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ABSTRACT

Stratigraphic characterization through geotechnical and geophysical exploration were

performed for the petroleum hydrocarbon contaminated Baruwa site in Lagos Nigeria.

Soil stratigraphy was obtained from borehole data. Interpolation between boreholes was

performed by projecting borehole data on cross-sectional planes, by using Computer Aided

Drafting (CAD),together with manual interpolation between the boreholes.

Detailed laboratory geotechnical analysis of subsurface soil was employed and twenty

seven soil samples (undisturbed and disturbed) were taken altogether. The laboratory tests

that were carried out on these soil samples include index properties of soil, chemical

analysis, permeability and clay mineralogy. Coefficient of permeability for Baruwa s~il

samples ranges from 1.72- 6.36x104cm/s.Soil specific gravity was between 2.64and 2.66.

The extent of contamination was studied using geophysical survey techniques, to

measure the geophysical property of resistivity for the subsurface. Electrical resistivity

soundings were also used to study the various stratigraphic units in the Baruwa subsurface,

The determination of the stratigraphy / soil subsurface profile for Baruwa site using

geophysical and geotechnical methods has revealed the role of unconsolidated lateritic soils,

granular backfill and sand lenses in vertical contaminant migration for the subsurface,

especially in the unsaturated soil moisture zone, and this has hastened the pace of the leaked

hydrocarbon through the thick surficial aquitard (Average aquitard thickness was 23.65m)in

Baruwa.
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The topography, stratigrahpy and hydraulic gradient of the area has aided the

movement of the leakage from the source into the surrounding wells at various degrees. The

severity of the pollution was also discovered to be based on the heterogeneous nature of the

material immediately around the depth of burial of the source(2.0m), the direction of

groundwater flow and the topography of the study area.

On a regional basis the groundwater moves from north to south, while on local basis it

moves from east to west. From the suspected source of leakage the hydrocarbon product

migrates and causes a thickness of 0.72metres on top of groundwater at well 20, 0.65m at

well 15, 0.35m at well 41 and 0.12m at well 69. This also explains why contamination in well

30east of the source is not severe but has a O.2metreshydrocarbon level.

lV



-' .-

TABLE OF CONTENTS

TITLE PAGE .

CERTIFICATION .

ABSTRACT .

TABLE OF CONTENTS .

LIST OF TABLES .

LIST OF FIGURES .

APPENDIX .

ACKNOWLEIX;EMENT .

CHAPTER ONE INTRODUCTION .

i

ii

iii

v

viii

ix

xi

xii

1

2

2

4

4

5

5

8

8

8

9

14

1.1 Preamble .

1.2 Background to Study .

1.3 Justification for the Study .

1.4 Aim and Objectives of the Study .

1.5 Contribution to Knowledge .

1.6 Scope of Work .

CHAPTER TWO: GEOLOGY OF THE STUDY AREA

2.1 Description of the Study Area .

2.2 Geology and Well Records of the Study Area .

2.3 Regional Geology and Hydrogeology .

2.4 Soil Characterization .

2.5 Historical Record of Leakages Assessment and Depth of
Pipeline Burial .

2.6 Nature of Ground Water Contamination .
15
16

v



CHAPTER THREE: LITERATURE REVIEW 22

3.1 Laterite and theirFormation . 22

233.2 Chemical Definition .

3.3

3.4

3.5

3.6

Morphological Definitions . 24- ..•.. ~~

."'~i~~\"
/f / "\~Factor AffectingFormation of Laterite if" j 25~. 1.1

\t I I

Hydraulic Head and Fluid Potential in Groundwater Flow ..'.~",t.' "', 26 t
\: .;" '"" /"

\ ~~'"~jI> . <~ 29
'~---- .>;;»-'

'~-;- •.•.• 'V-

29

Laterisation .

CHAPTER FOUR: MATERIALS AND METHODS

4.1 Field Tools .

4.2 Sampling .

4.3 Laboratory Test " .

4.3.1 SpecificGravity .

4.3.2 Grain Size Distribution .

29

31

31

32

33

33

33

34

35

35

36

37

37

41

45

45

48

50

4.3.3 X-RayAnalysis .

4.3.4 Permeability .

4.3.5 Chemical Analysis of the Soil Samples .

4.3.6 Vertical ElectricalSounding .

CHAPTER FIVE: RESULT AND DISCUSSION

5.1 Bulk Density .

5.2 Volume Moisture Content .

5.3 SpecificGravity .

5.4 Permeability .

5.5 Particle Size Distribution , .

5.6 Chemical Analysis "

5.7 X-Ray Diffraction Analysis .

5.8 Direct Current Resistivity Measurement .

5.9 Lithologic Description of the Monitored Wells .

VI



5.10 Geosection and Contour Maps of the Soil at 3, 6 And 12m
across the Wells .

5.11 Groundwater Flow Modelling in Lagos State .

CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS

59
63

67

6.1 Conclusion . 67

68

69

73

83

90

97

6.2 Recommendations .

References .

AppendixA .

Appendix B .

AppendixC .

Appendix 0 .

Vll



LIST OF TABLES

Table 4.1:Classification for Soilswith SpecificGravity Values... 31

Table5.1:SoilBulk Density Test Results.......................................... 36

Table5.2:Volumetric Moisture Content. ........ ...... .. .... ...... ..... ...... ... ... 36

Table5.3:Summary of the SpecificGravity Test.............................. 37

Table5.4. Permeability Test Result. ....... ...................... ...... ........ .. 38

Table5.4a.Permeability Test Result for Oyewole samples................... 39

Table 5.4b.Permeability Test Result for Elegbede samples. ................. 39

Table 5. 4c.Permeability Test Result for Ladipo Ajulo samples........ 40

Table5.5:Oxide Composition........................ 45

Table5.6a: Elevation of Water, Liquid Hydrocarbon& Depth to

bottom of examined WelL ,.................. 48

Table5.6b:SoilLithology before 25m at Well 30,41 and 69................ 49

Table5.7a: Resistivity Results at 3, 6& 12m depth across the

examined Wells.......................................................... 53

Table5.7b:Resistivity of Rocks.................................... ... 53

r' .-::~~)••', .

',fo..!::, •..
•' ~•• ~{,J

i/' /'
l

/'
" ,,'..•.-:';::~-. '

Vlll



-~-------

LIST OF FIGURES

Figure 1.1Map of Lagos Stateshowing theStudy Area(Baruwa) '" 6

Figure 1.2Survey Map of the Study Area...................................... 7

Figure 2.1:Geological Map of the Study Area Lagos State... 11

Figure.5.1a:Graph of Void Ratio against Permeability for Oyewole site... 39

Figure.5.1b:Graph of Void Ratio against Permeability for Elegbede site.. 40

Figure.5.1c:Graph of Void Ratio against Permeability for Ladipo Ajulo Street 41

Figure 5.2a Particle Size Distribution Curve for all the samples in Oyewole
Close............................................................................ 42

Figure 5.2bParticle Size Distribution Curve for all the samples in Elegbede
Street........................................................................... 43

Figure 5.2cParticle Size Distribution Curve for all the samples in Ladipo
Ajulo Street............................................................... .... 44

Figure 5.3 X-Ray Defraction for Oyewole site.................................... 47

Figure 5.4a: Elevation Contour of Study Area 51

Figure 5.4b:Liquid Flow Between examined Well of Baruwa.................. 52

Figure 5.5a Lithologic Correlation& Hydrocarbon Thickness above Water
Level in examined Wells along Y-YAxis.............................. 55

Figure 5.5b:Lithologic Correlation and Static Water Level across the
examined Wells along Y-YAxis 56

Figure 5.5c:Map of Lagos State Showing the Lateral extent of Saline
Water across the State....................................................... 57

Figure 5.6a:Resistivity Contour at 3m across Baruwa Study Area...... 60
Figure 5.6b:Resistivity Contour at 6m across Baruwa Study Area 61
Figure 5.6c:Resistivity Contour at 12m across Baruwa Study Area........... 62
Figure 5.7a:Nodal Data as used in Groundwater Model for Elevation

of Top of Lower Coastal Plain Sands in Lagos... 64

Figure 5.7b:Nodal Data as used in Groundwater Model for Elevation
of Base of Lower Coastal Plain Sands in Lagos... ..... ....... ....... 65

Figure 5.7c: Piezometric Map of Coastal Plains Sands Aquifer in
Lagos State... ...... ... .. .... ....... ............. ............... ...... ......... 66

IX



'.

APPENDIX

Appendix A:Schlumberger and Wenner Analysis Program................. 73

Appendix B:Particle Distribution/Hydrometer Test Results.................. 83

Appendix C: Borehole Logs of the 6 Well across Baruwa 90

Appendix D: X-RayDiffraction for Trial Pit(T),(M) and (8) at Oyewole

Close, Elegbede Street and Ladipo Ajulo Street.. ... .. .. . .. .. .. ... ..... .. 97

x



•

ACKNO~EDGEMENTS

I want toacknowledge the first and foremost the faithfulness of our lord JesusChrist

in ensuring the successful completion of this programme.

No project is ever completed without the help of some people, I am most grateful to

my major supervisor, Prof. S.A Ola whose patience, fatherly care, support and quest for

details helped a great deal to the completion of this research work, may Almighty God

continue to grant you divine health, long life, abundant protection on you and your

family, may you continue to see your children children in the mighty name of Jesus.

I will also express my appreciation to my co-supervisor Dr. A.O.Owolabi, for his

encouragement and understanding, he was always around to scrutinize every detail and

appropriate a correction where necessary, and may good God continue to guide you

through in all your endeavours.

Furthermore, I would like to extend my profound appreciation to the entire staff of

civil engineering department, most especially Engr.O.O Ojuri whose contribution in the

production of this thesis cannot be quantified.

I will want to acknowledge the assistance of the staff of Geotechnical Laboratory in

civil engineering department and the staff of Geology department of University of Ibadan

. most especially ( Mr. Attah) whom I did X-ray analysis of the soil tests.

Xl



· - - -- -

I want to show my appreciation to member of staff of civil engineering department

of Federal AirportsAuthority of Nigeria especially that from Engr. 0.0 Agili,Surveyor

Remi Aromiwura, Engr. A.A. Adeyemi, Engr. A.Oredola and messers Omidire,

Ogundipe and mybrother DemolaFalowo, I saythank you all.

My acknowledgement will not be complete without mentioning the immense

contribution of my indefatigable lecturers in the department, may AlmightyGod

continue to guide them through in all their endeavours.

Iwould forever be grateful to Mr. Olugbenga Ilori aGeophysicist with Lagos State

Water Corporation, andDr. A. U. Oteri a consultant hydro geologist for giving me much

needed assistance and materials during the course of this research work, also want to ,

acknowledge the assistance of people of Baruwa Village especially the Bale of Baruwa

and the landlord Association of the community, you are all gratefully appreciated.

Finally to my maker and the LordIreturn all the glory.

Balogun Sola.

xu



1.1 Preamble

The spilling and leakage of petroleum products within the environment have

posed a serious health problem in providing borehole and water wells for consumption

within the last few years to the residents ofBaruwa Village at Ipaja, Lagos.The

occurrence is common in the community due to underground leakage of petroleum

pipelines. The contamination in both soil and groundwater require a great deal of

geotechnical investigation, field experience as well as laboratory work to unravel.

Contaminatedsubsurface due to the spill and leakage of non- aquiferous phase

liquids such as gasoline, fuel oil chlorinated solvents has emerged lately as a major

environmental problem in many developing nations like Nigeria.

Generally, among manycontaminants found in the soil and groundwater, .

organic contaminants are more difficult to remediate due to their low solubilities and

high interfacial tensions. The cleaning up of the contamination in both soil and ground

water is a complex process and the cost effectiveness of such remediation is achievable

through proper planning. Many of these contaminants are slightly water soluble and

highly volatile fluids thus the infiltration and migration of these non-aqueous phase

liquids in the subsurface is a difficult and complex process. After release on the surface,

non-aqueous phase liquids move through the unsaturated zone under the force of

gravity as only a small amount of non-aqueous is released.

All of the mobile petroleum products are eventually trapped in pores and fracture in

the unsaturated zone, infiltration through vadoze zone dissolves some of the soluble

organic constituents in the non-aqueous phase liquids carrying organics to the water

table and forming a dissolved organic plume in the acquifer.

In the unsaturated zone the liquid petroleum products dissolve in the water

phase and equally volatize into the soil-gas phase hence the remaining petroleum
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products may persist for long periods oftime; slowly dissolving into groundwater and

moving in the water phase via advection and dispersion processes.When the product

is lighter than water it forms petroleum hydrocarbons such as Benzene, toluene,

EthyIbenzene etc andsimilarty when it is denser than water it forms chlorinated
,-

hydrocarbon. Thus,if enough dense non-aqueous phase liquid is released at the surface

it can migrate all]the way through the unsaturated zone and reach water bearing unit.

Furthermore, it is acknowledged that groundwater represents more than50% of

the world's drinking water supply. Its contamination needs immediate attention,

although the amount of groundwater use in Nigeria is still small but with time its

future demand is expected to grow especiallym water scarce/prone environment like

northern part of Nigeria (Akanbi,2006).

1.2 BackgroundtoStudy .

In Nigeria cases of petroleum product spills have been reported, many of which '

were detected in wells. These include the pollution of surface and ground water at the

Kaduna Refinery and adjoining Rivers Romi and Rido, diesel pollution at Sherada

Industrial area in Kano and diesel pollution at Shogunle area of Lagos adjacent to

Plasco Sheets Company Ltd. Some of the other cases reported include those at Rigassa

and Sarkin Pawa in Kaduna State, Ogbomosho in Dyo State, Orogun in Delta State and

Oguta in Imo State. Also not to be forgotten is the spate of spillages from crude and

product pipelines in the country, majority of which are attributed to vandalization. Oil

spills of crude and refined petroleum products are a major source of contamination of

fresh water resources in both surface and groundwater. Between 1976and 1986,about

2005 crude oil spill incidents were reported by oil producing companies in Nigeria with

the estimated quantity of oiilspUled being put at about2. bmion barrels (Oteri,2.(00).

During a period of about 21h years, geologists from the Groundwater Section of the

Pennsylvania Department of Environmental Resources, United States of America

investigated over200 hydrocarbon products spills as part of their normal prevention -

abatement program activities (Osgood,1974). Jn deating with cases of hydrocarbon
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spillages, prompt action in determining the extent of contamination of soil and

groundwater, and developmg a recovery/remediation programme is necessary after

confirming that soil and groundwater pollution has occurred.

Petroleum product pipelines lie betweenBaruwa and jakande Housing Estate on

one side and Gowon andShagari Estates on the other in the Ipaja area of Alimosho

Local Government Area of Lagos State. While one of the pipelines runs from Atlas

Cove( Ejigbo) to Mosimi (see figure 1.1) carrying various petroleum products (multi-

purpose pipebne), the others are dedicated pipelines, carrying various products from

Mosimi depot to the Satellite depot at Ejigbo.

Sometime, spillage of petroleum products occurred at the valve pit about 120

metres south of Iyana Ipaja at Baruwa as a result of vandalization; (see figure 1.2).

Another spillage was said to have occurred at the same valve pit in January 1996.

Petroleum products were first discovered in a well at the Niger Pre-Age School Baruwa

adjacent to the pipeline some time after the 1994spiflage, The pollution plume of

petroleum product started spreading from one well to the other until large areas were

now affected in Baruwa, Jakande, Cowen and Shagari Housing Estates. Many of the

people in the affected areas could no longer drink water from these wells or utilize the

water for other purposes. The Baruwa Community arrested a man who confessed to be

bunkering from a borehole at the premises of the Niger Pre-Age School. He confessed

to being a member of an organized ring carrying out bunkering activities in the area.

He was detained by the Nigerian police and later released. The groundwater pollution

in Baruwa and adjoining areas has received very messive press coverage over the

years. The first report in the Press was that in the Guardian Newspaper of 8th

September 1997.

There have been studies whether the pollution is from the Texaco Petrol Station

along Ipaja road which was established and became operational around year 2000.It is

obviously not the source of leakage of the petroleum product in Baruwa community

since it lies in the boundary area where·water with dissolved hydrocarbon gives way to

unpolluted water.
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TheFirst Royal Oil Petrol Station,Jakande Estate was also suspected but said to

have been established around1998 though some people feUit was slightly earlier than

that. All agree that it became operational after the area had been polluted. It occurs

within an area where petroleum product floats on the water table, and the wells around

it have floating product. The well in the premises of the station had a very thin film of

oil in 2000/2001 but has since cleared. Analysis showed the water had dissolved

hydrocarbon concentration of2.15 mgll.

The pipeline traverses the area and iltwas after the vandaliization of the valve pit

and the resultant spillage of petroleum products in1994 and again in1996 that the first

oil polleted well was first discovered in the compound of Niger pre-age school. It is

noteworthy that the wells immediately adjacent to the valve pit in the valley and

adjoining areas of Jakande andShagari Estates are polluted with dissolved

hydrocarbon, but not floating hydrocarbon. The spillage from the valve pit is a source

of pollution.

1.3 Justification for theStudy

The residents ofBaruwa Communitylocated at NorthWestern part of Lagos

Statehad been enjoying good water since its inception until about 15 years ago[i.e,

1994-)when the residents of the community found out that the water abstracted from

their wells and boreholes were contaminated. There were changes in colour and odour.

Consequently, there was need to assess the le el of the contaminant in that community,

and determine the extent to which the contamination had spread.

L4 Aim and Objectives of theStudy

The aim of the study was to determine the effect of subsurface soil stratigraphy,

drainage and engineering properties of soil on the migration of leaking petroleum

hydrocarbon at the contaminatedBaruwa site.
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Theobjectivesof the study were to:

• determine the stratigraphy/soil subsurface profile forBaruwa site using

geophysical and geotechnical methods.

• determine the chemicaland geotechnical properties of the soil in the study area,

• monitor the water level in correlation with the lithology of the area at which the

contaminant spread.

1.5 Contribution to Knowledge

The research was expected to result in the:

(i) Geotechnical and geochemical characterization of the lateritic

subsurface soil at the hydrocarbon contaminated Bamwa site.

(ii) Determination of the vertical pathways of contaminant migration

especially in upper unsaturated soil moisture zone around the leaking

hydrocarbon source at the case study site.

1.6 ScopeofWOl'k

The scope of the study work involved the following:

a. Confirmation of the source of the contamination.

b. Determination of the impact of the spill on the environment.

c. Determination of the rate at which the contamination is spreading.

d. Establishment of the extent of the damages caused by the spillage to the

environment.

e. Carry out the required Geophysical and hydrogeology survey to study the

contamination.
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CHAPTER TWO h /ii' .

"\

GEOLOGY OF THE STUDY AREA '~.~~"
"~.•. 'f',,"
\i: ~'r.' "'"

2.1 Description of theStudy Area

The study area is located inBaruwa Village, Ipaja, Lagos State of Nigeria.

Baruwa Village(N06°36.276/1 and EOO3°16.311/1) is in the North Western Part of Lagos

State and is bounded by Yakubu Gowon Estate and Boys Town Communities. It is

accessibleby a network of roads through Iyana Ipaja-Ayobo. It is a densely populated

residential area with about 25,000inhabitants and about 10,000of them live in the area

already contaminated. During this investigation, soil samples were taken from three

locations situated within the Baruwa Vmage Community. Fig 1.1 shows the map of

Lagos State indicating the study area (Baruwa), while Fig.1.2 shows the map of the

study Area (Baruwa Viillage)indiicatingthe three locations where samples were taken.

2.2 Geology and Well Records of Study Area

The community is situated majorly on a sedimentary layer with some of it

lateritic in nature up to about 3metres.The soil type has an aquifer layer of about

23metres in depth. Lagos State hes solely within the extensive Dahomey Basin, which

extends from Volta Delta in Southwestern Ghana through the Republics of Togo and

Benin to Nigeria. The basin is believed to terminate at the Benin hinge line (also called

the Okitipupa ridge of Ilesha spur) in the western part of the Niger Delta.

The geological sequence in the Dahomey Basin extends from the Precambrian to

recent. Jones and Hockey (1964) grouped all the cretaceous sediments under the

Abeokuta formation, while Akanbil (2006) subdivided the cretaceous sequence into

three: Ise,Mowo and Araromi formation under the Abeokuta group. Lithologically,

Akinbo and Oshosun formations are similar, bemg greenish grey shales. The boundary

between the Coastal Plain Sand and the Ilaro formation was taken as the base of the last

continuous sand (Oteri" 2000) in most of the wells corresponding to the boundary

between high resistivity sand formations and the low resistivity days.

8
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Kampsax and Kruger(1977) subdivided the aquifers in Lagos State into four,

with the first representing the recent sediments and the second and third aquifer being

the Coastal Plains aquifer. The fourth aquifer represents the Abeokuta formation. The

Hydrogeological Investigation of Lagos State (Coode Blizard et a] 1997)team confirms

that there are three (3) main aquifers separated by clay layers (see Fig. 2.1). Sands and

gravels constitute the materials in the aquifer of recent sediments, coastal plains sands

and Abeokuta formation. Limestone forms the aquifer material in the Ewekoro

formation. In the northern part of the State, the Abeokuta formation is made up of very

thick sands, majority of which consist of coarse to very coarse-grain clean quartz.

2.3 Regional Geology and Hydrogeology

Lagos State lies within the Benin sedimentary basin where rocks consisting of a

series of shallow marine and estuarine deposits ranging in age from cretaceous to

recent occur. These sedimentary rocks rest uncomfortably upon the basement complex ,

rocks of the African shield. The sedimentary rocks which are mainly sands and clays

with some limestones thicken towards the west and the coast and downdips towards

the coast They are subdivided into geologic formations which are: Recent Sediments

(Alluvium), Coastal Plain Sands, Ilaro-Ewekoro and Abeokuta Formations (Kampsax

and Kruger, 1977).

The water-bearing (aquifers) in this basin are the sands in the Abeokuta

Formation, limestones in the Ewekoro Formation and sands in both the Coastal Plains

Sands and the Recent Sediments. Baruwa and surrounding areas lie on outcrops of the

coastal plains sands which consist of soft, very poorly sorted dayey sands, sands,

pebbly sands, clays and in some instances lignite. The main aquifer developed for

water supply is sands in the coastal plain sands. There is a lot of lateral variation in

lithology of this formation from one place to the other. The geology of Lagos State is

presented as Figure 2.1. The coastal plains sands in gross lithology is subdivided into

three (3) aquifer units - the first, second and third aquifer units. Each unit consists of

9



sands andclay layers separated from the underlying unit by a thick continous clay

layer. The first aquifer unit which is the water table aquifer is the target horizon for

pollution from spillages from pipelines, overhead and underground storage tanks,

soak-always and refuse dumps/landfills. This aquifer is overlain by a thick red lateritic

soil. In Baruwa area,the depth to the water table is about 24metres. This is a major

aquifer of interest in this study and the lithology of the unsaturated zone, the depth to

the water table and hydrogeologic characteristics of the unsaturated zone and the

aquifer horizon are of interest to this investigation.

10



~""""I c1 t
-- Coo s ttme s and Rivers '.

hF:'I:>,"';'-:<?

[lliI"r: t·
>.. F r

~ ",
~ [ rl~ -,

Figure 2.1 GEOLOGICAL MAP OF THE STUDY AREA, LAGOS STATE, NIGERIA

11



I
(
I
\

\

In Lagos State, ground wateroccurs at all locations such that quantity is not a

constraint but its quality resultmg from either salt or high iron, silica or phosphate

content. TheBaruwa area is poorly served bypublic water supply. Though there is a

Lagos State Water Corporation, water mains pipeline traversingthe area, over 90

percent of the water used is from large diameter dug wells into the unconfined aquifer.

A number of individuals have drilled shallow boreholes. Many wells exist but there is a

culture of water sellers in Lagos Metropolis such that residents with no wells in their

compounds buy water from vendors either in buckets or tankers ..

2.3.1 AbeokutaFormation

The Abeokuta formation is a much more prolific aquifer than the coastal plains

sands in the northern part of theState.Fresh water occurs in outcrop areas of the

Abeokuta formation in Ogun State. In Lagos State the aquifer is confined beneath

younger sediments. At Itoikin and Igbonla (see figure 2.1), artesian conditions exit with

free flowing water. The initial piezometric head at the ltoikin well was measured, wit a

pressure gauge, at 1.5 bars, which is equivalent to+15metres. Artesian seeps from the

ground surface are reported in riverbanks where rivers have down cut through

younger sediments to the Abeokuta formation (Tahal, 1995).It was also reported that

the magnitude of the artesian head in the aquiifer ]s greater than that expected in a

conventional artesian basin. The groundwater is also hot, reported to be at 800c at the

Guinness site in Ikeja and 430Cat the project borehole in Itoikin.

2.3.2 Ilaro and Ewekoro Formation

The formation ]s not considered as an aquifer in Lagos State as it is

predominantly composed of shaly clay. At Lakowe, in the southeastern part of the State

(see figure 2.1), a borehole completed in the Ilaro formation resulted in saline water.

This was the only source of hydraulic information on the Ilaro formation. In this

locality some high energy deposits of fossils and associated gravels were encountered

as thin bands in what was otherwise a shaly clay sequence. It was not possible to
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differentiatethe Ewekoro as a target aquifer in any of the project boreholes or existing

wells in LagosState. The formation represents a minor resource in LagosState(see

figure2.1).

2.3.3 CoastalPlainsSands

Over 95% of all boreholes in Lagos State obtain their water from the coastal

plains sands. There is a lotof lateral variation in lithO'logyand water qualities in this

aquifer. The aquifer thickens from its outcrop area in the north to the coast in the south

and the sand percentage:iJnthe formation also changes from north to south, Salt-water

occurs in this aquifer with the second aquifer being fresh water bearing in the northern

and central parts of the State but salt water bearing in the southern coastal belt (Coode

Blizard et al, 1997).

As the salt water in the upper coastal plains sands aquifers overhes fresh water

in the lower coastal plains sands aquifer, there is always a clay layer that separates the .

salt water above from the fresh water below (see figure2.1). The transition from salt

water to fresh water is not abrupt; there is an interface of intermediate salinities. The

fresh water interval at Akodo in the lower coastal plains sands aquifer is sandwiched

between salt water above and below. While a clay layer separates the salt water from

the fresh water above the lower coastal plains sands aquifer, an interface exists between

fresh water and saline water in the lower coastal plains sands aquifer. The transition

from the fresh water to'saline water at the base]S gradual [Coode Blizard et al, 1997).

2.3.4 Alluvium

This aquifer is exploited lthrough shallow hand dug wells and boreholes. In the

coastal area covering Apapa, Victoria Island and Lekki Peninsula where salt water

occurs in the upper coastal plains sands, aquifers within the lower coastal plains sands

and the shallow aquifers in the recent sediments constitute a source of water supply for

domestic usage. However, due to salt-water intrusion, only a thin layer of fresh water
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sandsoccurs in this aquifer at some localities while in others the whole of the water

table aquifer is salty(Coode B,lizardet al, 1997).

At other places, the fresh water lens is as thick as 20 to 40 meters and is exploited

by shallow boreholes. Due to the shallow water table and the very porous permeable

sands in the area, contamination of the water from sewage and waste disposal is

common especially in Apapa.

2.4 Soil/GroundwaterCharacterization

The investigation stage of the soil/groundwater characterization process

provided a substantial information that can be used to assess the movement and fate of

the soil/groundwater cornarmnants, However, knowledge of the type of contaminants,

subsurface characterization and contaminant locations in the subsurface is needed for

assessing the transport and infonnation processes in the subsurface. The grouping of

contaminants based on mobility is necessary because contaminants in the immobile

phase ( i.e in non-aqueous phase liquid (NAPL) such as gasoline and fuel oil) can

contaminate subsurface water and vapour and similarly contaminants in the mobile

phase such as subsurface vapour water and gasoline have the potential to migrate.

The purpose of soil sampling is to determine the subsurface distribution of

bydro-stratographic units and the distribution of mobile and residual NAPL. These

objectives can be achieved through the use of convectional soil bearing or direct push

method (e.g Geoprobe or Cone Penetrometer testing). All soil samples should be

collected, described and analyzed.

Furthermore, knowledge of the site location, distribution, concentration and

total mass of contaminants of regulatory concern subbed to the soils or present as

residual and or mobile NAPL is required to calculate contaminant partitioning from

NAPL into groundwater, in the same vein, knowledge of the distribution of

contaminants in soil can be used as a cost-effectiveway to estimate the extent of soil

contamination.

14



Groundwatercharacterization is needed to adequately determine the amount

and three-dimensional distribution of contaminants thus, groundwater samples must

be collected and analysed.Bio-degradation oforganic compounds, whether natural or

anthropogenic brings about the measurable changes in the chemistry of groundwater in

the affected areas.Groundwater sampling isconducted to determine the concentration

and distribution of contaminants and the samples may be obtained from monitoring

wells with point source sampling devices such asGeoprobe,Hydropunch, orCone

penetrometer.

2.5 Historical Record of Leakage Assesment and Depth of Pipeline Burial

The residents of Baruwa ViIllagein North Western part of Lagos State can no

longer drink water running from their long existing boreholes and wells because of the

widespread pollution of natural and underground water resources. The spreading

pollution is widely believed to have resulted from leakages in petroleum products ,

supply lines. The various field tests carried out by Federal and State Environmental

Protection Agencies confirmed that the contaminated water is not good for human

consumption.

The residents of this community noticed that the water from their boreholes and

wells appeared to have been contam:iJnatedabout fifteen years ago (i.e., 1994)when one

of the residents whose house is about 200m from the NNPC pipelines right of way,

observed a spillage which went on for days and he did not raise alarm until the

pollution spread to other areas in Fatade Street, Gowon Estate and nearby Jakande

Estate a year later. In 1996,the entire community then noticed that the water from their

wells became tasty, the head of their community development Association then

discovered that flowers and animals in his compound started dying as a result, the

officials of Nigerian National Petroleum Corporation (NNPq was contacted through

their subsidiary, Pipeline Products Marketing Co Ltd. (PPMC), the NNPC officials

stated that the pollution was caused by vandalisation of its underground facilities, A

valve pit positioned at Baruwa had been vandalised resulting in leakage of fuel into the
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water table.Furthermore, the PPMC stated that the findings of the engineers in their

pipeline maintenance department revealed that some residential buildings in the Estate

were built on the pipeline right of way which constitute a hindrance to the proper

investigation and identifying the exact damaged supply lines.

In May 2001,the affected residents of Baruwa reeling under the economic, social

and health implications of the pollution made a move to sue igerian National

Petroleum Corporation and its subsidiary Pipeline Products and Marketing Company

Lnnsted to court for not addressing. the problem of water pollution in their community.

The court decided that the Pipeline Products Marketing Company [a Subsidiary of

NNPC] should unravel] the immediate cause of the pipeline leakage and subsequently

provide a potable drinking water for the entire community, The Nigeria National

Petroleum Corporation (NNPC) complied with court decision and four new boreholes

were drilled at the "Water Project Borehole" within the community, but up till the time

of this study, no potable drinking water comes out from all the boreholes drilled in the .

Baruwa community (Guardian Newspaper, Oct.21st, 2002).According to the Nigerian

National Petroleum Corporation officials, the depth of the underground supply

pipelines is 2.0meters from the surface.

2.6 Nature of Ground Water Contamination

2.6.1 Movement of oil in soil

After crude or petroleum product is spilled, it migrates down-wards under the

force of gravity. The mobility of the oil in the soil depends on its viscosity, quantity of

oil spilled, the physical nature of the strata, the amount of moisture present, and the

thickness of the unsaturated zone. There is absorption and reactions between the oil

and the rock matrix tending to immobilize and attenuate the oil. If the water table is far

enough below the ground surface, the oil may be immobilized in the unsaturated zone

before it reaches the water table. In the case of shallow water table aquifers, where the

oil is not immobilized in the unsaturated zone, the spill will reach the water table. The

oil ils forced to spread JateraUy in form of a thsn pancake due to its lower specific
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gravity. Solublecomponents will dissolve in the water and vapours will be released

which may collect forming potential fire or explosion hazards. The pollution plume of

crude and dissolved phases will meve in the direction of ground water flow in the

aquifer. Spills to. the ground water are significant and dangerous,Spills which are

immobilized in the unsaturated zone can still pollute ground water because rain

percolating through the contaminated soil wilJ dissolve the soluble components of the

hydrocarbon and carry them into the ground water. This is also the reason why, once

spiiUagehas occurred, it takes a long time to.clean up as eve:ryrecharge by percolating

rain or a fluctuating water table regenerates the contamination.

2.6.2 Groundwatercontamination from oil spills:

Oil spills of crude and refined petroleum products are a major source of

contamination of fresh water resources(ie surface and groundwater). Between 1976

and 1986, a total number of 2005 crude oil spills incidents were reported by oil

producing companies in Nigeria with the estimated quantity of oil spilled being put at

about 2 billion barrels. Spills of petroleum products are also very rampant. During a

period of about 2.5years, geologists from the gro.undwater section of the Pennsylvania

Department of Environmental Resources investigated over 200 hydrocarbon products

spills as part of their normal prevention - abatement program activities (Osgo.od,1974).

In dealing with cases of hydrocarbon spillages, prompt action involving the

determining the extent of contamination of soil and gro.undwater and developing a

recovery/remediation programme is necessary after confirming that soil and ground

water pollution has occurred.
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2.6.3 Hydrogeology

Two hydrogeologic regimes occur in theBaruwa project area.In most of the

area, the shallow unconfined aquifer is the sand occurring from a depth of about 20 to

27m. It is a white medium to coarse grained sand, occasional silty and slightly clayey.

The water table in this aquifer occurs at depth of 19.3 to 30.07m. The aquifer is

underlain by a clay layer that the saturated thickness of the aquifer varies from 2.5 to

5m, while an upper clay layer separates the aquifer from ground surface.Within the

valley, surrounded on all four sides by higher ground that trend between Gowon

Estate, Jakande Estate and Ipaja Road in the northeast (see Fig 1.2), the unconfined

aquifer is sandy claywith the water table varying1.4 to 7.2m. The sandy clays and

sands below this horizon are all saturated and confined. The aquifer from 20 to 26.7m

corresponding to the main unconfined aquifer in the other parts of Baruwa area is

confined within this area with the two being in hydraulic continuity. While the aquifer

between 20 and 27m yields enough water to dug wells,.the yieldin drilled boreholes is

very low. Shallow boreholes are drilled to lower aquifers which occur from about 30 to

45m and yield enough water for the boreholes.

2.6.4 Source of Contamination and Liquid Hydrocarbon Leakagem the

Study Area.

2.6.4.1 Possible sources of petroleum product leakage in Baruwa Area.

(a). Tbe Petrol Stations: There exists three (3) petrol stations within and at the

periphery of the contaminated area in Baruwa at adjourning areas. These are the

Texaco Petrol Station along lpaja road which was established and became operational

around year 2000. It also lies at the boundary area where water with dissolved

hydrocarbon gives way to unpolhrted water. It is obviously not the source of leakage of

the petroleum product in Baruwa community.

The first Royal Oil Petrol Station, Jakande Estate was said to have been

established around 1998though some people felt it was slightly earlier than that. All

agree that iltbecame operational after the area had been polluted. It occurs within an
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areawhere petroleum product floats on the water table and the well around it have

floating product. The welllin the premises of the station had a very thin film of oil in

2000/2001but has since cleared. Analysis showed the water had dissolved hydrocarbon

concentration of2.1SmgJl The Conoil Petrol Station became operational in 2006 and

therefore could not have been the source of leakage.

(b). PPMC Pipeline (I-valvepiO: The pipeline traverses the area and it was

vandalized in 1994and 1996.The first oil polluted well in a compound adjacent to the

valve pit in the valley and adjourning areas of Jakande and Gowon Estates were

polluted with dissolved hydrocarbon after the spillage resulting from the

vandalization, but not floating hydrocarbon. The spillage from the valve pit gave it a

source of pollution.

The zone with the thickest floating hydrocarbon in Baruwa area of Ipaja road

cuts across the pipeline right of way with the lines carrying products to and from

Mosimi depot. Could there be an undetected leakage on the pipeline? Since 1994 till

date, there has been no known surface evidence of petroleum leakage along the "Right

Of Way" usually associated with pipeline leakage such as smell or liquid product on

the soil either in the low lying areas or along the line.

(c). Other Unknown SOUJ'ces: Could there be other sources like people who

were carrying out illegal "bunkering" in the area which combined with that from the

valve pit? It is instructive that a man was caught in 2004who confessed to being a part

of an organized ring carrying out bunkering activities at the Niger Pre-Age School (the

site of the first discovery of the pollution). During the excavation exercise undertaken, a

number of artisans along the pipeline "Right Of Way" informed the crew that a lot of

bunkering activities used to take place in the areas in times past. It is noteworthy that in

the area between Niger Pre-Age school and the adjoining plot, the dedicated pipelines

to satellite depot have been seriously encroached upon.
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2.6.4.2 Leakage of petroleum product inBaruwa fromtheValve Pit

When the leakage of petroleum products from the valve pit first occurred in

1994, the products flowed southwards. As the products flowed southwards, a

proportion of it jjnf:iJ]tratedinto the subsurface while some evaporated. The portion that

infiltrated moved down in the vadose zone some of which reached the water table

which at about 23m below ground level No free product could penetrate the water

table as the water table formed a barrier to downward migration of the spilled free

hydrocarbons. If the volume of products reaching the water table was large, a pancake

of free hydrocarbon would form on the water table.

Both soil samples and the water from the boreholes indicated hydrocarbon

contamination. All topographic and hydrogeologic evidence point to the fact that the

spillage at the valve pit in 1994and 1996gave rise to ground water pollution in form of

dissolved oil only (Oteri, 1998).

2.6.4.3 SOUJ"ceof floating hydrocarbon in the study area

From previous discussions in 2.4.1 above (see figure 1.2), there are two likely

sources of the petroleum product floating on water in the aquifer in Baruwa area. These

are leakages of any of the pipelines within the topographic high area by the junction of

Oladipo Ajulo street andNNI'C pipeline road (see figure 1.2), Niger Pre-Age School

area as a result of corrosion of the pipeline; and vandalization of the pipelines and

bunkering in the area between thejunction of Ipaja road and NPC pipeline road.

(a) Corroded Pipeline: A leaking pipeline due to corrosion as the source of the

floating hydrocarbon appeared improbable from the beginning for a number of

reasons:

• There has never been any smell of hydrocarbon or other surface evidence of liquid

product on the soil usually associated with pipeline leakage along the area since

1994to date.

• The volume of spilled oil required to reach the water table at this site (if at all)

should have been very high. The tendency for evidence of the oil to show at the

ground surface should have been high but none is seen. While soil gas from the
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wells containing floating hydrocarbon is found, no sign of soil gas is evident along

the pipeline route in the area suspected to be the source of spillage.

• The unconfined aquifer has a low permeability, low yield and low velocity.Based

on natural groundwater flow rates, the extent of the pollution plume should have

been much smaller than is observed. However, as individuals were pumping their

wells, this would have resulted in faster rate of flow of ground water in the area.

• The size of the pollution plume has been decreasing since 2001 and this is not

consistent with leakage of a corroded pipeline as there has been no pipeline repair

in the area.

A search of the literature showed that while pipeline breaks leading to spillage

of petroleum contamination of groundwater usually showed some evidence at the

ground surface, a number of instances occurred with no surface evidence found. These

were instances where the leak was due to a crack or very small hole on the under side

of the pipeline resulting in a very slow rate of leakage..

2.6.5 Water levels and groundwater flowdirection

Measurement of depth to water levels was carried out in many of the wells in

the project area using an electric water level indicator(sounder). From the

measurement of elevation at some of the wells, the sub sea water level elevation was

determined and a ground water contour map was drawn for the main shallow aquifer

horizons that occur between depths of 20 and 27m. A regional groundwater flow

direction was found to be in the southwest direction but flow radiates from the valley

between Jakande Estate and Gowon Estate.
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LITERATURE REVIEW

3.1 Laterites and their Formation

Laterite is a reddish brown residual sandy or gravelly soil, often hard and

compact, formed by leaching andweathering; under tropical conditions the resultant

material is rich ilnaluminum andsron and primarily composed of the oxides of these

metals (Gidigasu, 1976).

Ola (1983) proposed the local terminology which regards as Iiterite soils all

products of tropical weathering with reddish brown or dark brown colur, with or

without nodules or concretions and generally (but not exclusively) found below

hardened ferruginous crusts or hard pan.

Lateritic soils (which are also called residual or topsoil) are formed by chemical

weathering and may be found where the action of the elements has produced a soil

with little tendency to move. Residual soils can also occur whenever the rate of break-

up of the rock exceeds he rate of removal. If the parent rock is igneous or metamorphic

the resulting soil sizes range from silt to gravel (Smithl995).

Laterite soils are essentially products of tropical or sub tropical weathering, the

chemical composition and morphological characteristics of these products are

influenced by the degree of weathering which the parent material has been subjected,

Russell (1889) of the U.S.A Geological survey in the discussion of the aerial survey of

rocks and the origin of the red colour of certain formations in the United States of

America was probably the first to emphasize that in warm moist temperate and tropical

climates the water percolating through rock has a strong solvent power and that

weathering is more rapid in warm than in cold region and greater in humid than in

acid climates. Holland (1903) also suggested that during the weathering of aluminous

silicates in the tropics, the silica, alkalis and alkaline earths are removed :in solution

while the alumini and ferric oxide became dehydrated and remain behind.
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3.2 ChemicalDefinitions

Mallet (1883) was perhaps the first to introduce the chemical concept by

establishing the ferruginous nature of laterite. Bauer(1898) also established the

relatively insignificant content of silica and high contents of aluminum in a hydroxide

form comparable to the composition of bauxite. Warth and Warth(1903) established

that some Indian laterites contained small amounts of alumina, but were relatively poor

in iron. The great interest developed in laterites as a possible source of aluminum is

intensified research on the material.

Fermor (1911) abandoned the criterion of physical hardness of laterite in its

natural state or on exposure, and developed a comprehensive system of nomenclature

of laterite soils on the basis of their chemical composition. Various forms of laterite on

the basis of the relative contents of the so-called laterite constituents (Fe, Al,TI and Mn)

in relation to silica were defined. A similar and more comprehensive chemical

classification system was proposed by Lacroix(1913) who divided laterites into:

(a) True laterites

(b)

(c)

Silicate laterites and

Laterite clays depending on the relative contents of the hydroxides.

There have been definitions given by various researchers; an approach on

chemical classification was given by Ola(1983) on the basis of silica aluminum ratio. It

was that, generally ratios of silica to sequioxide represented by Si02/(Fe203+Al203)

which are less than1.33 are indicative of true laterites, those between1.33 and 2.00 of

lateritic soils and those greater than2.00 of non-lateritic types.

Winterkon et al(1972) questioned the use of silica - alumina ratio since the

original definition of lateritic by Buchanan(1807) attached special importance to the

role iron oxides play in the laterite rock. Moreover the presence of iron in lateritic soils

is also considered the most important factor influencing their engineering properties

(Winterkorn et al,1972). The use of the silica - sesquioxide ratio (Si02/ Al203+Fe203)

after Joachin in and Kandiah(1941) with the same limiting values as those prepared by

23



Martin and Doyne was adopted.The chemical definitions later gave way to

morphological definitions

3.3 Morphological Definitions

Walther (1916)proposed the morphological definition to cover all red-coloured,

brick like alluvial and tropical red earths, Later Harassowitz(1926) proposed a typical

laterite profile which agrees with the descriptions of Fox (1939) and Lacroix (1913).

Pendelton and Sharasurana(1946) also emphasized that although the silica- alumina or

the silica-sesqmexide ratio are useful parameter, they do not conclusively define

laterites.

Consequently, Pendelton and Sharasurana (1.946)defined laterites soils as

profiles in which a laterite horizon is found, and lateritic soils as profile in which there

is an immature laterite horizon from which a true laterite horizon will develop if

appropriate conditions prevail long enough. A criterion combining both the chemical

and physical concepts was proposed by Femor (1911)who classified laterites into four

principal forms of sesquioxide - rich materials that are either hard in-situ or capable of

hardening on exposure to air. The morphological. physical and chemical concepts

proposed have been summarized by Alexander and Cady (1962)as follows:

"Laterite is a highly weathered material, rich in secondary oxides of iron, aluminum ,or

both, it is nearly void of bases and primarily silicates but it may contain large amounts

of quartz and kaolinite, iltis either hard or capable of hardening on exposure to wetting

and drying". Peck (1971) refers to all such materials as reddish tropically weathered

materials irrespective of the details of the degree of their weathering and irrespective of

the presence or absence of crusts.
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3.4 Laterization

Gidigasau (1976) identified three stages in the process of laterization -

decomposition, laterization proper and hydration and desiccation.

3.4.1Decomposition

This is characterized by the physio-chemical breakdown of primary minerals

and the release of constituent' s elements. It involves the physical disintegration and

chemical decomposition. Physical distingeration involves the physical breakdown of

the parent rock due to differentia] expansion and contraction of the rock forming

mineral as a result of temperature variation.

Chemical decomposition is the breakdown of the unstable Primary minerals and

the formation of new minerals. This is where the leaching of dissolved constituents

especially combined silica and bases start.

3.4.2Laterization

This involves the primary and secondary stages. The first stage is the

progressive decrease of combined silica and bases and the relative accumulation of

insoluble Al, Fe Ti and Mn constituents, the second stage is absolute accumulation of

oxides and hydroxides of sesquioxide (mainly Ah03 and Fe203).'

.' .

•
3.4.3 Hydration and desiccation

.
This involves partial or complete dehydration (sometimes involving hardening)

of the sesquioxide - rich minerals and secondary minerals.

3.5 Factor Affecting Formation of Laterite

Laterite formation factors include climate (precipitation) leaching, capillary rise

and temperature, topography (drainage), vegetation, parent rock (iron rich rock) and

time of these primary factors. Climate is considered the most important [Ola1983).

Most laterites are composed predominantly of kaolinite and with some quartz.

The most significant factor with respect to engineering work are of swelling minerals
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which reduce the bearing strength of the soil. The proportion of iron and aluminum

oxides found in laterites tend to' cement the soil particlesto' form weakly bonded

particules. In spite of the bonded nature, the tensile strength is small, occasionally; a

slight cohesion reflects an increase in the surface change as a result of finer

fundamental particles produced by leaching(Okafor, 1989)

3.6 Hydraulic Head and Fluid Potential in Groundwater Flow

The analysis of the physical processes that involves flow usually requires the

recognition of the potential gradient. It is necessary to' understand the potential

gradient that controls the flow of water through PO'rousmedia. This concept has been

carefully considered by Freeze and Cherry (1979), in their classical treatise O'n

grmmdwater flow.

Freeze and Cherry (1979) define potential as a physical quantity, capable of

measurement at every point in a flow system" whose properties are such that flow

always occurs from regions in which the quantity has higher values to' those in which it

has lower, regardless of the drrecuon in space. TwO'obvious possibilities for the

potential quantity are elevation and fluid pressure.

From the elementary concepts in elementary physics and fluid mechanics, the

best way to'explain the fluid potential is to'examine the energy relationships during the

flow prO'cess.In fact the classical definition of potential as it is usually presented by

mathematicians and physicists is in terms of work done dtl'ring the flow process; and

the work done in moving a unit mass of fluid between any two points in a flow system

is a measure of the energy loss of the unit mass.

Fluid flow through PO'rO'usmedia is a mechanical prO'cess.The forces driving the

fluid forward must overcome the frietiona] forces set up between the mO'vingfluid and

the grains O'fthe PO'rO'usmedium. The flow is therefore accompanied by an irreversible

transformation of mechanical energy to' thermal energy through the mechanism O'f

frictional resistance. The direction of flow in space must therefore be away from regions

in which it is Iower. Mechanical energy per unit mass at any pomt in a flow system can

be defined as the work required to'move a unit mass of fluid from an arbitrary chosen
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standard state tothe point in question. The "fluid potential" for flow through porous

media is therefore the mechanical energy per unit mass of fluid.

3.6.1Mechanical transport of groundwater

The external forces acting onGroundwater are;

(1) Force of Gravity (F= mg)

(2) External pressure

(a) Atmospheric Pressure: (Water Table Aquifers)

(b) Hydrostatic Pressure: (Pressure exerted by overlying water and overlying

rock strata )

(3) Molecular Attraction

(a) Dipolar nature of water molecule

(b) Causes water to adhere to solid surfaces

(c)High surface tension capillarity

3.6.2 Mechanical energy

The mechanical energy consists of the following;

A. Kinetic Energy: energy of motion

2
E k = (O.5)mv where E =kinetic energy, m =mass, v =velocity

B. Gravitational Potential Energy: energy of position

E p = mgz where m = mass, g = acceleration due to gravity,

z = elevation of center of gravity of fluid above reference elevation

C. Energy of Fluid Pressures: pressure force exerted on a fluid mass by

surrounding fluid acting uponit.

P=F/A

P = pressure, F = force, A = area

Total Energy of Fluid Mass System = (Sum of Three Components: kinetic,

potential, pressure)

assuming density =mass/volume, then density(Q) =mass for a unit volume of fluid
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(i.e.V= 1), substituting Q for m in above equations .

Etv = Ek + E p + P = 1/2 Q v? + Q gz + P (3.1)

where Etv = total energy per unit volume, v= velocity, g= gravity, z= height above

reference datum, P= fluid pressure,Q = density

"by dividing out byQ..

Elm= (V2/2) + gz + (PI Q) = "Bernoulli Equation" (3.2)

where Elm= total energy per unit mass (units= L2 rr)

Etw= (Etm )/g = total energy per unit weight (units= L)

3.6.3 Derivation of hydraulic head from Bernoulli Equation

Definition of Hydraulic Head

Hydraulic head= total mechanical energy operating ona fluid mass per unit weight.

h = hydraulic head, measured in terms of length

Equation (3.2)

Elm= (V2/2) + gz + (pI Q) = h (hydraulic head)

-8
Since ground water velocity is so slow compared to the other components (avg= 10

tnl« = 30 m/yr), the velocity portion of the equation essentially= 0

hence h= gz + (PIp) = z + (PI Q g) by rearranging and substitution of P= Q g 'l'

** h = z + 'l' (units of measurement m L)** (3.3)

here h= total hydraulic head, z= elevation of a reference point in water column above

datum, 'P= point water pressure head= height of water column above reference point.

** 'l' = P/( Q g) ** Rearranging P= Q g 'l'

where 'l' = point water pressure head (pressure head), P= fluid pressure,Q = fluid

density, g= gravity

( g = 9.8 m per see ; density of pure water= 1 gm/cm3 = 1000kg/m" )
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CHAPTER FOUR

"

MATERIALS AND METHODS

This study work involved collection of sample(field work), preparation of sample

and detailed laboratory tests of the geotechnical properties of the collected samples. All

the field equipment and the methods used for the preparation of the samples are

discussed here.

4.1 Field Tools

The equipment used for the collection of samples are Cutlass, Digger, Shovel,

Sample bag/sack and Measuring tape.

For vertical electrical sounding it includedABEM SAS 300c Terrameter and "Booster,

Multi-meter, measuring tape, a pair of pre-marked strings, potential and current cables,

four (4) steel electrodes and Garmin Il GPSPlus

4.2 Sampling

Based on the review of existing borehole data for the study, three locations

representative of the major subsurface profiles were chosen. The method used in the

collection of sample is the trial pit method. Undisturbed block samples were collected

from three (3) different trial pits each at different locations in Baruwa (see Figure 1.2).

These locations are listed:

(i) Location 1: Oyewole.

(ii) Location 2: Elegbede

(iii) Location 3: Ladipo Ajulo

4.2.1 Trial pits

This is the method of soil exploration that was used in this study. A test pit is

simply a hole dug. in the ground that is large enough for a ladder to be inserted, thus

permitting a close examination of the sides. With this method, relatively undisturbed

samples of soils were collected.
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The final depth of each trial pit was 2.0mand about l.2m x l.2m wide(i.e.1.2mx

1.2m x 2.Ompit). The types of samples collected for the laboratory analysis are as

follows

(i) Disturbed samples

(ii) Undisturbed samples

The pit was sunk by hand excavation with the aid of spade and digger, with the

collection of depth discrete samples at 0.5Om(Top level), 1.25m (Middle level) and

2.00m(Bottomlevel)depth.

I
I

I

4.2.2Undisturbed sample

Undisturbed samples are required for permeability tests on the soil Undisturbed

block samples were cut by hand from the bottom of the pits at 0.50, 1.25 and 2.0Om.

During cutting the samples were protected from water, wind and sun to avoid any

change in water content. The samples are covered with black polythene bag

immediately they are brought to the surface and labelled respectively. The block

undisturbed samples collected, had sizes of about 225mm x 225mm x 225mm.

Cylindrical samples for the permeability test were trimmed from the block samples.

4.2.3 Disturbed sample

Disturbed samples were used for soil classification, specific gravity and mineralogy

tests. These were also collected from thr trial pits. Twenty seven soil samples were

taken altogether from these three different locations (location 1, 2 and 3). The

laboratory tests that were carried out on these soil samples include both index

properties of soil,permeability and clay mineralogy.
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4.3 Laboratory Tests

The laboratory tests that were carried out on the soil samples include both the index

and mechanical properties of soils.Some ofthe properties of the soils were carried out

in the following laboratories:

• Geotechnical laboratory, Civil Engineering Department of the Federal University of

Technology, Akure.

• Chemical Laboratory, Pearls Laboratory, Bolade Oshodi,Lagos

• X-ray unit, Rolab Research and Diagnostic Laboratory, Ibadan Oyo State

4.3.1 Specific gravity

The specific gravity was carried out in accordance with BS1377(1981) and

AASHTO(1986) specification and this is expressed as the ratio of the weight of a given

volume of the soil in air at a specific temperature to the weight in air of equal volume of

water at the same temperature. It is also known as a measure of the density of the soil

to that of water at a given temperature.

Lohne and Damirel (1973), suggested that the specific gravity of a soil particle is

a very good index property to characterize lateritic soil because it reflects their

sesquioxide content and hence the extent of laterisation (Bowles, 1986) gave the

following classification for soils with various specific gravity values.

Table 4.1 Oassification for soils with specific gravity values.

Type of Soil Specific Gravity (Gs)

Sand 2.65 - 2.67

Silty sand 2.67- 2.70

Inorganic clay 2.70- 2.80

Soils with micas or iron 2.75-300

Organic soils Variable, but may be under 2.00
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4.3.2 Grain size distribution

This analysis was carried out in accordance withB51377(1981) and AA5HTO

(1986)specification in an attempt to determine the relative proportion of different grain

sizes which make up a given soil mass. It is expressed as a percentage of the total dry

weight; it gives the percentage content of the various fractions i.e. boulders, cobbles,

graves, sands, silts, clays and colloidal size particles.

There are three stages in the grain size analysis of laterites and these are:

wet sieving

mechanical or sieve analysis

hydrometer analysis

Wet sieving: - the aim was to separate coarse fraction of the soil from the fine ones. The

apparatus used are weighing balance, sieves, drying pan, sieves brushes and paper

tape.

Procedure:-(i) About SOOgof the air dried sample was soaked in water for 24 hours.

(ii) The soaked sample was sieved through 75~ sieve.

(ill) The sample retained was oven-dried for another 24hours.

This is aimed at separating the silt and clay fractions from the coarse fraction (sand and

gravel). The fraction retained on the sieve was transferred to a container and oven-

dried at temperature of 100-110°C. The two fractions were then subjected to further

analysis.

Mechanical or sieve analysis: - The separated coarse fraction were oven-dried for

24hours at temperature of 100°C. This was then subjected to mechanical sieving by

using sets of sieve shaker. The sieve shaker was put on for lOminutes. The time of

sieving is very crucial and it has to be standardized in order to avoid mechanical

instability (Malomo, 1977). Mechanical instability is peculiar to lateritic soils in the

tropics and is the susceptibility of grains of soils to breakdown when its level of

mechanical energy is increased. This is as a result of increase in time of sieving or

during compaction test. The percentage retained on each sieve was then computed by

dividing the weight retained on each sieve with the original soil weight. The percentage
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passing through the sieve was then computed and these were plotted on semi-

logarithm chart to obtain the grading curve.

Hydrometer analysis: - this analysis is aimed at estimating the percentage of silt and

clay size particle of the soils. It is based onStoke's law which states that the settling

velocity of a spherical particle is directly proportional to particle size (D), the difference

in densities of the particles and the fluid through which the particle is falling and

inversely proportional to viscosity of the fluid. This analysis has a limitation based on

the fact that not all grains are spherical or rounded in shape.

4.3.3X-Ray analysis

The powdered specimen was mounted on a small pedestal connected with a

continuously rotating base. The X-rays were permitted to hit the specimen and be

diffracted upon a film. Each line of the pattern represents a refraction from different

atomic planes within the mineral (Krynine and Judd, 1957). The clay minerals can be

identified further by the temperatures required to extract structural water from their

lattices.

4.3.4Permeability

This test was carried out in accordance with BS1377(1981)and AASHTO (1986)

specifications on the soil samples to determine the coefficient of permeability of the soil.

The falling-head permeability method (Bowles, 1986) was used in this study. Also,

three tests were conducted on each sample.

4.3.5Chemical analysis of the soil samples

The samples were taken in polythene bags upon transportation to the laboratory.

The soil samples were air-dried and sieved with 2mm mesh (Carter, 1992).The sieved

samples were used for the various mineral analyses.

33



- -- ~~----

4.3.6 Vertical electrical sounding

The geo electric section is a representation of the sequence of geologic layers in the

drilled wells. Six (6) wells were observed for the study. Nine (9) vertical electrical sounding

were carried out at the well locations to get the resistivity of the layers. The data and its

interpretation are presented as AppendixA (1-9).
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CHAPTER FIVE

RESULT AND DISCUSSION

This chapter presents the results of various geotechnical, chemical and X-ray

tests carried out on all the samples. Tables and graphs were also plotted for each test.

The following symbols were used to designate soil samples:

TP 1(1) TQP Soil Sample from Oyewole

TP 1(M) Medium Soil Sample from Oyewole

TP1 (B} Bottom Soil Sample from Oyewole

TP 2(T) Top Soil Sample from Elegbede

TP 2(M) Medium Soil Samplefrom Elegbede

TP2 (B) Bottom Soil Sample from Elegbede

TP 3(T) TQP Soil Sample from Ladipo Ajulo

TP 3(M) Medium Soil Sample from Ladipo Ajulo

TP 3(13) Bottom Soil Sample from Ladipo Ajulo

5.1 Bulk Density

The results of the bulk density of the studied soil] samples are summarized in

Table 5.L For soil samples in location I, the bulk densities vary from 1.81Mglm3 to

1.85Mglm3 with mcreasiing. depths of 0.47 to. 1.65m. The bulk densities also increase

from 1.91Mglm3 to 1.98Mglm3 for soil samples in location 2 and 2.06 to 2.19Mglm3 for

soil samples in location 3 with increasing depths in both locations. The results show

that the bulk density increases with depth.
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TABLE 5.1: SOIL BULK DENSITY TEST RESULTS

No Depth (m) Soil Bulk Density Mg/m3

TP 1 (T) 0.20 -0.50 1.81

TP 1 (M) 0.85 -1.25 1.83

TP 1 (B) 1.30 - 2.00 1.85

TP 2 (T) 0.20 -0.50 1.91

TP2(M) 0.85 -1.25 1.95

TP 2 (B) 1.30 - 200 1.98

TP 3 (T) 0.20 -0.50 2.06

TP3(M) 0.85 -1.25 2.14

TP 3 (B) 1.30 - 2.00 2.19

5.2 Volumetric Moisture Content

The results of the volumetric moisture content are showed in Table5.2 .The

result shows that the values range from 27.4 to39.40% for soil samples in locationsI, 2,

and 3, respectively for increasing depths. The results show the effect of weathering

with the moisture content increasing with depth.

TABLE 5.2: VOLUMETRIC MOISTURE CONTENT

No Depth Volumetric Moisture Content,%

TP 1 (T) 0.20 - 0.50 27.4

TP1 (M) 0.85-1.25 29.3

TP 1 (B) 1.30 - 2.00 31.08

TP2 (T) 0.20- 0.50 31.62

"- TP2 (M) 0.85 -1.25 33.94

TP2 (B) 1.30- 2.00 35.10

TP3(T) 0.20 - 0.50 36.03

TP3(M) 0.85-1.25 38.19

TP 3 (B) 1.30 - 2.00 39.40
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5.3 Specific Gravity

This is an important index property of soil that is closely linked with

mineralogy/ chemical composition. The specific gravity values of the soils shown in

Table 5.3. are 2.66, 2.64 and 2.64 for soil]samples in locations I, 2 and 3, respectively

when the samples are taken from depths 1.25,0.85 and 1.65m from the three locations

respectively.

TABLE 5.3. SUMMARY OF THE SPECIFIC GRAVITY TEST.

SINo Depth (m) Average SpecificGravity (GS)
I

TP1 0.20- 0.50 2.66

TP2 0.8S-1.2S 2..64
I

I

TP3 1.30- 2.00 2.64

5.4 Permeability

The coefficient of permeability depends primarily on the average size of the

pores which in turn is related to the distribution of particle sizes, shapes and soil

structure (Craig, 1979).The results of permeability tests on the soil samples are shown

in TableSA. It can be deduced that coefficient of permeability for soil samples from

locations 1 and 2 increased with depth, while that from location 3 decreased with

increase in depth. For soil samples in location 'I, the value ranges from 3.Hx10-4cm/sto

1.72x10-4cm/sand for location 2, it ranges from 2.22x10-4cm/sto 6.36x10-4cm/s.On the

other hand, it decreased from 3.05x]o-4!cm/sto 2.65,x]o-4!cmjsin soil samples from

location 3. The result indicates that the permeability increases with the increase in void

ratio.
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TABLE 5.4. PERMEABILIlY TEST RESULT

Location 1 OyewoJe Close

SINo Depth Void Ratio (e) Kern/see

TP1{T) 0.20-0.50 0.846 0.000311
, ,

TP 1 (M) 0.85-1.25 0.98 0.000492

TP 1 (B) 1.30-2.00 0.767 0.000172

Location 2 Elegbede Street

SINo Depth Void Ratio (e) Kern/see
,

0.20-0.50 0.521 0.000222TP 2 (T)

TP2(M) 0.85-1.25 0.581 0.000415
t

TP 2 (B) 1.30-2.00 0.647 0.000636

Location 3 Lampo Ajulo Street

SINo Depth Void Ratio (e) K cmlsee

Tp3(T) 0.25-0.50 0.733 0.000305

TP3(M) 0.85 -1.25 0.705 0.000298

TP 3 (B) 1.30-2.00 0.643 0.000265
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PERMEABILITY TEST RESULTS

Location 1: Oyewole Close

TABLE 5. 4a PERMEABILITY TEST RESULT FOR OYEWOLE SAMPLES

SINo Depth (m) Void Ratio (e) K (em/see)

TPI/f 0.25-0.50 0.846 0.000311

TP1/M 0.85-1.25 0.98 0.000492

TPI/B 1.30-2.00 0.767 0.000172

Void Ratio vs. Permeability

1

0.95
Void 09
Ratio .

(e) 0.85

0.8

0.75

0.7

0.65

0.6 +---.---r---.----,--------r----,

o 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006

K (em/see)

Figure.5.1a: Graph of Void Ratio against of Permeability for Oyewole Site

I
I

Location 2: Elegbede Street

TABLE 5.4b PERMEABILITY TEST RESULT FOR ELEGBEDE SAMPLES

SINo Depth (m) Void Ratio (e) K (em/see)

Tp1/f 0.25-0.50 0.521 0.000222

Tp1/M 0.85-1.25 0.581 0.000415

Tp1/B 1.30-2.00 0.647 0.000636
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Void Ratio vs. Permeability

0.8

0.7

Void 0.6

Rati°O.5
e

0.4

0.3

0.2 +-----,-------,------.-------,

o 0.0002 0.0004 0.0006

K(cmlsec)

0.0008

Figure.5.1b: Graph of Void Ratio against of Permeability for Elegbede Site

Location 3: Ladipo Ajulo Street

TABLE 5. 4c PERMEABILITY TESf RESULT FOR LADIPO AJULO SAMPLES

SINo Depth(m) Void Ratio (e) K (em/see)

Tp1/f 0.25-0.50 0.733 0.000305

Tp1/M 0.85-1.25 0.705 0.000298

Tp1/B 1.30-2.00 0.643 0.000265

•
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Void Ratio vs. Permeability

0.74

0.72

0.7
Void
RatioO.68

e 0.66

0.64

0.62

0.6 +----.----,-----.-----------.------,

0.00026

•
•

0.00027 0.00028 0.00029 0.0003 0.00031

K (em/see)

Figure.5.1c: Graph of Void Ratio against of Permeability for Ladipo Ajulo Street.

5.5 Particle Size Distribution

The particle size distribution of the soil samples are summarized in Appendix B,

while the graphs of particle size and hydrometer analysis are shown in Figure 5.2. It

can be deduced from the results that from location I, the percentage of sand varies

from 16 to 17% and for location 2, it varies from 19 to 39% while for location 3, it varies

from 38 to 39%. Soils from location 2 and 3 have high percentage of fines. The value

ranges from 39 to 59% and 58 to 59% for soil samples in locations 2 and 3, respectively.

However, the percentage of fines for soil sample in location 1 ranges from 31 to 50%.
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5.6 Chemical Analysis

The results of the chemica] analysis of the studied soils are presented in Table 5.5 and

the following observations can be made of samples in the three locations:

TABLE 5.5: OXIDE COMPOSITION

COMPOUND Concentration %

OyewoJe Clese EJegbede st. Ladipo Ajulo St
Location] l.ocation2 Location 3

Si02 7.87 9.7 5.40

Ah03 0.09 1..6 OJ)6

Fen.• 4.10 5.56 3.20

CaD 10.51 11.42 10.32

MgO 1.55 1.63 1.90

Na20 12.86 14.89 12.80

K20 0.29 0.31 0.14

Lower values of soil chemical composition were generally observed for location 3

(Ladipo Ajulo) which is about 260m from the contaminant source. This is as a result of

the presence of petroleum hydrocarbon within the soil]matrix, which has impaired the

purity of the soils.

5.7 X-Ray Diffraction Analysis

Identification of the minerals present in the soil samples was based on X-Ray

powder data for minerals (Bro~ 1961) as shown ill Appendix B5. From the results of

X-Ray Diffraction analysis, the following conclusions were arrived at regarding the

mineralogy of the soil samples. It can be noted that in all the pits in Elegbede, quartz is

prominent in pit 2T, kaolinite and halloysite in pit 2M, and also, in Oyewole dose, the

most prominent rni!neralls are: kaolonite and felspar in pit IT and 1M, quartz ill pit 1M,
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halloyste in pit 1B. In Ladipo Ajulo, the mineral that are prominent are: chlorite and

mite in pit 3B, kaolinite and quartsin pit 3T, halloyste in pit 3M and cristobalitein pit

3T. kaolonite was confirmed by the following characteristic peaks, 7.38A, 3.71A, 2.49A.,
i'

2.25 A peaks, while quartz was confirmed by 1.28A, 1.18A, 1.69A, 1..54 A, 4.93 A, 1.64

A, 1.42A, 1.54A, 2.64 A, 4.44A, feldspar by 8.85A, 4.04 A, 6.63 A, 3.56 A, 5.54 A, and

cristobabte by the followingpeaks; 0.89A, to 0.98A.(see Figmes 5.3 and Appendix D).

5.7.1 X-ray diffraction analysis calculation

d =nA /2sm8 A= wavelength and 6=is the angle through which x-ray is scattered

where, n= 1

A = 1.5418

28 = 12: Therefore 8 = 12/2 = 6.

2sin6 = 0.209

Therefore d = 1 x 1.5418/0.209 and d = 7.377A.

(
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5.8 Direct Current Resistivity Measurement

Vertical electrical sounding was used as a direct current resistivity method at the well

locations and the lithologic description were taken at these wen locations. For all the Six

(6) monitored wells the Static water level, Depth, Liquid hydrocarbon, Depth to bottom

of examined wen are presented in Table 5.6a below.

(
I

T bl 56 S W L D tD Li ·d H d b D th b fa e . a: . . " epl , IqUl! Iy~rocar on, epll to ottomo examined WeD.
I

Static Depth to llickness 0& liiquidi Depth ofwate:1i in

51 ID Water Bottom of Elevation hydrocarbon above water the examined well

N No Level (m) weD (m) (he) surface m the weDs (m) (hw)
I I

I 1 10 23.13 75 59.2. 0 51.87

2 15 23.36 70 54.4 0.65 46.64

3 20 240.40 81 47.,7 0.72 56.60

4 30 23.81 92 51.3 0.2 68.19

5 41 24.,60 1m 44.7 0.35 16.40
I

6 69 22.60 70 47.1 0.12 47.40

The stratigraphic soil analyses of three (3) wells were also carried out at close range to

determine the changes and the exact soil unit. This analysis is for wells 30, 41 and 69

and is presented below in Table 5.6b;

Released petroleum hydrocarbon in the subsurface soil at a depth of about 2.00m

below ground level, migrates vertically downwards through the unsaturated/soil

moisture zone. The several layersof high permeability (sandy) deposits in the upper

Baruwa soil lithology (see Table 5.6b), hastened the pace of contaminant migration to

the groundwater zone.
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Table 5.6b: Soil Lithology before 25m at well 30,41 and 69

Depth !(liD) We]130, Wen 41 We,ll 6,9,

SA D, Coarse grain,

0.50 CLAY, Sandy, reddish slightly reddish CLA Y, Sandy, reddish
SAND, Clayey, brownish, CLA Y, Sandy, brownish, SAND,Gayey, brownish,

0.75 medium grain coarse grain medium grain

CLAY, Sandy, slightly SAND, Coarse grain, SAND, Coarse grain,
1.00 reddish, medium grain colourless sligh1l1yreddish

CLAY, Sandy, brownish, SAND, Medium grain, CLAY, Sandy, brownish,

1.25 coarse grain colourless coarse grain

SAND,Clayey, brownish, SAND,Gayey, brownish, SAND,Oayey, brownish,
1.50 coarse grain medium grain coarse grain

CLA Y, Sandy, brownish, SAND, Coarse grain, SAND, Coarse grain,

2.00 medium gram colour less colourless

SAND, Clayey, greyish SAND,Clayey, greyish, CLA Y, Sandy, greyish

2.50 coarse grain medium grain coarse grain

Analysis of Result Using Contour Maps, Liquid Flow Diagrams and Geosections

The area has over 30 wells with various degrees of pollution of petroleum product.

Some have been blocked while some did not allow their well to be studied; hence six (6)

were freely given for this study as shown in the basemap.

The buried petroleum pipeline product which is the suspected pollutant was

referenced to the wells studied and the elevation of each well was used to produce an

elevation contour map. The elevation map now shows the direction of liquid flow path

which may also dictate the direction of flow of the pollutant. The elevation contour map

and liquid flow path are shown as figure 5.4a and 5.4b respectively. The general

stratigraphy of the study area shows that sand formation is more prominent while day

deposit is of thin thickness at depth above the static water level except for well 69 with

more day before the static water level.
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5.9 Lithologic Description of the Monitored Wells

The borehole logs of the six wells. monitored are presented m AppendixC. These wells

consist of welllO, 15, 20, 30, 41 and 69, the stratigraphy of the wells are very similar and

only wen 10win be discussed in full.

Well 10 consists of 5.0m of fine to coarse sand.Below this is a layer of reddish sandy

clay about 6m thick,Fine to coarse sand occurs at a depth of 11.0 to 13.Om,and below

this is a deposit of reddish day from a depth of 13.0 to 17.0m This is underlain by fine

to coarse sand from a depth of 17.0 to 23.OmBelow this deposit are alternating deposits

of clay and sand. The day deposits are at the following depths: 23.0 to 24.0m(1.0m

thick); 30.0 to 32.Om (2.Om thick); 38.0 to 44.0m (6.Om thick) and 48.0 to 62.Om (14.0m

thick). The sand deposits are at the following depths: 24.0 to 30.Om (6.0m thick); 32.0 to

38.0m (6.0m thick); 44.0 to 48.0m (4.0m thick) and 62.,0to 75.0m (13.0m thick).

Well IS consists of brown lateritic coarse, medium to fine SAND, some greyish,

yellow, sandy CLAY trace silt. Well 20 consists of reddish brown lateritic coarse

medium to fine SAND, and some greyish brown sandy CLAY. Well 30 consists of

reddish lateritic coarse, medium to fine SAND and some greyish brown sandy CLAY.

Well 41 consists of reddish lateritic coarse, medium to fine SAND and some greyish,

brown sandy CLAY. Well 69 consists of reddish lateritic coarse, medium to fine SAND

and some greyish brown sandy CLAY. The borehole logs for these wens are in

Appendix C. Generally the layers above the water table consist of sandy Iayers, with a

total sandy thickness varying from 6.65m to 17.Om while day varies from 6.Om to

16.35m per well The average depth to water table at Baruwa is 23.6 metres (fable 5.6).

This stratigraphy reveals that about 58% of the aquitard thickness as sand, and this

explains why the downward migration of the leaked petroleum hydrocarbon is

unabated.
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From the field resistivity data of the formation carried out using vertical

electrical sounding at depths ot 3m, 6m and 12m beside each well as shown below, the

average resistrvity ot the tormanon across the wells are ~U.m.lm, /~./Um and lU6.jUm

respectively. The noticed analogy1Sthat the reS1StIVItyof the formation mcreases with

depth irrespecnve of the hthologic urut. The resistivity is lowest at each depthm well b9

which is farthest from the source of ieakage.

TABLES.7a Resistivity Results At3,6 & 12m Depth Across The ExaminedWells

RESISTIVITY

1

I

·1

- -r --- i j
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I
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I
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75.7
Sand

50
Sand

/~
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From the geosectionsFigures 5.5a-b,the point of suspected pollution is between

we:El!20 and 30.When the resistivity of the lithologic unit was analysed and tabulated as

shown in Table5.9c for Sand, Sandy day, Clayey sand and Clay, the sand unit was

continous across most of the wells at 3m depth, which implies a continous How of

contamination across the wells depending on the topography of the well locations. The

day deposit was also not contmous hence; it was possible for contino us fluid to

infiltrate to the groundwater because the aquifer protective capacity is low.

On a regional basis the groundwater moves from north to south, while on local basis

the groundwater moves from east to west. from the suspected source of leakage the

hydrocarbon product migrates and causes a thickness of O.72m on top of groundwater

at weil20, O.65m at well 15, O.35m at well 41 and O.12m at well 69. This also explains

why we.il30 east of the source is not severe but has O.2mlevel of hydrocarbon.
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TABLE5.7c: Resistivity of Lithologic formation at 3m, 6m and 12m depth from the

studied wells

Lithology Depth Resistivity (Ohm-m) Average Resistivity

(m) WELLID (Obm-m)

10 15 20 30 41 69

3m 57 55 50 - 45 - 52
I

Sand 6m 80 - - - - 50 65

I I 12m - - - 138 92 60 97
I I

Clayey 3m - - - - - 42 42

sand 6m - 85 75 - 65 - 75

12m no - - - - - 110

3m - - - - - - -

aay 6m - - - - - , - -

12m - 128 110 - - - 119

I
,

Sandy 3m - - - 56 - - 56

day 6m - - - 99 - - 99

12m - - - - - - -

For clayey sand, the average field resistivities are 42 Om, 75 Om andno Om at 3m, 6m

and 12m respectively Table 5.7c). This lithologic unit directly underlies sand deposition

in almost aU the wens. Sandy day was observed to be present onlyin well 30 from 0 to

6m. The resistivities recorded are 56Om and 99 Om for 3m, and 6m respectively (see

Table 5.7c).
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5.10 Geosection and Contour Maps of the Soil at 3,6 and 12m across the well

At 3m resistivity contour, the areas below the contour line of400m indicate day

and no well studied fall within the area (see figure S.6a). From Table 5.9c(Resistivityof

Lithologic formation) and Figure 5.6a to Figure 5.6c, lower average resistivity values of

about 520m observed at the upper 3m contour for the sandy formations, and higher

average resistivity values for the lower 6m and 12m contours, where the formation is

more dayey. The geophysical property of resistivity is usually high for petroleum

hydrocarbon (Canadian Council of Ministers of the Environment, CCME,1994)
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5.11 Groundwater Flow Modelling in Lagos State

The groudwater flow was studied byCoode Blizard and Akute Goo Resource (1997)

with the aim of knowing the groudwater flow pattern of Lagos State. The nodal maps

are presented as figure 5.7a and5.71:.> .. From the map and finding, the ground water flow

is generally from north to south. There is cone of depression at Apapa and Ikeja. There

iis cone of depression and piezometric levels close to the sea level and had induced

small scale and localised reversal of ground water How (Figure 5.7c). The increase in the

cone of depression has not resulted in dewatering the costal plain sand as the aquifer

remains confined. However, the increasing size and deepening of the cone of

depression are resulting in flow reversals which will induce saline infrusion

The study area, Baruwa, is located on Figure 5.7a and Figure 5.7b on a nodal point-45

and -79 respectively. This also indicates a north to south groundwater flow movement

and partially east to west direction This is evident from -20 to -45 to -75 and -60 to -79

to -100 for north to south movement and -40 to -45 to -45 and -80 to -79 to -75 for the

east to west movement. This is represented in the Bamwa liquid flow diagram between

wells (figure 5.4b) as ground waterwm flow from well 10 to wen 69, wen 15 to well 20,

well 20 to wen 41, wen 30 to well' 41 and well 41 to well 69.
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CHAPrERSIX

CONCLUSION AND RECOMMENDATIONS

6.1CONCLUSION

The determination of the stratigraphyI soil] subsurface profile forBaruwa site

using geophysical and geotechnical methods has revealed the role of unconsolidated

lateritic soils, granular backfill and sand lenses in vertical contaminant migration for the

subsurface, especially in the unsaturated soil moisture zone, and that this has hastened

the pace of the leaked hydrocarbon through the thick surficial aquitard(Average

aquitard thickness was 23.65m) in Baruwa.

The results of geochemscal analysis show that values of 5iDl, MgO, and Na:D are

lower in location 3 (Ladipo Ajulo St) than other locations with the case study site, in line

with the trend of mineralogical compositions of the analyzed soil samples. This shows

the effects of contamination of the soils at this location. X-ray analysis shows that

Kaolinite is the predominant day mineral in all the locations studied. Furthermore, bulk

densities of the soil samples increased with increasing depth as expected.

- I

The topography, stratigraphy and hydraulic gradient of the area has aided the

movement of the leakage from the source into the surrounding wells at various degrees.

The severity of the polliution was also discovered to be based on the heterogeneous

nature of the material immediately around the depth of burial of the source (2.Om), the

direction of groundwater flow and the topography of the study area.
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Higher resistivity and lower soil mineralogical composition around well 20

shows both the presence of non aqueous phase hydrocarbon in the soil matrix and the

existence of fractures and macropores in theBaruwa aquitard espedally aroundthe

contaminant source area.

6.2 RECOMMENDATIONS

The entire pipehne should be inspected for leakage and carry out repair work if

necessary. A proper enIightment programme should immediately be constituted within

theBaruwa Community and its environs by Nigerian National Petroleum Corporation

(NNPC) to avoid drilling within the contaminated zone. The Nigerian National

Petroleum Corporation (NNPC) should drain the hydrocarbon by pumpingit out with

the water at the various wells tominimize the volume of hydrocarbon in the ground.

If possible the commurety should have its own Mini waterworks (Located at

areas where there is no pollution) provided by the State government so that there will

be no further boreholes within the contaminated area. In addition, the agency or

parastaIs (PPMC) that are responsible for the pipeline products movement should

maintain inventories of al]pipelines and checkperiodically the release detection if there

is any leakage within the network and provide spill prevention and leakage detection

equipments that will capture any fuel release in the event of spills or leakage.
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Al SCHLUMBERGER AND WEllNER AlIALYSIS PROGRAM

Project liaD1e FilIal year project ~liaD1e VESl

Locatio.a ~1p9 Balopa1

VES LocatiaD. Gema4eEw'e Ivna Date of CoJ1eetian 7/11/2006
... Ii06' 3S.96S" E 0IfdI16.353' jTypeofData ScJa1nmhe.rger

ABEll BAS aooc

0/2 1IB/2 K R App.R RBI 24.11 DBI 0.11

1 0-25 6.28 12.04 75.6 ~ 92.65 D~ 0.54

2 0.25 25.12 4.20 105.5 RE:s 66.8 DBa 1.13

3 0-25 56.52 2.38 134.5 BE.. 281.02 DB4 1.72

4 0.25 100.48 1.65 166.0 KEs 344.97 DBs 97.35

6 0.25 226.08 0.91 205.5 BEt; 37.07 DBfi 100.71

6 0.50 113.04 1.90 214.4 R&r 76.11

8 0.50 200.96 1.14 229.7

12 0.50 452.16 0.56 251.9

15 0.50 706.50 0.37 264.2

15 1.00 353-25 0.74 261.8

25 1.00 981.25 0.31 299.3

32 1.00 1,607.68 0.19 30104

40 1.00 2,51200 0.12 308.2

40 2.50 1,004.80 0.36 365.7

65 2.50 2,653.30 0.15 387.1

100 2.50 6.280.00 0.05 296.4

100 5.00 3,140.00 0.09 29704

150 5.00 7,065.00 0.04 288.2

225 5.00 15,896.25 0.01 197.4

300 5.00 28,260.00 0.00 139.6

300 10.00 14,130.00 0.01 159.7

Layerl CLAY

• 2 SAND,Clayey

• 3 CLAY, Sandy

• 4 SAND

w 5 SAND

6 CLAY

" 7 CLAY, Sandy

.....................................•............

·····
• _ l.I2

L/2 is Distance between Center and a Current Electrode
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A2 SCHLUMBERGER AIm WENNER ABALYSIS PROGRAM

Name VBS2

BaJocan2

7/11/2006

Sc1Ihun1teqer

FiDa1 ~ project

Barmra IJNVa

DeleOIDpaaa Street

N 06'36.109' It 003° 16.462"

Locatioa _ CaDec:tioa

of Data

ABBII SAS 300C

ABJ2 J111J2 K It App.tt

1 0.25 6-28 IO.OS 63.1

2 0.25 25.12 3.54 88.8

3 0.25 56.52 1.25 70.4

4 0.25 100.48 0.78 78.6

6 0.25 226.08 0.45 10L7

6 0.50 113.04 L14 128.8

.8 0.50 200.96 0.66 132.8

12 O.SO 452.16 0.39 176.8

15 0.50 706.50 0-29 207.7

15 LOO 353.25 0.51 180.2

25 1.00 981.25 0.28 270.8

32 1.00 1.607.68 0.20 321.5

40 1.00 2.512.00 0.13 316.8

40 2.50 1.004.80 0.27 271.3

1mt 89.68 DBl 0.36

~ 45.36 ~ L84
BE:. 236.86 D~ 6.73
BE. 649.55 DB." 25.08
REs 84.88

Layer1 SAND

•• 2 CLAY. Sandy

•• 3 SAND

•• 4 SAND

•• 5 SAND. Clayey

~
f1)
fI)...•.
fI)::r.
<...•.

~-o
::r
9-

• I• •• •• •« I• •• •• •• •• •-« •· ,••••••................ : ...
«

• J. •• I •••••

10 111 UZ
L/2 is Distance between Center and a Current Electrode
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A3
SCHLUMBERGER AND WEllNER ANALYSIS PROGRAM

,•..••..•_Name FiDa1 year project ~lIame VES3

LocatioD Baruwa Ipaja Student BaJagua3

VES Loca.tiOll BaaJeStreet !Date Oil CaDectiao 7/11/2006

Co-ordiDate 11 CKfl36.173' E 003° 16.3ST Type Oil Data Schhunhezger

lDstrame:uf: ABEll SAS 300C

AB/2 J4B/2 K R App.R ~ 63.92 DBl 0.43

1 0.25 6.28 9.17 57.6 RE:z 45.54 DB:, L13

2 0.25 25.12 2.43 61.0 RE:z 88.66 DBa 4.45

3 0.25 56.52 1.22 68.8 u.. 402.13 DB. 5.31

4 0.25 100.48 0.81 8L6 REs 5035.64 DBs 12.9

6 0.25 226.08 0.44 100.6 ~ 9.81

6 0.50 113.04 0.95 107.5

8 0.50 200.96 0.61 122.8 Layerl SAND,Clayey

12 0.50 452.16 0.39 175.4 .. 2 CLAY, Sandy

15 0.50 706.50 0.30 210.5 .. 3 SAND, Clayey

15 LOO 353.25 0.60 210.9 .. 4 SAND

25 1.00 981.25 0.34 332.6 .. 5 SAND,dry

32 1.00 1,607.68 0.25 408.4 .. 6 CLAY

40 LOO 2,512.00 0.21 515.0

40 2.50 1,004.80 0.45 448.1

65 2.50 2,653.30 0.19 494.0

100 2.50 6,280.00 0.07 422.6

I
I
I

~
n>
(Il.....
(Il-.....<:.....

~-o
::r
!3-

••..............
•••••.....•........

••••••••

•••
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

.........
.•
•••••.•· •.· .••..:.:::..:.~~••..,.... -: ..:....· •.- .•· .•- .•- .•- .•- .•- •.· •.- .•- .•._...._._...:.L..------~..~-----iilIIIo-_t- .•- .•- •.- •.- .•- •.- .•- -· -· -· -- -· -

LI2
L/2 is Distance between Center and a Current Electrode
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A4
SCHLUMBERGER AND WElUIER AlIALYSIS PROGRAM

Project lIame FilIal year project IFiJe Kame VES4

Barmlra Ipaja ~eDt BaJagun4

VBS Loca.ticm Aloag lpaja Rd Pateof CoUeetiao 14/11/2006

Co-ordiDate K 0€fJ 36.230' E 003° 16.214' !'rJpeofData Schlnmheqer

lDstrameDt ABEll SAS 300C

AB/2 JIDf/2 It R App.R ~ 313.25 DBl 0.28

1 0.25 6.28 10.53 66.1 ~ 16.25 DB, 0.61

2 0.25 25.12 2.91 73.1 REa 448.69 DB;, 1.83

3 0.25 56.52 1.66 93.8 BE.. 165.43 DB4 2.39

4 0.25 100.48 1.09 110.0 REs 21.15 DBs 4.3

6 0.25 226.08 0.59 133.8 ~ 1181.95 DB6 9.98

6 0.50 113.04 1.11 125.0 BE., 161.03

8 0.50 200.96 0.60 121.0

12 0.50 452.16 0.28 124.8 Layerl SAND

15 0.50 706.50 0.19 133.8 - 2 CLAY

15 1.00 353.25 0.34 119.1 - 3 SAND

25 1.00 981.25 0.16 158.6 - 4 SAND

32 1.00 1.607.68 0.12 185.4 .. 5 CLAY

40 LOO 2.512.00 0.08 190.2 - 6 SAND

40 2.50 1.004.80 0.21 206.0 - 7 SAND

65 2.50 2.653.30 0.08 200.6

100 2..50 6.280.00 0.03 211.6

::a
n>
{/}.....
{/}-_.
<.....

~-o
::s-
a-

• •• 1"." ••••••••••••••••••••••••••••••••••••••••

ID lJ2
L/2 is Distance between Center and a Current Electrode
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AS

SCHLUMBERGER AND WEllNER AlfALYSIS PROGRAM

ABEll SAS 300C

ProjectKame I'iDalyearproject VBS5

Location Bannn. lpaja Balogun 5

l4cation EIegbe4e Street 14/11/2006

Co-cmtiDate K orfJ 36.176 E003° 16.214' of Data SchIumbeqer

AB/2 _/2 K R App.R

1 025 628 3.81 23.9

2 0.25 25.12 121 30.3

3 0.25 56.52 0.58 33.0

4 0.25 100.48 0.33 32.9

6 025 226.08 0.13 28.7

6 0.50 113.04 0.34 37.9

8 0.50 200.96 0.23 46.6

12 0.50 452.16 0.11 48.8

15 O.SO 706..SO 0.07 512

15 LOO 353.25 0.17 58.5

25 Loo 981.25 0.06 56.3

32 Loo 1,607.68 0.04 63.3

40 LOO 2,512.00 0.03 86.4

40 2..50 1,004.80 0.10 104.1

65 2..50 2,653.30 0.04 101.9

100 2.50 6,280.00 0.01 73.5

REI 11.24 DBI 0.27

~ 40.39 D~ 0.44
RE:r 6425 DB3 0.99
HE.. 13.14 DB.• 1.87

REs 60.14 DBs 15.05

~ 521.27 DB 26.57
RE.r 2.88

Layerl CLAY

w 2 CLAY,Sandy

w 3 SAND,Clayey

w 4 CLAY

w 5 SAND,Clayey

6 SAND

w 7 CLAY

:::0
t'I)
(l).....
(l)••••.....
<.....

~-o
::r
S-

................ . .



A6

SCHLUMBERGER AIID WEllNER ANALYSIS PROGRAM
Project lIam.e FiDa1year project IFiJe lIam.e VES6

LocatiQD Baruwa lpaja Stadeut BaJagun6

VESLocation II••• Jasi Street DateofCaJlectioa 14/11/2006

Co-ordiDate 11 06' 36.187' E 003°16.12T I'rwe of Data SchhuD.beqer

l'1Istr1uIlem ABEll SAS 300C

0/2 JIIJl/2 K R App.R

1 0.25 6.28 9.44 59.3

2 0.25 25.12 2.07 52.0

3 0.25 56.52 0.88 49.8

4 0.25 100.48 0.52 52.3
6 0.25 226.08 0.28 62.9

6 0.50 113.04 0.47 52.9

·8 0.50 200.96 0.32 65.1

12 0.50 452.16 0.19 85.7

15 0.50 706.50 0.10 73.5

15 1.00 353.25 0.21 73.1

25 1.00 981.25 0.14 136.5

32 1.00 1.607.68 0.10 166.0

40 1.00 2.512.00 0.08 189.7

40 2.50 1.004.80 0.17 174.7

65 2.50 2.653.30 0.09 225.8

100 2.50 6.280.00 0.04 234.2

~ 63.82 DBI 0.91

~ 25.7 DB:z 1.66
RE:J 107.42 DBa 3.45

RE. 19.57 DB4 5.58
REs 2492.79 DBs 14.21
~ 6

Layer! CLAY. Sandy

w 2 CLAY

w 3 SAND

w 4 CLAY

w 5 SAND.dxy

w 6 CLAY

.•.•.•.•...:. . ...
•.•
••••••••a
a
a•• __ ."a.-_
a

·aa·······•....... _ ..-
•········•···

~
to
tIl...•.
tIl••••...•.
<:...•.

~-o
::r
9-

.•.•.•
••..
•.•

........
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A7

Project Nam.e

J.,oca1iQn

VES Location

AB/2 1tIlI/2 K R App.R

1 0.25 6.28 3.77 23.7

2 0.25 25.12 L08 27.1

3 0.25 56.52 0.58 32.5

4 0.25 100.48 0.35 35.1

6 0.25 226.08 0.18 40.5

6 0.50 113.04 0.41 46.9

8 0.50 200.96 0.27 53.9

12 0.50 452.16 0.17 76.4

15 0.50 706.50 0.13 94.0

15 LOO 353.25 0.27 96.8

25 1.00 981.25 0.16 154.1

32 1.00 1,607.68 0.12 189.7

40 1.00 2,512.00 0.08 196.0

40 2.50 1,004.80 0.23 235.1

65 2.50 2.653.30 0.09 244.9

100 2.50 6,280.00 0.04 249.3

Baruwa lpaja

01uocle Street

N 06° 36.108' B 003° 16.164'

BaJagun 7

14/11/2006

Schlumberger

ABEll SAS 300C

RBI 21.55 DBI 0.66
RB:z 32.49 DB, 4.35
RE:t 950 D~ 30.5
u.. 31.4

Layerl CLAY

R 2 CLAY,Sandy

R 3 SAND

R 4 CLAY

t••I
•t
••I•

--..~~ ..~~~ .

•····•.......••...•.•.

10 .• 1.1I
L/2 is Distance between Center and a CUrrentElectrode
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AS

Project IIBDle

tioD

VES W»cation

FiDa1 year project

Barmra Ipaja

FatadeRoad

11 0£fJ35.998' E 003° 16.213'

ABEll SAS 300C

VBS8

Balogun8

14/11/2006

AB/2 J/Ilf/2 K R App.R

1 0-25 6.28 7.09 44.5

2 0.25 25.12 1.14 28.6

3 0.25 56.52 0.33 18.9

4 0.25 100.48 0.13 13.0

6 0.25 226.08 0.03 6.9

6 0.50 113.04 0.08 8.7

,8 0.50 200.96 0.04 7.8

12 0.50 452.16 0.03 12.6

15 0.50 706.50 0.02 15.1

15 LOO 353-25 0.10 35.1

25 1.00 981.25 0.04 36.4

32 1.00 1.607.68 0.06 10LO

40 LOO 2.512.00 0.01 27.0

40 2.50 1.004.80 0.00 2.3

65 2.50 2.653.30 0.00 7.0

~ 49.93 DBI L18

REz 2.53 D~ 2.42

RE:J 32 DBa 3.35

U. 143.64 DB4 6.76
REs 1.27

Layerl CLAY.Sandy

" 2 CLAY
.. 3 CLAY.Sandy
.. 4 SAND
.. 5 CLAY

~
~
Cll.....
Cll-.....<.....

~-o
=-!3-

••••••••••Ii
•••••••..:* ~ .
• ••,
••

• +

J8

+

••••••••••••••••••••

••

• ua
L/2 is Distance between Center and. a Current Electrode
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A9

Rame

1ncation

Location

~

BuuwaIpaja

AJdDdmo Jane CImrch St:-

R060 36.187' E0030 16.12T

VES9

BaJogan9

14/11/2006

SchIDmherpr

AB/2 JIIlf./2 K R App.R

1 0.25 6.28 4.97 3L2

2 0.25 25.12 1.09 27.5

3 0.25 56.52 0.55 30.9

4 0.25 100.48 0.36 36..4

6 0.25 226.08 0.16 35.3

6 O.SO 113.04 0.32 36.1

8 O.SO 200.96 0.23 47.2

12 0.50 452.16 0.12 56.1

15 0.50 706.SO 0.09 61.4

15 1.00 353.25 0.22 78.4

25 1.00 981.25 0.10 97.7

32 LOO 1.607.68 0.08 136.2

40 1.00 2.512.00 0.07 169.1

40 2.SO 1.004.80 0.21 208.0

65 2.50 2.653.30 0.12 306.7

~ 29.47 DB} 3.11

RE:z 52.24 D~ 8.65

~ 224.44 DBa 11.48

BB.. 2550

Layer1 CLAY

~ 2 CLAY,Sandy

~ 3 SAND

•• 4 SAND.chy

• •• •• •• •• •• •• •
• I• •• •
:..--------------~.----------------~1

~
n>
CIl~.
CIl••••_.
<-.q-o
S-

1 •• 11 ••• 1.111.11

............... ..........................
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PARTICLE DISTRIBUTIONIHYDROMETER TEST RESULTS

B1 Location 1:OYEWOLECLOSE. TP irn
Test Sieves WtRetained Percentage Total %

(Normal Size) (gms) Retained Passing

2.0mm 100

1.18mm 1.0 1.0 99.0

600 micron 10.8 10.8 88.2

425 micron 13.2 13.2 75.0

300 micron 18.0 18.0 57.0

212 micron 16.1 16.1 49.9

150 micron 7.2 7.2 33.7

63 micron 2.7 2.7 31.0

TP1(M)

Test Sieves WtRetained Percentage Total %

(Normal Size) (gms) Retained Passing

2.0mm 100

1.18mm 1.2 1.2 98.8

600 micron 12.0 12.0 86.8

425 micron 9.2 9.2 77.6

300 micron 9.4 9.4 68.2

212 micron 8.5 8.5 59.7

150 micron 5.9 5.9 53.8

63 micron 4.0 4.0 49.8

84



TP1(B)

Test Sieves WtRetained Percentage Total %

(Normal Size) (gms) Retained Passing

2.0rnm 100

1.18mm 12 1.2 98.8

600micron 10.3 10.3 88.5

425micron 11.9 11.9 76.6

300micron 14.8 14.8 61.8

212micron 14.6 14.6 47.2

150micron 10.6 10.6 36.6

63micron 6.0 6.0 30.6

B2 Location 2: ELEGBEDESTREET. TP 2(T)

Test Sieves WtRetained Percentage Total %

(Normal Size) (gms) Retained Passing

2.0rnm 100

1.18mm 1.6 1.6 98.4

600micron 12.3 12.3 86.1

425micron 11.3 11.3 74.8

300micron 12.6 12.6 62.2

212micron 10.5 10.5 51.7

150micron 8.0 8.0 43.7

63micron 5.0 5.0 38.7

I- r~{r
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TP2(M)

Test Sieves WtRetained Percentage Total %

(Normal Size) (gms) Retained Passing

2.Omm 100

1.18mm 1.4 1.4 98.6

600 micron 10.5 10.5 88.1

425 micron 8.3 8.3 79.8

300 micron 7.8 7.8 72.0

212 micron 6.7 6.7 65.3

150 micron 5.7 5.7 59.5

63 micron 3.0 3.0 56.5

TP2 (B)

Test Sieves WtRetained Percentage Total %

(Normal Size) (gms) Retained Passing

2.0mm 100

1.18mm 1.8 1.8 98.2

600 micron 10.7 10.7 87.5

425 micron 8.3 8.3 79.2

300 micron 6.7 6.7 72.5

212 micron 6.7 6.7 65.8

150 micron 4.2 4.2 61.6

63 micron 2.9 2.9 58.7
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B3 Location 3: LADIPO AJULO STREET.TP 3(T)

Test Sieves WtRetained Percentage Total %

(Normal Size) (gms) Retained Passing

2.0mm 100

1.18mm 100

600 micron 11.1 11.1 88.9

425 micron 8.1 8.1 80.8

300 micron 8.0 8.0 72.8

212 micron 6.9 6.9 65.9

150 micron 4.8 4.8 61.1

63 micron 3.6 3.6 57.5

TP3(M)

Test Sieves WtRetained Percentage Total %

(Normal Size) (gms) Retained Passing

2.0mm 100

1.18mm 1.3 1.3 98.7

600 micron 11.5 11.5 87.2

425 micron 8.5 8.5 78.7

300 micron 8.2 8.2 70.5

212 micron 6.7 6.7 63.8

150 micron 4.6 4.6 59.2

63 micron 3.7 3.7 55.5
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TP3 (B)

Test Sieves WtRetained Percentage Total %

(Normal Size) (gms) Retained Passing

2.0mm 100

1.18mm 1.2 1.2 98.8

600 micron 10.0 10.0 88.8

425 micron 8.1 8.1 BO.7

300 micron 7.8 7.8 72.9

212 micron 6.2 6.2 66.7

150 micron 4.2 4.2 62.5

63 micron 4.0 4.0 58.5

B4 PARTICLE SIZE DISTRIBUTIONIHYDROMETER TEST RESULTS.

Sample SOIL FRACTION SILTS SAND SOIL FRACTION
No: CLAY SIZE SIZE SIZE CLAY AND SILTS SIZE

TPl/T 16 15 69 31

TPl/M 33 24 50 54

TPl/B 20 14 69 34

TP2/T 19 20 61 39

TP2/M 36 21 43 57

TP2/B 39 20 41 59

TP3/T 18 20 42 38

TP3/M 33 18 44 51

TP3/B 39 20 41 59
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Quartz Kaolinite Kaolinite mite Feslpar Chlorite Halloysite Cristobalite
d(AO) I d(AO) I d(AO) I D(AO) I d(AO) I d(AO) I d(AO) I d(AO) I
4.26 35 7.16 10+ 1.619 6 10.0 10 6.44 2 14.2 10 10.1 10 US 100

3.343 100 4,46 4 1.584 4 4.94 2 6.35 (1 7.08 4 4.46 8 2.92 5

2.458 U 4.36 5 1.542 5B 4,47 9 5.84 (1 4.71 6 3.40 5 2.53 80

2.282 U 4.48 5 1.489 8 3.68 2B 5.65 (1 3.534 6 2.56 5 2.17 10

2.237 6 4.14 3 1.467 2 3.32 9 4.04 9 2.829 9 2.37 3 2.07 30

2.128 9 3.845 4 1.452 4B 3.16 1f2 3.89 2 2.684 2 1.67 3 1.99 5

1.980 6 3.741 2 1.429 4 2.86 1 3.75 7 2.567 2 1.48 3 179 3

1.817 17 3.573 10+ 1.403 2 2.60 6 3.64 4 2.458 3 1.28 5 1.69 3

1.801 1 3.372 4 1.390 2 2.50 1 3.48 1 2.273 3 1.23 1 1.47 50

1.672 7 3.444 3 1.371 2 2.41 4 3.37 1 2.013 2 1 1.37 20

1.659 3 3.097 3 1.338 4 2.458 2 3.210 )15 1.886 2 1.21 30

1.608 1 2.753 3 1.305 6B 1.982 1 3.178 10 1.717 3 1.13 20

1.541 15 2.558 6 1.292 2 1.689&1.639 3 3.128 & 3&1 1.567 3 1.09 3

3.021

1.453 3 2.526 4 1.282 5 1.53 6 2.953 & 2&1 1.549 3 1.03 3

2.920

1.418 1 2.91 8 1.264 3 2.833 & 2 1.392 2 1.00 10

2.826

1.382 7 2.370 6 1.246 3 0.96 10

1.375 11 2.338 9 1.235 3 0.93 10

1.372 9 2.288 8 1.217 1

1.288 3 2.247 2 1.200 3

1.256 4 2.186 3 1.190 3

1.228 2 2.131 3 1.168 2

1.1997 5 2.061 2 1.124 1

1.973 2 1.989 6 1.094 3

1.838 4 1.939 4 1.082 2

1.1802 4 1.896 3 1.057 1

1.1530 2 1.869 2 1.049 2

1.1408 1 1.839 4 1.039 2
1.1144 1 1.809 2 1.021 2

1.0816 1 1.781 4 1.013 2

1.0636 1 1.707 2

1.0477 2 1.685 2

1.0437 2 1.662 7

1.0316 2

B5: X-RAY POWDER DATA FOR MINERALS (BROWN GEORGE, 1961)
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Ct. Borehole Log for Well to

Layers Depths To(m) Description of Strata
From(m)

1 0.00 5.00 Fine to Coarse SAND

2 5.00 11.00 Reddish Sandy CLAY

3 11.00 13.00 Fine to Coarse SAND

4 13.00 17.00 Reddish CLAY

5 17.00 23.00 Fine to Coarse SAND

6 23.00 24.00 Hard grey CLAY

7 24.00 30.00 White Coarse SAND

8 30.00 32.00 Greyish CLAY

9 32.00 38.00 Medium to Coarse SAND

10 38.00 44.00 Greyish Sandy CLAY

11 44.00 48.00 Fine to Coarse SAND

12 48.00 62.00 Greyish CLAY

13 62.00 69.00 White Medium SAND

14 69.00 75.00 White Clayey SAND

Source: Lagos State Water Corporation
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C2. Borehole Log for Well 15

Layers Depths To(m) Description of Strata
From(m)

1 0 5.00 Surface Brownish SAND

2 5.00 11.00 Yellowish Clayey SAND

3 11.00 17.00 Yellowish white Clay

4 17.00 19.50 Medium to Fine SAND

5 19.50 23.00 White Clayey SAND

6 23.00 24.00 Greyish CLAY

7 24.00 30.00 Fine to Medium SAND

8 30.00 32.45 Greyish CLAY

9 32.45 38.00 Fine to Coarse SAND

10 38.00 44.00 Greyish Sandy CLAY

11 44.00 47.00 Coarse SAND

12 47.00 57.25 Greyish CLAY

13 57.25 64.00 Fine Silty SAND

14 64.00 70.00 Greyish Clayey SAND

Source: Lagos State Water Corporation
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caBorehole Log for Well 20

Layers Depths To(m) Description of Strata
From(m)

1 0 5.00 Surface Reddish SAND

2 5.00 11.00 Brownish Clayey SAND

3 11.00 18.00 Brownish Clay

4 18.00 23.00 Reddish Clayey SAND

5 23.00 26.50 Brownish Clay

6 26.50 31.00 Meditm to Coarse SAND

7 31.00 33.00 Greyish CLAY

8 33.00 39.00 Coarse SAND

9 39.00 45.45 Greyish Sandy CLAY

10 45.45 49.00 White Medium to Fine SAND

II 49.00 53.00 Greyish CLAY

12 53.00 70.00 Medium to Coarse SAND

13 70.00 76.00 Greyish Clayey SAND

14 76.00 81.00 Greyish CLAY

Source: Lagos State Water Corporation
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C4. Borehole Log for Well 30

Layers Depths To(m) Description of Strata
From(m)

1 0.00 6.00 Surface Sandy CLAY

2 6.00 11.00 Reddish ClayeySAND

3 11.00 15.00 Fine to Coarse SAND

4 15.00 20.00 Brownish CLAY

5 20.00 29.00 Medium to Coarse SAND

6 29.00 32.00 Greyish Sandy CLAY

7 32.00 36.00 Fine to Medium SAND

8 36.00 40.00 Brownish CLAY

9 40.00 43.00 Fine to Coarse SAND

10 43.00 57.00 Greyish sandy CLA Y

11 57.00 72.00 Fine to Coarse SAND

12 72.00 74.00 Greyish CLAY

13 74.00 76.00 Fine to Coarse SAND

14 76.00 79.00 Greyish CLAY

15 79.00 85.00 Fine to Medium SAND

16 85.00 92.00 Greyish Sandy CLAY

Source: Lagos State Water Corporation
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C5. Borehole Log for Well 41

Layers Depths To(m) Description of Strata
From(m)

1 0.00 3.00 Surface Red SAND

2 3.00 10.45 Yellowish Clayey SAND

3 10.45 15.00 Medium SAND

4 15.00 17.00 Reddish CLAY

5 17.00 18.00 Fine to Coarse SAND

6 18.00 34.45 Brownish Sandy CLA Y

7 34.45 36.00 Fine to Coarse SAND

8 36.00 37.00 Greyish CLAY

9 37.00 39.00 Medium to Fine SAND

10 39.00 48.00 Greyish Sandy CLAY

11 48.00 57.00 Greyish CLAY

12 57.00 60.00 Greyish Sandy CLAY

13 60.00 62.00 Greyish brown CLAY

14 62.00 66.00 Coarse SAND

15 66.00 68.00 Brownish CLAY

16 68.00 70.00 Greyish Sandy CLAY

17 70.00 73.00 Greyish CLA Y

18 73.00 75.00 Fine to Medium SAND

19 75.00 79.00 Greyish CLAY

20 79.00 97.00 Fine to Medium SAND

21 97.00 101.00 Greyish Sandy CLAY

Source: Lagos State Water Corporation
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C6. Borehole Log for WeD 69

Layers Depths To(m) Description of Strata
From(m)

1 0.00 4.50 Surface Reddish Sandy CLAY

2 4.50 6.00 Yellow Coarse SAND

3 6.00 10.00 Reddish CLAY

4 10.00 12.45 Reddish Sandy CLAY

5 12.45 16.00 Fine to Coarse SAND

6 16.00 21.40 Greyish CLAY

7 21.40 28.00 Fine to Coarse SAND

8 28.00 31.25 Greyish Sandy CLAY

9 31.25 34.00 Brownish Clayey SAND

10 34.00 38.00 Fine to Coarse SAND

11 38.00 45.50 White Coarse SAND

12 45.50 52.00 Brownish CLAY

13 52.00 59.00 Fine to Coarse SAND

14 59.00 65.00 Greyish Sandy CLAY

15 65.00 70.00 Greyish CLAY

Source: Lagos State Water Corporation
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