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Abstract

Spatial interpolation was used in the estimation dfie fine
content of soils at unsampled locations in Isoko 8o L.G.A of
Delta State. The ability to model and map the fioentent of soils
for the region was demonstrated using Geostatsst Soll
samples were collected at nine communities in Isdkouth LGA
of Delta State. The fine content for the variousilsssamples were
determined in accordance with British Standards. &hange of
the soil fine content was between 9.37% to 55.34%e skewnnes
value of 0.44 and Kurtosis value of -0.96 indicatéuht the data
were slightly skewed with reference to the normatdbution. An
exponential model was considered to be the bestofitempirical
semivariogram of the soil data. Based on the expatied model a
kriged contour map was developed for the region.iSimapping
of the degree of fine content of soils in the regican be used for
engineering preliminary design and planning of cotmsction
works.
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1.0 Introduction

Fine content is a basic physical property soil$ #iect many important soil attributes. It is uddbr the
understanding of various soil mechanical and playgicoperties such as shear strength, bearing itgpac
compressibility and shrinkage-swelling potentid]1, USCS[3] and AASHTO[4] system base their
classification of soils for engineering purposegipam fine content. Since it can be measured ikt
easily and quickly, it has been used in the pasua®gate data for the indirect estimation of stiéngth
parameters [5,6], liquid limit [7]. USCS [5] andA8HTO [6] define fines as soil particles passingtigh
sieve No. 200(7m opening). The fines consist of clay and silt.

Soil varies considerably from location to locatif8}. Adequate understanding of the variability ioil s
properties as a function of space is necessarydéweloping empirical models of soil and landscape
processes [9,10]. Geostatistics, a widely usedagmbr, has been used to identify the spatial stregiuthe
variability of soil attributes [11,12,13]. In coentional soil survey soil properties are recordéd a
representative sites and assigned to entire mappiriig which are delineated following one of the
physiographic, physiognomic and geopedologic apgres. Although soil surveyors are very well awdre o
the spatial variability of soil properties, convienally prepared soil maps do not reflect it ad anits are
limited by boundaries[14]. To have accurate esiipnabf soil properties these continuous variability
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should be considered. The traditional method of aoalysis and interpretation are laborious, time
consuming, hence becoming expensive.

Isoko South Local Government Areaof Delta Stateofisgreat socio-economic importance to Nigeria
because of its huge reserves of petroleum and alag)as . There arevariousconstruction works being
executed in the area. Information on the fine aotndé the soils in the area are scarce and datadiicult

to access in the region. The area lies within tllod rainforest with swampy forest occurring iatfl
floored valleys andadjourning low-lying areas the¢ seasonally or permanently waterlogged.The aodls
deeply weathered and nutrient deficient, beingvéerimainlyfrom unconsolidated sediments of sandston
and are predominantly sandy[15].The development ajeospatial map to provide a quick and easy
estimation of the fine content of soils in the &esagn and needed for preliminary engineeringgtesind
planning and execution of site investigation prograes.
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2.0 Materials and Methods

2.1  Sampling and Sampling Locations

Delta state is one of the states in Nigeria (Figlreit has twenty-five local government areas (Féy2).
Soils samples were collected at several communitiesely; Oleh, Umeh, Uzere, Aviara, Emede, Enweh,
Igbide, Irri and Olomoro from Isoko South Local ¥@onment Area of Delta State (Figure 3). Disturbed
soil samples were obtained at different depthsngusiand auger.A total of nine soil samples were
collected.The sieve analysis test to obtain thegqreage of fine was performed in accordance wih B
1377: 1990.[16]
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Figure 1. Map of Nigeria Showing Delta State



Figure 2: Map of Delta State Showing the Local Governmereasr
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Figure 3: Map of Isoko South Local Government Area Shovéags Sample Points

2.2  Geostatistics Modeling

The sample variogram was computed by Matheron’hotebf moments estimator. The spatial variance
between the soil properties at any two distinchfgowould depend on their separation distancehlaihe
semivariancey(h), between any two pints at a lag (h), can beesqed as

y(h) = %E[z(x)—z(m)]z
(1)

wherey(h) is the semivariance at lag distance h; z(xhés soil property at location x. In the region of

interest, suppose there will be m(h) pairs of gwibperties separated by a particular lag h. their

semivariance is given by

A | )

y(h)= ——Q z(x;)—z(x, + h)]
2m(h) 5 )

Where y(h) is an unbiased estimate of the variance of thedg pairs of soil properties; m(h) is the
number of points separated by a lag h for | = 1,2a(h); z(%) and z(x+h) are the soil properties at
locations x and x+h respectively.

When the variogram is plotted using discrete expenital data points, it is called an experimental or

sample variogram. A theoretical model can be fittedugh the experimental data points to quanptisi
patterns. The most commonly used models namely are;

y(h)=C +([l 'S(Ai) - O.S(Ai)]

Spherical model: €))
h2
y(h)=C, +C[1-exp(- ?)]
Gaussian model: 4 4)
h
y(h)=C, +C[l —exp(- -
Exponential model: o (5)



y(h)=C, +[h<A£)]

Linear model: (6)
Where G= nugget; C = sill; &= range and h = distance.
The spatial prediction of the values of a soil ahlé Z at an unsampled pointig given by
Z(xo) = Z/liz(xi)
il (7)

where x denotes the set of spatial coordinatas X%, A are the weights associated with the sampling
points x and the ith observation point.
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In kriging the weights are chosen so that the eﬁész(x") of the true valueZ(xo) is unbiased and the

2
prediction varianc @ (x,) is minimized. That is;

E[2(x,) ~2(x,)] =0

and

(8)
5 A

o (x()) = VarlZ(x())_Z(x())] = minimum (9)

To ensure that the prediction is unbiased the weiglaced on each neighboring point must satisfy;

S
i=1

(10)

3.0 Results and Discussions
The test results for the soils fine content is shawTable 1.
Table 1: Soil Test Data for Modeling Procedure

S/N | Locations| Fine Content (%

1 Oleh 19.97
2 Umeh 30.07
3 Uzere 55.34
4 Aviara 9.37

5 Emede 23.84
6 Enweh 25.32
7 Igbide 50.57
8 Irri 23.09
9 Olomoro 44.68

The descriptive statistics for the test resultpresented in Table 2.
Table 2: Basic Descriptive Statistics for the Soil Data

Statistics Fine Content(%
Minimum 9.37
Maximum 55.34
Medium 25.32
Average 31.36
Standard deviatio 15.40




Skewness 0.44
Kurtosis -0.96
n 9
The tests result for the soils fine content vatietveen 9.37% to 55.34%. It can be seen fromabhle t
that the medium and average values for the soirpeter arequite close together. This indicate that
distribution have approximately a normal distribaticurve. In addition, the skewness value is p@sit
which indicate that the sample distribution hakewer shape with reference to the normal distrdwuti
Another parameter, kurtosis value, is -0.96 éislitnplies that the asymmetry degree of sampleesedf
sample distribution around the arithmetic mearldser to negative values. In order to get a clések at

the frequencies of the considered variables, hiatog is given in Figure 4. The variations of theameed
variables and deviations from normal distributicas be seen from the Figure4.
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Figure 4: Histogram of the Measured Specific Gravity Valtesthe Soils
The nine soil data will generate thirty-six paif-data. The plot of the square difference of tlé specific
gravity values for all pairs of location and thstdince that separates the location is showrgur&is.
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Figure 5: Semivirogram Cloud for Specific Gravity Values

There are so many points that the plot becomesested and little can be interpreted from it. Touls
the number of points in the semivariogram cloud, fiairs of locations will be grouped based on their
distance from one another. The binned points antbdel that provides the best fit through the poists
presented in Figure 6.
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Figure 6: Fitted Exponential Model for Specific Gravity Mas of Binned Points
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h
h)=20.42+270.43[1 —exp(————
7(h) [1-exp(— )] -

Based on the exponential modelfrom the semivarimagrakriging weights are assigned to each measured
valueand the prediction for locations with the mmkn values is shown in Figure 7.
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Figure 7: Spatial Distribution of Fine Content of Soils soko South Local Government Area.

4.0 Conclusion

The range of fine content of soils in the arealiesveen 9.37% to 55.34%. A total of nine (9) sainples
were obtained from nine different communities ie t#rea. Based on the skewnnes value of 0.44 and
kurtosis value of -0.96 the data distribution whghsly skewed with reference to the normal disfitibn
curve.Exponential model was fitted to the semivgmnams of the soil variables. The semivariogranehex
spatial variability in the spatial structures ofilsiine content property. The kriged contour mags o
measures soil variables showed positional simidarivith each other. The kriged contour maps cansiee
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in the estimation of the fine content of soil it tarea for preliminary design and management aessi
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