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Abstract

Model analysis to examine stationary phase of thermotolerant in the study area has been thoroughly expressed. The
concept of this study is to critically evaluate the developed model equations that can definitely monitor and predict
the rate of deposition and migration of thermotolerant in the study area. The expressed theoretical values from both
predictive and validated were compared to critically assessed there rate efficiency in monitoring and evaluation of
thermotolerant deposition and migration in the study area, the study shows that both theoretical parameters and there
expressed model equation can be applied for predicting the deposition and migration level thermotolerant in the
study location, the model is imperative because it will assist experts in the field in different dimension in monitoring
and evaluation of thermotolerant in the study area. Copyright © AJEEPR, all rights reserved.
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1. Introduction

Grain size, shape, and packing are characteristics of granular porous media that have a significant effect on
groundwater flow, affecting both porosity and permeability. Hubbert [1940] determined that if uniform spheres are

uniformly packed, porosity is not a function of grain diameter but permeability is a function of the square of the
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grain diameter. However, natural sediment does not consist of uniform grains and packing; it contains mixtures of
finer and coarse grains of irregular shapes and complex packing arrangements. Nevertheless, the effects on porosity
and permeability when sediment is not uniform in size and packing have been extensively explored but the effects
on porosity and permeability when sediment is not uniform in shape needs to be explored further. Laboratory and
field experiments have verified that grain size and packing affect porosity and permeability in unconsolidated clastic
sediment [Freeze and Cherry, 1979; marsily, 1986; Domenico and Schwartz, 1990,Eluozo, 2013]. Research has also
been conducted on estimating hydraulic parameters, porosity and permeability, and the sediment parameters, grain
size and packing. Koltermann and Gorelick [1995] worked to improve the knowledge of these relationships by
modifying previous petrophysical models to more accurately predict the permeability of sediment mixtures. Kamann
[2004] expanded on the work of Koltermann and Gorelick [1995] to account for five possible types of packing
rather than the two types of packing upon which their fractional packing model was based. He took porosity and
permeability

Measurements on model bimodal sediment mixtures that varied in the volume fraction of finer grains, which he
compared with predicted values. In keeping with Koltermann and Gorelick [1995], Kamann [2004] also modeled the
porosity and permeability of bimodal sediment mixtures to address the effect of the volume fraction of fines. As the
volume fraction of fines increases within a sediment mixture, porosity changes as the packing of the mixture
changes. A porosity minimum occurs when the volume of the finer component equals the pore volume of the coarser
component. Kamann.s [2004] used spherical grains to model poorly-sorted sands and sandy gravels. Spherical glass
beads and marbles were used to represent fine sand, medium sand, coarse sand and pebble grain sizes. Kamann
[2004] chose to use spherical grains to eliminate variations in shape. He assumed that the bimodal sediment
mixtures of spherical glass beads and marbles provided an approximation of natural sediment. Conrad [2006]
focused specifically on measurements taken at small support scales using the air-based method of determining
permeability on mixtures of spherical grains. He revised the permeability procedures, improved the air-based
permeameter correction model developed by Kamann [2004], replicated and improved upon the permeability
measurements taken by Kamann [2004], and further confirmed the applicability of the petrophysical model for
permeability. The research conducted by Koltermann and Gorelick [1995], Kamann [2004] and Conrad [2006]
explored the effect of grain size and packing on porosity and permeability. The focus of this research will explore
the effect of grain size, shape, and packing on porosity and permeability by using bimodal mixtures of natural
sediment This study will continue the work of Kamann [2004] and Conrad [2006] by replacing spherical glass beads
and marbles with natural sand grains and pebbles to reexamine the effect of the volume fraction of fines on porosity
and permeability. The goals of this study are to (1) measure porosity and permeability for mixtures of natural
sediment that vary by percentages of the volume fraction of finer grains, (2) to evaluate if the model created by
Kamann [2004] based on spherical grains is accurate for natural sediment grains and (3) to improve the confidence
of estimating porosity and permeability [Peter 2005, Eluozo, 2013].

Soil and groundwater contamination remains a threat to public health and the environment despite decades of
research. Numerous remediation technologies including bioremediation, thermal treatment, soil vapor extraction

(SVE), zero-valent iron (ZVI), and in situ chemical oxidation (ISCO) have been developed over the past 30 years.
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Bioremediation is a cost-effective and simple remediation process for the degradation of contaminants such as
benzene, toluene, ethylbenzene, and xylenes (BTEX) [Kao et al., 2010; Nebe et al., 2009]. However, bioremediation
is constrained by the available microbial community and by its degradation capacity in a given environment [Steliga
et al., 2009]. Due to the complexities of extending laboratory results to the field [Stenuit et al., 2008], the actual rate
of degradation as a result of bioremediation is slow relative to other treatments and often relies on natural
attenuation, where no treatment is applied and the contaminant degrades naturally (Kao et al., 2010).
Bioremediation, SVE, and ZVI degrade or constrain a narrow range of contaminants and are generally unable to
treat sorbed contaminants and dense Nonaqueous phase liquids (DNAPLs) due to mass transfer limitations [Watts
and Teel, 2006; Watts, 1998]. Persulfate is typically activated to promote contaminant degradation (Liang et al.,
2004; aldemer et al., 2007; Furman et al., 2009). The activating agents include: iron-cheated activation [Liang et al.,
2004], base activation [Furman et al., 2009], and organic activation [Ahmad, 2010,Eluozo 2013].

2. Materials and method

Soil samples from several different boring locations, were collected at intervals of three metres each (3m). Soil
sample were collected in three different location, applying insitu method of sample collection, the soil sample were
collect for analysis, standard laboratory analysis were collected to determine the thermotolerant concentration
through column experiment, the result were analysed to determine the influence on thermotolerant transport between

lateritic and silty soil formation in the study area.
3. Predictive governing equation

Nomenclature

Kn = Coefficient of inhibition [MTL™]
Ky = Half Concentration of substrate under Aerobic Respiration [MTL™]
C = Concentration of Thermotolerant [MTL?]
= Time [T]
X,y = Distance [L]
o%c oc
Ki— = K,—= ... (1)
oy OX
Let C; = YX
oc
=== YRX O, )
oy
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246



American Journal of Environment, Energy and Power Research

Vol. 1, No. 10, December 2013, PP: 243-254, ISSN: 2329 - 860X (Online)

Available online at http://www.ajeepr.com/

+ﬂx

X = CoM

2
+
ﬁt

C,=Cr* (ACOS Py Bsin2 y} ................................

K

3. Validated Theoretical Equation

I

Theoretical background for 3 degree polynomial curve fitting

General: Y = a, +a, X+ azx2 +613X3 Fonn +a,X

If the above polynomial fits the pair of data (x, y) it means that every pair of data will satisfy the equation

(polynomial).
Thus;, Y, = @y +aX + &X. +aX. + e, +a,%
Y, = 8y +a, X, + X5 +AX2 + v, +axj ...
Vs = 8y +Xg + X +AXS v +a,X;
Y, =8y + X, + X +AXE e, +a,X;
Summing all the equations will yield 1 n —

Iin:yi =Za0+§n:al X, + Iiazxf+Iin:agxfwrIinlazlxi‘br ...... +> a X!
i=1 i=1 i=1 i=1 i=1 i

iyi :na0+alzn: X; +a2i Xi2+a3i Xi3+ ...... +z Xin
i=1 i= = = -

To form the equations to solve for the constants a,, &;, a,,d;, .......

We multiply equations (3.84) by X; Xiz, Xi3 ......... X; .

1)

2

@)

(4)

®)
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Multiply equation (6) by X;
X, Zyi =Na, X, + a, X, in +a, X ZXiz +a, X ZX13+ ........ +a, X inn

2 3 4 1
DX =a, Dox+a > X +a, )X +a ) X Hata, 2

Multiply equation (6) by X;

2 2 2 2 2 2 3 2
X] Zyi =na, X’ + a, X, in+a2 X] in +a, X; in Foveenns +a, X in" .

Dyixi=ag )y X+ a ) X e, Y X+ ) X et a, Y X

Multiply equation (3.85) by X’

XD Vi =nag X +a X Y X +a, X Y X +a X D x4 a X Y X,
D= gy X ey X e, Y X A Y X et a, DX
Multiply equation (6) by X/’

XIY Y = aghx! +a X )X +a, XY X +a X Y X et a, X DX

=, ) X +a Y X" a, D xM e ) XM e, Y X .

Putting equation (6) to n into matrix form

(6)

™)

(®)

©)

(10)
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n doxi DxE Y DX Ty )
x2S DX DX || % 5 Yi )
D T Tx TA . TaC B |S
MxE Y I K X a2 Yi%

el B D
z Xin z Xin+1 Z Xin+2 z Xin+3 ..... Z Xin+n """
Al [ Dy

Solving the matrix equation yields values for constants a,, @;, @,,8, ....... a, as the case may be depending on

the power of the polynomial. From the above matrix; for our particular case; i.e. polynomial of the third order:

y = a,+ aX + a,x* +a,x° 1

The equivalent matrix equation will be; (n = 3).

: PREDREDRS a, >y

DX XxE Y YK a, D oViX,

doxto Y Dt Yk a, Doyixt
DA LA ST

Table 1: Comparison of Predictive and Validated Theoretical Values of Thermotolerant at Different Depths

Depths [m] Predictive Theoretical Values Validated Theoretical Values
3 -0.14 0.18
6 2.07 3.48
9 5.22 7.14
12 9.3 11.37
15 14.32 16.51
18 20.28 22.87
21 27.18 30.78
24 35.01 40.56
27 43.77 52.53
30 53.48 67.03

Table 2: Comparison of Predictive and Validated Theoretical Values of Thermotolerant at Different Depths
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Depths [m] Predictive Theoretical Values Validated Theoretical Values
3 0.92 0.98
6 0.94 0.91
9 1.09 1.08
12 1.36 1.39
15 1.76 1.82
18 2.29 2.37
21 2.94 3.1
24 3.71 3.85
27 4.62 4.79
30 5.65 5.85

Table 2: Comparison of Predictive and Validated Theoretical Values of Thermotolerant at Different Depths

Depths [m] Predictive Theoretical Values Validated Theoretical Values
3 1.64 1.18
6 3.22 3.48
9 6.2 7.14
12 10.58 11.37
15 16.37 16.51
18 23.56 22.87
21 32.15 30.78
24 42.15 40.56
27 57.98 52.53
30 66.36 67.03
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Figure 1: Comparison of Predictive and Validated Theoretical Values of Thermotolerant at Different Depths
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Figure 2: Comparison of Predictive and Validated Theoretical Values of Thermotolerant at Different Depths
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Table 3: Comparison of Predictive and Validated Theoretical Values of Thermotolerant at Different Depths

The expression from figure one [1-3] shows how thermotolerant behave in stationary phase, the predictive
theoretical values express its deposition in exponential phase, similar condition were found on the validated
theoretical values, it migrated in rapid level, these are base on the conditions of stationary phase , because the
microbes found to station on some particular region of the formation, this condition increase the deposition of
thermotolerant in the study location, another deposited influences is the formation stratifications, this pressure the
behaviour of the microbes on transport system, the deposition of microelement might be another influences increase
that the population of the microbes and these are expressed in the figures moving in an exponential phase, the
validation of the model show that both theoretical values and there expressed equations can be applied to monitor

and predict the deposition and migration of thermotolerant in the study location.

4. Conclusion

The expressions from the figure has shows that the concentration of thermotolerant increase with depths, the
developed theoretical values both predictive and validated compare faviourably well in an exponential phase, the
condition of the concentration are influences by porosity of the formation, high degree of porosity were found to
deposit in the study area, these pressure the migration of thermotolerant rapidly increase in its deposition, another
influences on migration of the microbes are the depositions of microelement in the formation, since the deposition

of microelements increase their population, the microelements as substrate, it means that the deposition of such
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micronutrient will increase the concentration of thermotolerant in the study area, the study is imperative because the
validation of the theoretical values has show the authenticity of the derived expressions including the theoretical

values that compared faviourably well.

References

[1] Conrad, C.M., 2006. Air-based measurement of permeability in pebbly sands. Master’s Thesis, Department of
Geological Sciences, Wright State University, Dayton, OH,55 p.

[2] Conrad, et al., 2007. Air-based measurement of permeability in pebbly sands.[Unpublished]. not appropriate
form; delete and write out of text Costa, A. 2006. Permeability-porosity relationship: A reexamination of the
Kozeny-Carman equation based on a fractal pore-space geometry assumption. Geophysical Research Letters, 33: 1-
5.

[3] Domenico, P.A., Swartz, F.W., 1990. Physical and Chemical Hydrogeology. John Wiley, New York, 824.
[4] Freeze, R.A., Cherry, J.A., 1979. Groundwater. Prentice-Hall, Engle woods Cliffs, N.J., 604.
[5] Hubbert, M.K., 1940. The theory of groundwater motion. Journal of Geology, 48, 795-944.

[6] Kamann, P.J., 2004. Porosity and permeability in sediment mixtures. Masters Thesis, Department of Geological
Sciences, Wright State University, Dayton, OH, 51 p.

[7] Koltermann, C.E., Gorelick, S.M., 1995. Fractional packing model for hydraulic conductivity derived from
sediment mixtures. Water Resources Research, 31, no.12, 3283-3297.

[8] Peter, M.L.P., 2005 porosity and permeability of bimodal sediment mixtures using Natural sediment thesis
submitted in partial fulfillment of the requirements for the degree of master of science PP10

[9] Ahmad, M., Teel, A.L., Watts, R.J., 2010. Persulfate Activation by Subsurface Minerals. J. Contam. Hydrol.
115, 34-45.

[10] Furman, O.S., Teel, A.L., Watts, R.J., 2009. Mechanism and Contaminant Destruction Pathways in Base-
Activated Persulfate Systems. Environ. Sci. Technol. In progress

[11] Kao, C.M., Chien, H.Y., Surampalli, R.Y., Chien, C.C., Chen, C.Y., 2010. Assessing of Natural Attenuation
and Intrinsic Bioremediation Rates at a Petroleum-Hydrocarbon Spill Site: Laboratory and Field Sites. J. Environ.
Eng., 136, 54-67.

[12] Liang, C., Bruell, C.J., Marley, M.C., Sperry, K.L. 2004. Persulfate oxidation for in situ remediation of TCE. Il.
Activated by chelated ferrous iron. Chemosphere, 55, 1225-1233

[13] Nebe, J., Baldwin, B.R., Kassab, R.L., Nies, L., Nakatsu, C.H., 2009. Quantification of Aromatic Oxygenase
Genes to Evaluate Enhanced Bioremediation by Oxygen Releasing Materials at a Gasoline-Contaminated Site.
Environ. Sci. Technol., 43, 2029-2034.

[14] Steliga, T., Kapusta, P., Jakubowicz, P., 2009. Effectiveness of Bioremediation Processes of Hydrocarbon
Pollutants in Weathered Drill Wastes. Water Air Soil Pollut., 202, 211-228

[15] Stenuit, B., Eyers, L., Schuler, L., Agathos, S.N., George, I., 2008. Emerging high-throughput approaches to
analyze bioremediation of sites contaminated with hazardous and/or recalcitrant wastes. Biotechnol. Adv., 26, 561—
575.

253



American Journal of Environment, Energy and Power Research
Vol. 1, No. 10, December 2013, PP: 243-254, ISSN: 2329 - 860X (Online)
Available online at http://www.ajeepr.com/

[16] Watts, R.J., 1998. Hazardous Wastes: Sources, pathways, receptors. Wiley, New York.

[17] Watts, R.J., Teel, A.L. 2006. Treatment of Contaminated Soils and Groundwater Using ISCO. Pract. Period.
Hazard., Toxic, Radioact. Waste Manage., 10, 2-9

[18] Marissa C.M., 2010. Persulfate transport in two low-permeability soils thesis submitted in partial fulfillment of
the requirements for the degree of Master of Science in civil engineering Washington state university pp5

[19] Eluozo S.N. Establishments of porosity model and evaluation to monitor the effect on ¢ to ground water
aquifers in Port Harcourt Scientific Journal of Environmental Sciences (2013) 2(2) 19-26 ISSN 2322-5017

254



