soil characteristics were established. By mean of soil permeability,

as the property of a porous media that permits the transmission of water through it

(Harl D. Sharma, 2004 ). Low permeability soil was expected to be geological barrier
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of landfill to protect groundwater resources from hazardous substances. Thence, soil

characteristics of selected areas have to be kept in view.

2.1.2 Leachate and Groundwater Contamination

Though, the municipal landfill is likely economical feasible and broadly used,
it could be harmful to people and environment because of the leachate generated from
the landfill. The leachate is the major concern for landfill disposal as it would lead to
contamination of the groundwater. USEPA enacted the definition of leachate in CFR
Title 40 Part 257 § 257.2, as liquid that has pass through or emerged from solid waste
and contains soluble, suspended or miscible materials removed from such waste. In
the same way, Guidelines for the siting, design and Management of Solid Waste
Disposal Sites in the Northern Territory (2003) reported that the surface and
groundwater pollutions from leachate is principal concern in relation to landfill
location. The data in Summary of research on mercury emissions from municipal
landfills show that mercury can exceed in groundwater from older and unlined
landfills. Washington State Department of Ecology (1996) presented the potential
environmental impact to Bellingham bay caused from chromium from leachate is the
contaminant from landfill nearby. Detected chromium is consistently exceeded the
Model Toxic Control Act (MTCA) cleanup level. J.H.Huddleston also reported that
soil characteristics and water table conditions are factors that govern the potential for
groundwater pesticides contamination. Additionally, landfill gas as VOCs have a
good opportunity to migrate and be absorbed with leachate into the groundwater
(Prosser and Janechek, 1995). Figure 2.1 shows the mechanism of landfill gas.
Landfill gases can pollute groundwater resource via direct contact, condensate water
formation, and infiltration and absorption.

These are the evidences of environmental risk from leachate. In Thailand, the
Notification of Department of Industrial Work No.1 B.E. 2531 governed site
characteristics of landfill facilities related to the groundwater protection which are the

depth to groundwater from landfill base and the permeability of geological barrier.
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Figure 2.1 Landfill gas contamination mechanism ( Prosser and Janechek, 1995)

2.1.3 Geographic Information System
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Geographic Information System is the system designed to store, retrieve,

manipulate, analyze, and map geographic data. It is a system of computer software,

hardware, data, and personnel to help manipulate, analyze and present information

that is tied to a spatial location (http://www.GIS.com, 2003). GIS is a system of

hardware, software and procedures to facilitate the management, manipulation,

analysis, modeling, representation and display of geo referenced data to solve

complex problems regarding planning and management of resources (NCGIA, 1990).

Burrough (1986) define GIS as a powerful set of tools for storing and retrieving at

will, transforming and displaying spatial data from the real world for a particular set

of purposes. GIS has been widely used on environment tasks including siting aspect.

Siting process generally requires an evaluation of many factors and criteria to avoid

impact to human and environment. As a result a GIS plays the leading role in an

environmental management.
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Figure 2.2 Major components of GIS.

2.1.4 Model application and Visual HELP computer program

At the presence, the models were used widely in many disciplines. More
complex problems can be solved by the use of various techniques of models.
Groundwater model is the one of commonly used model. Groundwater modeling is a
useful tool for preliminary studies prior to field investigations, for interpretive studies
after the field study and for predictive studies to estimate the potential; groundwater
situation. In addition, the groundwater model could be applied to use in environmental
management. The HELP model (Hydrologic Evaluation of Landfill Performance), is
a versatile program used to design, evaluate and optimize Jlandfill hydrology, and
estimate groundwater recharge rates. The HELP model is used and recognized all
over the world as the accepted standard for modeling landfill hydrology, and has
become an integral component for projects involving landfill operating and closure
permits. The HELP model is a quasi-two-dimensional, multi-layer hydrologic model
requiring the following input data for each model profile:

» Weather data (precipitation, solar radiation, temperature, evapotranspiration

parameters);
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» Soil properties (porosity, field capacity, wilting point, and hydraulic

conductivity): and

* Design information (liners, leachate and runoff collection systems, surface

slope)
The landfill profile structure can consist of a combination of natural (soil) and
artificial materials (waste, geomembranes) with the options to install horizontal
drainage layers. The HELP model also accounts for the change in slope for different
parts of the landfill profile. HELP uses numerical solution techniques that account for
the effects of surface storage, snowmelt, runoff, infiltration, evapotranspiration,
vegetative growth, soil moisture storage, lateral subsurface drainage, leachate
recirculation, unsaturated vertical drainage, and leakage through soil, geomembranes,
or composite liners. The HELP model (Schroeder, et al., 1994) predicts an infiltration
rate under quasi two-dimensional influences through one or more uniform soil layers.
The HELP model (Schroeder, et al., 1994) has been applied by contemporary
groundwater practitioners to substantiate values of net recharge from precipitation
obtained from historical studies for use in groundwater flow and contaminant

transport models.

2.2 Relevant Studies

2.2.1 GIS Applications on Environmental Aspect.

There are many researches involved in GIS application on environmental
aspect. For example, Chasheng He (2003) integrates GIS and agricultural non point
source pollution model to analyze the effect of land use change on non point source
pollution in Dowagiae River watershed. Similarly, M.Razack, O.Banton developed
IDRISI GIS environment which is a simple GIS-linked Model for groundwater nitrate
transport. Rungreung Lertsiriworakul applies GIS for identifying the recharge and
discharge areas of groundwater system in Khon Kaen province. Spatial analysis
system had been used in his work to built databases map on geological science.

2.2.2 Siting Discipline with GIS
GIS application is a highly useful tool for selection of the environmental
suitability site. Kontos Td, Komills DP, and Halvodkis CR.(2003) present GIS based
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methodology to identify and rank the candidate MSW landfill sites for the entire

island of Lesvos in Greece. They include all areas unsuitable for any waste disposal
facility; likewise, Jehng-Jung Kao, Hong -Yue Lin, and Wei-yea Chen (1997)
developed a prototype network GIS to improve the effectiveness of a complex MSW
landfill siting procedure and assist local environmental protection agency in
maintaining a GIS. Similarly, Simone Leao, lan Bishop, and David Evans presented a
method to quantify the relationship between the demand and supply of suitable land
for waster disposal overtime using a GIS and modeling techniques. The procedures
provide information to guide the design and schedule of programs to reduce and
recover wastes, and can potentially lead to a better use of the land resource. In
Thailand, Chonticha Disathien (1992) uses GIS to select the potential sites for solid
waste disposal of Saraburi province. The suitable area in Suphanburi province has
been selected for the residential settlement by wusing GIS (Puthachad
Kittiphongpattana, 2002). In the meantime, Amnuay Sumpatphong (2002) selected
waste treatment systems sites in Saraburi province. He use Arc View program for
arranging and management data. Also, Surasak Boonlue (1998) uses GIS to select the
potential area for the sanitary landfill facility in Mae Sai, Mae Chan, and Chiang Saen
district of Chiang Rai province. Kamolporn Kerdput (1999) uses a GIS to select the

potential solid waste disposal area in Pathumthani.

2.2.3 Changwat Action Plans of Environmental Management Project
(CAPEQM )

The CAPEQM-Project is the support and technical assistance of the Holistic
Plan for Khon Kaen Province. The project was executed from 2000 to 2003 by the
Ministry of Natural Resources and Environment in cooperation with the Ministry of
Interior and with Regional Environment Office 10, Khon Kaen as the Implementing
Agency. The project set-up a comprehensive information system providing easy
access to data and maps for all partners, and facilitated a planning process that
comprised various participatory methods to ensure active involvement of all partners
and the public at large.A significant part of this project is focused on establishment of
a few central waste disposal sites considering sensitive areas and popular acceptance.

The Khon Kaen area was screened for environmental sensitive area and divided into 3
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levels as, highest, high, and medium to low sensitive. The criteria for the screening

were set as Table 2.2
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Table2.2 The criteria of CAPEQM-project for sensitive area for sanitary landfill

Layers

Layers Factors/Resulting Maps

Administrate

Boundaries

Provincial Boundary

Comprehensive Plan

Forestry

National Parks

Resources & Land use in Reserved Forest (A,C, E)

Status of Forest in 1999

Water

Water bodies

Rivers and Streams

Watershed Classification

Location of Waterworks system in the village

Location of Low-power Pump Station

Irrigation Area

Soil

Land use

Area for Land Reform for Agriculture (Sor Por
Kor)

Heritage Site

Heritage Sites (registered)

Infrastructure

Airports

Potential, Protected and Critical Areas for

Groundwater

Flood Prone Areas
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3.1 Materials

CHAPTER Il

MATERIALS & METHODOLOGY

This research focused an evaluation of the sanitary landfill using Geographic

Information System (GIS) and Visual Hydrologic Evaluation of Landfill Performance

(HELP) computer program. Numerous materials had been subsequently employed for

data analyzing to find the potential landfill area, of which they were as follows.

3.1.1 Maps
The topographic maps of Khon Kaen province from the Royal Thai Survey

Department were used for identification of sites position. They were indicated on

series L 7017 in scale of 1:50,000. The maps were specified as follows:

Sheet 5441 |
Sheet 5442 11
Sheet 5442 111
Sheet 5540 1V
Sheet 5542 111

Amphoe Nong Rua
Amphoe Phu Wiang
Amphoe Chum Phae
Amphoe Phon

Ban Khok Sung

3.1.2 Computer Hardware and Software/Implemental Accessories
- Personal computer Pentium 1V, 2.8 GHz, DDR RAM 512 MB, Hard

disk 80GB.

- Hydrologic Evaluation of Landfill Performance (HELP) version

2.2.0.3 (U.S. Army Corps of Engineers, Waterways Experiment Station ,WES)

- ArcView GIS Version 3.1 program (Environmental Systems
Research Institute, ESRI)
- Rockwork 2002 program, Arc view 3.1 program

- Digital camera model Canon Digital IXXUS500
- Global Position System (GPS) model GARMIN eTrex Legend

- Stationeries
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3.2 Methodology

Following the scope of study, the methodology was subsequently performed
as follows (Figure 3.1).

3.2.1 Collecting and Reviewing Data

a) Landfill Siting Criteria
The factors of landfill siting data from various sources were reviewed for
selecting and setting the criteria for the new potential site. The sources of data were
as follows:
- MSW management guideline of Pollution Control Department.
- Laws and regulations of Thailand and the other countries
(Table 3.1).

b) GIS Database

This research reviewed the data from the Changwat Action Plan of the
Environmental Quality Management Project (CAPEQM-project) of which the areas in
Khon Kaen province were formerly analyzed for sanitary landfill sites by using GIS
techniques. The databases for inputting onto the GIS are tablet and mapped format.
Sources of the database are shown in Figure 3.2 Data for GIS were collected to create
map of each criteria. Consequently, the databases were aiding to present the areas that

are sensitive to landfill site construction in form of spatial planning map.

c) Lithologic Log Data

Lithologic log data from the Department Groundwater Resource,
Groundwater Research Center, and the private companies were reviewed to create the
soil profiles of the areas. The data would identify soil characteristics of selected areas
by means of soil type. Creating soil profile was performed by RockWork 2002

program.
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d) Weather Data

The weather data of Khon Kaen province including temperature and

precipitation were gathered from the Thai Meteorological Department. The data was

taken for the period of 23 years (between 1981 and 2004). These data were used in

Visual HELP for leachate simulation.

3.2.2 Establishing GIS and Mapping

The databases were analyzed by ArcView 3.1 program. They were reformed
and demonstrated as the applied maps, which are easy to comprehend. This step was

divided into 3 processes.

a) Compile the Criteria Databases
The collected criteria databases were complied to screen for

environmental sensitive areas map.

b) Editing Groundwater Data and Create Contour
Groundwater level data was edited, and then groundwater contour
layer was subsequently created from the edited groundwater level data.

c) Adding Groundwater Contour and Create New Map
After editing the groundwater data, a groundwater level criterion was
added onto the criteria data of the CAPEQM-project by G1Stechnique. The improved

sanitary landfill site was created as a new map.

3.2.3 Investigating Soil Profiles and Conducting Field Survey

The medium to low environmental sensitive areas for sanitary landfill were
selected to create a soil profile of which it was from the lithologic log data.
RockWork 2002 program was managed, analyzed, and visualized for the geological
data, result the soil type in the area profile. Site survey was also conducted to



26

characterize the areas, such as land use, etc. The results from this step were used for

site assessment.

3.2.4 Assessing the Areas Using Visual HELP Computer Program

The Visual HELP computer program was employed to calculate the amount of
water or leachate distributed from the selected areas. This step included following

tasks.

a) Simulating Leachates by Visual HELP Computer Program
The Visual HELP computer program was employed to calculate the

amount of water or leachate distributed from the landfill. The program automatically

solicits input from the user based on the option selected. In general, the Visual HELP

model requires the following data:

1) Weather Data, the data was taken from Thai Meteorological
station as mentioned above

2) Soil Data Requirement, soil data drawn from the first step was
entered using the default soil/material textures option. If the user
selects a default soil texture, the program would display the
porosity, field capacity, wilting point, and hydraulic conductivity
values of the soil that is stored as default. If the soil textures of the
selected sites do not match with the default soil, the properties of
soil have to be entered manually.

3) Landfill Design . Information, the following information were
entered: project title, landfill area (Customary or Metric),
percentage of landfill area where runoff is possible, and method of
initialization of moisture storage.

Layer data The following layer data were entered: the layer
type (four types of layer are permitted: 1. vertical percolation, 2. lateral
drainage, 3. barrier soil liner and 4. geo-membrane liner), layer
thickness (Customary or Metric), soil texture, initial volumetric soil

water content (storage), in vol./vol. (optional, it is only needed when
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the initial moisture storage is user-specified), and rate of subsurface

inflow to the layer (Customary or Metric).

Lateral drainage layer design data. The lateral drainage layer
design data as the maximum drainage length (Customary or Metric),
drain slope percent, percentage of leachate collected from the drainage
layer that was recirculated, and the layer that receive recirculated
leachate from the drainage layer was entered.

Geo-membrane liner data. This research used the condition of
soil liner only. Therefore, geo-membrane liner data would not be
entered.

Runoff curve number information. Surface slope, slope
length, default soil texture, and the quantity of the vegetative cover

were input and the program would compute the runoff curve number.

After complete inputting the data, the program would compute the

amount of runoff, drainage, and leachate for each site.

b) Result Analysis and Ranking
To assess the sites by using the amount of distributed water, the site
that has the least amount of leachate would be the most suitable sanitary landfill site.

The sites would be ranked based on the amount of water distribution.

3.2.5 Mitigation Measures Development

The mitigation was developed to minimize the impact from- the leachate based
on adding the synthetic liners. The results obtained above would be the information
used for develop the mitigation measures.

3.2.6 Re-evaluating the uses of Visual HELP Computer Program

This step would prove whether the mitigation is effective or not. The results

showed the water quantity of the modified sites. The Visual HELP model does not
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permit two barrier soil liners to be adjacent to each other. If a design has two soil
layers adjacent to each other, they would be expected to act as a single liner and both
soils would remain nearly saturated and contribute significantly to the head loss and
restriction of vertical drainage. Then, the thickness of the two layers should be
summed and an effective saturated hydraulic conductivity would compute for the
combined liner. The result would show the amount of water of the sites in the new
design by adding the synthetic liner. Then, the sites would be assessed on
environmental terms. This step proved whether the mitigation was effective or not.
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Table3.1 Landfill facility siting criteria

Landfill criteria for

Tasmania The Landfill municipal solid waste Environmenta Landfill Regulation and
landfill USA (CFR Icip ) | guideline, (Eng&Wal guideline of Surasak Design of landfills and Notification of
- PR (Scotland) ; Ministry of water, " - . - . Kamolporn
criteria sustainability regulation title 40 land. and air solid waste es) municipal solid Boonlue integrated solid waste DIW No.1 Kerdput 1999
guide (landfill 9 258) : - landfills, New regulations waste ,1998 management,Bagchi;2004 BE.2531 put,
2003 protection, British
type B) . SouthWales 2002 management, PCD
Columbia,CN
Distance
from major - - - - - - - - within 300 m. - -
highway
- Set the buffer zone
lesrtoarr]'nqce 500 m. from 250 m. from } t?gurr?dafr;)n:ezirggﬁgg R [ : 1000 m R } 5 km. from
community residence residence - other faciliies communities
minimum 300 m.
not be
located
within - L
Fault zones - - 200'(60m) - = - - within 60 m. - -
from fault
zones
Karst must not be able must not be must not
condition to located on able to be able to . ; i} ) ) . ) .
located on located on
- 3 km from
the top water
e eludo - within3 km.
Distance to 100 m. from within water of the top - Within 300 m. of any
: - level of water within 300 m. of navigable lake and pond. within 300 m.
water/water permanent courses or - 100 m. minimum - - o ’ -
resource water body - Within 90 m. of river or of water body
sources water courses 40 m.
- 40 m. from stream
permanent
or watercourse
intermittent

watercourse
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Table3.1(cont.) Landfill facility siting criteria

areas

Design of
: Landfill criteria for Regulation and landfills
Tﬁasr:z?il:lla L;Zeﬁu municipal solid Environmental Landfill guideline of Surasak and Notificati
_— . USA (CFR waste, Ministry of guideline, solid municipal solid integrated on of Kamolporn
criteria su§ta|nab|I|t_y (Scotlar_]d) title 40 258) water, land, and air waste landfills, New (Eng&WaIes) waste Boonlue, solid waste DIW No.1 Kerdput,1999
guide (landfill regulation ion. British Southwal regulations2002 1998 BE 2531
type B) 2003 protection, Britis outhWales management, manageme .
Columbia,CN PCD nt,Bagchi;2
004
orstance 10 ) ) ) ) ) ) within 700 m. ) within 365 ) within 700 m. from
wellpp Y from well m. well
Depth to 5m.at >5'
water table seasonal peak - - 1.2m. - - noless 1 m. 10 m. - (1.524 m) at least 1 m.
Within 200 year must not be must not must not
. floodplain must must not be able to be able to
Floodplains - - - design to prevent ICaedon - able to located - be able to located -
on located on
washout. on
1:100years must not be
Restrict areas - flood plain able to - - - - - - - -
area located on
° a0 not less
. K<1‘ﬁ?:10' K<1r']?/);10' - K= 1x10-6 cm/s than 1.5 m.
Geo barrier -Thickness of | -Thickness - orle - DS g K<1x10-5 cmis; - in K = 1x10- K < 1x10-7 cm/s
0 barrier of geo Thickness of geo thickness >1 m. >thickness 3 m. thickness; 7 cmis =
9 >1m bargrier barrier >2m. K<1x10-7
’ ~1m cm/s
. must not
Archeological } be able to } ; } ) within-1 km R } ) must not be able to
areas located on located on
250 m.
national park - from the - - - - -
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Table3.1 (cont.)Landfill facility siting criteria

. Landfill criteria for Regulation . . Notifica
Tlasma_nla municipal solid Environmental X andgguideline Des_lgn of Iandﬁll:s tion of
o andfill Scotlands USA waste, Ministry of guideline, solid s of municipal Surasak and integrated solid DIwW Kamolporn
criteria 53%2'82%;% regzu(:g;lon ((il;F;stg;Ie water, Ignd, anq_alr waste landfills, New régﬂgﬁ(\)’xg;%igz solid waste B%%r;lg e, managevn\;e:rff Bagchi; No.1 Kerdput,1999
type B) protectlon,_ British SouthWales management, 200 4' ! BE.253
Columbia,CN PCD 1
high Watershed
environmental avoid 250 m. must not be able to . within must not be able to
- - within 250 m - areas class | - -
value areas from the areas located on and Il 2000 m. located on
wilderness areas avoid 250 m.
) from the areas ) ) 4 i ) ) ) ) )
within
10000'(3
048 m.)
Airport lquOm from - O.f any minimum 8 km. - - 5 km. from - within 3048 m. - 5 kF”- from
airground airport airport airport
runway(tu
rbojet
aircraft
must not
Wetlands be able to
) ) located . ) : ) ) ) ) .
on
tertiary fault
line within 1 km. - - - - - - - - - -
gullies/deep must not be
valley able to located - - - - - - - - - -
on

unstable area

must not be able to
located on

must not be able to
located on
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CHAPTER IV

RESULTS AND DISCUSSION

4.1 GIS Database for MSW Landfill Siting

From the data reviewing, various criteria were considered to find out the
suitable area for landfill site. GIS has been taken place as a valuable tool for database
manipulating. The criteria for area classification were categorized as 3 levels

including the highest, high, and medium to low sensitive areas.

4.1.1 The Highest Environmental Sensitive Areas for Landfill

The highest environmental sensitive area for landfill was set by the approach
of the CAPEQM-project processes of which the criteria were drawn from the
Pollution Control Department regulation and CAPEQM-project recommendation as
described below. In accordance with the specific characteristics, this area could not be
used for the sanitary landfill sites including areas of 1,363,451 rais or about 2,181

square kilometers (20.5 % of the whole province area).

a) Watershed Area

According to the Cabinet Resolution on May 28, B.E. 2528, watershed
Class 1 should be particularly preserved because the area, when changed, leads to the
tremendous effects on the environment. Watershed areas Class 1 is divided into two
sub-watersheds, Class 1A is the watershed consisting of abundant forests and Class
1B is the watershed of which its forests has been deteriorated or changed for
development or other land use patterns.. In order to protect the watershed Class 1A,
changing forest in this watershed by any means is restricted. On the other hand, the
activities conducted in the watershed Class 1B, for example road construction or
mining, the responsible organizations have to implement for soil erosion protection.
In case that land use done by any governmental organizations, the organizations are
subject to report the analysis of its environmental impact to the National
Environmental Committee to be considered. Watershed Class 2 can be used for some

certain activities such as mining. The area is allowed to be used in timber industry and
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mining under restrictive control. Agricultural activities should also be avoided. The

watershed area is the most important ecological resource, particularly for the water.

Table 4.1 Criteria for area classification

: Total
Environmental o
sensitive areas are? Criteria
(km?)
Highest 411.49 | a) Watershed area
environmental 51.06 | b) 1 km. from heritage boundary
sensitive areas 231.88 | ¢) 5 km. from airport boundary
2,181.5 km? 338.51 | d) Build-up areas
887.79 | e) National parks
1,271.05 | f) National reserved forest zone C
336.66 | g) Comprehensive plan of four municipalities
High environmental 3,863.2 | a) 300 m. from water bodies and main stream
sensitive arg:as 505.7 b) 7OQ m. fro_m water supply and water
5,576.5 km ' pumping stations
278.44 | c¢) Flood prone areas
d) National reserved forest zone A and E and
'F 5 existing forest 1999
1,233.39 e) Potential, protected and critical areas for
groundwater
420.55 | f) Irrigation areas
1.420.86 gﬁ()ofsrea for land reform for agriculture (Sor Por
1,489.33 | h) 300 m. from build up area

Medium to low
environmental
sensitive areas
2,869.78 km?

sources, which directly effect to ‘human life. As a consequence, the activities having

environmental risk such as landfill facilities must be restricted in the areas. In Khon

Kaen province, there is a watershed area Class 1A of 257,182.04 rais or 411.5 square

kilometers, watershed class 2A areas of 157,836.255 rais or 252.5 square kilometers,

and watershed class 2B areas of 12,007.42 rais or 19.2 square kilometers.

b) Distance of 1 km. from Heritage Boundary

Currently, Thailand's has encountered the problem of cultural environment

damage. The major cause would be from human interference which conducts the

development without consideration for the environment. Heritage considered as one
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of the environmental culture component has not been valued and unaware of its
importance. For some occasions, degradation would be caused by lack of proper
conservation knowledge. Development or construction of the activities can cause
problems on heritages in terms of vibration to structure and/or aesthetic (visual)
pollution. The heritage sites in Khon Kaen province were identified by the Fine Arts
Department are as follow.

Ku Bann Non Ku

Pra Yeun

Non Tan

Ku Kaew

Ku Pra Pa Chai

Pra Sat Peuy Noi

Pra Tat Kham Kaen

Tat Don Ku

Kut Tat

Wat Po Tat

Ban Chum pae

Hor Tri Mai Wat Sri Chom Cheun
Ku Bann Maey

Pra Putta Bat Hin Lad
Sim Wat Beung Kaew
Sim Wat Ban Lan

Wat Sawang Suttha Ram

The heritage sites including 1 kilometers buffer area cover area about 51.06 square

kilometers.

c) Distance of 5 km. from Airport Boundary

Landfill must be located far from the airport boundary. The distance of 5
km. buffer has been set up to avoid disturbance from birds inhabited on the landfill
sites. There are two airports in Khon Kaen located in Amphoe (District) Nam Phong
and Amphoe Muang. The airport sites including 5 km. buffer zone cover the area of

about 231.88 square kilometers.

d) Build-Up Areas

According to the impacts from landfill such as leachate containing
hazardous substances, flies and odor, the landfill facilities must not be located in the
communities and built up areas. Otherwise, it would be harmful or risky to the people
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who live nearby landfill sites. The locations of urban areas, villages, institutes,
industrial areas, buildings and build up areas in Khon Kaen were considered as the
sensitive areas where have to be protected. The build up area cover area about 338.51

square kilometers.

e) National Parks

National Park is an area occupied with natural resources of ecological
importance or uniqueness such as beautiful scenery, waterfall, caves, and mountains,
or biodiversity of flora and fauna. National Park, in the sense of protected areas, play
significant roles in maintaining ecological stability and preserving biological
diversity. These protected areas also are invaluable places for recreation and
education. The national parks in Khon Kaen province cover area of about 887.79

square kilometers.

f) National Reserved Forest (Zone C)

The national reserved forest was also identified as the significant area for
natural resources protection. National Reserved Forests Act, B.E. 2507 enact National
Reserved Forests as the forest must be reserved for its nature, timber, forest products
or other natural resources, and no person shall occupy, possess, exploit and inhabit the
land, develop, clear, burn the forest, collect the forest products nor cause by any other
means whatsoever any damage to the nature of the national reserved forests. The

national reserved forest zone C covers area of about 1,271.05 square kilometers.

g) Comprehensive Plan of Four Municipalities

For the municipalities ~and comprehensive plan: boundary of 4
municipalities as Ban Phai, Chum Pae, Muang Khon Kaen, and Muang Phon, were set
for land use identification. In accordance with the City Planning Act B.E. 2518, the
comprehensive plan means the goals, objectives, and policies, plan, and general
guidance for land use development. The municipalities cover area of about 336.66

square kilometers.
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4.1.2 High Environmental Sensitive Areas for Landfill

The high environmental sensitive area for landfill was set by means of the
CAPEQM-project processes. This area includes the areas of 3,485,309 rais or about
5,576 square kilometers (52.5 % of the whole area). The criteria applied for setting
the high environmental sensitive areas for landfill were taken from the Pollution
Control Department regulation with some criteria supplemented by the CAPEQM-

project.

a) Distance of 300 meters from Water Body and Main Stream
The distance of 300 meters was created as buffer of any natural or man-

made water body including wetland. As of the important of surface water, this factor

must be set for surface water protection. In addition, the adverse impact might be
occurred by contamination from leachate distributed to the water body under the
effluence of topography and groundwater movement. The water body and main
stream area including 300 meters buffer area cover area of about 3863.2 square

kilometers.

b) Distance of 700 meters from Water Supply and Water Pumping
Station

Water supply well of the community is the significant factor that should be
concerned because people consume water from this source directly. Water is not only
used for consumption, but also used for agricultural activites. The buffer distance of
700 meters of the existing potable water well or-existing community water pumping
stations was set for reducing the contamination possibility. The water supply well and
water pumping stations including 700 meters buffer area cover area of about 505.70

square kilometers.

c) Flood Prone Areas

According to the USEPA definitions, flood prone area is the lowland and
relatively flat areas adjoining inland and coastal waters, including flood prone areas of
offshore islands, which are inundated by the base flood. The landfill must not be

situated onto the flooding area or the lowland area where is the storage of the high
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volume of water. Flooding also poses the hazard substances from landfill to human

health and environment. The flood prone area covers about 278.44 square kilometers.

d) National Reserved Forest (Zone A and E) and Existing Forest 1999
The forest is the ecological source of flora and fauna diversity. It also
plays the major role as for the origin of water sources for people usage. The
degradation of forest has induced the severe problems for environmental and human
health. Hence, the activities leading to the forest deterioration must not be created.

The reserved forest zone A and E cover area about 1,735.14 square kilometers.

e) Potential, Protected and Critical Areas for Groundwater

In account to the groundwater problems in Khon Kaen areas due to salt
rock deposits cause saline groundwater, over-pumping in critical areas, and lack of
protection and management of potential groundwater resources for future use,
groundwater resource must be protected from the hazard activities. The potential,
protected and critical areas for groundwater include about 1,233.39 square kilometers.

f) Irrigation Areas

According to the State Irrigation Act (No. 4) B.E. 2518, "Irrigation” means
any undertaking carried out by the Royal Irrigation Department to procure water or to
retain, store, reserve, control, supply, drain or allocate water for agriculture, energy,
public utilities or industry and includes the prevention of damage caused by water as
well as navigation within the Irrigation area. The irrigation areas in Khon Kaen
province include a large scale irrigation project which is Nampong-Nong Wai project.
There are 15 medium scale irrigation projects and 369 small scale-irrigation projects.
The over all projects cantain the areas of 420.55 square kilometers which benefit from
the projects. In order to, people gain the benefit from the irrigation projects
completely, the other activities that are not involved in the irrigation should not
establish.

g) Area for Land Reform for Agriculture ( Sor Por Kor)
The Sor Por Kor area is the land reformed for agriculture. It has been
provided to the farmers for farming and dwelling by the government agency. Thus,
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the areas located in Sor Por Kor areas have been reserved for agricultural sector. The

Sor Por Kor area covers about 1,420.86 square kilometers.

h) Distance of 300 meters from Build Up Areas Boundary

People who live in the communities nearby landfill sites could possibly be
harmed and high potential risk to human health. Buildup areas were set 300 meters as
the buffer distance from urban, villages, institutes, industrial area, buildings and build
up areas in Khon Kaen. This criteria would reduce the risk occurred from the landfill
sites. The build up area including 300 meters buffer area cover area about 1,489.33

square kilometers.

4.1.3 Medium-low Environmental Sensitive Area for Landfill

The medium-low environmental sensitive sites for sanitary landfill are the
areas besides 4.1.1 and 4.1.2. These sites occupy the areas of 1,793,610 rais or about
2,870 square kilometers (27% of the whole area).

GIS application plays the important role to help people on siting discipline. In
this study, the large databases of Khon Kaen province were used for landfill siting.
GIS technique was applied to makes them faster and easier to access and accomplish.

4.2 Groundwater Level Contour

As the leachate containing hazardous substances would impact to groundwater
resource, this vulnerable resource must. be intensively . considered for the waste
disposal siting. Contamination of hazardous substances into groundwater would
potentially be harmful to the environment and human heath, especially to the people
who use groundwater as the major water source. Referring to the criteria for landfill
siting mentioned in chapter 2, groundwater resource is conventionally considered as
one of the significant criteria. However, it is not considered for the groundwater
level. This step had accounted for the groundwater level and create groundwater
contour map.

The groundwater contour was divided into 3 levels by mean of the depth of

groundwater table from the ground surface. The depth of groundwater is the critical
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factor for groundwater contamination with leachate. Evidently, more shallow
groundwater depth, the higher risk to contamination. The hazardous substances
leaking from the liner of landfill site rapidly seep through the groundwater. Distance
between the landfill base and groundwater table have to be assessed for minimizing
the risk to groundwater contamination. In this study, the depth of groundwater in
Khon Kaen province were divided into 3 levels, 0-5 m, >5-10 m, and >10 m,

respectively.

4.2.1 Groundwater Contour at the Depth 0-5 meter

The areas having groundwater level at the depth of 0-5 meters were defined as
the highest sensitive areas for landfill siting. Regarding the design of new and existing
landfill sites, an excavated cell/trench method has been widely employed.
Conventionally, in Khon kaen province, landfill construction excavates into the
ground not deeper than 4 meters from the ground surface. In accordance with the
Notification of Department of Industrial Work No.1 B.E. 2531, landfill base must be
far from water table about 1.5 meters. With such reasons and uncomplicated to
organize, the areas having the groundwater level at the depth of 0-5 meters were
considered as the highest environmental sensitive areas for landfill, where cover the

area of 4,579 square kilometers.

4.2.2 Groundwater Contour at the Depth >5-10 meter

The areas having the groundwater level at the depth of more than 5 to 10
meters were defined as the high sensitive areas for landfill site. From the groundwater
database of Khon Kaen, the greater part situate on area at the range of 5-10 meters.
Moreover, according to the greater part of boring log data, the depth to the impervious
rock is not more than 10 meters. In such that, the areas having the groundwater level
at the depth of 5-10 meters were assessed as the high environmental sensitive areas

for landfill, where cover the area of 5,806 square kilometers.

4.2.3. Groundwater Contour at the Depth Exceeding 10 meters
The areas having the groundwater level at the depth exceeding 10 meters were
defined as the medium-low sensitive areas for landfill site. From the groundwater

database of Khon Kaen , a minority part situate on the area with the depth exceeding
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10 meters. Thus, the areas having the groundwater level at the depth exceeding 10
meters were assessed as the medium-low environmental sensitive areas for landfill,
where cover the area of 243 square kilometers. This circumstance mitigates the
possibility to contaminate of hazardous substances on groundwater resource.

In addition, as the fluctuation of groundwater level, this study varied the range
of groundwater level criteria between 1-2 meters and find out the sensitive area. The
levels also were separated onto 3 levels. Table 4.2 shows the various groundwater

level representing the groundwater fluctuation were used in this study.

Table 4.2 Various groundwater levels represented groundwater fluctuation.

Highest High Medium - low
environmental environmental environmental
sensitive (km?) sensitive (km?) sensitive (km?)

Various
1 0-4 m >4-9m >9m
2 0-6 m >6-11 m >11m

Results from GIS (Appendix A) revealed that the 3 levels of new
environmental sensitive areas with various groundwater ranges were not significantly
difference. The medium to low environmental sensitive area were decreased as shown
on Tables 4.3 and 4.4.

Table 4.3 Environmental sensitive areas for landfill with groundwater level in range
of 0-4m, >4-9'm, and > 9 m.

Medium - low

Highest environmental High environmental . .
e’ 2 . 5 environmental sensitive
sensitive (km?) sensitive (km?) (km?)
0-4m >4-9m

>0 m
5,364 4,506 704
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Table 4.4 Environmental sensitive areas for landfill with groundwater level in range
of 0-6m, >6-11 m, and > 11 m.

. . . . Medium - low
Highest environmental High environmental . .
o 2 o 2 environmental sensitive
sensitive (km®) sensitive (km?) 2
0-6 m >6-11 m (km’)
>11m
6,789 3,354 488

Manipulation with GIS showed that the variation of groundwater level range
has no significantly effect to categorization of environmental sensitive areas. As
shown in Tables 4.3 and 4.4, 3 levels of environmental sensitive areas for landfill

which are not critically different.

4.3 New Environmental Sensitive Areas Map

As the scope of this study, the groundwater contour maps would be added onto
the environmental sensitive area maps, the new environmental sensitive areas maps

were resulted as following outputs.

4.3.1 The Highest Environmental Sensitive Areas for Landfill

The areas could not be the sanitary landfill sites including the areas that have
the groundwater level at the depth of 0-5 meters were defined as new highest sensitive
areas for landfill siting. The new highest sensitive areas cover area of about 5,249

square kilometers (49.39 % of the whole area).

4.3.2 High Environmental Sensitive Areas for Landfill

The areas that have the groundwater level deeper than 5 to 10 meters were
defined as the new high sensitive areas for landfill siting. To take advantage of this
area for landfill siting, the stringent measures must be mandated. The map shows high
sensitive areas which were decreased to 3,975 square kilometers (37.40 % of the
whole area).
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4.3.3 Medium-low Environmental Sensitive Areas for Landfill

The areas existed with the groundwater level deeper belowl0 meters were
defined as the medium to low sensitive areas for landfill site. To use this area for
landfill site, the conventional measures should be implemented. The map shows the
medium to low environmental sensitive areas decreased to 572 square kilometers
(5.38 % of the whole area). The medium to low environmental sensitive areas were
selected based on the size of areas. According to the guideline of PCD, the suitable
size for 500 tons of waste generated per day is 0.99 square kilometers (620 rai) for
disposal facilities. Comparison of the sensitive areas between with and without

groundwater contour is summarized in Table 4.5.

Table 4.5 Comparison between the areas without and with groundwater contour
maps.

Sensitively levels Highest High Medium - low
environmental | environmental | environmental
Areas sensitive (km?) | sensitive (km?) | sensitive (km?)

Without groundwater

2,181.5 5,576.5 2,869.78
contour
With groundwater 6.081 3.975 572
contour

In accordance with the importance of groundwater resources, landfill siting
should emphasize that the groundwater table must be far from the landfill base.
Figures 4.1- 4.2 show the difference between old and new maps. As a result of
groundwater contour adding, the area was screened by using groundwater levels. The
highest environment sensitive area was increased to 6,081 square kilometers. While,
the high environment sensitive area was decreased to 3,975 square kilometers, and the
medium to low sensitive area was decreased to 572 square kilometers.

Afterwards, the existed landfill sites were compared with new environmental
sensitive areas (Appendix A). The existing landfill sites mostly locating on new
highest and high environmental sensitive areas. Therefore, there is highly possible to

encounter problems from the leachate.
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4.4 Sites Characteristics

In order to study the impact of soil characteristics of the landfill site to the
ground water based on the leachate distribution, the landfill sites located in the low-
medium sensitive areas map were selected and investigated by field survey and
collecting a secondary data. The physical characteristics of each site were drawn up to
use for landfill site consideration. Furthermore, the soil profiles of each site were
created from the boring log data (Figure 4.3) presenting as the subsurface
characteristics of the selected areas. The cross sections were traversed for such areas.

These characteristics accommodate the invaluable data for the assessment.

4.4.1 Site 1

a) Land use and Topology

Site 1 locates in Amphoe (District) Chum Phae, Tambon Nong Phai and
Tambon Wang Hin Lat, Khon Kaen province. This site has a total area of about 9.99
square kilometers situated along the Highway No0.228 and nearby Ban Nong Pai Nue
in the north. The site is adjacent to the paddy field and highland Phu Wiang in the
east, to the built up area of Amphoe Chum Phae in the south, and to the plantation
area and the residence area in the west. The villages existed in the surrounding area
are Ban Nong Phai Tai, Ban Nong Phai Nue, Ban Non Thong Lang, and Ban Non
Tun.

Land use of site 1 consists of agricultural area presented by paddy field as
the most with some abandon areas (Figure 4.4). Beside that there is a build up area
such as school, temple, residential, and commercial areas. Ban Nong Pai Nue School
locates at the north of the site. The south.is near the area of Amphoe Chum Pae.

Topographically, this site situates on the undulating rolling area with the
average elevation of about 230 meters above mean sea level (MSL). The area is
counted as the highland having the maximum elevation of about 800 meters MSL.
The highest elevation exists in the north and east of the area and decrease south-

westernly (Figure 4.5).
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b) Subsurface Characteristics

Site 1 was separated into 2 sections, TAA’ and 1BB’. In soil profiling
process, 21 databases of boring log were used for site 1. Figure 4.6 shows section
1AA’ located in Tambon (Sub district) Wang Hin Lat boundary and section 1BB’
located in Tambon Nong Phai boundary.

Sections 1AA’ and 1BB’ have the same characteristic profiles as shown in
Figures 4.7 and 4.8, respectively. The section line presents sediments and

sedimentary rock from ground surface to the depth of 20 meters. The profile presents
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silty clay from ground surface to the depth of 5 meters. Siltstone layer representing as
the impermeable layer is capable to resist the liquid passing through.

Figures 4.7 and 4.8 indicate that site 1 consisting of very fine grained
materials of silty clay. The soil particle size is less than 0.002 mm in diameter with a
large surface areas compared with the other inorganic fractions. It is also very
chemically active and is able to hold substances onto the surfaces. Like nutrients,
water also attach to the surfaces of clay and difficult to pass through. The saturated
hydraulic conductivity value of clay is in the range of 10° — 10® cm/s. The
sedimentary rock found in this site is siltstone. Siltstone is composed of silt-sized
sediment grains, which are transitional in size between clay and sand grains. Thus,
siltstone represents a natural depositional environment transitional between those of
shale and sandstone. Noting that it is very similar in appearance to shale, but it is a bit
grittier.
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Figure 4.7 Cross section of line AA’ in area 1 (Fig.4.6) showing the profile of
sediments and sedimentary rock
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Figure 4.8 Cross section of line BB’ in area 1 (Fig.4.6) showing the profile
of sediments and sedimentary rock

4.4.2 Site 2

a) Land use and Topology

Site 2 locates in Amphoe Nong Rue, Tambon Kut Kwang. The total area
of this site is about 4.51 square kilometers. It is adjacent to Highway No.12. The site
is bounded by the paddy field, residential area (Ban Non Sathorn and Ban Nong Ko),
and field crops area in the east, adjacent to the paddy field and the residential area in
the south, and adjacent to local road, paddy field, residential area, plantation in the
west.

Land use of site 2 include agricultural area of which paddy is the most
with some abandon areas (Figure 4.9). The surrounding areas are also the paddy field,
bush, and shrub. Moreover, there are the communities such as, Ban Non Sathon, Ban
Nong Ko. There are field crops which are cassava and sugar cane plantation.

Based on the field survey and map, site 2 situates on the flat plain area
with the average elevation about 205 meters MSL. The south-west area is higher and

the slightly decreases north-easterly (Figure 4.10).
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b) Subsurface characteristics

Site 2 was separated to 3 sections (Figure 4.11). In soil profiling process,
38 databases of boring log were used (Figure 4.3) for site 2. Sections 2AA’ and 2BB’
have almost the same characteristic profiles (Figures 4.12 and 4.13). Both sections
cross the area from the northeast to the southwest direction. The section line presents
sediments and sedimentary rock from ground surface to the depth of 18 meters. The
soil profile presents clay as the first layer with the depth of 1.5 meter from ground
surface. The next layer is silty clay which present a slight difference between both
sections, ie. silty clay of section 2AA’ is at the depth of 1.5 to 9.5 meters and section
2BB’ is 1.5 to 11.5 meters. Then both sections have sandstone underlain soil layer
represents the impervious rock. Section 2CC’ crosses the area from the north to the
south direction. The characteristics of profile 2CC” (Figure 4.14) is the same profile
as section 2BB’. It is existed with clay from ground surface to the depth of 1.5 meters,
followed with silty clay at the depth of 1.5 to 11.5 meters. As same as profiles 2AA’
and 2BB’, it is underlain with sandstone acted as the impervious layer.

Site 2 characteristics are generally similar to site 1 characteristic. Figures
4.12 to 4.14 of such 3 sections indicate that site 2 comprising of very fine grained
materials of clay as top layer followed with silty clay. These soils have particles size
less than 0.002 mm in diameter with the very large surface areas compared with the
other inorganic fractions. They are also very chemically active and is able to hold
substances on their surfaces. Likewise, water attached to the surfaces of clay is
difficult to pass through. The saturated hydraulic conductivity value of clay is in the
range of 10 — 10°® cm/s. The saturated hydraulic conductivity value of silty clay is in
the range of 10° — 10°® cm/s. The sedimentary rock was found in this site is sandstone.
Sandstone refers to a sedimentary rock with grains between 1/16 millimeter and 2 mm

in size.
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Figure 4.11 Index map of site 2 showing lines of sections (see Fig.4.12-4.14).
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4.4.3 Sjte 3

Site 3 has been separated to 2 sections. In soil profiling process, 28 databases

of boring log were used (Figure 4.3) for site 3.

a) Land use and Topology

This site locates in Amphoe Nong Rue, Tambon Ban Meng and Tambon
Yang Kham, Khon Kaen province. The site covers a total area about 14.52 square
kilometers. The boundary of the site is Ban Nong Ko and Ban Meng, paddy field,
bush and shrub in the north; paddy field, bush and shrub in the east; adjacent to Phu
Meng in the south and southeast; and adjacent to Highway no. 2187, residence area,
and plantation in the west, respectively.

Land use in the area occupy with agricultural area where paddy field is at
most alternated with some field crops such as sugar cane and abandon areas (Figure
4.15). Beside, there is some forest area which is deciduous dipterocarp forest, and the
buildup area which is Ban Don Chang close to the site in the northeast area. In the
north and west of the site is the local road.

Topographically, site 3 locates on flat plain by hillside. The average
elevation of the area is about 215 meters MSL. Elevation of the eastern side area is
about of 220 meters MSL sloping down westward. In the southeast of the site, there is
the highland so called Phu Meng having the maximum height of about 600 meters
MSL (Figure 4.16).

b) Subsurface characteristics

Site 3 was separated to 2 sections (Figure 4.17). For soil profiling process,
28 databases of boring log were used (Figure 4.3) for site 3.

Sections 3AA’ and 3BB’ are mostly similar, except the line direction.
Section 3AA’crosses the area on west-east direction. While, section line 3BB’ crosses
the area from northeast to southwest direction. The same characteristics of both
section lines ( Figures 4.18 and 4.19) are as follows; sediments and sedimentary
rock from ground surface to the depth of 10 meter, silty clay from ground surface to
the depth of 1 meter followed by the clay layer of about 7 meters, and the shale layer

acting the impervious layer.
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In conclusion, site 3 comprise of very fine grained materials which are
silty clay as top layer and 7 meters thick of clay. These soils have particles size less
than 0.002 mm in diameter and have very large surface areas compared with the other
inorganic fractions. They are also chemically very active and is able to hold
substances on their surfaces. Likewise, water attached to the surfaces of clay is
difficult to pass through. The saturated hydraulic conductivity value of silty clay is in
the range of 10°® — 10°® cm/s. The saturated hydraulic conductivity value of clay is in
the range of 10° — 10°® cm/s. The sedimentary rock found abundantly in this site is
shale. It is composed of tiny clay-sized sediment grains. Other components may be

iron oxides or organic matter. Shale normally has a fine lamination structure.

Figure 4.15 Map showing location and land use of site 3 and surrounding area.
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4.4.4 Site 4

a) Land use and Topology

This site locates in Amphoe Phu Wiang, Tambon Na Wah, Khon Kaen
province. The site has total area about 6.11 square kilometers. The boundary of the
site is paddy field area of Ban Nong No in the north, close to Ban Non Udom in the
east, and far from the Nam Phong reservoir and Phu Phan Kham hill for 4 km.

Land utilization of site 4 comprise of agricultural area with paddy field is
the most mixed with grass field for livestock. Some is the abandon area. In addition,
land use of the surrounding areas is residential area of Ban Non Udom and Ban Nong
No. Moreover, there are agricultural land use such as cassava and sugar cane (Figure
4.20).

Topographically, the area situates on flat plain at where the average
elevation of site 4 is about 200 meters MSL. The west of the area is the highest
elevation in the range of 210-215 meters. The elevation decreases westward sloping
down to the Nam Phong reservoir in the east (Figure 4.21).

b) Subsurface Characteristics

Site 4 was separated to 2 sections (Figure 4.22). In soil profiling process,
23 databases of boring log were used (Figure 4.4) for site 4.

Sections 4AA’ (Figure 4.23) and 4BB’ (Figure 4.24) have mostly
similar characteristics, except the direction. Profile 4AA’ crosses the area from north-
west to south-east direction. Profile 4BB’ crosses the area from west - east direction.
Both sections are occupied with sediments and sedimentary rock from ground surface
to the depth of 20 meters. Clay layer exist from ground surface to the depth of 2
meters for section 4 AA’ and 2.5 meters for section 4BB’. Next layer is silty clay at
the depth of 2-18 meters for section 4AA’ and 2.5-17 meters for section 4BB’. The
sandstone layer represents the impervious rock acting like a barrier for water passing
through.

In conclusion, site 4 comprise of very fine grained materials which are
clay as top layer and 16 meters thick of silty clay. These soils have particles size less
than 0.002 mm in diameter and have very large surface areas compared with the other
inorganic fractions. They are also chemically very active and is able to hold
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substances on their surfaces. Water attached to the surfaces of clay is difficult to pass
through. The hydraulic conductivity value of clay is in the range of 10 — 10 cm/s.
The hydraulic conductivity value of silty clay is in the range of 10°® — 10® cm/s. The
sedimentary rock was found in this site is sandstone. Sandstone refers to a
sedimentary rock with grains between 1/16 millimeter and 2 mm in size (coarser grain
than siltstone). Sandstone is usually almost all quartz. Most sandstones, however,
have small amounts of other minerals—clays, hematite, ilmenite, feldspar, and

mica—that add color and character to the quartz matrix.
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Figure 4.20 Map showing location and land use of site 4 and surrounding area.
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4.4.5 Site 5

a) Land use and Topology

Site 5 locates in Amphoe Ban Phai, Tambon Hin Thang nearby Ban Hin
Thang Village. This site has the total area about 7.62 square kilometers. Highway No.
23 traverses the south of the area. Next to the north of the area is Tambon PhuLek.
The area closes to Mahasarakham province boundary in the east (Figure 4.25).

Land utilization of the surrounding area consists of abandon area and
agricultural area as paddy field and field crops consisting of sugar cane and cassava
crops. Some of them are bush and shrub. Also, there are some abandoned areas in site
5 (Figure 4.25).

Topographically, site 5 area is situated on a gentle sloping area with the
average elevation of about 215 meters. The highest area is at the northeast with the the
elevation of 230 meters MSL. The area slopes downward from the northeast to the

southwest (Figure 4.26).

b) Subsurface Characteristics

Site 5 was separated to 2 sections (Figure 4.27). In soil profiling process,
27 databases of boring log (Figure 4.3) were used for site 5.

Profiles 5AA’ (Figure 4.28) and 5BB’ (Figure 4.29) are mostly the same
except the direction. Profile 5AA’ crosses the area from the north to the south While
Profile 5BB’ crosses the area from the northwest to the southeast direction. Both
profiles show sediments and sedimentary rock for 21 meters from ground surface. The
profile presents that the area cover with sand from ground surface to the depth of 8
meters. Next layer are scattered silt soil and sandstone to the depth of 15 meters.
Sandstone and siltstone underlain represents the impervious rock

In conclusion, site 5 is occupied with coarse grained material of sand, of
which particle size more than half of coarse fraction is smaller than 0.04 mm. in
diameter. Sand has less surface areas compared with the clay. The saturated hydraulic
conductivity value of sand is in the range of 10 - 10° cm/s. The sedimentary rock
found in this site is sandstone. Sandstone refers to a sedimentary rock with grains
between 1/16 millimeter and 2 mm in size (coarser grain than siltstone). Sandstone is
usually almost all quartz. Most sandstones, however, have small amounts of other
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minerals—clays, hematite, ilmenite, feldspar, and mica—that add color and character

to the quartz matrix.
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Figure 4.26 Map showing the contour lines of site 5 and surrounding area

(meters above Mean Sea Level).
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4.4.6 Site 6

a) Land use and Topology

This site locates in Amphoe Phon, Tambon Nong Weang Nang Pao, and
Tambon Chot Nong Kae, Khon Kaen province. Site 6 has a total area about 5.87
square kilometers. The site is separated into 2 areas by highway no. 2 (Figure 4.30).
The area situate on the east of highway no.2 having the total area about 2.60 square
kilometers and is nearby the railway. In addition, the adjacent villages are Ban Chot
Nong Kae and Ban Nong Waeng. The other area has the total area about 3.26 square
kilometers and close to the villages which are Ban Wang Chan and Ban Nong Waeng
Nang Pao.

The areas of site 6 have been used for field crops of eucalyptus, cassava
and sugar cane. Some of the areas are the paddy field and abandon areas. The
surrounding area consists of communities, such as Ban Chot Nong Kae, Ban Nong
Waeng, Ban Wang Chan, and Ban Nong Waeng Nang Pao. Also, there are cattle
farming and field crops (Figure 4.30).
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Topographically, this site situated on the flat plain with the average
elevation about 210-215 meters. The area slopes down from the northwest to the

southeast. The highest is the northwest area which is about 235 meters (Figure 4.31).

b) Subsurface characteristics

Site 6 has been separated to 3 sections (Figure 4.32). In soil profiling
process, 17 databases of boring log were used (Figure 4.3) for site 6.

Three sections (Figures 4.33 - 4.35) have similar characteristics except the
direction. Section 6AA’ crosses the area located in the east side of high way no. 2.
Both sections 6BB’ and 6CC’ cross the area located in the west side of high way no.2.
The depth of sediments and sedimentary rock counted from the ground surface for 3
sections are slightly different, 5 meters for section 6AA’, 8 meters for section 6BB’
and 9 meters for section 6CC’, respectively. The rest characteristics of 3 sections are
the same presenting the silty clay as the first layer with the thickness about 4 meters.
Beneath this layer, it is impermeable layer of siltstone.

In conclusion, site 6 is comprised of very fine grained 4 meters thick
materials of silty clay. This soil has the particles size less than 0.002 mm in diameter
and have very large surface areas compared with the other inorganic fractions. It is
also chemically very active and is able to hold substances on the surfaces. Likewise,
water attached to the surfaces is difficult to pass through. The saturated hydraulic
conductivity value of silty clay is in the range of 10° — 10® cm/s. The sedimentary
rock was found in this site is shale. Shale is the most abundant type of sedimentary
rock. It is composed of tiny clay-sized sediment grains. Other components may be

iron oxides or organic matter. Shale normally has a fine lamination structure.
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Figure 4.33 Cross section of line AA” in area 6 (Fig.4.32) showing the profile of
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Figure 4.35 Cross section of line CC” in area 6 (Fig.4.32) showing the profile of
sediments and sedimentary rock.

4.4.7 Site 7

a) Land use and Topology

Site 7 locates in Tambon Nong Waeng Sok Phra, Amphoe Phon, Khon
Kaen Province. This site has the total area about 0.99 kilometers. The site is adjacent
to highway no.2 in the east. It is adjacent to Nakorn Ratchasima province boundary.
The area of site 7 has been used for paddy field. Some of the areas are bush and shrub.
The surrounding areas are community of Ban Non Ngui and the agricultural area
(Figure 4.36). This site situates on the flat plain area with the average elevation of
about 195 meters MSL (Figure 4.37).

b) Subsurface characteristics

Site 7 has been separated to 2 sections (Figure 4.38). In soil profiling
process, 14 databases of boring log were used (Figure 4.3) for site 7.

Both sections (Figures 4.39 and 4.40) have almost the same characteristics
except the direction. Section 7AA’ profile crosses the area on the north-west and
south-east direction. Section 7BB’ crosses the area on the north-east and south-west
direction. The section presents sediments and sedimentary rock from ground surface

to the depth of 10 meters for section 7AA’ and 11 meters for section 7BB’. The soil
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profile of both sections are the same presented by clay layer from the top to the depth
of 1 meter following by silt soil layer from the depth of 1 meter to 9 meters (for
section 7AA’) and 1 meter to 10 meters for section 7BB’. Sandstone underlay the soil
layers acts as an impermeable layer.

In conclusion, site 7 is comprised of very fine grained materials of clay as a
top layer. The 10 meters thick silt overly the top soil. These soils have more than a
half of materials smaller than 0.002 mm in diameter and have very large surface areas
compared with the other inorganic fractions. It is also chemically very active and is
able to hold substances on the surfaces. Likewise, water attached to the surfaces and
difficult to pass through. The hydraulic conductivity value of clay is in the range of
10° - 10® cm/s and silt is 10™-10° cm/s. The sedimentary rock found in this site is
shale. Shale is the most abundant type of sedimentary rock. It is composed of tiny
clay-sized sediment grains. Other components may be iron oxides or organic

matter. Shale normally has a fine lamination structure.

Figure 4.36 Map showing location and land use of site 7 and surrounding area.
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Site surveying is the important process for landfill siting. As a result the
general characteristics of each site are specified. In the first process, the communities
and high environmental potential areas were set aside and confined for restrict area to
be landfill. Land use of 7 sites are quite similar which are agricultural areas and the
abandoned area. Agricultural areas consist of paddy field, cassava, eucalyptus, and
sugar cane. Particularly, sites 5, 6, and 7, which locate in the south are more abundant
with water. Some areas in site 1 area were set for community forestry which has not
yet been registered. It can be concluded that the surrounding areas are agricultural
areas.

According to the addition of groundwater contour, the areas with groundwater
depth less than 10 meters were set aside. The subsurface characteristics of each site
were specified to clarify the suitability of sites in term of groundwater contamination.
Boring logs databases of surrounded areas were collected from many sources.
Afterward, they were processed by the program as a result subsurface characteristics.
Soil profiling by ROCKWORK program show the differences of subsurface
characteristics of selected sites. This is truly important for leachate prediction in the

following process.

4.5 Results from Visual HELP Simulation

Visual HELP program was used for water simulation of the selected sites.
Regarding the amount of percolating water simulation, the default method was used to
calculate runoff number. The initial moisture storage ‘was also calculated by the
model. In the account of worst case simulation, runoff area was changed to 0
percentage of the profile’s surface area. Inthe meantime, the vegetation class was set

as the bare soil for worst case condition.

45.1 Landfill structures and percolated water simulation

The profile structure of landfill plays the role as a control factor. Each profile
was set as the same except for geological barrier. This study defined excavation for
landfill construct as 3 meters. And landfill consists of 4 layers of which each layer is

200 cm. of solid waste with loam soil cover of 30 cm. The final landfill cover was
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set as 60 cm. of silt loam. The geological barrier was differed based on soil profile
stated previously. The default data correspond to geological barrier of each site were
selected for model simulation. Therefore, landfill structures of such 7 sites would

have the same structure from layers 1-9 and different for laver 10. as shown in

Tables 4.6 and 4.7, respectively.

Table 4.6 Landfill structure.

Layer Top Bottom | Thickness
(cm) (cm) (cm)
1. Silty Loam 0.0000 -60.0000 60.0000
2. Loaml -59.9995 | -89.9995 | 30.0000
3. Municipal Waste (312 kg/cub.m)1 -89.9990 | -289.9990 | 200.0000
4. Loam2 -289.9985 | -319.9985 | 30.0000
5. Municipal Waste (312 kg/cub.m)2 -319.9980 | -519.9980 | 200.0000
6. Loam3 -519.9975 | -549.9975 | 30.0000
7. Municipal Waste (312 kg/cub.m)3 -549.9970 | -749.9970 | 200.0000
8. Loam4 -749.9965 | -779.9965 | 30.0000
9. Municipal Waste (312 kg/cub.m)4 -779.9960 | -979.9960 | 200.0000
Table 4.7 Layer 10 of each site.
. To Bottom | Thickness
Site Layer 10 (cmp) (cm) (cm)
1 Silty Clay -979.9955 [-1179.9955| 200.0000
2A Silty Clay -979.9460 |-1629.9460| 650.0000
2B/2C Silty Clay -979.9460 | -1829.9460| 850.0000
3A/3B Clay -979.9955 |-1479.9955| 500.0000
4A Silty Clay -979.9460 |-2379.9460 | 1500.0000
4B Silty Clay -979.9460 | -2479.9460 | 1400.0000
5A/5B Loamy sand | -979.9460 |-1379.9460 | 500.0000
6A/6B/6C Silty Clay -979.9460 | -1629.9460 | 100.0000
7A Silty Loam | -979.9460 |-2379.9460 | 600.0000
7B Silty Loam | -979.9460 |-2479.9460{ 700.0000

The natural barrier of site 1, site 2, site 4, and site 6 is silty clay soil which has
grey color. It is consist of under 20% sand, between 40-60% clay, and between 40-
60% silt. The natural barrier of site 3 is 5 meters thick of clay soil which has grey
color. The components of clay are sand under 45%, clay between 40-100%, and silt
under 40%. The following properties of this type were default input data of the
program. According to soil profiling, site 5 consist of sand layer as a natural barrier.
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Visual HELP program could not add sand as a geological barrier. Loamy sand which
has soil properties close to sand was used. The natural barrier of site 5 composed of 5
meters thick loamy sand. It has yellow color. It is consist of sand between 70-90%,
under 15% clay, and under 30% silt. Moreover, site 7 consists of silt layer as a natural
barrier. In contrast, Visual HELP program could not add silt as a geological barrier.
Silty loam which has soil properties close to silt was used (Appendix C). The natural
barrier of site 7composed of 6 meters thick silty loam. It is consist of sand 50%, under
28% clay, and between 50-90% silt. The properties of silty clay which are the default

input data of the program show in Table 4.8.

Table 4.8 The properties of soil barrier

Parameters Silty clay| Clay |Loamy sand |Silty Loam
- total porosity(vol/vol) 0.479 0.475 0.437 0.501
- field capacity(vol/val) 0.371 0.378 0.105 0.284
- wilting point(vol/vol) 0.251 0.265 0.047 0.135
Coiagﬂgztvﬁ‘fyr(‘é’g;sa:!)'c 2565 | 17E5 | 00017 1.9E-4

Using Visual HELP program could be useful for landfill siting. This program
simulated the amounts of water that percolate through geological barrier of selected
sites. According to difference subsurface characteristics and geological barrier, the
results of simulation were a bit different. Sites 1, 2, 3,4, and 6 have the same total
annual percolation or leakance through layer 10 of year 23 (Table 4.9). These sites
consist of silty clay and clay soil as the geological barrier. On the other hand, the
geological barrier of site 5 and site 7 are sand and silt. The volume of percolated
water is less which are 9.84 million cubic meters (MCM) and 9.98 MCM orderly.
From the results of water volume, the amount of percolated water through layer
depends on type of geological barrier and thickness of layer. Despite the fact that site
5 and site 7 have high permeability soil as geological barrier, they generate less water
because site 5 and site 7 have thicker geological barrier, which are 5 meters of sand

and 7 meters of silt orderly.
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Table 4.9 Total simulated percolation or leakance through layer 10 (m®) of 7 sites in

23 years.
. . Total percolation or leakage
Site section thr%ugh layer 10 (m3) ’
1 Aand B 1.03E+07
2 A, B,and C 1.03E+07
3 Aand B 1.03E+07
4 Aand B 1.03E+07
5 Aand B 9.84E+06
6 Aand B 1.03E+07
. A 9.98E+06
B 9.91E+06

1.03E+O7/°

1.02E+07 -

1.01E+074 |

1.00E+07 -
9.90E+06
9.80E+06
9.70E+06

~

9.60E+06 -

1A 2A,2B, 3A 4A 5A 6A TA 7B
and 1B and and 3Band 4Band 5Band 6B
2C

Figure 4.41 Chart of total simulated percolation or leakance through layer 10

(m®) of 7 sites in 23 years.

4.6 Mitigation measures development

In accordance with leachate from landfill, hazardous substances can

contaminate to groundwater resources.

The mitigation measures in term of liner

adding have been developed in this study. The 0.1 cm. thick of geomembrane was

added between the first waste layer and geological barrier into landfill profile to

reduce the amount of water. The properties of geomembrane were specified by the
model as Table 4.10.



Table 4.10 Properties of geomembrane layer.
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Parameter Value Units
Saturated hydraulic conductivity 2E-13 (cm/sec)
Pinhole density 2 (#/ha)
Installation defects 2 (#/ha)
Placement quality 4 )
Geotextile transmissivity 0 (cm2/sec)

Visual HELP program calculated water percolated from selected sites after

geomembrane adding. Table 4.11 shows water volume comparison between landfill

with and without liner adding. After liner adding, the amount of water generated in 23

years period decreased. Site 3 section A and sectionB is the first sites that generate the

least water volume which is 6.39 MCM. Next, site 7 section B and section A are the

second and third ranks.

Table 4.11 Comparison volume of water between with and without liner adding.

Total percolation or Total percolation or leakage
Site section | leakage through layer 10 | through layer 11 (m3) after
(m3) geomembrane adding

1 Aand B 1.03E+07 7.60E+06
5 A 1.03E+07 7.26E+06
B,and C 1.03E+07 7.22E+06
3 Aand B 1.03E+07 6.39E+06
4 A and 1.03E+07 7.15E+06
B 1.03E+07 7.16E+06
5 Aand B 9.84E+06 7.95E+06
6 Aand B 1.03E+07 7.93E+06
7 A 9.98E+06 6.64E+06
B 9.91E+06 6.59E+06
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Figure 4.42 Chart showing the comparison volume of total simulated percolation or
leakance between with and without liner adding.

Based on Visual HELP simulation, the difference of percolated water volume
from each site was resulted in accordance with the difference of soil barrier.
Groundwater would be affected by hazardous substances contaminated in the high
volume of leachate. Accordingly, the impact could be potentially occurred if one do
not consider soil characteristics as the main factor. In addition, barrier soil liner helps
to restrict vertical flow. This layer should have substantially low hydraulic
conductivities which is typically below 1 x 10° cm/sec (Schroeder, 2004). The
program assumes that barrier soil liner is permanently saturated, in such that its
properties do not change with time. The area having similar characteristics of soil
would generate the same water volume such as, site 1, site 2, site 3, and site 4 (Figure
4.42). Even though site 7 consists of a little higher permeability (Appendix C) than
the others, the lower water volume had been generated from this site under the
influence of high thickness of soil barrier. In conclusion, type and thickness of geo
barrier have the effect on percolated water volume. Similarly, Elsbury et al. (1990)
indicated that the hydraulic conductivity of clay liners can be impacted by the soil

workability, gradation, and swell potential; overburden stress on the liner; liner



thickness; liner foundation stability; liner desiccation and/or freeze and thawing;84
and degree of compaction.

After addition of geomembrane, each site generated lower water volume as
geomembrane is the low permeable material. The HELP program defines a
geomembrane as a thin "impervious" sheet of plastic or rubber used as a liquid
barrier. The low permeability soil component increases the breakthrough time and
provides physical strength. In contact with a geomembrane the low permeability soil
decreases the rate of leakage through the hole in the geomembrane. As a result, site 3
which consist of 5 meters of clay as a soil liner generated the lowest water volume. In
contrast, site 5 which generated lower water volume consists of sand as soil barrier
could increase the rate of leakage in geomembrane. As a result, this site generated a

higher water volume.



CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Generally, one of the environmental problems is the contamination of
hazardous substances in soil and groundwater. Landfill site could be counted as a
major cause of such contamination problems due to an improper management. It is
significantly to avoid such problems by investigation of the landfill site with

environmental sensitive area consideration. Conventionally, the important areas

based on Pollution Control Department were set aside in landfill siting process.

Moreover, the previous study conducted by CAPEQM-project identified the areas in
Khon Kaen province for landfill sites using spatial planning approach. However, the
CAPEQM project employed the general criteria based on PCD criteria with some
additional factors but not include groundwater depth. In order to intensively prevent
contamination of hazardous substances to groundwater, this research focused on
evaluation of the potential site for sanitary landfill using Geographic Information
System (GIS) and Visual Hydrologic Evaluation of Landfill Performance (HELP)
computer program. Groundwater contours of Khon Kaen were established and
divided into 3 levels as highest (0-5m), high (>5-10m), and medium to low (>10 m)
using GIS technique. Environmental sensitive area map with addition of such
groundwater contours was established and classified into 3 levels as well. As a result
of groundwater contour adding, the area was screened by using groundwater levels.
The highest environment sensitive area was increased to 6,081 square kilometers.
While, the high environment sensitive area was decreased to 3,975 square kilometers,
and the medium to low sensitive area was decreased to 572 square kilometers.

The medium-low sensitive area was categorized and selected for investigation
of general characteristics. The results of field survey showed that all sites have the
similar land use which are agricultural area and the abandon area except for site 1. In
addition, 7 selected sites were profiled and specified for the subsurface characteristics.
Then they were used as input data for leachate simulation using Visual HELP

program. The Hydrologic Evaluation of Landfill Performance (HELP) model was
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developed to help landfill designers and regulators evaluate the hydrologic
performance of proposed landfill designs. The model accepts weather, soil and design
data and uses solution techniques (Appendix C) that account for the effects of
unsaturated vertical drainage, and leakage through soil, geomembrane or composite
liners. The results of simulation represent a risk of groundwater contamination. Site
with high water volume presents a high risk for contamination of hazardous
substances. Results of Visual HELP prediction showed site 5 has least water volume
percolated through geological barrier than the others which is 9.84 MCM. With
geomembrane lining, the water simulated from such selected sites was decreased. Site
3 became the best site that generated least amount of water which is 6.39 MCM.

In conclusion, the subsurface characteristics represented by the different soil
type and thickness would affect on water generation from landfill. Without lining of
geomembrane, site 5 located in Amphoe Ban Phai, Tambon Hin Thang nearby Ban
Hin Thang Village is suitable area due to less water percolation. On the other hand,
with geomembrane liner, site 3 located in Amphoe Nong Rue, Tambon Ban Meng and
Tambon Yang Kham, generated the least water volume. Also, they were separated
from communities and sensitive areas. Moreover, this study also provided GIS and
Visual HELP program as the meaningful tool to facilitate landfill siting. The
combination of using GIS and Visual HELP program conducts less time-consuming
in exploring an appropriated field study, including wages and site investigation
budgets.

5.2 Recommendations

. Due to some limitations, this study could not: drill bore holes.
Therefore, the secondary databases used in this study were gathered from various
sources. Despite the fact that landfill construction has to install bore holes drilling
process to study the real characterization of the proposed sites before the construction.

. According to dealt with a large scale map, the location of detail
features on earth’s surface could be error. Site survey and site investigation processes
are necessary.

. Although geomembrane liner can reduce the percolated water, it can be

leaked and allow hazardous substances seeping through and then contaminate
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groundwater. Therefore landfill and disposal site have to avoid the shallow
groundwater areas.

. Modification of criteria applied should be made according to site (e.g.

groundwater level).

. Although, sites 5 and 3 are the most suitable sites in the study, the
other sites can be used for landfill sites. if more mitigation measures such as put more
geo synthetic liner and install the monitoring well to assess the groundwater
contamination. The impacts can be minimized and safe for human health and

environment.
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Figure A-8 4 Municipalities Area
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Figure A-9 High Environmental Sensitive Area
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Figure A-10 Water Bodies
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Figure A-11 Water Pumping Station
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Figure A-12 Village water supply

104



105

150000 200000 250000 300000

Chulalongkorn
University

1850000
0000581

LEGEND
Main road

~/ Railway.shp

FARY

[ | Amphoes.shp
7 Flood prone area

1809000
0000081

1?5@000
000052}

150000 200000 250000 300000

km

Figure A-13 Flood Prone Area
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Figure A-14 National reserve forest (Zone A and E).



150000 200000

1900000
_l

1850000

1 HDI?DUU

1750000

' Chulalongkom
University
LEGEND l: = I

Main roau

Q00006 L

9

kY /" Railway

vy

.

RRRRNENL-

Amphoe

0000581

Dry Evergreen Forest

Mixed Deciduous Forest

Deciduous Dipterocarp Forest

Deciduous Dipterocarp Forest-Abadoned
Deciduous Dipterocarp Forest-Field crops

Deciduous Dipterocarp Forest-Grass

0000081

Deciduous Dipterocarp Forest/Bush and shrub

L)

Forest plantation
Eucalyptus
Eucalyptus-Abadoned

Eucalyptus-Field crops

0000821

N

A

150000 200000

200000

20 0 20 40 km

Figure A-15 Existing Forest

107



108

g 150000 200000 250000 200000 ©
=3 - - B
2 g Chulalongkom
University
LEGEND b
Mai =
KHA® SUANKWANG g N
| A%/ Railway
3 NON é\ﬂ h Y
%' 5 RSFLCHO‘,M P/Hu L E Airpiios
® o
¢ ' \W\-_/ PHU WIANG Q/ \_{ ® [ HuayLompai Reservor
PHAL PLa W
> e \W”’, ‘{ - Huay Sai Reservoir
- Huay Taey Reservoir
- Huay Yai Reservoir
= —
g 2 )
2 T = Huay Yang Reservoir
a =
- Kok Muong Reservoir
- La Lerng Wai Reservoir
l . Nam Chern project
= > - Nong Wai project
g 2 .
21 T E - Sok Rouk Reservoir
2 2
N
150000 200000 250000 300000 20 0
™ e—"

Figure A-16 Irrigation Area
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Figure A-17 Potential , protected, and critical; areas for groundwater
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Figure A-18 Buildup Area+ 300m. buffer

110



150000 200000 250000 300000

1850000

1800000

1750000

0000581

000008}

000052}

150000 200000 250000 300000

LEGEND
Main road

/. / Railway

IE Amphoe
] Sor Por Kor area

km

Figure A-19 Sor Por Kor Area
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Figure A-20 Groundwater level at 0-5 m.
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Figure A-21 Groundwater level at 5-10 m.
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