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Abstract. Wastewater transport in sewer networks contributes to the formation and emission of fetid and
toxic sewage gases into the environment, one of which is hydrogen sulfide. The emission of gases can
have a significant impact on the environment and health of maintenance workers and city residents. The
object of the research is the study of the process of hydrogen sulfide emission in the energy dissipation
chamber (EDC). The method of two-stage mathematical modeling in the program of finite element
analysis ANSYS CFX is applied for the research. Two models have been created, the first one simulates
the internal space of the EDC structure itself, and the second one simulates the EDC manhole and the
volume of the surrounding air next to it. Mathematical dependences of hydrogen sulfide concentration
change at three sections inside the structure are obtained for incoming wastewater flow velocities V = 1
m/s, 1.5 m/s and 2 m/s. The critical flow velocities at which the maximum single threshold limit value will
exceed 1 m/s and the threshold limit value of the working area will exceed 1.52 m/s are determined. The
methodology for solving the problem of assessing the impact of the EDC object on the environment is
formed. The results of the study can be applied in the design of structures for a preliminary assessment and
prediction of the impact of a wastewater facility, as well as the selection of the most favorable hydraulic
regime.

attention is paid to the problem of aromatic pollution of
the urban environment [6, 7].

These properties of sewage gases indicate the need to
assess the sanitary state of the ambient air near sewerage
system facilities. Up to date, in the Russian Federation,
such an assessment methodology has been created only
for wastewater treatment plant facilities. This work have
been performed by JSC “Atmosphere research institute”
and presented in special recommendations. There is no
methodology for assessing the sanitary condition near
sewerage networks (energy dissipation chamber (EDC),
pumping station, drop wells, etc.), as well as a
methodology for calculating their sanitary protection
zone.

The study and analysis of international experience in
the research field of gas emissions from sewage systems
(especially H»S, as the most dangerous) confirms the
absence of such methodologies. The main direction of
studying H»S in sewerage systems is its impact on the
structural elements of networks (gas corrosion) [8 — 11].
Active research is also underway in the field of in-depth
study of the physics of hydrogen sulfide mass transfer
through the air-water phase boundary [12 - 15].
Attention is paid to the issue of odor intensity from
sewerage system [16, 17] and its reduction [18, 19].
Work is also under way to study the factors affecting the
gases emission within networks and their distribution.

1 Introduction

Sewerage network operation is accompanied by the
release of toxic and fetid gases (hydrogen sulfide,
methane, ammonia) from manholes and ventilation
pipelines. Danger of possible suffocation and poisoning
[L — 4] confirms the need to assess atmospheric air
influence zone of sewerage facilities while designing
them [5]. In future, boundaries of the sanitary protection
zones should be established for the most «gas-emission»
sewerage facilities. In cases when capital construction
objects or other places of long-term stay of a human get
inside these gases influence zones, it is necessary to
provide installation of air purification equipment.

It is important to notice that these sewer gases are
fetid, bad-smelling. It has been determined that the
sensation of an unpleasant specific odor from the
sewerage systems is observed at wvery low
concentrations, which are not harmful to the health of
living organisms. However, as practice shows, such
aromatic pollution of the urban environment leads to
discomfort, increased fatigue, reduced mental activity
and general ability to work among the population. In the
national standards of leading European countries special
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Such factors include: climatic characteristics [20-22],
the type of transportation networks (combined, separate)
and hydraulic characteristics of the flow in them (slope,
filling, length) [23, 24], the velocity of air masses
movement in the headspace of structures and sewers
[25], changes in pressure within the network [22],
changes in properties and composition of wastewater
[26-28].

Some of the previously mentioned studies [20, 21,
24] allow us to estimate the amount of H,S formed
inside single sewer sites and on sites consisting of a
complex of networks and structures. However, up to
date, there are no methods to determine the amount of
gases that are released in specific sewerage facilities. In
this issue, such facilities as EDC and drop wells provide
more science interest. In this type of facilities due to a
wastewater flow drop, an increased flow turbulization
occurs, which contributes to the emission of gases. In
addition, inside EDC the change in the type of water
movement (from gravity to pressurized) occurs, which
leads to a sharp increase in the contact area of the water-
air phases. According to the authors, special attention
should be paid to the determination of dependencies
between the technological parameters of EDC and the
amount of hydrogen sulfide released in them.

Therefore, the first task of this study was to
determine the mathematical dependences of the amount
of hydrogen sulfide released from the flow rate
parameter of the wastewater entering the EDC.
Subsequently, the numerical results of the mass flow of
gas obtained at the first stage are used to study the
process of hydrogen sulfide release from the manhole
into the environment. The multiplicity of gas dilution in
the ambient air near the EDC manhole is estimated.

2 Methods

In order to reach the objectives of the study it is required
to create two mathematical models: the model of the
internal space of the EDC (Fig. 1) and the model of the
manhole with the area of the surrounding air (Fig. 2, 3).

It should be noticed that the majority of modern
works on the study hydrodynamic and mass transfer
processes use the method of mathematical modeling in
finite element analysis programs [29-31]. No exception
and modeling of the processes of emission, transfer,
distribution and influence of H,S [24, 32, 33]. Creation
of models for our study was also carried out in the finite
element analysis package ANSYS CFX.

2.1 Model of EDC interior space

The computational domain of the EDC model (Fig. 1)
represents the airspace of the EDC, the inlet pressurized
pipeline and the outlet gravity pipeline. The calculated
area was performed in the DesignModeler application as
a solid element, in which special cutout simulates the
wall of the pressurized pipeline. Further, a computational
mesh was generated for the created domain, and
boundary and initial conditions have been specified. The
inflow of a mixture of water and hydrogen sulfide into
the domain is determined by the «Inlet» condition on the
pressurized pipeline, which sets the rate of the incoming
flow (V, m/s) and the ratio of the volume fractions of
water and hydrogen sulfide (Volume fraction). In order
to account the presence of air inside EDC, the condition
“Opening” was used, in which the absence of gauge
pressure (Pm = 0 Pa) was specified, as well as the ratio of
the volume fractions of air, water and hydrogen sulfide.
Since the “Opening” boundary is located near the
manhole, at the initial time of calculation only the air
medium is present at this boundary. The wastewater flow
outlet is predefined by the “Outlet” condition, at which
the absence of gauge pressure (Pm = 0 Pa) was specified.
Thus, the gravity movement of the water flow through
the outlet pipeline is provided, and water drags the air
with it. In addition, each of the phases contains a certain
admixture of hydrogen sulfide. As the initial condition,
the condition of presence of the air only in a stationary
state inside the domain was set at the initial instant of
time (T = 0 s). Fig. 1 shows the calculated cross sections,
at which the mass flow rate of hydrogen sulfide has been
recorded, for further analysis of the simulation results.

During the first phase of the study, a series of
experiments with varying rates of inflow wastewater to
the “Inlet” boundary: V = 1 m/s, 1.5 m/s, 2 m/s was

Inlet: ¥ [m/s],
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Fig. 1. The domain of the EDC model. Initial and boundary conditions. Cross-sections for results output.

carried out. The ratio of the volume fractions of water
and hydrogen sulfide at the «Inlet» is assumed to be
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constant and was 0.8 for water and 0.2 for hydrogen
sulfide.

2.2 The model of the airspace near the EDC
manhole

The computational domain of the second model is also
performed as a solid element consisting of two parts
connected to each other (Fig. 2). The first part simulates
the internal airspace of the manhole cover elements
through which gas can enter the environment (such
elements are technological holes in the manhole cover
and looseness of it) (Fig. 2, Pos. A). The second part is
the ambient air near the EDC manhole (Fig. 2, Pos. B.).
Overall dimensions of the second part of the model are
10%10x10 m.

Special attention in this model was paid to the mesh
generation. In order to optimize the calculation, the mesh
was thinned only in the manhole cover zone and in the
exit zone of the flow from the manhole. Changing the
size of the mesh cells was carried out using the “Sizing”
function. In the manhole cover zone, this function
allowed the generation of a mesh with a cell size of
0.0015 m. The airspace above the manhole was divided
into three areas using spheres with a radius of 1.5 m, 2.5
m, 4 m. The dimensions of the cells in these spheres
were 0.06 m, 0.09 m, 0.12 m, respectively.

Position A

PositionB
Fig. 2. The domain of the airspace model next to the manhole.
The results of the mesh generation: position A — first part of the
model (technological holes in the manhole cover), position B —
second part of the model (ambient air environment near the
manhole).

Subsequently, the initial and boundary conditions of
the model were specified. In the computational domain,
the presence of two substances was set: hydrogen sulfide
and air. The temperature of hydrogen sulfide and air
inside the manhole was 288 °K, the ambient air
temperature for the first experiment was 298 °K, for the
second experiment — 266 °K. Gas inflow into the
computational domain was taken into account using the
“InletGas” boundary condition (Fig. 3), at which the
mass flow rate of gas was set while being obtained
during the simulation at the first stage; gas volume
fraction were also set at the “InletGas” boundary
condition. The movement of air masses in the
environment was simulated using the “InletWind”
boundary condition applied to one of the faces (Fig. 3).
The wind speed was 1 m/s. At the initial time, only air

with gauge pressure P, = 0 Pa was present in the
computational domain (“Opening” boundary condition).
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Fig. 3. Initial and boundary conditions of the airspace model
next to the EDC manhole.

3 Results and Discussion

As a result of the simulation, the following
hydrodynamic picture was obtained (Fig. 4). The figure
shows the ratio of the volume fraction of water and gas-
air medium, which occurred as a result of steady
movement. Through a horizontal pressurized pipeline,
the flow of a mixture of water and gas enters the EDC
with full cross-section. The flow is orange, which
corresponds to the ratio of volume fractions of water and
hydrogen sulfide at the inlet section. After the flow has
reached EDC, it enters a vertical riser and a transition of
the flow to a circular spiral movement is observed. The
vertical riser discharges wastewater into the EDC water
energy dissipation well. At the exit of the riser, the flow
drags the air into the chamber and gets aerated. Due to
the formation of hydraulic jumps, active mixing of the
air and water occurs. As a result of this, part of the
hydrogen sulfide is released from the water into the
headspace of the EDC. EDC is filled with a gas-water
mixture to a level corresponding to the filling of an
outlet gravity pipe at a given flow rate. After the energy
dissipation well of the EDC, water leaves the domain of
the model by outlet gravity sewer. The flow velocity and
the cross-section filling of the outlet pipeline
corresponds to the data provided in hydraulic tables by
Lukinykh A. A.
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Fig. 4. EDC modelling results. Hydrodynamic picture.
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Figure 5 shows the gauge pressure field in the
domain of the model. Vacuum value in the inlet pipe is
observed, the range is Pvac = 123 — 402 Pa. This result is
explained by the insignificant value of the velocity head
at the inlet pipeline and the creation of rarefaction in the
vertical section when the water drops. Maximum gauge
pressure Pn = 529 Pa is observed at the energy
dissipation well in the point where the flow falls down.
In the chamber near the energy dissipation well and the
headspace of the outlet pipeline, a vacuum Py,c = 215 Pa
is observed due to the dragging capacity of the water
flow. In the upper part of the chamber near the manhole
space there is a slight gauge pressure P, = 21 Pa.

_lJ

Fig. 5. Pressure field in the domain of the EDC model.

Figure 6 shows the streamlines of hydrogen sulfide
streams released from water in the water energy
dissipation well. From the streamlines, three pronounced
gas flows can be considered. The first flow is due to the
content of hydrogen sulfide, partially remaining in the
aquatic environment after falling into the EDC and
leaving the EDC through the outlet gravity pipeline with
a water flow. Hydrogen sulfide that left EDC together
with water continues to be released into the gas-air phase
of the outlet pipeline. The second flow is caused by
hydrogen sulfide, which is released into the underwater
space of the chamber in the area of the hydraulic jump,
circulates in it and, due to the dragging ability of water,
is carried away by the air into the headspace of the outlet
pipeline. The third flow is characterized by a constant
circulation of hydrogen sulfide in the headspace of EDC.
The third flow is the result of the formation of stagnant
areas in the gas-air medium and is replenished with new

portions of gas from the second flow and from the free
surface in the energy dissipation well. It is important to
note that from the second and third flow hydrogen
sulfide partially rises to the manhole, from where it is
further released into the environment.

Fig. 6. Hydrogen sulfide streamlines in the EDC model.

The hydrodynamic picture obtained in EDC
qualitatively corresponds to the expected results and the
boundary and initial conditions. In addition, the filling of
the energy dissipation well and the outlet gravity
collector quantitatively corresponds to the existing data
from the hydraulic tables. Trial series of calculations
with different sizes of mesh cells was performed in
addition. For the final calculation, the mesh cell size of 6
= 0.31 m was adopted; with less mesh cell size the
calculation results did not actually change. On this basis,
this model was found to be adequate and adopted to
obtain the mass flow rate of hydrogen sulfide in the
calculated cross sections (Fig. 1).

Fig. 7 represents a series of graphs obtained for the
conditions of flow of wastewater into the domain with
velocity V = 2 m/s. The calculation was performed for a
non-stationary problem for a period of time t = 1000 s.
Pulsation of hydrogen sulfide concentration was
observed in all model calculations, so the field of
calculated values of gas mass flow is observed in the
graphs (Fig. 7). Approximation of the received field of
points allowed to allocate regularity of change of
concentration of hydrogen sulfide in all considered
cross-sections using exponential law. The equations
approximating the function for the three experiments are
summarized in table 1.
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Fig. 7. Series of graphs obtained for the conditions of flow of wastewater into the domain with velocity V = 2 m/s. Functions of
changing the concentration of hydrogen sulfide over time for cross-sections: position A — Cexhatch (close to the manhole), position B
— Cexair (in the headspace of the outlet pipeline), position C — Cexwater (in the water phase of the outlet pipeline).

Table 1. Equations of approximating functions for a series of experiments to identify the dependence of the increase in the
concentration of hydrogen sulfide (Cex, kg/m?) on time (x, s).

Equation V=2mls V=15m/s V=1mls
CeN = f(1) y = 1.18E-3x115 y = 6.96E-11x187 y = 1.35E-15x033
Ced" = f(1) y = 0.476x0481 y = 0.27x0257 y = 0.075x0317
Cex"" = f(1) y = 0.221x0034 y = 0.199x0:07 y = 0.154x00%2

In all experiments with three different inlet flow
rates, an increase in the concentration of hydrogen
sulfide is observed over time in the air space of the outlet
pipeline and near the manhole. The concentration of H,S
flowing with the wastewater through the outlet pipeline

decreases over time. At the same time, it is important to
note that the largest amount of hydrogen sulfide in the
model leaves it together with the air flow at the outlet
pipeline. This phenomenon is justified by the presence of
the air dragging ability of the wastewater.



E3S Web of Conferences 140, 06001 (2019)
EECE-2019

https://doi.org/10.1051/e3sconf/201914006001

With an increase in the velocity of the wastewater,
the turbulization of the flow and the rate of gas emission
into the headspace of the sewerage network sufficiently
increase. Comparing the results of various experiments,
it can be noted that the concentration of hydrogen sulfide
in the outlet pipeline for an inlet flow velocity of 2 m/s
increased by 4.6 times compared with the experiment,
where the wastewater velocity was 1.5 m/s; in 12.7 times
compared with the experiment, where the wastewater
velocity was 1.0 m/s. For the cross-section near the
manhole, the concentrations observed at the inlet flow
velocity V. = 1 m / s were very small. Therefore, the
selection of the speed of movement of the wastewater
may be a criterion for the safe operation of the facility.

By interpolating the average concentration values for
the experiments, it was determined that the excess of the

Position A

maximum single threshold limit value (TLV s = 0.008
mg/m?3) occurs at a wastewater flow velocity V > 1.1 m/s.
Exceeding the threshold limit value for the working area
(TLVwa =10 mg/ m®) occurs at an inlet flow velocity V
> 1.52 m/s. Based on the data of the EDC model with an
inlet flow velocity of 2 m / s and the obtained functional
dependencies, a model of the air space near the sewer
manhole was developed. The aerodynamic picture that
was obtained as a result of model calculations is shown
in Fig. 8. In both experiments conducted at different
ambient temperatures, the formation of an H,S emission
plume was observed. At a negative ambient temperature
(Fig. 8, pos. B), the plume also decreased due to the
resulting stratification of air masses. The formation of
the “loop” of the flow happened at a height of 12 m from
the earth surface.

Position B

Fig. 8. Modelling results of the airspace next to the EDC manhole. Hydrodynamic picture: position A — at ambient temperature t =

298 °K, position B — at ambient temperature t = 266 °K.

The development of this model makes possible to
evaluate the dilution ratio of H,S at the control site. In
the future, this will make it possible to assess the
environmental impact of the sewerage system facility. In
addition, the value of the dilution factor of the gas
emission will allow us to assess the degree of reduction
of the aromatic potential from the facilities at the design
stage.

4 Conclusions

This study allowed:

— to formulate a fundamental methodology for solving
the problem of assessing the impact of EDC on the
environment. The methodology foresees two-stage
modeling. At the first stage, the operation of EDC
with the assessment of the mass flow rate of
hydrogen sulfide released from the wastewater
stream is considered. At the second stage, the process
of hydrogen sulfide distribution in the airspace of the
environment is simulated, and the concentration at
the boundaries of the computational domain is
estimated. A qualitative and quantitative assessment
of the simulation results is carried out.

— Using simulation of the operation of EDC, it is
possible to obtain the mathematical dependences of
the emission of hydrogen sulfide from the wastewater
flow into the headspace of the chamber and the
sewerage network. The obtained functional
dependences allow predicting the amount of gas for
long periods of the facility operation.

— to obtain the values of the wastewater flow rate, at
which the intensity of gas emission increases and the
environmental sanitary requirements are violated.
The concentration of hydrogen sulfide near the
manhole exceeds TLVms = 0.008 mg/m® at V > 1.1
m/s, and TLVwa =10 mg/m® at V > 1.52 m/s. Values
of permissible wastewater velocities can be used in
the design standards.

These results of the scientific research are
recommended to be used when designing new structures,
as well as for setting up the work of existing facilities in
order to reduce their impact on atmospheric air.
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