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CHAPTER |

INTRODUCTION

1.1 Statement of Problem

Khon Kaen Municipality has # isposing its waste into Kham Bon landfill

since 1968. From the beginning up t Il was unlined. Later in 1998, the
landfill was reconstrucied with liner ef, the current disposal practice

is dumping waste into the serage depth of 5-18 m, then

covering the waste v e collection ditch is blocked

with waste and caafe a6t frinoff_fror & garbage pile. All types of waste

'

accounting to 100 tongipe indfill including 2 tons per day

of hazardous waste. 2] hazardous waste e ed battery, insecticide

containers and used 3Scehce I!! g r \’ \ 4). In addition, waste from
rwith I’.— all &

containers, spray gpain containers, motor oilffilter

small industries is collecied together i lid waste and disposed in the

landfill. The landfill was not désigned for ha: ¢ waste disposal and is therefore not

environmentally safe i a potential for heavy metals

contamination u-"liill’tuv.vlll.--"illi)ﬂlilrtﬂv-nlilil.lllli -------------- 1aﬂdﬁ" site (PCD

J"-

1998). Kayandé .*J’ 9 »‘t, and Promlao (2008)

reported contarr

and Cadmium(Cd) i‘ gfdundwater nearby thé'site. Similar to monitoring results from the
LTIk %ﬁm SR e v
well nearby the site.

ARAREN T & WA TR

qcontamlnatlon occurred nearby the landfill site. However, the site characterization

ation of heavy metals which are: Lead(Pb J'I Zinc(Zn), Chromium(Cr)

including model prediction of the site has not been done. Thus, this research aims to

study heavy metals contamination from municipal solid waste (MSW) landfill site in



groundwater covering 2 km radius around the site. Groundwater and heavy metals

transportation model for prediction of heavy metals concentration in groundwater was

also applied. The results can be used ta explain contamination pathway and to predict

1.2 Objectives

1) To study heavy

groundwater in 2

in soil, surface water and

NN

2) To employ groun ; mete ansportation model to predict heavy

metals concen i 3 the g \

site locates at Kham Bon Village,

Muang District, Khon Kaen Pr hailand (Figure 1.1). It is about 17

km north of Khan
W

Province. Figurg'

heéading toward Udontani

e
J map sheet 5542 ||
L]

series L 7017) shawing study area. The land OVers an afe

aw

about 0.15 km’. The

study area covers ‘Lﬂy 0.32 km’ in fouWages namely; Kham Bon; Sam Chan;

—AHBIRERE NN

Dlslnc 5 communities)

Q%""Tﬁﬂﬂ‘im UAIINYA Y

The results can be used to explain contamination pathways and to predict heavy

metals concentration in soil and groundwater in the future.
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Figure 1.2 Military map showing study data




CHAPTER I

LITERATURE REVIEWS

In order to understand heavy metals transport and fate from landfill leachate to

the environmental receptors includ ce water and groundwater, background
knowledge in the area m study, background knowledge
included mechanisms d heavy metals mobility in
environmental espec ’ m'date is required. In addition

s is needed to know. In

R/ S
above topics are explaineg -. \\

e relate research of the

mari horizontal direction that
‘contaminants concentration decreases
because of processes | disf _ .- Iecu and hydrodynamic), filtration,
] egradation, time, rate release of
contaminants and distance o 'f ef; | eSS h as hydrodynamic dispersion affect

all contaminants, equ vhile sorption, ¢ kS 'd degradation may
-
: <

There aythree pro g the trans@l of contaminants in

subsurface condmoes physical, chemical and biological processes. The physical

ZZ;FI pRIMN (21w Il

chemlca and biological reaction. For heavy metals, bmglcai process has ﬁt'l} effected

VIR ARSI

chemical reactions and transformation by microorganism Mechanisms of each process

affect various -ﬁr minants

are explained below.



2.1.1 Physical Processes

Physical processes control the contamination migration with groundwater in the

- subsurface system

Advection: Adv ﬂnt movement by flowing
groundwater in responigeto ic gradi scale level. As a result, the
rate of solute particle transpe d e aver L e linear groundwater velocity. The
porous media parameiers that contro ag /ection fransport are: hydraulic gradient;

-

hydraulic conductivi ffective porosity.

Hydrodyna dispersion; | nic dis dersion expresses the non-uniform

velocity and caugés di e SOl urs because of molecular diffusion and

\

\ ':,, mechanical fluid mixing or

mechanical dispe fined as the movement of
contaminants under a
mechanical dispersién sho\ e tifferehc@iapacro 1 e water velocities due to path

length differences and fi
2.1.2 Chemical P

The -*.- y not move lﬁ."d often retarded by

the-soil or =
ical pmcesses have been reported &

concentration in Ia chate: sorption; @iretipitation; complexation and oxidation-

R TR

These processes may be reversible if the controlllng condlﬁons change

q r@n Sorption is proEabl }Jmost |r::]ortla;t CK]ngprocess aﬁﬂg the

transport of organic contaminants in the subsurface environment. Sorption refers to

adsorption on in the change of solute

mass. Four c control heavy metals

partitioning of contaminants between the fluid and solid phrases and includes

processes of: adsorption; absorption; desorption; surface complexation and ion



exchange. This process generally decreases heavy metals dispersion from contaminant
source such as landfill leachate. The adsorption of heavy metals in soils is a competitive

process between metals in solution and those adsorbed to soil particles. In soil phrase,

metal can be bound mainly to erga alter, and onto iron and manganese oxide
surfaces (Sharma and Red 2004). Divale ~lal cation tend to favor sorption with
negatively charge sitesssuch as col i igite, clay minerals, organic and

oxides of Fe, Mn and Si (Felier : 2005 and Yong, 2001). However, it is
difficult to differentiate betWeen sorplion D!'OCeSSes Sorption can

> whereas ion exchange
\\ NS

’\\\\_

ratio between concehltra : ‘ . eq] *. brium (Yong, 2001). Low

hich is defined as the

values of K, indicate that ry st,of } netals jpri .-.1 =d In the system remained in the
solution and are avai : ' ne up - .On the other hand, high values

of K, reflect a large affinity ;,_ 450 : D or the metals ( Morera et al., 2001).

2tal species dissolution as solid.
il Cd, Ni, Zn, Cu and Pb.
Occasionally, *;)": / ta a metals. Hydroxide

Sulfides and caide g preci|
precipitates fo pH natura IS typically case in methanogenic

leachate. In geheral sulfide precipitation is expected to dominate heavy metal

WO AKOW AN I} 1100 o R

(Chnste%n et al., 2001). Even sr?ll concentrallons of sulfides will prec &}ate heavy

VI IANILI NRITNELTAEL

Iandﬂll leachate. Cr mobility can be reduce by iron where Cr(VI) changes it from to Cr(lll)
by Fe(ll)



Complexation: Complexation occurs when ions or molecules that dissolved in
water combine with a variety of other ions or molecules to form several different species,

known as complexs. Complexaﬁon reactions are important mechanisms resulting in

increased solubility if metals pre "-.. L\ii f ater, if adsorption is not enhance; major
ion complexation will incre : issolved in solution (Yu et al.,
2002). Therefore, co .:.,.___ uall con lly when designing remedial
systems to either enhance copiaminant i smls Lgroundwater.

OxidationReductig / \ \:1‘ ation-Reduction reactions involve
the transfer of eleci }‘ “1:::\‘ esses are important for

heavy metals that haygfmogé thai 'F ation state. Heavy metals such as Cr, As, Mn,
Fe and Hg are gferredito a@s edox elems or redox couples since they have more
than one possible oxidation s ChHristél en et al., 2001 ile Ag, Cd, Cu and Zn
with only one valence siate an also . inf i by re processes. Under very low
redox conditions, Ph/and €d, u_fx-ufj state, fo soluble sulphide minerals.
Moreover, at pH of 7 @ 8- where m?j,_og s not moderately low, they form
insoluble carbonate minerals, the chang edox potential affect the soil pH.

Reducing condijtions e hce pH valu ing pH,down.

2.2 Heavy Melal3 it : Y

Landfills m/e served as the ultimate disposal sites 'm solid waste generated
from residential, conIhHial and industrial Wities Generation and subsequent flow
of Ieaﬁ urm ﬂﬁfﬂ % W(ﬁn/]ﬂﬂlsﬁsa{ of waste by
landﬁlllr‘! Landfill leachate is generated by excess rainwater percolating through the
waste transfer pollutants from the vsgste material to thé&percolating water (Chriétensen et

R A AR AL XA AR AL A=
Hwater added to the landfill from percolations through the top layer or groundwater
flowing through the sides (Fetter, 2001). Factor that affect leachate generation are:

climate, topography, land cover, vegetation and type of waste (Calace et al., 2001).



Leachate migration has been a implicated worldwide as a source of
environmental pollution (Vogelin et al.,.2003 and Sparks, 2005). It contains a large

number of compounds, some of which can be expected to create a threat to health and

The concentration g s related to the properties of the

veral researchers studied

andfill environments. They

found that thes€" envio § change, over 't \ jere ‘are 5 stages of MSW
decompose in landiill as gde .-"..a.*-' Aucoft, 200€ \

\:\x he waste is deposited, a

‘\\ ion sufficient to begin to

leachate such as pH, g

about the biological, g

Phase [: Iniial A
community of microgrgz

significantly after the'was

Phase Il: Transition the initial aerobic condition to an

anaerobic environme reducing conditions, in which

elements of molecules gain electrons, | --- ron acceptors shift from
oxygen to ni 'H s ,“‘ ‘!n e concentrations of
chemical oxygeﬂeman o0 drganic aciﬁ (VOAs) appear in the
leachate.

PR RN WA e

In thls ge anaerobic acid formmg bacteria metabolizes biodegradable organic

ammsm NN

Phase IV: Methane Production — This period is characterized by the rise to
dominance of another group of microorganisms, methane producing bacteria. These

convert the VOAs to methane and carbon dioxide. A highly reducing chemical



environment develops, resulting in the reducing of squate(SO[z) to sulfide (S'z). The pH
rises as NH; ammonium (NH;) ions. The pH is maintained in the neutral range, however,

by bicarbonates (HCOJ). and this supports the continued flourishing of the

Phase V: Ma clivity declines due to the

depletion of readil ts. Gas production also

\C\\ han previous phases.

Other resez i EJC ;-,:.‘ wrl.l_i- i .“.'- YGIE O dfill in Shghﬂy different
\ ::\ imp phases | and lll as

described above into & single phase, the agrobic phase, and expand the methanogenic

declines, and cong

phase into 3 pars. They : tdges. e _ ethanogenic phase. The air
phases. The reduction and

production of chemicals g e is shown in Figure 2.1.

d‘
a0
2l
Voi%

100 100
60 60
20 20

e lais

Figure 2.1 General trends in gas and leachate quality over the lifetime of a landfill

(Kjeldsen et.al., 2002)
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In MSW landfill, a significant part of the heavy metals in the waste is bonded on
glass, plastics, slag, ceramics, steel, wood, etc. Products and materials stored in a

landfill are slowly disintegrated over time. Heavy metals are slowly oxidized and later be

dissolved. Heavy metals are released ¢ tage of anoxic condition and methane
Christensen et al., 2001) and
expected to continue foralong perio i i Sparks, 2001and Yong, 2001).

‘solution of 4 groups of
pollutants (Chistense s8olved @ anic matter 10 ic macrocomponents,
l trace compounds may
be found in leachatg! f diills/ e.gl A8, Se.'Ba, 'Li, Hg and Co. Leachate

composition varie ifica andifills endir aste composition, waste

There are many studies: ol -_" ’ hemical characteristics of landfill
leachate as summarized in T o 2000; Chuagngcham, 2007 and
Oman et al., 2608). 1, pH 1 8.5, C@P ranges from 250 to
>10 000 mg 'ﬂm‘ﬁ ‘ Cd were found at

&

low concentratio

Table 2.1 Characterils‘_}ic of Landfill Leachate
oy o/

’llﬂl""“.’h”'ﬂgﬂ

G’ (mgh)| Cd Fe | Mn (mgn)
Q o -7
Kayandee (1999) |7.5-8.2] 9-11 1100 - 21 0.01-0.02 |0.4 0.3]2-0.47
q : ] 12-15 0.85
(20
“pruuxipun etal. | - : a - looos-orf - |ooo-001| - S
(2002)
IChuagngcham b.5-7.91 10-17 |1100-10055|351-11329/0.01-0.03| 1.5-3.42 N/D 5.0-9.8 | 0.25-0.63
(2007)
L Oman (2008) 6.4 -8.5F‘)ﬂ -27300 4-110 250 - 1300 |0.0-0.015{0.001-0.045] 0.00-0.003 | 0.2 43 | 0.20-5.20




1

2.3 Chemistry of Metals of Interest

Heavy metals are classified as toxic inorganic chemicals and are considered as

hazardous pollutant at low concentratiens. The presence of heavy metals among wastes

matrix and soil (Shaifiiasand-Re 20 .@wnward transportation of

metals from the tion capacity of soil is

overloaded or whei properties and behavior

of specific metals ths discussec herein.
23.1Pb (F

Pb is a hea e, ; :; Jeh idation state: O, +2(ll), and +4(IV). Pb
is generally the most willespread and ¢ 1cenfiatéc ntaminant present at a Pb battery

recycling site (i.e. baftery Breakerfoi+ ,: melter). The chemistry of Pb in soil
is affected by 3 main' faglors:.1). om to ‘various solid phase, 2)
precipitation of sparingly so '- le compounds and 3) formation of
relatively sTable com #?1 ates th atereaetion with soil organic

matter (Bra ] .i 4':' I- : e :--a Eall wradlintarl adlllanlle o .v.‘f‘,‘;i f Pb asa funcuon Of

X
eld for Pb. Pb undergoes
"

tiple hydrolysis eactions. Above pH 9, the

pH while Figuré'2.2 £
hydrolysis at lo !' 1 values and displays n

formation of Pb(OH]‘iﬂlportant_ while Pb(q;l)f is predominant between pH 6 and 10

~FHINYNTNYINT
RININIUNRIINYIAE



R

— / PN

(B) Predicted Eh-p - assume _ ed species are

\\

:Pb=10%S=10",C=

12

Pb tends to agcurgilate in the soil strface. The capacity of soil to adsorb Pb
increases with pH, cation & capa ganic carbon content, soiwfa?er. Eh
(redox potential), and p _rf'ﬂ s. Sof matter may immobilize of Pb via

specific adsorption reactions (¥ E‘T‘ 2001 Ja i a and Reddy, 2004). On the other
e f o

hand, the mobilizati ' mplexation with dissolved

organic mattef 51

adsorption on cl

major partition ism;ally solid or adsorbed onto soil particle

l,"m],! its a high degree of
ﬂat Pb is leachable; the
s "USEPA (1999) reviewed

fﬁcient PB'which can be condludled as Table 2.2. Table 2.2 shows that

WJ'% wmwmn‘a’
9 ‘m&Nﬂ‘iﬂJ UANINYA Y
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Table 2.2 Estimated range of K, values for Pb as a function of soil pH, and equilibrium
Pb concentrations (USEPA, 1999)

Equilibrium Pb K, (miig) &
concentration (ug /1)
0.1-0.9

6.4-87 88 -11.1
4,360 11,520

. . 44,580

1.0-9.9 Minity - .G 44,580
ANt \ \ 0 0,76 20,620

10 -99.99 ‘U \ 0 90 2,380
Kirue 4 Mme 4,97 9,530

100 - 20 l F\\"\\ \ 1,880

‘FJ m ﬁﬂwﬁ‘: 00 4,410
i*.-f».‘-‘-.—.

Cr exists in soil in thre -"':t 3 and (Cr0,)”. The dichromate ions

232 Cr(Cr)

present a greater health haz -: F FOMm 5. and both Cr(Vl) ions are more toxic

than Cr(lll) .# Beg ts anionic hat iates’@nly with soil surfaces

) -.'r— - b g .= .

at positivel arged exchange sites. 48€3 with increasing soil
po y ¢ *ﬁ: WM i 9

pH. Although ti s=complexes with soluble

i
.o Pb and typically found

organic ligands m its mobility may be enhanced. Cr is similz

bound to particles. ﬁn‘types of bacteria iniggil can change Cr(VI) form to Cr(lll)form

A AR e e

Expenmental data for Cr(VI) adsorption onto iron oxyhydroxide and aluminum

e minerals indicated thateﬁsorpu n increa ecreasing pH'ever the pH
a#ﬁ“ﬁ R RAIRILT aIaX L T b1

qsml type.

Fe(ll) containing minerals reduce Cr(Vl); however, this reaction only occurs in

the subsurface soil with a pH less than 5, decreasing to a pH of 2.5. The presence of
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oxidized manganese serves as an electron acceptor for Cr(lV) reduction. Figure 2.3 A
shows the distribution of Cr(lll) species as a function of pH while Figure 2.3 B presents
the predicted Eh-pH stability field for Cr species in aqueous systems (Adriano, 2001).

F AR, (A&
FJJ 7 ™)
Figure 2.3 (A)Distribufion of Cr(lil) st ;,7. func H where the solution is in
d s v 1
equilibrium with Cr(OH)(B) Pregicted Eh-¢ jlity field for Cr species in agueous
4 J sind

species in aqueous ayatems (Adiafe; 2001}
) o
1% A2/

"
-
A

2.3.3 Cd(Ce
._'- D} -
; 3 LY
Cdis “ { > d ‘ ption of Cd onto soil

and silicon of 1.[ inum oxide ‘strongly pH-dependent, 'as increasing the pH
conditions become rno‘rglllkaline. The solubilivf Cd is higher in alkaline pH, as a result

of the io 0 ' ] er hand, if pH
range@:\u EI::; mﬂnjsHﬂMjbecause of the
formation of insoluble sulfides or ins@luble organominﬂ complex (Ksiezopﬂa. 2005).
WIRINTU RIS U
qclay minerals, oxides and soil organic matter. USEPA (1999) estimated range of K,
values for Cd based on pH as in Table 2.3. Tabulated values pertain to systems

consisting of natural soils, low ionic strength (< 0.1 M), low humic .material

concentrations (<5 mg/l), no organic chelates, and oxidizing conditions.
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Table 2.3 Estimated range of Kd values for Cd as a function of soil pH. (USEPA, 1999)

(ml/g)

K 8-10
Minimum _ 50
Maximum o 130 12,600

2.4 Heavy Met

241F

The facters cor KGhange 1 heavy metals'in the solution and soil
. ion, solid and solution
mass ratio, metal concentratio: ot speci C ) ict time (Alumaa et al., 2001;
Morera et al., 2001; Apple et al., 200 9 £ 200 '1‘ 3ra l, 2004; Arias et al., 2005;
Das and Jana, 2006 and Sastfe-and" _- ong them, soil pH has the greatest

effect of any single factor on the ‘I“"" of, atention (Elzahabi and Yong, 2001).

S At

Soil pH-Lower pH values (acidic_conditions) tendto-inctease the solubility of
metals. The m isplacement of cations
on the soil adsoEnn sites by ons. Adsorption then inc%es at intermediate pH

from near zero to niar complete adsorption ver a relatively small pH range; this pH

:"i@ﬁ”ﬁ?ﬂﬂ%iﬂﬂ"’lﬂi T

0 Wlﬁﬁﬂﬂ s0iuR3 N0,

nctlonal group which results in enhanced heavy metals retention ability. Over the long
term a landfill is hypothesized to have high organic content from waste degradation.

Carbon-containing macromolecules in soil may form chelates with the metals in the
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landfill which retain heavy metals inside the landfill (Ostman et al., 2006). Ageing of soil
may play an important role for heavy metals retention as sTable surface coatings are

formed as a function of time and heavy metals retention onto aged soils acquires a more

Muttiple ions in_{HEssolt S There @5 impact metals selectivity.

Competition from mo yackg trolytes has relatively little effect

on adsorption on

-z* s'measured by selectivity of
distribution coefiit i '\\'\ ity W creased adsorption is

observed for me ineral. (Bradl, 2004)

2.4.2 Hes

50il is the major recipient
of metal contaminants ion transfer ogetrs at solid-salution interface consisting of
inorganic colloids (e.g. @Iz netal oxide rdroxides, metal carbonates and

phosphates, organic 5 (Sharma and Reddy, 2004).

Another influencing para Hﬁfg_ he ligk e solution responsible for the
- - ¥
distribution of megta : ag humic and fulvic acids

(Christensen L.i}_l_" 001and Yong, LY ‘

One sigﬂant role in heavy melal retention, motﬁ and bioavailability is
controlled by oxide@l:& Al and Mn as weliﬁsoil organic matter (Silvera et al., 2003).

(Chris et al., 2001). Concentrati heavy metals foun: landfill soil is different

as shown in Table 2.4. Form Tab‘. Pb and Cr con€entration is much highér than Cr

AR IUANINGTR Y
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Table 2.4 Heavy metals in landfill soil

Authors Locations Pb, mg/kg Cr, mg/kg Cd, mgkg
Anuluxtipun et.al. | Suphanburi, 10.004-0 - 0.0004 - 0.010
(2002) SR
Ostman et al. landiils, | 587 J#89.9— 115 0.1-5.1
(2006)

Xiaoli et al (2007 0.001 > 0.002
Kasassi et gt | 250402 1!’1\ 0.50 - 18.75
o 2N N\

Vijukrattana : : 6
(2009)

243 Heavy M eta Mo _,ij;'ﬂ
The concentration of otubte ‘.1,
l ‘g@

of the metals and t ts i which the metals are

5 on chemical conditions, speciation

embedded. l;.’d ed by the presence

of oxygen, water- “mature landfill can be

|

hin
| _ I
compared to tramsport in soil and should be taken as a very I

i

processes. The time
requirement for a dwm wash-out of agspecific metal may be in the range of
""*ﬂ"’%%l’f’%f%’slﬁ% NN

mos et al. (1994) studied ,.bquential fracﬁoﬂon of Cu, Pb, Cd aﬁn in soils

dlstnbutlon of Pb, Cd and Ba in soils of two contaminated sites. They found that soil Pb

occurred mostly in the organic and carbonate fractions, whereas Lu et al. (2003) pointed
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out that Cu, Zn, Pb and Cr were dominated by the residual fraction and were least

present in the exchangeable fraction in Nanjing urban soil.

In the unsaturated zone, both air 2 1d wels e pores between soil particles.
The slow movement of leachale a ; nuation of certain leachate

chemicals. Leachate poliuian c VOCs and's _are not easily attenuated, and

they move contaminag gh {he soil.\However, pos /. charged Pb, zinc, Cd and
mercury metals, are egasily/atie As |eachate aining these metals flows
through soil, the ed from the leachate

(Fetter, 2001 and

The compos 2 18- the teristies of its binding sites affect its
attenuation capability. Diffe s have differ abilit ;“l.k attenuate and exchange
pecome full, they can hold on
jove through the soil towards the
groundwater (Freeze and Chem and Schwartz, 1998; Fetter, 2001and

LaGrega et al.,; 200
2.5 Heavy Me :'v Al ‘

251 Heﬂ Metals Contamination in MSW Landfill ﬁ

s amemman T

resources There are several repgrts on site chagagterization which identified the

OB D A A

Anuluxtipun et al. (2002) reported the dispersion of Pb and Cd with leachate
found in top of soil (0-15 cm) around a sanitary landfill of Muang District, Suphanburi
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Province. Aliko et.al. (2003) studied the characterization of leachate from municipal solid
waste landfill site in Nigeria and pointed out that the quantity and composition of

leachate gives and insight into appropriate, effective and sustainable treatment

Reddy (2004), they stated that waste

|

approaches. Corresponding to '
o) l‘ e ” 5 1derstanding of the physical and

containment and remediat _'--.. ""'-:_"*
chemical characteristiesof the subsurface and.#h€ ability to engineer pollution control

and remove the contaminanis..in"2008, Oman w&’dh e

leachate from 12 Swedis [of / landfi \ tes fo i rameters and compound.
ore (i : ; % metal o a\\ pounds and 50 inorganic

d B

They found that
elements' (Cr, Cd ate. In the same year,
Kasassi et al. (2008 dyfthg characteristic 0il sam) a closed unlined landfill
of North Greece'in relation {0 heav tal Ve - and sa ‘- es were obtained by drilling
difference depth. " aminated by Pb, Cr, and
Cd. Moreover, many \ efine the extent of leachate
lmpact on surface a b1 me by integrating the various
hydrogeochemical data With © ; : dn e hydrogeology (Sterckeman et.al.,
2000; Abu-Rukal and AI—Ko u‘” 200 ;g

2003; and F s

2003; Mitra et. al., 2003; Yaqout,

T,
R N
252 V 1 ‘ ill

The study'f impact form Kham Bon MSW landfill loﬂ nearby environmental
recep s e _1994. Ta ies focused on
conta ﬁ
Table 2.5 Researcher on Kham Borgile contaminatiof= e/

Summ
Boonsaner et al., | Objective: To study the hydrogeology of Kham Bon site and monitor quality

(1991) of groundwater around the site.

Finding: Kham Bon site is underlain by the unconfined aquifer with loosely

cemented-fine, grained sandstone, laterite and gravel beds. The overall
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Author Summary

groundwater flow is southeastward direction. Groundwater was
contaminated with CI'(5.0-1749.45 mg/l), NO, (0 -27.5), Na (1.0-815 mg/),
K (0.3-16 mgfl); | 100 mg/l), and Mn (0.008-2.3 mg/) the
concentration of I‘ tie! 1 the southern part and rather low in
was contaminated with CI'
. K (1470 mgh), Ca (10.8

ranges from 2.9407

ey jand putpping rates between 12.58 to 68.13

Kayandee (1999) Bon landfill leachate and

ination ingroundwater within 1.5 km

the direction of flow from west to north
recliop.Pollutants in leachate

«'1 # 0.0322-0.4107mg/),

9410 gqﬂm(o.ooem.owzsmgn)

the a on behavior of Cd, Pb and Zn onto soil

Q
5
@

ysicochemical properties of:'.] effect to the behavior of

Finding: Pb, Cr and Cd contamination in soil, groundwater,, surface water

and plants. Pb was found in groundwater and surface water higher than
CdandCr.
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2.6 Groundwater Modeling

2.6.1 Theory
Groundwater models a © F ed mathematical models derived from
Darcy's law and law of conser \1 established solution techniques

based either finite diffe "’ln-.ﬂ, element s, or a combination of both,
are available for solving lhesgoveming equatien of the model. Equations involve

direction of flow, geomei or anisotropy of sediments

or bedrock within the . «. ns hanisms and chemical
reactions. The 2 or dependent upon the
reliability of the esiimateg . "" arameters ‘an racy of the prescribed

boundary condifions. ffhe /r els al il tigati ool that groundwater
hydrologists may

Groundwaterfmod e al ways: steady state or transient;
confined, unconfined, © ) unconfined; one, two, quasi-
three, or three. 3D ground e rogeneous, porous media used to
calculate the rate an ater .through aquifers and

cgnﬁmng un ;,-;.r_--m.wn..-m_-b-.r_m- iSed Byt ~ g - Hifferential equaﬁon

]

(Karlheinz, 199! | ﬂ
-’ﬂ%ﬁk’ﬂ*%‘&lw 4 1P

Where

AR IANTL SRR INAEL.

assumed to be parallel to the major axes of hydraulic conductivity (L/T)
h = the potentiometric head (L),

w = volumetric flux per unit value (L/T)
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= specific storage of porous material (L'1)
T = time (T)

Fate and transport models the concentration of a chemical in

groundwater beginning to the er

" —AC—&QCi;n )
Where
Lj =1,2,3 (prig
e = concentratig
C. = adsorbed ton
A = rate constanttha
n = total porosity (I £
Ps = density of dry Matri r‘i?%ﬁ M7
Q = local sources and L".r }) r f
v =transpartvelocity (L/T '
D = disf T}‘_
X = space coprdinat
t = time (T) ‘

U ANININYINS

muaﬁons can be solved using finite difference method or finite element

or a combination_of sg The finite elem od_consists o” iangular
Qd otiz casasﬂcﬁ nﬁrl:]ys fin leme tao xible
Sin design. It is easy to define the boundaries of irregularly shaped aquifers to ensure that

node points coincide with monitoring wells or various types of geographic features (Kriz,

2004).
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! 3 . Elements
Available fr u\()/fn oiMIKUEIIEE initehele MRt triangulation.svg

2.6.2 Gro

The use of grour commen | the field of environmental

engineer. Models have ate hydrogeologic conditions and

applied to predict the fate and .l- SPO | f C nts for risk evaluation. There are

many grounr ercial and freeware.

Commonly usecke
Yy F

.II
]
W

AULINENTNEINS
ARIAINITUNNINGAY



Table 2.6 Commonly used groundwater flow and transport models

Name Distributor Description
A semi-analytical ground water flow simulation program is
sedf ipture zones in a wellhead protection
EPAWHPA |  UsEPA “farea T \1 'J f

USGS
Software

AT123D

“ 0grau _ of four computational modules.
--.._‘""‘{‘
"““-- e from: -‘

[ DD AWWW. €] a.goviatal INOSITROUCIS/ W Da.num
" T (R

dis on of wastes in the

aquifer system and predicts the 4

sient spread of a

0 W’Tﬁ NN TSN ELLALE

cunﬁn? unconfined or hombmatlon of the BbFlow

simulated.

PRINCE

Waterloo
Hydrologic

An analysis models including advective-dispersive transport
with decay and retardation

Available from: hitp://iwww.w r logic.com/

24
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Name Distributor Description
A finite element simulation for groundwater flow, mass

transfer and heat transfer in porous media. The program

solves for be hyrated/unsaturated conditions as well as

. i'r # f / including fluid density effects and

component reaction systems.

FEFLOW | DHI

nio/aboutienow.num

essing, graphical
MicroFEM
systems can be
263 Vis
Visual MODF idwater flow and contaminant

transport modeling usingl T3DMS and RT3D. The model

feature includes:

- Graphicll ' aéindary conditions,
’ e
- Vid ‘a’: G nsions,

Run l@mund\m er flow, pat! gand « on'taminammnsport simulations,

Automatlpl Eailbrate the model wg WInPEST or manual methods, and

B 040 4 oy P 9 e

MODFLOW 3D- Explorer

QP PTG HN I e

n estimating groundwater flows in multidayers either of unconfined of confined

subsurface conditions depending on their corresponding hydrologic characteristic.
Results from the model will show the hydraulic heads and groundwater flow as well as

the velocity and flow distance at specified time intervals (Kumar, 2001).
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Input data for the MODFLOW is from the soil borings and geotechnical testing
for landfill site. Data input are hydraulic conductivity, groundwater level at various
monitoring wells and the observed water levels of surrounding surface water. The

obtained ground elevation data of

-.
.

flow direction and to assessthe p Dle imp ‘ hate contamination to the nearby

5,
drinking water well. groundwateeTable will be input to the MODFLOW

S r il be used to determine the groundwater

Model to compare wiih the dalaebtained from i for calibration. Results from the

model are the display of.eohtamination plum and "‘n contamination migration
in the future.

MT3DMS: MEabMsisfafiass ta

ncorporated into the Visual

MODFLOW envir e

LA
a\'{gt\:\ on, and reaction of solutes in
groundwater. After a flo del is. devell ﬁ ‘:\ brated, the information needed
i i x "H
by the transport modal ca % . in_disk .\

transport model. Sinee m@st pote [sersofia tran: ;\ vdel are likely to have been

mula
el
&4 are then retrieved by the

familiar with one or maore flg .E""‘i"* '.-,. yrovides an opportunity to simulate
contaminant transport withou .“'“'7=".‘.' new flow model or modify an existing

flow model to fit the tra

2.6.4 Maih eling natior

& -

Models me been applied to investigate a wide'mdety of hydrogediogic
conditions and conﬂrﬁmt transport. MODELOW model was applied and report as
listed ﬂaﬁﬂﬂ %lﬂl ' ﬁsﬁﬂ%ﬂﬁwﬂ established
model fﬂ groundwater and fate and transport to predict the migration pathway and
concentrations of contaminants in gﬁundwater. =

QRIASA SR INYaL



27

Table 2.7 List of research using MODFLOW model in environmental application

Location

Model

IGURUNAD
HA et al.
(2000)

Chaisayun
et al.
(2004)

|al. (2005)

3

Y

S o

al.(2006)

Sul 4,«3 )

Tiwary et{chra fkr —

17 e

valley,
India

Creek,
USA

, MT3D

PP o TR Y 7] — — e S p—— T g
L9 el WL 4§ S iR ® -1 -

.‘/

Summary

e: To study the migration of
pinants in Nakkavagu stream

mping rate and amount
ere factors affecting water
ations. MODFLOW model is

st accurate.

To

in

study  Cr(Vl)

- y
roundwater, surface water, mine

|17 Hfsrgeerunot [ |
055 9

nd seepage water and predic

<ay

h Cr (V1 e migration of Cr(Vl) is
very low in groundwater and thus|

were contaminated

u surface water is mostly affected due to

|Objective: To simulated hyporheic zones|

arﬂd&h‘lsdams&mgasewm

Cayon Creek. The model approach simulated
surface and groundwater mixing in the

rhyporheic zone, and provides numerical
approximations that are more comparable to

field-based observations.
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Author | Location | Model | Ground | Transport Summary
water

Objective: To study contamination in

roundwater and contaminant migration.
:Thenﬂgaﬁonphmis
hal pugh advection rather than

IMondai etllndustdal This modeling study
OISO :._'_;uw =
al. (2008) |belt, Indi if the pollutant sources
d 0 50% of the present
I level, TE oundwater, would not be
»
L Ay s
E ) ,"uq 0 study the contamination in
Tambon l'-'I:, \\\"L A
b Finding: Greundwater in shallow
| e I & F b S ‘E‘ level and surface water were
INairrnlee Kwang, F % -\": 2d with heavy metal. The
(2002)  |Amphong |, : '
attemn of observed contamination in the
o, | #
iy ; low wells, together with the
" o
: § . adwater flow from northeast to

AULINENTNEYINS
ARIAINTUNNINGAY



CHAPTER i
METHOD OF STUDY

This research focuses on investigate heavy metals contamination from MSW landfill site
in soil, surface water and groundwa r study area covered 2 km radius of the
site center. The study is dlvn‘j_gg Irrfa

was investigated by s&water $1 amplmg Then, groundwater
modeling using Visu

contamlnat:on in the study area

groundwater. Stu

RN TUNRAINNAY
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From Figure 3.1, site investigation was started from study and review data on soil,
geology and hydrogeology in the study area. The previous works were reviewed as well

as site visit was performed. Then, the, surveying and planning for design suitable

sampling collection in the site were « : ep's _- es were collected from fields and

analyzed, the results weréiused as input datfr \ 2ot MODFLOW model. Modeling

results were used to explain heavy metal onwﬁon pathway and predict

future contamination.

Details of study me

.-'a ( the site geology together

with chemical an hature «' \ ,‘H h, site investigation was

Background d claded historic ¢ current status, site location

and site envirofinent—the—se—inl ,geological reports,

\
]

archived materials
312 Planmnﬁof Sample Collection

Aad= LTI ETETIaK 2L S

or rainy son samples were taken.Jn October 2009. Dry season samples were taken

TRTANN I UAIINYIAY

Sample collection for soil, surface water and groundwater was planned on the

3

d interview.

;J

basic of site history and reconnaissance information as follow.
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Soil: From the aerial photograph (Figure 3.2), topographic map and site survey,
it was found that the site situates on top of elevated land about 180 to 220 m above
mean sea level. During rainy season, runoff from the landfill flows over the area around
the landfill to nearby creeks in the north a?lnrd’f.l of the landfill. Area around the site

was covered by economicplants which are ca”'s’sdf;d@ar cane, orchard and rice field.

—

In order to investigate'heavy metals corﬂﬁminaﬁonfwsoil’-ﬂue to leachate, soil sampling

was design to collect covegthe area in all direction.

1i '_'_tilonsl-obliiw ir;om the comers'as shown in Figure 3.3.
-

d
g |

Kham Bon Village

Figure 3.2 "Arial photo of Kham Bori Tandfill site

Aviglable fronid hitdy/AbwiWigetglele oin



32

Surface water: § efwate was sclected from the manmade and
natural pond in 2 knaffadigs fandfilf eenter.  Location of surface water sampling

is shown in Figure 3.4. Details ! + sampling point are in Table 3.1.

NFa. K
JLLla
Q WIS ’TmﬂWﬁWﬂﬁﬁﬂ




Table 3.1 Details of surface water sampling points

33

Sample No.

constructed around thg
Department. In this s
private wells in the radi

Figure 3.4. Details of each sam

]

ay

'S

Distance from the
site, m

100

100

5d in Table 3.2

&1 , 7 monitoring wells were
Sroundwater Resources
itoring wells and farmers’

pling locations are shown in

Usage

q KK5 266317 | 1836110 | 187.807 4.7 Monitoring — well
KK6 265911 1835899 | 185.576 7.3 Monitoring — well
KK7 266185 | 1835931 184.452 3.25 Monitoring — well




Sample No. Usage

GW1 = . s - Private well

Private well

S\

3.1.3 Sample Collection an:

After sam planed, sample swere collected and analyzed in the
n' 0 }\Hﬂ

Chemical Laboratory, Depe / ineenng, Khon Kaen University.

= BUNNS
N

Y,

Details of sample@elieclion and ana

d, preg zed followed the procedure

T
. e
o
5

Soil: Samples wefe ¢

below.

1) Samples were ecte epth (20, 50, 100, 150 and 200

cm.) with hand auger (Figure 35X One san ' at one sampling location. At

each depth, about 500 gm. ;.."‘.-‘ﬁ'j” amp '.:;' ected and stored in a plastic bag,
" - "'L'-" /. .-_

then taken to ﬁ-t ab

2) Sa @—— _________

‘Hg’ d through a 2-mm.

stainless steel si to remo °n, the --fjj e stored in the sealed
!

plastic for analysis (F}gure 3.7).
=13

o/

| dard Method
for me%ﬁ g:rﬁaﬂimzj TTT" a o
H: pH was analyzed b diilffing soil with watdBatio 1:1, then measBdi with pH
A bl e ]

EC (Electrical conductivity): EC was analyzed by diluting soil with water ratio

1:1, and measured with a conductivity meter (TOA, Model CM-78)
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OM (Organic matter): OM was determined by the wet oxidation method of

Walkeley and Black (Black, 1965). The procedure of OM analysis is shown in Figure 3.3.

Figure 3.5 Prog@pﬁg.I

..u.r-’ pt=7 1

Heavy metals: J4r A " € ied by digesting with acid following

e =
method 3050 B (USEPA, 199&1:‘%@?@1 yze i for h savy metals in aqueous phase using
stion are Nitric acid,

tion (30 %, Merck,

ol IRV 1LV I L 110

Solution used are Pb, Cr and Cd cogicentration 1000 w Merck, Germany

’QW’]MﬂiEMﬂJ‘W’TMEﬂaEI
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o

Figure 3.8 Soil sample was air dried

b
8

g Untl-eweey

Figure 3.9 Soil sample in sealed

36
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Wi W \
e ¥
)
Surface Watep: der §am' sﬂe collected by water bucket. Samples

ou?;'h Whatman No. 42 filter

or to analysis. Surface water

sample analysis for pH,/EC ﬁ’[ggihéauy m@e 3
fr Iz -
described previously. AT I
T A VI
75

e as soil sample analysis as
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Groundwater: Groundwater samples were collected from monitoring wells by
Stainless Bailer (Figure3.11). For private well, water was pumped for 15 minute before

collecting to ensure that sample collected is from the aquifer. Groundwater samples

were prepared and analyzed the same V /mlter samples.
analyzed to determine heawy-me e bac --uw soil, surface water and

ake and Sethan Lake
s were collected by hand
ground surface. Then,

samples were an samgas the samplesifrom Kham ndfill Site.

Surface Water: The ace water” e collected from Kaennakom
am Bon landfill site. Then, samples

were analyzed the same as {1 ampies fre n Landfill Site.
e ot

aB: i"' ‘ yundwater wells has
been routinely nenito

rrmh . *'ﬁ-‘l‘n nt. In this research
i
monitoring data 3 wells in Khon Kaen was used. Two wells located in Muang

L0 [T A
| w’lﬁ“ﬁﬁﬁmu RIAINYUIALL..

1gnlﬁcant association between variables. The correlation between distribution of heavy
metals (distance, depth, direction, seasonal) and three heavy metals (Pb, Cr, and Cd)

were calculated. In additional, all samples in this research were analyzed 3 duplicates.
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3.2 Groundwater Modeling

Site investigation provides the information of contamination in the area. However,

in order to elucidate contamination migration and future contamination in the area,

Backgroung 8 ing s0il and hydrology datz 2 collected from survey

and reports

3.2.2 Mode|
Groundwale t from geological reports,

archived materialsy'e ation. Then, these information

.\1\}‘ rom the conceptual model,

MODFLOW was selected to use ) ; a it is a well-documented and

were used to make ti

\ "% A J
After site_jn = _conceptual model was

L I

|
transported thro ﬁndwater with leabhdte and contamination in subsurface

o, bl o ol b b e a5

groun r flow and transport mo‘els was selected based upon the hyc@eologmal

Q"W%ﬁﬁ’ﬁﬁ’fﬁﬁ%ﬂ Neae

Computer program Visual MODFLOW 3.1 developed by Waterloo Hydrogeologic

developed, the e the contaminant is

puter model software was selected.

Software (WHS) is a computer program that is wildly used in groundwater and

contamination modeling. It has features to support the 3-dimetional calculation, display
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result in graphic, suitable for subsurface contamination and easy to use. Thus, it was
selected to use in this study. Visual MODFLOW 3.1 was used to determine the

contaminant distribution pathway. ang assess the possible impact of leachate
contamination to the nearby dinkin ! ithin the 2 km. radius around the site.
The groundwater flow modelwas calibrate ﬁcondﬂion.

o ——

Input pa ipelides 2ll parameters that are used to develop a calibrated

model. The inpu gtersjused are model grid size a spacing, layer elevations,
boundary conditionsi™ hygra on ty/transmissivity, recharge, any additional
model input, steady statefir :--; ' dispersion coefficients. Parameters input were
er input, and collection
method is shown in T
Table 3.3 Method of collectin :‘:F'u*- € - §i

L g Y

i

—— ¥etoundwater
AE J

1. Hydraulic .'* . | Resource

I

_| Department
¢ F_" o/ Karlheinz, S and
Y MY TN RS
3—.“iﬁ ” b tast and pomaiifE: Kaﬂheinzefnd

q 4. Porosity Soil analysis
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Model Input Parameters Potential Source of Data From

Precipitation, soil properties, The Thai

stream flow, pumpage records, | Methrologic
5.Recharge/discharge ) ’

maps, land | Department Land

Develop Dept.
Field survey

6. Initial water levels

gradients

Field survey

7. Backgroune

concentration
\ | Udompom

8. Adsorption.

Chuangcham, 2007
coefficient

Karlheinz, S and
9. Dispersivity

Moreno, J,1996

Karlheinz, S and
10. Soil bulk density

Moreno, J,1996

~Ac R, Lkarheinz, S and
11. Density[DEgIEEERm=——pr: 7
—— “|.Moreno, J,1996

Field Survey

12. Contaminant rces
iy

U

2 5 Model Calibrati

q wmmmumg 112043,

attempt to match field conditions within some acceptable criteria. In this study,
hydrology model calibration was done by computed hydraulic head and measured head

values were compared and model parameter adjusted to improve the degree of fit
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between the simulated and observed water levels and contaminant model was
calibrated by computed concentration and measured concentration values were

0 improve the degree of fit between the

compared and model parameters adj

simulated and observed conce gdel were calibrate until the different

between filed data and me ; . Analysis of the difference

between measured ion. of p@ -m-..__w in order to minimize the
difference.

3.2.6 Model!

After calibraiior iél was sed to predicticontaminant transport condition

inants in groundwater

was elucidated he . addition | ‘I? ition of heavy metals in soil

Ii:i

ﬂ‘lJEl’JVIEWI‘ﬁWEI’]ﬂ’i
Qﬁﬁﬁﬁﬂimﬂﬁﬂﬂmﬁﬂ



CHAPTER IV

RESULT & DISCUSSION

Results of this study can be divided into two parts, 1) the investigation of Pb, Cr,

ater and soil samples

collection and analys hg netats d nd y Season in year 2008.

ulation of the pollution

4.1 Description of study
4.1.1 Site Characteristie -+~

The sii ; :-"' ‘« sub district, Khon
1 " ja &

gila p on i": en city along national
]
highway A2 (Friendship Highway) as shown in Figure 4.1. The site covers area of 156

whz73100 1)k 11011 el
QRTINS U Dy

Kaen province,
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south of the site. The community does their living by sorting garbage in landfill to collect

and sell recyclable items to recycle shops nearby (Figure 4.2).

1838000

1837000 —

1836000 —

1835000 —

1834000 —————+ : 3 2 .
264000 2588000 y' 254000 _;qépuoa €680000. 270000 271000 272000
. “4 ,‘: i i 7-'..‘..".:’4-,",: 1
igufe 4.1 Lacation of;lzﬁ__m Bon landfill site

Figure 4.2 Villagers from Kham Bon Noi sorting garbage
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4.1.2 Surface and Groundwater Direction

The site is situated on top of elevated land, surrounding with crops cultivation,

geomorphological featuse : 1 region. and'siepe gradually down eastwards to

aphy map examination
reveals that surfacedategdraing in athways. First, s unoff drains northwards

from the site into SamyChan resewoi ards to Huai Mak Ngo before

W\
discharge to Pong \\ \' ds into Huai Kham Bon and

then flow to Nong B \ sroundwater aquifer depth in

the area is less than 1.0 season and moves to the southeast

direction toward the River as #ﬁ‘y gu ,E

4.1.3 Site' Geolog! &
\ 7 A J
Figure 4.

El on & geology cross section
along east-waste direction. The site is on Khorat plateau. The “geological features are

U IR TS

sediments of Quaternary age are algb found on top of Phu Phan formation ingsome area.

ARIANNFIUAAINETR Y
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Figure 4.4 Groundwater flow directions



P uzrwwwmm

1|- THOLOGY SYMBOLS

MWW“ o -/\Jcr‘g.ﬁ:ﬁcmr—/g mvmu

Yl
—|— i Ag RESERVIR

Figure 4.6 Cross section along east -west direction (Buaphan C. et al .- 1999)

46
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4.1.4 Site Management and Problem

Kham Bon Landfill site received MSW from Khon Kaen municipality along with 15

nearby communities which is approximate 0 tons/day of waste. Waste disposed at
this site consists of food, plastic, pape : d, wood, glass, metals and related
n of waste and the results are

shown in Figure 4.7 (Priyapiasit™1996). In addition MSW, hazardous waste such as

7 ) %x\"
\\\.\ ~ Kirathithorn, 2004)

’\\ aste dlsposal‘ Thert;fore.

o soil, surface water and

batteries, used fluorese ecticide containers and

paint containers are_a ion and percentage of

hazardous waste dispa§ed i /

The landfill

hazardous chemicals site have -_f-:
# i 2 1

I"s1 ]

groundwater around the site. Chua apgehar 08) reported that mixed wastes had been
-

bumnt repeatedly in the gpen gir with T'q_gr - jht cause heavy metals to be

released to environment. The

—_—
.-
il s s

been clearly identified (PCD,1998,;

Kayandee 1 ' :

'& ao et. al. 2008) ,

especially he: w.“‘"""““ ) and lead (Pb), in

a2

monitoring wells ﬂmun’ o

water supply. Thus, l‘|t is posting negatively |mpact to groundwater and providing a

““"’"“’ﬂTIET“TVI amw g1

5 Climate

0 W'*Meﬂ"’%ﬁ'lﬂ LA TR FEr

pproxlmatelyr 1,750 mm, with about 80% falling between June and September. The

and_ﬁlls used for community

average relative humidity is 76% and the potential evaporation rate is about 1,575 mm.

per year, with the highest evaporation occurring between February and June.
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The average annual temperature is 26.5 °C, with an average maximum of 33 °C

in April and an average minimum of 20 °C in January.

AU

Figure 4.7 P fep sed in the 'ih. Priyaprasit, 1996)

5 in Kham Bon landfill site

\

rcentage of Hazardous Waste
Deposited

Table 4.1 Composition of

(Kirathithomn,
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4.2 Kham Bon Landfill Site Investigation

Sample collection was designed on the basic of site history and reconnaissance

Analytical res: vy ‘metal . anc s, organi ontent and pH of soil
samples from Khz espectively. Details of
heavy metals analy om the analysis, heavy
metals were found in ry es the contamination of Pb,
Cr and Cd with runoff a e aqu ' st 2 m in depth and 2 km radius
surrounds the site. Amount é{_._q: 0-5.0 9), Cr (2.00-5.00mg/kg), and Cd (0-

0.25mg/kg) were found ‘;‘«_‘:a"ﬂ'.:-_-‘_.: kground samples were non-

detectable. Ggnicentration of all metals in soil samples was [oWer than standard for
y " 'y . I.:."
agriculture recomme ation of heavy metals was

found within a rae ! s of 500 m of the landfill site, decreasing withr distance from the site.

- e s, . ,
’ﬂq Yrﬂn ﬂﬂmi B
’ 0.188 %). VEr, Ii m K on 'soil is lower than

general soil in northeast part of Thailand. BecausegStandard of organicfmétter from

R LR A A A AL ot

sually have the organic matter about 1.5%. However, amount organic matter in

northwest direction is lower than in northeast, southeast and southwest direction.



Table 4.2 Analytical results of Pb, Cr and Cd in soil samples
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Concentration (mg / kg)
Direction Cr Cd
Northeast 4.1 | 0.483+00 | 290 o4 2162409 | 0099401 |0.10+016
Southeast | 2974 - 07 6+1.1| 0.199+0.1 |024+0.18
Southwest 3388 + 1.4 0.021 +0.02 | 0.04 + 0.05
bt cof [ ssemlaigss| orow | ozom

S k_LsalRA/I 1[‘?\\“"*""4!! D

Standerc Iﬁf ) E’x _\ 7
Note: *Water quality Cz . "”' 1"’ : 25 pu .,_v ed in the Royal

s

Govemnment Gazelte, Vol

Table 4.3 Organic m4

0.217+0.211

0.23610.149

0.219+0.131

0.133+0.118

Groundwater 5.60-6.91

. d = "
ARIRI IR HATTIE TR
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Table 4.5 Organic matter in Thailand
Part of Thailand Organic Matter, %
Northeast >15

Note: Distribution of organie in-Thailanad MﬂnﬂtDepamnent

—

Lead(Pb).@

Pb was fo to. Cr and Cd while Pb in

background samples d in all soil depth and increase
in rainy season. Resul{ffo endent sa s t-test found that Pb concentration was
found increasing stance (95%). In northeast
direction and southes = more than other direction.

Pb concentration was fof ferfiyrainy-S season and distributed both

From preyic ' _‘.i ng/l (Chuagngcham,

2008) and in land Tabié 4.2, Pb is 0.50-5.00

mg/kg. It can b&en tha

environment. This n?y due to the binding to‘.?anlc content in landfill (Ostman et al.,

BAAR: 1SIOR 1518 AR €

as stabﬂ surface coatings could be formed as a function of time and became

Ok ) a3 Tﬁ il..

Pb (McLean and Bledsoe 1992). Organic matters in Kham Bon soil is 0.115 - 0.236 %

andfill a rather than migrate to

which might affect to Pb adsorption by immobilizing Pb via specific adsorption reaction

(Yong, 2001and Sharma and Reddy, 2004).
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Chromium (Cr) Contamination in Soil

Amount of Cr in soil sample is 2.00-5.00 mg/kg which is higher than general

Vijukrattana 2009).

Haini Eorn the landfill site. Cr

concentration was on. Cr is accumulated in

soil than groundw

The in confimed that Cr

concentration dec edjwith'd th |.b

interval. Southeast digection h ﬁ nﬁ

migration with surface water _,“:,; south since C %'l; ly mobile in soil especially,

site with 95% confidential

. \: This might due to the

in acidic soil (McLeanand Bledsog! 1992). - &pH of 56l in the landfill site as shown in

Table 4.4 is slightly ‘acific (860-<6.50) w ovides condition for Cr mobility.

Results reveal that, Cr was faungdin southe 36 — 5.032 mg/kg) and southwest
PPV

(2.542 - 4.015 my/ it.be because of organic

matter in Khard, 50 thwést (0.183 - 0.219%)

of the site is higy than othe

directions.

ﬂummmwmm

ults from the analysis reieal that Cd in Kham Bon soil is qwte low (0.021-

TN NSy

Bon site except some ditches and rivulets.

at, more Cr rr_@zt accumulate in those

Genrally, Cd is usually not found in soil (Bradl, 2004). The adsorption of Cd onto

soil and silicon of aluminum oxides is depended on pH of soil. Because the solubility of
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Cd is higher in alkaline pH (mention in Chapter Il). However, the pH of soil in the landfill

site as shown in Table 4.4 is slightly acidic (5.50 — 6.50). Therefore, the solubility of Cd

In addition. ganic_matier in soil is oneimportants tor to control the mobility

of Cd in soil becau 999). In Kham Bon soil

organic matter is @ he site has the values of

organic matter more d (0.199 - 0.238 mg/kg)

ghe 1""

was found in southeast paj Bon site. *All of Cd in soil was suspected that from
the landfill.

Heavy Metals Distfibutionir Differer
Ll i 2ot

Concentration ¢ etals 4n - soil subsurface contamination in all

directions. Figure 4.8 shows. ﬁgu 5, .4 oil at different depth and different

direction. The eoncentration of heavy metals is greatest in the -_,ﬁp ast direction which
_— X
is the groundy ‘l" ‘

The conugtrahon of Pb and Cr were higher in the mﬂo cm, decreasing with

oW RN 1630 (oA A

in the system and organic matter miay immobilize of & and Cr via spectl"jdsorphon
VRIRIRTR S F I MR
and Cr can also be facilitated by its complexion with dissolved organic of fulvic acids
(Spark, 2005). The concentration of Cd was lower retained in the site since precipitation

- of Cd occurs in low organic matter and high pH. Considering contamination at different



depth up to 200 cm, heavy metals were found in all depth. Groundwater level in the

some areas is less than 1 m. during rainy season. Thus, the contamination is suspected

ter

to occur from both surface runoff and - u

0 —— 100m.
—— S00m

50
et 1000
5 100 —— 1 m
g, 150 ———— 200 m.

g

A

1 2 30
v
"l -

Depth (em)
g
i

)
-fl- LY L] oy 3 4
» ' N
*

1 ) in Soutl stdt (Ra seso) A4 Pb in Southeas -=l1 Dry season)

q BT AT

N
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Depth (cm.)

A.3 Pbin Saj

Depth (em.)

AS5P

_;mim

st albcutindilin, ==8sonlh A \ t* oUtheast direction (Dry season)
77/ *ﬁ RN o

?

A.7 Pb in Northwest direction (Rainy season)

A.8 Pb in Northwest direction (Dry season)

Figure 4.8 Heavy metals distribution at difference depth (cont.)
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concentration (mg/kg) concentration 8mg/kg)
o 5 10 0 2 4 6
i 1008
0
il SO0,
ﬁ e~ 1000m
100 —p— 1500
1m e e, 00N,
200
250 ¥

ZZLANNS

B.5 Crin Southwest direction (Rainy season) B.6 Crin Southwest direction (Dry season)

Figure 4.8 Heavy metals distribution at difference depth (contj



57

concentration ( mg/kg) concentration(mg/ig)
0 5 10 0 5 10 15

Depth (cm.)

I - m.,;":‘

B.7 Crin Nortt

seasoh) x\‘\%- irection (Dry season)
N

ONNCY
X

Depth(cm)
i
j

C.3 Cd in Southeast direction (Rainy season) C.4 Cd in Southeast direction (Dry season)

Figure 4.8 Heavy metals distribution at difference depth (cont.).
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concentration{mg/kg)

0 0.1 0.2 0 01 02 03

Depth{cm.)

C.5 Cd in Sout

‘a\hh
[ st direction (Dry season)

Depth{cm.)

I_::_";.j .ction (Dry season)

Fig lr distribution at difference :,i pth (cont.).

@Hﬂlﬂﬁmiﬂﬂﬂﬂi
Qmmmmmmmmaﬂ -

contammatlon from landfill leachate. However, the concentration of all samples is still

lower than PCD's standard except Pb in monitoring well in southeast direction.
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In this site, groundwater flows from northeastem and southeastern of the landfill

site to the eastern boundary of the study area. Therefore, the major pathway for landfill-

Concentratiof of PL.in"Both rainyl and dry § -_,,, er than PCD’s standard
except Pb in mo 1dependent samples t-
test shows that P& 1% confidential interval.
The depth of aquifg s, contamination of Pb
might due to the migrati ' pachz ' groundwater. Note that,
solubility of Pb is higher at |o; DH \ here Ph-hydroxide « s in Pb” form in pH 4.0 —
7.5 (Bradl, 2004). In this site, fwate ' from 5.60 — 6.91 (Table 4.4) which

Pb can be easily disso

/ low, rangedfrom. 0.00 to 0.02mg/l. Cr
d

-
in rainy season distibuted in form of C ;L,i with groundwater and

concentration ¥ is might due to Cr

from landfill leac

runoff. Chaungcham gt ﬁzooa) reported tha@e Cr distribution coefficient ( K, ) of soil

G448 VIR YA TG e

dlstnbu coefﬁctent shows that mosl of Cr accumuiated in soil more than water

Q‘m&Nﬂ‘iﬂJ URIINYIA Y



Table 4.6 Heavy metals concentration in groundwater
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Concentration (mg /1)
Direction Pb Cr Cd
number
Rainy Dry Rainy Dry
KKS  |East 0.046:41 0.01 +1.36-04 | 0.007+1.9E-04 | 0.004+1.2E-04
KK2  [North 0. +1 ND 0.00+8.4E-06 | 0.003+8.9E-05
KK3 |uom ND 0.0148.4E-06 |0.002+8.95-05
KK 4 |naumst 0.007: N/D 0.007+2.0E-04 | 0.003+8.3E-05
KK6 [south 042+ 0.002+4.96-05 | 0.002+4.26-05
GW2 South 0.002+4.9E-05 | 0.002+4.2E-05
KK7  [Southeast J 1+1.8E-0: D 0.005+1.3E-04 ND
GwW2 i+ L0 4 A 0.003+1.36-04 N/D
KK 1 Southwest .04 003 +2.8E-05 | 0.009+2.3E-04 ND
|Background blank* D N/D
Thailand's drinking wa 05 4 0.01
N/D = Non De ble -
*Data from Groundwater Resource De
“* Water quality recommen: for ci ‘_‘ al as published in the Royal Government
o el
Gazette. Vol.95 part 68, dated Jul
AN
Table 4.7 Distni am et al., 2008)
Heavy Metg @ Silty Loam Sand
Pb ‘ 83.4 8.8 30.8
L= 7

9.7

P

HFREEY 3119
RININIUNRIINYIAE

17.2
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Cadmium (Cd) Contamination in Groundwater

The concentration of Cd in rainy and dry season is lower than PCD's standard.

comparing to Pb (0.02 — 0.6:mg/) ai ma/l). For Cd, factors controlling
. In low pH (4.5-5.5) Cd can

dissolve and releas ' r. Far this site, pHin.soil is 5 .0-6.5. Thus mobility of

the site. Concluded @nal ble 4.8 il results are in Table A3,

Appendix A. From the § 005 -0.03, 0.00 — 0.04 and

0.00 - 0.01 mg/l, respectiyely. Hg .; metals acentr 'n 1 all samples is lower than

7l

drinking water standard recofiimensd avy metals in background samples

were absented indicate tha t heat it hes H;r ation occurred from the landfill.

From site suryey; lechate runoff flo ved to the re: servoirs | n sc sthwest direction during

[ ')

rainy season ‘fkiGuire ation™in surface water is

suspected from surface runoff from the

BoAN; ”%‘ WU,
TS zﬁ:mm:ia Y

eachate flowed to the reservoirs in north direction (Figure 4.3) during rainy season.
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Chromium (Cr) Contamination in Surface Water

Cr was not found in dry season but was found in rainy season in northem and

northeastern direction. This might d " t age punoff during the rainy season.
Cadmium (Cd)

Cd was not found in_diy-season excepl.in northeastem. Cd was found in all
direction in rainy seasgasWhe ,Jf‘- gongc: eastern is the highest.

However, Cr con€entrations if amj

recommended by BCD.

drinking water standard

0.001 +
2.8E-05

N/D

Q“ﬁ 1A ARIANEIAY

ette Vol.95 part 68, dated July 4, B.E.Industrail (1978)
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4.3 Groundwater Modeling
Simulation is based on Visual MODFLOW using MODFLOW for groundwater

model and MT3DMS contaminant transpon model. Details about parameter input, model

calibration and contamination prediction is éw

4.3.1 Groundwater Flow Model Input Dalﬂ"_""::—-
Input data in MODFLOW.is list in'."{'able 3.2, Details of obtaining input parameter
—

are as follow. m/
1) Topog icD 4

In this stu se Militz

p scale 1 :50, 000 overiay on Autocad program and

the n change file frogi™.dxfilg tg tbxi— fie:-Aﬂer mat the data was imported to Visual

MODFLOW. Aft he i_nllterfgace _Ef tgpographic used displayed as shown in
] » \ o

Figure 4.9 = J,.:'

.;;'.54- ;-:

ik

Figure 4.9 The study area map in Visual MODLFOW



2) Geologic Data
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Geologic data is information about soil. In this study, information was obtained

from many sources as previously shown in Table 3.3. Here, data from previous work

(Choungchum, 2008) and surveyed from Grglp_dwater Resource Department is used.

Kham Bon landfill site mainly composed with 8 b(ﬁ{ _ype; sand, clayed sand, sandstone.

Therefore in the model divided in 3 Iayeb and GetAll foliew'in Table 4.9. After input data

into MODFLOW, the inle.rf_ggg.appeared as showmsinukigure 4.10.

Layer Ghai:_lcter!sﬂc of Soil Thickness

- "

f = (m)

1 Sandl g-amed g Eaded well roundness, l0ose, non- 10
j - /i
:r- -

2 Clayed 15

Sand
3. ﬁ fine to ﬁne grained; wnﬁoned well roundness, 25
Sandstone
calcarebus ﬁnented, mmwy hard, composed of micas
= -_'_'_ .'- Il.. :IJIIF':":_H—L-.
) L

“llihun

Figure 4.10 Soil Layer in Visual MODFLOW

mm—ﬁin

Layer 3
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Table 4.10 is list of input parameter used in the model. Hydraulic Conductivity of
soil Specific storage (S,), Specific yield (S,,), Total porosity (n) and Effective porosity (n,)

arlheinz (1996). Input parameter, hydraulic

obtained from the value recommeng ed by

conductivity of waste is from PCD (1999) iri the on landfill site.
N7

Table 4.10 InputPa ameters of the study @rea for GrouRd Water Flow Model

s
/ xn x Layer 3

e /ﬁ,\\\\\

L J i ﬂ-
12K, l l ‘\
13K, ’ ﬂm Ti\‘\ 0.001 0.1
2. Hydraulic Condfictivi 3 J_": - \

waste layer K,=K,=K; J mld ol 0.864

3. Specific storage (5,) | — :‘ 0.001 0.001
4. Specific yigld ( St Aty . T
5. Total poveselh—+ 033+ 000 my
‘ 0.15

6. Eﬂ‘ective

7. Recharge {I

7.1 General Area‘i = mm /yr aJ 0,35.73

£ iﬁ il 71 71
9. Extinct on Depth
10. Contaminated Area m 2.36 x 3.11

11. Simulation time Years 20
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3) Hydrologic Data
In this research the values precipitation data from Thai Metrologic Department

for 30 years from 1978 — 2008. The model simulated under rainy season and dry season

condition not cover in worst case ﬁ(b 42:?) Base on topography and land use,

recharge in this model divided in 2 Zones ( ) which are general area (15% of

precipitation values) anaandfill area (8590 % ion values).

4) Discretization £

P

The study .M 3

rows, 155 columns th:

===
% 811 km’ and the study area is divided into 118

to eharacteristic of soil. The location and width of

the constant hea darywere ,i_signdedj'based on an aerial photograph of the site,

ron direct surveys that imported into Visual MODFLOW as

‘Al laEaT'E3 L4 Q100 ™/ QR D™ ™
= il o RN 3 " | i i .
% 5 = LY 1 I d | - 1 LY



the model and‘h‘ﬁ:ls research use the dispersivity value fmm

4,3.2 Contaminant Transg,ort Model

67

General Head Boundary

I
|

Constant Head Boundary

iy |
“d. ¢ dAs ¥ \
Jured. 12 Gid and dary of study area
.u.JJ"- ."'J'tf.n
o Ty L
i ik
:fv-: =

1) Dlspgrgwty This parameter control the dismt:uhnn_nﬂévgay of contaminant in

——a

type of soil has diﬁg&"ent value as listed in Table 4.11.

einz, 1996. Different

AP
Table 4.41 Dispersmty of layer used in model
: Longitid!nal " " Horizontal Vertical Transverse
Laye-r ‘No. Dispersivity Dispersivity Ratio Dispersivity: Ratio
T 1AN A TR VIR e
2 1 0.1 0.1
3 1 0.1 0.1
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2) Distribution Coefficient: This parameter is affect to the mobility of contaminant
in soil and this parameter depended on type of soil. In this research, distribution

coefficient values reported by Chuangcha

3) Initial ' ﬁ e 4.12 were assigned in the
model cell and othe . eS sle] tive fi jundaries and adjusted until
' ation from field data. The

2008) is used as shown in Table 4.7.

concentration of conta

transport model

Table 4.12 Metals Cotr

Location of .. g (meh)

el E’ﬁ .I‘\\ co
KK1 m 0.01
KK2 Name.
KK3 :_;-J.; : N/D

R h .
. : J N/D

N/D

0.01

0.01

dlcentraﬁon

QW?ﬁdﬂcﬂrﬁnfU 1ANINYIA

1) Flow model: Computed hydraulic head and measured head values were

compare and model parameters adjusted to improve the degree of fit between the

simulated and observed water level.
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Average differences between simulated and measured head is commonly
expressed by standard error, root mean square, the root mean squared (RMS) and

correlation coefficient. Errors are considered to be acceptable if the ratio of theses value

error to the total head loss in the

In this study, 7 RO libration under steady-state
condition as shown in Tz . e 4713=Figure 413 s&e fitting of calibration. The
maximum residual i i i8.0.908 m. The normalized
residual mean s: \\ alized residual mean is
0.675 m. The obs ersus a correlation coefficient of
0.995 m. In general he modgl-sir s\ gher than the observed
heads. Results of gro atal r @s show in Figure 4.14. Form the

Figure, black areafis sufface water ody ‘Where, no water flows in and out. Arrow

indicates direction of fic ) esulis revea at groundwater flow direction from

. Observation
Name. w il Head (m.)
adt 2 189.027
KK2 ;'_-; 181.05
KK3 266 2.24 182.86

|
Mz

R AT R TR I RS
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Caiculated vs. Observed Head : Steady state

Mo Resmdust 1 658 (m) sl K2 il Handinrd Errer of he Estmate 0 327 (m)
Min Residust O 047 (m) 8K y i E Roct Mean Squered 1 047 (m)
Resudus Mean 0675 (@) Normalzed RMS 13 119( %)
Abt Resuiusl Mean 0 908 (m Correlation Coefficeent 0995
L 2B la)

4 12 ,
Figure 4.13 Relg nshinmsem ulated and observed head under

O 5

—_—— - -

Figure 4.14 Groundwater Flow Direction under Steady-state flow model condition
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4.3.4 Model Result and Prediction

After calibrated with field data, the plume of contamination migration from the

geology where watei diaiiis-inoihward mﬁ Chan reservoir and flow

eastwards to Huai & 0o0. géntration in Layer 1 (0-1 om surface) is higher in

Layer 2(10-25 m fig

Contaminatiogn'plurgs ofiCr and Cd are d ayed in Figure 4.16 A, B and 4.17 A,
B, respectively. The digéCtig ¢ sarne as Pb. Cd migration
covers smallest dughtc

From the mogpitorit ne tion was occurred mainly
from surface runoff. If e minoff colls tem \* ated, the contamination

might not go further, Fhus,t 2médiation -; t not be required. The 20 year
simulation was run undeg the & «:i?*;_pu: £ ate collection system is constructed

and well operated.
. . LAZS
Figure 4.15 C and D is"a-prédiction ination in the future, 20 years.

From ﬂ'le res I"-‘-'-llLd;l’;Lﬁl}r_;L‘mM&‘Aiﬂ;lml;.:;sH‘;L eeper aquifer. The

horizontal dis »v © & further down. The

migration is not exceeded 500 meter 2 0'years and consider a slow process which

the same as pnewq;sl reported Tiwary et al. (2005) Similarly to Pb, Cd and Cr

.y ﬂ"ﬂ"ﬂmﬁwmﬂ“l’ [ e

collection system is applied, contanfination still mlgrﬁto aquifer. Thus, w;ugatlon

PRAENIWUNINEIA Y



C. Plume of PUﬁMr 1 (20 years)  E.D. Plume of Pb in layer 2 (20 years)

ﬂ‘lJEl’WIWl‘ﬁWEI']ﬂ‘i

Figure 4.15 Plume of Pb from MODFLOW simulation
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of Cm layer 2 (20 years)

uﬂ 16 Plume of Cr frofaMODFLOW simulation
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D. Plume of Cdli layer 2 (20 years)
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CHAPTER V

CONCLUSION
5.1 Conclusion
5.1.1 Site Investigatic
Site investigation reveale Pb, Ca* in surface water, groundwater

w

and soil were contaminated the.area of 2 km Mﬂm site and migrated at

least 2 m depth in sub ound higher in the 500 m

radius. Although hea r/ / I ﬁ\\“ﬁ\\x

pattemns of distributic ate ortheast and southeast

the area, but there were

directions. The order of g ich affect from chemical

characteristic of metals, s¢

Comparing in dsorbed by Kham Bon soil

. rather than filtrate into g Jlated in soil while Pb and Cd
are potentially released to grouf@waier ane = water. The contamination of heavy
metals in surfage eded ~Thai drinking water
standard reco ;—.Eﬁ tals in soil did not

exceed standa '!-a or Agr ¥by PED.
I !
Since heavy'm gs were found in Efoii and surface water more than in

-1 ‘ﬁ"&i‘*’ﬁ‘ﬁ LAY 1 R

suspectqto migrate with runoff.

Q‘W’W&Nﬂ‘im UANINYA Y

W
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5.1.2 Mathematical modeling

In this study Visual MODFLOW model was used to predict the distribution

pathway of heavy metals contaminati Kham Bon site in 20- years. The model
simulated under rainy sea lion not cover in worst case (100
periods) and the root meat ] 1 odel calibration in the system is
1.047 m. The mode it w dnd Cd migration pathway

which showed that sf'espedial ate to northeastem and
southeastern par e \ar /e ’{\L \\\ ogy and water drains
northwards from sitg arreservoir and flow ea s to Huai Mak Ngo. The
degree of migration C> @ 10 the, fex yes avy metals tends to move
from the top soille perfa The Horizontal ‘distance does not expand while
vertical distance gog$ B - The migre not exceed 500 m after 20
years and the migratiog'is €0 TEREN ICE ven the leachate collection
system is applied, us, mitigation measure is

needed.

<
"‘""‘a Cr and Cd were

arby. Evﬁthough. heavy metals

concentration in sarrFes was lower than the recommended standard by PCD, it still

?;ifiml’ﬂ TSIy

R ular monitoring program for enwromﬂtal receptors mrﬂmg soil

AN IR MTTNHANS -

2. A source separation of hazardous waste and rehabilitation at the landfill site

From ‘f_

found contamina from the

should be done to prevent the transfers of pollutants.
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3. Groundwater within 500 m radius from the site was contaminated with high level
of heavy metals which is a risk for health impact. Villagers who use ground

water from well in the area should be

11

éter, and groundwater was

iherefore, the surface runoff to the

informed about the risk. The consumption
of groundwater in 500 m ra hg avoided. -
4. The concentra__.

higher in rainy sea

area nearby sha n, the material to cover the
waste from raig » collection system should be
renovated®o be g effeciivel add ioninaturalibuffer such as Vetiver
grass shoulg ‘mietals from migrating with

runoff.
5. From the mod om the top soil to deeper
aquifer even the applied. Thus, ground water
contamination in deepéi losely monitored. If the contaminant

go further, remediatias "E"‘ ned to prevent further migration.

&

_:I
ﬂ‘lJEl'IIVIEWI‘ﬁWEI']ﬂ‘i
Qﬁﬂﬁﬁﬂ‘imﬂﬁﬂﬂmﬁﬂ
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Table A1: Heavy melals in soil samples
Heavy Metals Concentration in Rainy | Heavy Metals Concentration in Dry
Blioien: | T | (el Duplicates Season (mg/kg) Season (mg/kg)
(m.) (cm.)
Pb cr cd Pb cr cd
Northeast 100 20 1 (1] 38 0 0 19 1]
50 0.1 19 0.1 0.05 095 0.05
100 i1 25 0 0.65 1.25 0
150 03 17 11 0.15
200 03 14 15 0.15
Northeast 100 20 00 0.0 0.0 19 0.0
0 0.1 10 0.0
0.7 1.3 0.1
- 1.7 11 0.0
200 ==g2 14 15 02
Northeast 100 ; 00 20 0.0
\ _ 0.1 1.0 0.0
L R 2, 0. 07 13 01
1 ! | 1.8 12 0.0
| 0. 15 16 02
Northeast 500 20 1. J | 0 0.8
T 0 28
! e 0 0 2
1 = ! A4 0 2 043
) 59 0 18 0.44
Northeast 500 20 2 SES 37 0.1 0.0 08 0.1
50 F, (4,00 0.0 0.0 29 00
100 pt— 8 02 0.0 21 0.0
150 sy L 0.0 0.0 21 0.0
. : 0 1.8 0.4
Northeast 08 0.1
3.0 0.0
: 2.1 0.0
00 (J| oo 21 0.0
0.0 0.0 19 05
0 0 19 0
9 16 0
0 14 0
o /N & 23 0
0 1] 22 0
0 0.0 Ty 0
1 7 F | 31 0
1 mT 0
150 5.8 1.7 o 0.0 24 1]
200 35 1.6 0 0.0 23 0
Northeast 1000 20 3 17 0.7 0 0.0 20 0
1.2 0.7 0 1.0 B 1]
100 75 15 0 0.0 15 0
150 6.0 1.8 0 0.0 24 0
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Table A1 : Heavy metals in soil samples (cont)
e hES, Heavy Metals Concentration in Rainy Heavy Metals Concentration in Dry
Direction Duplicates Season (mg/kg) Season (mg/kg)
(m) (cm)
Pb cr cd Pb Cr cd
Northeast 1000 200 3 36 17 0 0.0 23 0
Northeast 1500 20 1 0 36 0 0 18 0
0 1 0
0 24 0
0 2325 0
0 19 0
Northeast 0 18 0
0 ) 1.0 [i}
T S e = | o
I L Y B e 2N I
B” /)W TS w | o
e (e e I
T N N
25 0
25 0
20 0
Northeast 28 0
34 0
42 0
36 0
37 0
Northeast 29 B
35 0
43 ]
37 0
| 200 § 0000 | 33 | ey 38 0
Northeast 3.0 0
36 0
44 0
38 0
39 0
1275 0.165
0.8 0.115
0.85 0.07
22 0
ARE
02
0.1
1.0 0.1
150 0.0 45 0.0 0.0 23 0.0
200 47 45 0.0 24 23 0.0
Southeast 100 20 3 3.6 27 0.3 1.8 1.3 0.2
46 17 0.2 23 08 0.1
100 41 20 0.1 2.1 10 0.1
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Table A1:Heavy melals in soil samples (cont)
Direction | Distance | Depth | Duplicates | Heavy Metals Concentration in Rainy Heavy Metals Concentration in Dry
{m.) {em.) Season (mg/ka) Season (mg/kg)
Pb or cd Pb Cr cd
Southeast 100 150 3 0.0 46 0.0 0.0 23 0.0
200 49 46 0.0 24 23 0.0
Southeast 500 20 1 12 0.09 0 14 0.19
26 029 0 1.7 0.07
100 0.16 0 14 0
150 0.16 0 15 0.06
18 17 1 09 022
Southeast 500 s ): 0.0 14 0.2
- 1 0.0 1.7 0.4
02 0.0 14 0.0
0.0 15 0.1
1 10 09 02
Southeast 500 0.0 15 0.2
50 | T4 0.0 1.8 0.1
- 0.0 15 0.0
150 3 A 0.0 16 0.1
2 " 4 1.0 0.2
Southeast 1000 . i B 0 21 0.56
50 a, [ 0 16 0
1 =4 | 2 [ 58 0.5 v 028
i 7.2 169 45 0.57
200 4' S 15 282 465 | 0535
Southeast 1000 20 — 03 0.0 22 06
A n 0.0 0.0 16 0.0
1 = 0.5 38 03
| we | 7AL 3 7.3 46 0.6
48 05
Southeast 1 22 06
50 0.0 0.0 17 0.0
100 27 6.1 00 s 05 39 03
1 174 76 0.4 17.8 48 0.6
¥ 317 133 0.2 298 49 0.6
0. 0.6
0.0 0 16 0.0
] 100 Jﬂ‘ 27 59 0.0 05 38 0.3
150 16.9 74 0.4 17.3 48 0.6
1 8 0 0.09
I 50 7.9 6.8 0.32 3.95 34 0.16
100 53 5.8 0.6 265 2.9 03
150 62 73 0.14 31 365 0.07
200 35 79 013 175 395 | 0065
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Table A1: Heavy metals in soil samples (cont)

Direction Distance Depth Duplicates Heavy Metals Concentrationin | Heavy Metals Concentration in Dry
(m.) (em.) Rainy Season (mg/kg) Season (mg/kg)
Pb cr cd Pb cr cd
Southeast 500 20 3 0.0 13 0.1 0.0 15 02
50 16 27 0.3 0.0 1.8 0.1
100 1.8 0.2 0.0 15 0.0
150 02 0.0 16 0.1
200 02 11 1.0 02
Southeast 1000 20 0.31 0 21 0.56
5.1 0 16 0
26 05 37 028
165 169 45 0.57
o 0.15 282 465 0535
Southeast 1000 0.0 22 06
5.2 0.0 1.6 0.0
1 N o7 AR 0. 0.5 38 03
. o=t 17.3 46 06
L 0 289 4.8 0.5
Southeast 1000 o i 0.0 22 0.6
: 0 0.0 1.7 0.0
1 444 0 05 19 03
. < 4 _ 178 48 06
2y 133 298 49 06
Southeast 1500 20 s 6.7 IR 018 0 335 0.09
4 ] g 032 3.95 34 0.16
100 | 1 06 265 29 03
150 4 ety ) o< 0.14 31 365 0.07
75 395 0.065
Southeast i _jn 34 0.1
0 s 02
7 30 03
150 o1 i 32 37 0.1
4 200 36 8.1 0.1 1.8 40 0.1
Southeast 1500 20 3 0.0 74 02 0.0 35 0.1
8 e 0 4.2 36 02
100 56 0.6 31 03
] 1 7. oa I[I &3 39 0.1
200 3.7 83 0.1 18 42 0.1
Southeast 2000 20 1 f 02 | 62 007 02 el 045
: 053
1 42 46 4 0.36
150 31 63 0.44 0 0.6 0.66
200 385 6.05 0.125 2 1.85 0.295
Southeast 2000 20 2 0.2 64 0.1 02 37 05
39 49 0.0 0.0 22 05
100 43 47 0.4 41 06 04




Table A1:Heavy metals in soil samples (cont)

Direction Distance Depth Duplicates Heavy Metals Concentration in Heavy Metals Concentration in Dry
(m.) (cm.) Rainy Season (mg/kg) Season (mgkg)
Pb cr cd Pb cr cd
150 32 65 05 00 06 07
200 39 6.2 0.1 21 19 0.3
Southeast 2000 20 3 i 65 0.1 02 3.8 0.5
50 5. 00 0.0. 22 06
100 04 42 06 04
1 0.5 0.0 0.6 0.7
41 0.1 21 20 03
Northwest 100 o il 365 0.7 0
), 0 0 16 0
1 - 0 165 0
1.3 1.9 0
1 s, 3.05 1.95 0
Northwest 100 20 N [P 37 0.7 0
N ik 00 16 0
100 - \ 0.0 17 0
i -3 A 13 19 0
h ; 31 20 0
Northwest 100 F 3 A 15 0 39 0.7 0
- fe = i . 0.0 17 0
3 L. 35 0.0 17 0
150 i 40 0 14 20 0
F i 0 32 21 0
Northwest 500 20 | S 0 0 07 0
50 g hai) LA 0 06 0
o 3 0
b2} 27 0
105 0
Northwest .0 0.7 0
50 0 0.0 06 0
100 0.0 23 0 0.0 31 0
e 0.0 28 0
I - .6 0 0 10.8 0
A E o [ o
B0 § 0 o I|F do 0.6 0
0.0 23 0 0.0 12 0
150 ¢ 0.0 15 0 0.0 5 0
0
Ng 1 0
50 12 0 29 0
100 0 03 0 0 12 0
150 0 12 0.03 0 25 0
200 53 235 0 2 12 0
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Direction Distance Depih Duplicates Heavy Metals Concentrationin | Heavy Metals Concentration in Dry
(m.) (cm.) Rainy Season (mg/kg) Season (mg/kg)

Pb cr cd Pb Cr cd

Northwest 1000 20 2 14 5.8 0 0.0 15 0

50 0.0 12 0 0.0 30 0

- 100 03 0 0.0 12 0

150 0 0.0 26 0

200 0 21 12 0

Northwest 1000 20 15 0 0.0 16 0

0.0 0.0 31 0

100 0.0 0 0.0 13 0

0, - 0.0 26 0

21 1.3 1]

Northwest 1500 0.6 04 0.95 0

15 0.75 0 0

o 7 35 0.1 0

= i 0 03 0

0 0 1 0

Northwest 1500 _ A 0.4 1.0 0

50 0.8 0.0 0

1 o g 36 0.1 0

et 0.0 03 0

Fieyes {21 0.0 1.0 0

Northwest 1500 P 1—3 0 0.4 1.0 0

' e 0 08 0.0 0

100 ~———t 0 37 0.1 0

1 o fos 0 0.0 03 0

C!lﬂ 141 1]

Northwest 19 0

1.7 0

23 53 0

150 a5 o 3l 11 39 0

200 5 58 0 0 3 0

Northwest w0 |§ 2 0.0 32 0 0.0 19 0

0 ﬂ 1.7 0

1 1 o 1|l 2 54 0

3 % 150 16 36 o | 11 40 0

200 5.1 59 0 0.0 1 0

1 ] -

7 0

J 24 ]| W5y e ,

q a7 0 1.2 4.1 0

200 53 6.1 0 0.0 32 0
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Table A1:Heavy metals in soil samples (cont)

Direction Distance Depth Duplicates Heavy Metals Concentration in | Heavy Metals Concentration in Dry
(m.) {em.) Rainy Season (mg/kg) Season (mghg)
Pb cr cd Pb cr cd
Southwest 100 20 1 0 06 0 0 03 0
50 49 13 0 245 065 0
100 1 24 0 475 12 0
150 7 0 0 0.85 0
200 0 0 3 0
Southwest 100 20 0 0.0 03 0
5.0 0 25 07 0
97 49 12 0
0.0 —~ 0.0 09 0
0.0 31 0
Southwest 100 20 0.0 03 0
52 26 07 0
1 4 -210.08 0 50 13 0
0.0 09 0
0.0 3.2 0
Southwest 500 _ - ¥ 54 4 0
50 0 5.7 0
1 R =y 1 1.8 4.7 ]
o : 0 36 0.09
# 154 0.9 3 02
Southwest 500 20 ﬁ" : 06 | 00 55 41 0.0
£ Ay 0.1 0.0 538 0.0
100 — 3 2.4 0.1 18 48 0.0
150 ot ﬁ LM 0.0 0.0 37 0.1
F. 318 0.2
Southwest 7 45 0.0
= 45 0.0
1.9 59 0.0
150 00 0.0 53 0.1
200 197 30 02 1.0 54 02
Southwest 1000 1 0 16 0.08 0 43 0.12
u 0 43 0.22
56 0
5 0.15
5.15 0
0.1
0.2
Lt 00
5.1 0.2
53 0.0
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Table A1:Heavy melals in soil samples (conl)
Direction Distance Depth Dupiicates Heavy Metals Concentration in Heavy Metals Concentration in Dry
(m.) (em.) Rainy Season (mg/kg) Season (mg/kg)

Pb cr cd Pb or cd

Southwest 1000 20 3 0.0 17 0.1 0.0 45 0.1

50 24 23 0.0 0.0 45 02

100 | 2.7 0.1 0.0 5.9 0.0

150 0.0 07 53 02

200 0.0 0.0 54 0.0

Southwest 1500 20 4 0 23 04 0

0 0 0 0 0

8.4 42 1.7 0.01

0 « 0 0 0

3 6.6 035 0

Southwest 1500 20 A7 0 24 0.4 00

0 0.0 0.0 0.0

1 o Jd8e 0. 43 1.7 0.0

: ) 0.0 0.0 0.0

0. 6.8 0.4 0.0

Southwest 1 - 24 04 0.0

0.0 0.0 0.0

F R L F== 0 44 18 00

i 0.0 0.0 0.0

- 07 70 0.4 0.0

Southwest 2000 20 = 6 0.0 0 4 0.0

) @ - 0.0 0 4 0.0

100 — 0.0 0 47 0.0

150 L=t BN VA 0.0 08 59 0.0

| 58 0.0

Southwest 41 0.0

41 0.0

. ’ - 0.0 4.8 0.0

150 00 /| os 6.0 0.0

0.0 29 0.0 17 59 0.0

3 0.0 17 0.0 0.0 42 0.0

7 0%, b 42 0.0

0o | o | so 0.0

3 00 "|* To ¥ sz 0.0

P 0.0 3.0 = 0.0 1.7 _a# 0.0

q
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Table A2 :Heavy metals in groundwater samples
Sample Direction Duplicates Heavy Metals Concentration in Rainy Heavy Metals Concentration in Dry Season
number Season (mg/) (mg/)
Pb cr cd Pb cr cd
KK5 Easl 1 0.045 0.005 0.007 0.024 0.005 0.004
2 0.046 0.006 0.007 0.024 0.005 0.004
3 0.007 0.025, 0.005 0.004
KK2 North 1 0.000 0.045 ND 0.000
2 0.046 ND 0.003
0.047 ND 0.003
KK3 North 00.05 ND 0.001
0.045 ND 0.000
9 ND 0.001
KKa Northeast | 7 ND 0.003
ND 0.003
7 ND 0.003
KK6 South 0.001 0.002
042 0.001 0.002
' 0.001 0.002
GwW2 South ; 0 ND ND
2 11 ND N/D
0. i 0 ND ND
KK7 Southeast : 0.02 ND 0.001
2 0.018 ND 0.001
= 0 0.016 ND 0.002
ow2 Southeast 1 444 0.527 ND ND
2 0.005 0.540 ND ND
3 ¥ 0.556 ND ND
KK1 03 0.001 ND
0.001 N/D
0.001 N/D

AULINENTNEINS
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Table A3: Heavy metals in surface waler samples
Sample Direction Duplicates Heavy Metals Concentration in Rainy Heavy Metals Concentration in Dry Season
number Season (mg) {mgh

Pb Cr cd Pb Cr cd
sSwi North 1 0.007 0.006 0.003 0.008 ND ND
2 0.007 0.006 0.003 0.009 ND ND
3 0.007 0.003 0.009 ND N/D,
sw2 Northwest 1 0.007 ND NID
2 0.007 ND ND
0a# 0.007 ND ND
sw3 Northeast 3 0.008 0.017 ND 0.001
0.008 0.017 N/D 0.001
0.008 8 ND 0.001
SW4 South - ] 3 CND ND
ND ND
14 ND ND
SW5 N/D ND
= ND N/D
ND ND

#.l.l'-i

;. w

J -

L "J-':_L i
A%
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Table B1: Boring Log Data

Borehole identification: KK1 Type of drilling: Down the hole

hammer

Location: 17 km. North of KhonKaen Town'aléng Diameter: 1026 mm.
the Friendship Road ”)’

Site description: Khar'Ben Landfill Si Aﬂevaﬁons:mm m.

—Galgariowet: s m

ellowish brown, medium

grained, well sorted ,well

BSS, ‘-‘- se, nonplastic

eh dium to
Qg e
Se grained ,moderately

sorted, well roundness,

1 cemented, moderately hard
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Borehole identification: KKz

Location: 17 km. North of KhonKaen Tor

UTME: o2s6119

—

UTMN: 1836284
Total depth: 1 .

Type of drilling: Down the hole

hammer

along Diameter: 102.6 mm.

/ le Elevations: 182.399 m.
dwater level: 135 m.
e

; ' : 5542l1
interval: 14.4 - 18.4m.

4

Depth (m.) i
from to . -
0 1 - gray, medium grained,
v sorted, well roundness,
4 e, loose, nonplastic
1 10 edium grained,
| roundness,
/ plastics, loose and
Soft
Sandstonefl’ | Dark maroon (Dark reddish

i a1aleas
Al ldel 4Vl

VT3 T o b e e ron

well sorted, well roundness,

WIaN

n‘iqi TR

?gimim




104

Borehole identification: KK3 Type of drilling: Down the hole
hammer

102.6 mm.

Perf interval: 9.6-13.6 m.
‘x

4 m

ish orange, fine to very

rained, well sorted, well

| ;
roundness, loose, nonplastic.

Yellow, fine to medium grained

Iysm'ted.well

' =
S ‘-3 ympacted, slightly

12 15 =3, ""‘-....-

ool ool *
;t.!':.'f‘l‘.f‘"l ] ofl e n 1ess, siliceous

cemented moderately hard

Q‘m&Nﬂ‘iﬂJ UANINYIA Y
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Borehole identification: KKa

Location: 17 km. North of KhonKaen
the Friendship Roa
Site description: Kham !

along Diameter:
G‘M/ﬁ:.ﬂmionsz 190383 M.

Type of drilling: Down the hole
hammer

102.6 mm.

_ ter level: 7.55 m.

=ddish brown, medium,

ed ,well sorted, well

| roundness, loose, nonplastic

negdium to coarse

h ‘:r- d, well

ol moderately plastics,

loose a ompacted
9 1 3w Sand ./ | Brownish gray, medium to
ned, sorted
¢ well roundness, nonplastic to
L

grained, well sorted, well

roundness, siliceous cemented,
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Borehole identification: KKs Type of drilling: Down the hole

hammer

alon¢ Diameter: 102.6 mm,

Location: 17 km. North of KhonKaen T
the Friendship Road
Site description: Kham E

e Elevations: 192507  m.

Ron | S

“‘*\":‘x

ter level: 470 m.

L ———
et: 55421

nterval: 39.5-43.5 m.

on : 4 m.
Depth (m.) —
tion
from to m -
0 2 4 e medium grained, well
ye s roundness, loose,
div it nonplastic
2 9 7 - ey S Yellowish brown, medium
rately to well
ndness, loose
cted, compose of
LimonlEa
Brownlsh grey, medium grained

roundness, siliceous cemented,
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Borehole identification: KKs

Location: 17 km. North of KhonKaen Town along

Site description: Kh

UTME: 0265911

the Friendship Road

E D

UTMN: 1835899 -—_--'

Type of drilling: Down the hole

Diameter:

==

hammer

102.6 mm.

Elevations: 192.876 m.

rlevel: 7.30 m.

interval: 20.2-24.2m.

Total depth: 25. m.
Depth (m.) clifies E
from to — y
0 1 Sﬁ _.. y, medium to coarse
ey - , well sorted, well
1= v ess, loose, nonplastic
1 6 5 i ’ J, " |B , medium to coarse
& TS ined, well sorted, well
tely to
soft.
6 12 : & ium to coarse
- grained, Well sorted, well
F-S % | roundness, loose, nonplastic
12 6 4 , medi coarse
grained, well sorted, well

grained, poorly sorted, well

roundness, calcareous

cemented, moderately hard.
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20 25 5 Sandstone Dark maroon(Dark reddish

brown) , very fine to fine

grained, well sorted, well

roundness, calcareous

AULINENTNEINS
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Borehole identification: KK7

Location: 17 km. North of KhonKaen Towi

-

along Diameter:

Type of drilling: Down the hole

hammer

102.6 Mmm.

Site description: Kham E ﬁmﬁms: 187702  m.
ok level: 325 m.
UTME: 0266185 #-" ﬁ
UTMN: 1835931 : 55421
Total depth: 19.90 m. ) interval: 14.4-18.4m.
. ‘.-'f 0 e: m.
Depth (m.) : ;
_ on
from to m i
0 1 1 . hd , medium grained,
“ S , well roundness,
-f :.u loose, nonplastic.
1 16 15 T inkish brown, medium grained,
| roundness,
ted, compose
tely hard
16 21 5 Sandstone Reddish , fine to medium

dhiPRi

grained, well sorted, well

e

moderately hard, composed of

o
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