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INTRODUCTION 

Monitoring the behaviour of groundwater systems, 

it has been observed that it rate of degradation on 

contaminant plumes are normally determined 

through the interplay between physical and bio-

geochemical processes. More so as it is observed 

precisely, that is due to insufficient mixing of 

electron donors including that of contaminant 

plumes from chemicals) and electron acceptors (e.g., 

dissolved oxygen of the ambient groundwater) 

often limits (bio) chemical reactions, this process 

has been noted to be the t controlling natural 

attenuation of the contaminant plumes including 

that of performance of engineered remediation 

strategies Furthermore, the application term is 

used reactive transport process, while dilution is 

applied in the conservative transport. Dilution 

another physical process that is leading to the 

reduction of the peak concentration, it is also 

noted to cause of increase in the plume entropy. 

There is no doubt that the dilution including that 

of mixing of the plumes are caused by dispersion, 

to this extent, both processes are influenced by 

the heterogeneity and anisotropy of the porous 

media [1–3,20-22]. Contaminant transport from 

the quasi steady-state has been found in field 

through detail investigations.  

To this extend, it has been observed that the 

contaminants are released continuously from the 

source such as NAPL (Non-aqueous Phase 

Liquid) this through spills or leaking landfills [4, 

5, 22-24]. It steady-state setting, including its 

transverse dispersive mixing is the main process 

that determine the distance of the plume including 
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the fate of the contaminant transport [6–11,25]. It 

is observed that it is only at the front of the plume 

does longitudinal dispersion play a significant 

role in steady-state plume transport. Such condition 

expresses the rate reflection by the steep concen-

tration gradients observed at the fringes of 

groundwater plumes in the field investigations of 

contaminant aquifers [12–15, 26]. Meanwhile, 

porous media and it deposited heterogeneity and 

anisotropy including that of biogeochemical 

complexity of natural aquifer systems are definitely 

influenced by dilution and mixing. The interpretation 

separating different physical and chemical processes 

and the influencing factors is difficult in natural 

groundwater systems [20-24]. Several experts on 

modeling have conducted an investigation on 

transverse dispersion of conservative and reactive 

solutes research both on homogeneous and heter-

ogeneous porous media [16–19,26-28]. Meanwhile, 

there are mainly significant challenge of various 

numerical methods is their numerical dispersion 

including that of the results uncertainties. 

Experimental approaches are always essential to 

give an intuitive vision of the phenomenon 

examination to verify the numerical models 

techniques [30-31]. 

THEORETICAL BACKGROUND 
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MATERIAL AND METHOD  

Standard laboratory experiment where performed 

to monitor  lead   using the standard  method for 

the experiment  at different sample  at different 

station, the water sample  were collected in 

sequences base on specification stipulated at 

different locations, this samples collected at 
different location generated variations at 

different distance producing different  lead  

concentration  at lower end of the column through 
physiochemical analysis, the experimental result 

were  compared with the theoretical values for 

model validation.

Results and Discussion 

Table1. Predictive and Experimental Values of Dissolved Lead Concentration at Different Depth 

Distance [x] 
Predictive Dissolved Lead [Mg/L on 

Variation of porosity [0.2] 

Experimental Values of Dissolved Lead 

[Mg/L] on Variation of porosity [0.2] 

2 0.181558532 0.167908 

4 0.164817503 0.156732 

6 0.149620119 0.145972 

8 0.135824046 0.135628 

10 0.123300072 0.1257 

12 0.111930901 0.116188 

14 0.10161005 0.107092 

16 0.092240858 0.098412 

18 0.083735574 0.090148 

20 0.076014539 0.0823 

22 0.069005441 0.074868 

24 0.062642633 0.067852 

26 0.056866522 0.061252 

28 0.051623011 0.055068 

30 0.046862991 0.0493 

32 0.042541879 0.043948 

34 0.038619206 0.039012 

38 0.031825605 0.030388 

40 0.028891051 0.0267 

42 0.026227084 0.023428 

44 0.023808754 0.020572 

46 0.021613412 0.018132 

48 0.019620497 0.016108 

50 0.017811343 0.0145 

54 0.014678106 0.012532 

56 0.013324677 0.012172 

58 0.012096044 0.012228 

60 0.0109807 0.0127 

62 0.009968198 0.013588 

64 0.009049057 0.014892 

66 0.008214668 0.016612 

68 0.007457215 0.018748 

70 0.006769605 0.0213 

Table2. Predictive and Experimental Values of Dissolved Lead Concentration at Different Depth 

Distance [x] 
Predictive Dissolved Lead [Mg/L 

on variation of Porosity [0.24] 

Experimental Values of Dissolved Lead 

[Mg/L on variation of Porosity [0.24] 

2 0.199714385 0.184732 

4 0.181299253 0.172428 

6 0.164582131 0.160588 

8 0.149406451 0.149212 

10 0.13563008 0.1383 

12 0.123123991 0.127852 
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14 0.111771055 0.117868 

16 0.101464943 0.108348 

18 0.092109131 0.099292 

20 0.083615993 0.0907 

22 0.075905985 0.082572 

24 0.068906896 0.074908 

26 0.062553174 0.067708 

28 0.056785313 0.060972 

30 0.05154929 0.0547 

32 0.046796067 0.048892 

34 0.042481126 0.043548 

38 0.035008166 0.034252 

40 0.031780156 0.0303 

42 0.028849792 0.026812 

44 0.02618963 0.023788 

46 0.023774754 0.021228 

48 0.021582547 0.019132 

50 0.019592478 0.0175 

54 0.016145916 0.015628 

56 0.014657144 0.015388 

58 0.013305648 0.015612 

60 0.01207877 0.0163 

62 0.010965018 0.017452 

64 0.009953963 0.019068 

66 0.009036135 0.021148 

68 0.008202937 0.023692 

70 0.007446566 0.0267 

Table3. Predictive and Experimental Values of Dissolved Lead Concentration at Different Depth 

Distance [x] 
Predictive Dissolved Lead [Mg/L on 

variation of Porosity [0.24] 

Experimental Values of Dissolved Lead 

[Mg/L on variation of Porosity [0.24] 

2 0.217870239 0.20066 

4 0.197781003 0.18644 

6 0.179544143 0.17274 

8 0.162988856 0.15956 

10 0.147960087 0.1469 

12 0.134317081 0.13476 

14 0.12193206 0.12314 

16 0.110689029 0.11204 

18 0.100482688 0.10146 

20 0.091217447 0.0914 

22 0.082806529 0.08186 

24 0.075171159 0.07284 

26 0.068239827 0.06434 

28 0.061947614 0.05636 

30 0.056235589 0.0489 

32 0.051050255 0.04196 

34 0.046343047 0.03554 

38 0.038190726 0.02426 

40 0.034669261 0.0194 

42 0.031472501 0.01506 

44 0.028570505 0.01124 

46 0.025936095 0.00794 

48 0.023544597 0.00516 

50 0.021373612 0.0029 

54 0.017613727 -6E-05 

56 0.015989612 -0.00076 

58 0.014515252 -0.00094 

60 0.013176839 -0.0006 
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62 0.011961838 0.00026 

64 0.010858869 0.00164 

66 0.009857601 0.00354 

68 0.008948658 0.00596 

70 0.008123526 0.0089 

Table4. Predictive and Experimental Values of Dissolved Lead Concentration at Different Depth 

Distance [x] 
Predictive Dissolved Lead [Mg/L 

variation on  of  Porosity [0.26] 

Experimental Values of Dissolved Lead 

[Mg/L on variation of Porosity [0.26] 

2 0.236026092 0.21846 

4 0.214262754 0.20404 

6 0.194506155 0.19014 

8 0.17657126 0.17676 

10 0.160290094 0.1639 

12 0.145510171 0.15156 

14 0.132093065 0.13974 

16 0.119913115 0.12844 

18 0.108856246 0.11766 

20 0.098818901 0.1074 

22 0.089707073 0.09766 

24 0.081435422 0.08844 

26 0.073926479 0.07974 

28 0.067109915 0.07156 

30 0.060921888 0.0639 

32 0.055304443 0.05676 

34 0.050204967 0.05014 

38 0.041373287 0.03846 

40 0.037558366 0.0334 

42 0.034095209 0.02886 

44 0.030951381 0.02484 

46 0.028097436 0.02134 

48 0.025506646 0.01836 

50 0.023154746 0.0159 

54 0.019081537 0.01254 

56 0.017322079 0.01164 

58 0.015724857 0.01126 

60 0.014274909 0.0114 

62 0.012958658 0.01206 

64 0.011763775 0.01324 

66 0.010679068 0.01494 

68 0.00969438 0.01716 

70 0.008800487 0.0199 

Table5. Predictive and Experimental Values of Dissolved Lead Concentration at Different Depth 

Distance [x] 
Predictive Dissolved Lead [Mg/L on 

variation of Porosity [0.28] 

Experimental Values of Dissolved Lead 

[Mg/L on variation of Porosity [0.28] 

2 0.254181945 0.235188 

4 0.230744504 0.219652 

6 0.209468167 0.204692 

8 0.190153665 0.190308 

10 0.172620101 0.1765 

12 0.156703261 0.163268 

14 0.14225407 0.150612 

16 0.129137201 0.138532 

18 0.117229803 0.127028 

20 0.106420355 0.1161 

22 0.096607617 0.105748 

24 0.087699686 0.095972 
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26 0.079613131 0.086772 

28 0.072272216 0.078148 

30 0.065608187 0.0701 

32 0.059558631 0.062628 

34 0.054066888 0.055732 

38 0.044555847 0.043668 

40 0.040447471 0.0385 

42 0.036717917 0.033908 

44 0.033332256 0.029892 

46 0.030258777 0.026452 

48 0.027468696 0.023588 

50 0.024935881 0.0213 

54 0.020549348 0.018452 

56 0.018654547 0.017892 

58 0.016934461 0.017908 

60 0.015372979 0.0185 

62 0.013955478 0.019668 

64 0.01266868 0.021412 

66 0.011500535 0.023732 

68 0.010440101 0.026628 

70 0.009477447 0.0301 

Table6. Predictive and Experimental Values of Dissolved Lead Concentration at Different Depth 

Distance [x] 
Predictive Dissolved Lead [Mg/L 

on variation of Porosity [0.30] 

Experimental Values of Dissolved Lead 

[Mg/L on variation of Porosity [0.30] 

2 0.272337798 0.2525 

4 0.247226254 0.2353 

6 0.224430179 0.2192 

8 0.203736069 0.2037 

10 0.184950108 0.1888 

12 0.167896351 0.1745 

14 0.152415075 0.1608 

16 0.138361287 0.1477 

18 0.12560336 0.1352 

20 0.114021809 0.1233 

22 0.103508161 0.112 

24 0.093963949 0.1013 

26 0.085299783 0.0912 

28 0.077434517 0.0817 

30 0.070294486 0.0728 

32 0.063812819 0.0645 

34 0.057928808 0.0568 

38 0.047738408 0.0432 

40 0.043336576 0.0373 

42 0.039340626 0.032 

44 0.035713131 0.0273 

46 0.032420119 0.0232 

48 0.029430746 0.0197 

50 0.026717015 0.0168 

54 0.022017158 0.0128 

56 0.019987015 0.0117 

58 0.018144065 0.0112 

60 0.016471049 0.0113 

62 0.014952298 0.012 

64 0.013573586 0.0133 

66 0.012322002 0.0152 

68 0.011185823 0.0177 

70 0.010154408 0.0208 
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Table7. Predictive and Experimental Values of Dissolved Lead Concentration at Different Depth 

Distance [x] 
Predictive Dissolved Lead [Mg/L on 

variation of Porosity [0.002] 

Experimental Values of Dissolved Lead 

[Mg/L on variation of Porosity [0.002] 

2 0.001815585 0.001692 

4 0.001648175 0.001588 

6 0.001496201 0.001488 

8 0.00135824 0.001392 

10 0.001233001 0.0013 

12 0.001119309 0.001212 

14 0.001016101 0.001128 

16 0.000922409 0.001048 

18 0.000837356 0.000972 

20 0.000760145 0.0009 

22 0.000690054 0.000832 

24 0.000626426 0.000768 

26 0.000568665 0.000708 

28 0.00051623 0.000652 

30 0.00046863 0.0006 

32 0.000425419 0.000552 

34 0.000386192 0.000508 

38 0.000318256 0.000432 

40 0.000288911 0.0004 

42 0.000262271 0.000372 

44 0.000238088 0.000348 

46 0.000216134 0.000328 

48 0.000196205 0.000312 

50 0.000178113 0.0003 

54 0.000146781 0.000288 

56 0.000133247 0.000288 

58 0.00012096 0.000292 

60 0.000109807 0.0003 

62 9.9682E-05 0.000312 

64 9.04906E-05 0.000328 

66 8.21467E-05 0.000348 

68 7.45722E-05 0.000372 

70 6.76961E-05 0.0004 

Table8. Predictive and Experimental Values of Dissolved Lead Concentration at Different Depth 

Distance [x] 
Predictive Dissolved Lead [Mg/L 

on variation of Porosity [0.0024] 

Experimental Values of Dissolved Lead 

[Mg/L on variation of Porosity [0.0024] 

2 0.002178702 0.0020624 

4 0.00197781 0.0019296 

6 0.001795441 0.0018016 

8 0.001629889 0.0016784 

10 0.001479601 0.00156 

12 0.001343171 0.0014464 

14 0.001219321 0.0013376 

16 0.00110689 0.0012336 

18 0.001004827 0.0011344 

20 0.000912174 0.00104 

22 0.000828065 0.0009504 

24 0.000751712 0.0008656 

26 0.000682398 0.0007856 

28 0.000619476 0.0007104 

30 0.000562356 0.00064 

32 0.000510503 0.0005744 

34 0.00046343 0.0005136 

38 0.000381907 0.0004064 
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40 0.000346693 0.00036 

42 0.000314725 0.0003184 

44 0.000285705 0.0002816 

46 0.000259361 0.0002496 

48 0.000235446 0.0002224 

50 0.000213736 0.0002 

54 0.000176137 0.0001696 

56 0.000159896 0.0001616 

58 0.000145153 0.0001584 

60 0.000131768 0.00016 

62 0.000119618 0.0001664 

64 0.000108589 0.0001776 

66 9.8576E-05 0.0001936 

68 8.94866E-05 0.0002144 

70 8.12353E-05 0.00024 

 

Figure1. Predictive and Experimental Values of 

Dissolved Lead Concentration at Different Depth 

 

Figure2. Predictive and Experimental Values of 

Dissolved Lead Concentration at Different Depth 

 

Figure3. Predictive and Experimental Values of 

Dissolved Lead Concentration at Different Depth 

 

Figure4. Predictive and Experimental Values of 

Dissolved Lead Concentration at Different Depth 
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Figure5. Predictive and Experimental Values of 

Dissolved Lead Concentration at Different Depth 

 

Figure6. Predictive and Experimental Values of 

Dissolved Lead Concentration at Different Depth 

 

Figure7. Predictive and Experimental Values of 

Dissolved Lead Concentration at Different Depth 

 

Figure8. Predictive and Experimental Values of 

Dissolved Lead Concentration at Different Depth 

Figure 1-8 explained the behaviour of dissolved 

lead in the metropolitan city of Port Harcourt,  

decrease in concentration observed variations 

based on heterogeneous structure of the formation, 

these are basically on porosity deposition of the 

formation, the behaviour of the transport substance 

were simulated to reflect the influences from the  

variation deposition of porosity in the study 

environment, the trend from all the figures main-

tained decrease with increase in distance that 

recorded the minimum concentration at seventy 

metre, but the concentration were observed to 

experienced variation in the dissolved lead, the 

study monitoring the influence from this formation 

characteristics  that expressed the effect  from 

these parameters on the transport rate of the 

dissolved lead in the study area. The deltaic 

nature of metropolitan city of port expressed the 

heterogeneity deposition of soil porosity in the 

transport process influenced by lead , there were 

characterized through the simulation to explained 

the rate of heterogeneity porosity on dissolved 

lead, monitoring the soil porosity based on these 

factors expressed the rates of concentration from 

high porosity to the lowest porosity reflecting the 

transport process of lead, the trend on decrease 

state were monitored and observation carried out 

shows that even though there is decrease with 

respect to increase in depth, concentration 

experienced the highest rate of lead deposition as 

it is expressed in the trend. The experimental 

values in the entire trend expressed decrease with 

increase in depth; the predictive and experimental 

values maintained best fits correlation, this has 

expressed the authenticity of the model. 
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CONCLUSION 

Porosity in the deposition of the formation were 

monitored to determined the reflection of it 

heterogeneity in metropolitan city of the study 

environment, the dissolved lead in the transport 

system were observed to be influenced by the 

variation of  formation porosity in the study area, 

the predictive model  applying deterministic modeling 

techniques from  derived solution developed the 

model that expressed  the reflections of porosity in  

heterogeneous depositions, these generated the 

migration of dissolved lead. Such study became 

imperative due the rates of negative impact it has 

generated in the study environment,  due the 

deltaic nature of the study environment, most 

affect area on its Aquiferous zone are pose to be 

under serious treat developing high degree of 

Aquiferous pollution in the affected environment, the 

waste dump site based on its long negative 

impact causing this level of contamination in the 

study area, the dissolved lead on its transport 

process observed high to low concentration, but 

with variation of concentration at different 

locations considered in the study area, these were 

experienced from the simulation expressed in the 

transport process, the study has definitely generated 

the reflection variation impact on the porosity 

depositions from concentration  observed in  all 

the figures, the predictive values was compared 

with experimental data, and both parameters 

developed best fits correlations. 
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