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ABSTRACT

This study assesses hydrogeology and groundwater potentials in the area of the
Mae Hae Royal Project Development Center. The study focuses on geologic setting,
hydrogeologic setting, hydrological information, hydrochemistry, origin of
groundwater, and potential of groundwater recharge. The study area covers 12-square
kilometer and is characterized by a valley surrounded by high mountains ranging in
elevation up to 1,200 to 1,300 meters above mean sea level. Valley floodplains are
restricted to the central and southeastern part and cover about 40 percent of the study
area. The study area is underlain largely by granite and locally by metamorphic rocks.
Colluvium occurs mainly in the valley area. The granite varies in texture and is highly
weathered. It is locally intruded by aplite veins. The metamorphic rocks include
marble, calc-silicate rock, and schist and oceur in the central and lower parts of the
study area. Colluvium covers flat areas along the major streams. The hydrogeologic
units are classified into three units: an unconsolidated unit, an igneous unit, and a
metamorphic unit. Weathered granite is the major aquifer. This is no groundwater
well in the area. Springs are the only groundwater discharge.

Three lithologic units were delineated through subsurface investigation;
unconsolidated sediments, weathered granite, and fresh granite. Resistivity data
suggest that the thickness of the unconsolidated sediments and weathered granite is
0.4 to 10.8 meters and 14.5 to 54.4 meters, respectively, and that their resistivity
values are 20.7 to 305.9 ohm-meters and 50.3 to 558.2 ohm-meters, respectively. In
contrast, seismic refraction data suggest that the thickness of unconsolidated
sediments and weathered granite are 1.23 to 7.37 meters and 6.65 to 11.91 meters,
respectively. Fresh granite is the basement.

Hydrochemical facies analyses indicate that spring water samples have a
calcium-bicarbonate facies. On a quality basis, the spring water is suitable for
domestic purposes and qualifies as a natural mineral water. The sodium adsorption
ratio indicates that the spring water is suitable for irrigation.

The origin of groundwater was evaluated on the basis of isotopic
characteristics. Five water samples collected in March 2003 were analyzed for the
stable isotopes “H and 130). The similarity in isotopic composition between the spring
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water samples and the local precipitation indicates that all of the groundwater is
recharged by water derived from local precipitation.

An estimate of groundwater recharge was calculated by the hydrologic budget
method and by a combination of geographic information system database and
permeability testing. The hydrologic budget method indicates that the potential
groundwater recharge is approximately 6,180,000 cubic meters per year, or 517.4
millimeters per year over the study area. This is 38.16 percent of the annual rainfall.
The combination of geographic information system database and permeability testing
indicated that the potential groundwater recharge is 1,922,116 cubic meters per year,
or 160.18 millimeters per year over the study area. This is 11.82 percent of annual
rainfall. The second method is considered to be more reliable for the calculation of
groundwater recharge potential of the study area.
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CHAPTER 1

INTRODUCTION

The purpose of hydrogeological studies is to study the surface water and
subsurface water resources. Moreover, understanding these phenomena is important
for planning the future management and development of a potential water resource for
drinking water, agriculture, and other beneficial uses.

The Mae Hae Royal Project Development Center is located in Mae Chaem
District, Chiang Mai Province. Most residents of the district are hill tribes and they
earn a living by growing vegetables and fruits and by raising domestic animals.
Almost all of their agricultural activity depends upon rainwater and water from creeks
and reservoirs. At present, most of the people have not developed the use of
subsurface water.

In the Mae Hae area, some water originates from cool natural springs. The
Mae Hae Royal Project Development Center was interested in these cool natural
springs as a source of bottled mineral water. They cooperated with the Department of
Geological Sciences, Chiang Mai University, in order to obtain more information
about these natural springs by studying the hydrogeology of the Mae Hae area.

This report contains five chapters. The first chapter includes an introduction of
the study, physiography of the study area, including location, geomorphology,
drainage system, geologic setting, and hydrogeologic setting. The second chapter
explains the geophysical survey methods that were used for a subsurface study. The
third chapter describes the hydrogeochemical characteristics of water in the study
area, including water quality, hydrochemical facies, suitability of water for domestic
use and irrigation, and comparison of spring waler quality to marketable mineral
water. The fourth chapter is an assessment of groundwater potential and reserves
using hydrological information and permeability test methods for assessing
groundwater recharge. The fifth chapter is a discussion and conclusion of this study.

1.1 Location of the study area

The study area is a part of the Mae Hae Royal Project Development Center and
is located in Mae Chaem District, Chiang Mai Province, in northern Thailand. It
covers about 12 square kilometers and 1s located between latitudes 18° 45" north and
18° 50" north and longitudes 98° 30 east and 98° 45 east (FFigure 1.1).
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1.2 Purpose and Scope

The purpose of the study was to study the hydrogeology of a selected area
within the Mae Hae Royal Project Development Center and to assess the groundwater
potential, in terms of both quantity and quality, of the groundwater resource in the
selected area.

The study area covers 12 square kilometers and the study focused on the
oeologic setting, hydrogeologic setting, hydrological information, recharge pattern,
groundwater potential, and groundwater reserves.

The geologic setting concerns lithology, stratigraphy, structure,
geomorphology, and drainage systems. These data were derived from field surveys
and are illustrated by geologic maps.

The hydrogeologic setting is based on the geologic setting. It classifies the
types, characteristics, and distribution of aquifers and illustrates these data on
hydrogeologic maps. Geophysical resistivity and refraction surveys were run in the
study area to determine type. thickness, and depth of aquifers.

The hydrological information was used to study the quantity and quality of
both groundwater and surface water. The quantity of groundwater recharge was
calculated from permeability tests in the field, along with meteorological data
concerning rainfall and evapotranspiration. Water quality was considered in terms of
chemical and physical characteristics. Chemical analysis of water included
determining the concentration of inorganic constituents and pH. Temperature, color.
and turbidity were evaluated by physical analyses.

The geographic information system was used to simplify data management.
analysis, and display. Arcview 3.1° software was used for data processing and
presentation.

1.3 Previous investigations

Baum and others (1982) mapped the geology of the Chiang Mai area. The
study area included consolidated rocks and unconsolidated sediments. The
consolidated rocks consist of Precambrian gneiss, Silurian-Devonian sandstone,
limestone, shale, and chert, and Triassic granite. Unconsolidated sediments are mostly
alluvial Quaternary deposits.

Land Development Department (1996) mapped the soil group of the Chiang
Mai area. The study area is covered by two soil groups, soil group no.59 and 62. The
soil group n0.59 consist of alluvial sediments and mostly impermeable. The soil group
n0.62 compose of rock fracment with varying texture and cover about 35 % of the
slope area.

Phiancharoen and others (1982) mapped the hydrogeology of northem
Thailand. Precambrian and Cretaceous granitic aquifers occur in the study area. These
aquifers produce small quantities of groundwater from joint systems or weathered
zones. Flow rates are about 10 gallons per minute, although yields of up to 30 gallons
per minute have been obtained.

There is no detailed hydrogeological study in this area.



1.4 Physiography, geomorphology, and drainage system

About 60 percent of the 12-square kilometer study area is high mountains that
have elevations in the range 1,200 to 1,300 meters above mean sea level (Figure 1.2).
About 80 percent of these mountains have been cleared of forest cover and 1s used for
agriculture. Major crops include lettuce, onions. turnips. and Chinese pears. The trend
of mountain ridges is mainly north-northwest and the elevation of high peaks is up to
1,300 meters above mean sea level. The slope of the mountain sides facing north and
east is steeper than western and southern facing slopes. Flood plains are restricted to
the central and southeastern parts of the study area and cover about 40 percent of the
study area. They are formed by accumulation of colluvial sediments derived by
erosion and weathering from the surrounding mountains. The elevation of flood plains
varies from 1,180 to 1,200 meters above mean sea level. Most of the land along the
flood plains of major streams is used for growing rice, lettuce, and soybeans.

The drainage system of the study area forms a dendritic pattern (Figure 1.3).
The valleys in area were formed by erosion from streams that flow through the central
part of the area, such as Huai Mae Hae, Huai Hoi, and Huai Khamin Nai. These three
are the major streams and they are perennial. The flow direction of Huai Mae Hae,
Huai Hoi, and Huai Khamin Nai is from south toward northwest, east toward west,
and north toward south, respectively. The small streams that {low from the mountain
ranges around the area are both intermittent and perennial. During the dry season. base
flow is from springs and seeps.

Geologic and hydrogeologic setting
.1 Geologic setting

—
o

The study area is an intermontane valley that is underlain by both consolidated
rocks and unconsolidated sediments. Consolidated rocks included plutonic rocks and
metamorphic rocks, though most of the area is underlain by igneous rocks. The
unconsolidated sediments occur in the central part of area, along the major streams
(Figure 1.4).

The plutonic rocks in the study area include granite, which occurs in most of
the area and which has aplite veins. From the geologic map of the Chiang Mai area
(Baum and others, 1982), this granite is of Triassic age. The metamorphic rocks are
Silurian-Devonian in age and include marble, calc-silicate, and schist. The
unconsolidated sediments include clay, silt, sand. and gravel and are alluvial
Quaternary deposits.

The granite has various textures: porphyritic, non-porphyritic, and foliated.
The porphyritic granite is composed of potassium feldspar phenocrysts, quartz,
muscovite, and biotite. The intrusive aplite veins commonly have sulfide minerals.
The dominant texture of most granite results from the orientation of mica minerals.
Most of this granite is highly weathered.

The metamorphic rocks occur in small areas in the central and lower parts of
the study area. Marble, calc-silicate, and schist are the dominant rocks and they occur
in the same area.

Marble and calc-silicate rocks occur in the southeast part of the study area.
These rocks are white and grayish-blue, respectively. The composition is chiefly
calcite with minor amounts of quartz, diopside, and epidote.
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