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EVALUATION OF GROUNDWATER POTENTIAL AREA OF
UPPER CHAO PHRAYA GROUNDWATER BASIN USING WEIGHTING AND
PROBABILISTIC-BASED FREQUENCY RATIO TECHNIQUES
KANPITCHA BANGKLAM

Department of Geology, Faculty of Science, Chulalongkorn University
Tel. 09-0420-3625, E-mail: Pitcha.B@hotmail.com

In this study, geographical information system application was applied for generating the
groundwater potential map in the Upper Chao Phraya groundwater basin, Northern part of
Thailand. By using two different methods, weighting model and probabilistic-based frequency
ratio (FR) model, analyzed the spatial relationships between groundwater yield and storage
controlling factors such as rainfall, slope, elevation, geomorphology, lineament density,
drainage density, soil, land use, and lithology for quantitative analysis. In weighting model, the
weightage and score for each factor and their classes are based on Manap et al. (2011). The
layers of nine quantitative factors were then overlaid to generate the potential maps with
Geographical Information System (GIS). For probabilistic-based frequency ratio method,
groundwater well data with high potential yield value > 6.82 m’/hr were randomly selected
using Hawths analysis tools embedded in GIS. Seventy percent of the data (1010 wells) was
selected to be the training dataset and the remaining 30 percent (433 wells) was used for
validation purpose. The frequency ratio coefficients of the hydrological factors were used to
integrate the groundwater potential map. In comparing the validation results of these two
methods, it founded that the weighting model method give positively the significant correlation
(R®) between average yield and groundwater potential index rank about 0.85 while
probabilistic-based frequency ratio method showed only 58.75 % accuracy. According to
weighting model method, the groundwater potential map was classified into five potential
zones. Very high potential zone are found in floodplain area about 41 % (21,810 kmz), and very
low-potential zone are located around the boundary of study area with about 9 % (4,790 kmz).
In addition, the hard rock dominant of the study area was indicated that is controlled by
secondary porosity such as density of lineament.

Keywords: Groundwater potential, Yield, Frequency ratio, Geographic information systems,

Upper Chao Phraya, Weighting model
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49 (High) wazgennn (Very High) iiauanduilsc@nsnissindula lnadnlinlndiaes 1 aAs

1 o dl k4 I rdl o %
ANLRILULRNRBAINAITNEN mm@ﬂﬂummmm@mﬂm

ada o o ! [ 1% a 1 09’ yas
Tnawnazidndcuannaiiiulilfvresnisfinunaainuinia 1435n19m9aaeuaau
% a dldlsj ai o ogl [ o I dld 1l
gnsiad e BeunauunuINunAnanMTLIAa AU AauIuteLIAantAlTNIuNg
WirhuanndvisewiiuAdsegautesdeyationaualuiui (= 6.82 mhn) lnauandna’li
o 1 2 1 [ 1 dl 2 o 1 dg/ dl %
sUnsINdndausesaz a9 EnIIdIuAIND LAYFREATATANTEIATUIULIELIANG NUN A
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unN 4
NANTSANEN

4.1 NAMSIATISRANLMWUILIAALTIAUNTN

AUNINTNLNANAT HAaNdayatiaraansunineInsuILIAIa (2555) WuLdNTHA
DS lunundnmiag luinusfiliunans 19 # lneau1sndniununAnanIntiuinig

TIAUNIN UATILNT9289THN TDS aeniilu 4 499 Agin 4.5
4.2 HANISIATISHANLNINUILIAALEILS N

a d” dl o ca/ a a2 Ly o :/J
AnnsdssilufunAnan ntiuinadelziiu annistianziiladesia 9 Ussinm
(Aag1ln 4.7) inligunsadninlalaanisinnsdeuiidiayauara AnguAIAZLUWIIN LLNAN
v a o a dl dl va 1 [ ]
nsnszanadiayauuuNdasssntns (Natural breaks) SenadliRAMNLANGNTY InELLNNE

v
o

anNn13IAsEFaeniily 2 35 Adtl
4.2.1 HARINIBNTAMUIULNLBIUAAZITRR8 (Weighting model)

ANPUAATAZLUULAZ AT ENMIN TALE19B N UTAINIIUIRLIRY Manap  WAZATUE
(2011)  wsineAMBARNTnNLAN lugsdudeyareuetiady uazlBaALARIAT
A13197 4.1

dl o 1 09/ o v 1 1 o 4 .

Wanmuariuinudcldazuunudaziladuaslunisedeya (Attibute table) 1

£ 1 |
Tsunsn ArcGIS 9.3 udaninnisdewiududayannifade tnaldadsluAsasiia Analysis
Tools laan Overlay UL Intersect NINNTIINANAZILU LAZAALLNTAZLUUTHLTN 5 da9 1§
| &4 ¥ v am S d v s &
WHURLARANUNANEAININLIANAA98RENTH (JU7 4.8) waznaWiandngausasa s 1a9ium

TuwsiazszauAnanIw Asgli 4.10



5U% 4.1 wuisudateuiaan i lunisfinesisunn 4,103 e

(NINNTNENNTUILNANG, 2555)
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o I

519 4.2 Lauisuitauiaaniafiununisliinigestennana (Yield)

UINNIWAFL 6.82 m/hr A UL 1,443 1 (NTNNTNENNTUILANA, 2555)
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519 4.3 waunAumiLauIAaTANAAeS (Training dataset)

7131 1,010 LD (NTUNNFNLINIHILIANG, 2555)
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5U% 4.4 wunsumitauiaagansaaaey (Validation dataset)

QUL 433 U (NFHNTNYINTUILNAR, 2555)
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5Un 4.5 WAL UTUIE ALANTEZANENIATINTINNA (TDS)
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5un 4.6 WL LT UL AL INANA (Water table)
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= s o1 0” o ! o
AN9199 4.1 InuFing A vinusazads

(AnuUasann Manap wazAy, 2011 LAY WYINT, 26555)
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1Untaya AN

szinnuastaya

ASLLUU

1. Lineament density (m/m?) 9

< 0.00160 (very high)
0.00160 — 0.00050 (high)
0.00050 - 0.00020 (moderate)
0.00020 - 0.00008 (low)

> 0.00008 (very low)

~ O N o ©

2. Lithology 8

Unconsolidated rock
Semi-consolidated rock
Sandstone, siltstone, mudstone
Tuffaceous sandstone
Conglomerate, sandstone
Shale, mudstone

Phyllite, slate

Limestone, shale, chert
Rhyolite, rhyolitic tuff

Granite, Pyroxenite

Gneiss

NN NN OO NN 0 ©

3. Rainfall (mm/year) 8

1501 - 1600 mm
1401 - 1500 mm
1301 - 1400 mm
1201 - 1300 mm
1101 - 1200 mm
1001 - 1100 mm

—
(@)

o oo N 0 ©




A19199 4.1 inausins AT usEnusaziate (sa)
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1Untaya

ssinnuastaya

ASELUU

4. Geomorphology

Floodplain
Denudational hills slope

Denudational hills

&)

5. Slope

0-5°

5-15°
15 -25°
25 -35°
35 -60°
60 — 90°

N w00 N

6. Elevation

<20m
20-100 m
100 — 500 m
500 - 1,000 m
> 1,000 m

w ~ O N ©

7. Soil

clay, rock fragment

rock fragment, mountain soil
silt clay loam, marl

sand

sandy loam

loam

sandy clay loam

clay loam

mixed soil

clay

~N N o © o©

N A~ b~ O On
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A19199 4.1 newsinsdanunminusaztass (sia)

1UATaYN AN dszinnaasdiaya AZLUY

8. Drainage density (m/m?) 3 < 0.000480 (very low)
0.000481 — 0.000830 (low)
0.000831 — 0.001180 (moderate)
0.001181 - 0.001530 (high)

~N O OO o ©

> 0.001530 (very high)

9. Land use 3 Agricultural land
Forest
Urban and building

Irrigation agricultural land

w o o 9~ N

Water bodies

Miscellaneous land 3
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51" 4.7 dudiayaifadenlidmiunisin (de)

€9



51" 4.7 dudiayaifadenlidmiunisin (de)

¥9



51" 4.7 dudiayaifadenlidmiunisin (de)
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[ %

422 uWaaINIaN15IATIzRARFIuAN DA N T ulla (Probabilistic-based

Frequency Ratio)

ANNTANUUd AR LI SRR AT L TAdE ARdWILLIaLN AR TERTIEA
Fauanslupeedl 4.2 1A Frequency ratio Wiialu Attribute table mm?ﬂw@nﬂsﬁguﬁm‘”ﬂ i
m@%@uﬁufﬁﬂgmmmﬁmm%Tmﬂ%éﬂzﬁ Spatial Analyst Tools {@@n Overlay WUU Weighted
sum UAZIAan Field AuAAdAN Frequency ratio ANt Tua L Weight A 1 ynass

dl v o a 09/ L 1 o o ¥ o v ¥ dl d” dl o 091
LWﬂiﬁnﬂﬁQ@ﬂﬁJuqﬂuﬂm’mu LLZ\IZZQ’]N’]‘J‘DT'JNT]MVLQ m‘luvl,mLmemewummﬂﬂmwmmmm

'
=

299WuN (31N 4.9) Tnedansiimszidndounaintresasiuldls didiazuuuainnig

Fauiun1ninisudailudaerzaudnaninuiuinnaiily 5 s2ay wuugaeduivingy (Equal

b

interval) uaznanuansdetazaesiunAnan mtinLIANa luszALNFNG 7 i fagii 4.11

a

[ v [%
A o o

LHUTALAASNUNANEN NN LIAIARINTEN9TANUIUEIN LAAINUNANEN TNGSDIgININ

TULF N LBINANNNUN TULRLATL  LNUNLAAINUNANLNINUILNIAIAAINATNFALATIZI

[
o I

, A o P a o \ P A ' =
ARAIUAITHNDUR ﬂquLﬂuiﬂiﬂiuﬂq?Lﬂ AUTLTIANR LLANWLATLTLIUAAL AN UBAIWUN AN

=b.

s @ A A aal 8 o & Ao = 0 & A aa
LﬂULﬂu‘W‘uV]LLu'JL°1|’]23\‘1LLNHV]”‘]’]ﬂQﬁﬂq?ﬂQ\iuqﬁuﬂLL@@\‘]‘WH‘Wﬂﬂﬂﬂ’]‘Wﬂ’]uﬂ@ﬁl\"]ﬂ\‘]mq FIDNAENNT

LAAINLFNUTRN AN N INAN TR N NLAZLT UL F I N A9 at U L0



AN919N 4.2 AdadauAINND (frequency ratio) Ueausaziladel

Groundwater occurrence

Total number of area Frequency Frequency
Factor Class 70% of total 30% of total Ratio Ratio
Number of Percentage Number of well Percentage Number of well Percentage 70% 30%
pixels * (100) (1010) (100) (433) (100)
Lithology Conglomerate, sandstone 869230 4 3 0 2 0 0.07 0.1
Gneiss 519643 2 0 0 0 0 0.00 0.00
Granite, Pyroxenite 1316724 6 2 0 1 0 0.03 0.04
Limestone, shale, chert 511786 2 6 1 2 0 0.25 0.19
Phyllite, slate 352706 2 2 0 0 0 0.12 0.00
Rhyolite, rhyolitic tuff 835004 4 7 1 3 1 0.18 0.18
Sandstone, siltstone, mudstone 3925212 18 1" 1 6 1 0.06 0.08
Semi-consolidated rock 4616009 22 175 17 83 19 0.80 0.88
Shale, mudstone 106154 0 1 0 0 0 0.20 0.00
Tuffaceous sandstone 1148161 5 6 1 4 1 0.11 0.17
Unconsolidated rock 7048564 33 797 79 332 77 2.38 2.31
Slope 0-5° 14523822 68 992 98 428 99 1.44 1.45
5-15° 3543531 17 17 2 5 1 0.10 0.07
15-25° 2356716 11 1 0 0 0 0.01 0.00
25-35° 684909 3 0 0 0 0 0.00 0.00
35-60° 165946 1 0 0 0 0 0.00 0.00
60 — 90° 22514 0 0 0 0 0 0.00 0.00
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AN919% 4.2 ANdRdauAINND (frequency ratio) TeaumazTiase (Aa)

Groundwater occurrence

Total number of area Frequency Frequency
Factor Class 70% of total 30% of total Ratio Ratio
Number of Percentage Number of well Percentage Number of well Percentage 70% 30%
pixels * (100) (1010) (100) (433) (100)

Lineament < 0.00008 14716676 69 982 97 47 96 1.40 1.39
density 0.00020 — 0.00008 4293770 20 23 2 12 3 0.1 0.14
(m2/ m) 0.00050 — 0.00020 1960162 9 5 0 4 1 0.05 0.10

0.00160 — 0.00050 216769 1 0 0 0 0 0.00 0.00

>0.00160 61852 0 0 0 0 0 0.00 0.00

Rainfall 1001 - 1100 148008 1 17 2 4 1 242 1.33
(mm/year) 1101 - 1200 2682704 13 60 6 24 6 0.47 0.44
1201 - 1300 10746123 51 468 46 203 47 0.92 0.93

1301 - 1400 7312155 34 446 44 197 45 1.29 1.32

1401 - 1500 353258 2 19 2 5 1 1.13 0.70

1501 - 1600 36996 0 0 0 0 0 0.00 0.00

Elevation <20m 113609 1 0 0 0 0 0.00 0.00
20-100m 9857436 46 888 88 384 89 1.90 1.92

100 - 500 m 8213995 39 121 12 49 " 0.31 0.29

500 — 1,000 m 2788997 13 1 0 0 0 0.01 0.00

> 1,000 m 337358 2 0 0 0 0 0.00 0.00

Geomorphology Floodplain 11881048 56 973 96 415 96 1.72 1.71
Denudational hills slope 7242907 34 37 4 18 4 0.1 0.12

Denudational hills 2127720 10 0 0 0 0 0.00 0.00
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AN919N 4.2 AdadauAINND (frequency ratio) 1eaumazilase (sia)

Groundwater occurrence

Total number of area Frequency Frequency
Factor Class 70% of total 30% of total Ratio Ratio
Number of Percentage Number of well Percentage Number of well Percentage 70% 30%
pixels * (100) (1010) (100) (433) (100)
Soil clay 2960083 14 150 15 49 11 1.07 0.81
clay loam 4346048 20 342 34 179 41 1.66 2.02
clay, rock fragment 1838938 9 31 3 19 4 0.35 0.51
loam 1934264 9 401 40 154 36 4.36 3.91
mixed soil 2331 0 0 0 0 0 0.00 0.00
rock fragment, mountain soil 7522387 35 28 3 14 3 0.08 0.09
sand 9328 0 0 0 0 0 0.00 0.00
sandy clay loam 2488030 12 57 6 18 4 0.48 0.36
sandy loam 18179 0 1 0 0 0 1.16 0.00
silt clay loam, marl 136074 1 0 0 0 0 0.00 0.00
Land use Forest 7623470 36 24 2 11 3 0.07 0.07
Agricultural land 11098711 52 595 59 271 63 1.13 1.20
Irrigation agricultural land 328604 2 24 2 7 2 1.54 1.05
Miscellaneous land 348444 2 6 1 8 2 0.36 1.13
Urban and building 1424499 7 312 31 17 27 4.61 4.03
Water bodies 431933 2 49 5 19 4 2.39 2.16
Drainage density | < 0.000480 3310 0 0 0 0 0 0.00 0.00
(m2/ m) 0.000481 - 0.000830 3934668 19 53 5 24 6 0.28 0.30
0.000831 - 0.001180 10928871 51 788 78 352 81 1.52 1.58
0.001181 - 0.001530 6356139 30 169 17 57 13 0.56 0.44
> 0.001530 38716 0 0 0 0 0 0.00 0.00

0L




71
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50
41.14

40
>
8 30
C
3 20.04 16.70
S 20

9.47 12.64
10
0 | | | |
Very low Low Moderate High Very High
1% 4.10 namlugnadndaienazaasiuiifnanminnaaluusiazsiy
FeEnnsdatinmin

50

40
o 31.02 28.06
> 30
=
3
5 20 17.04 17.05

10 6.83

O [ [ [ [ . 1
Very low Low Moderate High Very High

5U% 4.1 naluansdndaibesazaasiuiAnanminuiaalunsazseay

Fnenan19LATITIAAguANDIadAHLTIulL 1A
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4.3 Nﬂﬂ’]‘iﬁl‘i')@ﬂ’ﬂﬂﬂ')’]ugﬂﬁ’ﬂﬁ

4.3.1 MSASINABUANMNINADIVRIIENTANUMUNIRUANETAE

$11N19AIIRABLANNYNEHDIIBIUNUNANENIN annaineuAI AU Lt aeq
UALNANA (yield) SIUINTINA 4,103 Ua wuItFunun1siitiaesteatia1alAnNgenndas

o v o oy 1 A o o [ % o dl IS o a Qr
NUTLALANUNTINUILIATARE NN UL ANATY uanelupngen 4.3 TnediAndudsz@nsnng

v a

Fnaulawindu 0.91 Wameuiudngeganesaniuimunis i (§U7 4.12) uaziviniu 0.85

A o

dl = o 1 dl 1 4 ogl n:ll dl 4 I rdld
WawsuiuAeaeaaIAlEumn1g N (qﬁ]‘ﬂ‘ﬂ 4.13) mmmmmmqnmm@ghmmmmmn

4.3.2 MIATIARALANNYNABIIRNIBNSIATIERAARIuANNDraA N Tluly

TalunisiiauiuANa

WReumeudeyasuutauianaiiaingadeyanaseuazgadayansmaaauiuuumm

ANaNINUILIANa Tagtanelun TN A NANNUSTeuqNE R Az N LN ANaN NN LA A 11

wiarszAufu&uIBLauIaIaniAENuNs LI NINNdWNAY 6.82 mY/hr Aagili 4.13
TnanafuaniAtANgnEiasaniuin lfinsassgadayanaseuazaaieyansagauiyiniy
$a8az 58.75 LAY 56.39 ANAAL

1 2 2

A9 4.3 HANNTATIAAALLNUNANEAINLNLNANaA28aN170991 1N TaelE e Bunnunig

Tinaestiaunana (yield)

SLALURIANLNIN g s dunans 9 gn
UIULIA 157 130 266 1069 2481
am31ANgATa9AILBINIINT 1N (m/hr) 0.30 1.00 0.92 0.58 0.23

dnangeqnaasanfiininigliivn (mhr) 2150  29.92 4500  60.00  56.82
ARAIIAA TN UNT 1NN (m®/hr) 264 443 3.91 516  7.13

mﬁﬁﬂﬂmmmmiﬁmmmﬂﬁﬁﬁ (m°/hr) 2.00 3.00 3.00 3.41 6.00




Maximum yield (m*/hr)

Average yield (m*/hr)

70
60
50
40
30
20

10

| *
y = 10.072x + 12.432
| R? = 0.9084
[ [ [ [ [
0 1 2 3 4 5

Groundwater Potential Index Rank

51" 4.12 namluanspanduriugszndaiunAnanintinuinna luusazszAu

10

U AndFunaunns Wihgegarestiaunng

L 2
L 2
] y =0.9715x + 1.7399
] R? = 0.8536
[ [ [ [ [
0 1 2 3 4 5

Groundwater Potential Index Rank

5% 4.13 naluanspaudniusssndeiunAnan Wi ana uudazsz Ay

o 1 dl v 09’ 1
iU AnaasTuNuNITIiThaasLatAg

75



C
'-g 100 4 gooeseees
2 ."QO"’::V '
E) 80 - .....‘
ke 9{""'.’
! %
) 6 O — .":‘ ‘ .,.
(@) e ®
© P o
1= P « Training data
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o & 1

= o t4 dlgj nll % 09/ ] o
gﬂ‘ﬂ 4.14 N9 NLAAIANANAUSIENINNTRLATUAINUN AN NN LA LA AZIZ AL

AU AUULaUIAIaNR AN LEINIUAN T IHUNNANNA YN 6.82 m /hr
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uni 5
andsauazagiua

5.1 andsauazaslna

nsdszgniimealiasruuansaumanAanilunisdssiliunuiAnanintinunnia

' 09/ ¥ 3 dy ¥ 1 a o (<1 ad A ad ! 09/ o

20IUENTILIANAEINTERNReuLUATIH THutnsansziaaniilu 2 35 Ae En1staenimin
ad a o o ! ai [~1 ¥ a 091 dl a 1 o

waz 3sn19aAszidndauntiunaesanidull 1 lunisifistiuinna Gevansaunsoniu

o

dlda a 1 a o [~3 o’j :: a % o a
AUNNANTNARANITINALASANNUUILINN NNLVTIADUNTN 1®LLﬂ AN TDS uaz hulmesun

e

1% '
[ a

Maanldladesia 9 afim TauA BuNauelueasseA1y 30 T (2526 — 2555) ANANATL TLAL

AYINAITRINUT ANBUZETAUAIUFIN ANUUILULIATASIUTNEN ATNUUILULTBINI9TI

v v
o a o

TRARY TUATU warn1g MU laminauw arnn12aniinanunas 1uaset N1 17 A LN uR g A9NLn

v
Y o

ANENIWTNLNIANAAINTINARNIENT AMN3naznan A TRIulE Al

1 v v

1. WHUNANENNTILIANAAIN3BNNTEeHUun (Weighting) da1ansautiaflugaese sy
Anan winunanaLiiy 5 vl An SEAUAININ AN NN 49 LATEININ TIATaLANNUNTatAY
9.47,12.64, 20.04, 16.70 ey 41.14 ANNANAL

2. Andndaumaud (Frequency ratio) anasnisaamsidngauainunaasanuilull

o o o 1

18 AazianIDeTsAUANNANNUSIzudetTade EaN unAadanalun I ARALAZ NI ALALNENLIANS

1 v 1 7 1
Tnanudnardpdaunnnundangegaluduiasaaasnis s Taminau Tudonaasvuinidasuay

1
=

Aalgnaing uazdudiayatinAuuuuAuIu (loam) GeinarianinaseszAuAnan wINNgn

LAAINNITATIAAALAIINYNFIDITBITRYAUKUNTINADT NUdITTN1709u MINT
Auilse@nsnisindulapailuainuududnfaasy 85 T949n9130N193tATIARAIUAIND T8

'
[ %

1 v
aiuldls Aeagdlfidn dadenianiwasadnaniwiiuiaianinigs laun fady

ANTLLUUTATIE AT N WD ANEN TedenAAeIRLINLAAE YR Manap LasAtLy (2011)
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5.2 UBLAUDLUL

1. Tun19AZi AN NI NN LNANA AL TN AT LA g uA N DaRIA LTl 16

v
o

i Mianisdiasziainatuaute uiaaniAdiuamnisliiingeandidAdse gusesdeya

=

o = oo ' ' o v o o 3 o
N2 Sﬁﬂuﬂimwummuummmmmzwmma.l?mmmﬂummﬂuﬁmmmn ’] naznn

1%
v o K A o 4 '

WAl gaunndianuiuase Al AsipausaiiunazfiesdndeyaniAdzunnunisliiin
AAN9IWinrL 2.00 gnunafsmssiedalusean weasainifluteniliuinnisliitihanldmane
winMsWmUNLaunNa luew AR

2. nnaenMAANa n1sa TunsaNenawie (Groundwater Specific Capacity,

1
=

SPC) a1adA NN AN IUNNTEINIALAT L wazaadaudays WasainiiluaA i

AINNANNITTBITRANINNIANLTHINT NN (yield) AIN9113RE89 Oh WATANY, 2011
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