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Abstract

:

This paper first presents the results of polling on the subject of potable water in crisis situations, with respondents from south-eastern Poland’s Subcarpathian region asked for their opinions on the level of nuisance associated with water supply interruptions and water quality, levels of consumption and water companies’ quality of service. Among the respondents 53% regard the quality of the water they receive as satisfactory, while a quarter see it as only average. However, respondents are relatively satisfied with the corporate response when supplies are interrupted, as methods and means of notification are judged effective by 60%. Continuing with work to assess possibilities for water companies to improve their performance in crisis situations, the present study generates an Analytical Hierarchy Process allowing recipients to determine importance criteria where quality of service is concerned. This could facilitate management by water companies, providing for centralised control and comparison that help secure services of appropriate quality. The process can also help protect different groups of recipients, as safety is evaluated through analysis of functioning, and of failures and losses.
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1. Introduction


Key conditioning of an agglomeration of people’s continued functioning in times of crisis entails the safeguarding of the supply of water available for consumption via the public system [1]. In line with norms on this security of the drinking-water supply, as well as guidelines relating to risk and crisis management [2], we can consider a crisis to be an event or situation with the potential to affect a supplier of drinking water so seriously that other organisational structures may be required, and possibly unusual means of operation in response to the emergency. The occurrence (and likely accumulation) of undesirable events is what ultimately threatens a system’s autonomous functioning; or is at best unhelpful to its development [3,4]. In this context, it is worth underlining the human right to water as the right of everyone to sufficient, safe, acceptable and physically accessible and affordable water for personal and domestic uses [5]. This can be achieved if financial resources are allocated, as well as help with capacity-building, and transfers of technology to countries (in particular in the developing world), with the key aim of safe, clean, accessible and affordable drinking water and sanitation being made available to all [6]. It should be remembered that guarantees regarding water supply apply not only apply to developing countries, but also to developed countries. The commercialisation and privatisation of water management have ensured that those able to pay find water readily affordable, just as many people simply cannot afford it, and therefore lack access. Yet water should not be treated as a commodity, given the truly fundamental human right to it, and consequent trend towards public participation of users. Good examples here might be the Blue Communities in Canada, as well as city-council remunicipalisation of water management in cities like Paris, London, etc.



In general, Polish policy relating to security of the water supply falls within the so-called management of critical infrastructure pursued by the state (or a region or urban agglomeration), in line with definitions set out in the Crisis Management Act [7]. As improper functioning of a water-supply system may pose a threat to human health or life, such systems must be characterised by a high level of reliability and safety. Steps in the process to ensure the protection of critical infrastructure include risk assessment, and a prioritisation of activity in line with the latter’s outcomes. This leaves the subject matter of this paper as a crucial one, if proper functioning of the water-supply system is to be assured.



Legal regulations regarding safety of the water supply for consumers revolve around the Drinking Water Directive (Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human consumption), whose latest amendments include Commission Directive (EU) 2015/1787 of 6 October 2015 [8]. In turn, in 2004, the World Health Organization (WHO) published its guidelines for the application of water safety plans, which proposed analysis of the chain of water supply intended for human consumption [9]. Returning to the European Union, its recommendations are that Member States should implement standards as regards security of the supply of drinking water that have regard to risk and crisis management via the EN 15975-1,-2 standard [10,11]. The Water Framework Directive (WFD) requires Member States to engage all interested parties in its implementation [12]. For this to happen, it is important that the way local communities live in their catchments and use water should be understood (Article 14 of the WFD). And in this regard there is always a need to recall that water is not a commercial product like any other, but rather an inherited good. Likewise, water supply is a service of general interest.



Guidelines utilities use in the development of emergency plans for water supply see crisis situations as those associated with increased doses of disinfectant, and with alternative technologies mobilised as treatment plants may be bypassed, with delivery potentially taking place by tanker or barrel. In this context, the organisation seeks to supply the populace with a certain minimum amount of water over several days, with one person obtaining 7.5 dm3 daily, or 15 dm3 where a period of several weeks’ duration is involved. Public utilities thus ensure that 50% of normal demand is achieved, while industrial plants receive assurances permitting operations, and water-supply for their own purposes at a level between 5% and 15% of typical daily output.



This paper presents heuristics used by consumers of tap water, i.e. simplified ways of formulating opinions as decisions are made regarding the level of comfort (reliability, safety) charcaterising supply. The behavioural approach takes account of the errors consumers make as they express opinions and preferences. The results of empirical surveys offer insight into aspects of consumer behaviour where supplies of water supply are concerned. Inclinations articulated in surveys should be examined currently, to ensure that a new quality may be conferred upon the services water companies offer. Consumer opinions can be formulated in the following conditions: certainty, if each action invariably leads to a specific goal; and risk, if each action leads to a result from a specific one set. A probability of occurrence can be estimated for each of these. As Bernstein [13] notes the perception of crisis risk by consumers of water differing both qualitatively and quantitatively, key issues must be survey-respondents’ assessment of the nuisance that interruptions to the water supply actually represent for them, as well as knowledge of the causes of breaks in water supply, and the discomforts and losses these cause [14,15]. Against that background, crisis needs to be seen as having a variety of common meanings—as the probability of undesirable event, health risk and maximum assumed loss. That in turn means that a number of parameters may be used in its definition [16]. Within the framework of the developing science of security, specialised crisis-assessment techniques have taken shape, involving both quantitative and qualitative methods [17]. Crisis to drinking-water quality include those posed by pollution with hazardous substances that threaten life, health or the environment [18,19]. The life-threatening crisis associated with water consumption is mostly a matter of short exposure times. Health risk partly overlaps with the other two risk areas. Health complications may occur where there is consumption of water failing to meet normative requirements (e.g. in time of flood). Environmental crisis risk is the kind least documented from a medical point of view, and is associated with more subtle and longlasting degradation of the aquatic environment in line with civilisational progress. Crisis threats are also imposed by natural disasters, major technical failures, social unrest and terrorist attacks.



A company supplying water is to develop theoretical solutions that shape and control supply, as well as the service processes engaged in vis-à-vis victims of crises. The priority is for the water supply to reach the affected population at the right time, in the right place, in the right form and in the necessary quantities and quality. Water supply in a crisis situation consists in helping people affected by the consumption of contaminated water, creating conditions for survival in situations where a public water supply is lacking, collecting and protecting water stocks, and distributing the latter in a regulated manner [20,21].



Surveys represent a basic source of information for water companies, and these can be carried out using the various methods, techniques and research tools described in publications, e.g., [22,23,24]. Increasingly, utilities engage in this type of research because, thanks to surveys, real insight into water-supply systems can be gained, with the input then utilised to improve quality of service [25]. A survey may form part of the water safety plan (WSP) that synthesises all important information on the construction of water-supply systems, and the principles by which they operate and are maintained [26,27]. The result is a positive impact on proper functioning – in regard to consumer safety in particular [9,28,29]. Likewise, according to the U.S. Centers for Disease Control and Prevention [30], surveys can be helpful tools because they facilitate evaluation of customer satisfaction and allow for better gauging of opinions. Surveys can also provide information on community concerns, with perceptions of alternative sources supplied, and therefore available to refer back to, should a crisis situation arise [31]. Specifically, collected information can prove useful as management procedures under a WSP are made ready. Surveys offer insights into recipients’ current and future needs, allowing requirements to be met and expectations anticipated and exceeded. Improvements are achievable thanks to continuous analysis and assessment of processes, as well as the achievement of goals set through the deployment of all sources [32,33], e.g., by measuring customer satisfaction or complaints that they lodge when supplies are intermittent [33,34]. A key issue relating to water supply in crisis situations is risk, which the principles of auditing must also perceive as possible opportunity, and thus success (revenue); as well as threat and failure [35,36,37,38,39,40].



The concept underpinning this paper was put in place before the emergence of the pandemic involving the SARS-CoV-2 coronavirus. At present, the Polish government provides additional permissions, i.a. for specific employers responsible for elements of critical infrastructure. In the event of an epidemic threat or epidemic status, they may engage in specific activity under Labour Law allowing for continuous operation. The introduction of a state of epidemic threat in Poland saw water companies informed that, in justified cases, entrepreneurs will be able to take advantage of deferred payment for thermal energy resulting from invoices issued, or a redistribution of payments into convenient instalments, taking into account real possibilities for liabilities to a Company to be repaid. Moreover, there may be postponement of payments arising from invoices issued from 1 March 2020 to the end of the month in which the epidemic is finally cancelled.



The WHO assumed that remedies relating to coronavirus include risk communication on the matter of system preparedness by which public perceptions can be listened to with a view to disinformation being prevented [41]. Thus, in the case of this epidemiological threat, additional procedures have been put in place, with a likelihood that these will gain the acceptance of consumers.



An important element of accident-risk management at a water-supply company should be the analysis of consumers’ perceptions regarding the supply of tap water. On this basis, water utilities can implement information-management procedures. The results of surveys carried out in Poland’s Subcarpathian province-region that are presented here represent a continuation of research already detailed in [42]. They were analysed using Statsoft software [43], as supported by Super Decision Program 2.10.0 [44].



The aim was to survey consumers regarding drinking water in emergency situations. Users’ satisfaction with the quality and quantity of supplied water was examined at the same time, and checks made on peoples’ perceptions of the level of difficulty or inconvenience actually constituted by interruptions in water delivery.




2. Materials and Methods


2.1. Description of Study Area


The identified water-supply system is located in Poland’s Subcarpathian province-region, and relates to a supplied city located on the right bank of the Vistula and covering 127 km2 around 50°02′N and 22°00’E (Figure 1). The city under study comprises some 180,000 inhabitants supplied with water. It has 1546 inhabitant/km2 and is at 197–384 m above sea level. This area has hot summers, relatively small amounts of rainfall (ca. 510 mm) and winters that are not especially severe.




2.2. Characteristics of the Research Object


By reference to allowable error, a sample size representative of this population of n = 215 was arrived at, with these people being surveyed regarding the supply of tap water during crisis situations. In determining the required number of participants for the study, a 95% confidence level was assumed. The fraction size adopted was 0.5.



Women and men were represented equally in the sample; while 55% of those surveyed were in technical professions and 45% in non-technical ones. Age structure was even; with people educated to primary, secondary and tertiary levels accounting respectively for 3%, 49% and 48%. The division by place of residence was in turn of multi-storey blocks (55%), tenement houses (13%), and single-family houses (32%). A rule of the survey was that respondents might indicate more than one answer [45].



The city is supplied with water from the river using a boundary-chamber water intake of capacity 90,000 m3/d. The water is treated at modernised water treatment plants, and fulfills the quality requirements for water intended for human consumption. The water company also has an emergency deep-lying intake of capacity of 260 m3/d, as well as a local water intake of capacity 450 m3/d. Average water consumption per citizen and day is about 0.150 m3. Water sales are divided into three groups: other purposes, industrial and household. Other purposes include administrative points, healthcare units, public institutions, commercial establishments and service companies. The largest amount of water is used by households, on average 74% of total consumption. Water sold to industry accounts for 9% on average, leaving 17% as the share of total water consumption taken by other customers. The total length of the water-supply network is approx. 890 km, with 50 km of main network, distributional pipes extending for around 470 km, and 350 km of water connections. The main network is made of cast iron and steel pipes. Distribution pipes are made of cast iron, galvanised steel, polyethylene (PE) and polyvinyl chloride (PVC); and water connections are mainly made of galvanised steel, cast iron PE and PVC. The water-supply network consists of four mains transporting treated water from a second pumping station. 80% of the network operates in a ring system, in which the supply system cooperates with two sets of tanks located in the eastern and western parts. The region analysed can in some sense be seen as typical, being supplied with water by a single enterprise whose status is as an independent commercial-law company, albeit one in which all the shares are held by the city.



In the last 15 years there have been 6 crisis situations affecting a maximum of 17% of the entire group of recipients, and lasting from 8 h to 36 h. The most likely crises here would relate to one kind of natural disaster or another, or else to accidental contamination of the network. The development of resilience by way of new investment is here a matter of own financing by the company, but also of funding from central, provincial, municipal and foreign budgets, as well as ecological funds, domestic loans and credits, and so on. As has been noted, local authorities play the dominant role in the company’s ownership structure. In this context, possible profits constitute a specific type of tax, thanks to a dividend payment mechanism. This circumstance tends to reduce the likelihood of privatisation taking place.




2.3. Proposal to Implement an Analytical Hierarchy Process in Relation to the Quality of the Water-Supply Service


To assess importance criteria among recipients where the level of quality of the water-supply service was concerned, use was made of the method developed by Saaty [46]—of comparing AHP (Analytical Hierarchy Process) criteria, with a 1–9 preference rating scale applied [46,47]. AHP entails comparison of pairs of selected features, with relative preferences assigned to them. Pairwise comparisons of criteria allow for an assessment of how much better one criterion is than another, in both qualitative and quantitative terms.



The following scale is applied in the pairwise comparison of selected elements, with relative preference expressed in words, along with a definition and reference to the degree of importance [46]:




	
equal importance—both activities contribute equally to the achievement of the objective (1)



	
moderate dominance—one element is slightly more significant than the other (3)



	
strong dominance—clear dominance of one element over the other (5)



	
strong plus—very major dominance of one element over the other (7)



	
extreme dominance—absolutely greater importance of one element over the other (9)



	
intermediate values—middle values of the scale to express compromise opinions (2), (4), (6), (8)



	
reciprocals of the above assessment—If element i receives a rating on the above scale, which is a comparison with element j, then j has the inverse value (1/2)–(1/9)








To compare pairs of individual criteria, a square matrix A = [aij] of paired comparisons with dimensions n × n was created, in which n(n − 1)/2 of these comparisons are made. A characteristic feature of this matrix is the diagonal, which has the property of aji = 1/aij. There are inverse pairwise comparisons below the main diagonal of the matrix, with the latter taking the following form [46]:


  A =  [     1       a  12       …      a  1 n          1     a  12        1    …      a  2 n        .   .    .    .     .   .   .   .     .   .   .   .       1     a  1 n          1     a  2 n        …   1     ]   



(1)







The inverse of pairwise comparisons occurs, so the i-th row is the inverse of the i-th column, with this fact capable of being expressed in writing as:


  A w = n w  



(2)







One measure of compliance comparisons reflecting preferences in terms of proportionality is the principal eigenvalue of the matrix λmax:


   λ  max   =  1   w i      ∑ j n    a  i j      w j  ,  



(3)







Pairwise comparisons are consistent if λmax is close to n.



Deviation from compliance is described by the Consistency Index (CI):


  C I =    λ  max   − n   n − 1   ,  



(4)







The next indicator of the consistency of pairwise comparisons is the Consistency Ratio (CR), which determines how incompatible with each other comparisons of the importance of characteristics are, as determined using the formula:


  C R =   C I   R I   ,  



(5)




where RI is a Random Index of non-compliance according to the matrix dimensions. RI values were as estimated by Saaty [46].



In assessing importance criteria relating to quality of service in water supply (in the view of a water recipient), AHP results are set against the experience and knowledge of experts to form a basis for expert opinions. Indeed, our preparation of categories and subcategories of criteria involved cooperation with designers, recipients and operators of the water-distribution network. The key variables were also based on the relevant literature [8,40,42,47,48]. The expert opinion developed then provides an opportunity for the experience of experts to be brought together, such that all the most important factors affecting quality (and safety/security) of a water-supply service are represented.



In the above context, the main identified criteria and sub-criteria were:




	
The organoleptic quality of water (C1)




	−

	
Taste attributes (C1.1.)




	−

	
Smell attributes (C1.2.)




	−

	
Clarity (C1.3.)









	
Customer-friendliness—the quality of services provided by the water company (C2)




	−

	
Office service work (C2.1.)




	−

	
Readability and comprehensibility of bills (C2.2.)




	−

	
Possibility of discounts being negotiated for company non-compliance with water-supply standards (C2.3.)









	
Price per m3 of water (C3)



	
Reliability, i.e., lack of interruptions in supply (C4)








Respondents did not assess criteria relating to water’s physico-chemical or microbiological properties because, under the current regulation with its clear-cut provisions, there is no room for interpretation [8]. In essence, poor water quality understood in this way should always lead to cessation of supply and/or to the public being warned, and notified regarding remedial steps.





3. Results and Discussion


3.1. Consumer Perceptions of the Supply of Tap Water


The results of the survey was presented in the Appendix A. In the first question, related to a normal water-supply situation, respondents were asked about their regularity of use of household water from different sources.



Q1. Do you regularly use the following types of water in your household?



	
Water delivered to the doorstep in containers (19 answers)



	
Water supplied by a spring of your own (six answers)



	
Tap water from the network (211 answers)



	
Water from a private well (16 answers)






Respondents’ answers indicate the household use of water from various sources. About 7.4% use water supplied to the door in containers, while 2.3% avail themselves of supplies from a spring. While private wells were in use among about 6.5% of respondents, 83.7% of them simply used tap water. However, an initial thesis on this basis would be that around 16.5% of respondents were aware of alternative ways of procuring water in the event of a crisis.



Among those using tap water, a further question entailed an assessment of quality on 1–5 scale.



Q2. How do you assess the smell of your drinking water?



	
Very good (49 answers)



	
Good (80 answers)



	
Neither good nor bad (45 answers)



	
Bad (32 answers)



	
Very bad (nine answers)






Q3. How do you assess the taste of your drinking water?



	
Very good (41 answers)



	
Good (58 answers)



	
Neither good nor bad (62 answers)



	
Bad (50 answers)



	
Very bad (four answers)






A score of 1 denotes a negative assessment of water quality (as “very bad”), while a 5 denotes “very good”. Water quality was assessed by reference to smell and taste, and responses make it clear that respondents fail to rate quality especially highly. As many as 19% claimed the smell was “bad”, while 25% referred to a bad taste. The fourth question asked respondents about sources from which they extract water as and when tap water is absent.



Q4. In the case of a lack of tap water, you use:




	
Purchased packaged mineral water (105 answers)



	
Water from a known natural source (27 answers)



	
Water from a public well (36 answers)



	
Water from a private well (20 answers)



	
None of the above or others (27 answers)








The largest group (about 49%) replied that, in the absence of water from the network, it was bottled water that they made use of. This mainly reflects the easy accessibility of this source. However, 12.6% used a well-known natural source of water, 16.7% water from a public well, and 9.3% a private well. The limited interest in natural sources of water in the event of a water-supply network failure may reflect issues with access to these sources, given their principal presence beyond cities; as well as people’s fear of poor-quality water being obtained from such sources. Other sources not mentioned in the question were used by 12.6% of respondents, usually when they stay in a place other than their place of residence.



The next (fifth) question concerned the assessment of the water-supply company, and more specifically, the nature and effectiveness of methods by which it might inform people of an interruption in supply.



Q5. Does the water company provide information on the estimated time for which the supply of water will be lacking…



	
by means of written information in the form of leaflets? (136 answers)



	
via oral information? (32 answers)



	
via a message posted on its website? (20 answers)



	
in no way at all (i.e., does not inform)? (27 answers)






The functioning of the water-supply company was also assessed in terms of notification of interruptions in supply.



Q6. Is the method of notification of an interruption in water supply effective?



	
Very good (50 answers)



	
Good (77 answers)



	
Neither good nor bad (43 answers)



	
Bad (13 answers)



	
Very bad (32 answers)






Most people (63.3%) replied that they learn about an interruption in the water supply in writing, often in the form of a leaflet. Of those surveyed, 14.9% claimed to obtain information from repair workers verbally, and 9.3% of water recipients encountered such information online. Up to 12.6% of respondents did not receive information about planned interruptions to the water supply. About 60% felt the method used to inform people was effective. The highest efficiency of information on interruptions in the supply of water by means of leaflets and oral information may be due to the fact that a majority of respondents (55%) live in multi-storey blocks of flats. A leaflet posted on the entrance door to a block immediately draws the attention of most or all residents. Equally, where information is supplied orally, employees of water companies can still make more progress rapidly by telling residents of blocks, as opposed to those dwelling in single-family homes. The answers also show that some 75% of respondents feel continuity and pressure of the water supply are “good”.



While internet access is ever-more universal, only 10% of people surveyed claimed to find out about interruptions in the supply of water in this way, presumably because many are not in the habit of browsing (or lack time to browse) the websites of water companies. The dispatch of information by e-mail or SMS would therefore seem worth considering—if there is to be an increase in the efficiency with which recipients of water are informed of expected interruptions in supply.



In the next (7th) question, water companies were assessed from the point of view of their ensuring a supply of water from other sources, should there be an event involving interruption of supply.



Q7. Does the water-supply company offer water…



	
from water tankers? (153 answers)



	
from disposable packaging? (18 answers)



	
in no way at all (offering nothing), or in a manner different from any of the above? (44 answers)






Each water-supply company should have regulations laying down the method of supplying water to customers if continuity is impaired. Most consumers surveyed (71.2%) stated that they received water from barrel-wagons when there was this kind of interruption in their supply. Furthermore, 8.4% of respondents received water in disposable packaging, while no help reached 20.5% of those surveyed. Such a large percentage of people claiming not to be offered anything by a water-supply company in the event of a failure may not in fact be genuine, instead reflecting a lack of information as to the place and time of delivery in barrel-wagons or disposable packaging. The fact that much water is supplied by water carts appears to be justified in financial terms, as in this case the water company does not bear the costs of packaging water.



In the event of an interruption in the supply of water (5th question), it is reasonable that recipients accumulate a supply to meet their most basic needs (e.g. hygiene and cooking). The method of storing water in the event of breaks in delivery being announced was determined using Question 8.



Q8. You store your household water supplies in …



	
open vessels (the bath, a bucket, a sagan-pot) (105 answers)



	
closeable plastic containers (79 answers)



	
professional containers with a water dispenser (25 answers)



	
nothing (i.e. do not store) (6 answers)






Most respondents (48.8%) stored water in open vessels (e.g. bath-tubs or buckets). This is the commonest way of accumulating water, given the costs. Also, 36.7% of those completing the survey stored water in plastic containers closed with a screw cap. Storage of a supply of water in professional containers with a dispenser was applied less commonly (by just 11.6% of people), given that advance notification is mostly required. Water reserves by which to respond to an upcoming announced interruption in supply were only not kept by about 3% of those surveyed. Such people may, for example, expect to be at work for all or most of the time supply is due to be interrupted.



Should the supply of water be interrupted, this is deemed a nuisance by (non-)recipients (9th question). The level of that nuisance naturally depends mainly on the duration of the interruption in supply. Furthermore, where water is lacking beyond a certain length of time, this should entitle recipients to compensation in some form, usually a reduction in price to account for the water that went undelivered. In the survey, respondents had the opportunity to state after what period of interruption in supply they would anticipate receiving compensation.



Q9. Knowing that a lack of supply of tap water results in non-payment for its consumption, at what level of duration of such an event do you think you should be entitled to compensation from a water-supply company?



	
Lack of water for 1 day (112 answers)



	
Lack of water for 3 days (96 answers)



	
Lack of water for 1 week (four answers)



	
Lack of water for 2 weeks (two answers)



	
Lack of water for more than 2 weeks (one answer)






Most respondents (52%) would expect compensation from a water-supply company where water is cut off for more than one day. In turn, 44.7% of respondents thought that they should be entitled where the break in the supply of tap water lasts more than 3 days. Surprisingly, 2% of survey participants thought they should only be rewarded after a week of water-supply interruption, while about 1% said that time would only come after two weeks or even more than two weeks of interrupted supply.



It should be remembered that, in practice, it is impossible to eliminate interruptions in water supply altogether, if only because maintenance work takes place, while new customers are also connected. Equally, unpredictable cuts in supply will happen because of unforeseen failures independent of the action of the water-supply company, e.g., as a reflection of climatic conditions or human action, or as supply networks are damaged by work carried out.



On the other hand, a company should make every effort to minimise the duration of interruptions in supply, and—in the event of breaks becoming prolonged—to ensure provision of the alternative water sources referred to above, and to determine appropriate compensation for consumers. A new approach in this regard seeks to provide a guarantee for the length of time water is not supplied.



The time needed to rectify a given failure depends on the damage to supply that has been sustained, as well as the time over which repairs continue. In Question 10, respondents were asked what length of time without water supply would prove acceptable to them in the context of a failure in water supply needing to be rectified.



Q10. What guaranteed time-limit for a lack of water supply would you accept, in association with the need for a failure in supply to be rectified?



	
Up to 6 h (85 answers)



	
Up to 12 h (103 answers)



	
Up to 24 h (17 answers)



	
Up to 3 days (10 answers)






The largest category of responses comprised the 48% saying that a “good” result would apply where the cause of a failure interrupting supply was removed or put right within 12 h. A further large (39.5%) share of respondents opined that 6 h should be enough time to remove defects, while just 8% of respondents believed in removal within 24 h. Only 4.7% accepted that as much as 3 days might reasonably be required.



A water-supply company should thus specify in its regulations the guaranteed maximum time of lack of supply in connection with a failure. Then, if that removal proves impossible within the prescribed time, recipients should be notified.



In the context of the eleventh question, respondents were asked about the demand for water in a crisis situation.



Q11. How would you rate your water needs during a crisis situation?



	
Up to 10 L/d (81 answers)



	
From 10 to 20 L/d (91 answers)



	
From 20 to 30 L/d (23 answers)



	
From 30 to 50 L/d (17 answers)



	
Over 50 L/d (three answers)






The largest group (comprising about 42.3% of those surveyed) said that a crisis situation would curb their needs for water to something in the 10–20 L/d range. In such a situation, 37.7% claimed to need 10 L/d or less, while 10.7% would use 20–30 L/d. In contrast, 8% of respondents selected an answer involving emergency consumption still being at between 30 L/d and 50 L/d, with over 50 L/d mentioned by about 1.4% of survey participants.



In this case, it is probable that some people choosing an answer suggested their own needs for water, which result, for example, from a desire to maintain personal comfort. In turn, another group of respondents may have overstated the need for larger water reserves to be accumulated in the event of a prolonged failure. This question should therefore offer indications as a water company seeks to determine the quantity of water needing to be supplied in the event of an interruption. It is important to mention that, under the “water for life” concept, recipients can except water to be available in all spheres of life. All remedies should be implemented to ensure that recipients have access to water, even during unpredictable crisis situations, in line with the fundamental human right to water.



The quality of supplied water was assessed by means of a question worded as follows:



Q12. Do you have water-treatment products in your household resources?



	
Yes (16 answers)



	
No (199 answers)






Among all respondents, just 7.4% responded that they had made such preparations, while 92.6% of those completing the survey admitted that no such measures were in place. This means that the vast majority of participants were not aware that such steps could be taken; or did not display the necessary sense of caution. A question put to the aforementioned 7.4% involved the kinds of preparation they deemed most suitable. After all, water of inadequate quality can be treated physically, for example, by means of filtration and chemical methods (e.g. tablets), with a quality of water achieved that at least does not endanger health or imply disturbances should it be consumed.



It is known that sudden water-supply interruptions are particularly inclined to cause some inconvenience. With this kept in mind, in the 13th question, respondents were asked about activities posing the most problems, should an interruption in water supply arise. They had the opportunity to mark more than one answer in this case.



Q13. What areas of loss or inconvenience arise where a household faces a crisis-related lack of water supply?



	
Personal hygiene (203 answers)



	
Watering plants (24 answers)



	
Washing dishes (189 answers)



	
Financial losses (65 answers)



	
Cooking (182 answers)



	
Cleaning (33 answers)



	
Laundry (112 answers)



	
Washing a car or other vehicle (1 answer)



	
Other (2 answers)






A further question was as follows:



Q14. Would you agree to water bills rising in order to finance a programme seeking to limit crisis situations and the related number of water-supply interruptions?



	
I would agree (50 answers)



	
I would not agree (128 answers)



	
I have no opinion (37 answers)






Among those surveyed, the problems arising from interruptions in water supply cited most regularly were those associated with daily activities. These include personal hygiene (indicated by 25% of respondents), washing dishes (ca. 23%) and cooking (ca. 22%). Laundering is affected to a less onerous extent, being indicated by 19% of those completing the survey. In turn, the least frequently problematical consequences arising out of a lack of water were: watering plants (as mentioned by just 3% of respondents), financial losses (8%), cleaning (ca. 4%), and washing a car or agricultural equipment (less than 1%).



About 23.3% of respondents would agree to an increased fee for a more-secure water supply, provided that the bill did not rise by more than 10% above the current level. Analysis of the distribution of responses in line with characteristics supplied in the metric sustains the conclusion that neither level of education nor gender were important in determining types of inconvenience experienced/anticipated in the event of interruptions in water supply.



Application of the Analytical Hierarchy Process brought to light key pairs of main-criteria comparison as follows:




	
for the 1st criterion of water quality concerning organoleptic characteristics (0.4326)



	
for the 2nd criterion of customer-friendliness and quality of service on the part of water companies (0.0698)



	
for the 3rd criterion of price per m3 of water (0.1989)



	
for the 4th criterion of reliability of water supply (0.2987)








As the determined consistency ratio (0.0965) and consistency index (0.0859) are acceptable where values remain below 0.1, the obtained results can be accepted. The principal eigenvalue is 4.2576, and the random index 0.89. The analysis thus shows that the predominant impact on perceived quality of water-supply service is exerted by water’s organoleptic quality (0.4326) (taste and smell respectively at 0.299 and 0.1095), as well as reliability (0.2987). In third place, respondents most often place unit water price.



Features such as customer friendliness prove least important to a considerable proportion of consumers, with office service work and possibility of discounts being negotiated for companies’ non-compliance with water-supply standards at 0.0169 and 0.0025 respectively. Recipients’ most-important criteria can constitute a basis for a detailed contract to be concluded with the supplier.



In this regard, it should be noted how the market economy is linked with growing awareness among recipients, who expect improved quality of service, and are thus potentially capable of impacting upon a water company’s reliability of operations. The costs of achieving improved quality of service may raise water prices, but that impact on the economics of a given enterprise would most likely prove positive. A water company should nevertheless choose an appropriate form of insurance so as to be able to compensate water recipients, wherever quality of service has suffered more markedly.



The results of other research [49] indicate how relevant to consumer assessment is the factor of reliability of water supply expressed in both qualitative and quantitative terms. The test results contained in [50] likewise point to the importance of continuity of water supply as assessments are made by consumers, who are seen to be willing to pay more if the effect is a reduction in the frequency and duration of interruptions in supply.



The aim of safety operations within a water-supply system is to counteract situations in which lack of water or poor quality threaten the health of mains-water users, and to supervise action using processes and resources of information relating to given operating conditions, in compliance with law in force, and as justified economically [51]. However, legal regulations do not control the operations of water companies or the conditions where the receipt of water with certain deficiencies is concerned. One example is the lack of clear rules defining the minimum level of service to customers that water companies may supply. Rules of this kind that do exist reflect local legislation approved by local authorities.




3.2. Limitations and Usefulness of the Proposed Approach


The surveying of water consumers can offer comprehensive insight into the quality and functioning of collective water-supply systems (CWSS), as well as checking consumers’ perceptions. The approach can be useful in supplying information vis-à-vis standards of customer service [52]. A CWSS is usually redundant, in that nominal production exceeds the maximum daily demand for drinking water. Therefore, in countries where a CWSS is present, the proposed approach allows for orientation in regard to consumer opinions, and for checks on consumers’ satisfaction with operations. Case studies presented in works [53,54,55] indicate that the identification of preferences will be helpful for cost-benefit analysis and allow interruptions in water supply to be assessed. A limitation of the method used relates to populations served, and also therefore to sample size, in line with [45].



A further limit reflects the inadequacy of certain questions in systems with water shortages, as we do not then ask about the quality of water-supply services in the event of interrupted supply. Where water supply is still developing, a pro-consumer attitude is also needed to improve service [56], but the situation is obviously still different from one in which a continuous water supply is taken for granted [57]. A lack of access to safe tap water must denote resort to alternative technologies by which water from potentially contaminated sources can be purified, with citizens in crisis situations perhaps even forced to source their own water for consumption. In such a crisis, a lack of network water denotes the possibility of supply from alternative sources, such as residential and home wells, barrels, water carts, retail sale (of bottled water), or suburban sources. Therefore, the conducted surveys can help in developing a plan for water supply in emergency situations, covering the balance of water demand under normal conditions and in a period of limited supply, both regarding the necessary and minimum quantities. The prepared balance sheet should contain the qualitative and quantitative characteristics of the water-supply services necessary for servicing in full readiness, taking into account the organisation of communications in the state of full readiness for the purpose of notification, and the schedule of water delivery in the event of a supply failure. On this basis, it becomes possible to draw up a list of tasks arising out of the assumed schedule, and related to the protection of the population within the area supplied.





4. Conclusions and Prospects


Water companies should survey recipients of their water, because correct assessment of the operation of water-supply systems in crisis situations is to some degree a matter of how people feel. Conducted surveys provide at least an indication as to how high consumers’ feelings run when supplies are disturbed. Results will allow for better adjustment of conditions of water supply to recipients’ needs, in the event of an adverse event that proves life-threatening. The approach proposed here can therefore facilitate management, in such a way that service provision at a certain level could be better ensured.



Efforts to ensure the safe operation of a water-supply system are helped by the use of surveys, which allow for an assessment of the relationship between emerging threats, security applied, and safety barriers. Furthermore, relevant legislation is tending to move towards systemic safety assurances, through the introduction of standard analyses and assessments of technical systems. Encompassed in this way are crisis management, early-warning systems in crisis situations and the security of information systems. Results obtained from a survey of the kind advocated here will help with the management of risky situations through early warning and the monitoring of threats. As is clear from the real-life survey presented in this article, great emphasis is put on the reliability and safety of operations involving water supply. As recipients were clear about the importance of these services being provided, this confirms the importance and validity of scientific research into reliability and security of water supply. Indeed, surveys should become a matter of daily practice, as they gauge customer satisfaction, in this way offering valuable material for water-supply companies intent on improving quality.



If the safe operation of water-supply systems is to be fully ensured, knowledge should not only be gathered, but also disseminated, with public dialogue run inter alia to develop opportunities for effective action when crises arise. The survey proposed here can offer information on water supply, and will help with development of the safety plans representing a key element of any strategy to reduce the likelihood and impact of adverse water-supply events.



A condition for the rationalisation of an anti-crisis strategy is that surveys should relate to the lack of supply of tap water, given that this approach contributes to the safe functioning of supply systems, and allows effective safety- and protection-related barriers to be planned.



The subject-matter of this article can develop further in the direction of quality standards for levels of water service in crisis situations that take account of both consumer opinions and those of water companies themselves. The research presented here offers an important set of data relating to consumers’ points of view. A proposal arising from it would take an applied direction, with a pilot programme for a selected water supply that would seek to confirm conclusions. That would further facilitate proper management of public water supply, as well as the monitoring of quality of service when it comes to the supply of drinking water of required parameters.
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Figure A1. Q1. The regularity of use of different sources of water in households. 
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Figure A2. Q2. Assessments of water quality (smell), according to respondents. 
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Figure A3. Q3. Assessments of water quality (taste), according to respondents. 
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Figure A4. Q4. Sources of water in the case of the failure of the water-supply network. 
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Figure A5. Q5. Ways in which the water company informs consumers about the estimated duration of interruptions in supply. 






Figure A5. Q5. Ways in which the water company informs consumers about the estimated duration of interruptions in supply.



[image: Energies 13 03617 g0a5]







[image: Energies 13 03617 g0a6 550] 





Figure A6. Q6. Effectiveness of the way the water company informs consumers about interruptions in supply. 
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Figure A7. Q7. The water company’s provision of water from other sources in the course of a supply failure. 
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Figure A8. Q8. Ways of gathering a supply of water in advance of announced interruptions in delivery. 
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Figure A9. Q9. Gratification for interruptions in water supply, according to respondents. 
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Figure A10. Q10. Satisfactory guaranteed time for the rectification of a failure in supply, according to respondents. 
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Figure A11. Q11. Demand for water in a crisis situation, according to respondents. 
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Figure A12. Q12. Possession of household water-treatment measures among respondents. 






Figure A12. Q12. Possession of household water-treatment measures among respondents.



[image: Energies 13 03617 g0a12]







[image: Energies 13 03617 g0a13 550] 





Figure A13. Q13. Views on the nuisance an interruption in water supply denotes, with account taken of respondents’ gender. 
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Figure A14. Q14. Consumers’ willingness to pay higher water bills in order to limit crisis situations. 
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Figure 1. Location of the examined water-supply system. 
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