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Abstract. Among the issues of the public services of economic interest, the water supply of urban and rural 

localities (areas where investment in this sector is limited) is of particular importance in maintaining social 

cohesion, raising the quality of life and ensuring sustainable development. The purpose of this analysis is to 

propose solutions for insuring and improving the water supply of isolated consumers in mountain rural areas, 

which is why a mountain tourist mountain hut has been chosen for this study. In this context, this paper 

addresses as a solution for the sustainable management of natural resources the use of rainwater. It is 

proposed to redesign the sanitary installation so that plumbing items that do not require drinking water can be 

fed through a separate installation. The proposed solutions are based on a comparative analysis of the 

microbiological parameters and the quality indicators between precipitation water and spring water with which 

the mountain hut is fed by an individual system. It is concluded that the recovery, storage and the use of the 

rainwater plays an important role in ensuring the supply of drinking water for the mountain cabin during 

periods when the water flow of the spring is low (in winter) and it contributes significantly to saving the 

freshwater resource in the area where the mountain hut is located. 
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Introduction 

The White Paper has introduced a new concept of democratic partnership between different 

levels of government in Europe and it deals with issues of public services of general economic 

interest and water supply and sewerage, considering them to be of particular importance for 

maintaining social cohesion, raising quality of life on the European continent and ensuring 

sustainable development (Romanian Water Association, 2009). Given that water is an important 

natural resource and the amount of rainfall decreases, a responsible use of rainwater in an 

ecological and natural way is a solution for sustainable management of the natural resources. The 

specialized literature provides extensive information regarding forecasts on the global water 

potential (Graham, 2006; Liu, 2009; Liu, 2010; Falkenmark, 2006; Foris, 2017; Rockstrom, 2015; 

Tokar, 2016; Vorosmarty, 2000). Although Romania's water resources potential is of 6450 

m3/year/person, a figure much higher than the European average of 4000 m3/year/person 

(Romanian Water Association, 2009),  

In Romania, the drinking water supply for the inhabitants of rural settlements is not completely 

assured through centralized water supply systems. Generally, in areas with significant hydrographic 

potential and large accumulations of water, potable water supply and distribution networks have 

been built with own or European funds, but there are still settlements, especially in the hill and 

mountain areas, where villagers use water from their own individual systems (fountains, springs 

etc.). Generally, the investments were made where there were large human agglomerations, and 

the rural localities with few households have not come to the attention of the authorities. 

(Bocioaca C., 2017). It is important to bear in mind that the public water supply and the sewerage 

services play a vital role in improving the quality of life of all citizens and in combating social 

exclusion and isolation, and there is no need to distinguish between urban or rural localities, large 

ones or those with few households or between the ones in the lowlands or those in the highlands. 
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Therefore, increasing the access of the population to these services, regardless of the type of 

locality, is absolutely necessary. 

The article analyses the improvement of the water supply of isolated consumers in the mountain 

areas, which is why it refers to the tourist mountain huts. The tourist lodge is a relatively low 

capacity touristic structure, functioning in an independent building, with a specific architecture that 

ensures accommodation, food and other specific services necessary to the tourists who are hiking 

or resting in mountain areas, in natural reservations, near spa resorts or other touristic objectives 

(Order 65/2013, Annex 1.3). The classification of the mountain huts in Romania is mandatory and 

is made on stars, according to three categories of classification, 1, 2 and 3 stars respectively. The 

sanitary equipment is one of the sets of mandatory minimum criteria for the classification of the 

mountain huts. For this purpose, in the 3-star category, the rooms have to have a bathroom (bowl 

with shower, wash-basin and WC) of at least 25 %, common sanitary group in the cabin, separated 

by gender, consisting of: 1 shower cabin with hot water/cold for 15 persons; in the 2 and 1-star 

category, it must have common sanitary unit in the cabin, separated by gender, composed of: 

1 WC cabin for 10 persons (separated from the ones serving the public catering unit), 1 washer 

with washbasin with hot water, hot/cold for 10 persons. In the 1-star category, dry towel and 

outside washers are also available, powered by natural sources or reservoirs. Another mandatory 

minimum criterion involving water supply is its existence within the cabin of a public catering 

establishment involving a hot/cold water sanitary group, except for the 1-star cabins located in 

hard-to-reach areas where they also allow meals to be prepared and served. 

In Romania, mountain huts were built almost in all mountain areas, but most of them have 

deteriorated over time or simply disappeared. The authors chose for this study a tourist mountain 

hut from The Postavaru Mountains, which is not supplied with water from public systems and 

operates both in winter and summer,and which is visited by a large number of tourists. The 

Postavaru Massif is part of The Curvature Carpathians, forming together with The Piatra Mare 

Massif The Barsa Mountains Group. It is located between the Intra-Carpathian Depression of 

Brasov, over which it rises at 1200 m and the steep northern slope of The Bucegi Mountains (The 

Postavaru, Great ..., 2018). In The Postavaru Massif, there are currently five tourist mountain huts. 

The study was conducted for The Postavaru Hut - Julius Römer Hutte, situated in The Postavaru 

Mountains, in the Poiana Brasov area, the largest and the most popular ski resort in Romania. It is 

necessary to mention the fact that the water supply of the cabin is made by an individual system 

using a nearby spring as a source of water. One problem of providing the necessary amount of 

water in the mountain hut is the reduced water flow of the source used (spring) in the winter. For 

this reason, the paper analyses the solutions that can be adopted for the water supply of The 

Postavaru Hut - Julius Romer Hutte. As the basis of this study, the authors have used hydrological, 

climatic, meteorological information and analysis of the quality indicators for the potential water 

sources from which the mountain hut can be fed (The Postavaru, Great ..., 2018). Given the rather 

limited existence of the water sources in the area, meteoric waters can be an alternative to 

replacing a quantity of drinking water needed for the cabin's own consumption or supplementation 

if the incoming flow rate used does not cover the water demand for consumption. All of this 

information has been used to determine whether the recovery of the meteoric water can be a 

sustainable solution for the water supply of the cabin during periods when the flows of the natural 

sources in the area are insufficient. 
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Research results and discussion 

The Postavaru Hut - Julius Romer Hutte was founded in 1883 and is situated in The Postavaru 

Massif at an altitude of 1604 m (5262 ft) (Fig. 1). 

 
Fig. 1. The Postavaru Hut - Julius Romer Hutte 

The Postavaru Mountains are part of The Curvature Carpathians and are developed on 

Cretaceous conglomerates. Hydrological information indicates that The Postavaru Mountains are 

drained by a hydrographic network with many waterfalls and a series of shorter tributaries. The 

higher courses are intermittent, they have a torrential character, presenting in longitudinal profile 

numerous cascades and slopes. In the parts where the waters pass through limestones or screes, 

they are lost underground only  to appear downstream as powerful springs. The highest flows are 

recorded in spring, in April and early summer, due primarily to the melting of the snow and of 

long-lasting rain that find water-saturated soil. In the summer, during torrential rains, short but 

powerful floods can be formed, which can aggravate access on the valleys. At the end of the 

summer and autumn, the streams have the lowest debits due to reduced rainfall (Mountain Guide 

Postavarul ..., 2018). Based on these considerations, it can be concluded that the storage of 

meteoric waters collected during periods of abundance of precipitation is a solution for ensuring the 

water demand for isolated buildings, as is the case with The Postavaru Hut. 

The annual rainfall amounts vary between 1100 mm in the Postavaru high section and 700 mm 

at the foot of the mountain. The highest rainfall falls in June (100-140 mm), and the lowest in 

September and February. In general, spring and early summer are the rainiest periods (Mountain 

Guide Postavarul ..., 2018). Although the first snowfall can be recorded in some years in 

September, the continuous snow blanket usually begins laying in October and may last until the 

end of April in Poiana Brasov. In the high part of Postavarul, snow can last about 200 days a year, 

which is about 55 % of the calendar year (Mountain Guide Postavarul ..., 2018). 

The mountain hut has a capacity of 100 seats with rooms for 2-6 persons equipped with 

bathrooms or shared bathrooms and a dining room with kitchen serving 100 people. Considering 

the technical condition of the meteorological water collection and discharge facility (Fig.2), 

investments are needed at least for the rehabilitation of this type of installation. In this context, 

the solution of redesigning of the indoor sanitary facilities was analysed so that the sanitary items 

that do not require drinking water (toilet tanks, both for the bathrooms of the accommodation 

rooms and for the sanitary groups adjoining the dining room, the maintenance of the hygienic 

sanitary facilities in the building, washing machines etc.) to be fed by a different installation from 

the drinking water supply (washbasins, washers, showers, bathtubs etc.). 
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Fig. 2. Highlights of the technical state of the meteorological water collection and evacuation 

system 

As mentioned above, the amount of precipitation varies greatly between the four seasons, but 

the annual rainfall being estimated at 1100 mm, in the high section of Postavaru, where the 

mountain hut is located,  it offers considerable potential for supplying the mountain hut. Studies 

conducted for the period 2090-2099 for the assessment of the rainwater regime in Romania 

indicate for  the climate models that more than 90 % of them will be affected by drought in the 

summer (with deviations higher than 20 % compared to the reference years 1980-1990) , and for 

the winter periods, the deviations are lower, but the uncertainty is higher (Guide on adapting ..., 

2008). The collection and storage of the meteoric waters is the proposed option for the water 

supply of the sanitary items that do not require drinking water during the winter, when the water 

flow of the spring, which represents the water supply of the mountain hut, is low, failing to meet 

the water requirements. 

In order to assess the possibility of using rainwater, an analysis of the physico-chemical and 

bacteriological parameters of the collected water from rainwater collecting and evacuation facilities 

was carried out. Considering the proposal for the use of collected meteorological waters, only for 

sanitary objects that do not require potable water consumption, the following water quality 

indicators were analysed: nitrates, nitrites, PH, ammonium, chlorides, total number of germs (NTG) 

at 22° C and 37° C, coliform bacteria, E-coli bacteria and Enterococi. The water samples were 

collected in plastic containers and analysed in the laboratories of The Public Health Directorate 

(DSP) Brasov (Water quality indicators ..., 2018), RENAR accredited laboratories. 

Considering that the collected water is not used immediately, a storage being required, the 

water samples were analysed 12 hours after collection and then after 7 days of storage. The 

sample analysed after 7 days was stored in plastic containers in the dark at a temperature of 0° C. 

The storage temperature was set at 0° C given that the underground storage capacity of the 

storage tanks (under 1.5 m in the area under consideration) is quite limited taking into account the 

large differences in the curvature level of the mountain hut site. Although there are solutions to 

avoid water frost, the underground storage of tanks under frost is also recommended for keeping 

water quality (microorganisms do not develop). In this study, the water quality was analysed 
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globally, the results of the analyses being interpreted by reference to national water quality limits 

(Puchianu, 2015). It is necessary to emphasize that for the internal sanitary installations for water 

supply of WC tanks and washing machines, it is not necessary for the water to meet drinking 

conditions; however, the parameters analysed in this study are part of the parameters required for 

quality assessment of the drinking water. For a comparative assessment of rainwater quality, 

analyses were also carried out on a sample of water collected directly from the internal sanitary 

water system in its own water supply system that captures a spring. 

Table 1 presents the results of the Quality Indicators in which the maximum admissible 

concentrations (MCAs) are specified in accordance with 458/2002 Law on drinking water quality, 

with subsequent modifications and completions or the limit of quantification (LOQ), as well as the 

method used. 

Table 1 

Quality indicators and microbiological parameters of meteoric water 

and drinking water 

Quality indicator Measured value (UM) Admissible values (UM) Method 

Sample rainwater collected - stored for 12 hours 

Total hardness 2.34 German degree Min.5 SR ISO 6059/2008 

Nitrates 2.8 mg/l 50 mg/l Fast test Spectoquant NOVA  

Nitrites 0.24 mg/l 0,5 mg/l SR EN 26777:2002/C91:2006 

PH 5,9 6.5-9 SR ISO 10523:2012 

Ammonium 0.32 mg/l 0.5 mg/l Fast test Spectoquant NOVA 

Chlorine free-chlorine 7.0 mg/l 250 mg/l SR ISO 9297:2001 

NTG la 22° C 19 ufc/100 ml 100/ml SR EN ISO 6222:2004 

NTG la 37° C 17 ufc/100 ml 20/ml SR EN ISO 6222:2004 

Sample rainwater collected - stored for 7 days 

Total hardness 2.75 German degree Min.5 SR ISO 6059/2008 

Nitrates 1.8 mg/l 50 mg/l Fast test Spectoquant NOVA 

Nitrites 0.35 mg/l 0,5 mg/l SR EN 26777:2002/C91:2006 

PH 6.4 6.5-9 SR ISO 10523:2012 

Ammonium 0.32 mg/l 0.5 mg/l Fast test Spectoquant NOVA 

Chlorine free-chlorine 12.6 mg/l 250 mg/l SR ISO 9297:2001 

NTG la 22° C 21 ufc/100 ml 100/ml SR EN ISO 6222:2004- 

NTG la 37° C 18 ufc/100 ml 20/ml SR EN ISO 6222:2004 

Drinking water sample collected from the water supply plumbing of the mountain hut 

Total hardness 2.55 German degree Min.5 SR ISO 6059/2008 

Nitrates 3.4 mg/l 50 mg/l Fast test Spectoquant NOVA 

Nitrites 0.37 mg/l 0.5 mg/l SR EN 26777:2002/C91:2006 

PH 6.4 6,5-9 SR ISO 10523:2012 

Ammonium 0.37 mg/l 0.5 mg/l Fast test Spectoquant NOVA 

Chlorine free-chlorine 7.8 mg/l 250 mg/l SR ISO 9297:2001 

NTG la 22° C 24 ufc/100 ml 100/ml SR EN ISO 6222:2004- 

NTG la 37° C 18 ufc/100 ml 20/ml SR EN ISO 6222:2004 

In addition, along with the water quality indicators and water microbiological parameters 

presented in Table 1 for the water samples, the presence of coliform bacteria, E-coli bacteria and 

enterococci were also analysed. The analysis did not indicate the presence of these microbiological 

parameters in any of the analysed samples. 
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Considering that the proposed solution for the use of meteoric waters does not imply the supply 

of sanitary objects requiring drinking water, the low value of the total hardness for all analysed 

samples cannot be interpreted as a disadvantage. It is well known that low water hardness values 

are favourable to the proper operation of water supply facilities by reducing the risk of deposits on 

the installations’ piping. There is, however, an increase in total water hardness after 7 days of 

storage.  

The recorded values for nitrates, nitrites, ammonium and chlorides fall below the detection 

limits, with close values between meteoric water and spring water. Although there is an increase in 

chlorine value after 7 days of storage for the rainwater sample, this is well below the permissible 

limit and there are no grounds for concern for the corrosion of the meteorological water pipe 

installations. 

The PH analysis indicates a slightly acidic character, which does not adversely affect the 

decision to collect, store and use meteoric waters. After analysing the test results for the number 

of colonies at 22° C and 37° C, it appears that this parameter does not show any abnormal change 

for the analysed samples. For meteorological water samples, a slight increase in colonies counts is 

observed at 37° C between the 12-hour analysis and the 7-day storage. The presence of 

mesophilic flora in the water allows the assessment of the sanitary conditions and of the drinking 

water quality, but the values do not exceed the admitted value; therefore; there are no reasons to 

apply water chlorination methods. 

In conclusion, with the exception of the total hardness, the water quality for the three samples 

subjected to the laboratory analyses, falls within the limits of the drinking capacity stipulated by 

the law and there are no notable differences between the values of the quality indicators and the 

microbiological parameters between the two sources of water (meteoric water and spring water). 

As far as the total hardness of the water is concerned, the classification below the limit stipulated 

by the law does not mean that it does not meet drinking conditions, but it indicates that it is low 

mineralized. 

Alternative solutions for water supply of the mountain huts 

The results of the microbiological parameters and quality indicators for the collected water 

samples are the main factor that has been taken into consideration when proposing solutions that 

provide an efficient water supply system for the mountain cabin. Other relevant factors that have 

been considered relate to the amount of the rainfall associated with the area and the potential of 

freshwater sources in the area. 

The constructive solutions of the rainwater facilities, collected through gutter and drainage 

systems and stored in the underground or above ground tanks, can be made either by direct 

feeding of sanitary items from the underground/above ground storage tank or from an extra high 

tank located in the cabin floor where the water gets pumped from the underground/overground 

storage tank. In the case of a solution with an extra high tank, it will operate automatically when 

the water level in the underground/ overground storage tank is low. The control system is 

programmed to fill the network storage tank when there is not enough rainwater collected. For 

these installations, which supply the sanitary items in buildings, it is advisable to capture rainwater 

from the roofs of buildings through gutter and pipe systems. In order to maintain the quality of the 

collected water on the roof, it is necessary to inspect and clean the collection system periodically. 
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The water frost problem in the collection system pipelines during the cold periods of the year can 

be avoided by installing the heater cable defrosting systems. These systems are mounted on the 

rooftops and on gutters with automation systems that start the heater system when sensing ice 

formations that can clog the rainwater collecting systems. Experimental studies on defrosting 

systems indicate their effectiveness (Langlois, 1999; Rusen, 2017). 

Collecting rainwater from the ground is more problematic because it can be contaminated and 

will require additional cleaning. However, contamination cannot be a problem if rainwater is only 

used to water plants or clean outdoor terraces, and if it is also used to supply sanitary items in the 

buildings, it needs treatment according to contaminants. In the case of roof-collecting, simple, non-

disinfecting filtration is sufficient to allow rain water to be used to wash the floors of the cabin, to 

fill the toilet tanks and to feed the washing machines. The filters can be positioned on the rainwater 

collection system or in the underground tank, depending on the most economical option. The 

efficiency of a filter mounted on the rainwater collection system is high when the meteor shower is 

clean, but it will drop significantly if it is not cleaned regularly. The storage tanks will be placed 

underground as priority because light and high temperature favour the bacterial growth. However, 

annually, tanks should be inspected to check for sludge accumulation and need to be washed with 

calcium hypochlorite. To raise water pressure in the sanitary installations of using reused water, 

pumps are required. From the point of view of the safety of the supply of the sanitary plumbing 

requiring drinking water, the rainwater utilization facilities will be appropriately marked and no 

connections will be made between these installations and the sanitary facilities that supply sanitary 

plumbing that requires drinking water. The description of the solutions is basic so they can be 

complemented with safety and automation elements, depending on the local situation, the area 

where it is installed and the type of sanitary items. 

Conclusions, proposals, recommendations  

1) A sustainable development implies the preservation of ecosystems, and their protection is 

conditional on sustainable development. Through its essential coordinates, the strategy of 

environmental protection is therefore found in the strategy for sustainable development of 

urban and rural localities. 

2) The water protection measures – as a vital resource - are defined in close connection with the 

economic development policy and with the medium and long-term economic and social 

forecasts. The society and the economy must work, and the protection of freshwater and, 

implicitly, the environment must be done at all costs. 

3) The study was conducted to exemplify the improvement of the water supply of an isolated 

consumer from a mountain area, which is why it refers to tourist mountain huts. In order to 

establish an efficient solution in terms of reduction of fresh water consumption, as well as to 

ensure the necessary of the water supply in the mountain hut, the opportunity to use rain water 

was used as a source of water supply. In this respect, the analysis of the pluviometric potential 

in the area, where the mountain hut is located, as well as the microbiological parameters and 

the rainwater quality indicators, show the meteoric water as a potential source of water supply. 

4) The study shows that the meteoric water meets the drinking conditions, but for the safety of the 

consumers, it is proposed to redesign the indoor sanitary facilities so that the sanitary items 

that do not require potable water supply are fed through a separate plumbing, as long as there 
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is a sufficient quantity of collected and stored rainwater, as well as the possibility of supplying 

water from the drinking water supply system. 

5) In strategies for the development and modernization of the public water service infrastructure, 

especially in the mountain rural localities, where there are often isolated consumers such as the 

mountain huts, it is necessary for the local authorities to develop their own strategies to ensure 

these consumers with appropriate and affordable quality services by promoting technical 

solutions correlated with the latest technologies. 

6) In conclusion, the authors consider that the recovery, storage and the use of rainwater can play 

an important role in increasing the water security and it contributes significantly to saving 

freshwater resources in water-shortage and dry areas. 
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