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APPLICATION OF GEOSTATISTICS ON APPARENT ELECTRICAL
CONDUCTIVITY STUDIES ; AMPHUR BANPHAI ,CHANGWAT KHONKEAN.

VUTHIPHAN VONGMONGKOL 4136250 ENAT/ M

M.Sc. (APPROPRIATE TECHNOLOGY FOR RESOURCES AND
ENVIROMENTAL DEVELOPMENT)

THESIS ADVISORS : SURA PATTANAKIAT,Ph.D., CHALIE NAVANUGRAHA,
Ph.D., SUNTORN PUMCHAN, Ph.D.

ABSTRACT

This research is aimed at the application of the geostatistical method to
apparent electrical conductivity (EC,) in Banphai district, Khonkean province. EC,
was measured by an EM34 instrument at the depth of 0-7.5, 0-15 and 0-30 meters.
Secondary EC, data of 1,000 x 1,000 meter grid from 194 sites was obtained from
The Land Development Department. Primary EC, data from an 80 x 80 meter grid
was taken from 1609 sites.

The results show that the both EC, data can be processed by the geostatistical
method. The variogram of 80 x 80 meters from all three depths fits well into the
exponential model at the range of 400 — 750 meters while the variogram of 1,000 x
1,000 meters from all 3 depths fits into the spherical model at the range of 4,300 —
5,100 meters. The difference of sill from the variogram of 1,000 x 1,000 meters in
each direction shows an anisotropic condition. The sill from the variogram of 1,000 x
1,000 meters from all 3 depths has the maximum value at the northwestern —
southeastern direction. This conforms with the pattern of elevation change that
inclines from northwestern to southeastern direction. Salt-effected soil map from
kriging estimation of all three depths shows that the majority of the area has a slight
salt effect (EC, 80-120 mS/m). Areas of strongly and very strongly salt-effected soil
are located mostly in the lower area while those having slightly salt-effected soil are
located in the upper area.

KEY WORDS : GEOSTATISTICS/ APPARENT ELECTRICAL CONDUCTIVITY/
VARIOGRAM / KRIGING

159 P. ISBN. 974-04-3988-8
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31 Keller 1422 Frischknecht (1970)
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2.5 550N
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odamngan Haimaenguiiugiuneadassimuald §ualslinswa iifudeds
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HUVFN (Random sampling)aziinnuiludaszaenu cwiTﬂusﬂjjmuaﬂymw@yamﬂidneﬁ’ms’fu

H i1 Y
ISl a = 1 = (2 @ =}

@ s 9 @ a A .
AMALYINALUUTANNADLHBIFUWUTINEIYDINU 1IFINUN (Spatial dependence) 1ad
4 ) 1 Awv o 9 A o = aady o a [l

1gnAIUANAIsAWMUeNne e mgeRneananugiuna lddsziin ezl
1 a EL o [l ] o 1 { a
aalrinadsy Tewilumsth s mszadnnulimivenldiuamndszidulad (Webster
1ag Oliver, 1990)

a A A BIQ' 9 a a 4 A £

ANBIAADA LAGNAUNINAMTNUINANTNUS 198 D.G. Krige 11 G. Matheron ¥4

4 A % o a o 1 o ) A Yy 9 d?
lanenemnozud lumssuamlsuadriseswsnesm lumsiumiesliianugndeswiniu
v A a 4 o {
TagodedItnundlacnans ns1zmsa sy Inaneu (Polygon) Idwamslszummigs
a A o [ a { o i ; a a a { S r;
ANTIANSVVTNUNNANNAVYIAVBWI P tazA U IuUTNUNLANUANY AL
Ao G. Matheron |AW@MIONTZAUMIATTIUVRIMNSTAADA  Taoriudue nopfauls
a 3 3 a P ] [
9101A (The Theory of Regionalized Variables) #uilunguinindiacaasf luiowaagil
9 Y

amdnalvesdulsnndnaziiugunatavesdoyamniy dadrilanevinanas
o ] Aan 9 o [ A d Y ~ a LR o A
dauniluiidvestoya dreg Ul Taslauuagunmvedinlsnassaineny

gniruadIed It vesdIed Ay sunaveUANTianEnadeiu (Wufaw, 2540)
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Adoyansonmuanuduiusse snadandsiig il Sedunad igunsanla

o
ﬁ’aaaﬁmiwumummmm‘lﬂ nIauuams 1933 HeUsns 18U (Interpolation) H3DIATILH
uu T8y (Trend surface) ietlszdiumdulsfennzinldiiaanuianain g Tasmmza
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o a o a a
(Covariance function) Qg IRGEANIG YR I rA T (Semi-variance function) NI ULIT 1oUATY

1 @

¢ I o o { a a aa [ { T [~
(Semi-variogram ) Fuduilsndunliauuagusiananguesdiiodnlagfegrianuiuszes

U

saziAmang szlinnuuanavesmdoeyansiaduavemeluveuanivua

2.5.1 HaNMILATNGHYURITIAUADA

aa 3 Ay Y aa

ax ~ o @ = 1 [~ A @ I
BsIdadasunaesodengRuosnnuizilumlounumslszgnd lsana
U 1 v b4 A
Ml galuneanargdonmvesaanlsnalilezineiuunugy (Random process) HHu
va AR A aakx A 1 I @ 1 A 4 o Y
Aaanliandny lneIsanavaaend 1WuamlsgunioRV (Random variables)dfiinua v
< ' o ' o 1 < Jo o o '
Wuz  awesdnlsguludwmis x ffe Zx) Wendunvesdniliguiie RF (Random
. A 1 w 1 cs' 1 dy d‘d dal d’d d' a d?
function) AvA1vRIAIIFUNBY UV LIUNVOINUNANEY {Z(x),x E NUNANY} NIINAYY
1 3 e 91 o @ Ay A A o
MUNHA1NUIU(Probability law) HIANEUEMILNLIIVEIA T TUHUNIZLAIAY
[ o 9 a A a 9 = a S [y d o
uaNANLAzFUFoWAUN NIz 005118 1R ualiAwIstmesNasoasUilsnduves
1% 1 I3 A do o A & ! A @
G]’JLL‘ﬂSQ’lJ 1ande IﬂJmu@]ﬂ’lﬂﬂﬂﬁuﬁ(Frlst-ordCr moment) ¥IDAINIAYIN (Expected value)
AU U aeuN 2 (Second-order moment)

o £ =) 1

o o 1 [
Ty U UNHHINTOAA AN I

1 v A 1 A v 1
ﬂ1ﬂ1ﬂ‘ﬂ’3\1ﬂﬂﬂ1lﬂﬁﬂﬂlfl\iﬁ’luﬂiqu

E{Z(x)} = m (3)
A 1 ~ [ [ I~ a dy d‘

m AoAuRasveIRlsgy mugduuudluasaluium

do w ~ aa do w ~ [ [
Tuwuadaundes Tumessdianal luwuddiunz egdrenu 3 dszinnde

1.aanunssiv (Variance)
1 A 1 td‘ 1 o [ 1 [ 1
AnMus1srunoA IR AsYRIAIENAAITIYDINNUUANA VIR T )

1PMMANTI AAAD

Var {Z(x)} = E{[Z(x) - m(x)]"} (4)
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viodmnsoveuludngnilaldn

Var {Z(x)} =E{Z(x’) - m(x)’} (5)

Y
1

= Y uaJ} n Yy =< 1o o ] 9 [
‘l]gWiullﬂ'J']ﬂ?ﬂ'ﬂllllﬂﬁﬂﬁﬁuuullllIlﬂllﬂ']ﬂli!'ﬂﬁ‘lﬂﬂ@nllﬁuﬂﬂl@ﬂﬂ]ﬂﬂga 154

v
@

d‘l 9 A Aaad [ v a g ~ = a 9 a
IHBINNUDYANNWTTUADANANNTUNUD u‘lmmwuwmwqyg]muﬂigumﬂ DINITUN

v o 1w ' @ A A ] = <
ﬂ’ﬂllﬁ’llwu‘ﬁsllﬂﬂﬂW]’JLHJ?Z‘ISJﬂ‘]JﬂW]Nﬁxﬂ%‘l’iN’E]E]ﬂulﬂigEJ%‘V]N‘Viuﬂ (Lag) NITNWU

v o J £ A A oA ] d? < 9 v o I £
Aanuduiusgnile iWennsanmghedesn llundune lannuduiusongwils Taos
a v o A dy d'dy Y Y 1 1 A
ﬁ"lll"Iiﬂﬁ%lﬁ%@‘ﬁllWEJﬂ’J'IﬂJﬁﬂJWHTJL‘BQWHTIu]lﬂﬂ’Jﬂ nglvesmanunlsisiusiy vsensw
1 a ~ Jd 1 ] 1 Y 1 @ 3 =2 A 1S J v
VDIAUHUINUT IUEY @1aizazmqszmnmmuﬂiqu muumwamnﬂuﬁqmfummuﬂiﬂi’m

1 o o 1 a ~ J A a a
393 1Az NTUANFNINTOUS 150 Lcﬁﬂllﬁiiﬂllﬂ‘ill

2. Hansunnunalsisaus

I 1 ] J % A A 1o @ I 1
L‘iJuﬂTﬂ’NllLL‘]Jiﬂi’Jui’Jil'izﬁ’)N@l’JL!ﬂ‘i‘VlﬁiJ‘ﬂﬂﬁNc] magmqnmﬂuma

Q Q

5282 h Ugas

C(h) Cov{Z(x) Z(x+h)}

E{Z(x) Z(x+h)} - E{Z(x)} E{Z(x+h)}

' v Y
WolanFuduianyazaan i E{Zx)} = E {Z(x+h)} dariu

q

C(h) =E{ZKx) Z(x+h)} -m’ (6)

v
= =

dd‘ ! 1 v 1 [ = J
AsaN h=0 A1nNuulssIuswvesdulsguingamedny  AsAIAWY

usalsauiiues

C(0) = CoviZ(x)Z(x)}=Var {Z(x)} (7)
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3,195 lounsy

1 a o 1 % % 1 { 1 o w 1
ﬂ1!“b'3J'J"IGﬂumﬁ@ﬂWﬂ?Qﬁﬁﬂ‘U@ﬂﬂ’]LﬂastU’E]Qﬂ']flﬂﬂ']ﬁ\iﬁi’)\ﬂl’ﬂ\‘]ﬂﬂ]']ﬂll@]ﬂﬁ'N

=1 LI [

1 19 I 4 A
58”31\1@%@1]?31/]@EJﬂTQﬂUL‘]JUL'Jﬂ!@i’)i h #1359

Y U

Y (h) 112 E {Z(x) - Z(x+h)}* 130

Y(h) 1202 4Z(x) - Z(x+h)}’ (8)

[ a Al 1 a a $ a
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M3AnEInTItaz 1981971 “us Tounsy unung 2 AunINe
A L% (=% AR A Y (Y tiy
wodlendFuguiianyugaci Judeulalmiail
Y(h)
I
SRy )

VariZ(x)} - B{Z (x) Z(x+h)!— E {Z(x)}’

[

C(0)-C (h) 9

F4

A o 1 0o [ 1 v o Jda A Ag =2 o A
l,llE]G]’J!Lﬂiflﬂﬁ)gﬂ’lﬂﬂuﬂﬂﬂlﬂﬂﬂ ANVUFAUNUDIBFIWNUNNITAAAIIUDITEAUN
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= 4 A 9 4 A 4? d‘i o 1 A A J 1 A 1 1
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) 1 d‘ g Y 1 1 9 )
AUIUNAUNDY u,mal%mmLgﬁﬂmqizmwmaga (Increment; {Z(x) - Z(x+h)}) U1ATUIN

unu msizamanlsgiiniaenaziinunae luasi Journeltiaz Huijbregts, 1978)

a I [y S A 9y A @ @ & aa Aana A
125 Tounsuduilengunlrsesureands Tuanyus i aoela voau

9
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T AL AT R IEN (Continuous function) IﬂEJ‘VIE]‘Hg]Lm’JLL?iTﬂLLﬂiM‘DZNﬂTL‘ﬂuU’Jﬂ
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Y(h) =0 o h >0

Y(h)= 0 Lﬁah=0

2.5.2 AUNATIUYDILIT [DLNTY

Y H
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2. AUNATIUNUUAINOUAUADY (Second order stationarity) ADEUUATIUN
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1 Y
7(x) Fadludulsguilquaniiadsae lad
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2.5.3 AuaNtiaue I3 Tounsy
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AANAIATID1UNA 1IN 2 AIdiAe manmanuadegaluszeznvianunull 99
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Srivastava, 1989)

5
Sill
4
o 4 |
25
g 2|
ﬁ Nugget :
@ y|  Veriance i
-=%-Range - '
0 NI
0 1 2 3 4 5
LAG DISTANCE
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2.5.4 1UVUIIA0IT loKnTY (Variogram model)

A A Y o . . o d 4 )
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h2/a2)

Y(h)=C(-e

a ' sld' 1 = [ [
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............... el Exponent i al

A o a 3 o a J
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0o A [l o I Y1 a = J a 1 1 A 2 J= B
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Y(n)

2R 8 11T ToLNTUHVUNNTO Pure nugget effect
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8 208.669 208.550 -0.119 27.790

12 208.669 208.438 -0.231 27.776

16 208.669 208.388 -0.281 27.757

20 208.669 208.344 -0.324 27.751
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Q9) (mS/m) (mS/m)
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20 209.320 209.130 -0.190 20.864
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%) (mS/m) (mS/m)

8 215.473 215.419 -0.054 15.333

12 215.473 215.396 -0.078 15.325

16 215.473 215.384 -0.089 15.315

20 215.473 215.389 -0.085 15307
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Q9) (mS/m) (mS/m)

8 98.299 98.358 0.059 38.975
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16 98.299 98.419 0.120 38.946

20 98.299 98.403 0.104 38.926
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Q9) (mS/m) (mS/m)

8 114.613 114.674 0.061 35.828
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16 114.613 114.606 -0.008 35.814

20 114.613 114.602 -0.011 35.841
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Q9) (mS/m) (mS/m)

8 115.629 115.634 0.005 34.752

12 115.629 115.624 -0.005 34.736

16 115.629 115.567 -0.062 34.732

20 115.629 115.508 -0.121 34.724
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Depth 0-7.5m. | Depth 0-15m | Depth 0-30 m
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Depth 0-7.5m. | Depth 0-15m | Depth 0-30 m
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NO. EASTING NORTHING ECa (mS/m)
Depth 0-7.5 m. | Depth 0-15m. | Depth 0-30m.
1 251000 1775520 260 210 210
2 251080 1775520 280 220 200
3 251160 1775520 160 165 180
4 251240 1775520 180 165 175
5 251320 1775520 190 185 180
6 251400 1775520 160 185 180
7 251480 1775520 140 165 160
8 251560 1775520 160 160 160
9 251640 1775520 260 220 200
10 251720 1775520 250 245 230
11 251800 1775520 300 250 225
12 251880 1775520 270 270 275
13 251960 1775520 220 225 240
14 251000 1775600 285 205 230
15 251080 1775600 240 240 250
16 251160 1775600 195 215 220
17 251240 1775600 210 200 200
18 251320 1775600 180 165 170
19 251400 1775600 200 180 180
20 251480 1775600 100 145 170
21 251560 1775600 130 150 165
22 251640 1775600 240 235 220
23 251720 1775600 300 270 250
24 251800 1775600 290 265 250
25 251880 1775600 255 245 235
26 251960 1775600 240 230 230
27 251000 1775680 300 245 230
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NO. EASTING NORTHING ECa (mS/m)
Depth 0-7.5 m. | Depth 0-15m. | Depth 0-30m.

28 251080 1775680 185 190 210
29 251160 1775680 200 220 225
30 251240 1775680 220 200 210
31 251320 1775680 220 230 230
32 251400 1775680 185 200 210
33 251480 1775680 90 140 190
34 251560 1775680 180 205 200
35 251640 1775680 150 170 195
36 251720 1775680 285 270 265
37 251800 1775680 265 280 290
38 251880 1775680 250 265 230
39 251960 1775680 260 250 225
40 251000 1775760 285 250 225
41 251080 1775760 220 200 210
42 251160 1775760 180 200 225
43 251240 1775760 210 200 230
44 251320 1775760 220 210 240
45 251400 1775760 235 230 235
46 251480 1775760 220 205 220
47 251560 1775760 270 250 250
48 251640 1775760 220 230 240
49 251720 1775760 300 280 245
50 251800 1775760 250 260 250
51 251880 1775760 220 210 210
52 251960 1775760 270 235 210
53 251000 1775840 300 290 270
54 251080 1775840 240 240 230
55 251160 1775840 150 175 215
56 251240 1775840 180 200 205
57 251320 1775840 240 240 235
58 251400 1775840 180 190 205
59 251480 1775840 180 195 235
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NO. EASTING NORTHING ECa (mS/m)
Depth 0-7.5 m. | Depth 0-15m. | Depth 0-30m.

60 251560 1775840 210 220 230
61 251640 1775840 185 205 235
62 251720 1775840 195 205 225
63 251800 1775840 215 205 220
64 251880 1775840 255 230 235
65 251960 1775840 220 220 200
66 251000 1775920 300 270 235
67 251080 1775920 220 220 240
68 251160 1775920 190 195 205
69 251240 1775920 195 200 215
70 251320 1775920 210 220 230
71 251400 1775920 240 220 225
72 251480 1775920 230 220 220
73 251560 1775920 220 220 245
74 251640 1775920 225 225 235
75 251720 1775920 170 170 205
76 251800 1775920 220 220 225
77 251880 1775920 250 230 230
78 251960 1775920 260 260 245
79 251000 1776000 300 255 220
80 251080 1776000 185 195 210
81 251160 1776000 280 230 230
82 251240 1776000 235 220 220
83 251320 1776000 190 210 215
84 251400 1776000 250 240 260
85 251480 1776000 225 235 250
86 251560 1776000 205 230 260
87 251640 1776000 175 180 215
88 251720 1776000 185 200 230
89 251800 1776000 175 195 205
90 251880 1776000 210 215 225
91 251960 1776000 240 240 235
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NO. EASTING NORTHING ECa (mS/m)
Depth 0-7.5 m. | Depth 0-15m. | Depth 0-30m.
92 251000 1776080 250 200 200
93 251080 1776080 180 190 185
94 251160 1776080 250 215 220
95 251240 1776080 165 190 210
96 251320 1776080 200 210 220
97 251400 1776080 170 190 220
98 251480 1776080 210 235 240
99 251560 1776080 210 230 235
100 251640 1776080 230 230 240
101 251720 1776080 220 215 240
102 251800 1776080 210 225 235
103 251880 1776080 210 2105 230
104 251960 1776080 275 235 240
105 251000 1776160 150 175 200
106 251080 1776160 165 180 190
107 251160 1776160 240 220 215
108 251240 1776160 210 215 220
109 251320 1776160 180 200 240
110 251400 1776160 170 210 210
111 251480 1776160 220 235 220
112 251560 1776160 190 210 225
113 251640 1776160 185 215 220
114 251720 1776160 220 250 250
115 251800 1776160 200 210 250
116 251880 1776160 195 210 240
117 251960 1776160 220 225 245
118 251000 1776240 260 210 200
119 251080 1776240 165 170 200
120 251160 1776240 250 220 210
121 251240 1776240 180 210 215
122 251320 1776240 190 215 210
123 251400 1776240 195 220 215
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Depth 0-7.5 m. | Depth 0-15m. | Depth 0-30m.

124 251480 1776240 215 220 220
125 251560 1776240 180 185 190
126 251640 1776240 165 175 180
127 251720 1776240 180 190 195
128 251800 1776240 180 175 190
129 251880 1776240 210 210 220
130 251960 1776240 235 240 240
131 251000 1776320 230 180 175
132 251080 1776320 160 170 200
133 251160 1776320 225 210 205
134 251240 1776320 170 170 175
135 251320 1776320 195 205 210
136 251400 1776320 190 210 215
137 251480 1776320 200 195 190
138 251560 1776320 200 205 200
139 251640 1776320 180 185 195
140 251720 1776320 170 185 190
141 251800 1776320 150 175 185
142 251880 1776320 180 195 195
143 251960 1776320 270 260 240
144 251000 1776400 145 170 195
145 251080 1776400 130 160 200
146 251160 1776400 195 190 215
147 251240 1776400 145 140 150
148 251320 1776400 125 140 165
149 251400 1776400 170 190 190
150 251480 1776400 155 190 200
151 251560 1776400 160 170 190
152 251640 1776400 170 180 185
153 251720 1776400 180 175 190
154 251800 1776400 190 195 205
155 251880 1776400 225 210 210
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NO. EASTING NORTHING ECa (mS/m)
Depth 0-7.5 m. | Depth 0-15m. | Depth 0-30m.

156 251960 1776400 250 240 235
157 251000 1776480 200 200 220
158 251080 1776480 180 175 205
159 251160 1776480 185 180 180
160 251240 1776480 150 170 170
161 251320 1776480 160 175 185
162 251400 1776480 190 190 195
163 251480 1776480 185 220 220
164 251560 1776480 170 185 200
165 251640 1776480 200 200 200
166 251720 1776480 180 190 190
167 251800 1776480 200 200 220
168 251880 1776480 230 2115 225
169 251960 1776480 225 230 220
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Executive Summary

1. Introduction

Salt-effected soil is a critical problem in northeastern Thailand. The effected
area is estimated to be 17 % of the region or 2.85 million hectares. The land
development department is a government organization which plans land management
in Thailand. It studies ways to reduce salt-effected soil distribution in northeastern
Thailand. One appropriate method is reforestation. The important step for
reforestation is to determine the discharge and recharge area. The EM 34, an
equipment for measuring apparent electrical conductivity (EC, ) has been used for
this purpose as it is easy to use and requires less time and manpower. The EC, data is
then used to calculate EM-slope for determining discharge and recharge area.

Geostatistic method originates from mining industries. Nowadays, it is used
widely among environmental research, geology and soil science. By using geostatistic
method, the spatial variability can be expressed in the form of quantitative data
through the calulation of variogram. Variogram can be used also to estimate linear
estimator with the Kriging method, known as the best linear unbiased estimator. This
method allows us to save cost and manpower as it gives precise estimation for the
values from non-investigated areas.

The site of this study is in Ban Pai district, KhonKean proveince. It is one of
the areas chosen from the department of land development for sampling the apparent
electrical conductivity, EC,, using EM34. Sampling method was done by grid at the
depths of 0-7.5, 0-15 and 0-30 m, with the distance of 1000 x 1000 m between each
sampling site. Geostatistic method was used to study spatial variability of EC, with
the variogram and then was estimated with the kriging method. For better result,
additional samplings were collected with the distance of 80 x 80 m between each
sampling site in the total area of one square kilometer. This helps to investigate spatial
variability of the apparent electrical conductivity within the distance that less than
1,000 m. Both. EC, data set can be further analyzed with Kriging method to create a
salt-effected soil map of the study area and can be used as a guidance for other EC,
samplings with EM34 in the future.
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2. Objective

1. To study spatial variability of the apparent electrical conductivity (EC,) data
obtained from a 80 x 80 and a 1,000 x 1,000 m. grid at the depths of 0-7.5, 0-15 and
0-30 m.

2. To apply geostatistic method and kriging estimator for EC, estimation from
a 80 x 80 and a 1,000 x 1,000 m. grid data at the depths of 0-7.5, 0-15 and 0-30 m.

3. Study area

Study area is located in Banphai district, KhonKean province and surrounded
by 4 grid points (GP 1770N-246E, GP 1782N-246E, GP 1770N-260E and GP 1782N-

260E) in the 1 : 50,000 topography map of AMPHOE BANPHALI (554111I) and BAN

HIN TANG (55411I). It cover 168 squarekilometer (12 km x 14 km). The topography
of this area is a terrace with elevations varying from 150-200 meters. Most geology is
Mahasarakam formation that is believed to be the source of salt for salinization
process. Among soil texture categories, sandy loam is the dominant soil texture

(90.31 %), followed by sand (4.53%) and clay (1.04%).

4. Materials and methods

4.1 Instruments

We used the EM34 which is an inductive electromagnetic soil conductivity
meter. The instrument consists of a transmitter coil and a receiver coil. An alternating
current in the transmitter coil induces a primary magnetic field that induces small
current in the conductive components of the soil. This current induces a secondary
magnetic field, the strength of which is related to electrical conductivity of the soil.
The strength of the secondary magnetic field and the primary magnetic field is
measured by the receiver coil. The instrument is designed so that the electrical
conductivity in a linear function of the ratio of the secondary to the primary magnetic
field and can directly be read from the instrument. EM34 measure the apparent
electrical conductivity which reflects the cumulative of the bulk soil electrical
conductivity of various layers above a certain depth. The depth depends on the
distance between the coils and the position of the coil. In this study, the EM34 was
operated in horizontal dipole mode (The coils was placed vertically to the surface)
with the separation of 10, 20 and 40 meters provided at the depths of 0-7.5, 0-15 and
0-30 meters respectively.
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4.2 EC, data

Two sampling configurations were used for this research.

1) A square grid with the sampling point of 1,000 meters apart. This is the
secondary data from the department of land development, carried out on April 1993
for a total of 196 sites cover all study area (168 Km®. The EC, data was measured in

horizontal mode at the depths of 0-7.5, 0-15 and 0-30 meters.

2) A square grid with the sampling point of 80 meters apart. This one is the
primary data collected during 18-22 April 2001 for a total of 169 sites cover 0.98
m * inside the study area. The EC, data was measured in horizontal mode at the depths
of 0-7.5, 0-15 and 0-30 meters.

4.3 Geostatistic method

Both EC, data sets were conducted by geostatistic method as following and
shown in figure 1.

1) Calculation of descriptive statistic such as Mean, Standard deviation,
Coefficient variation ,skew and frequency histogram creation in order to test the
normal distribution.

2) Variogram calculator, calculate in omni direction and then separate into
four directions i.e. North-South East-West Northeastern-Southwastern and
Northwastern-Southeastern.

3) Variogram modeling.

4) Cross validation.

5) Kriging.

6) Mapping.

The softwares used in this study are GEO-EAS for process no 1 and 4 ,
variowin2D for processes no 2 and 3 , and Surfer32 for the process no 5 and 6.
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5. The result

The study of geostatistic method application to study the apparent electrical
conductivity (EC,) in Banphai district, Khonkean province can be summarized as
follow.

5.1 Spatial variability of the apparent electrical conductivity.
Variogram model of the apparent electrical conductivity from data set having

80x80 m and 1000x1000 m distance between each sampling site at the depths of 0-
7.5,0-15 and 0-30 meters are summarized in table 1.

Table 1 Summary of EC, variogram model.

EC, Direction Model Nugget Sill range
variance (meter)
Grid 80 meter
Depth 0-7.5 meter Omni direction Exponential 150 2,050 550
N-S Exponential 150 2,050 450
E-W Exponential 150 2,050 750
Depth 0-15 meter Omni direction Exponential 100 950 500
N-S Exponential 100 950 400
E-W Exponential 100 950 600
Depth 0-30 meter Omni direction Exponential 60 660 600
N-S Exponential 60 520 380
E-W Exponential 60 730 600
Grid 1,000 meter
Depth 0-7.5 meter Omni direction Spherical 750 2,800 4,300
E-W Spherical 750 2,800 4,300
NE-SW Spherical 750 2,800 4,300
N-S Spherical 750 2,400 4,300
NW-SE Spherical 750 3,100 4,300
Depth 0-15 meter Omni direction Spherical 700 2,300 4,600
E-W Spherical 700 2,300 4,600
NE-SW Spherical 700 2,300 4,600
N-S Spherical 700 2,000 4,600
NW-SE Spherical 700 2,650 4,600
Depth 0-30 meter Omni direction Spherical 700 2,200 5,100
E-W Spherical 700 2,200 5,100
NE-SW Spherical 700 2,200 5,100
N-S Spherical 700 1,950 5,100

NW-SE Spherical 700 2,550 5,100




a o o o
FANUT NHUIAD Executive Summary / 158

The information in table 1 indicates that, the apparent electrical conductivity
(EC,) from the data of 80x80 meter and 1000x1000 meter distance between each
sampling site at the depths of 0-7.5,0-15 and 0-30 meters has anisotropic character
for the spatial variability. The variogram of EC, from all three depths of the 80 x 80
meter sampling site fits well into exponential model and give different values of sill
and range in any direction. The variogram of EC, from 1,000 x 1,000 meter data set
from all three depths fits well into spherical model with different value of sill in any
direction. This corresponds to the land surface change of altitude in study area.
Maximum sill value is found at the northwestern — southeastern direction. It conforms
with the pattern of elevation change that inclines from southeastern to northwestern
direction. The minimum sill value is found in the north-south direction, the direction
of less elevation change. This is the result of the salt rock layer in the soil profile of
study area. Rainfall dissolves the underneath salts, and the salty water moves
upwards and deposits in the low area. This results in the difference of EC, values at
different land surface altitudes and the change in EC, corresponds to the change of
elevation in the area.

5.2 The application of geostatitics method and kriging estimation on the
apparent electrical conductivity.

The result shows that EC, data measured by EM34 from both sampling site
distances (80 x 80 meter and 1,000 x 1,000 meter) at the depth of 0-7.5, 0-15 and 0-30
meters from EM 34 can be processed by geostatistical method and krigging
estimation. The range of variogram model of EC, shows that data from sampling site
distance at 80 X 80 meter has spatial dependency until the distance of 400-750
meters. Data from sampling site distance at 1000 X 1000 meter has spatial
dependency until the distance of 4,300 to 5,100 meter, approximately. In conclusion,
the sampling collection for EC, in this study using grid at the distance between
sampling site 80 m or 1000 m is suitable for geostatistical method and kriging
estimation.

5.3 Distribution pattern of salt-effected soil in the study area.

5.3.1 Distribution pattern of salt-effected soil within the study area
from data set with distance between sampling site 1,000 x 1,000 m at 0-7.5 m depth.

The salt — effected soil map at the depth 0-7.5 m shows that most of
the area is slightly salt-effected area (EC,#o-ewo mS/m), and then non salt-effected
area(EC, 0-80 mS/m), moderately salt-effected area (EC, 120-160 mS/my, strongly salt-
effected area (EC,160-200 mS/myand very strongly salt-effected area(EC,> 200
mS/m), respectively. An overlay of elevation contours show the distribution of salt-

effected area corresponds to the area altitude. The area of strongly and very strongly
salt-affected soils are in the lowest area in the study area with elevation 151- 160 m
whereas the outer area in the east and south which is the highest area in this study
(171-190 m) is the area having slightly —very slightly salt- effect soil.
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5.3.2 Distribution pattern of salt-effected soil within the study area
from data set with distance between sampling site 1,000 x 1,000 m at 0-15 m depth.

The map of salt-affected soil at the depth 0-15 m shows that most of
the area has slightly salt-effected soil(EC, zo-slwo mS/m) , the rest are moderately salt-
effected(EC, 120-160 mS/m), non salt-effected EC, 0-80 mS/m),  strongly salt —
effected (EC, 160-200 mS/myand very strongly salt-effected soil (EC,> 200 mS/m) ,
respectively. An overlay of elevation contours show the distribution of salt-effected
rank associates with pattern of elevation, The area of strongly and very strongly salt-
effected soils are in the lowest area of our study area with elevation 151- 160 m
whereas the outer area in the east and south which is the highest area in this study
(181-190 m) is the area having slightly —very slightly salt- effected soil.

5.3.3 Distribution pattern of salt-effected soil within the study area
from data set with distance between sampling site 1,000 x 1,000 m at 0-30 m depth.

The map of salt-affected soil at the depth 0-30 m shows that most of
the area receive slightly salt-effected (EC, 80-120 mS/m), the rest receive moderate

salt-effected(EC, 120-160 mS/m), non salt-effected (EC,0-80 mS/myand strongly —
effected (EC, 160-200 mS/m), respectively. An overlay of elevation contours show the

distribution of salt-affected rank associates with pattern of elevation. The area of very
strongly and strongly salt-effected soils are in the lowest area of our study area with
elevation 151- 160 m whereas the outer area in the east and south which is the
highest elevation in this study (181-190 m) is the area having slightly —very slightly
salt- effect soil.

6. Suggestion

As the size of the study area is rather small (168 km?), thus, little differences
among geographical, geological and hydrographic characters can be observed.
Additional study should be conducted in a larger scale so that we could see more clear
on the effect of EC, on these physical factors.





