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Soraya Teerawattanakitti 2009: Remediation of Toluene And Trichloroethylene Contaminated
Groundwater in Different Media Types Using Chemical Oxidation. Master of Engineering
(Environmental Engineering), Major Field: Environmental Engineering, Department of

Environmental Engineering. Thesis Advisor: Assistant Professor Cheema Soralump, Ph.D. 117 pages.

The objective of this experimental investigation was remediation of TCE- Contaminated
groundwater in difference media types using potassium permanganate (KMnO,). And these experiments
were applied to ex situ remediation. The experiments were to determine the optimal KMnO, dosage and
evaluate the effects of the total organics matter in different media types on efficiency of TCE oxidant. Three
sediments (clay, silty sand and sand) were used in this test. Remediation TCE-contaminated used KMnO A
0.2 M at pH7, Shaker speed 200 RPM and retention time was 3 hours. The oxidation reaction was quenched
at the appropriate time interval by the addition of 0.2 M Sodium bisulfate solution. Study results showed that
the 22 mmol (110 ml) of KMnO, dosage was 98.2% remediation efficiency and 20 mmol (100 ml) KMnO,
dosages was 97.3% efficiency respectively. But anyway this experiment chooses 22 mmol of KMnO, dosage

because remediation efficiency was not significant difference.

TCE-contamination remediation efficiency in 3 different types of media showed that the greatest
efficiency remediation was sand media. It was efficiency 78.7%, silty sand and clay 70.0 %, 12.2 %
respectively. And Cl ion after oxidation were 63.9 % in sand , silty sand 55.5 % , and Clay 50.3 %
respectively .The other factor that influence on remediation efficiency was total organics matter . Results
reveal that Sand had the lowest of total organics matter 0.02 % and silty sand and Clay 0.14% and 0.21%
respectively .That related to remediation efficiency. When using KMnO, in chemical oxidation reaction will
react both of target and non target organics matter. So it was important to look at the chemical oxidation

demand of the system at the total organics carbon as evaluation parameter for chemical oxidation.

Student’s signature Thesis Advisor’s signature
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NIDINWTUUDIAU Lmm‘mmmmwmemﬂmumqmﬁuﬂ%z"lmmu@u ﬁ’J‘L!ZJ"Iﬂ?Jﬂﬁ]SidJLLiTJWJ

a ' Y Aa v Y a a
nazmsnluazaisilziued lhnilsunamnninirauy



d' 1 =\ 4 % o zil a 1
MINN 1 ﬁ']l!TJ5$ﬂ@UﬂWQLﬂMﬂI@QﬁTﬁﬂﬁgﬂ@UulE‘Iﬂ3ﬂ13ﬂ@uﬁluu1uul“§ﬂlwa\ulagfnﬂ'JuJ

Y ¥ A Yt 3 qa
U gagangen lunluilaauy

: 7
a3dsznovlalasasvou AWATFIUAUNNIIDIAG
MNuTasnsuneans]
SIEAT 5
Tngou 1,000
=
Toyau 10,000
T AUUTY 700
Tasaanlsensau 5000

! Y
M W5L1% YYANUNINUIUIATG (2542)

o

2. veadei hiaza1e1i1(Non-aqueous Phase Liquids; NAPL’s)

a Ay 2 . . < J &
6IJENL?ffJ‘l’lthﬁzfﬂ”IEJ‘LH(Non-aqueous Phase Liquids ; NAPL’s) Wuesndszneunialuy
a IPN I a { a a Aann
Uasidoy Gl lasdeuiluaslsznoudunidnldunnnsssumna Taonannljnsouniivas
= =\ a A J g’/ ya K I ] T a ~ ]
FuaNvosd1sounso usu laavantlunaniuwud seansdsenevvesil Tasaey 1w
14 a A A @ 14 a a =
laTasasveu wazansiszneudunsdounvedlulasau Famles wazee ndau 1 Ins@ew
2 Y Y 1 (%) a %} v Aa < ~ o £
Aol 3 ;sﬂu:u‘u 1dun 1) MEFITUBIN 2)UTUUAU 3)UDILUUIYNULHADY (INTUIANA,2546)
o = o I ¥ a g 1 o a ] 1A A
Taet Tasdemi I udomaailuaiumnn nmldinensi Inasengaunadouauingien
a = & g v A %} Y 9
Ulas@eugnnauinnnwiniiiuay Tasdiuavasilsgneuilsznoualsaslssnoy
[l 1 { [] ?,‘ v Aa
lelasmfvou fu lalasnuiludiulug lelasmiveuiegluiniuduil 3 Uszan@silund

,2533)

D Wiy (paraffin or alkanes)
2) U (naphthenes or cycloalkanes)

3) 8z 1511An (aromatic compound)
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1]
=~ o

4 o X a
mslsznoulalasmiveundinndniszinnnile e Terailu (olefins or alkenes)
n 9 g v oa a 1A o . 1 A o
TilawulwiiuAuausssuna uananNNTEUIUMSUANAT (cracking) A9 1% 1u T59anau
X 3 a? o a { o { < a a
Favznawitluveude Unainiuaungnnau wie gnildasumlasaninliiflunandatl Tasidoy

wanvatenums 5 Tasnanant lasdeuamnsoguisesnla 2 dszinuan Taun

3 o &1 a Yy 1 ? o a Y o oa ) a g Y
1) UYL "lmm WU UFY WU LaeMsFITNTIA 1Wuau

a\ " o o a a < I
2) ?ﬂﬁ‘lﬁﬂﬁlﬂﬁ ll?‘%jll,ﬂ AINIaLAY(solvent) WATAAN NULUDT Lﬂu?}}u

4 U @ a 4 L7
iesnndrusznounanluillnsiden Ao lalasmiueu (hydrocarbon) AaNIiaveg
4 A 4 a o g 1a =2 A J
lalasasveu Ao amsdsznevlalasmiveunnriasailuluana lulviusdamiion sz
¢ & ¢ ¢ sa Y Py
Turanavesassznov laTasmsvouilunsunasinad Tuanalarauaiddazaieila
901 Ly g‘/ A:;A:l o Y [ 9J Y =K [ (L= g’/ A
TagTuanaveah sgriuvants e ihasenuid hasgany Tuana Tanaudlvivs e
3 A Y = o Y J dg! "o A
Teoou iiidensovszlisunniooun Inuauegiuving nazilszquesluanavse looou
= J ¥ 3 Y 9 A o o o ¥ a Z . L.
w4laTasmsveunavuaazaiet ldtesun uazieduraiuii 92RAn T8N TU (immiscible)
?,’ ] Y :é 14 1 9 A a 4 = [ Q(
ponIniedFany 1lalasmiveudunsontald 2 Uszian Ao (szAvg,2545);0n309dnA

,2546)

. . A A J Aa J @ =2
1) Aliphatic Hydrocarbon Tunguil fie e151lszneulalasamsueuniiasueu 51 auda
o ] I 1Ay . T o & =
12 @2 Y091y Alkanes 1iuasilsznounan Tuana Taila(Open chain) Tuasnudluramou iFon
g NdITUsTNeY Acyclic compound 1¥U n-hexene , n-octane , cycloalkane alkylcycloalkane

Fludu

U dy I 4 1 v 3 =Y
2) Aromatic Hydrocarbon lunguitiluaisisenoun Tarananeniuilulatla (close chain)
= = d‘ 1 a . | 1 = =
Fendnyed aslsznev lunan (cyclic compound) (U 1% 11U Y (benzene) I‘i/]gf]u(toluene) 19

3|
NFAVUIUY (ethylbenzene) Lmzul%au(xylene) Fludu

a j‘ ?1’1 ¥ ya
2.1 wpanssumsduilouwes LNAPLs Tuzuihlaau

$ 1 50’ . . 1
youdeh luaza1e1ii(Non-aqueous Phase Liquids ; NAPL’s) gnaunueg1auinlunis
g (91,/ oy %’ ) 1 o o o o v
Muilou suldaunazihldauTaegnilanassoensinanumiayaressuasienazaniumie

< ¥ A o o Sa & & &
yjavlaﬂﬂ;wu wgﬂimmmum NIDUISUVUNITIANITNY Gmmumﬂﬂiymmiﬂmﬂau NAPLs H
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= 9 @ o =R 1 A [ 4 a = T A a Y] 1 1 ~
LﬂEJ’]"’IJ@\TﬂiJﬂ'liﬁ’J“]ﬁJﬂJ’ENVl’E]‘Vﬁ@‘Uiﬁﬂﬂm“ﬂm@ﬂﬂi@]ilaﬂﬂ NBNNAINNIINANTDU UDUIAIAN

$19 1182 9UAIAR 197 (Testa, 1994);(Cohen and Mercer,1993) &3 NAPLs tia1iine 1inan1s
& ¥ I L g o 4 a Y a
Puidlouvenirldau uiluilaymidAn iiesnin NAPLs inamsandanielusuau uagd
s ! 2 4 { ' o 3 I . °
U511m NAPLs Hlnnwenvzamnsone Ininamsnaoud ligszauii 1dau (water table) aavir1d
a A 9 v o w A Y a a é’ A @
menansznuaedunadonluszezen Tastadsdingfne ldinanganssumsduilounaanu
A 1 (% d' é 1 9 1 d‘ = U
o ATUVU LY A9NTNA T 39 NAPLsamnsogubsdszan laamanumuuiy iefeuny
2 [ Y 1w
1 TaeANUHUMUUYDMIUMINY 1 g/em’ (Testa,1994)
A 1 9 1 9°/ 3 A a dy 1 2’, Sol Yya a
NAPLs flianuvuiudoonini (< 1 gem)) omamstdudlouasgsuiildauazing
[ v 3 A f A o [ ] .
anmmsasgegiiioszauinldau Sonaisuiouriindina1131 LNAPLs (Light Nonaqueous
. . a J A A = 4 a o I a
Phase Liquid) ¥1av89 LNAPLs @auunae Ulasiden lelasaisveu uaznaanmaiinasn

v 9 v
ATTUIUMINAY 15U gasoline, diesel Az 1% 1UMTVUFINIINA

] H ] ] %’ ]
#@IUV09 NAPLs NNANUHUIUUNINNTIIUL (> 1 glem’) 58171 DNAPLSs (Dense Non-
TN .
aqueous Phase Liquid) Fuiluasdsznouilszinn chlorinated solvent (PCBs) 118 tar
%3 NAPLs ugazyiianaanmsnanyesasnianuruiy liminu ldesravainvaie dq
a g’/ 3 [T, 1 { A I a [
WOANTINUBY NAPLs 1uq Yuegnudadivvesasiauas liilu NAPLs astiaa1ee (Hardisty
o . é 1 U [ d‘ 1 Y a dy
and Ozdemiroglu,2005) &4 Frenstra and Cherry lana1nnifadeine lvinamstuilouves NAPLs
Y v 9 v k2 o 9
Yuegnu 1) Usumves NAPLsh lvailuidlougaunaden 2) anvaznunign NAPLs duileu
d' 1 Y g’.} ya
3) 528217219 NAPLs gnilanilaos 4) auauiiaves NAPLs 5) dannzuoans lvalusuldan
a o dyd A A v % ] 9 ' % .
TagluanuidetiAnyunmzveudei luazaresi Ysznn anumuuiuissninii(Light

Nonaqueous Phase Liquid ; LNAPLSs )
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Vadose zone

... Groundwater
" flowdirection

ALY

A% 30 A% i A ALY = Y Ve s s
[ pissolved contaminant plume [ vapour

B narL
ﬂTWﬁ 1 5ﬂym$ﬂ1ilﬂ§ﬂuﬁ NAPLs ﬁuﬁmﬂﬂmmmmwmuﬂu ﬁ@ LNAPLSs tteaig DNAPLs
1301 : Mercel van der perk (2006)

A A b = 1Y g 9a & < 1 & A oy 3
LUONITYN UIDIIBNUUDI LNAPLSs mq%uslmu miﬂmﬂaui}zwwm%u"l,uaummﬂm
= A ~ A g9 a A 9 ' . .
(Unsaturated Zone) G]N!,ﬂafJu‘VlﬂluLLu’JﬂQ@]’JEJfJ‘ﬂﬁWa"UEJQLli.NIulIﬂ’N"UfJﬂaﬂ(grawtatlonal
dy A A AN Y v 3 é! "o v 9
force)(Fetter,1999) mmmmmﬂlmmiﬂuLﬂeumﬂaau‘n"lﬂasmimL‘nmuegﬂummmumau
1 ~ IS a A A 1 = a g Y =
uazmm"lmﬂuszmﬂmmlmﬂumaﬁumﬂ@umm(Lehr etal. .,2002) «mﬂﬂ@ﬂuwclmmzu
@ I 4 ¥ a a a a 1 @ .
aﬂyma:llmﬂuimﬁﬂu Lﬁ@ﬂlﬂﬂmﬂ%’u&]umﬂmﬂﬂu HaYsUABYITINNUY Hardisty and
N . a ' v Ay 1 = . a A d‘
Ozdemiroglu (2005) 25U @]’Jﬂmﬂ/l"lmﬂuizmEJ']J(heterogonous media) wnamsaasunlu

A a ' Y 9 Y 2 o v ¥
LU Lla3lﬂﬂﬂ"lil!Wﬂig"l]"lflllﬂ‘ﬂ"I\Tﬂ"luﬁllﬁlﬂt?lu%u"lﬂ@ﬂﬁ?ﬂ?ﬂuﬁl

' - . : e
Domenico and Schwartz (1990) 8511871 3iluuumsunsnszarevesansuilouvusgni

a H = g 1 (% 1 z %
ysnanmnamstudlewwwaeinu mslassvesasdudleuluifsnannquaz lusseznaiou
y A A 4 ’ < a ' Yy v
du asuileuszannsamaounatvd 9 IAG AT UMIUNTNTEEDDNN AU (U1

o { 1A @ 1 j [
ATIAINNN 2 (V1) ualenFeuimeunumsiantlassasiuidloussadgszeznaiiiu ms
) v 9 ] v v ]

wasunvesasulouszaaoun lilamsosnamnsosusiuld1d Tasazanuinaaning 2

[ o o ] dy I ] A A I I ¥ A A A~ &l dy
(@) Favesnananierntlureudsvisouvuaniu’ld e LNAPLs tnaoun l ansduileuil

{Aa I3 a 1 ' . .
mmsmmzﬁmmmaumﬂmﬂﬂuamwmm i38nI1 sorbed contaminated (Pinder et al. ., 2006)



13

Residual oil

Mobile oil

Water table /
—— Capillary fringe

(a) Sudden, Large-Volume loss

Water table
e ————— Capillary fringe /

(b) Slow Leak

AMNN 2 LAAINTIAADUNVDINAPLs TAgAINUULAAINTIAADUNUDI NAPLs 210UHaIN1
a ] <3 1 4 { [
Ysmnaazinams Inasdesiag: nemusdatugasmsnaouioonainumas

FA
a1 azilSnavesansiuileowies
31 : Domenico and Schwartz (1990)

é . Y Aa d' a d‘ 1 v %’
%9 Fitts (2002) "lﬂaﬁuwﬂiuliaameqwqwﬂi‘imewm”lwaw"lummum(NAPLs)Gl,uTW‘N
A 3 a 1 =1 = 1 o Aa 3 A g
m@g"lummum mm"lwamsmmmzmnimaQaqmmmmwuumm@wammmﬂu
1" A d d' a d' d‘d = 1 9 1 1 A [
uwuﬂaumm°lummzmml1waﬂm@@uqmmam@mzmnTmaqauaamﬂummmmaamg
Aa < Yy o 1A 4 A 3’/ A
‘1JummawemmﬂmmﬁlzmﬁﬂegmnmquﬂﬂaNsuaﬂwswmgummu Tagvea lvananse
A s 2 a . . A% 4 ) . g
ADURNIVDIVDILUY 38N wetting fluid mem”lwa’ouquu 1381791 non-wetting fluid Taenalu

g A o 9 ¥ P AA o v ? 3 I . . ~ A I
Glfu]’lllf’]N@]’Jﬂ’)ﬂu]l!azﬂfﬂ‘nﬂu@qﬂqﬂHT Wzl wetting fluid YMENDINIALAL/1ITO NAPLs 13l

' '
o AA o =

Y 1A o v Y o
non-wetting fluid #1 115U luidudderhnlidnyaeiutann@siaeiniil) NAPLs naneilu

. . = o g/l d‘y " v [ v A
wetting fluid (MU 1311203 NAPLs 1/1Qﬂﬂﬂ"l’i’iuimmumuagﬂuamﬁﬂfusmaﬂ D AITHNTU

a wn & & S
VYDIAU(porosity) uazQmﬁumwug@mmmmsﬂmﬂauuu(Freeze and Cherry,1979)



' o 1 I a o
iioSnmues LNAPLs gnin 13 luTnsansegsznnadiaauiilsmad LNAPLs vz

1 @ =3 J & 1 d' ~ a g’/ a A A
JUs19AAEAUNTINANEENI blobs ¥4 liiAAoUANTIAA blobs UHYziNA TU TNTIWT B NTVUIA

1 ) A 1 S a A 1 g’; v @
v uat 11510 LNAPLs Tu Insawsegsevnaiiaduii/Sunasmn blobs Ma1iuagsmeaIny
< 1 4 I ' 1 < 1 ] ] a a 1
Wugilsredou itusraun Sonan ganglia Fedigils1e liniueu maina ganglia o19ha lalunsain
TnsansogimaFounued19anaineg 61 LNAPLs sauanuiidSuaannwesgsildinaniswan
@ J A I A ] Ay 1 A A o 1 A I A g
auligInsaniogvoudaauli LNAPLs i lumdeunazeidoodluTnsivsog ludiaauiin

iT8NI residual saturation (Domenico and Schwartz,1990)

Mineral
Grain

()

LY

X

4 @ ! @ { A I g
MW 3 naasanyazue NAPLs Ngnnn 13 1uTnsshlianwazidluldnieynia ( Blob) uay

[ R] 1
S'Jilﬂu!,‘lluiN!,Lﬁ(Ganglia)

301 : Fitts (2002)

Fitts (2002) 63081760 11/31 LNAPLSs 1iu 11 1%0¢31)409 Blobs 1130 Ganglia iy
NAPLs §3annsoeglugiuesneaasssi(colloidal) 188naa8 Tas NAPLs fitluvuna@ninne
(droplet) Huuatiooni1 10 um ¥4 NAPLslugilvesnenassdisi ldinamanaoui lfums

9
o

%} ya ' A Y a Al o v = s A A Y
llWﬁGUﬂQu11ﬁﬂu 111'7aW'luIWiQWi@gﬂﬂﬂ‘KﬂﬂHﬂ@Nﬂ?ﬂ?ﬂHT G]Nﬂﬂﬁaﬂﬂﬂﬁ'll]'lﬁﬂmaﬂuﬂllﬂ"lﬂ

14
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< o . . H J ' dy <
139011 average linear velocity(v)UDIUN Lmzﬂaaaafmmammmaagﬂmmm‘lﬂummwgu

o

a FI) [y . A 9 L= A A Y Aa = ~
“IJ@\‘]E)L‘!ﬂ"Iﬂ"IJENﬂuVlﬂﬂ”JfJﬂﬁ“BTJ(Sorptlon) Luﬁlﬂﬂﬁﬂﬂ@aaﬂﬂﬂNﬂizﬁ]VIN’JT]ﬂWLﬂﬂLLiQﬂQ@ﬂLLﬂ%ZJ

q

1 ¥ 'Q v g 3 o a U
dadruvesiuimnnhminumea Suhldinamsgasuun

= ]

%4 Domenico and Schwartz(1990) ﬂa'n?hwammmﬁ@,ﬂcﬁ’mmmﬂﬁﬁwm LNAPLs nog
! - 2 a o 1 ) Y Y o q U & 4 A da
seHIN NI gveulaAuAIna Il lutay Mmlnlsmnavesasludlouinasuni
dtﬂ' 1 o a = d‘ 1 1 T d‘ % g}/
Pmnmaaaslunsiiunastutiavesweudsignilanaseeoniiedis liaeiiios asiulsuim
Y v 1 ' K '
yosasuounaounasluszezmalnaiziinniooni WSuavesensdudloungn
! o ) & ~ Y A A A
Yaailasgoanuninua o1fsuavesasuilouiips MsAasUNUYBI LNAPLs 91gA1i3179)
{ Y 14 o ¥ 7 ] 1 & a A 3 o I
nru liduidetiuvniiu uada1s LNAPLs NlwdoudivSuamnnnunnignmnunn 13l
. . 9 A A o A = & N A . .
Residual Saturation ummsmaaummmsiwmmu‘lﬂmwmﬂami(Capﬂlary zone) (Hardisty

and Ozdemiroglu,2005)

= 2 dy o Y a 1 Y 9 A a) A .
FImeTuFULIZ M INNAMSUANTZ 1IN IATUDN U915 971 aa 15 (capillary
force) NN32TTMNVUTITIINAN (gravitational force) Mt lumsaruaumMsnaounveIas
kA H Y Y ) v
Puilou ¥ LNAPLs Nogruuusumilaaiiszlimandeunlugduuumsusnszaegliiana
9 é! A a = 3’, a A A % ~AA % 1 A A
TININVY 1HBINUINUVITNUFUAaasnaudI9g U Tns 30315 uNn 11103910
= = ' . . A Y dy dy =2 Y
usaalaaisuaga relative permeability Y99 LNAPLs Ua1anadndomail a1sduileudanun Ty
] Y I
NApuTHnTZ18 1 Mag TR T nUMUVUY UM aai3de Fitter(1990) 1d0T11891
d‘ d‘ =< g’; af d‘ g’; 1 dy a d‘ ao' d'
MFINABUNAIUDY LNAPLs ¥199%¥umaais Huueaivvesastuilouazinanmsununiin
o ] é’, a ~ A J g’/ A o I g’; 1
odvoglusua)aaisNFend capillary water 91011 LNAPLsisudzauanawiusuogiviiio
g’/ a a A 1 . A 7 . a . . . d' g’/ a
FUMUAa13i58n1 oil table 1AZIMUDTZAY oil table 3LNA oil capillary fringe fau“luw’qwumﬂa
d' = o Y [ v @ 1Y aol Y é a d‘ [ C:%
a15o191e 1391 14 LNAPLs dudanuszauiinldauIasnsa #9@1ve9 LNAPLs Naseduiani
Y q ya A o ' 9 A ' A
i laauazlanyaz 31519174 U(lens-shapped bottom) 118 LNAPLs LW3INI2186011104
@ & y o ' ' . . = = )
wnsznafSunavesasdudlonulurudinaied 1 uan1ie residual saturation 3uNANUIADYT ¥
30’ U &‘ % 1 % U 30’ ) :) 4 BOJ v
Murseasuileudinanae lnaruszauii 1dau (water table) 1¥enaq 1iieauanmimin
9 v
VY99%U LNAPLs No10a311aui34 111639904 lan(gravitational force)

' o

~ 3}_, =~ [ g’/ a A A Y dg@l
N1INYUVDI LNAPLSs (free product) Iranusumaaisuinviouss YULENLOATINIG

G
Y

: & . . P & 2 o d
Vasassmsiudlon d1oasimstanlaseasduilouiiargs msiudlouszdesumilaatsla

9 Y
! o & X

?,‘, o Y v . o [ %’ Yy A AA ]
Gluﬁ%fl%ﬁuﬁ] mliszavves fringe AN uazhlﬂﬂwmmuuﬂmu Tﬂﬂwuﬂﬂgﬂﬂwuuumu@g
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¥ v
fufSunaazanuruutuyesssduileu uadisnsimstanllasedine liinanansznuae

9 4 A
ITAUVDY capillary fringe WieszAvvesruih ldauiiosinn (Domenico and Schwartz, 1990)

A v

~ A ~ A [ 3 a H) 1A o Y Y
VYUEN LNAPLs lﬂaﬂuﬂﬁﬁﬂﬂﬂﬂﬂul'ﬂuTW3\1W5ﬂ§5$ﬁ'J']\ullﬂﬂuﬁluslfuuliJ@llﬂ'Jﬂ'JfJu’]

U
Y

1 a 1 o ' d’l 1 9 A Ay A d
LNAPLs UnausginamsazateginluTnsanaitiogndne iesninaistuifouiiilu NAPLs
¥ Tyy A o . & Aa
mrvagsaazaet 18 ualinnuawnselumsazaies (Fitts, 2002) o LNAPLs NN um

4 { Y 1 o U g )
nnweasamasuinteszainIdau USnuRIFUREsTNI19 LNAPLs nuszauihldau
1 a [ %’ Ia o a 1 f g}/ A % %’
noldinansazaleves LNAPLsasginldau ldinaglitvesmsdudloulususudidien
= 1 d‘ d' [ L% ’.f Ya [}
56171 plume Tao plume dzindoud lawszauanudu(slope)vouildau Tagerdonszuiums
[ v 9

U3 (diffusion) LAEMIN(advection) TA8119nTAl plume o1vnaouH 1114 Inasudaru

aquifer(Fitts, 2002);(Pinder and Celia, 2006)

A A A YA A A A A v g &
ATZLUIUMIIAADUNYBILNAPLs 3 ldlifisamandeunasluuunaunniy arsiuileu
A A FY ] g‘/ 1A v 9 % a Y 1w
vnrianasngedlusu lidudifieti e19esnman135zime (vapor phase) laaminuns
. é dy Y A lds! "o o
azaelu capillary water Femsulouansnszivelaanso luuegnuamauiiavesnsseive
A " A o o " 2
sazaNuaso lumsazawvesasuilon Tasmnanudiaglumstsranuainsaluns
' v Yo
52110 AD Henry’s law constant W30 water-air partition coefficients ’dﬁﬂi%ﬂflﬂiﬂﬂﬂumﬂﬁﬂuﬁ
] [ = Y~ = d' 1 dal
15U daiAU(Alkanes) 3x1nNuasalumsszvelda uadliananunanslsenoumaniiag
E4 = 1 =) =S a
Ausaaza1etn 1aa 1w UGy (benzene) ng%u(toluene) NI (ethylbenzene) waz o
Y ] 9
Au(xylene) @155z noUmaIlinuauso lumsazarelu capillary phase 18a ioa1suitlou

d’ =< g’/ a) d' a 9
mmmmaeumawumﬂami”lm@ﬂm@mﬁzmaueﬂnm
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~2pOY

ey

P S

e T 20
¥ /-‘/-f

o

\1“\"1\"01;0
=

Residual gasoline
in vadose zone

g
B
2
=

Dissolved benzene
—

Dissolved toluene

Water table
-

-
<

\ Ground water with dissolved =
N benzene, toluene, and xylene

v ¥ ¥ Y 9
MNN 4 u’c’rmaﬂymzmﬁﬂuﬁJawuaqmi1JuﬁJaummﬂmauummgmazmiﬂmﬂauuu@]

13 : Fitter (1993)

= v o o A Y a A H 9 2 2 4 A o
antfavedagnne Idinamsdudleuluihldaumnuau Ae MsaauaznanNvoITEa
sol PN a A d' v ?:I Ya A d’d 3o’ v Y 1 Bo} d‘
hldau answaveamslasunlasszaninldau (water table) Ao vod lvaniimindseninin
1y v 3 Ya A dy v A 3 a .
avgagAuuUVRITzavInlaaunInmsdudleunvugaimnyluTns wsogvoaiiafdu (residual
. gJ/ ~ A A Y @ [ ?:) YA
saturation) LAz ¥UVO4 lanndeuh lamuanusuvesszauinlaau (free product) M3
{ o ¥ A o a 1 A v d
nasuutlasvesszaviinldauinliinanisanlSuaved free product taiinm Ny 1y Tnsa
A 3 a . ) v 2 gya o =
1303321 UNAAUUNY (Domenico and Schwartz, 1990) Mszaut ldauimsnlasuuilaunn
' Y a A 2 A A a A AL 2 4 ~
nelvnamsdualeuinyu Tagnunnmnamsuwdleunmuvywiissuianmsulasumlasves

]
9 g =

4 ~ 1 o U %‘ g
szaui1dau i5on11 smear zone (Pinder and Celia, 2006) aunadagmlnszauildau

nagunilas A ggna

d’ (% %} EY d' d' g‘/ d' tﬂ' d‘ 9 % [ g ya
eszavinldaundeunanas suved lnanmasun ldmuanusuvesszauiinldauy
¥ ! ; : P}
(free product)azanasmuszaviinlaauae Tuymei free product tndaun llawseavurihldau ae
a v 3 A 1 3 a ~ A A = Y o
mamsnnnu 13 uInswsegsennudeAunnszezniah free productindouias Inaliszau
. A Y A o 3 ya ds! . A A o 3 ya

Y94 oil table tnaoUAIAW A8 eTzaLI1AAUFIA oil table dzInADUNAMITZAUIN IAAN

Y

(R a3 . . ~ 3 o A v o ya @ A 1 Y A o Y 3
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NnuAsmateves lrantianuvuiuiissniinin (LNAPLs) Tagldd@umuauod LNAPLs
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Ao Inadu A udunuYeIveAuTeN liaza1v1il(DNAPLs) A a13 lnsaae 15ten3a (el lu

U

= a o a o dy
MIANE1ITE U8

2.2 wgAnssumstuilouves DNAPLs lTuguiirldau

{ 1 ¥ A [l S . .
voudeh luazarernnTanuuuluuIAnI(Dense Non-aqueous Phase Liquid;
= a A I k) = =\ A =) 1 A
DNAPLs) Ingsaudaaisisenauaunsgnisznouaisnassy Tusiiu wie Wgooiy 11nnimio
1w 1 a dy d‘ a ay 1A g YA
N 1 %y Taennanssunistuilouves DNAPLs tiamnamsduilouasgaunazinlaausy
I Y a A . . 1 2 ya a3 a
na1RIAANTZUIUMS 4 NTZVIUNT A 1) M3azars (Dissolution) a3gilaaunIeiluaY 2)
H ¥ 1 L
MIszneveIasialnazats1uingo1nf (Volatilization) 3) M35£1MUYDI DNAPLs o106l

(Vaporization) 3) N13 ig]ﬂ“l?‘u N30 ﬂﬂ“f’nmd Al (Sorption) (Pankow and Cherry,1996)

d' dy 1a a d' d' 9 ]
1/ DNAPLs 1/uilouasgavazinanisinaeuinasnuuse Idyadaveslan Tagsuna
A A Y ' ] ' A ' 3 a Y a A o Y
¥94 DNAPLsTinaou IdvzivediuandeegluTns wiegszrnuiaau o suanlidudidie
H = e S~ T Yo %A < . o=
111 DNAPLs finnuennsafivzduniulaanin 11194910 DNAPLs 114 non-wetting fluid 94

SN 8 od . B
aunsandeuniugrse Insalaaniniiiu wetting fluid (Fitter, 1993)

a o A A A Y g va Yt a ’ A
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%4 DNAPLs linnuvitatioaniii vlvinavesnad luados (unstable liquid)(Mirsal,2004) t1ag
A v < 1 IS a A o g

zngaiie DNAPLs gnoniny 13 luTnsesznnadaauauvue wieanvazmsduilouly

1 a 1 { 1 % o I
Psinadosns ldinagsans Inanisenai viscous fingering Felianbmzms lnalunisena

A g < ~ A A A S a < '
sauangume Tasvaziasuilewadeunasivsznanmssameiu Il
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e

[ H ] 4 () 1 3’; 19 iol Ia
(vapor phase) @31 DNAPLs Nidoogozindougesy Capillary o191gsuszauii 1dau( water

G

table) ¥ 1¥namsndeulUauarudng (spreading) tHosarnussnitlaais vl DNAPLs dudda
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9 . Y ' 9 a A ~ = &
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W1 1AAuU 5871 plume
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a199019 Tealonilugrann nag lunnedurisenudlu Tnse vwnalvwaun neldinamsazanlu

9 v 2
Twsuvaniu Fehmsihdaduylden

1 g.’l Q' o %7}
2.3 MINUNNIAUDITTT NAPLs Glumuaumﬁj’mm

)
=

. i A ' A o 1
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2.3.1 MSDUNNIATLHIN NAPLs-AY
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3. I‘ﬂgau (Toluene)

° VN <3| . A g A A
MINUNTITUALAUTUUA Toluene 114 aromatic hydrocarbon Muveunan 1una o
A A v 3 a 9 1 [ Y] A A 1 a a =
NAULHUDU benzene UAA N UN Y HoaN N benzene ﬂﬂlﬂu@f’]iﬂlﬁﬂﬂﬁ@ﬂ'ﬁﬁﬂllWLLa%iZL‘Uﬂ BN
I ' a a a
toluene 1lunanane'la ( by-product) VosgadImnssUaUHULAzgaamnIsull Tasinlinea lu
9AdMNTIUDIUAUZ | toluene 910 gas 1Az coal tar danlugaamnisuillasiniinoass 14
toluene 1A8N13 dehydrogenation W13 naphthene W3olaons clyclization L9 aromatization €19
paraffin hydrocarbon Ta ﬂﬁﬂmﬁ NU@‘VINMEIﬂWWLLﬁz!ﬂﬁ(Physical and Chemical properties)(NTN

AIVANVANY,2541) AIN3199 2
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= . 1 = I 1 &
%4 Christensen and Elton(1996) 318914121 I‘VIQE)‘L!(Toluene) WuaIuriavedals BTEX
v Y

Taga1s BTEX ﬂizﬂ@ﬂﬁ}’w benzene, ethyl benzene, toluene, 4L01¥ xylene %Qﬁ?ilﬁﬁ?ﬁﬂﬂi%tﬂﬂ

] A~ zil 1a A % ya A U dy o = I a
ﬂtym@ﬂnmmmumﬁﬂmﬂauaﬂqﬂumauﬂmu LuﬂﬂﬂWﬂﬁWﬁﬁluﬂQMHVI\?WN@?JF]’J'I?JHJHW‘H
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nidsuwauazIzeze1 e Ingdugnilantdesnasgnuan stz naasgihldauuaz

A 1A Aa A = o w Y Y a 4 = [ Q( dy []

ITIVYRDNINDBYUINIURNINY “IN’GT']?JT)"OQﬂ']‘ﬂﬂulﬂﬂﬁﬂllﬁx‘]ﬂ']‘ﬂ@lﬂ(Lﬂiﬂ\iﬁﬂﬂ,2546) ﬁ']ﬁullllgﬂﬂﬂ
[ 9 a A Y] 1 1A =} Y 9 =S 9 d‘ =
SFUAIYAUNTDACNDUNUINUDN memmumummmmgwu‘lﬂmﬂwgeu‘lmm pH aaad3g Y

o 9 2 ' Y a o Y 2
ﬂ’ﬂilﬁnﬂiﬂﬂluﬂﬁﬁ]ﬂ‘ﬂ)’ﬂulﬂlﬂﬂ‘llu ﬂ@ﬂlﬁlﬂﬂﬂﬁﬂmﬂulﬂfﬂﬂﬂlu@ﬂhiﬂ
I a =
3.1 anuiluiivedIngdu

I a [ .. I { o Y Y Y a
ANuuNBREUNAY ( Acute toxicity) toluene 1iluasnvh lddgameludr luinaoims
= = < a = o J = Y Y A ya a
TuaziaNUIUNBLD VR EUNAUFULIINT benzene FaFunmanundunneldinaNy
= v o = T = ' 9. Ya )
nuUREUNaUARAY Adaadlua1sem 3 Ysmnannududumganszne Ininananedganisla
A
o
10-15ppm v lanau
100 ppm NrasunIUMIsIuiIala (Psychotropic effect)

200 ppm UHANTZNUADTEULTZAMEAIUNAI (CNS effect)

<3| a & o . .. <3| a A o =2 & Y a =2
mmu,ﬂuwyu,ieﬂ ( Chronic toxicity) mmgﬂuwyLm1JLiaiq“lmwuﬂaclmﬂﬂmmuuw
A = < A 1 [ Y a (Y] v J A
HUDFULET mamiu,ﬂaﬂuuﬂawmmmaa@ umxﬂaimﬂ@mm"lnanwu‘ﬁeummimaauhlm
. . . . AR A o Y a = 1A @
(1mpa1rment of co-ordination) uazszuuﬂizﬁm"lmmuwa‘wﬂmﬂﬂmmizmﬂmmmmwm

Al lud lvafuuagviad niary



A15197 2 ﬂmﬁuﬁaﬂNmﬂmWLmxl,ﬂﬁ(Physical and Chemical properties)

ansg Tutana( molecular formula ) CH.CH,
i;;fﬁﬂﬂﬂﬁ%lN ('structure formula ) CH,
ﬁmﬁﬂimaqa ( molecular weight ) 92.13

A A
¥ODU) ( synonyms )

methybenzene , toluol, phenylmetane

118 methacide

ANAONALAY (melting point ) -95°C
ﬂqﬂ’JTlJul‘V\l ( flash point ) 6-10° C
ANUAUIUY ( density ) 0.866
A ey . o
AA0A ( boiling point ) 1104 C
ANUrHILLY e (vapor density ) 3.2

anuaule (vapor pressure )

36.7 mm 9 30 °C

a

gangiinaalldies

896 °F

N1392a18 ( solubility )

Iyvy
axawm‘lﬂuaﬂum(sw mg/l) azany
Y
Taalu alcoholchloroform, etheacetone,

acitic acid

f1 Soil organics carbon/water partition (Log K )

2.96-3.03 (n518 1 UBUaquifer)

Henry's law constant (at 25 C) [kPa*m’/mole]

0.67

Octanol-water partition coeff. (at 20 C) (log Kow)

2.69

N3 : NIUAIVANNANY (2541) ; Christensen and Elton (1996)
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http://www.cee.vt.edu/ewr/environmental/teach/gwprimer/btex/btex.html#Henry's law constant#Henry's law constant
http://www.cee.vt.edu/ewr/environmental/teach/gwprimer/btex/btex.html#Octanol-water#Octanol-water
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f: NTUAIUAUUANY (2546)
4. Insnaslsensau(TCE)

4.1 Msdwungaauiatazasail
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Trichloroethylene (TCE) ﬁjuﬁ 153818 (Volatile organic compound, VOC) w¥ianilaniley

a { ) I
1¥lugaamnssuvaesiialunugadmnssuidesldaniazate lasnaslneiawiuaison
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. { I ) ] 1 a 4 4
i lsiudaiazate sudluvearadla lld nauadwdmoesuazaae lsosuy
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2 1 adc
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MraLazINAIY TaslnaaNLANIINIenINILaziAl(Physical and Chemical properties)(NT
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M15199 6 A1 Oxidation Reduction Potential (ORP) ¥99813 DONHIATU

A150ONFIATU Oxidation Reduction Potential(ORP)
(Volts)
Ozone 2.07
Hydrogen peroxide 1.8
Potassium permanganate 1.7

30 : Lehr (2001)
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1 J { ] H T W 1 L= 1 a
Uamlavenas lsaunigaludaluei 1 910D 670.5 NSUADAAT T9909IABNITIBIIU LAZAU
WMTEIN 532.5 182 507.5 NSUADANT MUY pIzermIIarugs Tuasnidl Avenao
o ' o ' 9 A o A ~ ' ~ = @ A o
Tsaluugazainareasusienan ausulunni 12 91 o ¥299a19 1 99 3 2 Tueliaanusu
[ 9 d' [ 1 4 [ o w o a0 ,:'
Aoud19Aen ualunmsiumsilaalacsaas lsandimstninvesdanarmseliaigaiga seaun

A0 NIBIIULATAUNTIED UEIAY
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=<

o w { @ 1 4 < [
Tasnaimaihiad 1 9 Twwsnimsdanildesnaslsdesningga Feduna ldnn
U d’d 1 d' 1 dy o % Aad q'/ d'
anusuveIn Aannigalugianail nagmnihiams lasnas Isensau o 92 Tued 1
(Z 1 1 14 { @ 1 a
Tudmnannselismsdanlasenas lsauniige sesaeuie Aana19ans1e3U tazaumTie
= 2 ) 2 A P < [ 9 9 v & 9 o
Felunsaesdinaeil Immsaas lsa lus luausnaeudalndinesnu SedeandpeanunIy
Y 9 d' A [ o w [ d' d‘ < d‘ = Yy 9 1 9 Y A
WU NAYDY TCE ¥ainmsihtia aan 1w 11 nlug Tuen 1 dmanutnduaoudnelnaines
o 1 = [ 1 /s a dy [ o w A (% = 4
NuruReInuAInas lsaninatunainmsinie lasauvailudinamaelisinae lsa looou
A A v W A 9 1 a a A 3 = A = o
ganga WonfTounuAINa1Id U A UIRZNAINATBUNTE IudInanselntoeNga 391N
9 a A o w % = d‘ [ 2’/ o Aaan AR
Tszansmumsiniaas TCE Tudrnanmnsielianniga aaiumsnlgnsenvesadsniag
A d%J d' a 4 o Aaan [ dy 9 ] = a A
INNINAY 1le9Ind15eend lagaunsailfnsonumsdudloulasdeililszdnsam Tao
a =4 @ 1 o aan 9 d‘ as o o dy 9 axy
U51A91ne3aUNTINNAINANINT W RAIe1A8 11991 BMITTaes U)o uae7s
a o a o aan [ 1 [ 9 ° Aaan o Ay ] g’/
ponFatuniiozilgnsowuugy limzesigdevinlgnsenuasduilowmniy (target
. a = o a JNY 1A v dy
organics matter) E130UNIE IUAINANTNNTYNOONT lad IaruiRednuaswilou (Yan and
. =K g Y 1 o o
Schwartz,2000 : Liang and Lee , 2008) 3atHunal¥inmsiuvesmsvantlasenas 15a ludinaia
= 1 1 a ~ a ~ = o A a 49! (2
nelaINNIMTe Lz auviien Tasluaumiionlianae lsa lessuimavurdins
o o Y A A @ a dyd J a ~ o @ ~ = 9y %
1iatosNga (10IM19INAINANFUAUNAITTOUNTI IUAINANUINNGA BTIdoANADINUNT
A [ A A )=} 1 L Y a =\ o
naaedd 1 aamni 10 NufFeuieumsiantasenaslss ludinarsdumtion uazdinaransie
~ 1 1 14 % a = 1 =) [
paaa Mnunlunseeeamniimsvantlasenas lsauinnndinarsdumiensu@edny
a 4 [ o o a9y any a @ = g’/ A
mstianaelsa losau vasnsthiialasnae IseniasiedIsesndatrumiiiu tiodan
an I = 4 A A 1 .
a5 lasaas Istensauduasdsenevainaaeiuas lalasamiveunisenin chlorinated
a 4 a o aan a v =\
hydrocarbon azM3tAfAae 154 loosuaminesuienInnszuIuMsNgnseeendmdunil
A g e - ° Aaan v W ] I r 9
Fuusnuuaslesuuaniuua (Mno,) arlnsnnunuszguesmsveuvesasuilonly
% 1 < ann . . 1 . ann
UANAD amﬂmmuﬂgﬂim dechlorination IA8HIUNTZLIUNS Hydrolysis ﬂdi’f)‘ﬂgﬂ'im
A o ' 9 1 &’ . o 1
pondmduluszIImsuanuseg Wie 21veeaswdlou cyclic complex) 84 Tins 1
% 1 To = 9 G &’ 1 3 9 A 3}1 <
AsTUIUMSIARAIBELLTe Fa1naesu luasdudleu luausouanda laviua aassuliun
I o . . [ o 1 &l
ANWTONAUAITAINAN (intermediate products) HAIAMIUANHUTAVDIA T WAloU
. Aa o J . . . ! .
181 F9010 ldnansuilsziananslsene chlorinated organic acid I%¥U formyl chloride, oxalyl
. <3| . ' v o Aaaa
chloride , phosgene ttaznan 154 looou iudu Fgnilandesesnainaisazaronasiilgnsen
a % o ?1// 1 4 I @
99NFIATUIAN (Yan and Schwartz,1999) aatiumsiandaesnaslsd leoaudaannsalfnilud
Aa P = a A o @ 2K o 9 4 o
MNiwesnuaasnslszansmmmsihiatazuaadwasims lgaslesuuanuualumsih

Ugnsen ldmuRenny Tage1denszuIun1sNizen1 TCE- dechlorination (Tsai et al., 2009 )
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uaziothmanududuvesars lasnas Islendau uimuiua1onsINsLUsINN

[l Y
(Loading) seminsamuia lamueaumsaae 1l

Loading = Mole of TCE

VxT

u

aan

Tag  Mole of TCE fio Twaved TCE fignyignseteendasi [mmol]
\% Ao USuasvosnalgnae (1]

T Ao szozna1lumsiilgnae [hrs]

(16)

W NAIUMNANNTH 16 NUNAIBATINTZUTTNNVIAINANAUKTYI NTI8TIU

v Y ]
Haz N318 WA 19N 1.06, 5.61 1ag 6.1 mmol/Lhr FeaHausari liwasaniuiieiinisihiia

9 v
Tununesald

= [ v Aa A o o % ya ~ dy a
2.1 AnwanudusiusvesdszansmmmstniathldaunduilouarslasnasTsens

[ 1 a 4 14 % 1 a
AUNUMA1TOUNTIANTUDY (Soil organic matter) IUAINANLUAALTUA

120 +

100

or

v 0/
gTC%{ .-o)ocg

=y

SLanEMIMSIUAvIa15

1l

0 T T

y=-341.3x+96.793
R?=0.8237

= =1 J d .
A130UNIINIVDUIIN(%)

0 0.05 0.1 0.15 0.2

0.25

d' Aa a 1 a =4 % 1 Aa A o o w ~ dy
HMNN 13 'fJ“I/IﬁWﬁGU’E]\‘]ﬂ'Iﬂ'Ii'E’Ju‘I/ﬁEli')llcl,uﬂﬂﬂﬁ'l\?@]’f]ﬂi%ﬁ”ﬂﬁﬂ'lWﬂ'lﬁJ'lﬁJ@@]'Jﬂﬁ'l\Wlﬂulﬂ )%

a 4 N [
a3lasnaeTsensau dreas ImunadeunlosuuanuualulSuanasnuy a

Y 9 s A < & ' ~
AVLUNUU 0.2 IiJa']ﬁ N pH7 nJunm 3 ‘If'ﬂll\i 1y 200 F9U/UIMN
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A 2 a A J a A J . @ 1
MWN 13 BAAIDIDNTNAVDNATITOUNTYTIV (organic matter)bluﬁﬁlﬂﬁﬁﬁﬁl

Aa a o @ w A dy an F) = 4
Uszaninmumstiniadinannludlouaslasaas lsensau dreas Inunadeualesuuan
A o Y Y ¢ A 3 & ' ~
aludSunanaenu a anududu 0.2 Tua1s 7 pH 7 Wunan 3 ¥ Tug e 200 5o0/417 lae
1 a A A o = Y o a ~ 1
e ssunssnhufSeumen 1dnainatansgeenan Aumiie) 51939 LaznIeY 1ay
Y] 1 a 1 a o % Y
TuaIna1aNI e N9 LaAUKHED UAEITOUNT IUAINA1E 1911 0.02 %, 0.14 %L1ag
Y ¥
0.21% enuaau aruludrnaraniieesaanluanuiseil 091UA NN 0 1119991ANI 1Y
I A 9 o o a 4 9 1 Y a a a1
poam N uNTIeN lannmsdunizvinaInemans 1ilensieannmiinausssumna vaz i
a A ok Y (= KX o Y a a =
A150UNTI IuNTwesnaINvsunauLNUL Tulime 3ammualiansdunisdlunigeanninil
AUNMINY 0 Faaransnaasanuaaslumni 13 nunludnarnigeeamnilszansnw
M3iaganga Ao 99.99% 5998901A0 N8 NT1BIIU LazAUUTIEd MUY & 95
Uszansnmmstiniaais lasaas 1sensau winy 78.7 %, 70.0 % Uag 12.2 % ANa1ail

[

X T a o @ a a 1 a A o o ' v o
G?3\1Ll’tff@]\1'J1i‘*]'l’(?ﬂf.iE]‘Ll‘l/]diifJGl‘L!15]’(]'ﬂﬁ'l\?fIE]°I/I‘ﬁ‘Wa15]’0‘]J?.i8’tff‘l/]‘ﬁﬂ1‘1/‘lﬂ'li‘]JT]J@1€]EJ'N3d\l‘1ﬂlEJf:T'li‘3]ﬂJ

o

~

o Y 1 a A =\ a a o o 9 A @ A
Tagduna ldnnmasounsdniiaminaziidsz@nsnmmstiniadosnga aungouiiowain
o aan aan a o =\ o anan [ ~ a s Y

myhlgnsenvealfiseeendatunil aunsonilgasenuaisiawisogneond lad 1a
4 v 19 I dal v Y o ana FY 4 a ~ o a
navina Taglimizasndeuiluasiudoumniu awnsorinljisen ldnsasduniduazasotl

4 ' J a A J A A ] ' 2~ ao
‘L!‘I/I%EJ Lm@ﬁﬂﬂi$ﬂ’E]’]Jﬂl@\?ﬁﬁ@l!ﬂifJ“]ﬂ\i“])’lm‘Vl’(?fnﬂiﬂEJ’E]EJﬁﬁWEJUI,@Q]}\HEJ %QNGISJ}E]N”&%Wﬂﬂu’J%EJGUEN

. ' Y 1 a A J J a A o a Aa . Aa
Rivas(2006) aa1n 1AM marsounsamiveu luauNaIulsEneUanveIa15 a0 (humin) NN
1 anan a o A A o S a a . a
HansznUAvilNIEeenFATAL IBAINANAIUYTENDVVBIAITEINY (humin) uazWadn
o o aan X =1 a a [
(fulvic) dzpaasanyazmmIzyeImsilnse ¥ederuilusninanavdednzns
inalfAseeendasuniizideyanina 1aiayuILITeVed San and Yan (2007) Mhiias
9 asy a L = = a A . ] a a o w
PAH A81500nFHa%FuIAl 1agAny19NTNaveda1s organic matter A9Usza@NTNINMTLNIA lag
F4
NUIIBUNA1INAIUTLNO VDI organic matter VNFiA TuAINANDINIHNTe100nTATY
an Y 1 o Aaan o &‘ A a . & 1 A a A d
il Ideinnnvinlgasenuensiuilou 1iiee91nlin heterogeneity gaa 151 a15821u iy
s A a a s s 3 I v = ' A N Y
pentlszneuninasaniiv, Indwan 1sq, msveunuan iudu manazgnosnd lad ldein
1 <3 1 Aa I Y & LB a S J gz
ANas Tuana@n 1wy asiadn Wuay §3lupanisnaaeanuNaAIasounIgsIunInualy

A o o @ 1

A 1InaImsInlgnIeeenFasuall W13 organic matter anad0E1NNBT AR U

o

A a R g J a A J S oA 1A o o ' Y
fmamumgﬂumﬂﬂszﬂemmmseumﬂi’muu"lmﬂaemuﬂammwuﬂm Y LUANTNTINLLAD

a A o a dou A U o Aana a o an Y =
miaumﬂiu@uﬂﬂma:nmmsa‘mﬂ;]ﬂsmaeﬂcﬁmmmmu%emm
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= @ %’ Y 1 a ~ A [ ~ 1 v KR A o Y
“]5\11‘1!G]'Jﬂﬁ'l\iﬂl’i]ﬂ‘l!ﬂ@]ﬂi!ﬂﬁﬁ%‘lfﬂﬂ UAUTNUAUASANHUSNUANA NN ﬁNllWﬁ‘V]ﬂ‘Vi

[

Aa A o w % 1 % 1 1 1 I~ a 4
Uszansmmueinmainvaasdudleouluuaazdinanatiauanaianuaies 3atnzduwsimes

a ~ I @ 3/ g Ya ~ dy A I o v Ada a 1 Aa a
3o unse luaInaaveasuiin laaunduileu niluilatenannioninansilszansainms

o o 9 axy a % =\ g}/ A = @ v J aa A 1 Aa A o ~
11119A287500NFATUALUY 1INl NNdUiUSIazionTnanelseansnumstita aan

uaaalunIng 13

WeshmsmulInauganIa (Mass balance) ¥09 lasnan 15ton5au0e19418

% da)
il
Input = Output + Accumulation
M total = M oxidation +M effluent +M adsorption +M loss (17)
d' A an J 1
Taeh Input Ao wiaved lnsaasIsensaulaasluszuu(msy)
A Aag ti‘ (%
Output Ao wiavedlasnasIsensaunesnanszuu(nsy)

. A A A ' o
Accumulation 9 ll'JaGUf’)\1ll@iﬂﬁﬂiilﬂﬂ‘ﬁﬁu%ﬁgﬁﬂﬂgclu5$ﬂﬂ(ﬂﬁll)

9
ﬁ’e) NIATIWNNUA(NITY)

Mtotal
A ag 1 d‘ o aan 1Y
sidation o waaved lasnas Isensauluaruihilgasen(niu)
A Aad d' Y g [}
M e o W1aved lnsnas Islensaunoonunuiesn(niu)
=) ag d‘ o £ 1%
M gsomion Ao wravedlasnas Isoniaungnaasu1iludnara(niu)
A ax ! A J = A
M, o waaved lnsnas Islensau drungudides 11 orviiosninms

JEIMe(Volatile) Ti%’e)ﬂ’ﬂllﬁﬂ‘l/‘lﬁ?ﬂ(erroe) ﬁuﬂﬂ]@ﬂﬂ”ﬁ‘ﬂﬂﬁ@ﬁ

(n5)

1. MUIVANAANIA (mass balance) Vo3 lnsnas)stonsauludinaransg (Sand)

Y
(Y

A A 1 ot
U Input Ao uavedasaae Isensaulaasluszuy (A5)

ax

TumsnaaesldTngdu Wudu 99 % asludanarssau 1 dadaas TsnaeTsiontaull

ANUHUIUY (MDY 1.465 NSUADNARANT

Input =1 UaaaAs x1.465 NSuAoNaaans
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=1.465 N5¥

= ad d' % %’ v
M Ao ¥1av94 lnsnas IslensaunoonuInULIeeN (P3N)

effluent

M + M

effluent ‘main product intermediate

d' Ay d' A % o v 7
e = MI0VIMINVUABUNMAINAINIAMITNTIR (ATN)
an d' [ 9o’ 9 a o d'
msvfsualasaae Tstensauneonunnuiilesn IGu19INNITUATIEN IAnTed AT
[ a 1 o aol [ A Aa o 1T A
Tans ¥ wunanududulasaae Tsensaunesnuinuiileon MNY 1 Haaniuaoans ¥so
0.001 NTUN A1D AN
= 0.001 N5V

‘main product

v Y
M A9 VIAVBIATAINANNAATVUNAINTZVIUMILNTA (ATN)

intermediate
A [ a aan A o ~ Y d Y A
MNNITNAADY Lhﬂﬂﬁﬁﬂ1ﬂﬂ1ilﬂ@ﬂj‘]ﬂ‘ifﬂl,iJ’E]u'l’L’ﬂiﬁZﬁ1ﬂﬂ1m’nlﬂi13ﬂ@38m‘iﬂﬂ GC-
1 U { U 90’ a 2 a a
MS W“]J'Nﬁﬁ'li@l')ﬂﬁN (Intermediate) ﬁﬂflﬂﬂ1ﬂﬂu1@@ﬂlﬂﬂ%u 2 ¥URA ﬁfl ﬁ1§!@l¢]i$ﬂﬁ@1§!@‘1ﬂ‘ﬁ

AU uazes 15nas Ismnsy Taglianuaudy 417 Uaansuaoans 1as 6.32 aansuaoans

ANA1N
M intermediate = 0417 + 0006 = 0423 ﬂ%}ll
WY M = 0.001 +0.423 = 0.424 N3

effluent

a

A 2 A 7 o o
M Ao wraveslasnaslslensaungngasu 13 ludanais (niw)

adsorption
~ Y s a S J 4 1T o aa A
‘Vﬁ"lfl‘ﬂ‘lslf(luﬂ"ﬁ‘ﬂﬂai’)\‘illﬂ"lﬁ"lﬁi’]u‘ﬂﬁflﬂ"lﬁll'E]‘Ll MmNy 0.02 % uazhlmﬂaaiil,’emﬁauum
4 1 %
auﬂizammig}%u (Adsorption coefficient, log K ) iU 1.93 (Brasseau et al., 1990)

+ My, (330i§,2547) (18)

adsorption Sand

'
TagA1 K , mduilszansnszaraluau (Soil distribution coefficient)

= K xf

oc oc



63
= 10"x0.0002 = 0017 Yaaaasaoniu

=3 Y 9 as d’Q a Aa o [ =Y
C o ﬂ’J111L"’IJ11GU‘L!GU’E]thiﬂaﬂiim‘ﬂ‘ﬁau‘mﬂﬂﬂﬁa%a18(llﬁflﬂillﬁﬁ]fmi)

TCE

E T W A Aa o 1 Aa ¥
anuwuiu lasnas Tsensauveaitg miny 1100 taansuasaas TaglddSuani
Y

NINUA 0.2 BNT

C = M

TCE

W

effluent

1.1/0.2

5.5 NSUADAAT 130 5500 HaaNTUADANT

M, , = NI0UBINTWNANMIAATU AD WIaveIns1eN 1dhlfase

Sand

=20 N5Y

NNAUNTN 18

M adsorption = I<d x C TCE x M Sand
= 0.017 UaaansAoniy x 5500 YaaniuADans x20 NS
= 1.87 Haansy 30 0.0019 ASW
A ag ' A Jd A . A
M,. fowavedlasnaslsienau arudguadesly o1uiloaninmsszive (Volatile) W30

ANUAANAA (error) ﬁuqmmmimam (N5W)

A I Al R o Y ag 1 A = ~
Lu%Nmﬂﬂ”ﬁ‘V]ﬂﬁ@ﬁ!‘}JuS8‘1J‘1J‘]JﬂNfﬂﬁuﬂi‘ﬁu’JEIsll’eN]1@]Sﬂaﬂiﬁlﬂﬂﬁauﬁﬁuﬂqmlﬁﬂqﬂu

1 Y A A [ % [
A lnafes ¥3omINY 0 N5

NNAUNTN 17

M total - M oxidation +M effluent +M adsorption +M loss
1.465 = M puion - 0424 +0.0019 +0
M = 1.04

oxidation

J

a I a A o w an o [ -
ﬂﬂlﬂuﬂi%ﬁﬂ‘ﬁﬂWWﬂWiﬂW%ﬂﬁﬁulﬂﬁﬂﬁ@IﬁL@Wﬁﬁuﬂ']ﬂﬁN‘ﬂﬁTﬁl 0y 71 1Wesigua
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2. MUINANYANIA (mass balance) VodInsnaslslonsaulufIna1ans eI (Silty Sand)

9
v o

A an 1 [
U Input Ao wIaved lasnas Iseniauldadluszuy (ASw)

a

TumsnaaesldaTngdududu 99 % asludainarsduau 1 Tadans lsnae TsenFaull

a A

ANUHUIUY (MDD 1.465 NSUADNADANT
Input =1 Uaaans x1.465 nSunelanans

=1.465 N¥

A an A o %l [
M Ao vaved lnsnas IsENTauNoon NN (ASY)

effluent

M =

. + . .
effluent ‘main product M intermediate

A Adal A A v o w 2
= yravesasnudeunmasnasninnisiga (h3Y)

‘main product

An A [ % 9 a o A [
msvSuna'lasaae Tseniaunesnunuiinean 1au11nmstas Iz lagaseanis e
=} 1 9 Y Aad d' U %I 1 o/ a A [ L)
TasunTans W wunanududu lasaas Istensaunoonuinuiiiesn WAy 1 Jaansuaoans

139 0.001 NSUAD AAT

= 0.001 AW

'main product

H Y
M ﬁ’ﬂ M?ﬁﬂ]@\iﬁ”ﬁ@nﬂﬁNﬁlﬂﬂﬁuﬁﬁ\‘lﬂig‘]J’JuﬂWi‘]j”l‘]Jﬂ (")

intermediate

nnMsnaaed ilendannmaialiiseuilethamsazaeii 18135 idenses Ge-
MS Wi as@anana (Intermediate) vpninfunoenmaiy 2 ¥iia Ao msmaszaas 15ion3
Ay vazens lsnas Tawnsy Taelianuduvy 446 Taansuaoans Uaz 6.68 Taaniuneans
ALY

M =0.446 + 0.007 =0.453 NSU

intermediate

9
v v

WU M =0.453+0.001 = 0.454 N5Y

effluent

'
a

A = =3 [ % [}
M o wraved lasnaslsensaungnaasu 1iludanars (nsu)

adsorption
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a

~ FY A a A J 4 1w A A
naenlFlumsnaasaiaasdunisasusy 1y 0.14 % uaz lasaas Taensaudl

mﬁlllﬂiza‘l/l%miﬁ]ﬂcﬁju (Adsorption coefficient, log K ) 910U 1.93 (Brasseau et al., 1990)

= K, + Corp + Mg, (35007,2547) (18)

adsorption TCE

'
Tas K, = aduilszansnizaeludu (Soil distribution coefficient)

= KOCXfOC

1.93

= 10"x0.0014 = 0.12 Yaaansnensy

A Y 9 Ax A a A Aa o =)
C f19 ﬂ’J111L‘lliJEU‘L!GUﬂﬂqiﬂaﬂiilﬂﬂﬁauﬂlﬂﬂﬂﬁazQWS(Nﬁaﬂﬁuﬂﬂaﬂﬁ)

TCE

E T W A Aa o 1 Aa ¥
anumutu lasnas Tsensauvesing miny 1100 taansuasaas TaglddSuani
Y

NINUA 0.2 DNT

C = M

TCE

W

effluent

1.1/0.2

5.5 ATUADAAT 1130 5500 UAANTUADANT

Mg, = NIQUBINTWINANIYATU AD WIAVDINT183 N TFT[ATe

Sand

=20 5%

NNAUMITN 18

M adsorption = I<d x C TCE x M Sand
= 0.12 Uaaansnensy x 5500 Yaansuasans x20 A5
= 13.2 Hiaansy ¥30 0.013 AT
A aa ' A = A . A
M Ao w1avedlasnas lsiensau arungande'li 0191109910AT52Me (Volatile) W30

loss U9

ANUAANAIA (error) DU VBINITNAADY (NTH)

A I a XK o 9 an U A = ~
mmmﬂmsmamrﬂuszuuﬂmqﬂmuﬂiwmamaﬂmﬂaaiimmaumumqmmﬂ"lﬂu

1 Y A A [ % [
A lnafes ¥3omINY 0 N5



NNAUNTN 17

M total = M oxidation +M effluent +M adsorption +M loss
1.465 = M ... +0454+0.013+0
= 0.99

oxidation

a g a a o w an @ 1 1w J I 4
ﬂmﬂuﬂszﬁmmwmsm%ﬂmﬂmmaismmaumﬂanmwsm NN 68.3 weosiyua

3. MIMANQANIA (mass balance) VodlnsnaslstensanluiInarsfumiied (Clay)

9
v @

= adg J [
WY Input  Ap Wiavedlasnaslsentauldasluszuy (nSu)
TumsnaaesldaTngdu udu 99 % asludanarsduau 1 Tadaas lsnae Tsensaull

ANUHUIUY (NN 1.465 NSUADNADANT

Input =1 1aaans x1.465 nSunelanans
= 1.465 NTU

A Aan d‘ (% aol Y
M Ao vaved lnsnas Islensaunesnunuieen (ASY)

effluent

= . + . .
effluent main product M intermediate

A ,i’ A A @ o_ v
= yravosasndudeunimaenasninmsihda (NTY)

‘main product

66

a { [ g a s 4
msvdSua'lasaas Taeniaunesnunuiinean Taunmsiasizy lnomied Iasun

= 1 Y 9 as d' [ 501 1w a Aa o Y A
Tans W wunanudutulasaae Iseniaunesnunuiieon (MINY 1 Jaansuaoans Hio
0.001 NTU 91D aNT
= 0.001 NPTV

main product

1 Y
M A0 WIAVRITITAINANNNAVUNSINTZUIUNMITTITA (ATN)

intermediate
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d' [ a aan d' o d‘ Y Y d'
IMNNITINAADI mwaqmﬂmsmﬂﬂgﬂimmammsazmﬂm"lﬁ”lmmwwmmmm

1 o § v ¥ a X a
GC-MS WUMNA1TAINAN (Intermediate) NOONUINUIIDOANAUY 2 FUA AD T1TANTEAAD 1510

n3au uazens lsaao Ty Taslinnududy 426 Haansuaodas Las 7.5 Taansuaoans

ANA1N
M intermediate = 042’6 + 0008 = 0434 ﬂ%li.l
9UY M = 0.434+0.001 = 0.435N5W

effluent

v
a

A a A Y (2 [
M o wraved lasnasIsiensaungnaasu 1iludnars (nsu)

adsorption

A Y s a a Jd 4 1w aa A
n5197 1F 1 unsNAaelMaIsoUNI IS UOU tNNY 0.21 % uaz"lmﬂaaismmauum

auilseansms ﬂﬂ"ff 1 (Adsorption coefficient, log K ) 1101 1.93 (Brasseau et al., 1990)

M somiion = K, + C o + Mg, (33913,2547) (18)
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Y

UIUUKMnO4(ml) arituiildns UszANTNIN(%) NaCl (%)
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KASETSART UNIVERSITY

DEPARTMENT OF CIVIL ENGINEERING,GEOTECHNICAL ENGINEERING LABORATORY
STANDARD COMPACTION TEST

Dry Density (t/m®)

1.48

STANDARD COMPACTION TEST

1.46 +

1.44

1.42

1.40

1.36

1.34

132

I
Maximum Dry Density = 1.45 t/m®
Optimum Water Content = 27.02 %
9 12 15 18 21 24 27 30

Water Content (%)

33

1) Certification applies to test samples only.

For: faaByanIndmnssudowdadan Compaction method Standard
Project : ERR L] Weight of Hammer 5.5 Ib.

- Height of Drop 12 in.
Station = Blows Per Layer 25
Location - No. of Layers 3
Soil Description gnatviumiiensausiu# was 70 Mould Size Diameter 3.775 cm
Date 29/1/2552 Height 7.625 cm
Tested by Anddne Volume of Mould, V 85.34 cm’®
COMPACTION Test No. 1 2 3 4 5
[Assumed Water Content %
\Weight of Air Dry Soil Used g
\Water Content of Air Dry Soil %
Amount of Water Added cc
Weight of Wet Soil+Mould g| 1035.16 1050.34 1062.94 1057.47 1056.38
Weight of Mould g| 909.64 909.64 909.64 909.64 909.64
\Weight of Wet Soil W g 126 141 153 148 147
\Wet Density , yt=W/NV/ glcm® 1.47 1.65 1.80 1.73 1.72
Dry Density,yd=100yt/(100+w) g/cm 1.34 1.41 1.45 1.36 1.32
WATER CONTENT
Container No. A B C D E
\Weight of Wet Soil+Container g 34.71 32.99 43.49 36.30 38.4
\Weight of Dry Soil+Container g 32.77 30.18 37.70 31.23 32.34
\Weight of Water g 1.94 2.81 5.79 5.07 6.06
Weight of Container g 13.26 13.55 13.19 12.39 12.58
Weight of Dry Soil g 19.51 16.63 24.51 18.84 19.76
Water Content,w % 9.94 16.90 23.62 26.91 30.67
Checked by:

Mr.Chalermchai Trakoonpudpong

Approved by: Remarks:

Dr.Suttisak Soralump

2) Information under "For", "Project”, are supplied by client. These are not certified.

3) This certificate is invalid without appropriate signature and seal.
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DEPARTMENT OF CIVIL ENGINEERING,GEOTECHNICAL ENGINEERING LABORATORY
For: ﬁﬁmﬁtumﬁwﬁﬁmswéou‘méau Compaction method Standard
Project : RRITeET] Weight of Hammer 5.5 Ib. STANDARD COMPACTION TEST
= Height of Drop 12 in. 1.90 -
Station =2 Blows Per Layer 25 t
Location = No. of Layers 3 1.88
Soil Description nseden Mould Size Diameter 3.775 cm 1.86
Date 29/1/2552 Height 7.625 cm )
Tested by Andidne Volume of Mould, V 85.34 cm® 1.84
1.82
COMPACTION Test No. 1 2 3 4 5 6
Assumed Water Content % 1.80
\Weight of Air Dry Soil Used g 1.78
\Water Content of Air Dry Soil % G~ &
Amount of Water Added cc :E. 1.76
\Weight of Wet Soil+Mould g| 1051.47 1070.47 1086.63 1087.36 1079.57 ;
\Weight of Mould g 909.64 909.64 909.64 909.64 909.64 z 1.74
Weight of Wet Soil W g 142 161 177 178 170 3
Wet Density , =WV glem®|  1.66 188 2.07 2.08 1.99 > 172
Dry Density,yd=1007/(100+w) glem’| 161 1.76 187 183 173 a s
[WATER CONTENT 1.68
Container No. A B C D E F
\Weight of Wet Soil+Container g 34.11 32.09 33.97 49.42 52.84 1.66 |
Weight of Dry Soil+Container g 33.48 31.01 31.93 45.88 48.33
Weight of Water o 063 1.08 2.04 354 451 1.64
Weight of Container g 14.53 15.09 13.15 19.67 18.46 1.62
Weight of Dry Soil g 18.95 15.92 18.78 26.21 29.87 : Maximum D ity= 3
ater Contentw % 3.32 6.78 10.86 1351 7510 1.60 oty Dry: Dansity= 1,87 ym
g Optimum Water Content = 11.54%
1.58 + —
Checked by: 2 4 6 8 10 12 14
Mr.Chalermchai Trakoonpudpong Water Gontant (%)
Approved by: Remarks: 1) Certification applies to test samples only.
Dr.Suttisak Soralump 2) Information under "For", "Project", are supplied by client. These are not certified.
3) This certificate is invalid without appropriate signature and seal.
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KASETSART UNIVERSITY
DEPARTMENT OF CIVIL ENGINEERING,GEOTECHNICAL ENGINEERING LABORATORY
STANDARD COMPACTION TEST

Approved by:

Dr.Suttisak Soralump

27

For: famBayanimimnssudoadan Compaction methoc Standard
Project : RETRET) Weight of Hammer 55 b. STANDARD COMPACTION TEST
= Height of Drop 12 in. 1.66
Station = Blows Per Layer 25
Location ot No. of Layers 3
Soil Description na Mould Size Diameter 3.775 cm 1.64
Date 29/1/2552 Height 7.625 cm
Tested by Andidne Volume of Mould, V 85.34 cm?® 162
[COMPACTION Test No. 1 2 3 4 5 6 1.60
[Assumed Water Content %
\Weight of Air Dry Soil Used g
\Water Content of Air Dry Soil % —~ 1.58 |
Amount of Water Added cc g |
\Weight of Wet Soil+Mould g| 1057.51 1065.52 1074.55 1073.03 1066.86 >
\Weight of Mould g| 909.64 909.64 909.64 909.64 909.64 ® 1.56
\Weight of Wet Soil, W g 148 156 165 163 157 8
Wet Density , yt=W/V g/lcm® 1.73 1.83 1.93 1.91 1.84 >
Dry Densityyd=100y/(100+W) g/cm’|  1.58 161 1.64 157 1.48 9 154
WATER CONTENT
Container No. A B C D E F 1.52
\Weight of Wet Soil+Container g 40.95 34.68 52.01 53.95 57.45
\Weight of Dry Soil+Container g 38.45 32:12 46.16 46.89 49.46 1.50
\Weight of Water g 2.50 2.56 5.85 7.06 7.99
\Weight of Container g 12.88 12.68 12.95 14.15 16.47
\Weight of Dry Soil g 25.57 19.44 33.21 32.74 32.99 1.48 + . 5 a
Water Content,w %]  9.78 1317 17.62 21.56 24.22 | | Maximum Dry Density = 1.643 t/m
Optimum Water Content = 17.53 %
1.46 " 4
Checked by: 9 12 15 18 21 24
Mr.Chalermchai Trakoonpudpong Water.Gontont/(%)

Remarks: 1) Certification applies to test samples only.

2) Information under "For", "Project", are supplied by client. These are not certified.

3) This certificate is invalid without appropriate signature and seal.
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KASETSART UNIVERSITY

DEPARTMENT OF CIVIL ENGINEERING,GEOTECHNICAL ENGINEERING LABORATORY
SPECIFIC GRAVITY TEST

Checked by

- @_v/,)« 2)x957+)

Temperature ,C°

Mr.Chalermchai Trakoonpudpong

Remarks: 1) Certification applies to test samples only.

3)This certificate is invalid without appropriate signature and seal.

Approved by

Project: famfFyannimnssudonndan  Location -
Borehole No. = Sample No. 1
Soil Description fumilensuarunsatuas 70 Depth — m.
Test by aUTNT Date 5/2/2552
Flask Calibation
Determination No. 1 2 3 4 5 6
Temperature 41.2 32 26.8 205 14
Wt. Flask+Water 689.31 690.77 691.37 692.17 693.02
SPECIFIC'GRAVITY DETERMINATION
Determination No. 1 2 3 4 5 6
Temperature (g2 28.5
Flask+Water 691.21
Flask+Water+Soil 721.47
Container No. A
Dry Soil+Container 305.83
Weight of Container 2571
Dry Soil 48.73
Specific Gravity of Water 0.9962
Specific Gravity of Soil 2.63
Average Specific Gravity of Soil 2,63
Calibration of Volumetic Flask
696
695
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r o692
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688 | i 2% [ i
10 15 20 25 30 40 45

2) Information under "For", "Project", are supplied by client. These are not certified.

MNENUINT V4 HANITNARDIAT Specific gravity VOIAUMTYD
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'5) DEPARTMENT OF CIVIL ENGINEERING,GEOTECHNICAL ENGINEERING LABORATORY
SPECIFIC GRAVITY TEST
Project: fReFyanTnimnssudonndan  Location -
Borehole No. - Sample No. 1
Soil Description nsuden Depth -
Test by AUINT Date 5/2/2552
Flask Calibation
Determination No. 1 2 3 4 5
Temperature 48.2 36 29.5 20.3 12.5
Wt. Flask+Water 692.05 694.06 695.13 696.5 697.14
SPECIFIC GRAVITY DETERMINATION
Determination No. 1 2 3 4 5
Temperature (034 28.5
Flask+Water g.| 69527
Flask+Water+Soil g.| 72561
Container No. B
Dry Soil+Container g.| 51234
Weight of Container g. 463
Dry Soil g. 49.34
Specific Gravity of Water 0.9962
Specific Gravity of Soil 2.59
Average Specific Gravity of Soil 2.59
Calibration of Volumetic Flask
700
£ 698
o
3 696
(]
s
t 694
3
w
5 692 |
)
@ 690
2 |
688 s — 1355 9 i 4 5 I ! }
10 15 20 25 30 35 40 45 50 55
Temperature ,C°
Checked by .-—3'—‘3'?‘—;: Cﬁ"‘i} 2 Approved by
Mr.Chalermchai Trakoonpudpong
Remarks: 1) Certification applies to test samples only.
2) Information under "For", "Project", are supplied by client. These are not certified:
3)This certificate is invalid without appropriate signature and seal.

MNWNUINT US HANITNAABIAT Specific gravity YDINTIYTIU
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KASETSART UNIVERSITY

DEPARTMENT OF CIVIL ENGINEERING,GEOTECHNICAL ENGINEERING LABORATORY

"’n
)

SPECIFIC GRAVITY TEST
Project: faaiganTnimnssudowindan  Location -
Borehole No. - Sample No. 1
Soil Description pkali] Depth - m.
Test by AUINT Date 5/2/2552
Flask Calibation
Determination No. 1 2 3 4 5 6
Temperature 412 32 26.8 205 14
Wt. Flask+Water 689.31 690.77 691.37 692.17 693.02
SPECIFIC GRAVITY DETERMINATION
Determination No. 1 2 3 4 5 6
Temperature c? 285
Flask+Water g.| 691.21528
Flask+Water+Soil g.| 72145
Container No A i
Dry Soil+Container g.| 304.13
Weight of Container g.| 2543
Dry Soil g.| 49.83
Specific Gravity of Water 0.9962
Specific Gravity of Soil 2.53
Average Specific Gravity of Soil 2.53

Calibration of Volumetic Flask

694

693

691 |

690 |

689

Weight of Flask + Water , gm.

688 ! I e v e o e
10 15 20 25 30

Temperature ,C°

w ,
Checked by ,%’7*173/&«‘\ ” Approved by

Mr.Chalermchai Trakoonpudpong

Remarks: 1) Certification applies to test samples only.

2) Information under "For", "Project", are supplied by client. These are not certified.

3)This certificate is invalid without appropriate signature and seal.

MNEKINH Y6 HANTNAADIAN Specific gravity U9IN318



KASETSART UNIVERSITY

PERMEABILITY TEST (ASTM D 2434)

PROJECT OWNER BORING NO.
ESOIL DISCRIPTION fumflen duatunsowas 70 LOCATION SAMPLE DEPTH m.
TESTED BY wufia DATE
ISAMPLE DATA:
SAMPLE DIAMETER 3.80 cm. WEIGHT OF MOLD + SOIL 672.5 gm.
SAME HEIGHT 7.60 cm. WEIGHT OF MOLD 570 am.
SAMEPLE AREA 11.335 em? WEIGHT OF SOIL 140.25 gm.
SAMPLE VOLUME __ 86149 om? DENSITY OF SOIL 163 gmem?
TYPE OF SAMPLE _ bhumfln TESTING HEAD 1000 em
ICONSTANT HEAD PERMEABILITY TEST :
TRIAL NO. TIME (sec.) Q (cc) T(c) TRIAL NO. TIME (sec.) Q (cc) T(c)
1 300 0.420 28 6 300 0.348 28
2 300 0.320 28 7 300 0.488 28
3 300 0.443 28 8 300 0.311 28
4 300 0.422 28 9 300 0.312 28
5 300 0.412 28 10 300 0.399 28
Average Values 300 0.388 28
|soiL PERMEABILITY k = 866 x 107 cmisec
VARIABLE HEAD PERMEABILITY TEST : AREA OF STANDPIPE em?
TRIAL NO. h, (sec) h, (sec) TIME (sec) TRIAL NO. h, (sec) h, (sec) TIME (sec)
1 6
2 7
3 8
4 9
5 10
Average Values
|SOIL PERMEABILITY k = cm./sec.
Checked and approved by:
Dr. Suttisak Soralump
Remarks: 1) Certification applies to test samples only.
2) Information under "For", "Project", are supplied by client. These are not certified.
3) This certificate is invalid without appropriate signature and seal.

H ' 1 3 a
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DEPARTMENT OF CIVIL ENGINEERING,GEOTECHNICAL ENGINEERING LABORATORY
PERMEABILITY TEST (ASTM D 2434-68 )
PROJECT uul. W Sowadan ’ OWNER
— LOCATION
|SOIL DISCRIPTION Hudléh BORING NO.
TESTED BY nufia SAMPLE DEPTH - m.
CHECKED & REPORTED BY AUNITI0 DATE 20/2/2552
|samPLE DATA :
SAMPLE DIAMETER 10.14 cm. WEIGHT OF MOLD + SOIL 3954 gm.
SAME HEIGHT 11.60 cm. WEIGHT OF MOLD 2022 gm.
SAMEPLE AREA 80.78 em? WEIGHT OF SOIL 1932 gm.
SAMPLE VOLUME 93718 om’ DENSITY OF SOIL 2.06 gm/em.®
TYPE OF SAMPLE Compacted Soi TESTING HEAD 1000 cm.
CONSTANT HEAD PERMEABILITY TEST : 3
TRIAL NO. TIME (sec) Q (cc) T(c) TRIAL NO. TIME (sec) Q (cc) T(c)
1 600 25.36 29 6 600 19.47 29
600 2254 29 7 600 19.10 29
3 600 22.33 29 8 600 18.29 29
4 600 21.72 29 9 600 17.67 29
5 600 20.49 29 10 600 17.07 29
Average Values 600 20.40
|soiL PerRMEABILITY K = 4,886 x 10° om/sec.
VARIABLE HEAD PERMEABILITY TEST : AREA OF STANDPIPE cm/?
TRIAL NO. h; (sec) h; (sec) TIME (sec) TRIAL NO. h; (sec) h; (sec) TIME (sec)
1 6
2 7
3 8
4 9
5 10
Average Values
|SOIL PERMEABILITY K = cm./sec.
|RECOMPACTED SAMPLE
STANDARD COMPACTION 25
MAXIMUM DRY DENSITY 1.87
OPTIMUM MOISTURE CONTENT 1154
Checked by:
Approved by:
Remarks: 1) Certification applies to test samples only.
2) Information under "For", "Project", are supplied by client. These are not certified.
3) This certificate is invalid without appropriate signature and seal.

H ' ] H '
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DEPARTMENT OF CIVIL ENGINEERING,GEOTECHNICAL ENGINEERING LABORATORY
PERMEABILITY TEST (ASTM D 2434-68 )
PROJECT Y4, Aowaadan OWNER -
— LOCATION —
|soi piscripTION LLeal] BORING NO. -
TESTED BY yufin SAMPLE DEPTH - m.
CHECKED & REPORTED BY NUNITTU DATE 20/2/2552
|SAMPLE DATA :
SAMPLE DIAMETER 10.13 cm. WEIGHT OF MOLD + SOIL 3844 gm.
SAME HEIGHT 11.69 om. WEIGHT OF MOLD 2038 gm.
SAMEPLE AREA 80.62 om? WEIGHT OF SOIL 1807 gm.
SAMPLE VOLUME 94242  om’ DENSITY OF SOIL 1.92 gm/em.?
TYPE OF SAMPLE Compacted Soil TESTING HEAD 1000 om.
CONSTANT HEAD PERMEABILITY TEST : 3
TRIAL NO. TIME (sec) Q (cc) T(c) TRIAL NO. TIME (sec) Q (cc) T (c)
1 600 88.81 29 6 600 77.69 29
2 600 79.72 29 7 600 77.79 29
3 600 78.35 29 8 600 77.30 29
4 600 79.29 29 9 600 77.35 29
5 600 78.35 29 10 600 76.94 29
Average Values 600 79.16
|SOIL PERMEABILITY k = 1.913 x 10° om./sec.
VARIABLE HEAD PERMEABILITY TEST : AREA OF STANDPIPE cm.?
TRIAL NO. hy (sec) h; (sec) TIME (sec) TRIAL NO. hy (sec) h (sec) TIME (sec)
1 6
2 7
3 8
4 9
5 10
Average Values
|SOIL PERMEABILITY k = cm./sec.
|RECOMPACTED SAMPLE
STANDARD COMPACTION 25
MAXIMUM DRY DENSITY 164
OPTIMUM MOISTURE CONTENT 17.53
Checked by:
Approved by:
Remarks: 1) Certification applies to test samples only.

2) Information under "For", "Project", are supplied by client. These are not certified.

3) This certificate is invalid without appropriate signature and seal.

H ' ] H
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KASETSART UNIVERSITY
DEPARTMENT OF CIVIL ENGINEERING,GEOTECHNICAL ENGINEERING LABORATORY
SPECIFIC GRAVITY ABSORPTION TEST ASTM C128

For: madimnITuFineday SAMPLE WEIGHT

Project: wiipigeSggaln Weight of Sample , SSD 500.00 g
Description of Sample NIy : Weight of Dry Sample , A 496.03 g
Date 5/2/2552 Pycnometer+Water, B 1273.66 g
Tested by NUNIIIMH - TUNST Pycnometer+Water+Sample, C 1579.05 g

SPECIFIC GRAVITY ABSORPTION TEST

Bulk Specific Gravity 2.55
Bulk Specific Gravity (Saturated surface dry) 2.57
Apparent v Specific Gravity , 2.60
Absorption % 0.80

Checked by:

Approved by: Remarks:
mp 1) Certification applies to test samples only.

2) Information under "For", "Project", are supplied by client.These are not certified.

3)This certificate is invalid without appropriate signature and seal.

H 1 U a Q( 4
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KASETSART UNIVERSITY

DEPARTMENT OF CIVIL ENGINEERING, GEOTECHNICAL ENGINEERING LABOLATORY

L

SIEVE ANALYSIS (ASTM C136)

un.m.ﬁuL ATAUNW

<

Checked and approved by:

| Diameter (mm)

Remarks:

Project: SAMPLE WEIGHT
Location -+
Description of Sample Ao Container No. A10
Test No. 1 Date 5/11/2551 Weight of Container g 210.25 .
- o of
Tested by a.nniﬂnﬂ Weight of Dry Sample g 1000
| ;
U. S. STANDARD SIEVE HYDROMETER TEST
| 0.0001
L —
Sieve No. Sieve Weight of Soil C " Cumulati Percent | |
Openi i g g % Finer | S—
3/8" 9.53 0.00 0.00 0.00 100.00
#4 4.76 2.40 2.40 0.24 99.76 é
R #8 2.36 1.57 3.97 I 0.40 99.60
. #10 2.00 0.85 4.82 i 0.48 99.52 {1
0 0.85 4.58 9.40 0.94 99.06 =
:ﬁ 0.50 388 13.28 133 98.67 9 |
—  #40 0.42 1.72 15.00 1.50 98.50 . -
v -
| @7% 0.22 6.73 21.73 217 97.83 £ |
#100 0.15 1.66 23.39 | 234 97.66 ?‘a ‘
#200 0.07 10.74 34.13 | 341 96.59 s
PAN PAN 965.87 1000.00 100.00 0.00 E
D10= . D30 = =
| 50

t
1) Certification applies to test samples onI)L

L

Dr. Sunisag Soralump
|
T

2) Information under "For", "Project”, are srpplied by client.These are not certified.

3)This certificate is invalid without appropriate signature and seal.
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KASETSART UNIVERSITY

DEPARTMENT OF CIVIL ENGINEERING,GEOTECHNICAL ENGINEERING LABORATORY

HYDROMETER TEST (ASTM D 422)

FFOR WA.65. 300 AN OWNER - JOB NO. -
PROJECT - CODE NO. — SAMPLE NO. -
fsouL DESCRIPTION Aumfln DEPTH - DATE 4/11/2551
TEST BY Naddnd CHECKED BY AUNITIRL
SP. GR. OF SIOL = 265 SAMPLE WEIGHT
[voromETER NO. 151H62 CAN NO. A
IDISPERSING AGENT e DRY SOIL + CAN 513.06 gm.
|MENISCUS CORRECTION - CAN WT. 462.76 gm.
“[% FINER THAN No. 200 %629 % |WI.OFDRYSOILL e ———— K am.
DATE | TIME E.:-&Epsﬁ& Re T?gp' Re N% = iy N'%
27/1012551|  10.25 0.25 29.50 26 30.00 95.79 9.94 0.080 92.24
0.5 28.50 26 29.00 92.60 10.25 0.058 89.16
1 28.20 26 28.70 91.64 10.34 0.041 88.24
2 28.00 26 28.50 91.00 10.40 0.029 87.62
2 28.00 26 28.50 91.00 9.32 0.027 87.62
4 27.20 26 27.70 88.45 9.56 0.020 85.16
8 26.20 26 26.70 85.25 9.87 0.014 82.09
15 26.00 26 26.50 84.61 9.93 0.010 81.47
30 25.50 26 - 26.00 83.02 10.08 0.007 79.94
11.25 60 23.20 26 23.70 7567 10.78 0.005 72.87
12.25 120 22.00 26 22.50 71.84 11.15 0.004 60.18
13.25 180 21.00 26 21.50 68.65 11.45 0.003 66.10
14.25 240 20.20 26 20.70 66.09 11.70 0.003 63.64
15.25 300 20.00 26 20.50 65.46 11.76 0.003 63.03
16.25 360 19.50 26 20.00 63.86 11.91 0.002 61.49
| 28/10i2551| 16.05 1788 17.50 T 18.00 57.47 1252 | 0001 | 5534
20/10/2551|  9.30 2823 17.20 27 17.70 56.52 12.61 0.001 54.42
30/10/2551|  16.30 4683 " 17.00 27 17.50 55.88 12.67 0.001 53.80
31/10/2551|  16.00 6105 16.20 27 16.70 53.32 12.92 0.001 51.34
111112561 |  16.30 7563 16.00 26 16.50 52.68 12.98 0.001 50.73

N=K‘.Rc

D=K2. h/t

* Assume Data

Remarks: 1) Certification applies to test samples only.

3)This certificate is invalid without appropriate signature and seal.

N' = N . (% Finer No. 200)

RC=R0' CM“'CT

2) Information under "For", "Project", are supplied by client. These are not certified.
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MNHHINN Y12 NAN1TNAADI Hydrometer Test Tuanaeaumilen




Y

{
{
i

|

Analytical Summary Réport

Department of Soil Science
Faculty of Agriculture, Kasetsart University

$uit¥u mg. 111212008

e 376

fuithnnedd 211272008
Auded1aves anlrsen Fecimuing

Tel. 5614670, Fax. 942-8106 Audeghanna. ®. 9,
iai Li il Texture Organic mattetPhosphorus| Potassium | Calcium |Magnesium
Ll oo Ong|na| pH ime Soil Textu rg P [o] iu ——
Code Req. | o45and| %Silt | %Clay | Texture | % | Rate mg/kg Rate |mg/kg| Rate img/kg Rate |mg/kg Rate
S376-1 1 80 10 10 SL ND | NA | ND | NA | ND | NA/[ ND | NA | ND | NA
Note: Rate VH = Very high; H =High; M=Medium; L=Low; VL =Verylow ND = Not Determined |  NA = Not Applicable
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NNUAVA 348

v da ¢

AUMIAICH  24/11/2008
v Au a_ o v - . v
IUNTY A8, 19/11/2008 AUAIBVENIVBY ANUTIAINTTHRIUIARDN

Analytical Summary Report

Department of Soil Science
Faculty of Agriculture, Kasetsart University

Tel. 561-4670, Fax. 942-8106 Audiet131n . 0. .
iqi Lime Soil Texture Organic mattefPhosphorus| Potassium | Calcium |Magnesium
Lab code Original oH g P g Rémaik
Code Rea. | o,sand| %Silt | %Clay | Texture | % | Rate img/kg Rate |mg/kg| Rate |[mg/kg Rate |mg/kg Rate
S348-1 Mgl 20 27 53 (o} ND NA | ND [ NA [ ND [ NA| ND | NA [ ND | NA
S348-2 mel.2 22 23 55 C ND NA | ND | NA | ND 1 NA [ ND | NA | ND | NA

| ({3 ramiawarery 5. qOR MOWW)
shimsmuennivnmm
an o uazdunnlon
Note: Rate VH = Very high; H=High; M =Medium; L=Low; VL=Verylow ND = Not Determined NA = Not Applicable
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