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Modeling and simulation to predict variation of void
ration and permeability influence on E-coli transport
in heterogeneous sand gravel depositions

Abstract

This study monitored heterogeneous deposition of void ratio in predominant sand
gravel depositions, several studies had been done on transport system with relation
to depth of the formation, but the study centered more on time of transport in relation
to heterogeneous void ratio and permeability of sand gravel formation, the time of
transport were subjected to determine the rate of transport to the Phreatic depositions,
fluctuation and exponential phase of transport were observed in the study area, depth
of transport were slightly evaluated in the study, but the focus of the study is more on
time influenced by heterogeneous void ratio on sand gravel depositions, simulation
generated predictive values that were validated with experimental values and both
parameters express favorable fits for model validation, the study provide platform to
monitor time of transport influenced by heterogeneous void ratio in predominant sand
grave depositions. Experts will definitely use the concept to monitor time of transport
of E-Coli in sand gravel formation.
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Introduction C=E.Coli Concentration
The behaviour of soil base on evaluation tools known as (SWAT)'? K =Permeability

was effectively applied to simulate river flow micronutrient were found V. =Velocity

from evaluation of the Rivers,* and E. coli fluxes.** The integration

of this model was done in landscape which also includes in-stream ®  =Porosity

microbial processes, this concept was thoroughly applied in other to
simulate management scenarios in degradation of contamination.>*’ d

The programme called SWAT permit modeling of bacteria fate and x  =Depth

transport. even though calibration of the model for faecal fluxes
seems more difficult compare to flow, it may be due to the paucity

of data and inadequate understanding of E. coli biophysical process, Let C =TX

this concept has definitely signify most important breakthrough on
approximation E. coli fluxes.*® The system of developing modeling

T =Time

K, =Decay Rate

Applying Bernoulli’s method of separation of variables

in regional degree has been an adopted concept in the past years by 7l . , )
Lazure and Dumas,’ this concept was to explain currents, dilution and Vo = KX -KgX' = B @)
transport im most parts of the French coast. In recent times, it was
observed that water quality variations have been realizeed, this was VQ,LI -5 A3)
observed in some particular faecal contamination through bathing and r
shellfish harvesting areas.”” These concept currently applied models
. ne P y pﬁ . kv x" - kax'- g2x =0 )
is to manage the impact of wastewater on the sea water.'” Expressing
such knowledge has been applied to monitor the system daily flows )
that are simulated with a watershed model as an input into another F ; g[th )
hydrodynamic model to assess daily bacterial concentrations in rom 1= af®h
estuaries.''? These the two conceptual model applications are used to From (4), the auxiliary equation is
monitor microbiological contamination in an estuary, which is crucial
for coastal management. KVM?~ KM~ p* = 0
Theoretical background P
M=—4d I (6)
oc % ac e
Vo = KVi— - Kq— (1)
o ox ox Hence, we have
Nomenclature X = ACosMx + BSinMsx (7)
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Combining (3) and (4), we have: -

5
C(x,t) = aZVLDt[ACosMx + BSinMx] ®)

Subject equation (8) to boundary condition
at x=0 ¢=0 Yield: -

0=ad
2
ie. C(xp)= afﬁt[ACosMx + BSinMx] )

2

0Oc ot .
o ColV® [-AMSinMx + BMCos Mx]

At x=o,@=0
Ox
ﬁZ
—t
0= ColV® (CosMx)

(10)

At x=L,@=o yields: -
oL

2
0= ColV®' [~AMSinML]

1D
2
—t
ColVd #0
AMSinL = 0 = nr,n=1,2,3

ML=nz m="%
L

2
—t
C(x,t)= ColV®D [Cus%x}

(12)
If x=v«

2
—t
C(x,t)= ColVD [Cus%V-l}

(13)

If =2
v

,6'2
—1
C(x,t) = ColVd [Cvs%g}
v

Materials and method

Standard laboratory experiment where performed to monitor the
concentration of E-Coli transport at different formation. The soil
deposition of the strata was collected in sequences based on the
structural deposition at different locations. The samples collected at
different locations generated variations at different depth producing
different migration of E-Coli concentration through pressure flow at
the lower end of the column. The experimental result are applied and
compared with the theoretical values for model validation.

Results and discussion

Results are presented in tables and figures including graphical
representation of E-Coli concentration. Figure 1 express gradual
increase of the predictive E-Coli concentration from ten to forty days
and suddenly experienced decrease with increase in time to lowest
rate concentration recorded at one hundred and twenty days, while
the experimental values gradual decrease from the optimum values
recorded at ten to the lowest concentration observed at the same
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period, Figure 2 predictive values experienced fluctuation where the
optimum values was observed at ninety day and final decrease down
to the lowest rate of concentration recorded at one twenty days, while
the experimental values maintained fluctuation but at different time to
the lowest concentration recorded at the same time. Figure 3 observed
similar condition but at different time, fluctuation were experienced
from ten to two hundred days, where the lowest concentration were
observed, while that of experimental values maintained similar
condition, but experience higher concentration compared to that
of the predictive. Figure 4 developed an exponential phase of the
system were the optimum values were recorded sixty metres, while
the experimental values maintained the same trend to the optimum
parameters recorded at the same depth. Figure 5 predictive maintained
linear increase with increase in depth to the optimum values observed
at sixty metres, while that of the experimental values experienced
vacillation from nine to forty days and linearly increase to the
optimum at thirty nine days, Figure 6 observed gradual increase and
suddenly experience decrease to lowest rate of concentration. While
that of the experimental values increase in similar condition to the
optimum values at hundred and fifty days, but suddenly experienced
slight decrease between hundred and sixty to two hundred days,
while Figure 7 gradually increase with depth to the optimum values
recorded at thirty six metres and suddenly experiences decrease to
the lowest concentration recorded at sixty metres, while that of the
experimental values maintained the same trend of concentration to
the lowest depth at sixty metres. Figure 8 predictive and experimental
values developed fluctuation from twenty four to sixty metres, Figure
9 predictive observed different concentration in migration, and both
parameters observed gradual increase to the optimum values recorded
at two hundred days (Tables 1-10).
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Figure | Predictive and experimental values of E-Coli concentration at
different depth.
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Figure 2 Predictive and experimental values of E-Coli concentration at
different time.
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Figure 3 Predictive and experimental values of E-Coli concentration at
different time.
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Figure 7 Predictive and experimental values of E-Coli concentration at
different depth.
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Figure 4 Predictive and experimental values of E-Coli concentration at
different depth.
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Figure 5 Predictive and experimental values of E-Coli concentration at
different time.
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Figure 6 Predictive and experimental values of E-Coli concentration at
different time.

Figure 8 Predictive and experimental values of E-Coli Concentration at
different depth.
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Figure 9 Predictive and experimental values of E-Coli concentration at
different depth.

Table | Predictive and experimental values of E-coli concentration at different
time

Predictive values of Experimental values

Time [T] E-coli conc. [Mg/L] of E-Coli conc.[Mg/L]
10 0.1119 0.16765

20 0.1678 0.1588

30 0.1762 0.15005

40 0.1678 0.1414

50 0.1398 0.13285

60 0.1343 0.1244
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Table Continued....

Predictive values of

Experimental values

Time [Tl £ oli conc. [Mg/L] of E-Coli conc.[Mg/L]
70 0.1175 0.11605
80 0.1119 0.1078
90 0.1007 0.09965
100 0.0839 0.0916
110 0.0769 0.08365
120 0.0671 0.0758
130 0.0473 0.06805
140 0.0431 0.0604
150 0.0419 0.05285
160 0.0402 0.0454
170 0.0381 0.03805
180 0.0302 0.0308
190 0.0265 0.02365
200 0.0223 0.0166
Table 2 Predictive and experimental values of E-coli concentration at different
time
Time [T] Predictive values of Expe.rimental values of
E-coli conc. [Mg/L] E-Coli conc.[Mg/L]
10 2.34E-05 -0.00001 148
20 5.63E-05 0.00006232
30 9.86E-05 0.00012912
40 |.50E-04 0.00018712
50 |.87E-04 0.000235
60 2.56E-04 0.00027192
70 3.28E-04 0.00029752
80 4.13E-04 0.00031192
90 5.07E-04 0.00031572
100 6.10E-05 0.00031
110 2.58E-04 0.00029632
120 2.25E-04 0.00027672
130 |.83E-04 0.00025372
140 |.64E-04 0.00023032
150 |.40E-04 0.00021
160 I.13E-04 0.00019672
170 9.58E-05 0.00019492
180 8.45E-05 0.00020952
190 6.25E-05 0.00024592
200 4.70E-05 0.00031
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Table 3 Predictive and experimental values of E-coli concentration at different

time
Time [T] Predictive values of Experin:\ental values
E-coli conc. [Mg/L] of E-Coli conc.[Mg/L]
10 7.54E-02 0.036
20 I.51E-01 0.148
30 2.26E-01 0.248
40 3.02E-01 0.336
50 3.27E-01 0.412
60 4.52E-01 0.476
70 5.28E-01 0.528
80 6.03E-01 0.568
90 6.79E-01 0.596
100 7.54E-01 0.612
110 6.22E-01 0.616
120 5.88E-01 0.608
130 5.39E-01 0.588
140 4.75E-01 0.556
150 3.96E-01 0.512
160 3.02E-01 0.456
170 2.56E-01 0.388
180 2.04E-01 0.308
190 |.43E-01 0.216
200 I.13E-01 0.112
Table 4 Predictive and experimental values of E-coli concentration at different
depth
o L
3 5.59E-03 3.05E-03
6 1.12E-02 6.18E-03
9 1.67E-02 9.36E-03
12 2.23E-02 1.26E-02
15 2.79E-02 |.58E-02
18 3.36E-02 1.91E-02
21 3.92E-02 2.24E-02
24 4.47E-02 2.57E-02
27 5.03E-02 2.90E-02
30 5.59E-02 3.24E-02
33 6.15E-02 3.59E-02
36 6.71E-02 3.95E-02
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Table 5 Predictive and experimental values of E-coli concentration at different ~ Table 7 Predictive and Experimental Values of E-Coli Concentration at

depth Different Depth
. Predictive values Experimental Predictive values of Experimental values of
Time [T] conc. [Mg/L] values conc.[Mg/L] Depth [M] E-coli conc. [Mg/L] E-Coli conc.[Mg/L]
10 5.59E-03 I.10E-02 3 9.39E-05 6.28E-05
20 1.12E-02 | 15E-02 6 | .88E-04 1.91E-04
9 2.82E-04 3.05E-04
30 1.67E-02 |.55E-02
12 3.76E-04 4.05E-04
40 223802 2.08E-02 15 4.70E-04 4.90E-04
50 2.79E-02 2.54E-02 18 5.63E-04 5.61E-04
60 3.36E-02 3.23E-02 21 6.57E-04 6.17E-04
70 3.92E.02 3.45E.02 24 7.51E-04 6.59E-04
27 8.45E-04 6.87E-04
80 4.47E-02 3.88E-02 30 9.39E-04 7 00E-04
%0 5.03E-02 442E-02 33 7.74E-04 6.99E-04
100 5.59E-02 4.88E-02 36 7.32E-04 6.83E-04
1o 6.15E-02 5.33E-02 39 6.108-04 6.338:04
42 5.26E-04 6.09E-04
120 6.71E-02 5.55E-02
45 4.93E-04 5.50E-04
:dl'abtl: 6 Predictive and experimental values of e-coli concentration at different 48 451E-04 4.77E-04
ep
51 3.99E-04 3.89E-04
Time [T] Predictive values of Experimental values 54 3.38E-04 2 87E-04
E-coli conc. [Mg/L] of E-Coli conc.[Mg/L] 57 2 68E-04 | 71E-04
10 9.39E-05 0.000113 60 | .88E-04 4,00E-05
20 |.88E-04 0.000292 Table 8 Predictive and experimental values of E-Coli concentration at different
depth
30 2.82E-04 0.000457
40 3.76E-04 0.000608 Depth [M] Predictive values of Experimental values of
E-coli conc. [Mg/L] E-Coli conc.[Mg/L]
50 4.70E-04 0.000745
3 1.99E-03 3.20E-02
60 5.63E-04 0.000868 6 3.99E-02 5.30E-02
70 6.57E-04 0.000977 9 5.99E-02 7.40E-02
12 7.99E-02 9.50E-02
80 7.51E-04 0.001072
15 9.99E-02 I.16E-01
90 8.45E-04 0.001153 18 | 19E-01 | 37E-01
100 9.39E-04 0.00122 21 1.39E-01 |.58E-01
1o 7.74E-04 0.001273 2 I-59E-01 I.79E-01
27 1.79E-01 2.00E-01
120 7.32E-04 0.001312 30 | 99E-01 221E-01
130 6.10E-04 0.001337 33 6.21E-02 2.42E-01
140 5.26E-04 0.001348 36 6.77E-02 6.77€-02
39 7.34E-02 7.88E-02
150 4.93E-04 0.001345
42 2.63E-02 3.22E-02
160 4.51E-04 0.001328 45 2.81E-02 2.55E-02
170 3.99E-04 0.001297 48 3.01E-02 3.22E-02
180 3.38E-04 0.001252 > 319802 3.05E-02
54 1.69E-02 2.11E-02
190 2.68E-04 0.001193 57 | 79E-02 | 89E-02
200 | .88E-04 0.00112 60 1.88E-02 |.78E-02
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Table 9 Predictive and experimental values of E-Coli concentration at
different time

Predictive values of Experimental values of

Time [Tl £ oli conc. [Mg/L] E-Coli conc.[Mg/L]
10 2.34E-04 0.0063
20 9.23E-03 00116
30 3.17E-02 0.0209
40 5.63E-02 0.0342
50 5.87E-02 0.0515
60 8.46E-02 0.0728
70 I.15E-01 0.098|
80 1.50E-01 0.1274
90 1.90E-0! 0.1607
100 2.34E-01 0.198
10 2.84E-01 02393
120 3.38E-01 0.2846
130 3.97E-01 03339
140 4.60E-01 03872
150 5.28E-01 0.4445
160 6.00E-01 0.5058
170 6.79E-01 05711
180 7.61E0 0.6404
190 8.48E-01 07137
200 9.39E-01 0.791

Tablel0 Predictive and experimental Values of E-Coli concentration at
different depth

Predictive values of Experimental values of

Depth M1 £ coliconc.[Mg/lL]  E-Coli conc.[Mg/L]
3 4.85E-05 0.0001 15858
6 .93E-04 0.000260602
9 4.35E-04 0.000354406
12 7.74E-04 0.000406666
Is 1.21E-04 0.000426

8 | 74E-04 0.00042025
21 2.37E-04 0.000396478
24 3.09E-04 0.00036097
27 3.92E-04 0.000319234
30 4.84E-04 0.000276

33 5.59E-05 0000235222
36 6.65E-05 0.000200074
39 7.81E-05 0.000172954
) 9.05E-05 0.000155482
45 1 06E-06 0.0001485
48 I.18E-06 0.000152074
51 I.34E-06 0.00016549
54 | 49E-06 0.000187258
57 I 66E-06 0.0002151 |
60 I 84E-06 0.000246
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Conclusion

The study has express the behavior of the system in terms of
deposition under variation of permeability and void ratio in E-coli
transport , the litho structure in the study environment express
heterogeneous deposition under the influences of heterogeneous
void ratio in sand grave formation, such condition were observed to
pressure the transport behaviors of E-coli in sand grave depositions,
exponential and fluctuation were experienced reflecting the litho
structure of the predominant sand gravel deposition, the contaminant
were found to pressure in transport process to Phreatic depositions,
the study observed variation of micronutrient in different deposition,
these are experienced in aquitard and unconfined deposition in
Phreatic regions, the study centered more on time of transport under
these lithology in the study environment, these condition implies
that time and structural setting determined rapid rate of transport to
Phreatic beds, these expression detailed the behavior of the transport
system in sand gravel region of the study area. Other studies have
base more on the depth of the formation, but time in relation to
structural depositions has not monitored in detail, this study express
the simulation of transport time more than that depth of the transport
process, the simulation defined the system process of void ratios in
heterogeneous condition, it also express the void ratio heterogeneous
setting in sand gravel depositions, simulation developed some high
percentage of favorable fits. The study has predicted time relationship
with heterogeneous setting of void ratios in sand gravel formation.
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