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Abstract

The research study was performed by estimating the longitudinal dispersion coefficient for Dor Nwezor section of Bodo-
Bonny River and conducting a tracer experiment using the constant distance variable time method. Eleven empirical
models for the prediction of longitudinal dispersion coefficients were considered and analyzed using the hydraulic and
geometric parameters of the river. The empirical and experimental results were analysed and compared statistically
with Deng et al model yielded the most reliable method of predicting the longitudinal coefficient of dispersion of Dor
Nwezor section of Bodo-Bonny River with the least root mean square value of 0.1221, mean absolute value of 0.0617
close to zero and discrepancy ratio of -0.2303 that falls within the accepted accuracy range of -0.3 to 0.3.
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1. Introduction

The chances that a pollutant, sewage, industrial waste, run offs, chemical wash offs into a water bodies (rivers, lakes,
streams, ocean) is of a major disturbance to those diverting and consuming water from such sources. A method of
rapidly estimating travel time or dispersion rate of pollutants is needed for pollution control or force warning system
on streams where data are limited. As greater demands are placed on streams by communities, the evaluation of
significant parameters of self-purification, such as de-oxygenation and re-aeration properties, becomes increasingly
necessary. Therefore, the ability to simulate potential pollution buildup in streams, lakes, estuaries, and the likes
becomes increasingly important[1] Thus, dispersion is associated with both longitudinal, and axial transportation of
material due to its molecular dissemination, turbulent eddies, and velocity variance[2] Longitudinal dispersion is the
action by which water flowing in a stream or river spreads out to dilute mass of pollutants, Rather than moving it
downstream as a slug, such a mass is dispersed in the direction of flow of the river at different speeds|[3]

Hydrodynamics is simply the study of a fluid in motion [4] Hydrodynamic properties of a fluid in motion include flow
rate, velocity, temperature, pressure, density, all as a function of space and time [5] Hydrodynamics and pollutant
emission dispersion characteristics of water bodies are important variables in the planning, management of river basin,
and in hydraulic modeling with major consideration to aquatic ecosystems protection and different water usages [6].

1.1. Study Area

Ogoniland in South-South region is divided administratively into four Local Government Areas (Eleme, Gokana, Khana,
and Tai), made up of six kingdoms (babbe, Eleme, Gokana, ken-khana, nyo-khana, and Tai) covering some 1,000 km? in
the south-east of the Niger Delta basin. It has a population of close to 832,000 according to the 2006 National Census
with a 2.5% growth rate between 2007-2010, it was recorded as 914,899 consisting mainly of the Ogoni people and
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characterized by typically deltaic features such as uneven terrain, numerous creeks, shallow brackish water bodies and
a variety of vegetation types including swamp forest [7].

Bodo City is a coastal community in the Ogoni area of rivers state, located in the Gokana Local Government Area,
characterized by an annual rainfall of about 2000-3000 mm, which decreases sharply as one moves inland, with the
rainy season from April to November and the short dry season which lasts for four months (from December to March)
with occasional rainfall. Bodo Creek is a network of brackish water creeklets surrounding Bodo City on the upper axis
of the Bonny-Andoni river. This creek has four major channels, Dor Nwezor, Koola Tobsoi, Koola Seato and Kpador. The
Dor Nwezor and Kpador seaward are the two major channels that distributes saline waters in and out of Bodo Creek,
which connects Bodo Creek to Opobo channel (an adjunct links of Andoni and Bonny rivers), and to Bonny River
respectively. The creek layout, geomorphology and hydrology has been described extensively by Onwugbuta-Enyi et al,
(2008), Zabbey et al.,, (2010)[8, 9] Bodo Creek serves as a major livelihood Support base for the Bodo natives and their
neighbours[10] Providing ready fishing incentives, small and medium aquaculture, transportation, cassava
fermentation, domestic waste disposal[8] Bodo Creek bio-resources access is open to every person as I lacks any
organized structures to check, manage and regulate the creek basin exploitation rates aside the feeble community
imposed laws, which are grossly violated due to lack of enforcement and eroding traditional authorities respect[9]

2. Material and methods

The extent of dispersion can be measured by the determination of the coefficient of dispersion (D) or by its
dimensionless group called the dispersion number (§). There are several methods of evaluating dispersion and these
methods are grouped into empirical and experimental method.

For the experimental method (tracer studies), the tracer is usually introduced at the influent of the measured reach to
be studied, and at the effluent end samples are collected at time intervals or by measuring the tracer concentration using
an instrument. The coefficient of dispersion can be derived experimentally using techniques, these techniques could be
constant distance variable time method or the variable distance-time method.

The data generated from the tracer experiment can be estimated using empirical or theoretical equations based on the

relationship between dispersion and variance by the statistical moment method based on levenspiel and smith (1957)
moment approach [11]

= % [Veoz +1 —1] 1)

6 = Dispersion number, 02 = Normalized variance, this is calculated from constant distance variable time tracer
experiment and is given by;
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¢ = Concentration of tracer at the downstream (mg/1), © = Average flow time, given by the Marecos do monte and mara
(1987)[12]
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For the variable distance time technique, the following equations have been derived by Agunwamba (1997) [13]
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Where the summation is taken over all the uniformly spaced readings. The parameter T = % and g = %

L is the channel length and
X is the distance from the outlet and t is the time after tracer injection.

The dimensionless dispersion number is related to the dispersion coefficient by[3]

§=— (©)

D= dispersion coefficient, p= flow velocity of stream, L= sample length of stream
A governing equation of a parabolic type in one dimension can be used to describe a solute released into a river, based

on convection-dispersion process in which the hydraulic regime is characterized as steady uniform or non-uniform flow.

9B B
V, — + SSp = 0. (7

Degyz = Vegx

B= concentration of tracer used (mg/1)

D« = longitudinal dispersion coefficient (sq.km/day), Vx = average stream flow velocity (km/day), SSs = source and/or
sink for discharge along the river stretch (mg/l) and, X= distance along river stretch (km).

For the ease of calculations, it is assumed that the values for D and V estimated from the tracer experiment are constant
along the entire river stretch.

The physical parameters relevant to estimating the longitudinal dispersion coefficient of a given water body include
velocity, depth of river, river channel width, and flow rate of the water body. The coefficient of dispersion for a given
system is not constant but varies as these parameters changes[6] Early methods of measuring dispersion coefficients
applied experimental techniques until 1920 when Taylor considered the spread of particles in a moving fluid, describing
the longitudinal dispersion concept as a one dimensional process showing the effects of convection and diffusion within
the cross-section of a uniform channel. The coefficient of dispersion was expressed as

D = (10.06 + 0.05)AU" (8)
A= Hydraulic Diameter (m)
U*= Shear Velocity (m/s)

Subsequently, a laboratory measurement and assumption of velocity profile extended Taylor’s method for an open or
infinitely large channel[22]

D =5.93HU" 9
H= flow depth (m)
Elder’s equation was further improved upon by showing it significantly underestimated the coefficient of dispersion,

due to neglect of the transverse velocity profile across the river thus leading to the integral equation that takes in to
account the lateral velocity profile in place of the vertical velocity profile .

"y Eyih J$ b’ (y).dydydy
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However, the challenge with this equation was in its difficulty in determining the coefficient of dispersion as a result of
the lack of consideration given to the transverse depth and velocity profile thus, in 1975 he came up with an equation
which included the velocity deviation, triple integral, and transverse coefficient approximations[14]

U?B?

D =0.011
HU*

(11)
U= Average velocity (m/s), B= Channel width (m)

Again, an equation for the estimation of the coefficient of dispersion using the one dimension mass transport and a one
dimension flow equation for the fond number (F) not greater than 0.5 was proposed by Mcquivey and Keefer, 1974[15]

0.058
D = ¢

12
W (12)
Q= Volumetric Flow Rate (m3/s), S= Energy slope (Dimensionless), W= River Width (m)

While, Liu (1977) proposed an equation using the Fisher’s equation and taking the lateral velocity gradient in to
consideration as[16]

U?B?
HU*

D=p (13)

In which B represents a function of the channel’s shape and its velocity distribution profile, expressed as
u\15
p=018(%) (14)

Iwasa and Aya (1991) further improved the equation using laboratory and previous field data’s for the prediction of the
coefficient of dispersion in a natural stream [17]

D B\'®
aoe ~ 20 (E) (15)

Seo and Cheong (1998) developed an equation using regression analysis for one step Huber method and dimensional
analysis as[18]

0.620 U 1.428

@

Deng et al (2001) also derived an equation with the coefficient of transverse mixing and this proved that an equation
using the transverse mixing coefficient could determine the longitudinal dispersion coefficient accurately in rivers [19]

D _0.15<B)5/3 (U)Z 17
HU*  8g, \H U+ a7
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HU* H

&0 is the transverse mixing coefficient, calculated using the formula

comons s [

Kashefipour and Falcorner (2002) proposed their equation for dispersion coefficient using the data collected and
obtained from rivers in United states of America[20] The equation is expressed as;

U
D =10.612HU [ﬁ] (19)
This equation was integrated into that by Seo and Cheong (1998) to produce an equation as follows;
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Sahay and Dutta [21]
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2.1. Criteria for Comparison of Empirical Models

The determination of the coefficient of longitudinal dispersion is of utmost importance, as unreliable estimation would
result in mistakes, and errors in the management of the river. Thus the use of statistical techniques using the observed
field data is important in defining the dispersion coefficient and for comparing the accuracy of results from other
empirical models.

These statistical models are as follows [22]

Discrepancy ratio (A)
Dp
A = Log— = Log (Dp — Dy) 2D
Dy

Root mean square (RMS)

RMS = (22)

=~

Mean Absolute Error (MAE)

MAE == |0y — Dy (23)
DP is the calculated coefficient of dispersion
DM is the measured field value of the coefficient of dispersion, N is the number of data
The discrepancy ratio is dependent on the following conditions
If A=0 this shows equality of calculated value with measured value.
If A>0 this shows that the model overestimates the coefficient of dispersion.
If A <0 this shows that the coefficient of dispersion is underestimated.

Each model‘s accuracy is categorized by the number A value between + 0.3

3. Results and discussion

The results obtained from the experimental study and data gathering are shown thus.
The absorbance of the standard solutions prepared using a spectrophotometer is shown in Table 1 with its
corresponding plot of absorbance against concentration in Figure 1. A straight line graph is deduced from the plot, which

is referred to as calibration curve. Also, more values of absorbance with its concentration value can be determined from
the calibration curve.
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Table 1 Absorbance of the standard solution

Absorbance Concentration (g/L)
12 20
22 40
30 60
39 80
48 100
56 120
70
60 /
w50
(-]
Z40 /
2
ggo
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o}

o 50 100 150
CONCENTRATION g/L

Figure 1 Absorbance against Concentration

The absorbance of the standard solutions prepared using a spectrophotometer is shown in Table 1 with its
corresponding plot of absorbance against concentration in Figure 1. A straight line graph is deduced from the plot, which
is referred to as calibration curve. Also, more values of absorbance with its concentration value can be determined from
the calibration curve.

Table 2 Sample Concentration with Time

Concentration | Time (Sec)
(g/L)

0 0
11.5 3
22 8
36 10
24 15
15.4 17
7 20
2 23
0 30
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Figure 2 Concentration against Time

The concentration of the samples extrapolated from the calibration curve at time interval of sampling is shown in Table
2, while the plot of the sample concentration against the travel time is shown in Figure 2. This plot yielded a dumb bell
shaped polynomial function, which shows that as the tracer travels from its point of introduction upstream, its
concentration increases as time increases until it gets to the peak travel concentration, and starts declining as the time
increases downstream in the direction of flow of the river.

Table 3 Comparison of the measured and tmodels predicted values of coefficient of dispersion Evaluated Dispersion
Coefficient = 0.5702 m?/s

Models Dispersion Discrepancy Mean Absolute | Root Mean
Coefficient Ratio Error Square
(m?/s)
Taylor 2.4593 0.2764 0.4126 0.2658
Elder 1.4620 -0.0497 0.2081 0.1496
Fisher 0.1948 0.0417 0.0548 -0.0596
Mcquivey & Keefer 25.3417 1.3940 2.7524 2.8150
Liu 2.4632 0.2772 0.2103 0.2663
Iwasa & Aya 9.4129 0.9331 0.9525 1.0440
Seo & Cheong 6.3053 0.7586 0.6374 0.6978
Deng et al 1.1586 -0.2303 0.0617 0.1221
Kashefipour & Falconer 1 3.6887 0.4939 0.3465 0.4049
Kashefipour & Falconer 2 4.4744 0.5915 0.4338 0.4931
Sahay & Dutta 4.0353 0.5397 0.3850 0.4439

The results of the statistical methods used for the comparison of the theoretical models from literature for the predicted
coefficient of dispersion and the measured value are shown in Table 3. It can be determined from the table that deduced
models of Elder, Deng et al, Taylor and Liu gave discrepancy ratios values of -0.0497, -0.2303, 0.2764 and 0.2772
respectively, which fell within the accuracy range of -0.3 to 0.3. Thus, these models closely predicted the measured value
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of coefficient of dispersion. The other models overestimated the coefficient of dispersion as their values are above 0.3,
hence these models result fall outside the accuracy limit of method. Deng et al and Fisher yielded the least mean absolute
error values of 0.0617and 0.0417 closest to zero, thus indicating high degree of accuracy of their models as compared
to the other models considered. Deng et al also showed the least root mean square value of 0.1221 as compared to all
the other models considered in this study. The model of Deng et al had the closest result as the measured value after the
comparison using all three statistical methods.

4., Conclusion

The comparison of the experimental and theoretical results using statistical methods shows that the equation of fisher,
Mcquivey and keefer, Iwasa and Aya, Seo and Cheong, Kashefipour and Falconer and Sahay and Dutta over-estimated
the analysis and results exceeds the limit of accuracy of the discrepancy ratio, while Taylor, Elder, Liu and Deng et al
under estimated the measured dispersion coefficient but results are within the accuracy range. Also, the equations of
Elder, Fisher and Deng et al gave the closest values to zero, hence they predicted the measured dispersion coefficient
closely using the mean absolute error measure. Similarly the equation Deng et al yielded the least root mean square
error value closest to zero, indicating that this equation closely predicted the measured dispersion coefficient. Thus, the
equation of Deng et al was considered the most reliable method of predicting the longitudinal coefficient of dispersion
of Dor Nwezor section of the Bodo-Bonny River, having closely fulfilled the conditions of the statistical methods applied
as compared to the other models. The predicted value by this method showed the least root mean square value of
0.1221, and a mean absolute value of 0.0617 close to zero with discrepancy ratio of -0.2303, which falls within the
accepted accuracy range of -0.3 to 0.3. The accuracy of this model can be attributed to the inclusion of the coefficient of
transverse dispersion in its model.
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