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WASTEWATER PRETREATMENT IN THE SEWAGE
SYSTEM

Catalina Raluca MOCANU'

In the paper the author presents an innovative method for the practical
application of the sewage network as a wastewater pre-treatment stage. This can be
achieved by using alternative aeration systems along the sewage system, which lead
to alternative aerobic and anaerobic areas and allow the development of the
biological processes. The microorganisms that occurred partially decompose the
organic pollutants from the wastewater in the sewage system due to the intensive
aeration in the aerobic zones. In this paper the mathematical model and numerically
simulations are presented, which were done to obtain the optimum horizontally
distribution of aeration equipment in aerobic zones and the optimum length of
aerobic and anaerobic zones.
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1. Introduction

The length of the sewage system depends on the relative position of the
wastewater treatment plant (WWTP) from the locality and it is around 5 to 15
kilometers. Taking in consideration this distance are necessary several hours for
the wastewater to reach the WWTP. During this time the organic substances are
anaerobically decomposed, eliminating toxic gasses (CH4, CO,, H,S) and
unpleasant smells through the apertures of the sewage system, with major
implications for the safety of the maintenance personnel.

A innovative method for the wastewater pre-treatment proposed for
rationally and efficiently use of the length of the sewage system. This method
consists of the alternation of the aerobic and anaerobic areas into the sewage,
using aeration systems, which allow the development of the biological processes.
The grown bacteria partially degrade the organic substances from the sewer
system.

By aerating the wastewater from the sewer the gaseous medium is
modified and this lead on quickly and safety interventions in the sewer system,
without dangers for the operators.

The aeration systems assure the oxygen needed in the aerobic areas for the
decomposition of the organic pollutants, for the metabolism of the
microorganisms and for the multiphase fluid mixing.

The mathematical model and numerically simulations are presented, which
were done to obtain the optimum horizontally distribution of aeration equipment
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in aerobic zones and the optimum length of aerobic and anaerobic zones will be
presented. A virtual sewage pipeline with immersed oxygen dispersion equipment
will be simulated in ANSYS CFD software presented.

2. Mathematical model

Various examples can be found in literature about the dispersion and mass
transfer of a gas in a liquid in the turbulent flow regime [1, 7, 12, 13]. These
processes occur in aeration applications, water ozonation, chlorination in which a
gas is injected directly into the water transport pipeline.

The purpose of mathematical modeling and numerical simulation is to
identify the best position of the aeration equipment to have the optimum oxygen
concentration in aerobic zones of wastewater, around 2 mg/l. Also, it is necessary
to provide anaerobic zones, for denitrification [11]. The optimization of pre-
treatment method is needed for reducing the maintenance and operation costs, for
energetic optimization of treatment equipments and to obtain maximum
performances in wastewater purification.

The aeration process depends on hydraulic flow regime through the
sewage [2, 3, 4]. Hydraulically permanent motion and unidirectional horizontal
motion are considered. The air is dispersed into the water using pneumatic
equipment put on the bottom of the sewer and connected to a blower.

The mathematical model is based on the dispersion equation of dissolved
oxygen in wastewater, considering complete mixing in the sewer [5, 10,13].

The profiles of dissolved oxygen concentration in the sewage system can
be obtained from the dispersion general equation:
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Where: & is the longitudinal dispersion coefficient; & is the transversal dispersion
coefficient; & is the vertical dispersion coefficient on the fluid current; U is the
horizontally water velocity; v is the vertical water velocity, W is the lift velocity
because of gas bubbles; C is the oxygen concentration,; D is the molecular
diffusivity coefficient, S is the in or out substance source from the system.

A complete solution of (1) is impossible to obtain due to stray dependence
coefficients of the flow, the nature, the shape and dimension of dispersed particles
and the physical properties of the considered medium [6, 8]. From these
considerations simplified models will be considered.

The air is injected into the sewage system through the dispersion
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equipment, perforated pipes, placed on the sewage bottom.
For the numerical simulation the followings hypotheses are considered:

e The sewage system has a parallelepiped shape;

e Longitudinal flow;

e Pneumatic aeration;

e Permanent motion from the hydraulic point of view;

e The water vertical velocity is neglected in compered with horizontal
velocity;

e Unsteady state flow regime from the mass transfer point of view;

e The complete mixing of the phases in the sewage;

¢ Plane movement — the water flow on the Ox axis, with a constant water
velocity, U, the air bubbles rise on the Oy axis with the w, air velocity;

e The molecular diffusivity is neglected in compared with the turbulent
convective diffusivity, so the term DpAC from (1) is neglected;

e The term for transversal dispersion is neglected because has small values
in compared with the similar phenomenon’s from the Ox and Oy axis;

e Due to the ascendant movement of the air bubbles, the gas-lift
phenomenon will appear. This will intensify the mixing and oxygen
transfer from air into water;

e In (1) the velocity term V is replace with the gas bubbles velocity rising, W;

e The axial dispersion appears due to the multiphasic fluid movement along
Ox axis and the ascent movement of the gas bubbles.

Taken in consideration the above hypotheses the dispersion equation (1)
became:
§+u£+w£=i(gxﬁj+i(gy£]+s(x,y,t) )
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Because the air is introduced from the bottom of the sewage system can be
consider that &< &,
The oxygen concentration into the water is the result of two processes:

a) The oxygen mass transfer from air into the water due to the air bubbles
movement;

b) The oxygen consumption due to the biochemical oxidation reactions of
the organic matter.

Last right term from (2) take into account the reduction of oxygen
concentration due to the consumption reactions. Considering a first degree
consumption term (2) became:
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The mass transfer coefficient in the sewer depends on [9]:

e the air bubble size, especially be the type of the gas dispersion equipment;

e the value of the gas flow per unit of liquid volume;

e hydrodynamic characteristics of fluid medium, the environment and
dependence on continued turbulence mixing produced by the injected
air;

e the physic-chemical proprieties of the liquid phase.

The wastewater pretreatment process in the sewage system depends on:

e hydraulic flow in the system that influence the sedimentation processes.
Due to corrosion action of the particles carried by the aqueous medium
on the channel walls is required to place fines screens before the aeration
systems.

e temperature is a major factor influencing the kinetics of chemical and
biochemical processes, oxygen regime in the water.

o if there is an open sewage system an important role is the insolation with
its seasonal and diurnal variation that directly influence the chemical and
biochemical reactions of the multiphase medium.

3. Numerical simulation

The equation (3) is introduced in a customized ANSYS program in order

to obtain the oxygen profiles in sewage wastewater. In equation (3) is introduced a
term for oxygen consumption (-k*C) that considers oxygen demand for cellular
metabolism and for mineralization of organic matters. For this term it was
considered different expressions until the concentration profiles fit the real
process. The constants in the equation (3) are: u=0.8m/s, w=0.3m/s, &=0.3m"/s,
8y=2m2/s, and k=0.3s"'.. Maximum oxygen concentration in the wastewater is
considered to be around 3 mg/l (0.003kg/m3).

arc:

The work fluids characteristics considered for the numerical simulation

e Water: laminar flow, continuous fluid, stationary domain motion, steady
state analysis type

e Air: dispersed fluid, medium intensity turbulence (approximately 5%)
The domain geometry:

e Pipeline: length 7m, 0.3m diameter.

e Aeration pipe: length 0.5m, diameter 0.02m, air injection inlet diameter
0.002m.

¢ Distance between two aeration pipes 1m.
Initially the dissolved oxygen concentration in the liquid is zero.
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Fig.2 Oxygen concentration in XZ plane

In Figs. 1 and 2 one can observe the dissolved oxygen concentration
evolution in the virtual sewage pipeline. Due to the consamption of the oxygen by
the organic matter from the sewage wall the dissolved oxygen concentration is
lower in the anaerob zones.

In Fig. 3 can be observe better the evolution of the dissolve oxygen
concentration along the sewage pipe. For a better visualization 3 reference lines
were traced, the blue line at the air injection pipe level, the red line at the middle
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of the sewage diameter and the green line at the water free surface into the
sewage. In anaerobic zones the oxygen values are very low around 0.1mg/l. Also
one can observe that at the top section of the sewage the dissolve oxygen
concentration is low due to it consumption from the organic matter by the
transported wastewater.

For the visualization of the dissolved oxygen concentration (Fig. 4) in the
aerobic and anaerobic zones 8 reference lines were traced. The anaerobic zones
are at the entrance in the sewage, at 0.75m, 1.75, 3.75m, 4.75m and the aerobic
zone at 0.2m, 3.25m and 4.5m. One can observe that in the anaerobic zones the
dissolved oxygen concentration is below 0.75mgO,/1 due to it consumption by the
organic matter. At the end of the simulation domain the dissolved oxygen

concentration is around 2mgO-/1, this value is the optimum one.
Oxygen Concetration in the sewage system
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Fig. 3 Dissolved Oxygen Concentration along the sewage pipe

Variation of Dissolved Oxygen Concentration in the
Sewage System
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Fig. 4 Dissolved Oxygen Concentration in different area of the sewage pipe
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If after the aeration process the energy consumption increase for air
supplying the chosen solution is not reliable in terms of economic point of view,
with major implications in increasing the costs of treated wastewater [14, 15]. If
the solution is acceptable from the economic reasons, it can be easily adopted
because reduces at least in terms of design and execution costs of wastewater
treatment plants.

Due to the sewage system great lengths the aeration process must been
realized in sections. From this point of view the numerical simulation showed that
the maximum values of the dissolved oxygen concentration is on the end of the
aerated zone. Keeping in mind the complexity of the sewage system the designers
must considered all the physical, chemical and biological aspects of the
transported wastewater [16].

Construction of sewage system must ensure a perfect seal and a clear
separation from the mains water transport pipes is necessary in order to avoid it
contamination with undesired compounds. Also, the sewage system must have a
sufficient fall, not too tight bends, and the appropriate depth so in the winter frost
does not occur, adequate diameters that will allow the flow processing, without
congestions and no discharges outside the system.

From these considerations the dissolved oxygen concentration varies in
every point of the sewage system, but also because of the mass transfer movement
process that appears. The transfer velocity of the oxygen into the water mass
dD/dt is directly proportional to the size of the forces driving the process D = Cs-
Co, oxygen deficit from saturation concentration.

4. Conclusion

The results of theoretical researches realized for the pre-treatment of
wastewater in the sewage systems show that the application of this method
decrease the organic loadings in influent of wastewater treatment plant. As a
consequence, wastewater treatment plant energy costs are smaller and the
wastewater treatment plant efficiency increased.

The numerical simulation were performed in order to determine the
optimum horizontally distribution of the aeration equipment in the aerated zones,
so that the concentration of dissolved oxygen to be around 2-3 mg/l on the
transversal section of the sewage pipe.

The theoretical researches show that the alternation between the aerobic
and anaerobic areas should be around 60 m. In these intervals the organic
substances are decomposed. It was found that the removing of the organic
substances was around 15 — 17% using this method on 10 kilometers of the
sewage system.
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For future researches the method will be tested in a laboratory scale
installation in order to point the practical importance of the process.
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