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w1 aslunguitldun  Trichloroethylene  (TCE)  1,1,1-trichloroethane  (TCA)  ua
Tetrachloroethylene (PCE) Wl
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Benzene 5
Carbon tetrachloride 5
1,2-Dichloroethane 5
1,1-Dichloroethylene 7
Cis-1,2-Dichloroethylene 70
Trans-1,2-Dicholroethylene 100
Dichloromethane 5
Ethylbenzene 700
Styrene 100
Tetrachoroethylene (PCE) 5
Toluene 1,000
Trichloroethylene (TCE) 5
1,1,1-Trichloroethane (TCA) 200
1,1,2-Trichloroethane 5
Total Xylenes 10,000
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Fadau 0.01
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Chlordane 0.2
Dieldrin 0.03
Heptachlor 0.4
Heptachlor Epoxide 0.2
DDT 2
2,4-D 30
Atrazine 3
Lindane 0.2
Pentachlorophenol 1
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2 PW02 746926 1619751 377.56 60 3-60 21/2/50 22-24/2/50
3 PZ01 746897 1619756 377.77 60 3-60 6/2/50 6/2/50
4 pPz02 746938 1619771 376.25 50 9-50 6/2/50 22-24/2/50
5 Pz03 746932 1619715 378.14 48 4-48 21/2/50 22-24/2/50
6 pPz04 746975 1619734 377.81 48 1-48 21/2/50 22-24/2/50
7 Pz05 746860 1619872 376.37 60 2-60 21/2/50 22-24/2/50
8 Pz06 746675 1620089 372.35 70 5-70 22/2/50 22-24/2/50
9 pzo7 746532 1620048 372.20 25 6-25 21/2/50 -
10 pPz08 746351 1620056 371.26 60 4-60 23/2/50 22-24/2/50
11 Pz09 746950 1620005 376.58 30 6-30 22/2/50 -
12 PZ10 746954 1620147 374.99 50 6-50 23/2/50 22-24/2/50
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2 szau 1Aun 20-30 AT WAY 45-50 AT LAZLFNNIRELANYTRTR9INY (porosity) 184

Fuanunrailszifinainnin television log tdseannifasay 10-45

3.3 nigasaasaunisduitlewlunu
3.3.1 NISLNUAIAENAY

AneNUInElgnin1aAusiateauNanagaun1slwilauaasgaa N lunuld

WAlA Rotary Drilling
3.3.2 nsmsaadtAsizndsduilauluny

nnaRseadAssianLuenluAy Ussnaudas nnamsaninsnsiansawiddazive
Aq838 Gas Chromatography N13M39a3LATEHlanzmiingaeis  Atomic  Absorption
Spectrometers WAXNI9AIIAANTNNAAANINGHIETS Gas Chromatography Axlsznie
AMLENITUNTIAINI A DNUVTNA R1TUT 25 (W.A.2547) Tnafinsfimasinanisasa
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1,1,1-Trichloroethane Cadmium b-BHC
1,1,2-Trichloroethane Chromium Hexavalent | c-BHC
1,1-Dichloroethylene Lead d-BHC
trans-1,2-Dichloroethylene | Nickel Heptachlor
Ethybenzene Copper Aldrin
Tetrachloroethylene Manganese Heptachlor Epoxide
Trichloroehtylene Zinc Endosulfan |
Styrene Selenium p,p-DDE
m-Xylene Mercury Dieldrin
o-Xylene Endrin
cis-1,2-Dichloroethylene Endosulfan Il
Benzene p,p-DDD
Carbon Tetrachloride Endrin Aldehyde
Toluene Endosulfan Sulphate
Dichloromethane p,p-DDT

Chordane

2,4-D

Atrazine

Pentachorophenol
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PWO1 746962 | 1619776 377.47 40-50 2/2/50 50 6-50 8/4 12/2/50 2411 353.36
PWO02 746926 1619751 377.56 40-50 3/2/50 60 3-60 8/6 14/2/50 24.48 353.08
PZ01 746897 1619756 377.77 40-50 2-3/2/50 60 3-60 8/6 5/2/50 23.94 353.83
Pz02 746938 1619771 376.25 30-35 3-4/2/50 50 9-50 6/10 5/2/50 23.62 352.63
Pz03 746932 1619715 378.14 30-40 5/2/50 48 4-48 8/4 6/2/50 24.35 353.79
PZ04 746975 1619734 377.81 50-60 4/2/50 48 1-48 8/4 5/2/50 23.95 353.86
PZ05 746860 1619872 376.37 30-40 16/2/50 60 2-60 6/4 17/2/50 22.82 353.55
Pz06 746675 1620089 372.35 40-50 19-20/2/50 70 5-70 8/4 20/2/50 18.90 353.45
Pz07 746532 1620048 372.20 30-35 20/2/50 25 6-25 8/4 21/2/50 18.82 353.38
Pz08 746351 1620056 371.26 40-50 21/2/50 60 4-60 6/4 21/2/50 15.23 356.03
PZ09 746950 1620005 376.58 30-40 21/2/50 30 6-30 6/6

PzZ10 746954 1620147 374.99 22/2/50 50 6-50 6/6 22/2/50 21.04 353.95
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Executive Summary Report Risk

Assessment of Groundwater Contamination from Hazardous Wastes at Tambon Klang Dong, Amphoe Pak Chong, Nakhon Ratchasima

Abstract

The Risk Assessment of Groundwater Contamination from Hazardous Wastes at Tambon
Klang Dong, Amphoe Pak Chong, Nakhon Ratchasima was executed within 10 months. The Project
objectives focused on risk assessment, extension of groundwater contamination and plans to protect
and remediate the groundwater contamination. The project processed with data collection and
analysis comprised of geological, hydrological and hydrogeological study, groundwater
contamination investigation estimating contaminant area as well as groundwater flow and contaminant
transport modeling. Geophysical analysis using resistivity measurement and borehole geophysics via
caliper and television logging in the 12 newly-installed monitoring wells investigating alignment of
fracture and fracture distribution discovered that the limestone possessed more horizontal fractures
compared with vertical ones. The rock porosity was also estimated from the television log to be 10-
45%. The horizontal fracture varying in size and depth was composed with 2 major fracture directions,
southeastern-northwestern and northeastern-southwestern, with an averaged direction at 26°. The
results of two groundwater quality analyses, in February and June 2007, indicated that groundwater
samples collected within the waste disposal site and vicinity were contaminated with 7 VOCs (e.qg.
TCE, PCE, Benzene, and cis-DCE). The generated iso-concentration contour maps of the
contaminants in groundwater revealed that that the TCE contaminated area extended from 255,000
sg.m. in Feb. 2007 to 300,000 sg.m. in Jun. 2007. Risk analysis on economic impacts considers the
monetary value of damages resulting from four main risk impacts, i.e. Income loss of people due to
health problems, loss due to uncultivatable lands, income loss of water supply business and cost due
to groundwater resources remediation. The total net present value due to the four impact factors of
year 50 was 973,824,925 baht for net present value of total impacts. Subsequently, risk response for
groundwater contamination was developed into 3 alternatives, (1) no action, (2) five-year remediation
plan (fast track), and (3) ten-year remediation plan (regular track). Considering benefit to cost ratios
and reduction of groundwater contamination risk, alternative (3) are economically favorable and the
remediation is efficiency. The final decision on the risk response alternative however should take into

account other factors such as degree of emergency and the country’s environmental policy etc.
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Chapter 1

Introduction

1.1 Background

An illegal disposal of industrial wastes at Baan Paang Asoke located at
Thambon Klangdong Amphor Pakchong Nakonratchasima Province of Thailand led to a
severe release of hazardous chemicals into the environment. The Pollution Control
Department (PCD), Thailand conducted a preliminary investigation and the discovered
that surface and shallow subsurface soil was significantly contaminated with several
types of volatile organic compounds (VOCs) such as Trichloroethylene (TCE) and
Benzene. The Department of Groundwater Resources (DGR), Thailand, installed 3
monitoring wells at the disposal site and vicinity. The preliminary groundwater
assessment also conducted by the PCD revealed that groundwater resource
underneath the disposal area has been contaminated with VOCs. Several questions
then arise whether the subsurface contaminants can affect the quality of groundwater
resource underneath; whether the plume of contamination further can migrate
downstream; and what are the impacts of contaminated groundwater to local people in

the area nearby.

1.2 Research Objectives

1.2.1 Characterize the physical and hydrogeological conditions of the
groundwater aquifer in the study area

1.2.2 Estimate types and amount of the contaminants discovered in the study
area

1.2.3 Conduct a risk assessment from groundwater contaminated with
hazardous chemicals

1.2.4 Numerically simulate contaminant transport behavior in groundwater
aquifer and predict the extension of groundwater contamination

1.2.5 Estimate damages due to groundwater contamination in the study area
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1.2.6 Propose a remedial investigation and screening guidance leading to a

remedial plan to protect and remediate the groundwater contamination

problem in the study area

1.2.7 Establish a sustainable development of groundwater contamination

knowledge and tools for the government personnel directly involved in

groundwater resource protection and restoration

1.3 Scope of

Work

Huy Subthakian watershed was selected as the geological and hydrogeological

study area as it sufficiently covered the hazardous waste disposal site. The study area

was 165 km’

located at Thambon Klangdong Amphor Pakchong, and partially at

Thambon Dongphyayen Amphor Muaklek, Nakonratchasima Province, Thailand.

The scopes of work are as follow:

1.3.1

1.3.2

1.3.3

1.3.4

1.3.5

1.3.6

1.3.7

1.3.8

1.3.9

Determine the physical conditions of the disposal site and vicinity.
Determine the hydrological conditions of the disposal site and vicinity.
Establish a sensible groundwater quality monitoring network in the study
area.

Estimate groundwater flow and contaminant transport parameters at the
laboratory and field scales.

Investigate the contaminant transport characteristics in subsurface, and
simulate groundwater flow and contaminant transport using
mathematical models.

Conduct a risk assessment from contaminated groundwater.

Review contaminated groundwater remediation schemes for aquifer
restoration.

Propose a remedial investigation and screening guidance leading to a
remedial plan to protect and remediate the groundwater contamination
problem in the study area.

Estimate damages due to groundwater contamination in the study area.
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Chapter 2

General Site Descriptions

2.1 Site Topography and Physiography

Amphor Pakchong is in Nakhrnratchasima located in the Northeastern part of
Thailand as shown in Figure 2-1 with the total area of 1,883.98 km” or 1,177,487.50 rais.
The main rivers flowing across the area on the western side are Klong Muak Lek and

Klong Lam Ta-Kong.

2.2 Site Climate Conditions

Site climatology was mainly under the influence of the Southwestern monsoon
and Northeastern monsoon. The rainy season usually started in the middle of May until
the middle of October. On the other hand, winter extended from the middle of October
to middle of February. The weather conditions at the site were in a transition mode
between the middle of February and May, resulting in uncertain wind directions and

speeds, hot and dry weather with occasional thunderstorms.

2.3 Site Hydrological Conditions

1) Watershed
Amphor Pakchong was comprised of 4 watersheds: Moon, Pasak,
Baang-Pa-Kong, and Prachin. Sub-basins in the studying area composed of Ang-

Klong-Muang and Ang-Sub-Ta-Kian.

2) Precipitation/Rainfall

Annual rainfall of Nakhonratchasima province during the Year 1971-2000

is reported at 1,035 mm/year with the heaviest rainfall in September.

Faculty of Engineering, Chulalongkorn University 3
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3) Surface Water Flow Direction

The majority of surface runoff due to precipitation in the watershed was
flowing across a local municipal waste disposal area into Klong-Sub-Ta-Kian sub-basin
in the Northwestern direction, and discharging into Klong-Muak-Lek and Pasak River

eventually.

4) Surface Runoff
Surface runoff in Klong-Sub-Ta-Kian sub-basin could vary significantly
with the amount of rainfall in the area, and was reported to be 0.01-0.87 millions

m’/month.

2.4 Geological Conditions

1) Geological Conditions at Sub-Ta-Kian Subbasin

Geological Rock Formation

The detailed analysis of 1:250,000 Thailand geological map sheet ND47-8
(Department of Mineral Resources, 1985), the additional field investigations at 21
stations during 11-14 October 2006, and the analysis of fractures from detailed aerial
photographs, can be concluded in Figures 2-2 and 2-3 as follow.

Geological rocks in the Sub-Ta-Kian Subbasin area could be classified as
sedimentary rocks and metamorphic rocks within Ratchburi formation. These rocks,
aged back to the middle or late Permian period (approximately 245 to 266 million years),
were composed of (in the order from the youngest to the oldest) Subborn formation (Ps),
Kao-Khad formation (Pkd), Paang Asoke formation (Ppa), and Nong-Pong formation

(Pn).
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Subborn formation (Ps) composed of sandstone, schist, shale, cherty shale,
grey-to-light brown-chert, grayish limestone, and phyllite. Most schist was discovered in
the Southwest of the area, near Baan-Sub-Ta-Kian and Muak-Lek.

Kao-Khad formation (Pkd) was basically limestone ranging in color from black,
dark grey, to light grey. Some were found as newly-crystallized limestone, argillaceous
limestone, and dolomite. Chert was always found layering among shale, sandstone, and
some volcanic rocks. Marble and Calc-Silicate could be spotted in the lower part of the
area embedded with coral, Brachiopod, and algae, with Terra Rosa on the top. Also,
abundant of fractures were located in some part of the limestone cliff, while lapies were
obviously spotted in the plateau.

Paang Asoke formation (Ppa) was composed of slate shale, and thin shale
ranged in color from grey, green, brown, and reddish brown, layered with sandstone
and limestone. In the middle of the studying area, Hornfels were discovered topped
with black top soil.

Nong-Pong formation (Pn) was composed of limestone ranged in colors from
black to grayish black layered with chert, shale, green tuff shale, brown-grey tuff shale,
and grey-brown tuff shale. Moreover, andesite, hornfels, slate, quartzite could be found

in the Northern part of the studying area, embedded with corals.

Geologic Structure

Important geological structures throughout the studying area, including
anticline, syncline, fracture, joint, and strike of bed were distributed all over the studying
area. Anticline and syncline were found mostly in the Southeastern part of the studying
area within Kao-Khad formation. Dip of bed in the area ranges from 30 to 80°. There
were 2 major rock fracture directions in the studying area, Southeastern-Northwestern

and Northeastern-Southwestern, with an averaged direction at 26° as shown in Figure
2-1.
2) Geological Conditions at the Waste Disposal Site and Vicinity

8 Faculty of Engineering, Chulalongkorn University
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The geological conditions of the waste disposal site and vicinity were
composed of 1-12 m thick Terra Rosa top soil and limestone underneath in, ranging in
colors from dark to light grey which could be classified in Kao-Khad formation. Vertical

and horizontal fractures could be observed in the outcrops.

2.5 Hydrogeological Conditions

The detailed analysis of 1:100,000 Thailand Nakornratchasima hydrogeological
map (Department of Mineral Resources, 1988) as shown in Figure 2-4, and the
additional geological and Hydrogeological investigations of the studying area, revealed
that the Hydrogeological rock formation within Sub-Ta-Kian subbasin could be divided
into 3 rock formations shown in Figure 2-2 (from youngest to oldest) as follows.

Kao-Khad formation (Pkd) mostly composed of limestone ranged in colors from
black, dark grey, and light grey. Also, dolomite was discovered among chert, shale,
limestone, and some volcanic rock. The waste disposal site, underlying with Kao-Khad
formation, was located in the Southeastern of Sub-Ta-Kian subbasin where most
groundwater was stored in limestone fractures and caves. Generally, the groundwater
potential in the area was estimated to be 10-20 m’/nr.  However, the groundwater
potential in the vicinity of Baan-Chai-Kao, Baan-Kao-Phra, Baan-Boon-Ban-Darn, and
the North side of Baan-Paang-Asoke were higher than 20 m/hr. Additionally, most
groundwater quality was quite good as the total dissolved solids (TDS) was observed to
be less than 750 mg/L.

Paang Asoke formation (Ppa) was composed of slate shale, and thin shale
ranged in color from grey, green, brown, and reddish brown, layered with sandstone
and limestone in the middle of the studying area across from the east to the west. This
area was covered mainly with black top soil as well as in the rock fractures due to
weathering process, especially in Baan-Pang-Asoke area. The groundwater potential in
the area was estimated to be 10-20 m’/hr. However, the groundwater potential in the
vicinity of the North side of Baan-Paang-Asoke were expected to be more than 20 m/hr.

Groundwater quality was quite good.
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Nong-Pong formation (Pn) was composed of limestone ranged in colors from
black to grayish black. In the Northern part of the studying area was a mountainous
area, the limestone was layered with chert, shale, green tuff shale, brown-grey tuff
shale, and grey-brown tuff shale. The groundwater quality was quite good with

groundwater potential in the estimated at 10-20 m’/hr. .

2.6 Land Use

Land use pattern of Amphor Parkchong could be classified mainly into 5 types,
including agricultural, residential, forestry, reservoirs, and others. The majority of the
land was dedicated to forestry and agricultural purposes. The most important

agricultural products were fruit orchards and produce.

2.7 Population and Socio-Economic

1) Population
In 2005, the total population in Amphor Parkchong were approximately

139,643 people or 49,271 families, composed of 70,285 males and 69,358 females.

2) Socio-Economic

The major occupation was agriculture and farming. The commercial
cattle included chickens and cows (for meat and milk). Industries could be found in
Amphor Parkchong as well, such as food industry, marble and concrete production

plants, and automobiles.
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Chapter 3

Site Characterization

For the purpose of site characterization, the studying areas were divided into 2
parts. The first studying area (i.e., Sub-Ta-Kien sub-basin), selected for the purpose of
risk assessment, covered the majority of Thambon Klangdong, and partially covered
Thambon Dong-Phya-Yen in Amphor Parkchong, Nakhornratchasrima province. The
second studying area consisted of the hazardous waste disposal site and vicinity (i.e.,

Baan Paang Asoke).

3.1 Data Collection

3.1.1 Fracture and Rock Formation Analysis

Basic information required to fulfill this task included: (1) 1:50,000 topographic
map; (2) 1:250,000 geologic map; (3) 1:100,000 groundwater map of
Nakhornratchasrima province; (4) groundwater well location in Sub-Ta-Kien sub-basin
provided by the Department of Mineral Resources (DMR); (5) 1:50,000 aerial
photographs; and (6) satellite images from IKONOS. All the data were analyzed and

interpreted onto 1:50,000 base map.

3.1.2 Contamination Identification in Soil and Groundwater

1) Volatile Organic Compounds (VOCs)

The most ubiquitous contaminant discovered at contaminated
groundwater sites around the world can be divided based on their density as follows:

- Light nonaqueous phase liquid (LNAPL) is an organic compound that is
lighter than water. When releasing into subsurface environment, LNAPL usually is
floating near groundwater table. LNAPL includes benzene, toluene, ethylbenzene and

xylene.
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- Dense nonaqueous phase liquid (DNAPL) is a chlorinated compound
that is denser than water. DNAPL includes Trichloroethylene (TCE) 1,1,1-trichloroethane
(TCA), and Tetrachloroethylene (PCE).

Thailand groundwater standard developed for various volatile organic
compounds according to Notifications of Thailand Environmental Board number 20

(2000) is presenting in Table 3-1 below:

Table 3-1 Thailand Groundwater Standard for Volatile Organic Compounds

VOCs Concentration (not to exceed pg/l)
Benzene 5
Carbon tetrachloride 5
1,2-Dichloroethane 5
1,1-Dichloroethylene 7
Cis-1,2-Dichloroethylene 70
Trans-1,2-Dicholroethylene 100
Dichloromethane 5
Ethylbenzene 700
Styrene 100
Tetrachoroethylene (PCE) 5
Toluene 1,000
Trichloroethylene (TCE) 5
1,1,1-Trichloroethane (TCA) 200
1,1,2-Trichloroethane 5
Total Xylenes 10,000

Source: National Environmental Board, Issue Number 20, 2000

2) Heavy Metals

Heavy metals are usually persistent in the natural environment and
therefore can accumulate in soil and sediment. Thailand groundwater standard
developed for heavy metal according to Notifications of Thailand Environmental Board

number 20 (2000) is presenting in Table 3-2 below

Faculty of Engineering, Chulalongkorn University 13
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Table 3-2 Thailand Groundwater Standard for Heavy Metals

Metal Concentration (not to exceed mg/l)
Mercury 0.001
Lead 0.01
Cadmium 0.003
Copper 1.0
Nickel 0.02
Zinc 5.0
Arsenic 0.01
Selenium 0.01
Manganese 0.5

3) Pesticides

Pesticides can be classified according to their chemical structures.

Source: National Environmental Board, Issue Number 20, 2000

Thailand groundwater standard developed for pesticides according to Notifications of

Thailand Environmental Board number 20 (2000) is presenting in Table 3-3 below

Table 3-3 Thailand Groundwater Standard for Pesticides

Chemical Concentration (not to exceed
Ha/)
Chlordane 0.2
Dieldrin 0.03
Heptachlor 04
Heptachlor Epoxide 0.2
DDT 2
2,4-D 30
Atrazine 3
Lindane 0.2
Pentachlorophenol 1

Source: National Environmental Board, Issue Number 20, 2000
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3.2 Geophysical Methods for Fracture and Rock Formation Analysis

Alignment of fracture and subsurface formation was analyzed by employing
aerial photographs in combination with topographic maps, surveying outcrops and rock
formation alignment measurement (11-14 October 2006), conducting surface
geophysical resistivity measurement (29 November - 1 December 2006), and borehole

geophysics (6-24 February 2007) via caliper logging and television logging.

3.2.1  Surface Geophysics

Surface geophysics were conducted between 29 November and 1
December 2006 aiming to investigate the subsurface geological conditions, limestone
bedrock vertical distribution, and fracture direction in the studying area. The detailed
investigation were as follows.

1) 2 lines of dipole-dipole specific resistivity investigation with the total
length of 750 m for the 1% line (L1) and 150 m total length for the 2™
line (L2).

2) 2 lines of Wenner array detailed specific resistivity investigation with
the total length of 400 m for the 1*line (L1) and 150 m total length for
the 2™ line (L2).

3) Geophysical results interpretation using RES2DINV software.

The results from resistivity (surface geophysical method) analysis

revealed that the formation at the studying area comprised of alluvial soils (at 1-12 m

from ground surface) and weathering limestone (below 12 m) in Figure 3-1.

Faculty of Engineering, Chulalongkorn University 15
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Figure 3-1 Map of Soil Thickness of the Contaminated Site and Surrounding Area
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3.2.2 Subsurface Geophysics

In order to locate the fractures and directions, subsurface geophysical

survey using television logging was conducted within the 10 newly-installed monitoring

wells (PW01-PW02, PZ01-PZ06, PZ08, and PZ10) within the waste disposal site and

vicinity, and caliper logging in 12 monitoring wells (PW01-PW02, and PZ01-PZ10) with

detailed information presented in Table 3-4.

Table 3-4 Detailed Investigation of the Subsurface Geophysical Survey

X Y
Depth Date Date
No. Well Coordin | Coordinat Elevation (m Depth
Drilling caliper log television log
Number ate e MSL) (m)
with 6” Rig (D/IM/Y) (D/MIY)
1 PWO1 746962 1619776 377.47 50 6-50 21/2/50 22-24/2/50
2 PWO02 746926 1619751 377.56 60 3-60 21/2/50 22-24/2/50
3 PZ01 746897 1619756 377.77 60 3-60 6/2/50 6/2/50
4 pPz02 746938 1619771 376.25 50 9-50 6/2/50 22-24/2/50
5 PZ03 746932 1619715 378.14 48 4-48 21/2/50 22-24/2/50
6 PZ04 746975 1619734 377.81 48 1-48 21/2/50 22-24/2/50
7 PZ05 746860 1619872 376.37 60 2-60 21/2/50 22-24/2/50
8 PZ06 746675 1620089 372.35 70 5-70 22/2/50 22-24/2/50
9 Pz07 746532 1620048 372.20 25 6-25 21/2/50 -
10 PZ08 746351 1620056 371.26 60 4-60 23/2/50 22-24/2/50
1M PZ09 746950 1620005 376.58 30 6-30 22/2/50 -
12 PZ10 746954 1620147 374.99 50 6-50 23/2/50 22-24/2/50

3.2.3 Aquifer Characteristics, Alignment, and Fractures

The results from television log (subsurface geophysical method) analysis

showed that the limestone right underneath the hazardous waste disposal site and

vicinity belonged to Kao-Khad formation possessed plenty of horizontal fractures,

varying in size and depth. Relatively less vertical fractures (1-3 m in size with uncertain

Faculty of Engineering, Chulalongkorn University
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directions) were discovered compared to the horizontal ones. An attempt to connect
inter-well fractures was made, unfortunately it was unsuccessful as shown in Figure 4-4.
Two major transmissive zones due to main fractures were located at 20-30 m and 45-50

m from ground surface and rock porosity was also estimated from the television log to

be 10-45%.

3.3 Soil Contamination

3.3.1  Soil Sampling

Soil samples were collected for further analysis for any signs of contamination

using the Rotary Drilling technique.

3.3.2 Analytical Methods

Soil samples collected from the studying area were analyzed for volatile organic
compounds (VOCs) using Gas Chromatography, heavy metals using Atomic Absorption
Spectrometer, and pesticides using Gas Chromatography. A complete list of analytical

parameters is tabulated in Table 3-5.
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Table 3-5 Analytical Parameters

VOCs Heavy Metals Pesticides
1,2-Dichloroethane Arsenic a-BHC
1,1,1-Trichloroethane Cadmium b-BHC
1,1,2-Trichloroethane Chromium Hexavalent c-BHC
1,1-Dichloroethylene Lead d-BHC
trans-1,2-Dichloroethylene | Nickel Heptachlor
Ethybenzene Copper Aldrin
Tetrachloroethylene Manganese Heptachlor Epoxide
Trichloroehtylene Zinc Endosulfan |
Styrene Selenium p,p-DDE
m-Xylene Mercury Dieldrin
o-Xylene Endrin
cis-1,2-Dichloroethylene Endosulfan Il
Benzene p,p-DDD
Carbon Tetrachloride Endrin Aldehyde
Toluene Endosulfan Sulphate
Dichloromethane p,p-DDT

Chordane

2,4-D

Atrazine
Pentachorophenol

The results from all the soil samples collected from the hazardous waste disposal
site and vicinity strongly suggested no sign of VOCs or pesticides contamination in soil.
However, 8 heavy metals (Arsenic, Cadmium, Chromium, Lead, Manganese, Nickel,
Copper, and Zinc) were discovered in soil samples collected randomly from the
studying site and vicinity. For this, the arsenic concentrations exceeded the maximum

concentration level allowed in soil.
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3.4 Subsurface Characterization

Subsurface characterization included the following tasks:

L4 Hydrogeological survey of rock formation

L Groundwater level and general quality (e.g., EC, TDS, pH) monitoring
L4 Groundwater monitoring network installation

L4 Groundwater monitoring well leveling

L4 Pumping test and groundwater parameter estimation

L4 Conceptual groundwater flow modeling

3.4.1  Groundwater Monitoring Wells Installation

Groundwater monitoring wells were installed using down the hole
hammer method at the hazardous waste disposal area and vicinity to investigate aquifer
characteristics as well as to monitor fate and transport of the contaminants. Also,
hydraulic properties of groundwater aquifer as well as groundwater flow direction were
estimated from piezometric head gradient constructed from groundwater level in each
monitoring well. The total depth yielded 611 m with details shown in Table 3-6 and
Figure 3-2.

Table 3-6 Monitoring Wells Installation Log

Penetrated Casing
Head
Level Proposed Date Actual Depth with Size Date SWL
Code X Y (m
(m snn) Depth (m) Installed Depth (m) 6" Drilling (in)/depth Measured (m)
Nnn)
Rig (m) (m)
PWO01 746962 1619776 377.47 40-50 2/2/50 50 6 - 50 8/4 12/2/50 2411 353.36
PW02 746926 1619751 377.56 40-50 3/2/50 60 3-60 8/6 14/2/50 24.48 353.08
PZ01 746897 1619756 377.77 40-50 2-3/2/50 60 3-60 8/6 5/2/50 23.94 353.83
Pz02 746938 1619771 376.25 30-35 3-4/2/50 50 9-50 6/10 5/2/50 23.62 352.63
PZ03 746932 1619715 378.14 30-40 5/2/50 48 4-48 8/4 6/2/50 24.35 3563.79
Pz04 746975 1619734 377.81 50-60 4/2/50 48 1-48 8/4 5/2/50 23.95 353.86
PZ05 746860 1619872 376.37 30-40 16/2/50 60 2-60 6/4 17/2/50 22.82 353.55
PZ06 746675 1620089 372.35 40-50 19-20/2/50 70 5-70 8/4 20/2/50 18.90 353.45
Pz0o7 746532 1620048 372.20 30-35 20/2/50 25 6-25 8/4 21/2/50 18.82 353.38
PZ08 746351 1620056 371.26 40-50 21/2/50 60 4-60 6/4 21/2/50 15.23 356.03
PZ09 746950 1620005 376.58 30-40 21/2/50 30 6-30 6/6
PZ10 746954 1620147 374.99 - 22/2/50 50 6-50 6/6 22/2/50 21.04 353.95
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3.5 Pumping Test

In February 2550, single-well pumping tests (at monitoring wells MW01, MWO03,

PWO01, PZ01, PZ03, and PZ04) and slug test (at monitoring well MW01) were conducted
in the studying area at approximately 35-40 m below ground surface. Results from
pumping tests and slug test were employed to further estimate the transmissivity (T,
m’/s) and hydraulic conductivity (K, m/s), respectively, as follows:

1) Kao-Khad Formation (Pkd): T & 1.26x10” - 8.99 x10° m’/s and K &
2.52x10" - 1.80 x10” m/s

2) Paang Asoke Formation (Ppa): T = 7.85x10° - 1.16 x10" m’/s and K
X 1.57 x10° - 2.32x10° m/s

3) Nong Pong Formation (Pn): There was no pumping test information
available for this specific rock formation, therefore the transmissivity and hydraulic
conductivity values were estimated from rock type and fracture information to be
2.10x10° - 9.20x10° m’/s (Spitz and Moreno, 1996) and 4.20 x10” - 1.84 x10™ m/s,
respectively.

The transmissivity and hydraulic conductivity contour map was later

generated with the overall trend in Northeastern-Southwestern direction as illustrated in

Figure 3-3.
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3.6 Water Level and General Groundwater Quality Monitoring

1) Preliminary Groundwater Level and General Groundwater Quality Monitoring

Change in general groundwater quality as well as water level was monitored
periodically by measuring the following parameters: electrical conductivity (EC), total
dissolved solids (TDS), pH, and temperature (T). These parameters were monitored 3

times as follows:

1% Measurement: October 2006, total of 26 monitoring wells
2" Measurement: February 2007, total of 32 monitoring wells

3" Measurement: May 2007, total of 33 monitoring wells

An averaged water level during February (drought season) and October (rainy
season) decreased approximately 0.5 m for the entire basin. The groundwater elevation
at the middle of the studying area and Baan Pang Asoke recorded in February declined
from the level previously recorded in October last year by 2-9 m and 3-9 m, respectively,
mainly due to significantly higher groundwater abstraction in the drought period (i.e.,
February) compared to the rainy season in October. Preliminary groundwater quality
assessment revealed the TDS level of less than 700 mg/L and pH in the range of 6.5-7.8.

An averaged water level during May (early rainy season) and February (drought
season) increased approximately 0.5-2.00 m, especially for the groundwater wells
located in the South side and the West side of the studying area. There also existed
some area with lower groundwater elevation such as the middle of the studying area
and Baan Pang Asoke where the groundwater elevation decreased by approximately
0.5-6.00 m, mainly due to substantial groundwater abstraction. Preliminary groundwater
quality assessment revealed the TDS level of less than 700 mg/L and pH in the range of

6.9-7.5.
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2) Detailed Groundwater Quality Analysis

Groundwater samples from the studying area were collected twice (4 months
apart) and further analyzed for parameters specified in Thailand groundwater standard
according to Notifications of Thailand Environmental Board number 20 (2000). Those
parameters are Volatile Organic Compounds (VOCs), heavy metals, and pesticides.
The results from the 1° analyses (February 2007; dry season) indicated that
groundwater samples collected from 6 monitoring wells newly installed were significantly
contaminated with VOCs (Benzene, Trichloroethylene (TCE), cis-dichloroethylene (cis-
DCE), 1,1,2 dichloroethane, 1,2-dichloroethane and 1,1-dichloroethylene) as presented
in Table 3-4, while water samples from 2 monitoring wells located further downstream in
the main groundwater flow direction were contaminant-free. The contaminants perhaps
have not traveled further downstream to those two monitoring wells.

The 2™ groundwater quality assessment was done in June 2007 during the rainy
season, focusing on collection groundwater samples at the deeper spots down the
monitoring wells and at an open pit on the West of the studying area (i.e., adjacent
Limestone Mine). The results revealed significantly high VOCs concentration (exceed
Thailand groundwater standard) found in groundwater samples underneath the
hazardous waste disposal site, and yet there was no sign of contamination in the water
sample collected from the open pit on the West of the studying area. Those VOCs
included Tetrachloroethylene (PCE), Trichloroethylene (TCE), cis-dichloroethylene (cis-
DCE), 1,1,2 dichloroethane, 1,2-dichloroethane, and 1,1-dichloroethylene, as presented
in Table 3-7. Moreover, TCE and PCE concentrations detected in the 2" assessment
were much higher than those from the 1* assessment. This was particularly true for PCE
where none was found in February 2007. These observations were perhaps due to the
secondary contaminant source in the unsaturated zone which composed mainly of PCE

and partially TCE.
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Summary of Groundwater Quality Assessment

By comparing the results from 2 groundwater quality analyses revealed that
Benzene and Toluene concentrations decreased, while 1,2-dichloroethane, cis-1,2-
dichloroethylene, Tetrachloroethylene, Trichloroethylene, and 1,1,2-trichloroethane
concentrations were enhanced and significantly migrated out from the waste disposal
site, based on the detection of contaminants in monitoring wells PZ06 and PZ10 from the
2" groundwater sample collection in June 2007.

Toluene concentrations in groundwater generally decreased as the depth from
groundwater increased, which was consistent with LNAPL behavior in subsurface as
toluene is lighter than water and tends to float near water table. On the other hand, TCE,
a DNAPL, was discovered at a higher concentration with increasing depth from ground
surface. The definite vertical distribution of the contaminants was still inconclusive,
however, due to the monitoring wells were open-hole with long screen length.

The contaminant concentrations in groundwater samples collected from
monitoring wells located within the waste disposal area were higher in the rainy season
(June 2007) compared to the groundwater samples collected from the same monitoring
wells in dry season (February 2007), suggesting that there might be a secondary source
of contaminants in the unsaturated zone directly above the groundwater aquifer within
the waste disposal area. When surface water was recharging groundwater aquifer
during rainfall, it infiltrated and passed through the secondary source of contaminants
from the unsaturated zone, solubilizing some contaminants and heavily polluting
groundwater underneath.

The groundwater contamination artifacts discovered from this study strongly
suggested that the removal of contaminated surface soil at the depth of 0-2 m from
ground surface at the beginning of the illegal waste disposal incident was ineffective to
prevent further migration of the contaminants from surface into the deeper environments.
Therefore, proper and immediate remediating actions are essential to take care of the

existing contamination in the groundwater plume (i.e., aqueous phase contaminants)

Faculty of Engineering, Chulalongkorn University 27



Executive Summary Report

Risk Assessment of Groundwater Contamination from Hazardous Wastes at Tambon Klang Dong, Amphoe Pak Chong, Nakhon Ratchasima

and to prevent further damages causing by the remaining contaminants in the source

zone (i.e., free-phase contaminants).
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Chapter 4

Extent of Groundwater Contamination

In order to estimate an extent of groundwater contamination, one must need soil
and groundwater quality data at various locations throughout the studying area. After
that, the collected data were interpreted and iso-concentration map for each
contaminant of interest could be constructed. Additionally, contaminants detected in
soil and groundwater samples could be used to identify the contaminant hot spots (i.e.,

maximum concentration area).

4.1 Groundwater Flow and Contaminant Migration Directions Estimation from

Topographic Map

Several field trips were conducted in October, February, and May 2007 and the
results indicated that the averaged hydraulic head in the Southeastern side of the
studying area (i.e., the waste disposal site) was 350 m above mean sea level, while the
averaged hydraulic head in the Western side (i.e., Huay-Muak-Lek) was approximately
at 220 m above mean sea level. Several artesian wells with hydraulic head between 0-1
m above ground surface were observed during the rainy season, including production
wells near Mit-Tra-Paab-Wa-Na-Raam temple, Wat- Mit-Tra-Paab-Wa-Na-Raam school,
Klangdong Companay, Naam-Pu temple, and private well near Yaat-Sa-Mak-Kee
company. Also, the averaged hydraulic head in Pang-Asoke village was approximately
at 330 to 340 m above mean sea level. Cone of depression was observed in this area
and it was expanded in February (i.e., dry season) compared to the one observed in
October (i.e., rainy season). Figure 4-1 suggested that the fractured limestone, slate
shale, and sandstone aquifers in the Sub-Ta-Kian sub-basin was continuous with flow in
the direction from Southeast (i.e., recharge area) to Northwest (i.e., Huay-Sub-Ta-Kian or
discharge area). Moreover, Pang-Asoke village exhibited a substantial more
groundwater abstraction than other parts of the studying area as shown in Figures 4-1

and 4-2.

Faculty of Engineering, Chulalongkorn University 29



1628000

1620000 1622000 1624000 1626000

1618000

1616000

Executive Summary Report

Risk Assessment of Groundwater Contamination from Hazardous Wastes at Tambon Klang Dong, Amphoe Pak Chong, Nakhon Ratchasima

736000 738000 740000 742000 744000 746000 748000 750000
B Qn B-GWM30 ar1luen
3o
“, (/f?j,{ ‘EU'IE‘I 2
Y d:r.r,":'_ '};} Pn Sup Nam
A 2% e . v )
- YT e
%= PCR-GWMs “u-_\\"' ] .
%, @'ggg: wiaaadaan e l':\ oo
= u-l“ : K‘T"I'W';"l Nong Khrues khod ‘;_]ujmn
quivn, Tham Tao
CR-GWMao A 5
& Anlnsn
S Huu Krok
repfowm P NII.GN Py
29.26 . iy
PCR-GWMIY ég;;g 4":'1 7,
@  202.83 =029 6.07%
202.51 TRt 1
=202.94 Tuunseiiu vz
By W
N(ll! Kf-l‘hill b L L U CEEEPTE D
o 50
g ST
! ('R-t.\\\m 342.46
& ¥ 354,48 53& AheGnts  340.75
UM ] 353.45 349.25 PR M 2
" Num Phu Tsnanana (2)22228 & 33470
H X P0G 3 o e
H 5T 5
& R-CGWMIT S - =
235.50 w il 356.28
233.90
12.;_5;2,5! e ‘ ssx:ﬁ‘g
" hiso Pang Sok
l:;l.uiin Y PCR-GWMi %350\ g M =t
non Khong w N 35N] 9
yifuata (- $inh
. ' Bun Bandan (1) 347.5%
PCR-GWMIs PCR-gWMI
& Y a1l (2) R355.409 [
PCR-GWM14 @Supal 4500 350.08 A 3]
I:I‘I'I.Iﬁﬂ G PCR-GWMos %
Pliafl Suek — prypn . o e 36558 361.16
P PCR-GWIE =0y 370.81 352,00 343.00 Oy a (2) -
S sl 34858 340,00 ; dsena (1)
x a48.4 34796 Bun Bandun (2) i
T o
736000 738000 740000 742000 744000 746000 748000 750000
Symbols
- Village <— Direction of groundwater flow
Road Equipotential line (m. AMSL)
—320 Tonographic contour 320 Measured in October, 2006)
. - 350 i
®  Existing monitoringwell =20 Measured in February, 2007)
$ smesmowet 0000 W2 330 Measured in May, 2007)
., P L] " .
@ Monitoring well A A Hydrogeologic cross section
1 0 i N Rec e area
1 2 Kilometers A =i harge a
[ ] Boundary of hydrogeologic units
Figure 4-1 Geological Map of the Sap Takhian Subwatershed
30

Faculty of Engineering, Chulalongkorn University

0008291

0000Z9T 0003291 000FE9T 0009391

0008191

0009191



Elevation (m AMSL)

Elevation (m AMSL)

Executive Summary Report

Risk Assessment of Groundwater Contamination from Hazardous Wastes at Tambon Klang Dong, Amphoe Pak Chong, Nakhon Ratchasima

3
=
=
=W
= =
2 )
£ '
A 4 @ . A
NW g S ) SE
= = ==
s g %%
- P~ =
500 5::1 w o
2 ., E4 8B
% od gU7 5
- 2 “wE 555 §¢
400 - K = Es == = @
e e 2 o m = £ 5 —adidaa,
) = 2
s = g 2 &
w- %5 :
-3‘ m =
200 A A T Pkd
100 T T | T T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000 14000 15000 16000
Distance (m. )
EXPLANATION
B B’ pud: khao Knad Formation
Beack, very dark to light gray limestone; recrysialline
N S argillaceous limestone and dolomite with nodular and
- é é' = bedded chers; intercalated shale, sandsione, and rare
% - wvolcanics. Locally marble and calc-silicate rock
<< - i i :-: Fusulinid corals, brachiopods and algae comman.
g’ E] gl Ppa Pang Asok Formation
1 _E i o - Thin-bexdded gray, bluish-gray, brown, and pase reddish
= = o = = & - brown shale, slaty shale, and slale with lenticutar
s 3 £ o = 2 & E H sandstone and limestone bects; locally homiels,
500 Z = E ‘: 3-: = 3 Pn: Nong Pong Formation
< 3 = = bo = & = # Black to dark gray banded, and laminated limestone
¥ b0 b h £ £ = - = and bedked chen: gray, bluish, brownish-gray, grayieh-
oy = z = :,"-r‘ = = Contaminated site Lo, and tulf shale, tuffaceous sandstone. Local
400 = = = = =2 g § volcanics, homtels, slate, and quartzite. Cringids,
':E : :E "'_2 ¥ 2 fusulinids, and corals common
ey, G, vt on e ERREE Lt i Vertical exaggeration @ 10
b EETve INDEX MAP
300 T
A
200 Pkd
100 T | T ! . T T T T
0 1000 2000 3000 4000 5000 €000 7000 8000 9000 10000 11000 12000

Distance (m. )

Figure 4-2 Geological Cross Section Lines A-A' and B-B' of the Sap Takhian

Subwatershed

Faculty of Engineering, Chulalongkorn University 31



Executive Summary Report

Risk Assessment of Groundwater Contamination from Hazardous Wastes at Tambon Klang Dong, Amphoe Pak Chong, Nakhon Ratchasima

4.2 Contaminant Iso-Concentration Contour Map

Groundwater quality assessments conducted in February and June 2007 from
10 monitoring wells located in the hazardous waste disposal site and vicinity revealed
significantly high VOCs concentration (exceed Thailand groundwater standard
according to Notifications of Thailand Environmental Board number 20 (2000)), including
Benzene, Tetrachloroethylene (PCE), Trichloroethylene (TCE), cis-dichloroethylene (cis-
DCE), 1,1,2 dichloroethane, 1,2-dichloroethane, and 1,1-dichloroethylene. These data
were further employed to create contaminant iso-concentration contour maps illustrating
the extent of groundwater contamination in the studying area.

The generated iso-concentration contour maps of the seven VOCs discovered at
the site suggested that the contaminants were migrating in 2 major directions, i.e.,
northwest and northeast directions. TCE plume covered the highest extent of
groundwater contamination due to its concentration discovered at the site and unique
physical properties as illustrated in Figures 4-3 and 4-4. The extent of groundwater
contamination was employed further for risk assessment and contaminant transport

modeling.

4.3 Hot Spot Identification

Contaminants detected in soil and groundwater samples were employed to
identify the contaminant hot spots (i.e., maximum concentration area). The major
contaminants in the studying area were classified into 2 groups, according to their
physical properties, i.e., LNAPL and DNAPL. The results suggested that LNAPL hot
spot was located near the monitoring wells PZ01, PZ02, and PW02 as shown in Figure
4-5. On the other hand, DNAPL hot spot was located near the monitoring wells PZ01,
Pz02, PZ03, PZ04, and PW02 as illustrated in Figure 4-6.
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4.4 The Extent of Groundwater Contamination by TCE

TCE plume covered the highest extent of groundwater contaminant. Five ppb
plume of TCE was estimated based on the analyses of groundwater samples collected
in June 2007 to be 600 m wide (East-West direction) and 700 m long (North-South
direction) which covered the total area of 300,000 m’ as shown in Figure 4-7. By
comparing TCE plume generated from groundwater quality data collected in February
2007 and June 2007, TCE plume was expanded by 45,000 m” within three months

period as illustrated in Figure 4-7.
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Chapter 5

Groundwater Flow and Contaminant Transport Modeling

Field and laboratory data required for groundwater flow and contaminant
transport modeling could be classified as follows:

1) General topographic data

2) Meteorological and surface hydrological data

3) Geological and hydrogeological data

4) Physical and Chemical properties of contaminants

5.1 Conceptual Groundwater Flow Model

Sub-Ta-Kien sub-basin is 13 km long and 10 km wide, surrounded by limestone
mountains on the east, northeast, and southwest of the basin. On the west side of the
area close to Amphor Klaangdong, there exists Huay Muak-Lek flowing from the South
towards the North, and Huay Sub-Ta-Kien flowing through the middle of the basin from
the East towards to West into Huay Muak-Lek as shown in Figure 5-1.

No Flow boundary was set on the Northeast, Southeast, East, and South of the
domain as groundwater divide was found along the borders. The domain was
approximately 400 m deep with 12 m thick top soil layer. The 2 main highly transmissive
zones were located at 20-30 m and 45-50 m, respectively, with the alignment in the

Northeast-Southwest direction.
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5.2 Groundwater Flow Model

5.2.1 Model Fabrication

MODFLOW-2000 (USGS), a finite difference simulator, was employed in
groundwater flow modeling. The flow domain was divided into 731 grids (500x500 m

each) as illustrated in Figure 5-2.

Hazardous Waste Disposal Point

250~ Groundwater Elevation (m.MSL.)

® Hazardous Waste Disposal Point @

Kilomatars
hlawmns

. MODFLOW Grid-Cells

Figure 5-2 Groundwater Flow Domain Constructed in MODFLOW
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5.2.2 Input Parameters

Input parameters for groundwater flow modeling included transmissivity (T),

Storage Coefficient (S), and Vertical Leakage.

5.2.3 Recharge

Averaged monthly rainfall, topographic conditions, hydrogeological conditions of
the studying area, and the aquifer conceptual model established earlier were employed
for groundwater recharge rate and location estimation. Steady state groundwater
recharge rate was initially estimated and calibrated with the final value of 3.30x10°
m/day or approximately 1% of the total precipitation. This recharge rate could be
classified into recharge in the rainy season of 2.56 x10° m/day and recharge in the

drought period of 0.34x10” m/day.

5.2.4 Groundwater Use Pattern

There existed 56 groundwater production wells in the studying area, from which
could be classified into 2 groups, i.e., (1) for daily consumption; and (2) for agricultural

activities.

1) Groundwater Use for Daily Consumption

The results from water use pattern survey based on 103 families residing in the
studying area concluded that the local residence were pumping groundwater for daily
consumption at the rate of 133,000 m3/year with an averaged pumping period of 1.78
hr/day. Moreover, local residence in Pang Asoke were more dependent on groundwater
resource as could be seen from a higher averaged groundwater pumping rate of

750,000 m’/year.
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2) Groundwater Use for Agricultural Activities

Local residences were also extracting groundwater to serve their agricultural
activities at an averaged pumping rate of 780 ms/day during drought period with an
averaged pumping period of 7 hr/day. However, this amount of groundwater
abstraction for agricultural purpose was very minor compared to the total groundwater
abstraction in the area because groundwater was employed in agricultural activities only
in the dry season when surface water was insufficient.

Transient groundwater flow model was generated to simulate and predict
groundwater flow conditions in the future by accounting for an increase in groundwater
abstraction rate for daily consumption of 2.5% per year due to increasing groundwater
demand (based on population growth rate in the area). Projected groundwater use was

predicted and tabulated in Table 5-1.

Table 5-1 Projected Groundwater Use Prediction

Year Groundwater Use (m3/year)

2007 891,330
2008-2012 948,087
2013-2017 1,072,673
2018-2022 1,213,632
2023-2027 1,373,113
2028-2032 1,553,551
2033-2037 1,757,700
2038-2042 1,988,677
2043-2047 2,250,005
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5.2.5 Steady State Groundwater Flow Model

A steady state groundwater flow model was developed and calibrated with the
groundwater piezometric head data collected from the total of 27 monitoring wells in
October 2006. The results indicated that groundwater in the area was mainly flowing
towards Northwest direction with an averaged piezometric head of 350-400 m above

mean sea level or around 25 m below ground surface.

5.2.6 Transient Groundwater Flow Model

A transient groundwater flow model was further developed from the steady state
groundwater flow model previously developed in the last step and the aquifer storage
coefficient was estimated from the piezometric head data collected from 27 monitoring
wells within the studying domain. The modeled groundwater flow conditions revealed
that there would be a large cone of depression near Baan Paang Asoke which could
favorably induce contaminant migration towards the community. Moreover, the
simulation suggested that change in groundwater piezometric head at the hazardous
waste disposal site and at the South border area was coincide, whereas groundwater
elevations near Baan Paang Asoke were abruptly decreased due to a serious

groundwater abstraction rate as shown in Figure 5-3.
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5.3 Contaminant Transport Conceptual Model

5.3.1 Model Fabrication

The contaminants of interest could be divided into 2 groups: (1) Light
Nonaqueous Phase Liquid (LNAPL) such as Benzene; and (2) Dense Nonagueous

Phase Liquid (DNAPL) such as Trichloroethene (TCE) la% Tetrachloroethene (PCE).

1) Scenarios and Time Scale

For the purpose of contaminant transport simulation, the model domain was
consisted of 2 parts: (1) from the hazardous waste disposal area to Mittrapaab Road
(600X600 m) to study the contaminant transport characteristics since time zero to the
present time (approximately 2 years from the time reported of the incident); and (2) the
hazardous waste disposal area and vicinity for risk assessment purpose (projected

approximately 50 years into the future).

2) Boundary Conditions

Grid cells were generated according to the main groundwater flow direction

(towards the Northwest direction).

3) Input Parameters

Input parameters for contaminant transport modeling included permeability
(hydraulic conductivity), porosity, viscosity, density, dispersivity, solubility, groundwater
piezometric head, contaminant mass in the source zone, and location of production and
monitoring wells. All these parameters could affect the contaminant transport and

migration within groundwater aquifer in the studying area.
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4) Contaminant Transport Outputs

® TCE Migration

The simulation results indicated that 5 ppb aqueous phase TCE (Thailand
groundwater standard) at 40 m deep in the aquifer could migrate further up to
Mittraparb road within 2 years after the incident was reported. In addition, without any
attempt to control the contaminant plume in groundwater, aqueous phase TCE would
further migrate in the Northwest direction not only because of the main fracture but also
due to a significant hydraulic gradient from substantial groundwater abstraction at Baan
Paang Asoke. From our prediction, TCE-contaminated groundwater would flow across
Baan Rai-Klang-Dong (2) and approach Baan Paang Asoke within 25 years as

illustrated in Figure 5-4.

® Benzene Migration

The simulation results also indicated that 5 ppb aqueous phase benzene (Thailand
groundwater standard) at 30 m deep in the aquifer could migrate further up to
Mittraparb road within 2 years after the incident was reported. In addition, without any
attempt to control the contaminant plume in groundwater, aqueous phase benzene
would further migrate in the Northwest direction not only because of the main fracture
but also due to a significant hydraulic gradient from substantial groundwater abstraction
at Baan Paang Asoke. From our prediction, benzene-contaminated groundwater would
flow across Baan Rai-Klang-Dong and approach Baan Paang Asoke within 14 years as
illustrated in Figure 5-5.

Results from the 1% and 2™ Groundwater samples analyses in February and June
2007, respectively, indicated that benzene was detected at a concentration level higher
than the Thai groundwater standard during the 1% groundwater sample collection,

however, the concentration of benzene declined below the maximum concentration level
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during the 2" collection.  Moreover, LNAPL conceptual model as well as the
groundwater monitoring results conducted by the Department of Pollution Control,
Thailand, demonstrated that benzene concentrations in the aquifer within the studying
area were continuously decreased, supporting that benzene found in the 1%
groundwater sample collection was actually the dispersed tail of benzene plume mainly

due to advection and dispersion mechanisms.
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Figure 5-4 5 ug/L TCE Contour at a) 10 years; b) 20 years; c) 25 years; and d) 50 years
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Figure 5-5 5 pg/L Benzene Contour at

a) 10 years; b) 14 years; c) 25 years; and d) 50 years

® PCE Migration

The simulation results indicated that 5 ppb aqueous phase PCE (Thailand
groundwater standard) at 40 m deep in the aquifer could migrate further up to
Mittraparb road within 2 years after the incident was reported. In addition, without any
attempt to control the contaminant plume in groundwater, aqueous phase PCE would

further migrate in the Northwest direction not only because of the main fracture but also
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due to a significant hydraulic gradient from substantial groundwater abstraction at Baan
Paang Asoke. From our prediction, PCE-contaminated groundwater would flow across
Baan Rai-Klang-Dong (2) and approach Baan Paang Asoke within 23 years as

illustrated in Figure 5-6.
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h Conlaminaled Sile 500 o @ 500 1000
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Wells " — ot
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Figure 5-6 5 pg/L PCE Contour at a) 5 years; b) 15 years; c) 23 years; and d) 50 years

LNAPL and DNAPL transport simulation in the studying area suggested that
benzene (i.e., LNAPL) could travel the fastest among all three contaminants tested

because it was lighter while TCE and PCE were denser than water.
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® Preliminary Aquifer Restoration Simulation

In order to explore the performance and consequences of aquifer restoration
schemes to the TCE-contaminated aquifer, 2 representative aquifer restoration schemes
were simulated and compared to the results of no action plan: (1) Fast track scheme
(90% TCE mass removal); and (2) Regular track (30% TCE mass removal). The results
from these simulations could be utilized as a guidance for screening remedial
technologies.

The simulation results indicated that although the regular track (30% TCE mass
was removed from the system), aqueous phase TCE at the concentration higher than 5
ppb could still travel across Baan Rai-Klang-Dong within 8 years. After that, the
contaminant plume would migrate further a little bit and finally stop. On the other hand,
the fast track scheme (removing 90% TCE mass), 5 ppb TCE plume would expand a
little beyond Mittrapaab road and it would not migrate into Baan Rai-Klang-Dong due to
significant advection and dispersion effects.

When comparing the final mass remained after applying the fast track scheme to
the TCE-contaminated aquifer with that of the same aquifer without any actions after 5
years (Year 2012), more than 90% of TCE mass could be removed from the system and
the contaminated area was reduced by 27%, as illustrated in Figure 5-7. Similarly, the
performance of regular track scheme was compared with no action plan after operating
for 10 years. The results indicated that pump-and-treat alone could remove TCE mass
by 30% and the TCE-contaminated area could be shrunken by 64% at the end of the
operation, as shown in Figure 5-8. Moreover, regular track scheme proposed herein
also included bioremediation and natural attenuation which were not incorporated into
the simulation, which could further enhance the contaminant removal rate in the

studying area.
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Figure 5-7 Comparing the Final Mass Remained after Applying the Fast Track Scheme
to the TCE-Contaminated Aquifer with that of the Same Aquifer without any
Actions after 5 Years
a) without any action after 5 years; 240,000 kg mass remained, 730,000 km”
contaminated area
b) apply the fast track scheme after 5 years; 240,000 kg mass remained,

730,000 km’ contaminated area
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Figure 5-8 Comparing the Final Mass Remained after Applying the Regular Track
Scheme to the TCE-Contaminated Aquifer with that of the Same

Aquifer without any Actions after 5 and 10 Years

a) without any action after 5 years; 240,000 kg mass remained, 730,000 km’ contaminated area
without any action after 10 years; 240,000 kg mass remained, 1,000,000 km’ contaminated area
c) apply the regular track scheme after 5 years; 180,000 kg mass remained, 340,000 km’

contaminated area

apply the fast track scheme after 10 years; 240,000 kg mass remained, 360,000 km”

contaminated area
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Chapter 6

Risk Assessment of Contamination in the Study Area

The contamination of toxic chemicals has a direct impact on the
environment such as air, soil, and water, especially groundwater contamination,
where the toxic chemicals can spread over extensive areas. Thus, damages

resulting from groundwater contamination can be considered risk.

6.1 Groundwater Contamination Risk Assessment

In this project, the procedure of groundwater contamination risk assessment
consists of four steps:

1) Preliminary Risk identification

2) Risk analysis

3) Risk impact assessment

4) Risk response

6.1.1 Preliminary Risk Identification

The first step is to identify four main components of risk, namely, sources of risk,
risk factors, risk events, and risk impacts. As applied to the groundwater contamination
risk assessment, these four components can be described as sources of risk,
contaminated media, risk receptors, and risk impacts, respectively, as illustrated in

Figure 6-1.
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Figure 6-1 Components of Groundwater Contamination Risk

1) Sources of risk

Toxic chemicals considered sources of risk include

trichloroethylene (TCE)

benzene

tetrachloroethene (PCE)

1,1- dichloroethylene

1,2-dichloroethane

cis-1,2-dichloroethylene

1,1,2-trichloroethane

2) Contaminated media

According to US EPA (1989), contaminated media can be
- soil

surface water

groundwater

- air
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- animal

- plants

Field explorations in the study area showed that the contamination of the
aforementioned chemicals in soil, surface water, and air is lower than the specified

standard. Thus, this study focuses merely on groundwater contamination.

3) Risk receptors

The main risk receptors for groundwater contamination are humans, animals,

and plants.

4) Risk impacts

This study performs the preliminary risk assessment to evaluate impacts on the
risk receptors. The results are in the monetary value of economic, social, and

environmental impacts.

6.1.2 Risk Analysis

The details of risk analysis on economic, social, and environmental impacts are

as follows.

1) Economic impacts

Risk analysis on economic impacts considers important economic impacts such

as changing of work employment, incomes of residents, and land use in the area.
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2) Social impacts

Risk analysis of social impacts considers impacts on change of
population structure, physical and mental health of people, work efficiency, and

change of local customs.

3) Environmental impacts

Environmental impacts are contributed to changing of environmental
resources utilization by people in the area. In this study, we mainly focus on the

environmental impacts on groundwater.

6.1.3 Risk Impact Assessment

In this study, we assess the monetary value of damages resulting from four main
risk impacts:
1) Income loss of people due to health problems
2) Loss due to uncultivatable lands
3) Income loss of water supply business

4) Increased expense due to treatment of contaminated groundwater

The procedure of groundwater contamination risk assessment comprises three

steps.

Step 1 Estimate the contaminated area in each considered year

Table 6-1 contains the contaminated areas of Moo 1 Baan Paang Asoke in year
2, 5,10, 14, 20, 25, and 50, estimated from the models of contaminated groundwater

flows developed earlier.
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Table 6-1 Contaminated Areas in Different Years

Contaminated Areas (Rai)
Year Total
Field Crops Orchards Villages Farmhouse Industrial
2 222.40 142.19 14.58 6.25 89.58 475.00
5 340.58 217.75 14.58 35.42 89.58 697.92
10 362.19 231.56 14.58 35.42 89.58 733.33
14 287.21 183.63 - 35.42 89.58 595.83
20 424.46 271.38 14.58 35.42 89.58 835.42
25 397.77 254.31 116.67 35.42 89.58 893.75
50 270.69 173.06 102.08 93.75 89.58 729.17

Note: 1 rai = 1,600 sg.m.

Step 2 Assess financial impacts for each contaminated area

The results of financial impact assessment from the main four factors are

summarized as follows.

1) Income loss of people due to health problems

This loss results from deteriorated health of the residents in the area consuming
contaminated groundwater. This study assumes that the people living in the area
affected by contaminated groundwater would not be able to work efficiently, leading to
their income loss.  The residents’ incomes are estimated from the relevant statistical
data collected.

The financial loss due to this factor from year 14 to year 50 is 5,249,638,372
baht, which is equivalent to the net present value (NPV) of 683,548,017 baht (discount

rate of 8 percent), as shown in Figure 6-2.
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Figure 6-2 Cumulative Net Present Vale of Income Loss Due to Health Problems

2) Loss due to uncultivatable lands
This loss is estimated from the average incomes of different types of agriculture

in the area, obtained from the interviews. Details are as follows.

Income from growing corn 6,000 baht/rai/year
Income from growing grape 60,000 baht/railyear
Income from raising chicken 16,000 baht/rai/year

The risk impact is assessed from the financial loss due to uncultivation of
contaminated land from year 20 to year 50. From the calculation, the total loss is
1,102,109,660 baht, which is equivalent to the net present value (NPV) of 285,311,440

baht, as shown in Figure 6-3.
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Figure 6-3 Cumulative Net Present Vale of Loss Due to Uncultivatable Lands

3) Income loss of water supply business

In present, the main source of consumption water for the residents of Baan
Paang Asoke (approximately 500 families) is water supply produced from groundwater
under the operation of the local administration called Or-Bor-Tor. The general

information is as follows.

Groundwater for water supply 6 wells

Sale price per cubic meter 5 baht

Consumption volume 6,000 cubic meters per month
Income from water supply business 30,000 baht per month

The risk impact is assessed from the income loss of water supply businesses in
the area due to contaminated groundwater. The total financial loss over the 50-year
span is 29,643,807 baht, which is equivalent to the net present value (NPV) of 3,310,311

baht, as shown in Figure 6-4.
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Figure 6-4 Cumulative Net Present Value of Income Loss of Water Supply Business

4) Increased expense due to treatment of contaminated groundwater

From the analysis of contaminated groundwater flows, groundwater used by the
residents of Ban Paang Asoke will be contaminated and cannot be used for
consumption around year 14. Consequently, it is necessary to a new source of
groundwater to replace the contaminated one. The option considered in this study is
the treatment of groundwater to continue the local water supply system.

The treatment costs are estimated for the treatment of a large water supply
system, which can service the consumption of 301-700 families. The construction cost
is estimated to be 3,500,000 baht, and the maintenance cost for this system is 300,000
baht per year. By constructing this system at year 14 and using until year 50, the total
cost (i.e., construction cost and annual maintenance cost) is estimated to be 14,300,000
baht, which is equivalent to the net present value (NPV) of 2,785,815 baht.

Building this new system contributes to the increased cost of water (7.50 baht
per cubic meter), which is assumed that the residents need to pay (2.50 baht per cubic
meter). The total financial loss (for the residents) is estimated to be 14,821,903 baht,
which is equivalent to the net present value (NPV) of 1,655,156 baht, as shown in Figure

6-5.
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Figure 6-5 Cumulative Net Present Vale of Loss Due to

Water Supply System Replacement

By combining the risk impacts of the aforementioned four factors, the total
financial impact is 6,396,213,741 baht, which is equivalent to the net present value

(NPV) of 973,824,925 baht, as shown in Figure 6-6.
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Figure 6-6 Cumulative Net Present Vale of All Four Risk Impacts

Step 3 Develop risk maps of different years
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The financial impacts assessed in the previous step are used to develop the risk
maps of year 2, 5, 10, 14, 20, 25, and 50. Each risk map illustrates the level of financial
loss in each grid for such year, which is then used to select an appropriate measure of
risk response.

The risk levels in the maps are categorized into six levels.

Level 1 NPV of financial loss < 10,000,001 baht

Level 2 NPV of financial loss: 10,000,001-20,000,000 baht

Level 3 NPV of financial loss: 20,000,0001-30,000,000 baht

Level 4 NPV of financial loss: 30,000,0001-40,000,000 baht
- Level 5 NPV of financial loss: 40,000,0001-50,000,000 baht
- Level 6 NPV of financial loss > 50,000,000 baht

Figures 6-7 to 6-13 illustrate the total financial impacts in the form of risk maps of

year 2, 5, 10, 14, 20, 25, and 50, respectively.
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Figure 6-7 Risk map of Year 2
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Figure 6-9 Risk map of Year 10
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Figure 6-11 Risk map of Year 20
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Figure 6-13 Risk map of Year 50
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The above risk maps clearly show that the area impacted by groundwater

contamination increases every year, and so does the damages.

6.1.4 Risk Response Alternatives for Groundwater Contamination

The risk response alternatives for groundwater contamination in this study are
based on appropriate remediation technologies for groundwater contamination
developed from several studies in the laboratories and in the field as well as from
“general response actions” proposed by EPA (1988).

Three possible risk responsive alternatives for the groundwater contamination in
this study are (1) no action, (2) five-year remediation plan, and (3) ten-year remediation
plan.

In this study, screening the most appropriate remediation plan is based on two
main considerations: (1) remediation efficiency and (2) life-cycle cost of the plan, which
can be summarized as follows.

Alternative 1 No action

This risk response alternative means that there is no policy or action plan to
solve the problem. This alternative is appropriate for low-risk contamination.  Since
there is no action taken, there is no risk reduced and no cost associated with this
alternative.

Alternative 2 five-year remediation plan

By implementing the five-year remediation plan, the overall risk can be reduced
by 836,450,155 baht (86 percent), which can be considered benefit; whereas, the total
cost of this remediation plan is 674,1846,838 baht, yielding the net benefit to cost ratio
of 0.24, as shown in Table 6-2.

Alternative 3 ten-year remediation plan

By implementing the ten-year remediation plan, the overall risk can be reduced
by 906,535,857 baht (93 percent); whereas, the total cost of this remediation plan is

307,723,047 baht, yielding the net benefit to cost ratio of 1.95, as shown in Table 6-2.
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Table 6-2 Analysis of Net Benefit to Cost Ratio for Each Alternative

Net Present Value, NPV (baht)
Alternative Risk after Reduced Net Benefit (B-C)/IC
Cost (C)
Remediation Risk (B) (B-C)
1. No Action - 973,824,925 - - -
2. Five-Year Plan 674,184,838 137,374,770 836,450,155 162,265,317 0.24
3. Ten-Year Plan 307,723,047 67,289,068 906,535,857 598,812,810 1.95

From the above results, both alternative 2 and alternative 3 can reduce the
risk of groundwater contamination, but with different efficiencies. That is, alternative 3 is
more efficient than alternative 2. In terms of cost, the total cost of alternative 3 is also
lower than that of alternative 2 (i.e., 307,723,047 baht as compared to 674,1846,838
baht). Considering the net benefit to cost ratios, both alternatives are economically
favorable. However, alternative 3 is more favorable than alternative 3 because of the
higher value.

The final decision on the risk response alternative however should not be
based solely on economic factor. The decision maker should also take into account
other factors such as degree of emergency, the country’s environmental policy, the

agency’s policy, and budget.
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Chapter 7

Contaminated Groundwater Remediation Plan

A series of laboratory experiments were conducted to estimate the retardation
factors and dispersion coefficients of the porous media and representative contaminants
found at the studying site. Later on the parameters estimated from laboratory scale
experiments were adopted as initial parameters in the numerical flow and transport
models. Moreover, partitioning interwell tracer test (PITT) experiments were conducted
to assess the efficiency of this technique to estimate the residual saturation of the
contaminants in the porous media system. Furthermore, the natural biodegradation
potential of the contaminants discovered at the disposal site were explored using
alcohol-contaminant mixtures at various cosolvent fraction conditions. The findings from
this study were absolutely beneficial for future applications in of these techniques at the

field scale.

71 Long-Term Contaminated Groundwater Remediation and Restoration Plan

The results from preliminary investigations and risk assessment revealed that the
groundwater resource in the studying area has been contaminated with several volatile
organic compounds (VOCs). The contaminated groundwater which has been served as
primary and secondary water supply for the local residents contained a relatively high
risk to the receptors downstream both at the waste disposal site and vicinity. Therefore,
sound and logical remediation and restoration of the groundwater resource in the area
are necessary.

The major volatile organic compounds discovered in the studying area were
tetrachloroethylene (PCE) and trichloroethylene (TCE) at the concentration level
significantly exceeded the Thailand groundwater standard. Contaminant sources were
believed to be both in the saturated and unsaturated zones. The results from
groundwater flow and contaminant transport modeling suggested that the contaminant

could migrate through the fractures in fractured rock aquifer in both Northeastern and
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Northwestern directions. Therefore, the main objective of contaminated groundwater
remediation and restoration in the next phase should aim to focus on preventing the
contaminant migration to the receptors downstream and also to lower the contaminant
concentration in groundwater as much as possible. The proposed groundwater

remediation and aquifer restoration plan may be presented in Figure 7-1.

7.2 Detailed Soil and Groundwater Remediation and Restoration Scheme

The appropriate soil and groundwater remediation and restoration scheme
depends mainly on types and concentration levels in the system of concern, as well as
the unique site characteristics. There is, generally, no best technology for groundwater
remediation due to the uniqueness of each site. Similarly, there might be more than one
technology to treat the contaminations at a site. For this studying site, three remediation
trains have been proposed herein, including i) no action; ii) fast-track remediation
scheme (within 5 years); and finally iii) regular-track remediation scheme (within 10
years). Cost-benefit analysis was conducted and the results suggested that the regular
track remediation scheme was economically preferred and should be pursuit.

Detailed tasks according to the regular track soil and groundwater remediation

scheme can be describes as follows:

® Detailed site characterization and horizontal and vertical contaminant
source zone characterization, including
i. Vertical and horizontal contaminant distribution in unsaturated
zone using soil and rock coring
ii. Groundwater sampling to estimate amount and distribution of the
contaminants in saturated zone using passive diffusion sample

bags (PDSB)
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Detailed Site
Characterization

Action

~ Full-Scale Site |

La - i

Figure 7-1 Long-Term Contaminated Groundwater Remediation and Restoration Plan
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iii. Groundwater sampling to estimate amount and distribution of the
contaminants in saturated zone using active multilevel sampling
device such as continuous multichannel tubing (CMT)

Closing down active groundwater municipal wells in the influence zone
downstream from the source zone, mainly in the Northeasthern,

Northern, and Northwestern of the waste disposal site.

Replace a new alternative water supply source for local residents or
install sufficient water treatment units to treat contaminated groundwater

before consumption.

Divert groundwater flow direction away from the community downstream
by installing pumping wells and monitoring wells in the North and
Northeast of the studying area (i.e., parallel to Mittrapaab Road), and
also installing surface treatment units such as granular activated carbon
(GAC) within the plume of contamination in order to treat extracted
contaminated groundwater before discharging the treated water back
into the system.

Installing containment units to constrain the further contaminant
migration after hot spots are located.

Analyze groundwater samples collected from the monitoring well network
to assess the performance of the pump-and-treat and containment
systems.

Installing and testing a pilot-scale soil vapor extraction (SVE) system to
remove contaminants from the unsaturated source zone.

Installing and testing a pilot-scale in-situ bioremediation system to
remove contaminants from the plume of contaminant.

Monitoring natural attenuation through the change in contaminant
concentration as well as other environmental conditions within the

studying area using multilevel monitoring wells installed

72
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According to the proposed groundwater and soil remediation scheme
above, TCE may be removed from the system by 30% (Ramsburg et al., 2005).
The total cost for the proposed remediation scheme are estimated to be
approximately at 374 millions baht, which can be broken down in more detail as

shown in Table 7-1.

Table 7-1 Estimated Costs for Regular-Track Soil and Groundwater

Remediation Scheme

Cost
Task
No. Million Baht

1 | Site characterization 25
2 | Containment 56
3 | Groundwater monitoring 100
4 | Pumping unit 5
5 | Ground surface treatment unit 62
6 | PITT 13
7 | Soil Vapor Extraction 62
8 | Bioremediation 31
9 | Natural Attenuation 19

374
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Chapter 8

Emergency and Long-Term Responses to Groundwater Contamination

Emergency and long-term responses to groundwater contamination problems
were established as a guideline for any government agencies directly involved in the
national groundwater contamination problems to successfully manage, efficiently
protect, and sustainably restore our groundwater resource.

Once groundwater contamination incident occurred, there must be systematic
means to deal with such an emergency situation properly. The local residence in the
area where groundwater contamination took place may be involved by reporting the
situation to the provincial authority, including the provincial organization offices and
offices of the governor, etc. Then the preliminary site assessment should be conducted
in order to estimate the possible loss and damage of the water resources and the
environment due to the contamination problem. The preliminary assessment results
should be further reported to the Thai federal authority with the direct responsibility to
protect human health and the environment such as Department of Pollution Control. The
special experts should be summoned to preliminarily examine the contamination
evidence and artifacts that currently threatening the human health, environmental
conditions, and ecosystem. The further detailed site characterization, feasibility study,
and remediation plans should be established using the national environmental
emergency fund. In the mean time, all means are required to evacuate people out from
the high-risk area. The secondary source of water supply must be relocated if

evacuation is not possible.

8.1 Short Term Emergency Response Plan

Short term emergency response plan includes:

® |dentification and analysis of available information to estimate the extent, nature,

direction, and rate of movement of the contaminant
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® Development of a preliminary field investigation program for aquifer
characterization

® |dentify the extent of the contaminated zone

® |dentify the pollution pathways from source(s) to receptor(s)

® (Quantify the rate and direction of contaminant movement

® Selection of method(s) for containing the spread of contaminants

® Response to the appropriate government agencies such as DGR or PCD

® (Government agencies took over the site, and pollution control zone must be
declared if necessary

® Rapidly provide alternative water resources to the residence in the area

® |f alternative water resources are impossible to find, government agencies must
install portable water treatment systems to treat polluted groundwater before any
human consumptions.

® |f the contamination has been confirmed, government agencies must prohibit all
groundwater abstraction in the impact area until the groundwater quality has

been restored to the original conditions

8.2 Long Term Response Plan

The long term response plan was developed based on RCRA (Resource
Conservation and Recovery Act) and CERCLA (Comprehensive Environmental

Response, Compensation, and Liability Act).

8.2.1 Environmental Risk Management Policy
The environmental risk management policy developed by the controlling
organization consists of planned risk response plans and emergency risk response

plans.
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8.2.2 National Environmental Protection Agency

In Thailand, there are many environmental regulation agencies such as
Department of Groundwater Resource (DGR), Department of Pollution Control (PCD),
Department of Industrial Works, National Environmental Board, Office of National
Environmental Planning, Department of Environmental Quality Promotion, Industrial
Estate Authority of Thailand, etc. However, environmental management system in
Thailand is still lacking the unity of command as too many government agencies are
currently involved and their jurisdictions are sometimes overlapped.

United States Environmental Protection Agency (US.EPA) is the one and only
federal environmental organization in the United States of America. With 10 regional
offices across the country and high-quality laboratory, EPA leads the nation’s
environmental science, research, education and assessment efforts. EPA works to
develop and enforce regulations that implement environmental laws enacted by
Congress. EPA is responsible for researching and setting national standards for a
variety of environmental programs, and delegates to states and tribes the responsibility
for issuing permits and monitoring and enforcing compliance. Where national standards
are not met, EPA can issue sanction and take other essential steps to assist the states

and tribes in reaching the desired levels of environmental quality.

8.2.3 Environmental Forensics

In Thailand, most environmental forensics efforts are considered a serious
burden to the victims, therefore environmental cases usually ended up mistrial in court.
It is more reasonable to apply “polluters pay” principle to environmental cases in
Thailand for a better comprehensive environmental response, compensation, and

liability.

8.2.4 National Priority List (NPL)
Environmental agencies in Thailand should establish its own national priority list
(NPL) as a standard for prioritizing the contaminated sites of interest nation wide. In the

US, environmental agencies may come up with their own NPL since each agency
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usually focus on different contaminants. EPA, for example, usually gives the first priority
to chlorinated compounds while Department of Energy focus mainly on radioactive

waste contamination.

8.2.5 National Hazardous Waste Inventory List

Establishing a national hazardous waste inventory list is an important step to
increase public awareness of how hazardous wastes are transporting in and out of the
country. Examples of information needed to be reported include industrial plants
location and class, type and amount of chemicals stored at site, form of wastes

discharged into environment.

8.2.6 Establishing clear objectives of environmental risk management
programs
The development of good environmental management policies begins with
establishing clear fundamental objectives of the programs, including necessity of risk
reduction, performance of risk reduction technology, and budgets. Balancing these
objectives will determine an appropriate environmental management policy, which will in

turn be used to develop the implementation programs.

8.3 Summary of the Environmental Justice in Thailand
Nowadays, abundant man-made environmental problems in Thailand frequently
are abandoned and the responsible parties could not certainly be identified due to
several difficulties directly and indirectly related to the environmental justice which can
be summarized below.
1) Environmental Cases and Regulations
Thai environmental laws and regulations currently ex

2) fsdfds
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8.4 Difficulti

Contam

es and Obstacles for Environmental Justice and Groundwater

ination Problems in Thailand

Nowadays, groundwater contamination problem is considered a very serious

environmental problem, perhaps due to the environmental health damage it could create

once the conta

mination occurs. Therefore, groundwater contamination problem needs

to be addressed very seriously with well understanding in the behavior of these

contaminants in subsurface environments as well as a well cooperation from several

authorities in Thailand. The difficulties and obstacles for a successful groundwater

remediation and restoration may be summarized below.

Lack of knowledge and understanding of the contaminants’ behaviors in
the subsurface

Lack of knowledge and understanding of the subsurface geological,
hydrogeological, and geochemical of the subsurface environments

Lack of cutting-edge technologies to perform site characterization at the
contaminated sites, especially for nonaqueous phase liquids

Lack of well-trained personnel who are familiar with high-resolution
restoration and remediation technologies at the contaminated sites

No direct environmental fund to take care of the national contamination
problems such as superfund in the US.

No emergency fund to react immediately to the emergency or accidental
spill that could lead to a severe environmental problem

No “National Priority List” for groundwater contamination sites and/or
other types of environmental problems in Thailand

Lack of experts in environmental forensics to proof or disproof the origin

of contamination in the environment

78
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Chapter 9

Conclusions

Risk assessment from groundwater contamination was conducted, including
investigating geological, hydrological, and hydrogeological conditions; field surveying
for water demand and water use pattern in the studying area; estimating the extent of
groundwater contamination; numerically simulating groundwater flow and contaminant
transport in the studying area. The results from surface and subsurface geophysical
survey using television logging conducted within the 10 newly-installed monitoring wells
within the waste disposal site and vicinity and caliper logging in 12 monitoring wells
indicated that the limestone right underneath the hazardous waste disposal site and
vicinity possessed plenty of horizontal fractures varying in size and depth with relatively
less vertical fractures. There were 2 major rock fracture directions in the studying area,

Southeastern-Northwestern and Northeastern-Southwestern, with an averaged direction

at 26°. Two major transmissive zones due to main fractures were located at 20-30 m
and 45-50 m from ground surface and rock porosity was also estimated from the
television log to be 10-45%.

Groundwater quality analyses were conducted twice in February and June 2007
and the results revealed that groundwater aquifer in the studying area was
contaminated with volatile organic compounds including TCE, PCE, benzene, 1,2-
dichloroethane, cis-1,2-dichloroethylene, and 1,1,2-trichloroethane. TCE plume covered
the highest extent of groundwater contaminant. Five ppb plume of TCE was estimated
based on the analyses of groundwater samples collected in June 2007 to be 600 m
wide (East-West direction) and 700 m long (North-South direction) which covered the
total area of 300,000 m’, By comparing TCE plume generated from groundwater quality
data collected in February 2007 and June 2007, TCE plume was expanded by 45,000

m” within three months period.

Faculty of Engineering, Chulalongkorn University 79



Executive Summary Report

Risk Assessment of Groundwater Contamination from Hazardous Wastes at Tambon Klang Dong, Amphoe Pak Chong, Nakhon Ratchasima

The results from these tasks were incorporated into a risk assessment model to
evaluate any risks pertaining to contaminated groundwater consumption and to properly
propose remedial investigations suitable for the groundwater contamination problem in
the studying area. The results from this study indicated that groundwater resource
underneath the hazardous waste disposal area and vicinity are contaminated with
volatile organic compounds (VOCs) such as PCE, TCE, cis-DCE, and Benzene. These
contaminants are known to be carcinogenic and therefore they possess a high risk the
receptors downstream as they can travel further at a considerably high speed in
groundwater aquifer.

The risk impact assessment revealed that the contaminated groundwater in the
studying area and vicinity can cause the following damages: (1) income loss of people
due to health problems, (2) loss due to uncultivatable lands, (3) income loss of water
supply business, and (4) groundwater restoration expense. Over 50 years, the net
present value of total risk (discount rate of 8 percent) is estimated to be 973,824,925
baht.

In the next step, risk response, we proposed three possible alternatives for
groundwater remediation, namely, (1) no action, (2) five-year remediation plan, and (3)
ten-year remediation plan. It was found that both alternative 2 and alternative 3 can
reduce the risk of groundwater contamination, but with different efficiencies. That is,
alternative 3 is more efficient than alternative 2 (approximately 7 percent). In terms of
cost, the total cost of alternative 3 is also lower than that of alternative 2 (i.e.,
384,237,361 baht as compared to 692,976,924 baht). Considering the benefit to cost
ratios, both alternatives are economically favorable because their ratios are greater than
one. However, alternative 3 is more favorable than alternative 3 because of the higher
value.

The final decision on the risk response alternative however should not be based
solely on economic factor. The decision maker should also take into account other
factors such as degree of emergency, the country’s environmental policy, the agency’s

policy, and budget.
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