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ABSTRACT

A flood plain part of the Hat Yai basin, located at the center of the basin, was
filled with quaternary deposits. Groundwater is mainly withdrawn from three main
unconsolidated aquifers namely; Hat Yai aquifer, Kutao aquifer, and Korhong aquifer. Recent
increase in groundwater pumpage may overcome the groundwater balance resulting in the
seawater intrusion from the Songkhla Lake into Hat Yai City. The objectives of this study were to
study the groundwater flow, the boundary of chloride contaminated areas and the water balance
as a result from present groundwater pumpage. A 3-dimensional numerical groundwater model
was developed using a mathematical model to predict the possible seawater intrusion due to
projected groundwater pumpage. The model was calibrated and verified using groundwater head
and chloride concentration data measured from 47 monitoring wells from 2002 to 2008.

Transient simulation results showed that the direction of groundwater flow was
from the recharge areas in the east, the west and the south toward the center of the basin and to
the Songkhla Lake. Groundwater balance results in 2007 revealed that inflows from recharge
areas, rainfall, storage, rivers, and the Songkhla Lake were 53.40, 28.20, 23.96, 7.72, and 1.72
Mmz/yr, respectively. The outflows from the model to storage, pumping wells, rivers, the
Songkhla Lake, and recharge areas, were 66.88, 25.03, 10.20, 7.83, 5.06 Mms/yr, respectively.
Total inflow and outflow were 115.00 Mm3/yr.

Seawater intrusion simulation results indicated that for current pumpage, the
areas that the Hat Yai aquifer was affected by higher-than-standard chloride concentration were
limited in the adjacent areas of the Songkhla Lake, namely: Ban Nong Hin, Ban Kaun, Ban Bang
Hnode and Ban Dee Hlung Nok. The seawater affected areas approximately covered the distance

of 7.59 kilometers inland from the Songkhla Lake There was so-called “the buffer zone” at which
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fresh groundwater was found in the Hat Yai aquifer. The buffer zone covered the distance about 8
kilometers from seawater affected area to Hat Yai City. Fresh groundwater was observed from
both Kutao and Korhong aquifers in all areas. Variable density simulation results showed that
there was no significant migration of chloride from chloride affected area toward Hat Yai City
because the direction of flow was still outward to the Songkhla Lake.

Simulation results also indicated that for projected groundwater pumpage of 5
and 10% annual increment, a drawdown of 5 meters at Hat Yai City was observed at Hat Yai City
within 8 and 6 years, respectively. Seawater intrusion into Hat Yai City did not observed as the
change of chloride concentration was less than 50 mg/L and still lower than groundwater
standard. Groundwater safe yield of the Hat Yai Basin evaluated using the developed model was

36 Mm3/yr or 98,630 cubic meters per year.

Keywords : Hat Yai basin, Seawater intrusion, Groundwater balance, Safe yield
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{ 1 1 v a v < S a oy o .
A9 2.4 GIf'N‘ﬂ']ﬁiJ‘]JﬁgﬁVl‘ﬁﬂ'ﬁﬂﬂlﬂUmﬂQWUﬁUé)ﬂJqul%jlliﬂﬂu (Morris and Johnson, 1967)

Material Range of values of Sy Arithmetic mean of Sy
Sandstone (fine) 0.02 -0.40 0.21
Sandstone (medium) 0.12-0.41 0.27
Siltstone 0.01-0.33 0.12
Sand (fine) 0.01 —0.46 0.33
Sand (medium) 0.16 —0.46 0.32
Sand (coarse) 0.18-0.43 0.30
Gravel (fine) 0.13-0.40 0.28
Gravel (medium) 0.17 0.44 0.24
Gravel (coarse) 0.13-0.25 0.21
Silt 0.01-0.39 0.20
Clay 0.01 -0.18 0.06
Limestone 0-0.36 0.14
Schist 0.22-0.33 0.26
Tuff 0.02 -0.47 0.21

= ]

2.2.2-1 mawszansmseen g ury (Hydraulic Conductivity, K)
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v 4 9
A1519% 2.5 GIf’NﬂWﬁ'iJ‘]Ji%ﬁTl‘ﬁﬂﬁEJ?JﬂJGlﬁ}ﬁT‘ﬂﬁJW”IuﬁUﬂxﬁ’iui’Jllu"l (Domenico, 1990)

E]

Hydraulic conductivity Hydraulic conductivity

Material Material
(m/sec) (m/sec)
Sedimentary Sedimentary Rock
Gravel 3.0x10%-3.0x 10> | Karst and reef limestone 1.0x10°-2.0x 10

Sand (coarse) 9.0x107-6.0x 10° | Limestone, dolomite 1.0x10°-6.0x10°

Sand (medium) 9.0x107-5.0x 10" | Sandstone 3.0x10°-6.0x10°
Sand (fine) 2.0x107-2.0x 10" | Siltstone 1.0x10"-14x10°
Silt, loess 1.0x10°-2.0x10° | Salt 1.0x107-1.0x 10"
Till 1.0x10™-2.0x10° | Anhydrite 40x10"7-2.0x10"
Clay 1.0x10""-4.7x 10" | Shale 1.0x10"°-2.0x 10"
P v
2.2.2-2 duilsz@nsm391e1i1 (Transmissivity, T)
P v ] ] 9
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a g’ 9 v 4 . . ] ) o
anunuvesruduiimeslannuaatunesameans (Hydraulic gradient) 1 %128 d115V
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2.2.2-3 ﬁuﬂnﬁm%msﬁmﬁu (Storage Coefficient, S)
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seAvi il N 158031 Ghyben-Herzberg Relation (317 2.8)

_Land surface

Freshwater

Sea Level

Groundwater
Table

Fresh Water

3 Un 2.8 Ghyben-Herzberg Relation (www.solinst.com/Res/papers/101C4Salt.html)
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2.2.4 M3 lviava s ldau
2.2.4-1 NVBIAITE (Darcy’s law)

113l A7, 1856 Henry Darcy 3en3¥nTuna lanaasesnisasims lvaves

Y '
o 1 4 =

{ - 2’ ' { 4 9 o <3|
Wi nTaANuNgU (31N 2.10) wun 8n31M3 Inaveah () Muiuivihde (1) 11l

Q

9
o 1 o 1 o ° 1 o 1 v W
daaiu1agnsINUAMULANANYDITEADIN (hz'h1) uaUda e IUNNAUNUTZIZN1VOINTS

%@ (1,-1,) (Wang and Anderson, 1982) A48UNT (2-4) 118 (2-5) AWAIRL

Datum, z =0

51 2.10 HHUMMUAAINITNARBIVDIAISF (Dominico and Schwartz, 1998)

Q= —KAM
=t (2-4)
dh

Q=-KA—
a (2-5)

1% 1 ] g &g Y]
aums (2-5) ordeulugivesdnsing Inadenurenun suiudniinis

o A A 1 < I . [ <
"lwammwz MILTYNI ANUEIIATY (Darcy velocity) ANFTUNIT (2-6) mwmsﬂumﬂmmm
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g/ 1 ] dy A I @ ' [ 1 o J . . dh
UINDHUIIWUN (V) Wudadiulagasanuannuaiasuyamans (Hydraulic gradlent;a)
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2.2.4-2 nN3INIA (Conservation of Fluid Mass)
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Inflow = outflow (2-8)
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Inflow - Outflow = Storage .. (2-9)
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Potential distribution on the surface
of the theoretica_l\ﬂow region

Boundary of flow system

SIS,

o

(arbitfary length units)
N

10
(arbitary length units)

Y
507 2.11 uwunwnaasszuums Inavesir1dau (Toth, 1963)
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2.2.5 mamasunvesmstuileulinildau
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Columns
1 2 3 4 5 6 7 B 9
o T
Rows 25 %, 0,0, 0,0,/0, 9 :

2

Layers 3

4

5
= = = Aquifer boundary (] Active cell O Inactive cell
Arj Dimension of cell along the row direction, Subscript (j) indicates the number of the column.
Aci Dimension of cell along the column direction, Subscript (i) indicates the number of the row.

Av

. Dimension of cell along the vertical direction, Subscript (k) indicates the number of the layer.

37 2.14 anpagmsutisiunlumsdmia Tasds Finite difference 14 MODFLOW

Y Y
) [

aa o o =] . . y a v o J
e L‘H‘NWﬁ’TViﬁUGl%}mﬂ@\iﬂﬁEﬂﬁﬁl@\‘iu%ﬂw (Seawater intrusion) Lﬁ@a‘ﬁmﬂmmmwuﬁum

Y Y
4 o A o <

WounosenIativauaziufy (Transitional zone) Lﬁ'ﬂlﬁﬂmiuwfﬂ‘i%m&l (Dispersion) 911
ﬁuﬁudﬁyﬁﬂ MsWAL1 SEAWAT 150910 Guo and Bennett (1998) 1Hum359521319
T1/51n5 MODFLOW A1 MT3D @1@281U @oun U.S. Geological Survey l@umsnau1ne
1A8 Guo and Langevin (2001) lagsiu52+173191150058 MODFLOW nNU MT3DMS (Multi-
Species Mass Transport 3D Model) 1ih@lefiu i limsdimnzilymiianuazain 257

Y 1
118291831 (Guo and Langevin, 2002) 8nBMZN511191109 SEAWAT aanaaslugilii 2.15
a dd'
2.3.3 aUMIMIANAFMansN1¥ 1Y Visual MODFLOW

v
2.3.3-1 aumsms lvaveaildau (Groundwater Flow Equation)



36

v
|l

| INITIALIZE STRESS PERIOD  [€

| CALCULATE LENGTH OF TIME STEP |<—
| SOLVE FLOW |<7 8
* o)
—
o _ . &
| SOLVE TRANSPORT | % Z S 3
—
5% = Q
o= ) e
| UPDATE FLUID DENSITIES | O = I~
= O o] m
ol g o
= = )
— — n
[ = m
LARGE DENSITY YES | S ¥
wn
CHANGE
NO
\4
END OF STRESS NO
PERIOD
v VES
END OF SIMULATION NO
YES
) 4
END

517 2.15 anvazmsiauvesldsunsy SEAWAT 1u MODFLOW (910 Guo and Langevin,

U

2002)

o a o 4 o P4 Yo o g’ ya
umJmaawmﬁamm“191gﬂuwuﬂﬂuﬂwilLﬂﬂmumﬂﬁﬂ1ammi"lwam“l@mu
[V P
Tagldaunsvdn 2 auns Ao aun1sauga (Continuity equation) LAZNYUDIA1TY (Darcy’
4 L o :’ a { At 1 {
law) (Fetter, 1994) 1ioszgnald laaunmsmslvana ldvenirlddundianunuuniuagi
] @ & A va
(Constant density) mumﬂm@fﬁwgmawmﬂu Heterogeneous Ii6i¢ Anisotropic meldanniy
e 4 . . o 4 a4
nUMI/asuulainiunal (Transient conditions) AINNITN (2-12) (4318A1DIANNIVON

qums TumaAruUIN %-1)

0 oh, 0 oh, 0 oh oh
—[-K— I+ - [-K, —]+—[-K,—]+R=5.— . (2-12)
OX ox~ oy oy o0z oz ot



37

' 0 J o -
= AANusamaas 1w x, y, z ud1e [LT']

Y
ANNIVDITLAVANNAU [L]

w = =
Il

A v I o . -
= UsuamsnanuI Ui (Specific storage) [L 1]

Y
Usas1iudn (Recharge) HAZ/M30 00N (Discharge) 910

pe
Il

Yy v '
sruuaemiislFuasvestihmemizenaimindwas/
A -1 o RS
139 900 [T ] (ﬂimmﬁ@ﬂﬂﬁq‘ﬁaﬂﬂﬂ R umrﬂua‘u)

t = 1391 [T]
4 4 o q9a .
2.3.3-2 aumsmsinaeunvesudads luilaau (Mass Transport Equation)

0 ° 4 { S qya 4 "o
MIMUIULAZAITINABINITIAaBUNVeaNIaaT luih lday ﬁuagnumi
Y
o o g 1Y Y [ . [
31aeanms lnaveninilundn udredednyaznsn (Advection) MTUNTLALNITNTSIY
Y
. . . . aaa . F) 1 [ Y 9y 9
(Dispersion and diffusion) Lmzﬂgﬂim (Reaction) UBINIATITIUINITIN AIUUANUUUUIUUDY

wamsinasuin 1a lunaiaie eusofiuis 1aanaunsn (2-13) (Zheng and  Wang,

1999)
o(ncky o ack| o ) L
= nD; -—(VC)+q,C{+ YR, (2-13)
ot oX, oX, oX; ol
A K Y 9 = o 3
1o C = anudutuvesuaas k nazateluiin (ML
N = anuwguvedingaanan [uiiviae]
t = na[T]
X, = szgznumsnaeud [L]
Dij = Fuilse@nFmsunsnszag (Hydrodynamic dispersion coefficient)
[L'T]
[ Y
V. - anwSiTunadsveaihldAu (Linear pore water velocity) [LT ']
Y [
q. = #a51m3 Inaveurim lvan (Source, +) 139 1Maven (Sink, -)

1 d! ] a z a Y 2’ -1
mwuwmaﬂimmmawuwuqum [T]

Y {9 11 g ya -
Ck = anuuTuveIaas k a yainguraniilaau ML



38

= ' ' Ao 4 dda
R = malasunasniaas k aerlenavaznimmasunna

aaa AA A a o 3‘ 31
%']ﬂﬂ{;]ﬂﬁﬂ'ﬁ’n\‘lLﬂlﬂ/]Lﬂﬂﬁ]WﬂiJ'Ja@]UﬂUN'Jaﬁ1§aluu1 [MLT ]

A 3 = A
aunsh (2-13) uaunisaugavesudaats vuedanslasumlasves
aNudutursIntaas lutaazilgnal asmdumsasunlatueaniaa1sannig
Y v
UNINTZAE AUAILEATINININIAETINYANY VIndremaiuAvyad1sin T lusguy
A 9 o aaa S A ) Y
“30aUALMT IMapeNYINIATITIINTZY tazsIunulRasemauniiaie Alnaila
A A a [ = 1 < A ~ [l 1

wagsaansemulIua viersesennuwslumsimasui lasauisoulgoss a1

[ A AN Yo dy =
anbauzuoInsAdoud laaail (g3reazideadums TunaruIN 3-2)

6(an) = Y = DY

— nene  oasimsdasuutasanududiuvesniaais lussuy
V9IUABZHFINIAT (Change in storage)

0 GCk = = Y v o A

= nDuaT nnens  malasuudasnnuuntuueIuIaa 1o uIe991NNS

i j

LWI AT (Dispersion and diffusion)
0 : o A
—87(nViCk) vneds  malasudasnnududuuesiaa1ssuile1nns
i
N1 (Advection in/outflow)

< Y 9 o A
g.Ct nueds  maldsuudasanududuvesniaasouiionInms

¥ .
hl’l’iflﬁmﬂ%!ﬂﬁ]ﬁ]ﬂﬂl@ﬁifmﬁ"ﬁ (Source/sink)

= A Y v o A
ZRH 1P RLIN n151asuulasn U NI UVINIAFITO UIN D991

ﬂﬁﬁ?amnmﬁ (Chemical reaction)
2.3.4 Variable Density Equation

Y ) ] ]
aumsms lvaveuih ldauuaznsinaounveauIass NTANANULANAI
1 1 g‘ 3} < . . 1 o g :
sEnINANUHIILHuYenidAuaz i uAN (Variable density) Tinason1ssiaotiudegnldylu
] Y
SEAWAT asadiuia Idainaunisi (2-14) @9il (Guo and Langevin, 2002) (93519821009

Puvesaums lumanuIn ¥-3)



39

1) Governing Equation for Variable Density Flow
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1) ﬂjTNLﬁUﬂi@'ﬂ'N (pH) WUNANEIUAT pH BYITUIN 2.28-8.54 aza1nIn
SA 4 9 A~ a
WIATTIUUIAUANUDYADUAT pH (ROY 6.14 Un./q.
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HE I A
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< .. 491 a2 A 3 Y A ' ' o
2) ANuIAN (Salinity) NuRFnETisAMANToeR0 DgT21119 0-0.7 ppt. Tagia 11l
g} A A <3 A A v £ 1 A <3 ' o w '
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4) msnaruanazane 1a (TDS) Aundnynihaailsnaasnmuanazaieilé
'd 1

1 I A 1 1 S A &£ ' ~
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-5581NeN 2 ﬁ%Wﬂl!UUﬁWﬁ@Ql%@MTUﬁﬁﬁ

-gnN53diing: (Conceptual Model)
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\/ 3) denllsunsuneununes

(Program Selection)
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(Field Data) (Model Design)
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Tiigndies
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(5) M3dsueuLVIRBYATIVADUTUGY

(Model Calibration / Verification)

£d
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5.1 f‘imuﬂf'fmqﬂﬁzmﬁ (Define Purpose)
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5.2 unUd1aeuTIuIuNAYN (Conceptual Model)

o a o J v
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o & A a 7y £ A & v
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Y
YoyasItiINg] 530 dugIUgNNFTAINGT gnnInet anmgilszma msldiea anm
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WunvuiraeuFaTusiad (Conceptual model) Iddauanalugilii 5.2
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Uszneudae Fuiiudini1 (Aquifen 3 5118ud Funinalng suigeinassuinonad
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F4 F4
2) Funugui luuesiialvaiiluguiiug 1 (Unconsolidated aquifer)
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e
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3) ﬂﬁﬂl%']a@ﬂﬂ']ﬁllﬁa ﬂTﬁu@iﬁﬂ?W?Jﬁu’]lluumﬂﬂu'lfN“VI (Constant density)
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5.5 mMsnaeamsivaluannziimsiasunlasmauial (Transient State Flow)
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151men (Calibrated parameters)

Gi?uﬁuf’jmf 1 Hydraulic conductivity Storage Porosity
(Aquifers) Kx Ky Kz Ss Sy Eff. Por. Tot. Por.
(m/s) (m/s) (m/s) (1/m) )
AUIHeD 2.00E-08 2.00E-08 2.00E-08 0.02 0.03 0.03 0.42
Fuimnalng | 567605 | S.676-05 | 5.67E-06 | 000049 | 025 0.27 0.39
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Calibrated value

Time

37 6 (W.71.2550)

10 7 (w.m.2551)

Standard error of the estimate, m 0.224 0.227
Root mean squared, m 1.582 1.544
Normalized RMS, % 6.770 6.199
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. Usmams lnarh Ysmmms lnaoen
i ) . ) .
(@ au.u.Al) (@ av.u.Al)

Storage 18.52 45.37
Constant Head 1.38 6.38
Wells - 25.03
Recharge 28.20 -
River Leakage 6.81 11.70
General Head 39.83 6.26

Total 94.74 94.74

IN-OUT =081 au.u/Al  (Percent Discrepancy = 0.00 %)
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awgaihiaalunsdii 2 dwaasluaisiei 5.10 wonddsnailvads
wuUdaeasean1nun 11)1ee3191n General head, recharge, storage, river leakage, MY
constant head Ay TaoiilTinams nadhsawlszuna 118.20 dwgnuisiiuasaedl
drihit lnasennnuuuinesissnninn luieeeenin Well, storage, constant head, river
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B 0150 250-600 @  NAduno = ==-250 mg/L line at present
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Row 120 (201))
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@ av.u.A)) (@ av.u.A))

Storage 3591 32.85
Constant Head 2.25 5.87
Wells - 62.48
Recharge 28.20 -
River Leakage 7.11 11.27
General Head 44.73 5.73

Total 118.20 118.20

IN - OUT =0 a1 au../3) (Percent Discrepancy = 0.00 %)
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Row 120 (207))
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3‘ Aa [ A 1A A oy 9
ﬁﬂﬂﬁu1ﬂ1ﬂ1ﬁ1Uﬂimﬂ 3 ﬂﬂ!kﬁﬂﬁiu@TiN‘ﬂ 5.11 W‘UTIN‘].]??J"IQ!HWHlWaHJ'I
(UUVNADININ general head, recharge, storage, river leakage, 118 constant head AN
A A E) v s 1A ! g; P
IﬂlelﬂiiﬂmﬂWﬁllﬁm"lﬂi'HJﬂiwﬂﬂ! 194.61 aTLlQﬂ‘]ﬂﬁﬂLiJﬁiﬁ’f)ll ﬁ’JuuTVlllﬁa’t’)’ﬂﬂ%Tﬂ
HUUDIABIFIUNINDONDIN well, storage, constant head, river leakage (lQ¥ general head

o w =) Y < 1T A
ANANY IﬂEJll‘iJill"lmﬂﬁhl‘Hﬂ@ﬂﬂillll‘ﬂigll"lm 194.61 ﬁTHQﬂ”]J"IﬁﬂLiJ@]SGI’EJ‘]J

< S = ~ ad o~
M1 NN 5.11 ﬁMﬂﬁm@ﬂuWUWﬂWﬁ!ﬂﬁﬂiWﬂﬂ NN 3 UMyl
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Friunuuilay 10% a a1 203

, smams luarh Ysmamslnasen
LN ) . ) .
(@ au.u.Al) (@ av.u.A))

Storage 98.58 23.15
Constant Head 4.42 5.20
Wells - 150.44
Recharge 28.20 -
River Leakage 7.93 10.67
General Head 55.48 5.15

Total 194.61 194.61

IN-OUT =081 au.u/Al  (Percent Discrepancy = 0.00 %)
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5.11 tuminuaages (Zone Budget)

Y I Y v
lumssraosms lnaveahldauluanznlaesunasaunar ldsauianum
Y )

o ' A = a oy ~ 9y o g’ o 14
G]'llllﬁll@]‘Ll'l'U'lﬂ']aEJ'E]fJLW'E]LL’ﬁﬂ\‘lﬂQ‘]Jill'lmuT]J'lﬂ'lﬁ‘Vlhlﬂalfll'l!l,ﬁ3]1Wﬁﬂﬂﬂi]'lﬂ"]fuu'luuc]llﬂ
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M37199 5.12 dugarihnaanisgesnuilszmnsuruguii luangmslsiilegiiy

PR Usnanirlnart Uswnanirlwaeen
FUNUYUUT (Aquifers) v . o v . o
(@ugnnAnasael) | (@ugninanmasaell)

Gi?uf?uﬁyw_l (Aquitard 1) 33.35 19.97
‘f;/lulii‘wmclﬁﬂj (Confined aquifer) 49.54 40.36
‘]?uf%luﬁyL2 (Aquitard 2) 2.63 11.90
si?ymfmg 11 (Confined aquifer) 17.88 20.26
Fuiu ﬁy*n_s (Aquitard_3) 1.39 11.30
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39U 115.00 115.00

augalinnInA1I1en 5.12 Ansanduiihmialuadiing lihaauniga
wud HSunani lvahilszana 49.54 Sugnunasiuasael) ¥11491n General head 21.96
Y o 1A FY 4 = 9
augNINANILATADT (44%) Recharge 18.50 d11gnUIANIATABY (38%) Storage 8.40 11
4 = kY 4 (= 1 a oy
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5.12 YSanamsliilaeasne (Safe yield)

a a 9 g’ Y us.:’ g’ 1 9 o
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Drawdown-Recovery Plot
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Waterloo Hydrogeologic
130 Columbia StW.
Waterico, Ontaric, Canada

Ph.[E18[748-1728

Pumping test analys's

Tirne-Dravedown plot
with dscharge

Dabe: 21.06.2008 PEL, Page d
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Project: seawster intrusion into hat yai basin

Ewvaluated by: Arun Lookjan

Purnping Test Mo. 1 Test conducted on: 2 May 2008
Cischange 2,000 myh
Static water leve!: 2.470 m below datum
Pumping test duration Wister leve Drawdosn
[rin] [m] [m]
1 0.00
2 1.00
3 2.00 3.830
4 3.00 4850
] 4.00 5750
] 5.00 7.600
7 6.00 E.300
E 7.00 B3RO0
B E.OD B4R0D
10 B.oo EB.550
11 10.00 E.G10
12 16.00 E.670
13 20.00 E.750
14 25.00 E.800
15 30.00 B.ATD
16 40.00 B.930
17 50.00 E.OBD
16 G0.00 B.OSD
18 80.00 B.ORD
20 100.00 B1ED
21 120.00 B.200
22 140.00 B.300
23 160.00 B.3T0
24 180.00 B430
25 200.00 B4BD
26 220.00 B.AED
a7 240.00 B.E10
28 260.00 B.ETO0
2p 280.00 B.TED
k] 300.00 B.az0
k| 320.00 B.ETD
32 240.00 B.o0o
33 360.00 B.osD
k) 380.00 10.030
35 400.00 10.020
36 420.00 10150
3 450.00 10.200
3B 430.00
g 510.00
40 540.00 T 10,300
41 570.00 12.820 10,350
42 800.00 12880 10,380
43 86000 12.880 10410
44 720.00 12.800 10430
45 T80.00 12.830 10,460
45 240.00 12.880 10.510
47 400.00 13.010 10.540
45 96000 13.040 10.570
4p 1020.00 13.050 10.580
50 1080.00 13.070 10.600
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Waterloo Hydrogeologic

130 Columbia 5t W.
\Wixterion, Cntario, Canada
ph.E15[745-1T58

Pumping test analyss
Tirme-Cravacdown plot
with dschange

Date- 21.06.2D08 PSL, Paged

Project: seawater intrusion into hat yai basin

Evaluated by: Arun Lookjan

Pumping Test Ma. 1

Test conducted on: 2 May 2008

Descharge 2,000 mih

Static water level: 2470 m below datum

Pumping test duration WiatEr leve Dirawedown
[rrin] [ [rm]

51 1140.00 13.100 10,630
52 1200.00 13120 10,650
53 1260.00 12150 10,680
54 1320.00 12180 10.710
a5 1380.00 13180 10.720
56 1440.00 13180 10.720
57 1441.00 12.420 B.osD
58 1442.00 10.500 B.030
an 1443.00 BAZD £.650
G0 1444.00 B.240 5770
61 1445.00 T.600 £.120
G2 1446.00 7.200 4.730
63 1447 00 6.950 4480
64 1448.00 6.780 4.310
(i) 1440.00 B.670 4.200
lili] 1450.00 6.600 4.130
67 1455.00 5440 3970
il] 1460.00 6.260 3.820
] 1465.00 6170 3.700
7O 1470.00 6.080 3.620
71 1480.00 5080 3.510
T2 1480.00 5.850 3.380
T3 1500.00 5770 3.300
T 1520.00 5.610 3140
T 1540.00 5470 3.000
7 1560.00 5380 2.810
77 1580.00 5.260 2,780
T 1600.00 5160 2 6E0
T 1620.00 5.060 2.580
80 1640.00 4.880 2.510
81 16G0.00 4.800 2430
82 1680.00 4.820 2.350
83 1700.00 4.750 2.280
4 720.00 4.680 2.220
85 1740.00 4.640 2170
86 1760.00 4.500 2120
ar 1780.00 4.540 2.070
] 1800.00 4.500 2.030
] 1820.00 4440
an 1840.00 4.380
a1 1860.00 4.330
az 1880.00 4.260
a3 1920 4260
o4 1950.00 4.180
a5 1980.00 4.130
] 2010.00 4.070
a7 2040.00 4.040
o8 2100.00 340
ap 2160.00 3.850

100 2220.00 3.7E8D
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Pumging test analyss Date: 21.06.2D02 PELU, Page
Tirne-Drawdown plot

with dscharge

Waterloo Hydrogeologic
180 Columbia St W,
\Aixterico,Cntarie, Canada
Eh.E15/745-1758

Project: seawater intrusien into hat yal basin

Ewvaluated by: Arun Lookjan

Purnping Test Mo. 1 Test conducted on: 2 May 2008

Cischarge 2.000 m¥h

Static water leve: 2470 m below datum

Pumnping fest duraticn Water leve Dirawudonn
[rmin] [rm] rr]
101 2280.00 3 1.250
102 2340.00 3 1.200
103 2400.00 3 1.170
14 2450.00 3.560 1.080
108 2520.00 3480 1.020
106 2580.00 3450 D.0ED
107 2640.00 3.380 D.820
108 2700.00 3370 0.800
108 2780.00 3.330 D.BED
110 2820.00 3.310 0.840
111 2880.00 3.270 D0.6DD
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AN A-1 gaauiasuRuguININMIgUIAdOULDVLUBIAYT (Single well), (NTUNSTWONTUIIAIA, 2546)

Ay | viueae 2 . . Time-Drawdown* Recovery Test** Average

P , anun fua 8100

N U9 T (m’/min) | K (m/sec) | T (m”/min) | K (m/sec) | T (m’/min) | K (m/sec)
1 HO0041 sumsuvslszmeane malvig) malvig) 0487 | 3.38E-04 | 0.495 3.44E-04 | 0.491 3.41E-04
2 HO0042 Tsassumalng malvig malvig) 0.31 2.15E-04 | 0.191 1.33E-04 | 0251 1.74E-04
3 HO013 szihmalng malvig) malvig) 0279 | 3.88E-04 | 0435 | 6.04E-04 | 0357 | 4.96E-04
4 HO124 GLRNTRER TR T AT AIUAY malig 1.028 | 9.56E-04 | 0.055 | 5.05E-05 | 0.541 5.03E-04
5 HO141 auunnmalvig) malvig malig 0.168 | 3.11E-04 | 0.121 | 224E-04 | 0.145 | 2.68E-04
6 H0293 anavuK AADAN wialng 0224 | 3.11E-04 | 0231 | 321E-04 | 0227 | 3.16E-04
7 H0294 aniiangiung Thung malvg 0.019 | 2.06E-05 | 0.126 | 1.75E-04 | 0.072 | 9.78E-05
8 H0320 Tamwa Thung wialng 0.080 | 222E-04 | 0.160 | 444E-04 | 0.120 | 3.33E-04
9 HO462 Muaaenaz Aovad malvigy 0.012 | 3.41E-05 | 0.03 | 7.64E-06 | 0.008 | 2.08E-05
10 HO0487 Tsanenunaniialvg) malvig) malvig) 0.141 1.56E-04 | 0.035 | 3.91E-05 | 0.088 | 9.77E-05
11 H0490 FalanmIe Taniae | Aaoavieslud | 0.048 | 8.80E-05 | 0.032 | 590E-05 | 0040 | 7.35E-05
12 HO0955 Fauanammsu malvig) malvig) 0.134 | 3.73E-04 | 0200 | 556E-04 | 0.167 | 4.64E-04
13 HO0965 Ty Aaodgazin | wialvg) 0.143 | 3.97E-04 | 0.101 | 2.81E-04 | 0.122 | 3.39E-04
14 H1039 ﬁ’m‘vjqﬁ} AABIN malvig 0.498 1.38E-03 - - 0.498 1.38E-03
15 H1040 thulunu AIUAY malvg 0.129 | 3.58E-04 - - 0.129 | 3.58E-04
16 H1167 amilasnvasuuazihiliing ad malvg 0.015 | 2.07E-05 | 0.010 | 132E-05 | 0.012 1.70E-05
17 H1202 Jamalnglu AU malvg) 0.195 1.09E-03 |  0.031 1.70E-04 | 0.113 | 6.28E-04

IS1
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AN A-1 gaauiasuRLguINNINMIgUNAdOULDVLBIAYY (Single well) (AD) , (NFUNTHOINTIIIAIA, 2546)

Ay | viueae 2 . . Time-Drawdown* Recovery Test** Average

P , A01UN fua 8100

N U9 T (m’/min) | K (m/sec) | T (m”/min) | K (m/sec) | T (m’/min) | K (m/sec)
18 | HI204 | SaBaozduaed (huinsw) AADAN wialng 1201 | 3.34E-03 | 5.521 1.53E-02 | 3361 | 9.31E-03
19 H1224 Munedua aduan malvigy 0.004 | 7.64E-06 | 0.004 | 7.29E-06 | 0.004 | 7.41E-06
20 | THO0039 TsuSeuhuruesuede AADILLY malvigy 0290 | 1.61E-03 | 0305 | 1.69E-03 | 0298 | 1.65E-03
21 | THO0040 Tsa5suianaodm AABIIN malvig 0273 | 7.58E-04 | 0299 | 831E-04 | 0286 | 7.94E-04
22 | TH0041 Thunasaum ADAN wialng 0247 | 6.86E-04 | 0262 | 7.28E-04 | 0255 | 7.12E-04
23 | THO0042 ]iﬂL?ﬂuﬁWuTjﬂi‘W GLLNIY malvg 0.363 1.OIE-03 | 0.093 | 2.57E-04 | 0228 | 6.33E-04
24 | TH0045 Thunuesede AADAN wialng 0.474 | 1.55E-04 | 0535 | 175E-04 | 0.505 | 1.65E-04
25 | THO0046 Jathuaou GIGN malng 0.017 | 4.65E-05 | 0.675 | 1.88E-03 | 0346 | 9.61E-04
26 | THO0052 Tsassumaluainerdy malvig) malvig) 0.053 | 2.54E-04 | 0.100 | 4.76E-04 | 0.077 | 3.65E-04
27 | TH0057 maneunszaaiiung Thung alng 0254 | 7.06E-04 | 0227 | 631E-04 | 0241 | 6.68E-04
28 | THO091 auilsznduniugiua 6 v lvig) v lvig) 0.156 | 2.18E-04 | 0.771 | 1.08B-03 | 0464 | 6.46E-04
29 | THO112 Fanarlszaugiay Aonsd malvig) 0.005 6.83E-06 | 0.002 | 3.01E-06 | 0.004 | 4.86E-06
30 | THO352 nielgianmsnieny AU malng 0.058 1.20E-04 |  0.065 1.36E-04 |  0.061 1.28E-04
31 | THO0353 TsaFouTanan Mg nd 0.193 4.02E-04 | 0.185 3.85E-04 | 0.189 3.94E-04
32 | THO367 T5a5eumeana 1 malvg malvg 0.146 | 2.43E-04 | 0251 | 4.18E-04 | 0.199 | 3.31E-04
33 | H0035 gudivemsennensd Aonad winlng) 0.030 | 2.22B-05 | 0.058 | 4.36E-05 | 0.044 | 3.30E-05
34 HO0039 Tanaeuisou malvig) malvig) 0.002 | 9.26E-07 | 0.001 8.10E-07 | 0.002 | 9.26E-07
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AUGUINNMIFUNATOULLUUBIRA) (Single well) (710) , (NTUNTHONTIILIAG, 2546)

AU | ey 2 . . Time-Drawdown* Recovery Test** Average

A , qaoIuUn A1ua DIUND

N U9 T (m’/min) | K (m/sec) | T (m”/min) | K (m/sec) | T (m’/min) | K (m/sec)
35 H0094 Falaneauiunal ialng alng 0.152 | 1.06E-04 | 0.124 | 861E-05 | 0.138 | 9.58E-05
36 HO142 TsaSouthunmIng AADIN malvig) 0267 | 247E-04 | 0210 | 1.94E-04 | 0239 | 221E-04
37 HO853 TssGeunalng§ydszan AIUAY malvig) 0.009 | 3.01E-05 | 0.007 | 7.52E-06 | 0.008 1.89E-05
38 | H0907 TsaSouthmld i walng) 0.033 | 9.19E-05 | 0281 | 7.81E-04 | 0.157 | 4.37E-04
39 H1203 Hagahuaumile e malng 0.400 | 2.22E-03 - - 0400 | 2.22E-03
40 H1223 IV RIGELY INGIGE malvg 0.002 | 3.82E-06 | 0.019 | 3.53E-05 | 0.011 1.96E-05
41 H1246 huueTvuauen e malvigy 0.000 1.74E-06 | 0.0003 | 1.16E-07 | 0.0004 | 9.26E-07
42 | TH0037 AT FULAINTIN AU malvg 0.003 | 3.94E-06 | 0.001 1.27E-06 | 0.002 | 2.66E-06
43 | THO113 Inoaumatiama g AONaT malvig) 0.001 8.10E-07 |  0.001 8.10E-07 | 0.001 8.10E-07
44 | THO183 o tinfee ialng 0.008 | 9.03E-06 | 0.022 | 2.66E-05 | 0.015 | 1.78E-05
45 | TH0244 Frasinng V1A LR 0.003 | 4.05E-06 | 0.002 | 3.13E-06 | 0.03 | 3.59E-06
46 | THO0324 MMz aduan malig 0.004 | 2.66E-06 | 0.024 | 1.63E-05 | 0.014 | 9.49E-06
47 | THO0410 anfiouisnIng AIUAY malvig 0.002 | 4.05E-06 | 0.001 | 2.89E-06 | 0.002 | 3.47E-06
48 | THO411 thunasaila Aowad malvig 0.000 | 2.31E-07 | 0.0003 | 231E-07 | 0.0003 | 2.31E-07
49 | THO001 UHIANOATEIUAIUATUNT Aowuad malvg 0.002 | 1.97E-06 | 0.002 | 1.74E-06 | 0.002 | 1.85E-06
50 | TH0002 Tsanerunaaavaiuasung Aowuad malvg 0.004 | 3.59E-06 | 0.001 1LI6E-06 | 0.003 | 231E-06

UYL * Cooper & Jacob method ** Theis & Jacob method

€Sl
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A ° ] o L4 [ g’
ﬁua‘lluWﬂWﬂﬂ”liqu%ﬂﬁﬂﬂ!kﬂﬂﬁﬂ@ﬁ\ilﬂﬂﬂWﬁm , (NTUNTNIINTUIVIAG, 2546)

Ay | viueae 2 . . Theis Analysis Time-Drawdown* Recovery Test**

I , anun fua 81100

N U9 T (m’/min) | K (m/sec) | T (m”/min) | K (m/sec) | T (m’/min) | K (m/sec)

1 TM478 Tsaeuthunthaiu VKT 84 AUTIBA 0.013 | 2.78E-06 | 0.009 | 1.97E-06 | 0.023 | 5.09E-06
TM479 Tsaeuthunhaiu VNIWI 9 GRITIR 0.002 | 9.26E-07 | 0001 | 1.85E-06 | 0.001 | 4.63E-07
TM480 Tsaeuthunhaiu VNIWI 9 GRITIR 0.023 | 498E-06 | 0013 | 2.78E-06 | 0.017 | 3.70E-06

2 TM481 Januug e malig 0.127 | 2.65E-04 | 0.889 1.85E-03 | 0.833 1.74E-03
TM483 Januug e malvig 0.343 9.53E-04 | 0.649 1.79E-03 | 0.567 1.57E-03
TM482 Fanuug e malvg 0.191 1.0SE-04 |  0.881 773E-04 | 0474 | 4.15E-04

3 | RCT216 TAFFULAINTIN AU malvg 0.001 | 6.94E-07 | 0.0001 | 2.28E-05 | 0.002 | 5.09E-06
RCT217 IaFerULaInTIN AIUAY malvg 0.001 1.39E-06 0.001 1.04E-06 0.002 4.05E-06
RCT218 IFIFULAINTIN AU malvig) 0.001 4.17E-06 0.002 6.25E-06 0.002 4.86E-06
RCT219 IFIFULAINTIN AU malvig) 0.002 4.86E-06 0.001 4.17E-06 0.002 5.09E-06

4 TH445 dninasainfainmssm AADIN malvig) 0.006 | 4.05E-06 | 0.004 | 2.78E-06 | 0.004 | 2.78E-06
TH446 dninasainfainmssm AADIN malvig) 0.094 1.97E-04 | 0.068 1.41E-04 | 0275 5.73E-04
TH447 dninasaiudiadninsisw AABIUN malvig 0.147 | 2.44E-04 | 0281 4.68E-04 | 0297 | 4.94E-04
TH448 dninasaiudiadninsisw AABIUN malvig 0312 | 8.66E-04 | 0310 | 8.61E-04 | 0.301 8.36E-04

5 TH441 DUA I N aduam malvg 0.000 | 4.63E-08 | 0.002 1.85E-06 |  0.001 8.10E-07
TH442 DUA.IIA N adum malvg 0.001 | 243E-06 | 0.002 | 556E-06 | 0.001 1.62E-06
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A3 19 A-2 ﬂmﬁuﬁwuﬁué’nﬁmmmiqumﬁammuﬁﬂaﬁqmﬂmiﬁ (90), (ﬂ’iiJ‘I/I%JWEﬂﬂilfT]J”Iﬂm, 2546)
AU | ey 2 . . Theis Analysis Time-Drawdown* Recovery Test**

A , qADIUN fua DUND
N U9 T (m’/min) | K (m/sec) | T (m”/min) | K (m/sec) | T (m’/min) | K (m/sec)
6 TQ402 IAAYaNUDN Faln FINUAT 0.021 8.91E-06 | 0.044 1.82E-05 0.181 7.52E-05
TQ403 IAANaUeN Faln FINUAT 0.111 2.47E-05 0.472 1.05E-04 0.343 7.63E-05
TQ404 IAANaUeN Faln FINUAT 0.178 3.96E-05 0.173 3.84E-05 0.189 4.19E-05
TQ405 AAraaUon Fla AIruUAT 0.269 1.12E-04 0.133 5.56E-05 0.172 7.18E-05
7 THO120 Tanuaa Tanuag AaoIvoolug | 0.043 1.18E-04 0.124 3.44E-04 0.201 3.72E-04
Tanuag Tanuaa AaoIvoslug | 0.116 2.14E-04 0.144 2.67E-04 1.076 2.00E-03
8 THO0045 Thuueawedo ARDILY malvigy 0.007 9.72E-06 | 0.007 9.84E-06 | 0.0001 | 1.04E-06
THO0039 Thuueawedo ARDILY malvigy 0.008 | 4.66E-05 0.008 | 4.18E-05 | 0.0001 | 5.79E-07
THO0255 uueauedo AADIN malvig) 0.007 | 2.88E-05 0.007 | 2.74E-05 | 0.0001 | 3.47E-07
9 THO0051 TsaFoudsvanInenny Faln FIUAT 0.004 1.06E-05 0.005 1.30E-05 | 0.0001 | 1.16E-07
H0485 Tsa5suasvalineiny Fala qariung 0.008 1.55E-05 0.008 1.49E-05 | 0.0001 | 2.31E-07
10 HO0589 tuthens Mg 1endn 0.001 1.74E-06 | 0.001 2.20E-06 | 0.00001 | 2.31E-08
H1225 Jathuthena M 1end 0.001 | 4.05E-06 | 0.001 | 4.05E-06 | 0.00003 | 6.94E-08
11 PW Tung Thung walvg) 0.024 | 6.70E-05 | 0.061 | 1.69E-04 | 0403 | 1.12E-03
ow ung Tung malvigy 0.131 3.62E-04 | 0.237 6.59E-04 | 0.118 3.28E-04

LR RN * Cooper & Jacob method ** Theis & Jacob method

99



NANHIN 3

d Z % ::’
wiﬁmswﬁ@mnmmmmmmzszﬂummma

Y

Y

minﬁ 31 ﬂmﬂTW13mmmﬁumﬁﬁuﬁymmslwgiﬂ%ﬁ 1, (§9M1A 2550)
M9y | vy Temp. Salinity | Conductivity TDS Chloride
i 1o o | ™ ] e | asem (mg/L) (mg/L)
1 H0292 28.50 3.18 Nd. Nd. 23.40 4.40
2 HO0419 30.70 7.10 Nd. Nd. 645.00 79.00
3 H0490 29.60 5.93 Nd. Nd. 197.00 4.40
4 HO588 26.70 5.05 Nd. Nd. 22.6 6.36
5 HO0788 26.40 531 Nd. Nd. 254 4.64
6 H1298 28.80 6.05 Nd. Nd. 194 34.73
7 TH0042 28.80 3.50 Nd. Nd. 62.4 19.08
8 THO112 28.80 6.05 Nd. Nd. 115 9.29
9 THO0362 26.80 2.82 Nd. Nd. 19.5 2.45
10 THO183 26.10 6.57 Nd. Nd. 510 126.7
11 HO0042 29.00 4.60 Nd. Nd. 187 56.75
12 THO0446 Na. Na. Nd. Nd. Na. Na.
13 TQ404 30.00 8.15 Nd. Nd. 1614.00 692.23
14 OW-1la Na. Na. Nd. Nd. Na. Na.
15 OW-2a Na. Na. Nd. Nd. Na. Na.
16 OW-4a 27.10 5.34 Nd. Nd. 4147.00 Nd.
17 OW-5a 29.00 7.49 Nd. Nd. 4856.00 2480.29
18 OW-6a 28.40 8.54 Nd. Nd. 257.00 15.41
19 GW-2 31.10 7.31 Nd. Nd. 609 34.73
et rue iz au 7.0-8.5 600 250
inasioy Taugaga 6.59.2 1,200 600
NUBING
Na.  =ifudiedalald
Nd.  =dledeline
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M319T 9-2 ﬂmﬂTwﬁm1mamaﬁuﬁ?wmiw@a%ﬁ 2, (WYATNIBU 2550)

AU | v Temp. Salinity | Conductivity DS Chloride
i 1o ‘c) ot (ppt.) (uS/em) (mg/L) (mg/L)
1 H0292 2690 | 4.50 0.00 36.93 25.00 438
2 HO0419 29.90 6.42 0.60 1267.00 862.00 140.36
3 H0490 28.60 6.77 0.10 284.00 193.00 8.74
4 HO588 27.90 | 481 0.00 627.76 19 438
5 HO0788 28.40 6.50 0.00 137.20 93.3 6.8
6 H1298 28.00 7.78 0.20 447.10 304 3.89
7 THO0042 29.00 6.19 0.10 259.80 176 36.91
8 THO112 28.10 5.51 0.10 316.80 215 291
9 THO362 | 27.00 | 4.57 0.00 30.97 21 4.86
10 THO183 28.40 7.06 0.30 707.80 481 130.65
11 HO0042 27.60 537 0.10 303.80 207 66.05
12 THO446 24.5 5.85 0 62.71 43 4.86
13 TQ404 29.30 6.95 1.40 2621.00 1782 713.44
14 OW-1a 29.6 6.82 0.1 368.2 250 5.83
15 OW-2a 28.2 6.39 0 131.3 90 2.43
16 OW-4a 27.90 6.38 0.50 1070.00 728.00 288.00
17 OW-5a 28.10 8.48 4.00 7268.00 4952 248.66
18 OW-6a 29.00 543 0.00 51.52 35.00 7.77
19 GW-2 30.60 7.72 0.40 904.50 615 35.94

i fmuafnngau 7.0-8.5 - - 600 250
oy Taugaga 6.5-9.2 - - 1,200 600

AL

Na.  =hudiedalald

Nd. = d70619 laine
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MIah -3 ﬂmﬂwarmmmmmﬁi?uﬁymmiwajﬂﬁgaﬁ 3, (NUAWIUT 2551)
. Conductivit
ey gy Temp. Salinity TDS Chloride
i 10 ‘c) Pl (ppt.) Y (mg/L) (mg/L)
(uS/cm)
1 H0292 27.00 4.21 0.00 37.00 25.00 5.79
2 HO0419 29.50 6.58 0.50 1170.00 975.00 125.85
3 H0490 Na. Na. Na. Na. Na. Na.
4 HO0588 31.40 4.21 0.00 37.50 25.5 3.38
5 HO0788 29.10 6.69 0.00 129.90 88.3 7.72
6 H1298 28.20 7.23 0.20 424.00 288 3.38
7 THO0042 30.00 5.91 0.10 255.00 173 38.09
8 THO112 27.50 6.42 0.00 95.50 65 17.36
9 THO0362 26.90 4.55 0.00 26.50 18 2.41
10 THO183 23.70 7.69 0.30 778.00 529 129.21
11 HO0042 26.30 5.88 0.10 310.00 211 60.27
12 THO0446 26.4 5.59 0 56 38 3.38
13 TQ404 29.70 6.83 1.40 2782.00 1839 754.20
14 OW-1la 29.2 6.83 0.1 357 243 3.86
15 OW-2a 20.9 6.43 0 147.5 100 3.38
16 OW-4a 27.70 5.89 0.50 1037.00 705.00 239.61
17 OW-5a 29.30 8.21 4.00 7236.00 4920 2454
18 OW-6a 34.70 5.87 0.00 78.00 53.00 7.72
19 GW-2 29.70 7.97 0.40 907.00 616 35.68
st hmuaiinzau 7.0-8.5 - 600 250
inasaioy Taugage 6.5-9.2 - 1,200 600
P ITIN4LY]
Na.  =iudiedali’ld
Nd.  =dledeline
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M3197 -4 ﬂmﬂTWfTTU1@]1@5110\1%1!13911??1@114@?]%171' 4, (WOEMAN 2551)

MeU | v Temp. Salinity | Conductivity TDS Chloride
i 1o ‘C) Pl (ppt.) (uS/em) (mg/L) (mg/L)
1 H0292 27.40 4.40 0.00 31.50 21.50 5.34
2 HO0419 29.60 6.62 0.50 1160.00 786.00 121.65
3 H0490 28.30 7.40 0.10 232.00 158.00 7.77
4 HO588 30.50 4.73 0.00 2595.00 17.6 6.31
5 HO788 29.50 721 0.00 135.00 92 14.57
6 H1298 30.10 7.28 0.20 434.00 295 6.8
7 TH0042 29.90 6.55 0.10 250.00 170 35.94
8 THO112 28.10 5.50 0.00 70.30 478 8.26
9 TH0362 27.10 4.64 0.00 28.65 19.4 5.58
10 THO183 28.10 7.56 0.30 761.50 519 130.4
11 HO0042 29.10 5.71 0.10 280.20 191 55.61
12 THO446 31 5.79 0 59 40 5.34
13 TQ404 31.40 7.36 1.40 2720.00 1845.00 959.19
14 OW-1a 30.3 733 0.1 365 248 5.83
15 OW-2a 28.9 6.89 0 125 85 534
16 OW-4a 28.20 6.37 3.40 6160.00 4188.00 2112.64
17 OW-5a 30.40 8.03 3.80 6902.00 4690.00 2598.30
18 OW-6a 31.10 7.06 0.00 86.75 59.00 10.44
19 GW-2 31.20 7.61 0.40 840.00 571 33.75

i fmuafnngau 7.0-8.5 - - 600 250
oy Taugaga 6.5-9.2 - - 1,200 600

NINBIHe)

Na.  =hudiedalald

Nd. = droehaliine
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M31af 3-5 ﬂmm‘w1§I1mma6um§uﬁy1ﬂwhﬂ§ﬂﬁ 1, (A9¥1AY 2550)
MeU | v Temp. Salinity | Conductivity TDS Chloride
i 1o ‘C) Pl (ppt.) (uS/em) (mg/L) (mg/L)
1 HO515 28.70 3.63 Nd. Nd. 329 8.32
2 HO0738 30.3 6.92 Nd. Nd. 847 160.7
3 GW-3 Na. Na. Nd. Nd. Na. Na.
4 H0447 31.50 6.98 Nd. Nd. 962 68.49
5 THO0447 28.80 6.41 Nd. Nd. 96.90 11.00
6 TMO0482 28.00 6.91 Nd. Nd. 185.00 36.20
7 OW-1b 28.10 5.42 Nd. Nd. 137.00 391
8 OW-2b 27.40 4.77 Nd. Nd. 233.00 3.91
9 OW-3b Na. Na. Na. Na. Na. Na.
10 OW-4b Na. Na. Na. Na. Na. Na.
11 OW-6b Na. Na. Na. Na. Na. Na.
12 OW-7b 27.10 7.15 Nd. Nd. 73.80 5.14
13 OW-8b 30.10 7.60 Nd. Nd. 220.00 6.36
14 GW-1 28.50 6.21 Nd. Nd. 138 19.08
i imuaing au 7.0-8.5 - - 600 250
inasioy Taugaga 6.5-9.2 - - 1,200 600
NN
Na. — fudiedaluld
Nd.  =dledieline
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3197 -6 ﬂmﬂTwﬁmmmﬁumﬁﬁuﬁymwhﬂgﬂﬁ 2, (WOATNIBU 2550)

MeU | v Temp. Salinity | Conductivity DS Chloride
i 1o ‘C) Pl (ppt.) (uS/em) (mgl) | (mglL)
1 HO515 30.30 5.23 0.10 255.50 174 0.97
2 HO738 30 6.42 0.6 1275 867 154.93
3 GW-3 30.9 6.43 0.2 469.7 319 84.51
4 H0447 31.20 6.68 0.70 1445.00 982 65.08
5 THO0447 27.40 6.14 0.00 152.00 103.00 6.80
6 TM0482 Na. Na. Na. Na. Na. Na.
7 OW-1b 29.60 8.35 0.00 181.90 124.00 6.80
8 OW-2b 28.20 7.39 0.20 436.80 297.00 4.38
9 OW-3b 28 7.49 0.2 578.6 391 43.71
10 OW-4b 28 8.65 0.2 4532 308 100.05
11 OW-6b 28.5 8.94 0.1 233.5 159 11.17
12 OW-7b 28.50 8.15 0.00 109.50 75.00 5.83
13 OW-8b 28.90 8.46 0.10 349.00 237.00 7.29
14 GW-1 29.10 6.60 0.00 193.10 131 18.95

i imuaing au 7.0-8.5 - 600 250
inasioy Taugaga 6.5-9.2 - 1,200 600

NINBIHS)

Na.  =fudiedalald

Nd.  =dledeline
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3197 -7 ﬂmmwﬁmmmﬂlm%uﬁymwhﬂ%ﬂ“ﬁ 3, (AUAWIUT 2551)
MeU | v Temp. Salinity | Conductivity TDS Chloride
i 1o ‘C) Pl (ppt.) (uS/em) (mgl) | (mg/L)
1 HO515 34.60 6.41 0.10 287.00 195 3.38
2 HO738 28.4 7.06 0.6 1277 868 161.03
3 GW-3 30.6 6.42 0.2 455 310 88.23
4 H0447 31.10 6.52 0.70 1400.00 950 63.16
5 THO0447 28.00 6.37 0.00 158.00 108.00 434
6 TMO0482 28.50 6.77 0.00 88.00 60.00 8.68
7 OW-1b 29.10 8.32 0.00 167.00 113.00 3.86
8 OW-2b 29.40 7.74 0.20 409.00 278.00 2.41
9 OW-3b 28.6 7.38 0.2 514.5 350 27.48
10 OW-4b 27.7 8.66 0.2 481.5 327 104.62
11 OW-6b 28.4 8.96 0.1 231 157 12.06
12 OW-7b 28.90 7.50 0.00 109.00 74.00 5.79
13 OW-8b 29.70 8.25 0.10 333.00 226.00 5.79
14 GW-1 26.90 5.88 0.00 200.00 136 16.88
i imuaing au 7.0-8.5 - - 600 250
inasioy Taugaga 6.5-9.2 - - 1,200 600
NINBHe)
Na. = fudiedaluld
Nd. = 10619 laine
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3197 -8 ﬂmﬂTwﬁmmmmaﬁuﬁymwhﬂ%ﬂﬁ 4, (WQHMAY 2551)
AU | v Temp. Salinity | Conductivity DS Chloride
i 1o ‘c) Pl (ppt.) (uS/em) (mgl) | (mglL)
1 HO515 2940 | 7.8 0.10 292.00 198 3.88
2 HO738 30.3 7.18 0.6 1340 911 174.11
3 GW-3 30.8 6.61 0.2 481 326 88.39
4 HO0447 2980 | 6.67 0.70 1400.00 953 67.02
5 THO0447 29.50 6.21 0.00 117.30 80.00 6.31
6 TMO0482 30.20 7.13 0.00 154.50 105.00 30.11
7 OW-1b 31.20 7.38 0.10 276.00 188.00 8.74
8 OW-2b 28.80 7.92 0.10 315.00 214.00 5.34
9 OW-3b 29.7 7.27 0.2 483 328 21.61
10 OW-4b 28.2 7.9 0.2 540 367 112.43
1 OW-6b 29.3 8.23 0.1 223.5 152 13.35
12 OW-7b 2940 | 695 0.00 116.50 79.00 6.80
13 OW-8b 31.10 7.47 0.20 530.00 360.00 9.71
14 GW-1 30.10 6.94 0.00 188.00 128 21.12
i imuaing au 7.0-8.5 - - 600 250
inasioy Taugaga 6.5-9.2 - - 1,200 600
MBI
Na.  =fudiedalald
Nd.  =dledeline



3197 9-9 ﬂmﬂTW1§I1U1ﬂ1aﬂlﬁlﬂﬁl?uﬁy1ﬂﬂﬂﬂﬁﬂgﬂﬁ 1, (@9%1AN 2550)

MeU | v Temp. Salinity | Conductivity DS Chloride
i 1o ‘C) Pl (ppt.) (uS/em) (mg/L) (mg/L)
1 THO265 | 2890 | 7.51 Nd. Nd. 595 122.3
2 THO0002 | 29.10 | 8.45 Nd. Nd. 108 17.61
3 THO0445 Na. Na. Nd. Nd. Na. Na.
4 TQ403 30.10 | 637 Nd. Nd. 132.00 12.96
5 TMO0482 28.40 6.74 Nd. Nd. 60.90 1.71
6 RTC0217 29.90 6.33 Nd. Nd. 445.00 3.42
7 OW-1c¢ 28.50 5.60 Nd. Nd. 154.00 3.42
8 OW-2¢ 27.10 4.53 Nd. Nd. 305.00 3.18
9 OW-3¢ 26.90 6.41 Nd. Nd. 655.00 192.26
10 OW-4c 2740 | 5.46 Nd. Nd. 2424.00 | 1218.13
1 OW-5¢ 28.80 8.17 Nd. Nd. 376.00 69.47
12 OW-6c 28.60 | 7.65 Nd. Nd. 236.00 11.00
13 OW-7¢ 28.30 7.23 Nd. Nd. 144.00 8.32
14 OW-8¢ 30.60 7.88 Nd. Nd. 225.00 7.34

i imuaing au 7.0-8.5 - - 600 250
inasioy Taugaga 6.5-9.2 - - 1,200 600

MBI

Na.  =fudiedalald

Nd.  =dledeline
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Vnﬁ"lx'iﬁ 3-10  AUNIWHILIAAVIIFUUINDUIAA

Y

590 2, (WYAIMEBU 2550)

MeU | v Temp. Salinity | Conductivity DS Chloride
i 1o ‘C) Pl (ppt.) (uS/em) (mgl) | (mglL)
1 TH0265 27.10 7.34 0.10 310.80 214 33.03
2 TH0002 25.50 6.20 0.00 113.20 77 14.57
3 TH0445 28.60 7.60 0.10 372.50 253 6.32
4 TQ403 29.10 7.74 0.00 112.00 76.00 8.74
5 TM0482 Na. Na. Na. Na. Na. Na.
6 RTC0217 28.40 7.28 0.20 512.00 349.00 8.26
7 OW-1c¢ 29.80 7.62 0.10 254.10 173.00 6.80
8 OW-2¢ 28.00 7.70 0.20 421.60 287.00 291
9 OW-3¢ 28.00 8.24 1.70 3325.00 2262 1015
10 OW-4¢ 28.10 7.01 1.90 3660.00 2490 1151
11 OW-5¢ 28.40 5.58 0.40 975.50 663.00 211.75
12 OW-6¢ 28.30 8.75 0.10 347.20 236.00 14.09
13 OW-7¢ 28.10 8.61 0.00 170.10 116.00 6.80
14 OW-8¢ 28.60 8.77 0.10 312.00 212.00 7.77

i imuaing au 7.0-8.5 - - 600 250
inasioy Taugaga 6.5-9.2 - - 1,200 600

NINBIHS)

Na.  =fudiedalald

Nd.  =dledeline
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! kS g & s o A o ¢
MI9N 11 AAUAININIDIA1VOIFUINABNITATIN 3, (NUATHUT 2551)

MeU | v Temp. Salinity | Conductivity DS Chloride
i 1o ‘C) Pl (ppt.) (uS/em) (mgl) | (mglL)
1 THO265 | 27.60 | 7.74 0.10 383.00 260 37.13
2 TH0002 | 2490 | 6.16 0.00 188.00 128 25.07
3 THO445 | 28.60 | 7.38 0.10 378.50 257 6.75
4 TQ403 2990 | 6.39 0.00 125.00 85.00 6.75
5 TMO0482 28.50 6.77 0.00 88.00 60.00 8.68
6 RTC0217 29.60 7.17 0.30 713.00 485.00 7.23
7 OW-1c¢ 29.50 8.03 0.10 254.00 172.00 5.79
8 OW-2¢ 30.40 7.98 0.20 406.50 276.00 2.41
9 OW-3c 2890 | 8.08 1.50 3836.00 1928.00 | 826.84
10 OW-4c 28.00 | 7.57 1.90 3622.00 2463.00 | 1147.45
11 OW-5¢ 2980 | 7.96 0.70 1515.00 1030.00 | 394.86
12 OW-6¢ 2840 | 823 0.10 349.00 237.00 13.98
13 OW-7¢ 28.50 8.60 0.00 167.00 113.00 7.23
14 OW-8¢ 29.60 8.46 0.10 364.00 248.00 12.06
i imuaing au 7.0-8.5 - - 600 250
inasioy Taugaga 6.5-9.2 - - 1,200 600
MBI
Na.  =fudiedalald
Nd.  =dledeline
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' y g 2 ¢ 2 d
M99 9-12 - AUNIWNLIAIAURIFUTINAOUIAATIN 4, (WOBAIAN 2551)

ae nueaY Temp. Salinity | Conductivity DS Chloride
i 1o ‘C) Pl (ppt.) (uS/em) (mg/L) (mg/L)
1 THO0265 31.00 | 7.46 0.30 698.00 474 97.13
2 TH0002 | 2850 | 6.94 0.00 158.00 107 2428
3 THO445 | 2930 | 7.50 0.10 388.20 264 2.9
4 TQ403 3040 | 7.54 0.00 150.00 102.00 14.57
5 TMO0482 33.60 6.67 0.10 302.00 205.00 25.98
6 RTC0217 29.80 7.66 0.20 558.00 380.00 9.71
7 OW-1c¢ 30.50 7.98 0.00 204.00 139.00 22.83
8 OW-2¢ 29.20 8.02 0.10 344.50 234.00 4.37
9 OW-3c 3010 | 7.93 1.90 3600.00 2450.00 | 1384.14
10 OW-4c 28.60 | 7.48 1.90 3685.00 2508.00 | 1335.58
11 OW-5¢ 3070 | 8.06 0.70 1567.00 1066.00 473.52
12 OW-6¢ 2920 | 7.43 0.10 316.00 215.00 15.05
13 OW-7¢ 29.40 8.05 0.00 140.00 95.00 10.92
14 OW-8¢ 30.50 7.62 0.20 407.00 276.00 8.98
i imuaing au 7.0-8.5 - - 600 250
inasioy Taugaga 6.5-9.2 - - 1,200 600
MBI
Na.  =fudiedalald
Nd.  =dledeline
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Squ | yneay ﬁzﬁm{mmﬁaﬁu (un3)
il 1o adait 1 adaii 2 adait 3 Adaii 4
1 H0292 7.00 Na. Na. 7.85
2 HO0419 5.00 Na. 6.85 Na.
3 H0490 Na. 2.4 2.65 Na.
4 HO588 4.70 4.50 4.75 5.45
5 HO788 4.80 0.37 0.60 0.85
6 H1298 Na. 1.82 2.15 2.7
7 TH0042 2.54 2.32 2.66 Na.
8 THO112 0.80 0.65 Na. 1.60
9 TH0362 2.50 1.60 2.70 3.28
10 THO183 10.50 9.68 10.00 9.90
11 HO0041 11.00 Na. 11.74 12.06
12 TH0446 Na. 7.6 Na. 8.0
13 TQ404 5.80 5.52 5.44 5.80
14 OW-1a Na. 2.1 2.58 2.6
15 OW-2a Na. 8.47 10 9.86
16 OW-4a 2.15 3.00 3.40 245
17 OW-5a 2.80 2.50 2.92 2.90
18 OW-6a 6.50 4.37 5.18 5.70
19 GW-2 Na. 5.54 591 Na.

N8BS

Na. — Hudiedaluld



M Y Y Y
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Squ | yneay 5% “m‘i‘mmﬁaﬁu (un3)
il 1o adait adaii 2 adait 3 Adaii 4
1 HO515 4.40 4.10 5.40 Na.
2 HO0738 Na. Na. 5.9 8.85
3 GW-3 Na. 1.90 2.42 Na.
4 HO0447 5.70 5.85 5.70 Na.
5 TH0447 6.00 5.85 6.30 6.80
6 TM0482 3.00 Na. 2.50 3.62
7 OW-1b 2.15 1.93 1.79 227
8 OW-2b 8.60 8.75 7.85 8.76
9 OW-3b Na. 7.57 8.6 10.52
10 OW-4b Na. 4.07 4.08 4.48
11 OW-6b Na. 5.88 5.72 6
12 OW-7b 4.30 3.82 2.65 3.90
13 OW-8b 1.05 0.75 10.80 16.75
14 GW-1 Na. 2.04 244 Na.

NN

Na.  =hudiedalald
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Squ | yneay 5% “m‘i‘mmﬁaﬁu (un3)
il 1o adait 1 adaii 2 adait 3 Adaii 4
1 THO0265 5.20 4.60 5.00 4.96
2 THO0002 2.80 2.00 Na. Na.
3 TH0445 Na. 7.07 5.70 7.43
4 TQ403 5.80 5.45 5.50 5.76
5 TM0482 3.00 Na. 2.50 3.50
6 RTC0217 26.50 17.26 23.00 17.00
7 OW-1c 2.10 1.85 1.53 1.96
8 OW-2¢ 8.60 8.46 7.58 8.70
9 OW-3¢ 7.00 9.00 8.75 10.88
10 OW-4c 3.60 3.50 3.50 3.90
11 OW-5¢ 7.00 6.75 6.80 7.00
12 OW-6¢ 8.00 6.42 6.30 6.33
13 OW-7¢ 3.90 3.82 2.02 2.90
14 OW-8c 1.00 0.76 12.60 22.34

NN

Na.  =hudiedalald



171

MANHIN D

Wan311 GPS Survey luainu

31/71 9-1 GPS-3394 (669108E 780854N) 31/91 9-2 GPS-3673 (680710E 791810N)

Elevation 12.815 m. (MSL) Elevation 6.70 m. (MSL)

317 9-3 H0490 (654892 759625N) 317 9-4 OW-8 (652276E 762207N)

Elevation 19.769 m. (MSL) Elevation 20.632 m. (MSL)
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cllB/03403 1309

ol

ﬂﬁ 9-5H0042 (663017E 775446N) ﬂﬁ 9-6 H0292 (660858E 774119N)

Elevation 9.389m.(MSL) Elevation 7.017m.(MSL)

badof

L

gB0e/03/11 14ey

317 9-7 TH0042 (663990 782351N) 317 9-8 OW-7 (648769E 777820N)
Elevation 3.293m.(MSL) Elevation 57.525m.(MSL)

£00e/09/1) 1649

?;]Jﬁ 9-9 0588 (657731E 780220N) ?;]Jﬁ 9-10 OW-3 (657506E 784219N)
Elevation 3.866m.(MSL) Elevation 3.087m.(MSL)
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200809712 1409 c00B/09/12 1458

317 9-11 GW-3 (662205E 785965N) 37 9-12 GW-1 (663097E 787965N)

Elevation 2.430m.(MSL) Elevation 2.200m.(MSL)

c008/09/12 170U

317 9-13 THO183 (668859 786808N) 317 9-14 OW-4 (661667E 784908N)

Elevation 5.010m.(MSL) Elevation 3.082m.(MSL)

e

\

h 1]
!
r

e

2008708716 13:11 ' ~2008/09716 1813

31/ 9-15 TH0265 (669224 799178N) 31/ 9-16 HO419 (661002E 804878N)

Elevation 2.662m.(MSL) Elevation 1.597m.(MSL)
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31/71 9-17 GW-2 (662890E 803538N)

Elevation 1.629m.(MSL)

B

!

317 9-19 H0738 (665837E 806910N)

Elevation 3.886m.(MSL)

37 9-21 OW-1 (655784E 792461N)

Elevation 3.866m.(MSL)

31/ 9-18 H0447 (664446E 805047N)

Elevation 1.976m.(MSL)

37 9-20 H1298 (654406E 789053N)

Elevation 7.370m.(MSL)

) o, T

T O i b

2008/09/18 1503

31/ 9-22 HO788 (649257E 798919N)

Elevation 4.853m.(MSL)



175

2008/09/19 10:17 : 08BN I .1 233

31/ 9-23 TH0002 (665417E 774333N) 31/ 9-24 TH0362 (663003 767490N)

Elevation 14.584m.(MSL) Elevation 14.097m.(MSL)

317 9-25 THO112 (665382E 776062N) 317 9-26 THO445 (661747E 777528N)

Elevation 6.710m.(MSL) Elevation 6.362m.(MSL)

3U7 9-27 RTC217 (658425E 768138N) 3U7 9-28 OW-6 (662523E 780346N)

Elevation 15.837m.(MSL) Elevation 5.249m.(MSL)
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9251 1| /B0D/B002

317 9-29 HO515 (653733E 765102N) 317 9-30 OW-2 (648692E 784174N)

Elevation 18.828m.(MSL) Elevation 32.778m.(MSL)

317 9-31 OW-5 (658077E 782428N) 317 9-32 TM482 (660495E 788372N)

Elevation 3.561m.(MSL) Elevation 2.237m.(MSL)
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MANUHIN N

v
m3linuaa

1319 2-1 agdsnamslfinnaavewsmalng

177

a1l 1na- 59U
91110 f1ua ’ QATMNITH | INBATNTTY | 155U
v5lan | (avw./)
ANONYIDY AAONYDY
264,304 2,109 434,434 701,347
T4 T4
TN 332,935 21,957 51,923 406,815
INGRIY 303,830 10,626 150,255 464,711
AULEY auld 395,259 - 25,923 421,182
VNUNT B9 777,928 130,425 175,742 1,084,095
EhiY 600,290 247,269 31,238 878,797
andn REAN 878,681 907,433 171,402 1,957,516
19ndn 257,745 7,167 121,111 386,023
STRTRE 197,907 - 37,009 234,916
HUNDY 217,095 - 5,636 222,731
malng AQDILY 776,887 59,556 - 836,443
AADIPAZIN | 209,919 12,340 5,712 227,971
AU 1,806,827 | 2,335,653 - 4,142,480
e 1,049,961 883 85,185 1,136,029
Mung 515,821 2,541,534 57,134 3,114,489
AN 1,643,230 | 596,237 - 2,239,467
malng) 1,923,550 830,865 - 1,319,039 | 4,073,454
FIuAT 625,610 1,884,130 2,509,740
59U 12,778,279 | 9,588,184 | 1,352,704 | 1,319,039 | 25,038,206

v Y
17 : dauasnnnsunswensiiuIaa (2549)
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MANUHIN ¥-1

: ya
t’l’NﬂﬁﬂTiul?‘m‘llﬂﬂuﬂﬂﬂu

Y
@ o o a a d a
aumsvan 2 aumslunmssiaesns maveauihldaulasnisdinsieisa
@ A s o ' Y v 9 o an g’
AUAY AD NYUDIATHUALNYNTINIA aananB3luide 2.2.4 mslwamll G §6) veui
ya A ] ~ [ % A wAa [~ dy =) [
TAAUNNANUPUIMUUAIN (Constant  density) mumaﬂmwuﬂmanm“lmﬂmuammﬂu
=~ va s (A a . . 9
(heterogeneous) uazuﬂmﬁummwamﬁmgﬂaﬂuuﬂmmwf’ﬁnN (anisotropic) 1814
A A =\ o v Jdao A v 9 & o
ganznimadasuntlasamunar Ianuduwusasaunsn 2.12) Tuave 2.3.3-1 Fuilu

o

AUNTOUNUD 808 (partial differential equation)

aumsins 1Mar1uAINa19ng U198 (Representation Elementary  Volume:
[ & ] ~ 3 @ A % a’/‘ 9
REV) aagt -1 Fadivunalugnenziludumuvesauauiiavesiinaranguiu 1 uag
9 ~ <3 ~ o Y A [ 09} A9 a
deslviaannenazii lvimslasundawsaunhmeluiindosung Taglsuasves

(A o [ ' 1w
REV Witidnyazilugilgnunaniiauminiy AxAyAz

z
A
Ay
<>

( qy )OUT

¥-1 3 ierag Representation Elementary Volume: REV (Anderson and Woessner, 1992)

Qo
=
=l

ms Ivaru REV mvualdiflumenvesdasimslua (q) Muaaslugduuy

q=9,1, +q,1, +4,1, (1)

A . . . A a L
4o 1, ,1, ,1 19 gumaﬂmaﬂuumuﬂu X,¥,2Z
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MINNYNTINIVEIMT TarudInaangu luaunsi (2-9) #a1sanns lva

Tunuaunu y ¥9 REV duaaalugd -1 ms nadhg REV dumisdiu AxAz fiaumiiy
1 o 13 J

(4, uagms lvaoen1n REV Mumiis AXAz fiauilu (d,)our d1e1A1Ns Inasenau

M3 Ivah luuuuny y 92'la

[(qy)OUT_ (qy)lN] A Az ()

Weu v gy

(d,)our = (@) (

AXAyAz) (3)
Ay

A U F7) d' [ ] A
w3enanlan maasuuasdasims lvariu REV Tuuiunu y fe

%(AXAYAZ) 4)

y

° [ a

ﬁmsumiwmimmillwacluumzmu X HASUNU z ﬁ]galslsfjﬁéjﬂﬂ"lﬁﬁluﬁ"m@\‘]

> <

=S (% v o = Y dl (% = |
R8INU muummmwamﬂuﬁumﬁ'lmw Wﬁ'ﬁﬁ‘JJ"’U’ENf‘lTﬁL‘]Jaﬂullﬂa\iﬂ@i']ﬂ"lillﬁallﬂ'l

[ H a Y] I~} Y]
mnumsasuulasdsuiasnnny asauns (5)

(aqx_’_ aqy+ aqz

AxAyAz = change in storage (5)
ox oy 82] Y s s

Y
o

A A A =S :j o A ) g’ . A A A a
‘111!ﬂiil!TliJﬂ'liQﬂJLﬁfJu'ﬁl1ﬂﬂ15ﬂﬂﬂ§ﬂﬂ151%u1 (Sink) HIDUMTIWUANU
911 Recharge 1350 injection well (source) Mol REV 9231 Volumetric inflow rate A
« 4 o Y] « g . ' 9 A g 9 9
R*AxAyAz iiefmuald R™ faudluuan lunsaiiniluai Source Fazimudinisdiudgne

U dy
YDIAUNIT (5) AU
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0
aq, + Ay +an —R" |AxAyAz = change in storage (6)
ox oy oz

a Y . 1
N15AIAUVNUOVOIANMST (6) change in storage @u1saunualag
. £ o Y 5% ' a g’ & v < 1
Specific storage (S,) FethmualmiudadivvesSinasidslvasenvinmsinny ae

[ 4 [ gl 1 ] a us.:} a 9/21
wiemMslasunlasveansiauiin aentinelsuasveasuriu i

SS - L (7)
AhAxAyAz

a 1 < 4 1 [ I~ 1
Tasdsnd a1 AV luaums (7) Jauduuindienat Ah iauduau vienain

9
o Ao &

Y a A @ 09} 1T v = a v
"l,ﬂ'J"I Usuanihnnninuszasauiloussauiilanad ﬂ"lﬂ@]SWﬂ'lﬁl‘]JafJuLL‘]JaQ‘}Ji?J"I@]ﬁﬂﬂlﬂll(lu
A
REV A9
AV Ah

= — S. — AxAyAz 8
At TOAt Y ®)

FANAUNT (6) UazdUNT (8) [Wdeiu udImsane AxAyAz v ldaums
9 A
q4ANMEAd aUNT (9)

0
aqX+qy+an:_Sg_r;+R ©)

OX oy oz )

' E
Al YA

v
9 9 ' [ Y v
qunN1sTn ﬂullﬂ'lii“]ﬂ'luu@ﬂiﬂﬂ LWi'l$ul\3Jﬁ13J'liﬂ'Jﬂﬂ1 q Vlﬂiﬂﬂ@]ﬁ\‘l ANUY

S o v o J 1 1 1 Q 1 @ :I
i]%cl%}ﬁllfﬂﬁ"llfNﬂTi%%38ﬂ1ﬁuﬂﬂ’31hﬁhwu‘ﬁ‘i$ﬂ’JNfﬂ q taga h Gd]);\‘lﬂul‘ﬂﬂuu1ﬁ13ﬂiﬂ

E4
~

3a'ld TaglFaumsvesnsalu 3 16 weou'ldadl

ch
=—-K, 6 — N
qx ok
ch
q, = - K, — (10)
y Yay >
q, =- K o

" 0z J



et g, q uaz g, Tunuiluaumsi ) sz ldaumsvande

i[—KX.a—h]+£[—Ky.a—h]+i[—Kz.a—h]+ R= Ss.a—h
OX ox oy oy 0z 0z ot
e K.K,.K, = ManuThyamans uud x, y, z udey [LT']
h = ﬂ?TNQQﬂJ@Qi%ﬁUﬂ’JmﬁuﬁyW [L]
S, = USunamsfnifudumg (Specific storage) [L]
R = U5 (Recharge) 11a2/150 900 (Discharge) 310
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1 ] a 09: g’ 1 ] { g’ Y
58°]J‘]JG]E]WLl'JfJTJ511'W]5€U't’]\3“]51!u’]@]@ﬁuﬂﬂna’lﬁu’llm’lllag/

A -1 A o A 3
%30 900 [T'] (N38131809A15 a0 R Uaniluai)

t = 1191 [T]
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MANUHIN ¥-2

aumsmimﬁauﬁmmmams

A4 4 J qva da ' <
guMIMsinaouNnveINlIacs i laaunianuvuiuuaen (Constant

. @ ~ v 9 o @ A Ay v
density) A9FUNITN (2-13) Turiave 2.3.3-2 0T DLUNYD Y muaﬂymzmmmsmaauﬂﬂ

9

v A
31
o(nck 0 ock 0 N
(nC) _ nD, -—(nV,C*)+q,C{+ )R, (12)
ot oxX,| Vox,| ox &
A 0 an = o A Y 9
(
130 — HU1ED 9n310151asunlasnnuIuIuYsINIaas 1usL U
VOIUAAZFINIAT (Change in storage)

0 ock " o 4 y v o A
——|nD; —— | wWwee 95 1M51laguulaIn NN UUDINIATITOUILBIDIN
x| VX,

MIUNTNTZ1 (Dispersion and diffusion)
0 K = o = Yy 9 v A
—Egz(nV£:) WU 951M51laguulaIn NI UUDINIATITO UL DI
i
N13NW1 (Advection in/outflow)
K = A Y v o A
q.C! RGN mMslaguulasnnuluI LY INIad1TOUILDIINNIT
Tvartmseoenv0Iae1T (Source/sink)

N = A Yy v A

§:Rn ERIGR n151aguulaan U NI UVINIAFITOUIN D991

‘]Jij N58IM1UAN (Chemical reaction)

4
[

o Y A A I = 7 ~
NIUNWHEWWUDUDIFTUNITN (12) mmﬁnumﬂ’oﬂaamﬂu 2 WAIU ANU

k k
onc) _ act  ian
at at ot

(13)
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J an 2 @ = =] g’
NIUVDI E 1PN @ﬁj’]"U'f]\iﬂ'g'llllﬂaﬂullﬂa\iﬁ'lllL’Ja’]‘luuwa\iﬂﬂlﬂﬂu’l

9
v A

a ] I - (Y 1 1
1¢au Tmbailu T' aunsa@euunudie g i ldununlu aums 13) 1dasi

o(nc*) . ock .

. q.C* (14)

dmsumsnldeun)asanududuveswamssuiownnnljisemaad

Y aan =) = 2 Ay Y o =
"lﬂfnnwammﬂgﬂ'iEmnwmmuuazﬁimmu”lmmmauﬂmq (15)

—K
ZRn :_pb%_&nck_lzpbak (15)

A a o A Aaaa =1
. waswmalasunlaslsunanamssuiieninlgnssmanil
110

Y
M
Y

jmo))}
(]

ML T"]

ck  fe anududuvesiams k fazanelini (ML)
N Ao Aanuwguvesiu [luliniae]
Py fo 1 bulk density veduiiuldii (ML)

1 A®  First order reaction rate Y9XIa@13 IMaa Uz a1Taza1w [T ]

) A First order reaction rate Y9N3 Iua VoA [T ]
ct o AnuduTuveINIAET k ﬁgﬂ@,m"f’u”ﬁ [MM ']

Waumsdi (14) way (15) Tunufiluaums (12) nga%ﬂgﬂiﬁ’géwﬂé’fﬁaﬁy
n%+ baa_ct:zaf( nD; aa; _8>8(. (nV,C)+9,C, -q.C -~ 4nC - 2,p,C (16)
ij

A & A v A~ @ y .
auN1In (16) Lﬂuwugmﬁummimgiﬂymafmi WogUNIUNIIF 18 19



Rnﬁz 0 nD
ot OX,

Jagfi R=1+22

= A =KX o o A a
%3 R 91NAUNIIN (18) vuedeilevenine

U oX

1

P 8C
6 6C

factor) 1uaEIIAAOUNT 1A

oc }ai_ (nv,C)+q,C,-q,C-A4nC—-4,p,C
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17

(18)

U09INUNITHU I (retardation

o [ A A < Ay ¥
dmsum V, Tuaumsi (17) Aeanuirvesns Inai Idu191nngues Darcy

I
A

4
@ a a 1 Y v
’(?fllﬂi%ﬁﬂ‘ﬁﬂ'lillWiﬂi%iﬂﬂulﬂ@Nu

E4
=

a 4 1 { o J
a5 lunaHYeINITUNT NTLI181T 0 Dispersion TUaNNISN (12) F1015DRIUINAT

2 2
D,, :“Lﬁ"‘“m M + aqy [\/Z| +D (192)
2
= a,_ +aTH + 0 Ve +D (19b)
IVl IVl Vi
A ,
D, :aLﬁ+ . M +agn, — M +D" (19¢)
ny = Dyx :( aTH) [V| (19d)
sz = sz :( aTV) [V| (196)
D,, =D, =(a, aw)N| (199
d’ = 1 o a a( 1 2 -1
1o . Ao mdulszansmsunnszae [L'T"]
D; An  dudseansmsunsnszareluuuivaennilyj L]
D" Ao midulszanimsianszaedugnimg [effective  molecular

diffusion coefficient , L’T ]
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a, Ao M longitudinal dispersivity [L]
Qi Ao A1 horizontal transverse dispersivity [L]
Oqy A A1 vertical transverse dispersivity [L]
< -
V..V, Ao AMWSIANT A uuUIAY X, Y uag Z [LT']
= Iy I~ -
V| Ao dasuivesmsna [=\V, +V; +V;} | LT']

o o Y ~ o MY A = o £%
ﬁ’]ﬁﬁﬂﬂ?ﬂ?”lllﬁlllslluﬂlﬂquﬁﬁ?nj‘ﬂgﬂiﬂﬂ ‘]Jhl’f] 150 C ﬁTll’]iﬂLLfJﬂﬂ]u')mhlﬂ

9
v A

AUANHULNIAAT Al

v a Y . . .
-ﬂiﬁﬂwﬁawmﬂuuuumuaumiq (Linear sorption isotherm) TIWITDDUNIU
Y

Y1 Yy 9 { o o o Yy ¥ A o
]’lﬂ31ﬂ1ﬂ31ﬂlﬂlﬂﬂluﬂlﬂﬂu3ﬁﬁ1iﬁQﬂ@@%ﬂﬂgllﬂiNu@]ix‘lﬂ“]J?nﬂ’JW?JHJSJﬂJHﬁﬁ%ﬁ'IEJu'I"U@QM'Ja

a5y viemouiluaumslan
C-K,C 20)

1 % =) Qoa 1 -
Tag K, winedemduilse@ninmsunsnizae (distribution coefficient, L’'M ')

= o [ a Y . . . 2
—ﬂﬁmmﬁ@,ﬂmu”lmﬂmmmmmumq (Non-linear sorption isotherm) 3

' Y S A . .
ﬂ'"lﬂﬂiﬂllﬂﬂﬂ@ﬂ’t‘)’ﬂﬂllmﬂu 2 NTUYDY AD 11UV Freundlich ag Langmuir Tag
[} 1 9 9 d‘ [} (% dy
N13AALULLUY Freundlich AANMAVUTUYDINIATITNYNAAFUAIU

C=K,C? (1)

Tas K, nu188m1aafived Freundlich (L'M™) &

a HUN8D9A1 Freundlich exponent ¥ lifivioe

9 9
4 IS ]

& A 9
“])'Qﬂ']ﬂ\jﬂwqﬁa\iullﬂuﬁlfﬂ']ﬂﬂ'ﬁﬂﬂa@\i
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1 ] . =l 3 Yo A
FIUNTAAT ULV Langmuir mmmwﬂmﬂuﬁumi"lﬂmu

o K,SC
1+ K,C
A 2 A . 3. -1
1 K, TUYAAINVUBY Langmuir (LM )
S 2 1 Yy v o Aa L 4 -1
S Wll']fJfNﬂ"I‘ﬂ')"I?JHl?JEUHVNWNﬂTuJ@QGLHWHVI (MM )
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MANUHIN ¥-3

aumnlylu SEAWAT

[ ] &£ . I 1

SEAWAT ulalsunsugearitaly Visual MODFLOW 11UN155I052HI4

g' ya A ~ Y 9 [ a ’q Y

Tdsunsums lvavenirldduuazmisnaounveswaasindlenu uuiaamslszgna e
Y

aum3lu SEAWAT Usznoudioms 19nguesa1sa (Darcy’s law) Tuaumims luaveirla

a =\ J 4 { 1
Au aznnuellaa (Fick’s law) lugumsmsmdounivesarsiuilou

g} ya A A prgn g 1
ﬁllﬂTiﬂTiulﬁﬁéllﬂﬁuﬂﬂﬂuL!ﬁ&iﬂﬁlﬂﬁﬂuﬂﬂlﬂﬂuﬂﬁﬁﬁ NIUNUAITULANA]
' T g} 3} <] . . qgj & o
iz‘Via1ammwmuuummuﬁmmzmmu (Variable density) uuc‘ﬁqgﬂ"l%’iu SEAWAT @i ad

v v Y
Tueunsn (2-14) vag 2-15) Juside 2.3.4 51eaz@eaNinuoIaumsadil

v Y
W91591317 9-2a 152n0UAIY Piczometer A 1ANINTADY Piczometer B 1AN
g} <3 1 Y 09} . 09/1 [ L
WY ANULANA19UDIuT 1911 1Y Piezometer NIAOIFINITOUAAIANVTUWUT IINONUDY
usaau ldaaaunisn (23) uag (24) wazlumeonveannuruuuu laaaayns (25) uay (26)

AN

h, = il +Z, (23)
P9

h=Tu 7, 4)
Y

hf =£h_ﬂz (25)
Pi Pi

ho Pt f_ﬂz (26)
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| &=
|

Piezometer filled Piezometer filled
with freshwater with saline
aquifer water

A A

!

Zy
Y l A J
EXPLANATION
h, Equivalent freshwater head [L]

h Head [L]

P, Pressure [ML'T7]

p, Density of freshwater [ML™]

p Density of saline aquifer water [M L7
g Acceleration due to gravity [LT?

Z, Elevation [L]

NOTE: L = length, M = mass, T = time

(a)

Pg.

Pya—
P4 cia

Ax
EXPLANATION
p  Fluid density [ML?]
g. Specific discharge at x [LT]

d.. Specific discharge at x+Ax [LT"]

Ax Distance along the x axis [L]
MNOTE: L = length, M = mass, T = time

(b)

3 1N ¥-2 (a) Two piezometers, with freshwater and saline water

(b) Representative Elementary Volume (REV) in Porous Medium

Governing Equation for Groundwater Flow

1 o a { Y
flﬂﬂﬂ;]‘VIi\ﬁJ’JﬁeUﬂ\‘lﬂ'lihlﬂaWWL!G]’JﬂﬁN‘WSq‘L! ‘Wi]ﬁilﬂgﬂﬁ ¥-2b i]ghlﬂ@ﬂiﬁﬂi

v Y v [
nlasulaslsnasimn lvaduas Inasen lddeaumsn (27)

o(pn)

~V-(pQ)+pY, = p

DI D

ANUNU MU UYOINIAETT (Fluid density) [ML "]

27

2 v
ANUTUILL U0 IMaitn (Source, +) 1158 1aoen (Sink, -)
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n = ANUNTUYEIIARAINaN (Porosity) [ 11iiniine]
t = 1781 (Time) [T]
v v
9. =  oanmsiluavenirn lnadh (Source, +) %30 lavon (Sink, -)

1 £ ' a Qs}l a 9 g’ -1
@i’)ﬂU\TﬂU'JEJﬂﬁﬂJ']ﬁﬁ"U@QGBHWHQ?JH'] [T ]
0

o o o . .0 0
Vo= anuaesuluuud x, y, z 810 (Gradient, — + — +—)
ox oy oz

Specific discharge vector [LT ]

o))
Il

d 9 A A = a [l ' A
NIUNNF1IUDUDIAUNITN (27) ﬂ@ﬂWiﬂﬂﬂﬁ‘i‘lﬁ'ﬁWWHQ REV U
- YY) oy - ¥ g’ .
MU -V - (pq) vannudanmsgadein pq, anmsduniemsldi (Sink) nIeiinis
A a 2’ .. . ’ d
INUANUI9IN Recharge 130 injection well (source) mely REV d@aunatiniaunieaunso

[ [ Jd o A
HUNgRERRNU 2 WAL AYEUNITN (28)

o(pn) on  Op
=p—+n 28
a Pl a 28

4

onsmsiasunlasnnunguaenallumenvo s IAULTAINNNTUNUT

AaEaUMITN (29)

on_anp

- = 29
ot OP ot 2%

ald' [ ] I~ o o [
ﬂWEJGlﬁNfJUVlGUWU'N ANUrUUNYeIvRura Ul Fu T ULTIAY (P) uaz

ANV UTUNIAAT (C) AaauNIIN (30) uag (31) mMudIay

p=f(P,C) (30)

ap_opP opoC

= (€20
ot oP ot oC ot

UNUAT TuMIN (29) uaz 31) Tuaumsn 28) v lddeaunsn (32)
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Apn)_ on 3 P pP 3pC

= 32
ot a ot Papa oot aC ot (32

A 4 A A [ A [ oy
FUNIIN (32) ADINIULTNVDIUNDUUININDAD o5 1Msasulaassauii

A [ o H (% 1
1881 drunnineauae sasimsasuudasluanududuvosurams

[ [ 4 1 o
ANUAUNUTTEHINNANUNTU (Porosity) AUAY (Pressure) inay

ANUANNITDTUNTOAAT (Compressibility) YDIINQAINANINIU AIeTUNIIN (33) (Bear, 1979)

1 on

_ on 33
(1-n) 6P 3

S

1o £ = AnueIn luMIoaaIveIIng@INa WU [MLT’]

Y
dunnuauTa lumsoaa1e911 (Coefficient of water compressibility)

ﬁﬂﬂiﬂ‘l’iﬂﬁﬁﬂﬂﬁuﬂﬁﬁ 34)

1 op
_ 34
d p OP (34

unuAmaunsi (33) uag (34) Tuaumsa 32) annsodaglaumslnilag

aumsi (35)

pac

35
oC ot 3

opn) _ o o 0P
20 = p(eli-n)+ém S

Y
Wl p(E[1-n]+&£n) AetlSinasihnmny wsemeulnilumenanusuld

Saaumsi (36)
S, = (£[1-n]+¢&n) (36)

A 1 v o . [ -1 2
4o S = ANINNNVIUNIE (Specific storage) Glumammmmﬂu [M LT
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UNUATUNS (36) Tuaums (35) ﬁ]%lligl}

opn) _ 5 P, C

—_ 37

a P ac at (37
LL%UﬁTﬁNﬂ’]S (37) hluﬁllﬂ1§ (27) %3115{
I P opaC

~V-(pq)+ pQ, = pS, —+nL = 38

(PQ)+ 0 = pS, o " A (38)

4 4 a 4 3}
AUMIN (38) ABAUMT Partial differential 114115 AAT1H M3 Traluiild

Y H
AurATUAIN NN UL DAL UVt linad (Variable density)
Darcy’s Law for Variable-Density Ground-water Flow

9
mMamAn)sunanirgandesuniz (Specific discharge) WIUAINAWNNTUNDL

Y [
ANMYUIUUY911 119 (Variable density) @11n5an 1dann

k, oP
O =——"— (39)
M OX
k, oP
Gy =——— (40)
u oy
k | OP
q, =——Z[—+pg (4D
Ul oz
d‘ 1 a g’ =S o o v
11D Ay, 0,0, = mMlsuanhga@esumzauuud x, y, z Mua1ay
' = . . . -1,4-1
y7; = ANANNHUA (Dynamic viscosity) [ML T ]
KoK, . K, = mdusz ANt MIFUAILAINILI x, y, z UEIFD [L7]

g = uselfuoneveslan [LT7]
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9 v v
5’1wmmmmummié§umuﬁmmz‘muammm (?jﬂﬁ %-4) HIUITONIAN

v Y
Usnanigapdes uwig (Specific discharge) laaail

-A
Ay
%'3/_///$
Sy ///
P
- / \
/ '
Ui v-4
a, =—k—“(£+pg 00550,) (42)
J7ANL
kK, (oP
q :——ﬂﬂ——+pgcom5j (43)
i) U aﬂ B
K, (oP
=——L| —+ o 44

103U -2 awnsomaanuaulassagd vl lddeaunsi 4s)
P=p.9(h; —2) (45)
13U ¥-4 aunsoudaums @5) T ldasaums (46)

@— g%_ gz (46)
oo Pr oa Pr oa



uae

' 0z
unuaraums (46) luaums 42) Tagld cos s, == a1
a

a #pf Py ’Ofaapaa

[

tagula K, lwiawiemalugy -4 0218

Tagilanms (42)-(44) 18 lwsidail

oh -
qoc:_Kfozﬂ f +(p prg
ox

| oa

Ps

0z

Hq | oh
=—K —
qx x I OX |
[ oh
q, =K, 20| Zt
uLoy |
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(47)

(48)

(49)

(50)

(51

(52)

(53)

(54)
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Governing Equation for Flow in Terms of Freshwater Head

e

nnaumsh (38) enansodagillnladsi

0 .
-—— S =pS, —+nt—=_ 55
(pQ) aﬁ(,oqﬁ) y(pqy) pS,—+n o9, (55)

LLﬂS%Wﬂﬂ?TNﬁMﬁHﬁﬁNﬂﬁ (45) UNUATUNT (49)-(51) Tuaums (55) ul?'?]}

€

0 ohy p-p; 0z 0 ohy p-p; o0z
—| PKy, + + PK, +
o oa p; O« op op p; Of

(56)
p oh,  p-p. oz oh, opaoc —
+—| K, | —+ L2 = pS,0p, -+ n 22T,
oy oy p; Oy ot oC ot
INANMST (36) 1A (34) 3z 1aN
l 0 l 0
f=—Prg =2 (57)
p OP p; OP
Si=gp¢[£(1-n)+&;n] (58)
UNUAEUNT (36) uaz (57) adluaums (56) a2 16N
oh - oh _
i pK,. f+p pP¢ 0L N 0 ,OKfﬁ f+P P 0L
oa o p; O« op op pe Of
(59)

oh; oh —
+ K, | S EPLOE 2 s Sy n 295 g,
87 p; Oy ot oC ot

~ A o 3’ Aq Y
auMIN (59) AoaUMT IUNBULTIAUIIN 1F 1 SEAWAT
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Concentration and Density
o o ' . ) S o
mmﬁuwu‘ﬁizw3Nmmwumuuu,azmmmmummmmugﬂmmuaiﬂfJ
Baxter and Wallace (1916) A4@uN15 (60)
(60)

p=p;+EC

E =anandszuna 0.7143

Y
C =dSmaanududuesiniu [ML"] 61)

9

aums (60) dng1) 1 laaadl

op
P _E 62
2C (62)

unuaauns (62) Tu (59) 1214

0 ohy p-p; 0z 0 ohy p-p; oz
—| PKy, + + PK i, +
a oa p; O« op op p; Of

oC —

(63)
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MANUHIN Y

msanandsunamafnii

Y E4
o v A

Y
MIMUINNIUTINUMTANNT (Recharge) UTUADUAT

1) AHuUa

1 a 3w oy N . .
- ﬂ”l‘ﬂiil”lmﬂ”lﬁLmJﬂﬂuE,quJ’eNﬂu (Maximum Soil Water Storage, S, )

' ) :’ T :’ 2/' a a Aa [~ :’ '
“ri‘1!1Elﬂ’Nll’ﬂﬁnlﬂ‘iiﬂﬂllﬂlﬂﬂﬂ’ﬂﬂW S, . m%é’umﬂ%uﬂu mfnﬂzllwauumﬂmﬂumm

= =S ya
N30919FNas 1AAY

Y
o o

J a 1< @ a
- MYTNAMIAUINIAgAYDIAY (Minimum Soil Water Storage, S

a min)

)

1 :j a a9 o Y Y] 3 a a [ =
WA NH IuAuTteeun mﬂwugmﬂﬂ@ﬂﬂmmﬂuqaum ”luﬁm’;xﬂﬂmz"luqﬂgmﬂ
Y
11199091NNAU
1 a d o a g .. . <3| o 1
- SN uAnNIs A (Initial Soil Water Storage, SO) WumMsmMuuan
g o o A ° £ ° Y A A
msnusmivesruau ludeunsaveamsaiuia Fealunmsdriuiaus ldiaenfeunniiny
I A A g A A I A ~ (] ] a A A oo & A o
WunsusuAY Lummﬂmauuﬂimmﬂumau‘nagiumqﬂawqadmuummaummmm m
o [ a < v A 1 [ a I o
°lﬁ’uu%”lﬁ'a1mﬂimmmﬁmuﬂmﬁmgfmzﬁmmmuﬂimmmﬁmmﬂqqqﬂ
- AIN3ILMOTUTUAU (Initial Actual Evaporation, ETa ) 111999110 UG NAY
=

[~ A a :I S o a o A Y :JI 1 a A dyd
Lﬂumauﬂmﬂqaﬂu ﬂiﬂﬂﬂlu“ﬂﬂﬂﬂiuﬂuﬂﬂNNWﬂ ANUHUAIMNITANYTISLIHYITIIVDIUADUUIIY

1 " v v o = @ o

ﬂ1L‘Vﬂﬂ‘UﬁﬂEl"llﬁ)\‘lﬂﬁﬁ&ﬁﬁl“ﬂ@\‘ilﬁﬂﬂlﬂﬂ’)ﬂu uuﬁa ETa = ETp,
o a < o g’ a

2) AMundsunamsinunnvesiluau

A A A I A A 9 a A A o 3 a o Y
[HBIINIRONABUNNT AT UADUITUAY AUIANUDUA UANN fﬂ‘ﬁuﬂﬂlﬁ
a I Y] [ <3 [ Y] o’/’ o a
Ysmamanuinlwdeunsamisumsmuingga (S, =S, ) auinlumsdnnudSinums
3w g; a o oaj = A I 9 a = = 1 a
LﬂUﬂﬂLﬂGl‘L!ﬂ‘Ll%3?]11!'31!@\‘]!,!,@]Lﬂ’ﬂu%ﬁﬂ\‘l!’ﬂuﬁuqﬂ IﬂfJfl]$WEmiﬂ‘!'IHJSEJ‘]JL“VI‘c’J‘LIigﬁ'JN'iJﬁil"Iﬂ!
A QEJ} v o A 091' S A A
vlummmauuu (Rm) AUANYNITMYTSLHYUDIUADUUY (ETpm) IﬂﬂiJ 2030 AD
AA (A 4 Y (A 3 [ a
1. ﬂiﬂ!‘VI‘]JiﬂJTil!PJuﬂJ"lﬂﬂl”lﬁﬂflﬂWﬁi&ﬂﬂ ﬁ]S’;hlﬂ‘]JﬁJTil!ﬂTﬁLﬂ‘]Jﬂﬂgluﬂu
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Abstract

Groundwater aguifers in Hat Yai basin from Hat Yai
municipality area to the Songkhla Lake can be divided into 3
aquifers namely Hat Yai aquifer (20-40 meters in depth)

Khutao aquifer (60-80 meters in depth) and Kor Hong aguifer

(more than 100 meters in depth). The surrcunding mountains
in the east, the west and the south are the recharge areas
where as the discharge areas are the U-Ta Pao river and the
Songkhla Lake. In general, the guality of groundwater
withdrawn from the Hat Yai aguifer is good but not suitable
for drinking. Its turbidity, iron content and hardness are higher
than standard drinking water. Saline groundwater in the Hat
Yai aquifer is confined only in the vicinity areas of the
Songkhla Lake namely: Kutao, Hat Yai district and Bangklam
and Mae Tom, Bangklam district. Thus, in these areas, better
groundwatar from a deeper aguifer of Kutao, located about -
70 meters (MSL.) is used stead. Groundwater from dug wells
surrounding the Songkhla Lake is hardly used by local people
due to its high salinity.

Keywords: Hat Yai Basin, Aquifers Characteristic, Seawater
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ABSTRACT: Chloride concentration of groundwater from Hat Yai aquifer, the major aquifer in the Hat Yai basin, was higher than
groundwater standard. A three-dimensional density-dependent seawater intrusion model was applied for the Hat Yai basin in order to evaluate
seawater intrusion from the Songkhla lake and the Gulf of Thailand and te predicted the effect of future increase of groundwater withdrawal in
the next 20 years. SEAWAT-2000 with density-dependent groundwater flow and mass transport capability was used for modeling. The
developed model was calibrated using hydraulic heads and chloride concentrations from 47 observation wells. Simulation results show that for
the Hat Yai basin which having annual groundwater abstraction rate of about 25 million cubic meter per year, when the abstraction rate was
increased 5% annually for the next 20 years, average groundwater drawdown of 2 meters was observed. Particularly, for Hat Yai city,

groundwater drawdown was about 3.5-10 meter. In additions, seawater intrusion area was widely spread toward Hat Yai city.

KEYWORDS: SEAWAT, MT3DMS3, Variable density, Seawater intrusion, Hat Yai basin, Safe vield
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