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GENERAL LAYOUTS - BASIS OF CONTEMPORARY TOWN DRAINA GE

1 General Layout of Drainage — Basis of Town Drainage
Problems Solution

Our company solves the drainage general layouts with help of simulation modelling
methodology and by exploitation of the sewer network monitoring in a form of measuring of
flow rates, precipitation and quality of water in such a way that after calibration and
verification the hydraulic behavior of the simulation model be as close to reality as possible.

The most important outputs of the general layouts are the designs of trunk sewers
capacity increase needs and review of the storm overflow chambers in relation to receiving
stream, namely particularly after connection of the peripheral parts of towns or new industrial
zones, where a potential dry-weather flow rate increases in comparison with flow rates at he
beginning of the storm overflow chambers overfalls. At present the structures of the storm
overflow chambers are the sorest spots of the whole sewer network and many times their
pollution at precipitation events exceeds pollution from the waste water treatment plants.
These structures may be solved in an optimum way without exorbitant capacity increases of
the main trunk sewers at an overall solution of the general layout only.
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2 Sewer network model set-up

The simulation model (Fig.1) of a sewer network is created in DHI MOUSE 2003
program of the Danish company, based on digitally surveyed topology of the sewer network.
Further the data on the catchment area hydrology and distribution of the population number
are entered into the model.
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Fig. 1 Simulation model of sewer network setupim ;[hé MOUSE 2003 program.
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3 Calibration and verification of the model

The model created in this way is calibrated and verified with help of measured values
of a two-months measuring campaign, which includes measuring of flow rates and levels in
the sewer network and measuring of precipitation in the area of interest.

The results of the measuring campaign form a basis not only for the above precision

of the simulation model, but also for determining of the dry-weather flow-rate variation and
share of extraneous water (Fig.2).
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Fig.2 Composition of dry-weather inflow to Kralicky H&j waste water treatment plant.

4 Evaluation of hydraulic behavior of sewer network and
Impact of storm overflow chambers on the receiving
waters

The calibration of the model is followed by historic rains loading with repeating period
approximately 2 years and evaluation of hydraulic behavior of the sewer network in a form of
longitudinal profiles of trunk sewers (Fig.3), defining of overloaded areas (Fig.4) and impact
of storm overflow chambers on receiving stream at calculation of dilution ratio between the
dry-weather flow-rate and falling over crest at a precipitation event.
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Fig.3 Maximum water level for selected design rainfall event.
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Fig.4 Hydraulic overloading of network by rain, T= 60min, N=2.

5 Proposal of measures in a sewer network

The measures in a sewer network are proposed in a form of the sewer network
capacity increase and in relation of the sewer network to receiving stream the modifications
of the storm overflow chambers crests are proposed to satisfy the condition of the dilution
ratio.

If the dilution ratio is non-satisfactory and the simplest measures - elevation of crest
with a regulation at outflow to waste water treatment plant - would cause either a low
capacity of the sewer network sections or extensive capacity increase with a mere shift of the
waste water overflow closer to waste water treatment plant, it is necessary to propose the
suitable measures for pre-treatment of the relieved waste water, most frequently in a form of

ALDUECON 4



URBAN DRAINAGE MASTERPLAN

a rain tank or vortex separator, while these devices are complemented by vortex or float-type
regulators in outflow to waste water treatment plant, by which we will regulate substantially
more the behavior of the above structures in relation to receiving stream.

At these proposals it is necessary to take into account representation of extraneous
water and its possible suppression by capital investment focused on improvement of the
sewer network construction condition or revitalization of piped minor receiving streams, in
such a way that after implementation of this capital investment the measures not be too
oversized (crest height, capacity of trunk sewer).

5.1 Vortex Separators

Pre-treatment of waste water by separators
(Fig.5) is based on a transverse circulation at
turbulent and vortex flow (Fig.6). The vortex flow case is
characterized by flow, at which the main stream
proceeds from the tank centre near the water surface in
direction to peripheral walls, drops to the bottom along
the walls and proceeds to tank centre along the bottom.
The entrapped matters are shifted on the bottom towards
a sludge sump, located at the tank centre. Near the
water surface at the centre a depression forms, in which
the floating matters accumulate. The sediments
entrapped in the sludge sump are transferred to waste
water treatment plant.

Fig.5 Vortex separator .
Vifivé proudéni Virové proudéni

2. .Ca.

Fig.6 Turbulent and vortex flow in a separator.

Approximate dimensions of the separator are determined acc. to calculations based
on a model similarity with the CTU (The Czech Technical University) vortex separator.

5.2 Storage Tanks

We carry out determination of the rain storage tanks volumes while respecting the
results of the whole ten-years’ technical historical series of rains. To determine the necessary
volume of rain tank based on results of the SAMBA model we will construct a line of overflow
water volumes acc. to egodajev and the line of necessary volumes depending on
percentage entrapped volume, see Fig. 7. From analysis of the calculated values we will
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determine a requirement for retaining 50% or 30% of total overflow water volume, to retain
the first downwash for sure.
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Fig.7 Determination of the storage tank volume.

For selection of the type of measures, whether to choose a tank or vortex separator,
the criteria include location of the structure in relation to waste water treatment plant, inflow
and outflow conditions, water content of receiving stream, capacity of waste water treatment
plant, capital investment cost potential and level of pre-treatment.

5.3 Regulation at outflow from the storm overflow chamber
and proposed structures

These measures in a form of vortex and float-type regulators (Fig.8,9) regulate
outflow from the storm overflow chambers, through which it is possible to set and optimize
the initial oveflowl across the crest in these structures to protect not only the receiving stream
acc. to order of a water-management authority, but on the other hand also to prevent
treatment of relatively less polluted waste water.

Fig.8 Vortex regulator — photo and function principle. Fig.9 Float-type regulator.

5.4 Possibility of extraneous water suppression

Particularly in localities, where there is a considerable share of extraneous water
caused by a bad construction condition or mouthing of receiving streams, it is necessary to
determine the biggest sources of undesired infiltration based on results of dry-weather flow
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rates monitoring, afterwards to complement the camera survey and further monitoring of dry-
weather flow rates, execute the trunk sewer rehabilitation, and subsequently to optimize
behavior of the storm overflow chambers in relation to receiving stream, which will prevent
the excessive increase of capacity and rising of crests (Fig.10).
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Fig.10 importance of extraneous water suppression for optimization of storm overflow chambers
behavior.

6 Specific Proposals of Solution Measures of General
Layouts

6.1 General Layout of Jihlava Town

The retention tanks were proposed in the general layout of Jihlava Town, 50
thousand population conurbation, namely one tank of 1960 m*® volume upstream the waste
water treatment plant and the second tank of 1840 m® volume in the D trunk sewer, which
collects waste water from half of the towns (Fig.11).

N
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Fig.11 Proposed measures of Jihlava Drainage General Layout, trunk sewer D — red colour.

Outflow from the rain tank profile will be regulated by a float regulator to an outlet
flow-rate of 400 I/s (Fig.12), which will result in prevention of the D trunk sewer sections
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overloading and also prevention of the waste water treatment plant outlet waste water higher
pollution concentration.
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Fig.12 Regulation of a rain outlet from profile of the proposed rain tank with help of a simulation
model.

Within the framework of Jihlava Drainage General Layout elaboration we have
located the vortex separators at the end of B trunk sewer, upstream the trunk sewer
underpass below the Jihlava River and connection to A trunk sewer and in place of the V2B
storm overflow chamber in upper section of the B trunk sewer, to reduce the entering
pollution and also to suppress culmination of water overflow to water-deficient Dra ni Creek
(Fig.13). To obtain a constant outlet from the vortex separators the vortex regulators will be
used.
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Fig.13 Proposed measures of Jihlava Drainage General Layout, trunk sewers A, B, C —red colour.

Due to a considerable slope of the trunk sewer in this section the vortex separator of
5.0 m diameter in place of V2B storm overflow chamber is designed as a flow-through type
directly in the trunk sewer, on the other hand the concentrated waste water from the vortex



separator of 4.8 m diameter, located at the end of B trunk sewer close to V1B storm overflow
chamber, must be pumped back to sewer network.

6.2 General Layout of Prost jov Town

In Prost jov, also approximately 50 thousand population conurbation, a vortex
separator (Fig.14) of 8.0 m diameter was designed at the end of C trunk sewer for pre-
treatment of relieved waste water in V1C storm overflow chamber upstream the pipe siphon
below Mill Race and mouthing into the waste water treatment plant.

® VORTEX SEPARATOR

Fig.14 Proposed measures of Prost jov Drainage General Layout — red colour - capacity increase,
violet colour — reconstruction.

Unsuitable dilution ratios of V3Ca and V1G storm overflow chambers were solved
with help of crests rising, removal of throttling pipelines of DN 200 and their replacement with
the vortex regulators.

6.3 General Layout of Jesenik Region

At solution of Jesenik region (population ca 30 thousand) general layout drainage a
vortex separator of 4.0 m diameter was designed in upper sections of B sewer, downstream
the Jesenik Spa, which should limit the negative influencing of Kalvodka water-deficient
receiving stream flow conditions (Fig.15). With view to a considerable slope of the trunk
sewer in these sections the vortex separator of gravity through-flow type may be designed.
This structure will enable pre-treatment of waste water at precipitation events and the
concentrated waste water will be led out via the vortex regulator to the waste water treatment
plant of a constant flow-rate of ca 40 l.s™. To reduce the hydraulic load of maximum
culmination at overflow of waste water from the vortex separator we propose to locate a
splitting chamber upstream this structure. The splitting chamber will enable flow-rate of 100
l.s™* of waste water directly in the waste water treatment plant and other water will be pre-
treated in the vortex separator. As a suitable part of the flow rate values of waste water
proceeding directly to waste water treatment plant the value within range 120 — 220 I.s™ of
the waste water flow-rate can be identified — hence not the first part of 0 -100 I.s™.
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Fig.15 Proposed measures of Jesenik region Drainage General Layout.

7 Summary of drainage general layouts exploitation

Where the investor is dedicated to resolve the many times unsatisfactory condition of
the town drainage with help of the cohesion fund subsidies, it is necessary to select a
conceptual approach to the design and to solve the whole situation from the viewpoint of the
whole, which is the main concept of the drainage general layouts. Besides the capacity of
trunk sewers the overall solution concerns also the impact of the sewer network on the
receiving stream due to measures proposed in a form of vortex separators, retention tanks
and regulation of the sewer network flow conditions.

The basic exploitation of general layouts can be defined in the following items:

Information on the sewer network and its hydraulic behaviour

Draft measures (sections of non-satisfactory capacity, problematic storm overflow
chambers)

Review of connection of new localities or industrial areas

Draft measures integrating the town development
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