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Abstract: The main goal of this work is to show the new approach to determining safety technological levels
(SLs) in terms of water quality and its chemical stability, as well as issues of water corrosion properties in water
distribution systems (WDSs), due to the fact that water supply pipes are prone to corrosion. In the paper the
methodology of determining the risk associated with threat to technical infrastructure was considered. The concept
was studied on the basis of real operational data from the water treatment plant. The probability of exceeding the
individual parameters for WTPI is slightly larger than for WTPII, which means that this water treatment process
may cause lack of chemical stability in the water supply network. Operators should anticipate in the process
of designing water distribution system, using proper materials, as to ensure an adequate level of safety from
the water source to the water recipient. It should be noted that it is necessary to adjust the material of internal
installation of water supply networks to the parameters of the water. At present, there are no correlations between
the designing step and water parameters. It was concluded that to protect the water supply infrastructure, which
belongs to critical infrastructure, water company should put more emphasis on distribution of stable water that has
not potentially corrosion properties. Some suggestions were made for the protection of WDS and to ensure safety

of system functioning and long-term usability of water pipes.

Introduction

The water quality in water distribution system is an important
issue, concerning the proper operation of water pipes, as
well as influencing the life and health of water consumers
(Tchorzewska-Cieslak and Rak 2010). Therefore numerous
studies and research were conducted, taking into account
the disinfection influence on biofilm along with corrosion of
cast iron pipes, e.g. (Gerke et al. 2008, Husband and Boxall
2011, McNeill and Edwards 2001, Zhang et al. 2015). Many
publications, e.g. (Dubiel et al. 2002, Haibo et al. 2015, Lia
et al. 2014, Volk et al. 2000, Zhang et al. 2010), indicate
strong dependence between biofilm on network metal pipe
and its protective barrier against corrosion (Gorka et al. 2008).
Providing balance of calcium carbonate and therefore chemical
stability of water is necessary for the proper functioning of the
water supply network (Nowacka et al. 2016, Tchorzewska-
Cieslak and Szpak 2012, Pietrzyk and Papciak 2016).
Chemical instability of tap water contributes to the secondary
contamination of water. In such situation water supplied to
customers can meet the requirements of the standard, but it
is of lower quality than water flowing into the water supply

network (Carneiro et al. 2015, Ferrandez-Gamot et al. 2015,
Kutylowska and Orlowska-Szostak 2016). The main reason
for the lack of chemical stability is water aggressiveness and
corrosiveness, the intensity of which depends on the water
chemistry and the method of its purification (Kiedrynska et
al. 2006, Ondrejka-Harbulakova et al. 2015). Water is defined
as chemically stable when it does not change the composition
and does not cause the destruction of the materials with
which it is in contact. There are many factors that cause
corrosion in water distribution systems. Some of them can
be as following: characteristics of metal material (chemical
composition and microstructure, the state of the surface
composition), physico-chemical composition of water (e.g.
temperature, pH, conductivity, total and calcium hardness,
alkalinity, acidity, dissolved oxygen, chloride ions, nitrate
ions, sulphate ions), water distribution systems design and
construction (geometry, systems consisting of different metals,
connections, tensile stress), pressure test and commissioning
(flushing of water stream, water drainage, decontamination,
rinsing), operating conditions of the system (temperature,
flow conditions, decontamination). An important step in the
process of corrosion inhibition is the formation of protective
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layers which arise in appropriate conditions and are likely to
prevent the corrosion process. Electrochemical methods of
protecting cold water installation do not provide a complete
elimination of the corrosion threat; the main reason for such
situation is that these methods involve periodic monitoring
and are difficult to conduct in real operational conditions.
According to the standard (EN 12502-2006) corrosion is the
result of the interaction between various factors, its size can
only be expressed in the risk category of the corrosive damage.
Including these assumptions in the presented study the
corrosion problem was considered in terms of risk category.
Many conducted studies and performed research indicate
the strong dependence between water quality and corrosion
process together with the material structure of water pipe. Also
important issue is implementation of methods for assessing
risk of failure in critical infrastructure systems (Krélikowska
2011), health risk assessment (Garbo$ and Swiecicka 2015),
water indices (Darvishi et al. 2016) or through preventive
maintenance process (Studzinski and Pietrucha-Urbanik 2015)
and cost incurred as a result of failure (Tchorzewska-Cieslak et
al.2012). As well as implementation of mathematical modelling
in environmental engineering (Kazmierczak and Wdowikowski
2016), unitarization method (Radzka et al. 2015) and analysis
of pollution source in water environment (Suna et al. 2016)
constitute the important issue in providing safe water to its
consumers. The Monte Carlo simulation used in the presented
methodology widely contributes to assess technological safety,
what confirms the necessity of using these methods to evaluate
the functioning of communal infrastructure (Tchoérzewska-
-Cieslak et al. 2016).

In numerous existing and operating water supply systems
it is forbidden to use galvanized steel due to the corrosive
properties of treated water. Taking into consideration all the
presented problems occurring in water network, the objective of
this paper is to indicate the dependence between the conditions
of water treatment and water quality in water distribution system.
In this paper the hazards associated with the chemical stability of
water in water distribution subsystem were analyzed.

The definition of technological safety

Technological safety (TS) is defined as the ability of the
treatment process to avoid hazards, which may result in not
meeting the quality parameters of treated water, what can cause
a real threat to the health of water consumers. Hazards can be
a result of undesirable events, which occur in the water intake,
during the process of water treatment or water distribution.
The measure of the loss of technological safety is the risk
associated with not meeting certain water quality parameters,
which may have a negative impact on the physical and chemical
parameters of water supplied to the consumers. Risk is defined
as the expected value of losses (consequences) that may occur
as a result of exceeding the specified parameters of water
quality. Proceeding from the definition of the expected value
so defined risk is determined as the probability of exceeding
the assumed parameters of water quality.

In this regard, we distinguish:

e risk associated with the direct threat to consumers health
(the so called health risk R,). The risk is related to the
exceeding of water quality parameters which are direct
threat to the consumers lives or health.

e risk associated with threats to the technical infrastructure
(the so called technical risk R,). This risk is related to
the exceeding of water quality parameters that directly
negatively influence the technical condition of water
supply infrastructure but indirectly may be the cause
of serious health problems, an example of such threats
can be corrosive water, which will cause corrosion of
materials of water supply network, which results in
pitting, multiply ferruginous bacteria, which in turn
promotes the formation of the so-called biofilm in the
network. Under unfavourable hydraulic conditions such
sequence of events may cause the so-called secondary
water pollution in the water supply network, e.g. the
deterioration of organoleptic parameters but also the
presence of pathogenic microorganisms, resulting in
loss of human life or health.

In safety theory such sequence of events is called the
domino effect, in which the so called initiating event has no
direct impact on the loss of safety, as a result of the subsequent
events can lead to serious consequences.

The work concerns the analysis and assessment of the risk
of losing the chemical stability of water. The consequences
are the increased susceptibility to corrosion and secondary
deterioration of organoleptic parameters through secondary
pollution of water in the network, and thus threat to consumers’
health.

Assessment of the aggressive
and corrosive properties of water

Unstable water causes overgrowth of deposits of calcium
carbonate in water pipes and contributes to corrosion of
deposits. Corrosion destroys water pipes and contaminates
them with corrosion products.

There are many parameters which determine the corrosive
properties of water, among them are those related to the state of
calcium-carbonate equilibrium: the Langelier saturation Index
(7)), the Ryznar Index (/,) and the Strohecker Index (/).

Although for the assessment of water corrosiveness
the numerous indices are used, due to the complexity of
the corrosion process, none of them provides a complete
assessment of the rate of corrosion in aquatic environment.

The Langelier Index can be calculated according to such
water quality indicators as pH, dry residue, temperature,
alkalinity and calcium content from the formula (1) (Langelier
1936):

1, = pHy— pH; (1

where /, is the Saturation Index, pH, — pH of the examined
water sample, pH — pH in saturated state.

If:

e /[, < 0 — water has the ability to dissolve calcium
compounds and its corrosion properties are enhanced,

e [, =0— water is stable, i.e., it does not tend to precipitate
or dissolve calcium carbonate, the corrosion properties
are weakened (in further considerations it was assumed
that for acceptable safety level /, is in the range from
-0.5t00.5),

e /, > 0 — water has the ability to precipitate lime and its
corrosion properties are weakened.
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Waters having the positive Langelier Index, low oxygen
content and the total content of chloride and sulfate ions of less
than 50 mg/dm? are considered to be non-corrosive.

The tendency of water to form protective layers is better
defined by the Ryznar Index /,, determined from the formula
(2) developed by (Ryznar 1944):

I,=2pH —pH, ()

Corrosiveness of water can be determined also on the
basis of the Strohecker formulas (3, 4) (Strohecker 1936). This
indicator is often used by the water treatment plants to assess
water corrosive properties:

[st :plin _pH() (3)
wherein:
pH,=11.39 —2lgA4 4

where [ is the stability indicator, p/{ —pH value corresponding
to carbonate-calcium equilibrium, for such water that is in
equilibrium with the solid CaCO,, pH, — pH of the examined
water, 4 — the amount of bounded CO,, mg/dm’ CO,,.

If:

1,< 0 (pH, < pH) — water is non-corrosive, hence it has

tendency to CaCO, precipitation,

1,=0 (pH,_ = pH) — water is non-corrosive,

1,>0 (pH_ > pH) — water is corrosive.

The intensity of corrosion depends on the stability Index /_;:

I,< 0.5 —non aggressive water,

0.5 <1 <2.0 - water with average aggressiveness,

2.0 <1 <4.0 - aggressive water.

Recommendations for procedure depending on the value
of the Langelier Index according to (Carrier Air Conditioning
Company 1965) are shown in Table 1.

Properties of water depending on the value of the
Ryznar Index with recommendations given by (Carrier Air
Conditioning Company 1965) are shown in Table 2.

Risk criteria defining technological
safety level of water treatment process

The following criteria defining the different levels of safety
were assumed:

e tolerable risk and acceptable safety level (SL,) — water

is chemically stable while keeping the following

parameters:

the Langelier saturation Index — /, = from -0.5 to 0.5,
or

the Ryznar Index — 7, = 6.2-6.8,

or

the Strohecker Index — 1, < 0.5,
e controlled risk and safety level, which requires
modification (SL,,,) — mild corrosion, does not generate

Table 1. Recommendations for procedure depending on the value of the Langelier index according
to Carrier Air Conditioning Company
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Table 2. Properties of water depending on the value of the Ryznar index

Range of /,

l,<55 | 55<1,<6.2 |

6.2</,<6.8 |

6.8</,<85 | l.>8.5

Original indication of Ryznar

Thick incrustation Creating incrustation

Without operational
difficulties

Water with tendency to

dissolve deposits Aggressive water
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protective coating layers of CaCO,, while keeping the
following parameters:

the Langelier Saturation Index — /, = from -2 to 4

or

the Ryznar Index — 7, = less than 8.5

or

the Strohecker Index — 1> 0.5,

except cases when tolerable risk (for the Langelier
saturation Index — /, = from -0.5 to 0.5 and the Ryznar
Index — I, = 6.2-6.8) and unacceptable risk (for the
Langelier saturation Index — /, = from 3 to 4 and the
Ryznar Index — I, = less than 5.5) occur,

e unacceptable risk and unacceptable safety level (SL )
— violent corrosion, does not generate protective
coating layers of CaCO,, while keeping the following
parameters:
the Langelier saturation Index — /, = from -3 to -5,
or
the Ryznar Index — /, = more than 8.5 and for less than
5.5,
or
the Strohecker Index — 1> 0.5,
or
the Langelier saturation Index —/, = from 3 to 4,
or
the Ryznar Index — 7, = less than 5.5,
or
the Strohecker Index — 1> 0.5.

To assess the technological safety of the water treatment
process the available parameters are taken into account.
As to meet the requirement to maintain the specified SL
just one parameter of corrosivity is needed and when all the
determined parameters are available, the parameter with the
most unacceptable value is considered.

Indexes defining the area of tolerated risk suggest that
the parameters of the tap water provide the required chemical
stability in water distribution system. While the levels of
controlled risk mean that water quality parameters indicate the
possibility of changes in chemical stability in water distribution
system.

Unacceptable risk means that such water quality parameters
occur which cause a lack of chemical stability of water in the
water supply system, which in turn can cause the secondary
pollution.

Characteristics of the analyzed water
supply system

The city is supplied with water from the river using boundary-
-chamber water intake capacity of 90 thousand m?/d. The water
is treated in modernized Water Treatment Plants WTP, and
WTP,, and fulfills the quality requirements for water intended
for human consumption.

WTP, and WTP,, are both independent water treatment
plants, working on the basis of the same technology. At present,
in both plants the same treatment processes are conducted, ie.:
preliminary ozonation, coagulation supported by synthetic
flocculant (when low temperatures occur), sedimentation in
septic horizontal, filtration on rapid filter. In the WTP, sand
filters are used whereas on the WTP anthracite-sand filters,
ozonation and indirect carbon filters BAF are used. The

chambers of intermediate ozonation are completely separated
from WTP, and WTP,. The water after the ozonation gets to
four chambers of carbon filters and from there to water tanks
of WTP and WTP .

Average daily production of treated water is about
37 thousand m*/d, in fully supplying the water recipients. In
operation of water company in the distinguished water supply
systems there are also emergency deep-seated intake with
the capacity of 260 m*/d, local water intake with the capacity
of 450 m?/d, 36 water pumping stations, 11 expansion tanks
of clean water with a total capacity of 35 thousand m* and
190 public wells.

A total length of the water supply network is approx. 890 km
of 50 km of main network, distributional pipes about 470 km
and 350 km of water connections. The main network is made of
cast iron and steel pipes. Distributional pipes are made of cast
iron, galvanized steel, PE and PVC and water connections are
mainly made of galvanized steel, cast iron PE and PVC.

Water supply network consists of four mains transporting
treated water from second pumping station:

e 1 main (¢ 1200, ¢ 1000, ¢ 800 mm), which transports
water from WTP, and supplies the north-western part of
the city and clean water tank,

e 2" main (¢ 400 mm) transports water from WTP, to
the center and north of the city, it has two branches, of
which one (¢ 200 mm) supplies nearby villages, while
the second provides water to the city center,

e 3 'main (¢ 400 mm) transports water from WTP  to the
southern and central parts of the city,

e 4" main (¢ 400 mm) transports water from WTP, and
WTP,, to the eastern and north-eastern parts of the city
and supplies tanks; it has two branches (¢ 150 mm and
¢ 100 mm) which supply water to nearby villages.

The network in 80% works in the ring system, in which

water supply system cooperates with two sets of water supply
tanks located in the eastern and western parts of the city.

Assessment of water corrosion
aggressiveness in the considered water
supply system

The test samples were taken after two sequences of
technological water treatment processes WTP and WTP, .

Langelier Index (/,), Ryznar Index (/,) and Strohecker
Index values (/) were calculated for the monthly average for
2015 and are shown in Figure 1.

In the examined water supply system, water has the
Langelier Index values from -0.5 to 0.12 (WTP)) and from
-0.4 to 0.24. (WTP ). The range of variation for the Ryznar
Index in various technological lines of water treatment was,
respectively, 7.2 < [, < 8.2 for WTP, and 7.2 < [, < 8.1 for
WTP,. Similarly, for WTP and WTP , the Strohecker stability
Index was, respectively, from -0.26 to 0.75 and from -0.36 to
0.78.

The results, taking into account the Ryznar Index, indicate
the occurrence of water with a tendency to dissolve deposits and
severity of corrosion processes. In the case of the Strohecker
Index we are dealing with non-aggressive water (/, < 0.5) for
73% of samples (WTP,)) and for 82% of samples (WTP ). Other
water samples correspond to medium aggressiveness, reaching
in the examined period the following maximum values:
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1= 0.75 and in the second case [ ., = 0.78. The character
of water specified by the Langelier Index corresponds to the
probable lack of need for additional water treatment and in the
majority of tested samples the mild covering of pipes surface
in case of corrosion.

Taking into account the aforementioned criteria in
Figure 2, the average and median values of the Langelier,
Ryznar and Strohecker indices for two technological water
treatment processes WTP, and WTP  were presented.

According to the adopted risk assessment criteria, water
quality in the tested system is at the level of controlled risk R .

Water produced by the WTP, and WTP, in the majority
of the tested samples is chemically unstable with tendency to
dissolve deposits and the possibility of minor corrosion.

Assessment of technological safety
of water chemical stability

Assessment of technological safety of water chemical stability
was performed using two-dimensional method in which the
probabilities of the exceeding of the parameters for the assessment
of aggressive and corrosive water properties were determined,
according to the aforementioned risk definition and criteria.

o for the Langelier Index — 7, (5):
Rz = P(pHo(x:) — PHs(xy)) )
o for the Ryznar Index — 7, (6):
Rnz'® = P(2pHs (%) — pHo(x))) (©)
o for the Strohecker Index — 7 (7):
Rnz'® = P((11,39 - 2IgA) — pHo(x)) (1)

where pH (x), pH,, — random variables with mean values
pHo(x;) m(x,-) and standard deviations rts? Ot
The measure of technological safety of tap water
chemical stability on the example of the Langelier Index is
a random function (8):

0.3
0.2 ;|;
0.1
0.0
-0.1 o
B 0.2
0.3
0.4 —
0.5
o Median
0.6 [125%-75%
WTPI WTPII 1 Min-Max
1.0
0.8
06
04
=02
0.0
02
04
06
WTPI

Z(x) = pHy(x) — pH;(x) (®)
8.4
8.2
8.0
7.8
7.6
7.4
7.2
o Median
70 [] 25%-75%
WTPI WTPII T Min-Maks
o Median
[125%-75%
WTPII T Min-Maks

Fig. 1. Box plots for: a) the Langelier Index (/,), b) the Ryznar Index (/) and c) the Strohecker Index (/)
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Value of Langier Index - I,

5.5 6.2

*WTPy: ILmed = =0.3; Ikmed = 7.8; Tgimed = 0.2
Ipavg = -0.25; Iravg = 7.74; Loavg = 0.26
o. WTPu: ILde = -0.1; IR_"ned = 7.6; Istmgd =0.19
Ipave = -0.15; Travg = 7.64; Ly = 0.18

Recommendations
Corrosion intensity

range
6.8 <Ir<8.5
Intensification
of corrosion
processes

Ig>8.5
Burdensome
corrosion

Unacceptable
corrosion

[ Ryznar Index
6.8 8.5

For:

* Jq<0

* I <0+0.5>
wHEE > 0.5

Value of Langier Index (IL), Explanations - Corrosion intensity: I - Rapid corrosion, II - Moderate corrosion, III - Mild
corrosion, IV - Delicate corrosion, V - Carbonate balance, VI - Mild surface coating, VII - Delicate section reduction, VIII -
Gentle to moderate deposition of sediments, IX - Moderate deposition of sediments, X - The rapid deposition of calcium
carbonate; Recommendations: a - Recommended treatment, b - Required treatment, ¢ - There is probably no need for
treatment, d - Treatment is not necessary, e - Treatment may be needed

Fig. 2. The situation in distinguished water supply system in terms of corrosive indices and safety levels

Function Z(x) is called a function of the boundary condition
(Nowak and Collins 2013).

The average value of the random function Z is given by
formula (9):

Z(x) = pHo(x) — pH; ©)

The standard deviation is determined by the dependence (10):

— ’ 2 2
0z = |OpH, + OpH,

and the safety Index ¢ _is described by the formula (11):

(10)

by = 22 (11)
0z

The use of such procedure primarily requires determining
a reliable value of the standard deviation of an indicator
defining the chemical stability of water.

To assess technological safety of water chemical stability
the Monte Carlo simulation was used, in the form of the
following procedure:

e draw a sequence of independent random numbers for

each random variable included in the safety analysis,

o calculate the values of adopted safety measure, regarded

as the result of physical experiments,

e check if the individual values are in the area of safe or

unsafe states,

e after N = 10° simulations, calculate the quotient of
results contained in the particular areas by the total
number of results,

e value of the quotient can be regarded as a measure of
safety or its loss.

The assessment of technological safety of water chemical
stability using the probabilistic method was performed for
different previously mentioned indices defining the chemical
stability of water and for two WTPs.

For WTP,

The stability of water specified by the Langelier Index for the
input variables pH and pH_and the condition of limit state for
the Langelier Index is shown in Figure 3.

As a result of the analysis, the following values of the
probability that the threshold values for the Langelier Index
will be exceeded were obtained (Fig. 3):

e P(I, =0)=0.011 — tolerable risk,

P(I, < 0) = 0.665

P, > 0) = 0324 ~ 0989

0P(—3<IL<4)={

— controlled risk.

Analyses of risk occurrence according to the Ryznar Index
(/) including the input variables pH and pH, and the condition
of limit state for the Ryznar Index are shown in Figure 4.

The obtained values of the probability that the threshold
values for the Ryznar Index will be exceeded are: P(6.2 <1, <
6.8) = 0.000 — tolerable risk; P(/, < 8.5) = 1.000 — controlled
risk and P(/, > 8.5) = 0.000 — unacceptable risk.
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The obtained values of the probability that the threshold
values for the Strohecker Index will be exceeded are: P(/ <
0.5) = 0.000, P(/ > 0.5) = 1.000 — controlled risk (Fig. 5).

For WTPII

The obtained values of the probability that the threshold values
for the Langelier Index will be exceeded are (Fig. 6):

e P(I, =0)=0.015 — tolerable risk,

Analysis of risk occurrence according to the Ryznar Index
for the condition of limit state is shown in Fig. 7.

The obtained values of the probability that the threshold
values for the Ryznar Index will be exceeded are: P(6.2 <1, <
6.8) = 0.000 — tolerable risk, P(/, < 8.5) = 0.987 — controlled
risk and P(/, > 8.5) = 0.013 — unacceptable risk.

For the Strohecker Index the following probabilities
were obtained: P(/, < 0.5) = 0.000 and P({/,> 0.5) = 1.000
— controlled risk (Fig. 8).

The probabilities of the exceeding of the individual
parameters with assigned to them safety levels are shown in

N

_ (P, <0)=0425 _ Table 3.
*PE3<h<d= {P(IL >0)=0.560 0.985 In the case of the Rynzar Index P(I, < 8.5) and the
_ controlled risk. Strohecker Index P(I > 0.5) for the analysed water treatment
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Fig. 3. Histogram and density function obtained for the condition of limit state defined for the Langelier Index — WTP,
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Fig. 4. Histogram and density function obtained for the condition of limit state defined for the Ryznar Index — WTP,
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Fig. 5. Histogram and density function obtained for the condition of limit state defined for the Strohecker Index — WTP,
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Fig. 6. Histogram and density function obtained for the condition of limit state defined for Langelier Index — WTP,
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Table 3. The probabilities of the exceeding of the corrosiveness parameters together with the corresponding safety levels (SL)

- . IL IR Ist
Specification
P(-3<1.<4) P(l, < 8.5) P(l;>0.5)
0.989 1,0 1,0
WTP,
SLg, SL,, Sl
0.985 0.987 1.0
WTP,
SLay Sl SLay
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process (WTP)) the probability of the exceeding is 100%, which
corresponds to the safety level that requires modification.
Similar situation exists for the Langelier Index where the
probability of the exceeding for P(-3 </, <4)is 98,9% (SL,,,)
and for P(/, = 0) the probability of exceeding defines 1.1% of
tolerable risk occurrence.

The detailed analysis showed that for technological water
process for WTP, for the Langelier Index the probability of
the exceeding for P(-3 </, < 4) is 98.7%, which corresponds
to controlled risk, while considering the Ryznar Index for
WTP, with 1.3% P({, > 8,5) we can expect unacceptable risk
occurrence.

The probability of the exceeding of the individual
parameters for WTP, is slightly larger than for WTP , which
means that this water treatment process may cause lack of
chemical stability in the water supply network.

Discussions and remedies

In the case of tolerable risk level occurrence it is
recommended to further monitor and maintain the current level
associated with drinking water quality.

In the case of receiving the unacceptable risk level it is
recommended to change the process by correlation to the
hydraulic conditions and using the appropriate materials
for the construction of water supply systems and internal
installations.

Operators should anticipate in the process of designing
water distribution system, with regard to using proper
materials, as to ensure an adequate level of safety from the
water source to the water recipient. It should be noted that it
is necessary to adjust the material of internal installation of
water supply network to the parameters of water and not the
other way round. At present there is no correlation between the
designing step and water parameters.

It should be indicated that such analysis should be made
after examining water pipes materials. Also corrosion criteria
and the type of corrosion that can occur in correlation with the
quality of water should be determined. It should be noted that
in each case corrosive criteria must be adjusted to the specific
case of water distribution system.

Conclusions

It should be remembered that water of good quality according
to the obligatory regulations can have corrosive and unstable
character generating economic losses.

Except water quality, the condition of water pipes is
influenced by prevailing hydraulic conditions as well as the
material of pipes and fittings and its technical condition.

The quality of tap water intended for human consumption
can be provided by use of appropriate materials for the
construction of water supply network. Such materials should
not be susceptible to corrosion, should prevent any pollution of
potable water and protect water consumers, as well as ensure
adequate stability of water supply.

To contribute towards safety of water consumers, the
methodology presented in the paper should be applied in the
daily functioning of water distribution system, in cooperation
between engineers and operators.
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Analiza stabilnosci chemicznej wody wodociggowej pod katem
wymaganego poziomu bezpieczenstwa technologicznego

Streszczenie: Glownym celem pracy jest przedstawienie nowego podejscia do okreslania poziomoéw tech-
nologicznych bezpieczenstwa (SL) w zakresie jakosci wody i jej stabilno$ci chemicznej, a takze wlasciwosci
korozyjnych wody w systemach dystrybucji wody (WDS), ze wzgledu na fakt, iz przewody wodociagowe sa
podatne na korozj¢. W pracy przedstawiono metodologi¢ okreslania ryzyka zwigzanego z wystapieniem zagrozen
dla infrastruktury technicznej. Analiza zostala wykonana na podstawie uzyskanych danych eksploatacyjnych ze
stacji uzdatniania wody. Prawdopodobienstwo przekroczen poszczegdlnych parametrow w przypadku WTPI
jest nieznacznie wigksze od WTPII, co oznacza iz ten proces uzdatniania wody moze powodowa¢ brak zacho-
wania stabilno$ci chemicznej w sieci wodociggowej. Operatorzy powinni przewidzie¢ w procesie projektowania
systemu dystrybucji wody, uzycie odpowiednich materiatow, tak aby zapewni¢ odpowiedni poziom bezpieczenstwa
od zrédta wody do odbiorcy. Nalezy zauwazy¢, ze niezbgdne jest dostosowanie materialu wewngtrznej instalacji
sieci wodociagowej do parametrow wody nie odwrotnie. W chwili obecnej nie ma korelacji pomigdzy etapem
projektowania, a parametrami wody. W celu ochrony infrastruktury wodociagowej, ktore naleza do infrastruktury
krytycznej, przedsigbiorstwo wodociagowe powinna potozy¢ wigkszy nacisk na dystrybucje¢ stabilnej wody, ktora
nie ma wlasciwosci korozyjnych. W pracy zaproponowano podjecie dziatan zapewniajacych ochrong systemu
dystrybucji wody przed utratg stabilno$ci chemicznej wody.



