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W SIECI WODOCIAGOWEJ Z UZYCIEM PROGRAMU EPANET

Abstract: The aim of this study is to assess the risk diifaiof group water network in case of raw water
contamination. The analysis was based on qualaimulation performed in hydraulic water networkdal
developed in the EPANET software. It was focusedtlom quantitative description of the consequendes o
chemically contaminated water. The methodologyisif assessment relies in determining the consegsesfche
supply water containing contamination threatenihg tealth and lives of water consumers. The relearc
methodology is as follows: development of a hydramodel of the water pipeline and it's hydraulirification,
computer simulations of contamination propagat@@iculating the dose delivered to thth section of the water
supply system supplying water to fécipients and the mass of a substance that ehtetsodyl;. The simulation
results indicate the spread of contamination tftat 24 h covered most of the area supplied wittewa he load
delivered to the resident obtaining water from thh section of the water supply netwoilk/N;, was up to
18 gd™, at least 15 g™ was received by 34.9% of the population, 10-16gby 12.5% of the residents,
5-10 gd by 10.7% of the residents, 0-5igf by 41.7% of the residents and uncontaminated wedsrdelivered

to only 13.3% of the consumers. The dose takerhbystatistical consumer (calculated as for adulis)up to
0.8 g forLi/N; = 18 gd* and is proportional thi/N.

Keywords: water network, contamination, hazard assessment

I ntroduction

The main task of water distribution subsystem®imeet the needs for water supply,
at the appropriate pressure and of suitable quality quantity. Water supply systems
belong to the critical infrastructure, fulfillinghe of the key roles for the quality and safety
of human life. Due to their spatial extent and tiigh degree of complexity water supply
systems are particularly vulnerable to the occureenf adverse incidental events, of which
particularly dangerous are events resulting frora ttelivery of water with quality
threatening consumer’s health and lives. Critiaalufes are related to the difficulties in
supplying water to a large number of water conssimieor this type of undesirable events
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we can include [1-8]: water contamination in theevantake, water intakes failure, failures
of water treatment equipment, failure of pumpingtishs and water pumping, damage of
strategic main and transit pipelines or a posdieorist acts. Previous studies conducted
in different operating water supply systems pagrdidn to the significant effect of the
potential safety loss resulting from the failure1ld]. Identification of the dependence
between the damage and losses arising from faifu@n important aspect of everyday
operation water supply system, examples of sudfieguitaking into account the analysis of
aforementioned parameters of failure, are amongrstfi5-21].

Contamination of tap water may occur at any of watgply system elements. In the
works [22, 23] contaminations in the water suppétwork were analyzed, usually they
have local coverage. In practice, the most freqaases of global contamination of water
supply network are contaminations resulting frora ttontamination of water source or
irregularities in the process of water treatmer].[2Vhile assessing the water consumer
risk resulting from the consumption of chemicalgntaminated water three parameters is
crucial - time from the occurrence of contaminatiorthe water delivery to the consumer,
and the concentration and load of contaminatioeridky the consumer from the tap water.

A well-known tool for the analysis of water suppigtwork, both in terms of quantity
and quality, is the EPANET software [25-27]. Isisccessfully used for qualitative analysis
of disinfectants and naturally occurring in watempounds [5, 6].

The aim of this study is to assess the risk ofifailof group water network in case of
raw water contamination. The analysis was baseduatiitative simulation performed in
hydraulic water network model developed in the EEANsoftware. It was focused on the
guantitative description of the consequences ofmitelly contaminated water.

Theresearch methodology

The methodology of risk assessment relies in deténg the consequences of the
supply water containing contamination threatenhgyhiealth and lives of water consumers.
The main factors influencing the threat are tinmarfrthe occurrence of contamination to its
occurrence at water recipient, load of contamimatand its maximum concentration
[28, 29]. In this paper we omitted concentratioraraes resulting from the kinetics of
chemical reactions with naturally occurring in taater compounds, delivered in the water
treatment and compounds remaining in the sedingetent in the water supply network,
since these factors are individual for each waigelme.

In case of chemicals that do not induce genotefiects, the threshold value below
which even with long-term exposure to them the Harihealth effects do not appear, is
determined [30]. The threshold values are charaetrby the harmful effect when the
body's physiological reserves are depleted and th&g into account the ability to
regenerate body [28, 31].

The dose delivered to theh section of the water supply system supplyingewto N;
recipients can be determined according to theioglat

Li = Yi=oCit Qi At 1)
wherel,; is the load of substance delivered to the recipsemiplied from section [mg],
ci is the concentration of contamination indicatomiater in timet [mgdm™], Q is water

demand in sectionin timet [m*s™], At is exposure time [s].
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Weight of tap water taken from the tube and is egped by the equation:

I = aXf=o Cillt 2)
t Bt

wherel is the mass of a substance that enters the bogkdrid™], q is the volume of

consumed water [df™], (2 dn? - adults, 1 drh- children, 0.75 drh- infants + which is

2-0.75% of the average daily water consumption$, duration of exposure [dB is the

average weight of the human body during exposugg [BO kg - adults, 10 kg - children,

5 kg - infants).

The risk of loss of health (life) of water consuntgres not occur wheh does not
exceed the tolerable daily intake [29]:

lo= NOAEL/SF 3
or

lo= LOAEL/SF 4
where:

« NOAEL (No Observed Adverse Effect Level) is the highdese level at which
statistically significant increase in the frequeralyside effects among the exposed
people compared to the unexposed people is not observed;

* LOAEL (Lowest Observed Adverse Effect Level) is the IsiMevel of the observed
harmful effect,

» SF (Safety Factor) - the product of the followingtfars:

- factor taking into account species differences,

- factor taking into account interspecies differesic

- factor taking into account the appropriateneshefstudy,

- factor taking into account the nature of the effe

Each of these factors is within the range of 1Gptatal SF value can reach*10

It is assumed, that the risk of life loss occuremlthe lowest published lethal dodg -
is reached.

Thus the most important is the concentration of thgic compoundc and its
variability over time in water and the time of ngieint exposure to contaminated water. The
concentration is the result of the structure ofewatipeline, and, in particular, of the
number of independent water supply sources, thstemée of retention capacity in the
water supply network, water supply network spasiticture and variability of water
demand in both daily and hourly cycle and it resditectly from the hydraulics of system
[22, 26, 32] and are defined through reliabilitylasafety of system functioning [33, 34].

The research methodology is as follows:

- development of a hydraulic model of the waterebipe,

- hydraulic calibration of the model,

- computer simulations of contamination propagation

Description of the object

The methodology presented in point 1 for the graager pipeline supplying water to
about 14000 inhabitants was used. The analysed wigteline is young, the beginnings of
the construction of water supply infrastructure fialthe second half of the 80's of the last
century, the first section of the network was mied&987.
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The hydraulic model was developed in the EPANET 2.0 based on the data obtained
from the water supply network explorer. The water supply system is provided with water
from the underground intake, after treatment water is stored in the clean water tanks and
then pumped to the water network. In Figure 1 a scheme of the water supply network made
in the EPANET, with marked basic network elements, is shown. The model includes the
treated water tanks (3 tanks, each with a capacity of approx. 300 m’), the pumping station,
the water network tanks and 406 distribution water pipes. The pumping stations are
equipped with the pumping sets controlled by the constant pressure algorithm which allows
them to pump the water capacity equal to the water demand.

%

Ne

ot -

Description of markings:

=5 - Treated water tanks and pumping station
= - Retention tanks (fire fighting tank)

Fig. 1. The water supply network scheme in the EEANoftware

The water pipeline supplies water to inhabitants of a town and 3 neighbouring villages,
in the urban-rural municipality the water supply network provides water to 61% of the total
population. The number of people using the water supply network is 13,689 inhabitants (of
which 10,421 are residents of the town). The structure of water network can be seen
as a mixed. It consists of a number of rings, with branching segments at the ends of the
network. It is constructed of PE (39.5%), PVC (59.8%) and cast iron (0.7%). Tdrege of
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nominal diameters is between ND 80 mm to ND 300 mmajnly ND 100 mm and
ND 150 mm. The total length of distribution pipeis 93.1 km.

In the southern part of the network there is a matention tank with capacity 500°m
which provides water only in case of fire fightiogduring a large leak failure.

The following assumptions were made: the constantentration of the contaminant
in the treated water tanks was 10 mgidithe spread of contamination over 24 h at every
hour was simulated. Epanet enables to take intsideration diffusion (default diffusion
coefficient for chlorine at 193K D = 1.20 - ?@nf/s was applied). Also the program can
use four different types of models to characteniibeing within storage tanks.

EPANET allows to apply 2 models of reactions kiogtbccurring in the bulk flow and
a model of wall reactions kinetics. Changes in eoiation of the substance resulting from
chemical reactions with the compounds containeddter were omitted. Consequently, the
time of arrival of contamination to the receivethe result of the flow path.

In the paper full mixing of the contaminant wasumsed, therefore turbulent flow
occurs inside the pipelines. Reynolds number R0 to 156000 in the pipelines from
the pumping station and in main distributive pipest600 to 163000. The lowest flow
velocities are in network endings (even less th&i On/s) where Re < 2000, which is
caused by using pipelines ND 80 mm according ®rigulations.

Theresults and discussion

Exemplary simulation results are shown in Figure§, 2vhere red colour means
contaminant concentratiot > 8 mgdm?® orange 5< c¢ < 8 mgdm?>, yellow
2.5< c <5 mgdm3and light green 0.5 ¢ < 2.5 megdm>.

Fig. 2. Exemplary simulation results of the spreddontamination in the water supply system in the
second hour of simulation
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Fig. 3. Exemplary simulation results of the spreaddontamination in the water supply system aftér 6
from the start of simulation

Fig. 4. Exemplary simulation results of the sprefidontamination in the water supply system afehl
from the start of simulation

The simulation results indicate the spread of awirtation that after 24 h covered
most of the area supplied with water. The loadveéedid to the resident obtaining water
from thei-th section of the water supply network/N;, was up to 18 g, at least
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15 gd* was received by 34.9% of the population, 10-16 by 12.5% of the residents,
5-10 gd* by 10.7% of the residents, 0-5dg by 41.7% of the residents and
uncontaminated water was delivered to only 13.3%hefconsumers. The dose taken by
the statistical consumer (calculated as for adilis)up to 0.8 g fot./N; = 18 gd*and is
proportional toLi/N;.

Fig. 5. Exemplary simulation results of the sprefidontamination in the water supply system afteh2
from the start of simulation
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Fig. 6. Simulation results of the spread of contation in the water supply system, red colour -
contaminant concentratian> 8 mgdni>, orange & ¢ < 8 mgdm, yellow 2.5< ¢ < 5 mgdnt®,
light green 0.5 ¢ < 2.5 mgdn
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Conclusions

Variability of contamination concentrations of toxgubstances and their propagation
in water supply systems have the individual charéstics, in the literature there are not
any research on their verification in the real wegepply systems. Based on hydraulic
models of water supply network the scenarios ofgfiead of harmful substances can be
developed. The performed simulation shows how #gesto contamination may be
modern water supply systems in case of an accideataamination. Especially important
is a time of contamination propagation. The ressittsw how very sensitive is the water
supply system when delivered water is contaminatepecially with toxic substances.

For individual contamination, knowing the valueslgfandly and reaction kinetics
model, using the presented method, the risk ofdbsap water consumers lives and health,
the potential consequences of water contaminati@nextent of contamination impact and
the potential losses resulting from water contatina can be easily determined.

Unfortunately water companies are usually not aged in creating hydraulic models
because of high costs and workload, neverthelesteism@onstitute the only way to test
contamination propagation in water network, essibliconsumers risk and create
emergency procedures.
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