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Geostatistical Studies of the Optimal Groundwater Levels

Distributions at the Miryang Area, Kyungnam Province

Tae-hyung Kim

Department of Applied Geology, Graduate School,

Pukyong National University, Busan, Korea

Abstract

General statistical and geostatistical analyses were made to
delineate the distribution patterns of groundwater levels in shallow
and deep aquifers at the Mirvang area.

With general statistical analysis, the groundwater levels in shallow
aquifer range from 0.11 to 216.56m, the mean of the groundwater
levels is 28.85m. The groundwater levels in deep aquifer range from
0.07 to 375.86m, the mean of the groundwater levels is 44.70m. The
groundwater level data were transformed with natural log scale
because the raw data were biased from the normal distribution. The
elevation and groundwater level data of shallow and deep aquifers
show highly positive correlations in regression analysis.

By variogram analysis, elevation data are suitable for an
exponential model, the groundwater level data of shallow aquifer for

an exponential model, and the groundwater level data of deep aquifer

....vi_



for a spherical model. The natural-log transformed groundwater level
data of shallow aquifer are also suitable for an exponential model,
and those of deep aquifer are also for a spherical model.

The contour map of the groundwater level of shallow aquifer is
different from that of deep aquifer, because the groundwater level of
shallow aquifer consisit of a groundwater table and that of deep
aquifer makes a piezometric surface. The difference also results from
the differences in the number and the position of groundwater level
data. The contour maps of the groundwater level using ordinary
kriging and cokriging show generally similar distributions. However,
the contour map of the groundwater level using cokriging is more
accurate than that using ordinary Kkriging in high mountain areas.
The contour maps using natural-log transformed data also produced
the same results.

Although the natural log transformed data have normal distributions
and their estimates are closer to the raw data in cross validation
test, the krigged and cokrigged contour maps of groundwater level
using the raw data are closer to the real groundwater distributions
than the contour maps of groundwater level using the natural-log

transformed data at the study area.
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Table 1. Geologic sequence of the study area(KIGAM, 1988)

Quaternary

Cretaceous

Alluvium

—— Unconformity —
Acidic dykes
Biotite granite
Hornblende biotite granite
Fine-grained granodiorite

- Intrusion -
Rhyolite
Rhyodacitic ash—flow tuff
Fallout tuff
Rhyolitic ash-flow tuff
Rhyolitic fallout tuff
Dacitic ash-flow tuff
Tuff breccia

—— Local unconformity —
Pomdori Andesite
Chonggaksan Formation
Miryvang Andesite
Andesittc lapilli tuff
Aphyric andesite

Palyongsan tuff

Unmunsa
Rhyolitic
Rocks

Chusasan
Andesitic
Rocks

Bulguksa
Intrusive

Rocks

Yucheon

Group
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Table 2. General statistics of the elevation and groundwater level data of

shallow and deep aquifers

Data Elevation of Groundwater Elevation of Groundwater
@ wells in shallow|level of shallow| wells in deep level of deep
Contents ) ) } .
aquifer(m) aquifer(m) aquifer(m) aquifer(m)
Number of data 158 158 345 345
Mean 31.23 28.85 5020 4470
Median 23.00 21.16 30.00 22.38
Standard 34.18 34.42 59.23 58.95
deviation
Variance 1168.16 1182.10 3508.43 3417.17
Skewness 2.71 2.68 2.40 2.43
Kurtosis 9.64 9 .47 7.46 7.69
Minimum 3.00 0.11 2.00 0.07
Maximum 218.00 216 56 382.00 375.86

Table 3. General statistics of the natural-log transformed groundwater level

data of shallow and deep aquifers

Data Natural-log transformed Natural-log transformed
Contente groundwater le'vel of groundwater _level of
shallow aquifer deep aquifer
Number of data 158 345
Mean 2.5776 2.6568
Median 3.0519 3.1082
e s
Variance 2.3836 3.5682
Skewness -0.9560 -0.5590
Kurtosis 0.6440 -0.7630
Minimum -2.2073 -2.6593
Maximum 53779 5.9292

- 10 -
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Table 4. Regression analysis of the groundwater level data of shallow and

deep aquifers

Modelf Groundwater level(shallow aquifer) Groundwater levelldeep aquifer)
Contents = a X Elevation + b = a X Elevation + b
Number of data 158 345
Slope(a) 1.005 0.985
Intercept(b) -2.5648 -4.747
Correlation
. 0.999 0.998
coefficient(R)
Coefficient of
o 5 0.999 0.996
determination(R*)
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Fig. 7. Linear regression of the elevation versus groundwater level data of

shallow(upper) and deep(lower) aquifers.
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4. A7 o] &

4.1. W) 2 1Y (Variogram)

deafde FEd Exste 7 Aue] EAH(varance) 22, F7H4

off BXE A FHH AL v ] 2 7 ¥ (semivariogram) & 2 JE}

2¢(h) = E{2{Z(x) - Z(x+ h)]?} (4-1)
A71M, 7 (h) : o1
Zx) ool A xol Qe AR
Z(x + h) : Z(x)AA h g "eld qde xn

1) Matheron’s Variogram(1973)

yh) = iy 2 (Z0x) = Z(x 0] (4-2)

1714, N(h) : + A83F 78] h 3%F "o AuEY +
Z(x) @ xgoAMe) g

2) Cressie-Hawkins Estimator(1980)

_lp 1 _ 1 0.494 | _0.045 (4
A0 =% Uiy 23 12000~ 20+ 01 11710.457+ G584 o 05y 4
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oli, ARt ok BE Aol el 4 ol @uh
1
) = LI B 1ZGx) — 20+ 214/ 0,457 (4-4)
3) Dowed’s Method(1984)
yh) = 1.099 {median |y; (h) ~y (h)|} (4-5)
olx, H71A
vi(h) = Z(x;) — Z(x; +h)

v(h) = v; 9 median

AP 97 FAANE Fa7] M ArETe FE 2 covariance)

grol FsEd, ol AT wWe 1y BA=RE dojurh F

_

C(h) = sill - T(h) (4-6)
q714 C), r(he 4z Ag h ¢F Hold A5 Ere] FE4H g
L 3ol
sil& 93 % W9(range)E dold whele} o283 e] AaaAsE o3
Adeie] vtejE] e o e vehdn, w2l e ade Rde sille] A4 F5F
wel drkx] Rz FEHY Fig 82 sills ztE RASE YErdth

1) sill& z}+= 7 9-(Transition model)

@ T3 = d(Spherical model)



— f3h _ 118 .
A = Clyr - 451 h<a (4-7)
rt) = C (th > a) (4-8)
o7|1M, C : A7 9 # 2 Hvariance)
a: gl e age] AAAAE 2= H 9 (range)
h: % 27532 A
@ A4¥ 22 (Exponential model)
¥h) = C [1—exp(— %)] (h < 3a) (4-9)
y() = C (h > 3a) {4-10)

o] RAL i gholl A o2 Hsle 2 A3 semivariogram® H ¢ a’

£ 3a0l3, £E8F BAY AR D) o] H L Ak

@ Gaussian model

Ah) = C [1—exp(—2—z)] (4-11)

o] & A sillgtel SA R o2 Hostw, whele 29 e a2’ V3a
o},

- 19 -



A , o
R G

(nuggey)

L »
(Range) h/a Distance

IX] 58

Fig. 8 Models with sill(Journal and Huijbregts, 1978).

2) sille] fl= A5

I Power model

y(h) = Ch°, 8 = [0,2] (4-12)

AAA o2 = ¥ (6=1) Edo] Al H

7 (h) = wh (4-13)
A7 w @ AA} ©

@ Logarithmic model

7 (h) = C logh (4-14)

3) Hole-Effect Model

- 920 -



- _ .sinh
r(h) = C(1--S1%)

(4-15)

3) Al geddre] Qo] 3 FheM Wakel uiet @3

AL L5 oW A (anisotropy) WiE 0. 1WE )

2 718ketA o

44 (geometric anisotropy)S @48 A8 (uE Hslo T ojdlAdo] Sy

ox WgdE uf vhelendy By FEAL J3eHE
Z1sterA . opbgdel Az wake] wEleiWe Wk
(range}E 7FA A sillgt #vh ¥W3d AFx, x/)E
A3l E71HE(x,, xIE FE Lol

X a ¢\ (X,
Xy - c b/ix,
A7 a b, ¢ ¥ 9S4 Zoh
a = cos’@+ Asin’8,

b = sin?8+ Acos?6,

¢ = (1—A)sinfcosb.

Y E At

W e W

HEFEQ [Ald

(4-16)

A ARARSF Ao ool HHAdoes HEHA 4L A M
deade gAY o] (zonal anisotropy)2 7HRITEH thAte] ol mde
Zy AR A0 oA Q) #FZ2E JA Y (Journal and Huijbregts, 1978).

4.2. A+ 3% 7 (Ordinary Kriging)

4.2.1. 9] &

-21 -



A Ze AFEATH F (geostatistical estimation technique) 2 2
THIEY H¥YHA FF(linear combination)e & HAe X3y BH A=}
wyolt), A e

o

(BLUE : Best Linear Unbiased Estimator)& A2}l

(4-17)
q7|A, Zi - Fg B
Ai ¢ Zi®] 7}FF A (weight)

Z'k : kriging®ll &% 34 3]

A e bEAe FA4A7F BH(unbiased)o] 3, FAHEAo] HA7 Ho]
oF @t ZE|Ae BHzAL

1

E{Zy - Zx] = 0

(4-18)
E(Zx] = E[Zy]
(4-19)
~ E[ 242]
o1, 4 (4-18), (4-19)Z 32 H
.;"f = 1 (4-20)
A7) M, Zy : WA e FHg
Zx T FAA
Aeje] FHLALE
E{[Zy — Zx]} = E[Z%] — 2E[ZvZk] + E[Z} (4-21)
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o 7} A,

EZ}]1= [ ax [ EIZ(0Z(KO)kax = TV, V) +m?,
E[2yZk] = 2y [ ax [ BlZO0ZCOx = TA TV, v) +m?,

E(Zi¥]= 2T -——f dxf E[Z(X)Z(X)]dx

= 2]2/11/1,’6(\“ N Vj) + m2
22X HA7F Hojop vt

AHER, FRATAL GE5F o] ugd F gt
0 k=ElZy—Zi]Y) = C(V.V)+p— BACH,V) (4-22)

A7 C(V, V)& ZEAZZe] FEA, x4 & Lagrange multiplier, Clv;, V)
T FEARS) YA FEMOTA FEAE ue|o gl AAE
t},

4. 2. 2. 277 A (Kriging System)

A# 7 Al Lagrangian techniqueoll A o] A},

[E( [Zyv— Zx'1%)— 20 20 4]
a4,

=0 (4-23)

o714, u : Lagrangian parameter
Ait H i ol FHEA
AP A 53 Zo}
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;’IJE(Vi,Vj)_ﬂ“_‘é(Vi'V). Vi=1,-, n, ]

(4-24)
2‘1,1]- =1 ’

aqn g, FHEAHestimation variance) £33 =87 ¥4 kriging variance)&
=2 gFd =)

ok = E{[Zy~Zk]} =TV, V) + x— 3]4T(v,, V) (4-25)

4. 2. 3. a2 AA9 B4

A QA A 42492 g9 & 3Y YuyE 5489 4 Ao}
[K1-[4] = [M2] (4-26)
o] 71 A,
’tl 1 '_C—:(VLV)
[A1=| , (M2] =|
An Clv, V)
—u 1

olx, AFAPPE [K] & vdFF 2o

- 924 -



a(Vl,_Vl) E(Vl,'Vj) E(VL.VH) 1
[K] — E(Vi_;Vl) . E(Vi;Vi) _C‘(Vi':.Vn) ::l

E(vn:vl) E(Vn:Vj) 6(Vn:Vn) 1
1 1 1 0

223, ZYAPEL I 22 IS e

Cvivy) = Clv,vy), ¥i,i (4-27)

Clvi,v)E F & i% jz+e] &% covariance)ol®, Clv, V)= A | 9
FAEY 2 HAzte] FEA o),
AHFAE Yehl = A 4-26)0.58 R

[A] = [K]'- [M2] (4-28)
7t 3E [A] & 4 428094 232 4 AdAv 4759 71 22 o
v A4 dE [K]9 g3h8L Asd=d Algto] Bo] 285 PR Gaussian

S2AHEE o] &3 (Journel and Huijbregts, 1978).
4.3. =377 (Cokriging)

A 4ty o]£L2 Matheron(1971)9)] 23 He=yem, 734
of #FY¥  FAHL  Myers(1982)o]  93lH  AeEHQYD HEwWsp
Z(x) = [ Z,(x), =, Z,(x)17} 2719 A4 83 (second  order

stationary random function)& ©|& W, I BF&

_25_



E[Zx)] =[m, -, m,] (4-29)

ol &7 me& AFE E=FvE ZTEA 3P H(covariance matrix)S

Ch) = E{Z(x + h" Z(x)] (4-30)
Q714 he GFERFTEDN "ol Agelw, T B8] A X (transpose) S
3ttt A3 34 A (linear estimator) <

7 Hx) = glic x) Ty (4-31)

A7l Z( x,)E BEZRTOW, e 7IEXTOEZ nxn #FPL o]}

7FEA TS F2¢E nxn dYgE S

oli, ZtFAT o F¥x2AL FiagAsn gol AT Hi FRPEA

E[Z:x) —ZFx)] = [0,0, - ,0] (4-33)

ar [Z(x) — Z *(x)] = minimum (4-34)
o714 Vard ¥ibolx, 919 =AEERYH BEgaygAe 25L&
(K] [I'] = [M] (4-35)
o] 714
axl_— xy) - Clx,;—x,) I
[K] =

C_(xn.- xy) - Clx,—x,) I
I I 0
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1:1 g X1—x)
(ri1= I_;n l [M] = (xIn—x)
7
o|3, p¥ Lagrange multipliere]c}.
FAENE UEYE A 4348 FEAE ol&8A Yeig,

ot = T,CO) - T.IXCx —x)I] =T,z (4-36)

1=1

A71A T,L trace® F3}
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5. AT+FAE ¥4

W

A8 FHdd REaE HENSES ol8ad Aurl G AgAA
& AR ALY ATEANY PHAW, AFAYY Y3} A5
Holl gz A7 =W Agatal BAdok o
Asted B4 o A A YA W Ae RAAY A9 5

A% Fgole Ased ARTL o g AUY Asry FEXED W
F gl o Aol BE AFANAYL olEN Ads FRUES
gk 2o AYH Aot 2 Aol Aaael ARBD ohd 1
oo AYH 7|%E DB o FAE Askee) FIHEE BEo] U
+ Q.

=

Hm
Jlm

}11

il

i)

)

1), 39 B4 d# drxe A8 Eus hha
29 a5 ABRAT e Bk gebd, AP Pa2E A5
£ A¥el Rao AA 9L B Ao AW, A9 Foe giray
Aegl Amete] mazAe AAsAh

51. Mo £4

A % FAANE T3] AsME ARY TEAG &FHE,
ol Age WP FAZEE QoA TAY E¥s:= ZEAGR
542 HHezHgd M Y, W&o afle Fdd EXsE 99
o 7 AR ke Zol9 #aoz I AFAHe] U&Ed AsEY
TS EEEANE dodatn 3 VWS ol 45y 98 FAY mde A4
37 98 wEle ¥ ¥A(variogram analysis)& A A&+t

Ean AF 2 AF AdSFY Azed dE A AFS Wgeay 22g
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437 935t Robertson(2000)2] RSS(residual sums of squares),
R(regression coefficient)® #}537te] W92 neiste A4E Wy w
do] FFEE Table 50 Attt RSSE FAR 9 2tge] Ao =
oje] AFer gol H&FFE Welead Rdo] $5381, RS AREo| W
geay) RdolAd e AT (goodness of fit)& EFATh Table 594 B
et }F A9 AundAE A+Y 2 d(exponential model)o] e A
o7 MF A5, FadME FA4EZd(spherical model)e] H3E Aoz
AAHUT. deEE sy A8 388 45d s A= 23
79 AR AePRdo], AF Ay ARe AR Do] HAFE oz
A=A Fig. 9= Exne vheleiea8e Jehlx, Fig. 10& A2 233
A9 e 1WE Yeiv, Fig. 112 REE d$udsd A3 As499
gl e 1S Yebdth Fig. 125 43 Ad499 vee]e s ey
¥, Fig. 132 ARE d<A#d 4% Asesded vgeadles Jeido
W o1l B4 A3 Table 54149 Rm} Fig. 10, Fig. 11, Fig. 12, Fig. 13
oA B A Aty AsRY qeRadd Mae Asrt weo iy
34 (best-fit line)ol & 2= Aoz e

Zagh theFd A3y diEd A vleleaW® B X(cross variogram
analysis)& dAdQ=d RSS, R* #8539 H92 zaistd A58 wax
Higle a3 24 F4ES Table 69] Aa)stgrt. Table 6914 B9l HE %)
Srdiet 3o wA WEyeaWe NFYudol Hgsiy, Aug ghiu
F AZ Ak Fue wA e adE AsPrde] Hge Ao
ARHNT A4S Assrasd Bu9 wx vgeade FAPRdo] At
Ao 2 dAHAe, A5E AR AF Asr-de Bu v whw
LaYE A FAY RG] AEF Aoz NAHUT Fig. 4= A= A§s
et g wa w2 ¥ E e, Fig. 155 AEE g5H@d 1%
AskrAs ®xo] wa whlE e WS el Fig. 162 A3 A3499
Exe wx ghdlE] e 1WE Jeldlg, Fig. 179 A8 & d$Aas A= 238

Wt
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Tt Buo wa el e RS AT BA WEe oy BA Aw
Table 694 ¢ R*3%} Fig. 14, Fig. 15, Fig. 16, Fig. 17914 2% €A 2349
o En AuRv dFAE A gn A87 w2 Wdeade g
Aol & e AoZ JeEyyg,

Table 5. Selected variogram models and parameters

Parameters . 2
. Model Nugget| Sill | Range R RSS
'Variable

Elevation of wells in
shallow and deep Exponential, 10 {10130| 28670 | 0.795 | 1.791x10’
aguifers

Groundwater level of

i Exponential| 10 |5130 38880 | 0611 | 7.979x10°
shallow aquifer

Natural-log transformed
groundwater level of [Exponential| 0.680 |5.369| 25720 | 0.906 0.676
shallow aquifer

Groundwater level of

; Spherical | 120 | 6350 | 33240 | 0.954 | 1.428x10°
deep aquifer

Natural-log transformed
groundwater level of | Spherical | 0.150 |7.309 36420 | 0.981 0.606
deep aquifer
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Table 6. Selected cross variogram models and parameters

Parameters| . 2z <
. Model Nugget| Sill | Range R RSS
Variable

Groundwater level of

shallow aquifer and |Exponential| 10 |51301 39070 | 0.610 | 8.034 % 1(Q°
elevation of wells

Natural-log transformed

dwater level of
groundwa er- evel o Exponential | 0.100 | 4.200| 27670 | 0.881 0.673
shallow aquifer and

elevation of wells

Groundwater level of
deep aquifer and Spherical 30 | 7170 37580 | 0958 | 1.275x10°
elevation of wells

Natural-log transformed

dwater level of
groundwater fevel oL 1 gpherical | 0.020 |4.040| 30160 | 0.980 0.301
deep aquifer and

elevation of wells

11000
o 8250
]
o
.9
g 3500
£
3 o
2750 o o °
0 0
0 8500 17000 25500 34000
Separation distance(m)

Fig. 9. Semivariogram of the elevation of wells in shallow and deep aquifers

with exponential model.

-3 -



5200

3900

2600

Semivariance

1300 °

0 8500 17000 25500 34000
Separation distance(m)

Fig. 10. Semivariogram of the groundwater level of shallow aquifer with

exponential model.

6
5
QD
2 4
B
g3 =
5
U} 2
1 o
0
0 8500 17000 25500 34000
Separation distance(m)

Fig. 11. Semivariogram of the natural-log transformed groundwater level of

shallow aquifer with exponential model.
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6400

4800

3200

Semivariance

1600

0 8500 17000 25500 34000
Separation distance(m)

Fig. 12. Semivariogram of the groundwater level of deep aquifer with

spherical model.

Semivariance
O =2 NN W s OO ~N©

]

8500 17000 25500 34000
Separation distance(m)

Fig. 13. Semivariogram of the natural-log transformed groundwater level of

deep aquifer with spherical model.
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52007

o 39001

g 1

& -

§ 2600

= .

D i

13004 o
L o © Ie)
00.0.0.-4~.‘-.
0 8500 17000 25500 34000

Separation distance(m)

Fig. 14. Cross semivariogram of the groundwater level of shallow aquifer

and elevation of wells with exponential model.

w b o

ha

Semivariance

o+

0 8500 17000 25500 34000

Separation distance(m)

Fig. 15. Cross semivariogram of the natural-log transformed groundwater

level of shallow aquifer and elevation of wells with exponential model.
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72007
54007

36007

Semivariance

18007

0 8500 17000 25500 34000
Separation distance(m)

Fig. 16. Cross semivariogram of the groundwater level of deep aquifer and

elevation of wells with spherical model.

5..
@ 44 o &
& 3
&
=
£ 2, 50
w
1..
0 " " 4 + " ¥ " 4
0 8500 17000 25500 34000

Separation distance(m)

Fig. 17. Cross semivariogram of the natural-log transformed groundwater

level of deep aquifer and elevation of wells with spherical model.
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52. aa g B4

a3t b3 B A(cross validation analysis)2 ojH FExLgo] oisja A
" e Rdoli} wat Wgle 1y wdo AP s WAy #s] A4
gt

Table 791 A3 ©BFA F4 Ax AFEE Adsidod, AAAS
(regression coefficient)t A3 FHAAE Ut Haxs B2 digh A
A& JeEhdle Ao, AAS7 1.00d # A AP A BE 2
AHstandard error)s BAALe FEoxsE ey, RPL 2AHE HFAd)
olste] A AEe v&E 2 rldch(Robertson, 2000). A A1
Edeo] AJP S A3 Fig. 189 &3 Are] g A-Feds A 25
9] AP LE, Fig. 199 #F A 39 A5 dish A+HEde AT Ax
o] AL, Fig. 2000 A8 A Aty Ao dd A-Puds
ANAZ Ao AT JeEusdel. Fig. 219 AF 2slg9 #Ro) g 7
AERAE AT A AR E, Fig. 22 A A2 2g59 7
2o dg FAFRLDE HAF A HFHE et Table 7414 ¢
37 A 4, R°3 Fig. 19, Fig. 20, Fig. 21, Fig. 22904 E@ A3 g 59 An
ANA YA Az g a7t A8 A9 AFPL AW, F3
" AP o] dEEE dEe] H&L ¥ A4S A AmnddAMe
AAl Anro deadsd gzt A3 A4 APYEE Fo, 39 A
Ao o3t EHE= ¥FY &L A g

Aad ma Wigeadl] 2dd HAFAHE 98 Fig. 239 #AF A
B A5 A A-IRdE A48 2349 AFHAE, Fig. 249 &= A8
F AE AsrAY By A5 dFd AFERdE A AAge] HFAS
HERASAT. Fig. 269 A% Adres 23 Agd gy 743Rde dA9
Ao AP E, Fig. 260+ drEdgd A5 A9 33 Agdd

*
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TAEEDS AW AHe HF{AE vetuigieh Table 7o14 ¢ 39 A4, R?
¥ Fig. 23, Fig. 24, Fig. 25, Fig. 26014 BW HZ A35-99 E3 2pR A
A AZRY geAdgd Aast 48 FA49 AFHLe 1, FHY HE
Adell 23t dEE ¥MFY ¥ wA Udoh A2 N5 g Aw
AME €A ArEd dEEdd AE7 AF A PP TS Ao
2, 749 AdA st diEHE HEe HEE & Ao gyt =
A B ¥4 23 AA4E WEeay 2dgoly aat ¥Ee 1y 2dE]
AgatA dRHAUES & + At
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Table 7. Cross validation analysis for selected variogram models and cross

variogram models

Parameter R 1 Standard ;
. N Model egr(—.:s-smn ar R* Intercept
[V ariable coefficient error
Elevation of wells in
shallow and deep Exponential 1.024 0.018 0.869 -0.357

aquifers

dwater 1
Groundwater level of |, entiall 1047 | 0023 | 0929 | -0307
shallow aquifer

Natural-log transformed
groundwater level of |Exponential 1.010 0.044 0.771 0.035
shallow aquifer

Groundwater level of

. Spherical 1.027 0.024 0.839 -0.873
deep aquifer
Natural-log transformed
groundwater level of Spherical 1.007 0.016 0.917 -0.007

deep aquifer

Groundwater level of
shallow aquifer and [Exponential 1.041 0.023 0.931 -0.185
elevation of wells

Natural-log transformed
d 1

groundwater level of 4 entiall 0960 | 0037 | 0811 0.143

shallow aquifer and

elevation of wells

Groundwater level of
deep aquifer and Spherical 1.013 0.024 0.843 -0.100
elevation of wells

Natural-log transformed
ter level of

groundwater level of | o\ eal | 0990 | 0017 | 0910 | 0035

deep aquifer and

elevation of wells
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Actual elevation(m)

0 t t + y
0 100 200 300 400

Estimated elevation(m)

Fig. 18. Linear regression of the elevation of wells in shallow and deep

aquifers with exponential model.
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Actual groundwater level(m)

Estimated groundwater level(m)

Fig. 19. Linear regression of the groundwater level of shallow aquifer with

exponential model.

6--
E 1)
= 57
- . 3
v 4 s L
b1 & L
g 2t , PN
2 e %Y
-U-) 1.\-
g L)

- 9

vl

-1  — L e T

-1 0 1 2 3 4 5 B

Estimated groundwater level(m)

Fig. 20. Linear regression of the natural-log transformed groundwater level

of shallow aquifer with exponential model.



Actual groundwater level(m)

0 t t t |
0 100 200 300 400

Estimated groundwater level(m)

Fig. 2]1. Linear regression of the groundwater level of deep aquifer with

spherical model.

Actual groundwater level(m)

1
1

-1 0 1 2 3 4 5 6

Estimated groundwater level(m)

Fig. 22. Linear regression of the natural-log transformed groundwater level

of deep aquifer with spherical model.
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Actual groundwater level(m)

0 t + |
0 100 200 300

Estimated groundwater level{m)

Fig. 23. Linear regression of between the groundwater level of shallow

aquifer and elevation of wells with exponential model.

6.-
£ i
3 °
__dz.) 41 . [
— & o‘».
§ 3-— D‘f o
2T L [ 1)
2 R ¥
5 Y. A
© or % % ¢ R
g At
< °
Ay e

2 -1 0 1 2 3 4 5 6

Estimated groundwater level{m)

Fig. 24. Linear regression of between the natural-log transformed
groundwater level of shallow aquifer and elevation of wells with exponential

model.

- 42 -



Actual groundwater level(m)

Estimated groundwater level(m)

Fig. 25. Linear regression of between the groundwater level of deep aquifer

and elevation of wells with exponential model.
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Estimated groundwater level{m)

Fig. 26. Linear regression of between the natural-log transformed
groundwater level of deep aquifer and elevation of wells with exponential

model.
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AT el HE @ A3 A5y SLAEE AP Bx g vady] ¢
o 94 dF 2 AF Asrdel AT AHe By A8E FFAAAE o
€3t A FAALE FAYS3th Fig. 272 #4%F 2 A3 A3y 2
AR REEE YER ey AAFez B o As] F¥ Fou wR
el BF AgQojt A FF AY Fo AR REES ¢ F
Fig. 282 A taeded o3 AAdE AY FudE osid Ad+x9 d47
o FARY YA E 7IEeR EE Ago2e g FauAe] 71 @A
A o, AEAEH dFEY AAANY, ddHa 2E5WY AAXANY,
Aeiwst F3Ee AAANGIH AHSg FEHY AAAY Fo] Y FuA
o] A Yelstth Fig. 299} X &9} 3-D EWEE HA8Q} Fig. 30L& A=
Astrd AEY FEXEE Yehiy led, 2Age BEXE Y Ay 2
87 %8 AdEe By, A7 gl A9Ec] 288 ¢ 4 9t} Fig. 31
2 AAAA g% AF AsrY F2AEE YelT 9z, Fig. 328 A
Z AT A5E AP Az 3 EaxHAEE Jeldy). Fig.
31# Fig. 328 A& HZHEA J2E FHES Aa4g TLHAEAAN A
srdie] =327 AR A S & 5 U Fig. 289 A&

9 HwEA AP Mol A U AGELS Astry TnAMel Iy
BrgstA] RaAu, Ay Fudel A Yot AFEd olME A4
TnAE @A Usith Fig. 334 #%F Aste$le 3-D EHEE, Fig. Mo #
58 d5EEs 33 Ad499 3-D FUEE Yk Fig. 3B6E A%
Aot Aol EXEE Wehia o Fig 309 M3 A&,9 Age) ¥
Erxo vz R AE At Aw7E AFEE AYEe] UAD, A9
¥ F& A0 YEygth Fig. 362 FHI A 4% 4% A4y 51
AEE, Fig. 372 4% As+H A5E i@t Afaed 4L o4 5

TANE

F{

re
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MEE vehla ok Fig. 367 Fig. 378 Aixsud 4% A9 A8g
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aquifers using ordinary kriging.
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of shallow aquifer using ordinary kriging.
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ordinary kriging.
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of deep aquifer using ordinary kriging.
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