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Executive Summary Report

1. Rationale and Project Background

The Northern Region Industrial Estate (NRIE) is the first provincial industrial estate in
Thailand. It was established in according with the Fourth and Fifth National Economic and Social
Development Plans that aimed to extend the industrial development to the regions outside Bangkok.
Construction of NRIE was completed in March 1985, located in Tambon Ban Klang, Mueang District,
Lamphun Province, with more than 37,000 employees (data of 2006). The types of industries operated
in NRIE include electronic, heavy equipment’s spare parts manufacturing, agricultural, leather, food,
wood-furniture, gems, and so on.

The Environmental Research and Training Center of the Department of Environmental Quality
Promotion conducted a survey in the NRIE area and found the contamination of soils and shallow
groundwater system from VOCs, especially Trichloroethylene (TCE), Toluene and Ethyl-methyl
ketone. TCE is considered to be Group 2A carcinogen (probably carcinogenic to humans) according to
International Agency for Research on Cancer (IARC) and World Health Organization (WHO).
Remediation technologies are complex and expensive. Therefore, monitoring of groundwater
contamination from VOCs in Northern Region Industrial Estate, Mueang District, Lamphun Province,

is necessary. Then appropriate remediation techniques can be designed accordingly.

2. Objectives of the Study

1) To monitor the level and extent of groundwater contamination from volatile organic
compounds in Northern Region Industrial Estate, Mueang district, Lamphun province and its immediate
vicinity.

2) To evaluate the degree of contamination and contaminant dispersion pattern; and foresee
the impact or threat to public health, and

3) To find appropriate remediation techniques for the contaminated groundwater system.

3. Study Area
The study area is located in the Northern Region Industrial Estate, Mueang District, Lamphun

Province and its immediate vicinity , as shown in Figure 1.

Prepared by Chiangmai University -1 -



Monitoring of Groundwater Contamination from Volatile Organic Compounds

in Northern Region Industrial Estate, Mueang District, Lamphun Province Executive Summary Report

4. Scope of Study

1) Compile and review existing data and information.

2)  Study geologic and hydrogeologic conditions of the NRIE area to delineate subsurface
geologic formations.

3) Survey uses of groundwater by local people and measure the groundwater level to
determine the groundwater flow direction.

4)  Conduct geophysical (resistivity) survey at AB/2 = 100 meters for 40 stations.

5) Build a network of groundwater monitoring wells to monitor the groundwater level and
groundwater quality.

6)  Study hydrogeologic conditions of the NRIE area to delineate the type and distribution of
aquifers and evaluate the aquifers’ hydraulic properties using pumping tests. Conduct a tracer test to
determine the groundwater flow direction and contaminant dispersivity.

7) Conduct groundwater sampling and analyze for volatile organic compounds (1,1-
dichloroethylene ; trans-1,2-dichloroethylene ; cis-1,2-dichloroethylene ; chloroform; 1,2-
dichloroethane ; benzene ; trichloroethylene ; toluene; 1,1,2-trichloroethane ; tetrachloroethylene ;
ethylbenzene ; p-xylene and o-xylene) and heavy metals.

8)  Construct a conceptual model and develop into a groundwater flow model, and eventually
a solute transport model to predict the contamination trend and dispersion of volatile organic
compounds.

9)  Analyse and assess the degree of contamination.

10) Evaluate the degree of groundwater deterioration if restoration is not feasible.

11) Propose remedial measures, including budget estimation, if contamination does occur and
needs remediation. Assess the positive and negative impacts of each remedial measure. If no

contamination is detected, guidelines for the setup of a monitoring system will be proposed.
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Figure 1  The study area in the Northern Region Industrial Estate, Mueang

Province and its immediate vicinity.
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5. Method of Study

A workflow of this study is shown in Figure 2. These include review of previous work;
geological, geophysical and hydrogeological field surveys. All these data are compiled and integrated ,
then preparesd as the GIS data to be used for mathematical groundwater modeling. Groundwater
deterioration is evaluated from the solute transport modeling. Remedial measures and guidelines for the

setup of a monitoring system is proposed accordingly.

6. Volatile Organic Compounds (VOCs)

Volatile Organic Compounds (VOCs) are classified as Non Aqueous Phase Liquids (NAPLs)
which generally referred as organic fluids with low solubilities. NAPLs move as a separate phase and
are often visible to the naked eye, as opposed to soluble contaminants that travel in groundwater.
NAPLs have been widely used in various industries and are known to be present at numerous industrial
and waste disposal sites. Due to their potential toxicity and widespread occurrence, they constitute a
serious environmental problem.

NAPLs can be divided into two sub-groups, a light non-aqueous phase liquid (LNAPL) and a
dense non-aqueous phase liquid (DNAPL). LNAPL are light liquids with a density less than water,
implying that they tend to float and move along the top of the saturated groundwater zone. Examples of
LNAPL are gasoline, benzene and xylene. DNAPL are dense liquids with a density higher than water,
implying that they have a tendency to penetrate the water table and move deeper into the aquifer
system. Examples of DNAPL are chlorinated solvents like TCE, TCA and PCE. The nature of
contamination by NAPL in soils and groundwater are different from each other, as shown in Figure 3.

Thailand’s groundwater standards set the safety criteria for the amount of dissolved substances
in groundwater, including VOCs. Trichloroethylene (TCE), an industrial solvent used in dry cleaning,
degreaser, fat extraction, and resin removers, is frequently found to be contaminant in many places. The
effect of TCE on lab-animal and human health has continually been a subject of research, especially
overseas. TCE is considered to be Group 2A carcinogen (probably carcinogenic to humans) according to

International Agency for Research on Cancer (IARC) and World Health Organization (WHO).
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Figure 2 Project workflow.
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Figure 3  Idealized migration of (a) an LNAPL plume and (b) DNAPL plume (after Mayer and

Hassanizadeh, 2005).
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7. Existing data and information

Subtavewang and Singharajwarapan (2007) assessed groundwater contamination vulnerability
of the Chiang Mai basin by means of a GIS-based map which was created by the DRASTIC method
using hydrogeologic elements. According to the vulnerability map, aquifer of the study area is ranked as
low to moderate vulnerability except for the western part where the vulnerability was relatively high.
This was resulted from its generally flat topography which was a flood-prone area. In addition to a high
flood-risk potential, a general groundwater flow direction trending west and southwest resulted in a
crucial need for rigorous groundwater monitoring of the area.

The Environmental Research and Training Center of the Department of Environmental Quality
Promotion found chlorinated ethylene contamination in soils and groundwater of at least 3 factories in
the NRIE (Milintapismai and others, 2001). These compounds included trichloroethylene ; cis-1,2-
dichloroethylene ; trans-1,2-dichloroethylene and vinyl chloride whose concentrations were 7.22, 0.57,
0.35, and 0.32 mg/L, respectively. All of these compounds were far significantly beyond maximum
contaminant levels (MCL).

The Good Governance for Social Development and the Environment Institute had funded an
innovative research project on the Good Governance, Public Participation and the Decision making
Process for Environmental Protection in 2006. The study uncovered significant destruction of the natural
resources and environment due to rapid industrial expansion. The critical problem was shallow
groundwater contamination from volatile organic chemicals used in the electronics industries in the
NRIE which was in turn directly related to worker’s health problems.

Singharajwarapan and others (2006) conducted a preliminary study on the assessment of
shallow groundwater contamination from volatile organic compounds in the vicinity of the NRIE. The
groundwater samples were taken from sixteen dug wells and it was found that twelve dug wells were
already contaminated with one or more types of VOCs.

The Department of Environmental Promotion Quality (2004) conducted a preliminary
investigation of the contaminated site nearby NRIE. The study included detailed geologic,
sedimentological, hydrogeologic investigations, and groundwater modeling of the area. It was found that
shallow groundwater generally flowed from east to west passing the NRIE and eventually reached the
Kuang river.

Saenton and others (2007) used detailed information of the NRIE site to construct a steady-
state groundwater flow model and a solute transport model to assess the size of the contaminant plume

and damage to groundwater resource. They used trichloroethylene (TCE) as a contaminant of concern
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and simulated contaminant transport for 30 years. However such model was only for demonstrative
purpose because several model parameters, especially the solute transport model, were not determined
or evaluated from field tests. The results could only be used to approximate the extent of the

contaminant plume.

8. Geologic Setting

The study area is located in Quaternary deposits in the southern part of Chiang Mai basin.
The Quaternary deposits can be divided into 2 groups namely, low terrace and alluvial deposits, and the
alluvial deposits of Ping and Kuang rivers which consist of clay, silt and sand.

Well log data have been used in delineating the subsurface geology. Three sequences are
proposed as Sequence I of depth 0-20 meter, Sequence II of depth 20-45 meter, and Sequence III of
depth 45-65 meter. Each sequence generally consists of clay, sand and gravel with difference detailed
properties. Lithofacies maps are constructed every 5 meter of depth, start from 5 meter down to 100
meter. Distribution of sediments are revealed as follows

From ground surface down to 20 meter, sediments are mainly clay. Sand and gravel are found
as elongated shape in northeast-south direction.

At depth between 20-45 meter, sand and gravel are more distributed in the southern part as a
strip from east to west. This strip has a width of about 1 kilometer, and winding with a pattern like
meandering river. Clay is mostly found in the northern part.

At depth between 45-100 meter, sand and gravel are less distributed than the shallow part.
However, a strip of sand and gravel is still presented in northeast — southwest direction. Major sediments
are clay.

Lithofacies map at depth of 20, 40, and 80 meter are illustrated in Figure 5, 6, and 7

respectively.
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9. Hydrogeologic Setting

9.1 Groundwater Aquifers
Using detailed information on lithologic- and geophysical-logs of the shallow groundwater
aquifers, this study subdivided aquifers into three main aquifers which included:

1) Aquifer I: This aquifer is located at the depth of 0-20 m. The uppermost and
lowermost hydrogeologic units consist of thick layer of clays. The middle portion is
the main aquifer consisting of non-continuous gravelly sand lenses with varying
thickness. Sands are typically medium to coarse. In some areas clayey gravel are also
common.

2) Aquifer II: This aquifer is located at the depth from 20 to 45 m. The aquifers are
multiple medium- to fine-sand lenses inter-fingering with clays. The thicknesses of
these aquifers are not uniform and they lack of continuity. In some areas, gravelly
aquifers are also found.

3) Aquifer III: This aquifer is located at the depth of 45-65 m. They consist of mostly
coarse sands with some existence of gravels. Similar to the first two aquifer, thickness

and lateral continuity are spatially variable.

9.2 Hydraulic Properties of Aquifers

In this study, several hydraulic tests were conducted to obtain parameters needed for
subsequent setup of groundwater flow and solute transport models. Eleven pumping tests and six slug
tests were carried out for aquifers in all sequences. The values of transmissivity (T), hydraulic
conductivty (K), storage coefficient (S), and aquifer ansisotropy (K /K, ) were determined based on these
results and shown in Table 1.

In addition, conservative tracers test were also performed for all aquifers to determine
longitudinal dispersivities (Ol,) which will subsequently be used in solute transport model. Five tracer
tests were executed and the resulting dispersivities were shown in Table 2 which ranged from 8.7 to

22.5 m.
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Table 1 Pumping test results.
T K Anisotropy
Sequence Depth . S(-)
(m/day) (m/day) (K/K,)
2.45%X10°-
1 0-20 31.2-138.0 2.6-11.5 . 0.81-1.0
5.75X10
1.63X10°-
2 20-45 0.39-55.2 0.049-6.9 . 0.77-1.0
8.76X10
1.72X10°-
3 45-65 8.88-77.6 1.11-9.7 A 0.68-1.0
6.79X10
Table 2 Conservative tracer test results.
Sequence Depth Dispersivity, O, (m)
1 0-20 16.3-22.5
2 20-45 9.2-12.1
3 45-65 8.7

9.3 Groundwater Levels and Flow Directions

Generally, the shallow groundwater level of the dug wells were in the range of 1-10 m, while
groundwater level of drilled wells were in the range of 5-25 m. The groundwater flow directions in both
shallow and deep aquifers were toward the western and southwestern parts of the study area with some
of the flow lines directing toward the northwest (Figures 8 and 9). It should be noted that shallow
groundwater flow directions were more variable than deep aquifer. This could be due to the lateral
discontinuity and variable thickness of the aquifers. Another possibility could arise from differential

water use in some areas compared to the others.
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9.4 Groundwater Quality

In this study, thirty shallow groundwater samples from dug wells and thirty deep groundwater
samples from boreholes (Figure 10) were collected and analyzed for physical and chemical properties
including heavy metal contents. It was found that most of the shallow groundwaters were not suitable
for use as a drinking water supply according to the regulated standards in the following categories:
turbidity, hardness, total dissolved solids, anions contents (chloride, fluoride, nitrate, and sulfate) and
iron and manganese contents. For deeper aquifers, it was found that groundwater at some locations were
not potable due to the same reason mentioned above. Nevertheless, the contamination of heavy metals

was not detected except for some samples where zinc content was high but still lower than standards.

9.5 Groundwater Quality with Respect to Volatile Organic Comounds

Sixty groundwater samples were collected from dug wells and groundwater wells twice during
wet and dry seasons. The samples were analyzed for thirteen commonly found volatile organic
compounds including 1,1- dichloroethylene ; trans-1,2-dichloroethylene ; cis-1,2-dichloroethylene ;
chloroform ; 1,2-dichloroethane ; benzene ; trichloroethylene ; 1,1,2-trichloroethane ; toluene ;
tetrachloroethylene ; ethylbenzene ; p-xylene and o-xylene, in order to assess the groundwater
contamination. The results of analyses indicated that at least one or more volatile organic compounds in
the aforementioned list were detected in 12 out of 30 dug wells (Figure 11) and 18 out of 30
groundwater wells (Figure 12). Although VOC concentrations in groundwater were not exceed
maximum contaminant levels of the groundwater standard, but some VOC concentration is obviously
high. This result implied that groundwater contamination in the study area was of anthropogenic origin.
It was speculated that there would be significant impacts on public health and groundwater resource in

the area.
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10. Groundwater Flow Model

Groundwater flow models of the study area were set up using telescoping mesh refinement
technique which resulted in two flow models namely regional- and local-scale flow models. The larger-
area regional model represented the entire unconsolidated and semi-consolidated aquifers of the 2,800-
km’ Chiang Mai-Lamphun basin (Figure 13). The latter, a more-refined, local-scale model covered an
area of 7X7 km’ (UTM-E:500,000-507,000, UTM-N: 2,050,000-2,057,000) which included the study
area of the Northern Region Industrial Estate (NRIE), Lamphun province (Figure 14).

Groundwater flow model setup for both scales followed generic steps described in Figure 15.
First, a conceptual model of the area was developed. Then, such conceptual model was converted to a
mathematical flow model to simulate groundwater flow regime under both steady-state and transient
conditions. The mathematical model is a finite-difference based program called MODFLOW which is a
package in Visual MODFLOW® version 4.2 (Waterloo Hydrogeologic, Inc, 2006). Next, a model
calibration was carried out in order to reproduce actual flow conditions by automatically adjusting
model parameters. Lastly, the calibrated flow model was used to construct a solute transport model for
simulating fate and transport of volatile organic compounds in the study area.

In simulating groundwater flow and solute transport of both regional and local flow models,
groundwater levels averaged over the year 2003 were used in a steady-state simulation which was then
used as a starting point for subsequent transient runs. The transient flow model simulation used
groundwater levels monitored during 2004-2007 for calibration, and predicted the flow regime for the
next 20 years. The values of hydraulic heads in the regional model were used as head-dependent
boundary conditions for local-scale model. The simulation time periods in a local model corresponded
exactly to the regional model.

Figures 16-19 illustrated conceptual models and spatial discretization of both the regional and
local models. The steady-state simulations, presented as water table contour maps, for both models were
illustrated in Figures 20 and 21, respectively.. The transient model calibrations for both models were

also shown in Figures 22 and 23, respectively.
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11. Solute transport model

The solute transport model for simulating fate and transport of the volatile organic compounds
(VOCs) was set up using programs MODPATH® (Pollock, 1998) and RT3D® (Clement, 1997) which
were already included in Visual MODFLOW® version 4.2. Both programs were finite-difference based
numerical model. The simulation of solute transport model required the solutions from groundwater
flow model (MODFLOW) which were groundwater velocities. The solute transport simulation was
carried out in the local model only. First, a back-tracking simulation was conducted to trace the travel
paths of contaminants and determined where they originated. Then, a forward simulation was performed
to determine plume concentration and to assess the extent and damage of groundwater contamination.

Figure 24 showed possible sources of VOCs both inside and outside the NRIE. These locations
were used as a source zone in the simulation of solute transport model. The resulting contaminant
plume was shown in Figure 25. The volume of contaminated groundwater was then calculated from the
model and it was found that 44.0 million cubic meters of groundwater was contaminated at

concentration higher than 1.0 pg/L.

12. Conclusions and Recommendations

The VOCs contaminant plume was shown in Figure 25, as a result from the simulation of
solute transport model. At present, the volume of contaminated groundwater with VOCs concentration
higher than 1.0 pg/L, was 44.0 million cubic meters.

Although the VOCs concentration found in both shallow and deep groundwaters in the study
area were not exceed the groundwater standard, some VOCs concentration is obviously high. These
include 1,1-dichloroethylene ; 1,2-dichloroethane ; benzene ; trichloethylene ; toluene; 1,1,2-
trichloroethane ; tetrachloroethylene and o-xylene.

This result implied that groundwater contamination (at depth between 0-50 meters) in the study
area was of anthropogenic origin. It was speculated that there would be significant impacts on public
health and groundwater resource in the area. Remedial measures both short and long term action plans
were proposed.

Monitoring of groundwater contamination both in shallow and deep wells were recommended.

Legislative measure should also take into consideration.

Prepared by Chiangmai University -33~-



Monitoring of Groundwater Contamination from Volatile Organic Compounds

in Northern Region Industrial Estate, Mueang District, Lamphun Province Executive Summary Report

2056004

2052040

Symbols
M VOC-contaminated dugwells
% VOC-contaminated boreholes
| Possible sources of VOCs inside NRIE.
=

Possible sources of VOCs owside NRIE.

Index Map

Monitoring of Groundwater Contamination from Volatile

Organic Compounds in Northern Region Industrial Estate,

Mueang District, Lamphun Province 0 1 km,

Groundwater Technology
e — Possible sources of VOCs inside and outside NRIE. Service Center

Jan. (GTSC)

Figure 24 Possible sources of VOCs inside and outside NRIE.
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