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ABSTRACT 
 

Aim The goal of this study was to generate geological engineering parameters that 
could be used for Development planning and control purposes. 

Study Design: The study was designed to use the various parameter values to 
produce iso-contour maps using Surfer II computer software. 

Place and Duration of Study: The research was conducted at Borokiri Sadfill 
around the Borokiri axis of Port Harcourt (the eastern Niger Delta) between 
February and June 2020. 

Methodology: This involved a combination of field sampling and laboratory 
analysis. The fieldwork included boring, particle analysis, and in-situ testing, while 
the laboratory analysis included oedometer and triaxial tests. The in-situ results 
were integrated with laboratory analysis to obtain a comprehensive understanding 
of the geological conditions. 

Results: The results show that the clays in the study area had high cohesion, 
ranging from 38 kPa to 90 kPa. The friction angles ranged from 4 to 5, and the 
settlement values ranged between 18 mm and 84 mm. The strength parameter is 
a critical factor for understanding the stability of the soil, and the results obtained 
indicate that the soil in the study area is relatively stable. The data obtained from 
the study was processed using Surfer II computer software to produce iso-contour 
maps. These maps are useful for reconnaissance studies as they provide a 
regional view of the area, which is excellent for development planning. 

Conclusion: The study generated essential engineering parameters that can be 
used for development planning and control purposes in Borokiri Sadfill. The 
methodology used in the research, which involved a combination of field sampling 
and laboratory analysis, provides a comprehensive understanding of the 
geological conditions in the area. The iso-contour maps generated from the data 
are useful tools for development planning and control. 
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Introduction  

The Niger Delta is a vast geographical area covering approximately 36,260 square 
kilometers, which constitutes about 4% of Nigeria's landmass [1][14]. The area faces 
several environmental and geological challenges, including uneven subsoil settlement, 
abundant organic and highly compressible clays, poor drainage systems, erosion, and 
flooding. These challenges are complex and interconnected with other problems in the 
area such as environmental sustainability, poverty, climate change, portable water 
availability, and infrastructural development, among others [4][1][13][12]. 

Unfortunately, little has been done by various bodies to address these problems due to 
their complexity and enormous cost. Individual and organizational efforts have not 
yielded the required results as their actions were mainly based on isolated cases 
geared toward personal estate development [3]. Therefore, there is a need to evolve 
faster ways of assessing the subsoil competence in the Niger Delta, especially at the 
shallow foundation level, to guide development planning and control 
TheGlobalCompetitiveIndex i2017-
2018listedunderdevelopedinfrastructureasthemostproblematicfactorfordoingbusinessinN
igeria [19]. 

Recently, there has been a new focus on applying geologic knowledge and skills to a 
broad range of engineering, environmental, and socio-economic issues, requiring 
integrated earth-science knowledge. This concept emphasizes interactions and linkages 
rather than components and trends, providing a new paradigm shift toward an 
integrated and holistic approach to solving geological and environmental problems [6]. 

Engineering geology is the application of geological sciences in engineering practice to 
ensure that the geologic factors affecting the location, design, construction, operation, 
and maintenance of engineering works are recognized and adequately provided for 
[1][7].The International Association of Engineering Geology and the Environment 
defines engineering geology as the science diverted to the investigation, study, and 
solution of engineering and environmental problems, which may arise as a result of the 
interaction of geology and the works or activities of man, as well as the prediction and 
development of measures for the prevention or remediation of geological hazards [18] 
[16][11]. i 

A detailed engineering and geological mapping of the superficial soils of the Niger Delta 
becomes necessary to gain proper understanding of the environmental and geological 
problems in the area [18][15]. Mapping is essential in synthesizing field data in 
engineering geology and subsurface geotechnical investigation [4][2][10][8]. With the 



 

 

application of Geographic Information Systems (GIS), engineering geological mapping 
for environmental management and planning has become more common [6][10]. GIS 
has become a handy tool in the preparation of more accurate and detailed maps for 
engineering and geoscience planning literature on the subject [8][7]. 

The aim of this study was to prepare a set of geological engineering parametric maps to 
guide decision-making in environmental developmental planning, control, and 
management. This study involved a detailed investigation conducted in accordance with 
approved scientific standards. It is essential to embrace an integrated and holistic 
approach in solving environmental and geological problems in the Niger Delta to ensure 
sustainable development. 

1.1 Study iLocation i 

The research was conducted in the Borokiri area of Port Harcourt, which is located in 
the southeastern region of Rivers State and within the southern Niger Delta region of 
Nigeria. Borokiri is situated between latitudes 14.43.1N and 14.46.8N of the equator and 
longitudes 7.15.9E and 7.17.3E of the Meridian [7]. The area is characterized by 
mangrove tidal flats along the shoreline of the Bonny River, which is one of the many 
rivers that crisscross the Niger Delta and ultimately flow into the Atlantic Ocean. The 
Niger Delta region is known for its varied morphological units, including meander belts, 
coastal plains, freshwater swamp deposits, and mangrove swamps. Borokiri 
experiences two distinct seasons, a rainy season from April to October and a dry 
season from November to March, with an annual mean rainfall of approximately 4000 
mm [2][5].. 

The Niger Delta is characterized by an intricate network of rivers that flow into the 
Atlantic Ocean, featuring diverse morphological units such as meander belts, coastal 
plains, freshwater swamp deposits, and mangrove swamps. The area has two distinct 
seasons, namely the rainy season from April to October, and the dry season from 
November to March. The region experiences a very high average annual rainfall of 
approximately 4000 mm, as reported by various sources such as references [11][1] [18]. 

 

 

 

 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure i1: iLocation iMap iof ithe iStudy iArea 

 

2.0 Materials iand iMethods 

This study involved a comprehensive investigation of soil properties in the study area, 
utilizing both field and laboratory analysis methods. The field analysis was carried out 
by drilling boreholes using a shell and hand auger rig, soil samples were obtained at 
regular intervals of 0.75 m and when a change in soil type was noticed. These samples 
were then transported to the laboratory for further analysis. 

Undisturbed, cohesive soil samples were collected using a conventional open-tube 
sampler that was 100 mm in diameter and 450 mm in length. The study area was 
divided into a grid, and a total of 18 sample locations were selected to represent each 
grid. The locations were recorded using Meller GPS for accuracy. The collected 
samples were classified based on their appearance and characteristics during the field 
analysis process [1]. 

 



 

 

 

Laboratory Tests 

In this study, a combination of field and laboratory analysis was employed to investigate 
the soil properties of the study area. The laboratory analysis involved conducting a 
series of classification tests on disturbed samples according to the British Standard (BS 
1377 of 1990). These tests included determining the natural grain size distribution, 
moisture content, unit weight, and soil consistencies (Atterberg limits). The purpose of 
these tests was to validate and enhance the field identification and classification of the 
samples. 

In addition, relatively undisturbed samples were analyzed to determine their design and 
strength parameters, such as consolidation and compressibility. Undrained triaxial tests 
were conducted to determine the undrained cohesion (Cu) and the angle of internal 
friction (θ).To establish the sample locations, Meller GPS was used to record the 18 
selected sample locations representing different grids in the study area. Boreholes were 
drilled using a shell and hand auger rig up to 30 meters, but the study was limited to a 
depth of 7 meters. Samples were collected at regular intervals, with both disturbed and 
undisturbed samples collected for laboratory analysis. 

The results of the laboratory analysis were used to confirm and improve the field 
identification and classification of the samples. The integration of in-situ and laboratory 
results in this study provided a comprehensive understanding of the soil properties in 
the study area. 

 

3. Results i 

This isection ipresents ianddiscusses ithe itest iresults iand itheir iapplication iin 
iengineering igeological iparameter imapping iof ithe ilocations. 

3.1 iSubsurface iLithology iCharacteristics 

The following are the findings of laboratory testing, in-situ penetrating, and drilling that 
were used to determine the soil isratigraphy: 

 Dark iOrganic iPeaty iClay i(DOPC) 
 Dark iGrayish iSilty iClay i(DGMC) 
 Dark iGrayish iSandy iClay i(DGSC) 



 

 

 

Table i1. i iCharacteristics iof ithe ivarious iLithological iTypes i i 

S/N Soil iType i Depth 
i(m) 

Engineering iGeological 
Characteristics 

1 Dark iOrganic iPeaty iClay 
i(DOPC) 

0.0-1.0  Dark ibrown iin icolour 
 High iOrganic icontent 
 Fair ito ipoor icompaction 

icharacteristics 
 Medium ito ihigh 

icompressibility 
 Ability ito iswell iand ishrink 
 Sensitive ito iwater 
 Poor idrainage icharacteristics 
 Belongs ito iCL igroup iin ithe 

iUSCS iclassification 
2 Dark iGrayish iSilty iClay 

i(DGMC) 
1.0-5.0  Dark iand igrayish iin icolour 

 Some iOrganic imatter 
 Poor ito ifair icompaction 

icharacteristics 
 Highly icompressible 
 Swelling iand iexpansion 

iabilities 
 Low ihydraulic iconductivity 
 Impervious iand idifficult ito 

idrain iwater 
 Belongs ito iOH igroup 

3 Dark iGrayish iSandy iClay 
i(DGSC) 

5.0-13.0  Dark iclay iwith ifine isand 
 Fair ito igood icompaction 

icharacteristics 
 Limited icompressibility 
 Poor idrainage icharacteristics 
 Fairly istable ias ifill imaterial 
 Belongs ito iSC. 

 

 
3.2 Grainsize iAnalysis i 

Table 2 displays the results of the analysis of gradation patterns. It is worth noting that 
there are no significant differences in the various properties within the same major oil 
group. Therefore, the ranges and averages of values from different boreholes were 
used instead of typical values. 



 

 

In all the locations studied, the organic clay passed through the 4.75mm sieve with a 
percentage of 90% and above, while for the other soil types, the percentage ranged 
between 80-95%. The 2mm sieve retained between 0-18% of the soil types across all 
locations. 

 
 

Table i2: iRepresentative iGrain iSize iDistribution iPattern i 
S/N Soil iType % iPassing iSieve iSizes 

Symbol >4.75 4.75m 75µ 2µ 

1. Dark iOrganic PeatyiClay OH 90–98 80–95 65–76 5–9 

2. Dark iGrayish Silty Clay SC 80–95 61–65 45 12–15 

3. Dark Grayish Sandy Clay CH 70–96 50–55 26 10–18 

 

3.3 Consistency iIndices iof ithe iSoilsi 

The study included the determination of Atterberg limits, liquid limit (LL) and plasticity 
index (PI), as well as the natural moisture contents (wn). The Atterberg limits were 
determined in accordance with the standard test methods ASTM D423 and AASHTO 
T89, and the results were tabulated in Table 3. The data indicated high values for both 
the liquid limit and plasticity index, ranging from 34% to 40% for LL and 7 to 25% for PI. 
These results are consistent with the area's meteorological conditions and proximity to 
the sea, where high water content is expected. Moisture content varied between 20 and 
70% in the study area. 

 

Table i3: i iConsistency iof iSub-soils iin ithe iArea 

S/N Soil iType Symbol i Liquid iLimit 

i(%) 
Plasticity 

iIndex i(%) 
Moisture 

iContent 
1. Dark iorganic Peaty Clay i OL 35.0-38.2 7.4-8.2 20.3-22.5 

2. Dark Grayish Silty Clay i OH 34.0-35.8 8.2 20.3 

3. Dark Grayish Sand Clay i CH 34.0-40.0 10-12 24.8-32.6 

 

 



 

 

 

3.4 Drainage iCondition i/ iPermeability i i i 

In the studied region, water is normally present at modest depths, ranging from 

submerged at high tide to 0.30 meters below the surface of the earth at low tide. This 

demonstrates the region's shallow soils' high permeability. The permeability values are 

adequate, according to the Coefficient of Permeability (K) values acquired during 

consolidation tests on the top 1.50 to 3.00 meters of soil. Table 4 lists these values 

along with how they affect drainage and consolidation. 

 

3.5 Consolidation iTests 

To determine the consolidation characteristics of the soil samples, Terzaghi's one-

dimensional consolidation (oedometer) tests were conducted on relatively undisturbed 

samples. The results of the tests, which are presented in Table 4, provide two important 

parameters, namely the co-efficient of volume compressibility (Mv) and the co-efficient 

of consolidation (Cv), which were determined over a range of pressures between 50 

and 40 kPa for the samples. These parameters are critical for understanding how the 

soil will behave under loading conditions, particularly in terms of settlement and stability. 

Detail iresult ishows ithat ithe icoefficient iof icompressibility i(Mv) ifor ithe iorganic isoft 

iclay i(OL) iis ibetween i1.12 ix i10- im2/MN iand i1.40 ix i10- im2/MN. iThe idark igreyish 

isilty iclay i(OH) ibelow ihad ivalues ibetween i0.98 im2/MN iand i1.25m2/MN. i 

 

Table i4: iConsolidation iand iDrainage iCharacteristics iof ithe iVarious iSoil iLayer i 

Soil/Strata iType i Depth 

iRange 

i(m) 

Co-efficient 

iCompression 
(Mv(m2/Mv) i i 

Co-efficient 

iConsolidation 
Cv(m2/yr) 

Co-efficient 
Permeability i 

(k)m/s 

Remarks i 

 
Dark iorganic Peaty 
Clayi(OL) 

0.00 1.20  
1.32-1.60 

1.5 ix i10-5 Highly 

iCompressible i 
1.00 1.40 2.30 ix i10-7 Moderately i 

Impermeable 
 
DarkGreyish isilty iclayi(OH) 

1.00 0.98  
1.27-1.45 

2.50 ix i10-4 Moderately 
Impermeable 



 

 

5.00 1.27 3.5 ix i10-8 Moderately 
Compressible 

 
Dark Grayish Sand 
Clayi(CH) 

5.00 1.07  
1.19-1.45 

2.65 ix i10-4 Moderately 
Compressible 

13.00 1.26 3.00 ix i10-6 Highly 
Impermeable 

 

3.6 i Bearing iCapacity iof ithe iSub isoils 

The iTerzaghi iformula ifor icomputing ithe ibearing icapacity iof isoils ibased iin ilaboratory 

iresults iwas iused iin icomputing ithe ibearing icapacity iof ithe isub isoils iat ivarious isample 

ipoints.This iis igiven ifor irectangular ifooting ias; 

 
Qu i= iCNc i(l+O.3B/L) i i+ i iYDfNqRw1 i i+ i i0.5YBNq i(l-0.2B/L) iRw2  1 

Where; i 

Qu  i= i ultimate ibearing icapacity 

 C i = i undrained icohesion iof ithe isoil 

B i = width iof ifooting 

L i = Length iof ifooting 

Y i = i Unit iweight iof isoil 

Df  i= i Dept. iof ifooting 

Q i = Angle iof ifriction ias iO ifor iundrained icondition iof isoil. 

Rw1 i = i reduction ifactor ifor iwater itable iabove ithe ibase ilevel iof ifoundation i i 

i i i i i i i i i i i i i i  = i i 0.5 i(1 i+ iDw1/Df 

 Rw2 = i reduction ifactor ifor iwater itable ibelow ithe ibase ilevel iof ifoundation i i i 

i i i i i i i i i i    = i i0.5 i(1 i+ iDw2/B) 

 
Value iof ivarious istrength iCharacteristics iare ipresented iin itable i5. 

 

 

 



 

 

Table i5: iStrength iCharacteristics iof ithe iVarious iSoil iLayers i 

S/N Soil iType Symbol i U-U iTri-axial iTest i 
Ɵu(0) Cu(kPa) 

1. Dark iorganic Peaty Clay i OL 4 41.4 i- i48.5 

2. Dark igreyish isilty iclay i OH 4 56.6 i- i65.6 

3. Dark iGreyish Sand Clayi CH 4 73.0 i– i80 

 

 

Settlement iComputations 

The ilikely isettlementas ia iresult iof ivertical iloading iwas icomputed iconsidering isubsurface 

ilithology iand ithe ilikely iland iimprovement imethod.Settlement iprediction iwas imade ifor ia 

ifoundation idepth iof i2.5m. 

The isettlement iof ieach ilayer iwas icomputed iusing iskepton iand iBieranar i[9] iwhich igives 

iOedometer isettlement ias; 

S i= iMv i. idv i. iH i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i2 

Where; 

Mv = Coefficient iof iVolume iCompressibility i i 

H = i Thickness iof icompressible ilayer 

dv = i average ieffective ivertical istress iimposed im ithe iparticular ilayer iform iwet i

 foundation ipressure i(qn) 

 
 

Table i i6: iAnalyzed iGeotechnical iData 

Easting Northing i Liquid 

iLimit i(%) 
Cohesion 

(kPa) i 
Angle iof 

iFriction 

i(θ0) 

Bearing 

iCapacity i 
KN/m2 

Settlement 
i 

(mm) 
T90 

(Yrs i) 

278533.2 524913.2 33.6 62.3 5 189.94 82 7.42 
278563.9 524870.1 32.1 68.4 6 162.35 80 4.27 
278563.7 524805.5 35.8 56 4 191.67 69 2.8 
278564 524900.8 26 64.4 4 135.27 352 3.69 

278594.7 524863.8 24.5 75 6 155.27 168 3.65 
278625.4 524820.7 29.2 79 6 201.08 70 5.69 



 

 

278533.4 524993 24 80 4 172.87 332 3.92 
278625.8 524952.8 26.5 64 4 175.32 172 4.81 
278656.4 524863.6 31 67 6 156.81 148 4.33 
278687.1 524829.8 24.5 78 4 198.1 63 4.81 
278687.1 524829.8 29.8 62 6 169.07 84 5.1 
278748.8 524860.3 25 58 4 202.37 96 3.86 
278687.4 524943.4 37.2 43.2 6 185.62 97 4.72 
278625.9 524980.5 25 59 4 172.72 128 5.06 
278687.6 525023.3 29 46 6  217 4.48 
278656.9 525054.1 26 53 4    
278687.7 525051 38 43.5 5    
278626 525038.9 35.8 46.3 6    

  

 

4.1 Geological Engineering Parametric Mapping i 

A thorough technique is required to produce iso-contour maps for variables including 

liquid limits (LL), cohesion, friction angles, and bearing capacity settlements. Through 

methodical field stacking of a region at various sizes, a full collection of engineering and 

geological data is collected using this method. The gathered data should subsequently 

be kept in a designated data bank for simple usage and access [7]. The iso-contour 

maps may then be produced using GIS-based mapping techniques, providing a better 

knowledge of the site's geotechnical characteristics and assisting in decision-making 

[10].  

The iProcedures iinclude; 

 Geotechnical icharacterization iof ithe isuperficial ilayers iwithin ithe idepth iof 

iinterest ibased ion iparameters iselected. 

 Generation iof ia ispatial ibase imap iusing iGoogle iearth iwith igeo-referenced 

isample ilocation ipoints iand ithe iparameter ivalues iwere itransferred ito ieach 

ilocation ipoint. 

 The igeotechnical iparameters iobtained iduring ifield iand ilaboratory ianalysis 

imaintained iin iSpreadsheet iExcel i2013 inoting itheir ireference ico-ordinates. i 

 Using ia iGIS itechnology itool iSurfer iII, ithe ibasic iinformation iis itranslated 

iinto idigital itopographic idatabase iwhich igenerates ia inew ifile iof iworksheet. 

iThe ifile iis igridded iand ithen iplotted ito icreate ithe icontours. 



 

 

 In ithe ifinal imap, iparametric ivalues, iwhich inow ifeature iclasses, iare 

irepresentedby ishaded icolor icodes. 

 Usinga iGIS itechnology itool iSurfer iII, ithe ibasic iinformation iis itranslated 

iinto idigital itopographic idatabase iwhich igenerates ia inew ifile ior 

iworksheet.The ifile iis igridded iand ithen iplotted ito icreate ithe icontours. 

 In ithe ifinal imap, iparametric ivalues, iwhich inow ifeature iclasses, iare 

irepresented iby ishaded icolor icodes. i i 
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Figure i2: iLiquid iLimit 
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Figure i3:Cohension 
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Figure i4: iAngle iof iInternal ifriction 
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Figure i5: iBearing icapacity 
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Figure i6: Settlement      
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5. Discussion i 

The research was focused on the assessment of the geological engineering parameters 

such as the soil consistency, moisture content, Atterberg limits, and permeability. The 

results obtained from the investigation showed that the area is characterized by clayey 

soils of varying consistencies [2]. 

The stratigraphic layers encountered during the shallow foundation level investigation 

were delineated as clays of various consistencies. The range of the consistency values, 

such as the liquid limit (LL) and plastic limit (PL), is a good indication of the likely 

behavior of the clayey soils in the presence of excess water [1[. The high moisture 

content of the clays, ranging from 20.3% to 32.6%, is similar to previous studies 

conducted in the region. This high moisture content could be attributed to the heavy 

rainfall and proximity to the coast. During the rainy season, the clay absorbs water and 

swells, while in the dry season with less rainfall, the clays shrink and crack. This 

constant swelling and shrinking of the clays is a result of the hydro-metrological 

changes, which are also responsible for some of the geotechnical problems in the 

region [3][14] 

The Atterberg limits, which are essential parameters for determining the plasticity and 

compressibility of soils, were also determined. The results showed high values of liquid 

limit (LL) and plasticity index (PI), ranging from 34% to 40% for LL and 7% to 25% for 

PI. These values indicate the high plasticity and compressibility of the clayey soils, 

which could result in excessive settlements of foundations. 

Permeability tests were also conducted on the soil samples, and the results indicated 

that the soils have appropriate permeability values. This information is useful for 

drainage and consolidation planning in the area. 

In order to produce iso-contour maps for liquid limits, cohesion, friction angles, and 

bearing capacity settlements, a comprehensive approach was used. This involved 

acquiring a complete set of engineering and geological data, systematically layering the 

area in different scales, collecting the comprehensive information in a data bank, and 



 

 

using GIS-based mapping techniques. This approach provides a detailed and accurate 

representation of the geological and geotechnical characteristics of the area, which is 

essential for effective planning and management of engineering projects in the region 

[15]. 

Overall, the geotechnical investigation techniques used in this study provide valuable 

information on the geological and geotechnical properties of the soils in the Niger Delta 

Sub-region of Nigeria [18]. This information is essential for effective planning, design, 

and construction of engineering projects in the area, particularly in relation to foundation 

design, drainage, and consolidation. The comprehensive approach used in producing 

iso-contour maps provides a detailed and accurate representation of the geological and 

geotechnical characteristics of the area, which is essential for effective planning and 

management of engineering projects in the region [6]. 

 

Conclusion 

In conclusion, this research has shown the importance of comprehensive geotechnical 

investigations in the Niger Delta sub-region of Nigeria. The use of geotechnical mapping 

techniques, such as the production of iso-contour maps, can aid in the understanding of 

the behavior of the soil and its potential impact on engineering projects. However, it is 

essential to note that these maps should not replace detailed studies, which are 

necessary for specific projects. 

Additionally, the study highlights the difficulty of accurately characterizing subsurface 

conditions. Even the most thorough investigation program can only provide limited 

information, and unexpected conditions may still arise during construction. The adoption 

of the observation method becomes the most cost-effective approach in such situations, 

as it allows for adjustments to be made during construction to ensure the project's 

success. 



 

 

Finally, it is important to note that the hydro-meteorological changes in the Niger Delta 

region, particularly during the rainy season, have a significant impact on the behavior of 

the soil. This study emphasizes the need for continued monitoring and evaluation of the 

soil properties to ensure the safety and success of engineering projects in the region. 
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