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STATISTICAL ANALYSIS OF MINERAL SOILS
IN THE ODRA VALLEY

MAGDA HUDAK, ARKADIUSZ ROJNA1

Zielona Góra University

Abstract: The aim of this article is to present the results of statistical analyses of laboratory experi-
ment results obtained from an ITB ZW-K2 apparatus, Kamieński tubes and grain-size distribution
curves. Beside basic statistical parameters (mean, sum, minimum and maximum), correlation analy-
sis and multivariate analysis of variance at significance levels α < 0.01 and α < 0.05 were taken into
account, as well as calculations of LSD confidence half-intervals.

The research material was collected from the valley of the Odra river near the town of Słubice in
Lubuskie province. The research involved mineral, non-rock fine-grained, non-cohesive soils lying at
the depth of 0.3–1.5 m.

1. AIMS AND AREA OF THE RESEARCH

The aim of the research was to analyse variations in hydraulic conductivity (kf) of
non-cohesive soils in the area of Lubusz Odra Gorge near the town of Słubice
(Lubuskie province) (Fig. 1).

Fig. 1. Soil sample collection sites (Rojna and Błaszczyk [1])
                                                     

1 The author is a scholarship-holder in the framework of Submeasure 8.2.2 “Regional Innovation
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Operational Programme Human Capital. The scholarship was co-funded by the EU European Social Fund
and the Polish government.
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Between August 2009 and September 2010, a number of field and laboratory
measurements were performed, resulting in taking 38 samples of non-cohesive mineral
soils.

Hydraulic conductivity was investigated with field methods: Maag’s method and
submerging absorption pits (Kamieński’s method) and with laboratory methods:
grain-size analysis, Kamieński’s tubes and ITB ZW-K2 apparatus. A number of
measurements of water table changes and discharge of water flowing through soil
samples were conducted in these systems: field measurements for soils with undis-
turbed structure and laboratory measurements for disturbed structure (Rojna and
Błaszczyk [1]).

2. RESULTS AND DISCUSSION

The input data for statistical analysis were: grain size analysis results and the
results of field and laboratory hydraulic conductivity measurements of soil samples
P-1–P-38.

Investigation of relationships between the obtained soil hydraulic conductivity
values and various spatial factors was conducted by means of linear correlation analy-
sis between the hydraulic conductivity of all the analysed samples (P-1–P-38) and
factors which can have an influence on these values (including grain size analysis).
The results of linear correlation analysis between the hydraulic conductivity of the
analysed samples and percentages of particular grain size fractions in the soils under
study (di < 0.063–20.0 mm) are shown in Table 1.

T a b l e  1

Linear correlation coefficients (Pearson’s r) between hydraulic conductivity of soils determined
experimentally in the field at points P-1–P-38 and percentages of grain size fractions

Grain size
[mm] <0.063 0.063 0.125 0.25 0.5 1.0 2.0 20

r* –0.4924 –0.4971 –0.5188 –0.3878 0.3887 0.5229 0.6331 0.7170
p** 0.002 0.001 0.001 0.016 0.016 0.001 0.000 0.000

*r – correlation coefficient; **p – significance level

The correlations investigated are:
Statistically significant (α ≤ 0.05 and α ≤ 0.01),
Moderate for grain size <0.063, 0.063, 0.25, 0.5 mm,
Strong for 0.125, 1.0, 2.0, 20.0 mm.
Soil grain sizes <0.063–0.25 mm show negative correlations with hydraulic con-

ductivity. With the rise in the content of dust-clay fraction and fine sand, the values of
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correlation coefficients of the samples decrease, and the strongest dependence is ob-
served for 0.125 mm fraction. Coarse-grained fractions (0.5–20.0 mm) have positive
linear correlations with hydraulic conductivity. As a result, the presence of coarse-
grained fractions, particularly gravel with di > 2.0 mm causes a gradual rise in kf
values in the soils under investigation.

Linear correlations between the hydraulic conductivity of all the analysed samples
and the equivalent grain diameters (di) of the soils studied are statistically significant
at very low significance levels (p = 0.000), positive and very high (Table 2).

T a b l e 2

Linear correlation coefficients, arithmetic means and standard deviations
between soil hydraulic conductivity determined experimentally

in the field at sites P-1–P-38 and di, p = 0.000

di d10 d17 d20 d30 d40 d50 d60 d70 d80 d90

r 0.8169 0.8189 0.7983 0.7740 0.8018 0.8041 0.7843 0.7518 0.7190 0.6623
x 0.26263 0.31039 0.33632 0.39803 0.46724 0.55158 0.67737 0.84974 1.24618 2.23184
s 0.09060 0.11265 0.12673 0.16536 0.23227 0.34584 0.57020 0.86163 1.63650 3.03714

The strongest correlations occur between hydraulic conductivity and equivalent
grain diameters d10 and d17. Therefore, their high correlations are r = 0.8169 for d10

and r = 0.8189 for d17. The lowest correlation coefficient r = 0.6623 was observed for
diameter d90.

Thus, equivalent diameters d10 and d17 determine, to a large extent, the value of
hydraulic conductivity, and consequently the discharge and the specific discharge.
This is why previous studies of sands, including those by Hazen, Schlichter or Zauer-
brey, use chiefly effective diameters d10 and d17 in defined formulas (Ishaku et al. [2],
Alyamani and Şen [3]).

Figure 2 presents scatter curves of soil hydraulic conductivity for P-1–P-38 in re-
lation to effective grain diameters d10–d90, which reflect their characteristic shapes.
The plots demonstrate that hydraulic conductivity rises proportionally to the rise in
effective diameter di.

T a b l e 3

Linear correlation coefficients (r)
between hydraulic conductivity of soils

Parameter r p
Depth of sample collection –0.3936 0.015
Distance from contemporary river channel –0.4024 0.012
Distance from former channel 0.2017 0.225
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Table 3 presents results of linear correlation analysis between hydraulic con-
ductivity for all the samples analysed (P-1–P-38) and three spatial parameters de-
fining the location of measurement sites, i.e., their distance from the contemporary
Odra river channel, distance from the old channel dating back to the 13th century
(Brose [4]) and the depth of sample collection in relation to terrain datum. The
calculated correlations are negative and moderate, they are significant ( p < 0.05)
only for the relationship between hydraulic conductivity and distances from par-
ticular river channels. Hydraulic conductivity decreases with the increase in the
depth of soil and the distance from the Odra channel but the dependence on the
distance from the river is slightly stronger. The values of hydraulic conductivity
rise with the growth in the distance from the former Odra river channel, as com-
pared to the contemporary one, but this relation is weak and statistically insignifi-
cant.

Scatter plot of kf vs. d10 Scatter plot of kf vs. d17

Scatter plot of kf vs. d20 Scatter plot of kf vs. d30
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Fig. 2. Scatter plots of hydraulic conductivity kf vs. d10–d90

In order to define the parameter which has the strongest influence on hydraulic
conductivity, multiple regression analysis was performed (Table 4). The independent
variables were spatial parameters most correlated with hydraulic conductivity (depth
of the analysed soil samples and their distance from the contemporary river channel)

Scatter plot of kf vs. d40 Scatter plot of kf vs. d50

Scatter plot of kf vs. d60 Scatter plot of kf vs. d70

Scatter plot of kf vs. d80 Scatter plot of kf vs. d90
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and the grain-size factor; diameter d17 was chosen from among the grain-size parame-
ters under study in view of its highest correlation coefficient with hydraulic conduc-
tivity. The results of correlations between hydraulic conductivity values and the chosen
parameters are shown in Table 4.

T a b l e 4

Results of multiple regression analysis of relationships between hydraulic conductivity,
spatial parameters and grain size factor

Value Standard error p
Parameter b0 –28.93 18.29 0.1228

b1 259.9 37.27d17 b1* 0.7463 0.1070 4.8·10–8

b2 –10.52 19.69Depth of sample
collection b2* –0.0554 0.1037 0.5968

b3 –0.0052 0.0032Distance from con-
temporary channel b3* –0.1616 0.0994 0.1132

Statistical coefficients
R R2 R2 corrected p S
0.8354 0.6979 0.6713 5.84·10–9 22.498

The values of standardized coefficients b* demonstrate that the correlations be-
tween hydraulic conductivity, depth of soil sample collection and the distance of
measurement sites from the Odra are very weak (statistically insignificant) and the
values of hydraulic conductivity decrease with their rise. In contrast, the influence of
diameter d17 on hydraulic conductivity is dominant – hydraulic conductivity values
increase with the rise in diameter d17, and this dependence has been defined with very
high probability (p = 4.8·10–8). The values of determination coefficient R2 and the cor-
rected R2 indicate that the dependence described with the multiple regression equation
(Table 4) accounts for almost 70 % of variations in hydraulic conductivity of the soils
studied and the grain-size factor (d17) is dominant here. The remaining factors influ-
encing hydraulic conductivity of the soils being studied in the Odra valley account for
hardly 30% of its variations.

The multiple regression equation obtained assumes the following form

kf = b0 + b1 · (d17) + b2·(depth of sample collection) + b3

(distance from contemporary channel).

Table 5 contains results of linear correlation between hydraulic conductivity values
obtained with laboratory methods, i.e., on ITB ZW-K2 apparatus and Kamieński tubes
and soil gradation analysis.
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T a b l e 5

Linear correlation coefficients between hydraulic conductivity of soils,
determined experimentally on ITB ZWk-2 apparatus at sites P-1–P-38,

and percentages of grain size fractions

Grain size
[mm] <0.063 0.063 0.125 0.25 0.5 1.0 2.0 20

r* –0.4034 –0.3801 –0.3956 –0.2133 0.5400 0.2918 –0.0238 0.0167
p** 0.012 0.019 0.014 0.199 0.001 0.075 0.887 0.921

*r – correlation coefficient, **p – significance level

The statistical analyses performed have revealed that correlations are statistically
significant (α ≤ 0.05 and α ≤ 0.01) and moderate for grain sizes <0.063–0.25 mm,
and high for di = 0.5 mm. This dependence shows directly that only soil fractions of
0.5–1.0 mm correlate positively with the hydraulic conductivity values obtained.
A rise in the content of sand fraction results in a relative rise in the hydraulic con-
ductivity of the analysed samples. However, the strongest correlation, with a statis-
tically significant level p = 0.001, is observed for 0.5 mm fraction. Coarse-grained
gravel fractions (2.0–20.0 mm) display relatively weak linear correlations with hy-
draulic conductivity.

T a b l e 6

Linear correlation coefficients between hydraulic conductivity of soils,
determined experimentally in Kamienski tubes at sites P-1–P-38,

and percentages of particular grain-size fractions

Grain size
[mm] <0.063 0.063 0.125 0.25 0.5 1.0 2.0 20

r* –0.3917 –0.3863 –0.4323 –0.1192 0.4460 0.1941 0.0567 0.1867
p** 0.015 0.017 0.007 0.476 0.005 0.243 0.735 0.262

*r – correlation coefficient; **p – significance level

The calculated correlations are statistically significant (α ≤ 0.05) or moderate for
grain sizes of <0.063–0.125, 0.5 mm. Dust-clay and sand fractions up to 0.25 mm
determine negative values of hydraulic conductivity – soil permeability will decrease
with the rise in the percentage of particular fractions. The correlation between kf value
and 0.5 mm fraction (with significance level p = 0.005) is clearly distinct from the
remaining hydraulic conductivity values, as the rise in the content of this fraction will
lead to the rise in hydraulic conductivity.
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3. CONCLUSIONS

The results obtained from the analyses performed enabled the following conclu-
sions to be drawn:

Correlations between the hydraulic conductivity of soils labelled as P-1–P-38 and
the effective diameters d10 and d17 (r = 0.8169 and r = 0.8189, respectively) are highly
significant with a relatively high significance level p = 0.0000.

Dependences between soil hydraulic conductivity determined with field and labo-
ratory methods and the percentage of di fraction (<0.063–0.25 mm) show negative
correlations, so they will reduce permeability values.

Analyses conducted with ITB ZW-K2 apparatus and Kamieński tubes demon-
strated that the presence of 0.5 mm fraction will cause a rise in kf value at significance
levels p = 0.005 and p = 0.001.

It was ascertained, as a result of multiple regression analysis, that the growth in the
distance from the former Odra river channel towards its contemporary course will
cause a slight rise in the hydraulic conductivity of non-cohesive soils.

REFERENCES

[1] ROJNA A., BŁASZCZYK D., Badanie współczynnika filtracji gruntów, wyd. Zeszyty Naukowe Uniwer-
sytetu Zielonogórskiego, Inżynieria Środowiska, 2010, nr 138 (18), 32–38.

[2] ISHAKU J.M., GADZAMA E.W., KAIGAMA U., Evaluation of empirical formulae for the determination
of hydraulic conductivity based on grain-size analysis, Journal of Geology and Mining Research,
2011, Vol. 3(4), 105–113,

[3] ALYAMANI M.S., ŞEN Z., Determination of hydraulic conductivity from complete grain- size distribu-
tion curves, Ground Water, 1993, 31, 551–555.

[4] BROSE F., Genese holozäner Fluβauen, dargestellt am Beispiel des unteren Odertales, wyd. Landes-
amt für Geowissenschaften und Rohstoffe Brandenburg 1/98, Brandenburgische Geowissenschaft-
lische Beiträge, Kleinmachnow, 1998, 7–13.

[5] StatSoft, Inc. (2010). STATISTICA (data analysis software system), version 9.1. www.statsoft.com



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


