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______________________________________________________________________ 

Abstract  

Modeling migration of virus on the application of plug flow system was to express the behaviour of the microbes 

in soil structural setting of the formation. The soil develop several deposition in structure and colure, it is 

influenced by the geological structure of the formation in the study area, several variation are found to deposit  

formation characteristics, this condition are reflected in the behaviou on its  migration process from one 

formation to another, the express  mathematical governing equation was formulated  base on the principle of 

plug flow system, the strata  were confirmed to developed homogenous fine sand in the  study area, the 

expressed derived equation developed a model that  will monitor the transport of virus under the principles of 

mailto:solomoneluozo2000@yahoo.com
mailto:afiibor4bony@yahoo.com


Research Open Journal of Water  

Vol. 1, No. 6, November 2013, PP: 35 - 49 

Available online at http://scitecpub.com/Journals.php 
 

 

36 
Copyright © scitecpub.com, all rights reserved.  

plug flow. The fluid deposition are found to behave in accordance with the principles of plug flow system these 

conditions shows how it  established relationship with the migration of virus at different strata in the study area, 

experts will applied the model to monitor the behaviour of virus in this direction.  

 

Keywords: modeling plug flow, fluid, virus migration and homogeneous find sand 

__________________________________________________________________________________________ 

 

1. Introduction  

Severe destructive microorganisms may enter ground water via poor well production, ground water 

refresh/infiltration from the exterior, faulty septic tanks and/or sewer lines, land techniques of sewage Sludge, and 

percolation of landfill migration (Sobsey 1979; Pedley and Howard 1997 David, 2003, Eluozo, 2013). The fates of 

bacteria in the subsurface are base on two fundamental procedure, survival and transport/retention (Gerba and Bitton 

1984). Study of the transport of microorganisms to and through ground water is an entire field onto itself. substantial 

work has been done to define factors upsetting microbial transport in ground water, generally with two motivating 

reasons: public health implications from contamination by potential pathogens, and migrates of biodegrading 

bacteria to aquifer regions contaminated with chemical constituents. Transport studies often involve the use of 

columns to model movement through a soil matrix or in-situ studies of microbial transport which employ monitoring 

wells to detect the organisms of interest, often a tracer organism, as they are transported with ground water across a 

study site Column studies are useful for isolating and/or defining specific impacts controlling transport as they offer 

a controlled environment, while in-situ studies allow for evaluating the impact of other factors in the natural 

environment that are difficult or impossible to model with column studies. Such factors could include predation and 

antagonism by other organisms, alterations in adsorption and survival in response to natural geochemical 

constituents and pore size or transmissivity effects of the undisturbed aquifer material, and interrelation of these and 

other variables (Harvey 1997 David,2003 ). By and large, microbial cells/particles have a negative surface charge in 

near-neutral water (Gerba 1984; Klein and Ziehr 1990; Krekeler 1991). But the overall charge on an organism is 

highly variable. Such rapid transport to surface water in Key Largo sites was largely attributed to tidal pumping, 

while sites where tidal pumping was not as significant demonstrated slower transport rates of 0.12 – 2 m/h (Paul 

1997). The presence of human enteroviruses in surface water of the Florida Keys was also demonstrated (Griffin 

1999). There are also indications that coral mucus may concentrate microorganisms of fecal origin, including human 

enteroviruses, leading to unknown but possibly deleterious effects on these organisms and the associated stressed 

marine ecosystem of coral reefs (Lipp 2002). Besides the Florida Keys, tracer studies have implicated septic tanks in 

contamination of surface water at estuarine (Rose and Zhou 1995; Lipp 2001) and freshwater sites in Florida, 

including demonstration of virus migration from a seeded septic tank to adjacent river waters (Callahan 2001). The 

potential of SF6 as a ground water tracer has also been reported, including its use in karst limestone and shallow, 

sandy aquifers (Wilson and Mackay 1993; Dillon 1999; Corbett 2000 Eluozo, 2013). 
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2. Theoretical background 

Plug is tools that are applied to monitor any particular substance or object moving from region to another,, the 

process are applied in tracing of any substances can migrate from another region, the application of the concept in 

soil are flow of fluid from on formation to another formation, the migration of virus under the influences of plug 

flow application as system  were established in these conceptual frame work, the system using such methods were to 

model the flow of fluid in the system influences some of the formation characteristic, this methods are designed  to 

monitor several traced  mineral either manmade or natural origin through the designed system,  the behaviour of 

plug flow system depends on the structural setting of the variable in the soil, there are lots of variable known to be 

formation characteristics, the most influential should considered  in formulating the system denoted through 

mathematical tools, the deposition of virus in soil  were found through thorough investigation on the strata in the 

study location, modeling the system considering the application of plug  flow system were imperative, because its 

conditions are in line with the principle of plug flow reactor, such condition  express the behaviour of the microbes 

under the influences of the structural geomorphology and geochemistry deposition that react with other mineral 

deposited in the formation of the soil to generate output  base on the level of reaction ,inhibition  temperature 

influences including other formation setting condition in the formations , the study express the behaviour of virus to 

react with other formation deposited influences or its structural geological setting, this condition implies that the 

concentration in any formation of the soil are determined by the reactions of any deposited minerals including the 

formation characteristics influences  such as void ratio and temperature of the formation at  different strata , the 

study will definitely establish the a mathematical model that will express plug flow application on the transport of 

virus at different formation in the study area. 

 

3. Governing Equation 

t

v

x

v
Q

x

v

x

v
K





















2

2

  ………………………………                                  (1) 

The expressed equation is modified to monitor the application of plug flow on the transport of virus in homogeneous 

fine sand, the study through this governing equation  will express various parameters relation in the system , the 

behaviour of the microbes will be expressed as various boundary values will establish on the derived process , such 

condition implies that the expression will consider several conditions that are known to influences the behaviour of 

virus on the transport  process in the formation, these parameters stated in the system formulated the principle 

equation ,these condition were definitely considered in the system as it is presented mathematically above.   

Nomenclature 

V  = Volumetric concentration of Transport [ML
-1

] 

K =  Permeability  [ LT
-1

] 

     =                    porosity [-] 

T = Time [T] 
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X = Distance [L] 

            =            bulk density [-] 
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Applying direct integration on (2) 
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Again, integrate equation (12) directly yield 

 

2KKtvtKv      ………………………………….                                (13)  

Subject to equation (3), we have 

2KVvo       ………………………………….                  (14)  

And subjecting equation (12) to (3) we have 
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So that we put (13) and (14) into (13), we have 
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ovv 1      
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Hence equation (18) entails that at any given distance x, we have constant concentration of the contaminant in the 

system. This condition implies in transport system there some region of the soil that the migration will develop 

constant deposition of concentration, this condition depends on the deposition of the strata, and such expression 

implies that deposition of the formation may have deposition homogeneous void ratio may pressure the 

concentration to reduces it concentrations and maintain constant, at most it may also  implies that they reaction with 

other deposited minerals has reduce or inhibit the  concentrations of the microbes . 
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We approach the system, by using the Bernoulli’s method of separation of variables                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
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Now, we consider equation (7), we have the same similar condition with respect to the behaviour  
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     …………………………..   (47) 

By substituting (46) and (47) into (38), we get 
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Subject equation (48) to conditions in (7), so that we have 
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conditions it is imperative to monitor the microbes at when such depositions are confirmed to deposition in some 

region of the soil, therefore the expressions were found suitable to consider the rates of concentration at various 

deposited region of the soil.  

Due to the rate of growth, which is known to be the substrate utilization of the microbes we have  
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Put (57) and (58) into (56), so that we have  

TXTXTKX 111      ……………………                            (59) 

i.e. 
T

T

X

X
K

11

     ……………………                                                  (60) 


X

X
K

1

    …………………………..   (61) 

 
T

T
v

1

    ………………………….                              (62) 

xAX



     …………………………..   (63) 

Put (62) and (63) into (56), gives 

tBAv






 
 4

  …………………………..                 (64) 

 



xtABv  4
   …………………………..   (65) 

Subject equation (66) to (8) 

VooV )(4
    …………………………..   (66) 

So that equation (67) becomes 

     …………………………..   (67) 

 

 

 

v
Kov xt



 4
 



Research Open Journal of Water  

Vol. 1, No. 6, November 2013, PP: 35 - 49 

Available online at http://scitecpub.com/Journals.php 
 

 

46 
Copyright © scitecpub.com, all rights reserved.  

Considering equation (10), we have  
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Subject (76) to (10) 
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So that equation (78) becomes  
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Several region of the soil may not experiences the same concentration, lots of variations may be experienced in the 

formations , this is due to variation of stratum deposition including its  structural deposition within the intercedes, 

such conditions are found in soil formation, the study geological setting are influenced such conditions in the study 

locations , there lots of  deposited pressures in the formation that may develop  steady state flow  and on the process 

the deposition of substrate may be not found in the system .therefore the study consider steady state of the formation 

as it is expressed below. 

Now, assuming that at the steady flow, there is no NKP for substrate utilization, our concentration here is zero, so 

that equation (79) becomes 
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The expression in 83 from the derived governing equation is the final developed model that will monitor the 

deposition and migration of virus under plug flow application, several mathematical concept has been developed by 

experts in the field but there was no effective concept that genera rated results that be applied as a bench mark for 

breakthrough of success in this condition of these type of transport system in soil, the formation are found to 

deposits lost of pressured, but the expressed model will definitely develop effective  results  on the  deposition and 

migration of virus. 

4. Conclusion  

The deposition of virus were found to predominant in some part of Rumuolumine, the study is to establish the base 

line on the plug flow application on the deposition of virus in the study area, the structural deposition of the 

formation influenced the deposition and migration of the formation, the structural deposition of the soil determine 

the behaviour of the virus in some condition, while in some instance other deposition in the soil determine the 

deposition of the microbes   theses are some minerals deposited by manmade of natural origin .the rate temperatures 

in  various formation were found to influences in various formations in the study location, the study is imperative 

because  the structural setting of the formation has been designed mathematically using this principles of plug flow 

in the designed of the mathematical modeling  in the soil the developed model will definitely monitor the system 

through the applied conceptual setting of plug flow in the formations of homogeneous fine sand . 
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