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ABSTRACT

The research study especially focuses on hydrogeochemical characteristics of groundwater in the upper
Nam Phong basin from Nam Phong’s upstream to Ubolratana Dam. Groundwater is collected from artesian wells
associated with surface water along Nam Phong River in a dry season. The regional groundwater flows from west to
east direction where the recharge presents in the upstream (west) toward the discharge area (east). The major cation
and anion concentrations specify some samples as brackish water, depending on the total dissolved solids. Speciation
of chemical species initiates the water type, which is indicated predominantly to the mixing dispersion between
calcium and sodium ions. The chemical composition of fresh water from the west of the research area is related to
calcium ion and bicarbonate which affects from calcite and magnesium dissolution, indicative water type
progressively change. These assume the groundwater composition, which represent the ions exchange from the west

to the east, disperse over the area, and flow to the Ubolratana Dam.
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Introduction

The upstream area of Nam Phong Watershed is originated from Khun Nam Phong Waterfall situated on the
top of Phu Kradung Mountain, a part of Phet Chabun and watershed-mountain range between Phasak River and Chi
River. Surface water flows from west to east through Khon Kaen Province, where the borderline between Chum Phae
District in Khon Kaen and Phu Kradung District in Loei Province is the area of Pha Nok Kao Cave, Phu Bhuay
mountain range. Water flows from Pha Nok Khao Cave through Ubolratana District and Mueang Khon Kaen District
and adjoins Chi River in an area of Ban Nong Saeng, Phon Ngam sub-District, Kosum Phisai District in Maha
Sarakham Province. Ubolratana Dam is constructed on Nam Phong River in Ubolratana District. Also Nong Hwai
weir in Ban Nam Phong is a discharge area from the Ubolratana Dam. Thus, Nam Phong River is physically divided
into 3 parts as follows: (1) Nam Phong River upstream on the upper part of Ubolratana Dam where consists of Chern
River, Pha Niang Creek, and Nam Phong River, (2) Ubolratana Dam throughout Nong Hwai weir, (3) Nam Phong
River downstream, the lower part of Ubolratana Dam where water flow from Nong Hwai weir to Maha Sarakham

weir (Regional Environmental Office (KhonKaen), 2003).

Objectives of the study

Nam Phong Watershed serves as main veins of people residing in Nam Phong plain of all areas because of
agriculture and industrial uses. The environmental impacts to the Watershed occur due to anthropogenic activities.
These situations are the interesting scheme for a study on hydrological balance which focuses on groundwater related
to surface water. This research study depends upon the hydrogeochemistry of the upper Nam Phong Watershed plain
in multi-factor variables. For this reason, the objectives of this research are to indicate hydrochemical species to
specify hydrogeochemical characteristics of groundwater, and to evaluate hydrogeochemical parameters affected to

hydrogeological environment in Upper Nam Phong Watershed.

Methodology

The research areas are covered in three provinces along the Upper Nam Phong Watershed including Loei,
Nong Bua Lumphu, and Khon Kaen. These areas are located in some areas as indicated in Figure 1 where are situated
in five Districts in three Provinces: (1) Phu Kradung (Loei), (2) Na Klang (Nong Bua Lumphu), (3) Sri Chomphu, Sri
Boon Ruang, Phu Wiang (Khon Kaen) (Figure 2). The 31groundwater samples are collected in dry season in January,
2014 along Upper Nam Phong River. It is sampling from several types of accessible wells, for example water-supply
wells and observation wells. Water-supply wells are mostly instated principally for supply of domestic use. Besides,
observation wells or piezometers are objected to collecting hydrogeological data to observe and examine hydrologic
characteristics of aquifers. According to groundwater survey in the field, only one area is found for the observation
well that is Ban Na Ko, Phu Kradung District, Loei Province. Information of well sites is searched from documentary
files of Department of Groundwater Resources (DGR), Thailand. These well sites are beneficially support for sample-

collection points and defined on topographic maps where closes to Nam Phong River-indicator for
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hydrochemicaleffects between groundwater and surface water. These groundwater samples of the selected wells are

periodically consumed by local community nearby Nam Phong River.

Figure 1 Study area is located in a white rectangular shape on topographic maps for the scale of 1:50,000. The blue

line is principally representative of NumPhong River and the arrows point to the flow direction of surface water
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Figure 2 Groundwater sampling points on the study area of Upper Nam Phong Watershed.
Results
Groundwater flow

Groundwater flows from west to east direction by the hydraulic head where is comprised of the recharge area

and headed to the discharge area, as shown in Figure 3. Along the surface area, Nam Phong River, groundwater flows
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from Loei to KhonKaen province and approaches to Ubolratana Dam. Equipotential map of groundwater is created,

refashioned, and exhibited by Golden Surfer software. Flow directions are perpendicular to these equipotential lines.
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Figure 3 Study areas and sampling points ([ 1) with groundwater flow direction —>.

Hydrochemical speciation

Hydrochemical speciation is capable to indicate hydrochemicalfacies and ion association of groundwater
systems which are integrated together to evaluate hydrogeochemical condition. Major ions physically are classified in
two types, cations and anions. For example, cations consist of sodium (Na"), potassium (K ), magnesium (Mg2+), and
calcium (Ca2+), and anions are composed of chloride (CI), sulphate (SO42'), nitrate (NO, ), carbonate (CO32'), and
bicarbonate (HCO,). Methodology for chemical analysis of each parameter is based on American Water Works
Association (American Water Works Association, 1998). Hydrochemical speciation and hydrogeochemical facies of
Upper Nam Phong Watershed are illustrated in the graphical forms and conceptual maps ( Figure 4) .
Hydrogeochemicalfacies of upstream in Loei province is found principally calcium and bicarbonate ions, but the
influence of some sodium and chloride ions interfere in the groundwater system. Potassium and magnesium ions are
found fewer amounts, also nitrate and sulfate contents. Collected groundwater in Nong Bua Lumphu and Khon Kaen

areas is affected to large surface water reservoir, such as Ubolratana Dam.
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Figure 4 Ton distributions of (a) total dissolved solids (TDS), (b) bicarbonate, and (c) chloride.

Chemical characteristics of groundwater

According to the flow direction of groundwater in this research area, some hydrochemical species can be
represented the ion dispersion as a mass transport. Distributions of the total dissolved solids (TDS) indicate the total
ion trend related to major anions. Bicarbonate distributions present their major influences over the area. By contrast,
chloride distributions are similar to the TDS distribution. Chloride influence affects in the midstream and downstream
of the study area. Evaporite dispersion involves in groundwater regime. Some hydrochemical characteristics of
groundwater are brackish water, based on the TDS of 1,000-10,000 mg/L. Speciation of hydrochemical species
initiates the water type from AquaChem software (Appelo andPostma, 2005; Promkotra and Tawiwan, 2013).
Graphical illustrations of all water samples are created their concurrence which all major ions apply to their contents
as percentage in meq/L. The diagram indicates predominantly the mixing dispersion between calcium and sodium.

For major anions, bicarbonate and chloride are dominant which specify the effects of ion dissolution. Hence, the plot
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exhibits the composition of major ion in the mixing zone and heading to the zone of sodium chloride or salinity zone.
The chemical reaction occurs during fresh water and influencing saline water interference. The impact of rock salt in
some areas is affected by dissolution from other areas. The mixing groundwater also derived from major ions can be
diagnosed by Durov diagram, as presented in Figure 5. The implication of this diagram respects to mainly
bicarbonate and calcium ions, signifying recharge areas which are limestone, sandstone, and other aquifers. The

middle zone of the square represents the dissolution or mixing zone.
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Figure 5 Durov diagram of the upper Nam Phong Watershed

(symbol: []= upstream, []= midstream, | | = downstream).

The chemical composition of fresh water from the west of the research area is stand out of calcium and
bicarbonate ions which affect from calcite and magnesium dissolution, indicative of the water type progressively
changes, Ca-HCO, and Ca-Na-HCO,-Cl-type. The cation exchange is also defeated by the absorbed calcium ion to
sodium ion. This assumption indicates the hydrogeochemical speciation of groundwater presented the ions exchange

from the eastern part of the area to the west, dispersing over the area, and flowing to Ubolratana Dam. Ion contents
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are varied along the river pathway which sodium and chloride ions increase more than calcium ion and bicarbonate
ion. Hence, this monitoring recommends that cation exchange process is along all over the area within this limitation.

Hydrochemical species of each speciation are useful for supporting their relationship, such as Na+K/Clor
Cat+Mg/HCO,+SO,, to confirm the stoichiometric balance and presented as an appropriate plot. Ion stoichiometry
proves the ratio close to 1:1, as illustrated in Figure 6. These groundwater samples expose mostly complicated
solution. They are affected either ion exchange or sulphate reduction which indicates equilibrium condition with
linear relationship. At upstream area, the calcium/magnesium-bicarbonate/sulphate ion is present the linear
relationship obviously than midstream and downstream areas. Thus, sulphate reduction reveals at midstream to
downstream. Saturation indices (SI) attain from AquaChem software, which come from calculated hydrochemical
species, concentrations and thermodynamic evaluation (Parkhurst andAppelo, 1999). Phases from the saturation
indices consist of calcite, dolomite, gypsum, pyrolusite, anhydrite, halite, goethite, jarosite-Na, jarosite-K, and
manganite. These calcite, dolomite, gypsum, jarosite-Na, and goethite are found every sample. At equilibrium
condition, the value of saturation indices equal to zero. Under saturation and super saturation display the negative and
positive value, respectively. Due to the significance of phases as saturation indices, the equilibrium state, and under
saturation-super saturation are plotted to their ion concentrations and TDS which respect to dolomite (Figures 7-8),

which refer mainly to the influence of Ca-HCO, and also Mg-HCO, of the aquifer.
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Figure 6 Ion stoichiometry of Na+K/Cland Ca+Mg/HCO,+S0O,, showing simple dissolution and ion exchange.

Discussion and Conclusions

Study areas of this research are in Upper Nam Phong Watershed where cover Loei, Nong Bualumphu, and
Khon Kaen province. Groundwater flows from west to east direction from Loei to Khon Kaen province and
approaches to Ubolratana Dam along Nam Phong River. Speciation of hydrochemical species indicates

predominantly the mixing dispersion between calcium and sodium. For major anions, bicarbonate and chloride are
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dominantly specified the effects of ion dissolution, which exhibits the composition of major ion in the mixing zone.

Aquifer rocks of this study are referred to hydrochemical species of dominantly anion, bicarbonate.
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Figure 7 Dolomite saturation indexs as a function of TDS.
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Figure 8 Saturation indexs of dolomite on Upper Nam Phong Watershed.

Moreover, magnesium ion can be replaced in calcite as dolomite. Calcite or dolomite is either possibility to be
fragtured aquifer because hydrochemical species of chemical analysis present principally bicarbonate and
magnesium-bicarbonate species. This saturation index of each mineral species is an essential of mineralogical
geology involved in the hydrogeochemical dispersion of each chemical species. The correlations between saturation
indices and TDS provide a conceptual scheme in mass transport of groundwater system. Furthermore, the relationship
of TDS and these species relate to flow direction from fresh water to brackish water in the mixing zone. At upstream
area, the calcium/magnesium-bicarbonate/sulphate ion is present the linear relationship obviously than midstream and
downstream. Thus, sulphate reduction reveals at midstream to downstream. In accordance with flow direction of
water in the research area, chloride influence affects in the midstream and downstream of the study area in some

locations as shown in figure 9 together with geological cross section.
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