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Pressure and leakage management in a water system

PRESSURE AND LEAKAGE MANAGEMENT IN A WATER SYSTEM USING INTEGRATED MATHEMATICAL MODELS AND SPECIALIST SOFTWARE 
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(1) CREA srl, Corso Milano 9, 37138 Verona, e-mail: aGarzon@creaurl.it
(2) Marco Fantozzi, Via Forcella 29, 25064 Gussago (BS), email: marco.fantozzi@email.it  

SUMMARY 
This paper describes the optimization of leakage reduction in a water distribution system  in Italy. This project involved the integration of a mathematical model and other specialist software in order to manage leakage and pressures. The mathematical models present some unique features, particularly the simulation of the spatial-time variations of BAC (Billed Authorized Consumption) and NRW (Non Revenue Water). The same models’ results attest the optimum accordance with experimental data in terms of pressures and flows measured corresponding to numerous points on this pilot area. The methodology itself demonstrates its validity regarding the reduced bursts frequency and reduced  energy consumption in the overall network. 

1 Introduction 
In the last few years the sensibility regarding the importance covered by the correct utilization of the water resource is increased by part of the public opinion. Even if the leakages in water distribution networks generally do not involve serious risks for the public health, it is clear that the waste of a great percentage of the water introduced in a network represents not only a remarkable economic loss, but also the waste of a precious resource. 
In order to improve management efficiency and reduce costs, before operating with any rehabilitation plan, a comprehensive and accurate analysis of the system performances should always be applied by the Water Utilities. In fact many water systems show a high level of Non Revenue Water (NRW) which is only partially due to apparent losses (meters inaccuracy, theft etc.). Very often most of the NRW is represented by real losses in the transmission and distribution networks. 

Therefore, in order to define the specific situation of each water system under examination and estimate the performance of the system regarding management of real losses and apparent losses, it is important to calculate the water balance to assess Non-Revenue Water (NRW) and its components. IWA Task Forces produced an international ‘best practice’ standard approach for Water Balance calculations, with definitions of all terms involved, as the essential first step in practical management of water losses (Hirner and Lambert, 2000; Alegre et al, 2000). This preliminary analysis allows to identify and calibrate those activities such as pressure management and active leakage control which usually are characterized by a shorter return of investment compared to rehabilitation.

The advantages turn out to be even more relevant if water availability is limited and  the economic analysis has to take into account deferring of investment for new plants to satisfy demand. 
This paper describes the application of this methodology to the water network system of ‘Peschiera del Garda’ (Garda Lake district, Verona (IT)), managed by AGS (Gardesana Servizi). 
2 Description of ‘Peschiera del Garda’ water system
The municipality of ‘Peschiera del Garda’ town, situated at the south east side of Garda Lake has a resident population of 8485 inhabitant and a total of 2000 service connections.
The distribution network, managed in economy by the town municipality until 2003, is currently managed by Azienda Gardesana Servizi (AGS) which is striving at improving management and is facing the following major problems: 

· Excessive pressure in most of the system, especially during the night, with maximum values in excess 80 m of water column; 

· A level of NRW close to 40-45 [%] of the input volume in the system;

· A number of breaks (approximately 120 in year 2006) which is very high if compared to international standards for well managed systems;

· Excessive energetic costs, mostly due to not optimised use of existing pumping stations. 

The ‘Peschiera del Garda’ distribution network has a total mains length of approximately 100 km and is characterized by a great difference in elevation, of more than 140. Pipe materials include concrete and polyethylene and, at a lower scale, PVC and steel, with diameters ranging between DN 50 and DN 355. 
Water supply is guaranteed by two fields of wells which directly feed the system which was completely interconnected. 

The ‘Venezia’ field of wells feeds mainly the historical city center and the adjacent zone of the lake, while the ‘Berra’ field of wells fills up the ‘Monte Zecchino’ reservoir, that in its turn feeds part of the south-west town. 

3 Application of the optimization and leakage recovery methodology on ‘Peschiera del Garda’ network 

The application of optimization methodology to ‘Peschiera del Garda’ water system includes the following operative phases, and uses conjunctively the respective strengths of both Network Analysis and Leakage Management models :

Phase 1 - Network Analysis, calculation of leakage level and of the obtainable benefits with introduction of pressure management. Analysis of pressure management opportunities and definition of pressure management modalities. Identification of DMAs (District Managed Areas);

Phase 2 – Qualitative and quantitative analysis of the entire transmission and distribution network by means of a mathematical model, calibrated with field measurements. Validation of the management modalities defined in Phase 1. 

Phase 3 – Detailed planning and creation of DMAs (District Managed Areas), Installation of PRVs (Pressure Reduction Valves) and of a pressure and flow monitoring system, ALC (Active Leakage Control) to identify, locate and then repair existing water losses in the districts, Analysis of  apparent losses in the system and definition of activities finalized to their reduction if convenient. 

Phase 4 – (to be implemented) Start a permanent program of leakage control in the districts based on economic criteria of intervention.
Data have been analysed by using specialist LEAKSSuite softwares based on the BABE concepts (Background And Bursts Estimates) and the FAVAD concepts (Fixed And Variable Discharges Area), which allow to consider the different components of Real Losses, therelationship between pressure and leakage for different types of losses and pipe materials and the relationship between pressure reduction and burst frequency reduction for the specific water system. 
An innovative Network Analysis model which simulates all the main components of NRW in the water distribution network has also been used. This model, which allows to simulate ‘a priori’ plants behaviour, pressures and flows in the network and the benefits obtainable by pressure management as well, has been used to support the creation of DMAs and to confirm the location of PRVs and of valves to be closed.  
Above said specialist tools have been used in conjunction to:

· Identify opportunities for achieving economic management of operating pressures, to reduce frequencies of new leaks, and flow rates of running leaks.

· Select what type of pressure management is most appropriate for the system in object. 

3.1 Analysis of the network, calculation of the level of leakage and the obtainable benefits with the management of the pressure 
In this phase the calculation of the Water Balance and the analysis of the minimum night flows of ‘Peschiera del Garda’ water system have been performed by means of the specialist LEAKSSuite softwares PIFastCalcs and NFACalcs developed by Allan Lambert and customized for use in Italy by Marco Fantozzi. The data have been acquired from existing SCADA system and by means of specific measurement campaigns in the network finalized also to the acquisition of the data for the calibration of the hydraulic model of the system as described in the specific paragraph. 

3.1.1 Water Balance Calculation
The Water Balance calculation, (according to the standard "Top-Down" approach proposed by the IWA), allowed to calculate the various components of Non Revenue Water (NRW) and IWA’s performance indicators, together with confidence limits, and to estimate the leakage reduction activities economically more convenient. 
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Figure 1. Water Balance for ‘Peschiera del Garda’ system (LEAKS software PIFastCalcs). 

The current value of the ILI (Infrastructure Leakage Index), defined as the ratio between the actual annual volume of real losses and the annual volume of the unavoidable losses at the actual level of operating pressure, is equal to 6,7 for Peschiera water system. This value is quite high in comparison to the standards of correct  management of the real losses as obtained in other Italian and International water systems. In fact the ILI is a non-dimensional Performance Indicator of the current overall management of the infrastructure for leakage control purposes and the greater the amount by which the ILI exceeds 1.0, the greater the potential opportunity for further management of real losses by infrastructure management and maintenance, more intensive active leakage control, or speed and quality of repairs.
In compliance with the indications and the actions suggested by IWA and by World Bank Institute in order to improve the performances, actions to be implemented have been identified to improve water loss management and pressure management in the network. 

3.1.2 Analysis of Minimum Night Flows 

The analysis of a 24-hour test in which inflows to the Zones have been measured, together with pressures at the Inlet Point, Average Zone Point and Critical Point allowed to predict benefits and payback periods of introducing pressure management into the identified Zones of Peschiera distribution system.

The data analysis using LEAKSSuite ANPER software shows that the minimum night flow, approximately equal to 40 [l/sec], is particularly high when analyzed with commonly used performance indicators and it is such to require an active leakage control. 

[image: image2]
Figure 2. Minimum Night Flow Analysis, ‘Peschiera del Garda’ system  (ANPER software). 

The network was not initially divided in pressure independent zones and the active control of the losses was not applied with regular frequency. The analysis of the recorded data shows a high level of leakage, the presence of excess pressures in great part of the network and the presence of a transients in the system as a consequence of pumps switching on and off. 
The analysis clearly confirmed that it was beneficial to improve the management of the network by the creation of three separated districts, characterized by differentiated pressures, in order to reduce as much as possible excess pressures and theirs variations. The behavior of the network in various conditions of summer and winter operations has then been verified by means of the calibrated mathematical Network Analysis model. This process has been particularly important as in summer Peschiera (a famous touristic destination) is characterized by a great increase of consumption.

3.1.3 Districts creation and pressure management modalities 

For each of the three districts, predictions of how changes in pressure management are likely to influence leak flow rates, new leak frequency, repair costs, consumption, operating costs and revenue for individual distribution systems have been done using the LEAKS softwares. 
Figure 3 shows the calculation for “Venezia” district for a reduction of average pressure in the system (calculated on the basis of the acquired monitoring data) equal to 17.70 m. In this case the previewed benefits are such to obtain a return of the investment shorter than one year. 
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Figure 3. Estimation of pressure management opportunities, “Venezia” district: CheckCalcs software
Other LEAKS softwares have also been used to assess if it was likely to be advantageous to introduce pressure management in each of the three districts. 
3.2 Qualitative and quantitative analysis of the distribution system by means of a mathematical model, calibrated with field measurements 

All the simulations regarding ‘Peschiera del Garda’ pressure network have been carried out using the mathematical model HydroNet realized by CREA Srl (Verona, Italy). 

Once introduced all the available information in the mathematical model database, it has been possible to carry out the necessary simulations to calibrate the model. 

The calibration of a mathematical model represents a very delicate operation as the results relative to a pressurised network modeling are generally invalidated by the following types of error: 

· Errors in the geometric schematization of the network (diameters and altitudes of the pipes, outlines of the plants); 

· Errors in the network hydraulic parameters’ schematization (pipes’ friction); 

· Errors in the maneuvers of the hydraulic supervisory devices of the network (opening/closure of valves, operation on/off of pumps); 

· Errors in distribution of consumption (demands consumed by the users, concentrated and distributed losses, etc.). 

In order to carry out the calibration of the mathematical model it is necessary to try to eliminate all the error sources that can alter in a harmful way the applications realized with the utilization of the mathematical instrument. 

3.2.1 Introduction of the database relating to the main network 

In this phase of the activity all the geometric, descriptive (toponomastic, year of placement, mean depth, name of the street, etc.) and physic (type of materials and diameters) information about the transmission and distribution network have been recovered from AGS database and imported inside the model outline, geo-referencing and digitizing in the model all the elements of the network. In the network schematization each single hydraulic element, relative to the main distribution network, has been equipped by two distinguished series of attributes, the first one comprising the general information and second one related to hydraulic information, geo-morphometric and material. 

Then the network plants, precisely localized in the model scheme, have been introduced in the general plan and equipped by attributes (Plant’s Name, Description, Altitude). The model allows an adequate description of each single plant outline (Figure 4) that, in this way, actively interacts with the main network and is not limited to be a pure symbol in the network schematization. For the plants’ outlines, beyond the pipes also the pumps, the valves, the filters and the flow meters really existing have been introduced, with the relative operative curves and maneuver table plans, calculated on the basis of experimental data or by real operative information. 

[image: image4.wmf] 


Figure 4. Outline example of ‘Monte Zecchino’ reservoir plant. The two tanks, pipes, valves and  connections, input and output from the plant, have been represented. For every tank the geometric information regarding bottom altitude [m a.s.l.], maximum level [m] and actual level [m] have been entered.
3.2.2 Distribution of the discharges (Consumptions and Losses) 
Billed Authorized Consumption (BAC) has been distributed in the network for zones of homogenous consumption (21 different areas), considering separately the consumptions related to resident customers, to fluctuating nonresident customers and to commercial users. Since the actual distribution of the consumption and losses is never exactly known, being formed by billed consumptions BAC, varying over time, but also by Non Revenue Water, it has been assumed to share such losses on the whole network as a function of the average pressures and of the pipes’ materials, equalizing, for continuity reasons, the amount of water resource introduced in the hydrodynamic system with the total consumed one. This hypothesis is turned out to be fundamental in order to assure that the results supplied by the mathematical model of the network are directly comparable with the experimental data derived from the measurement campaigns. 

3.2.3 Calibration of the Entire Network 

To represent network behavior during the winter period, experimental data, derived from the monitoring system of ‘Peschiera’ network in November 2006, have been used. The steady state mathematical model HydroNet has therefore permitted, simulating at the same time various load conditions, to reliably represent flow and pressure values in the entire ‘Peschiera del Garda’ network in different moments of the day. 

In Figure 5 and Figure 6, flow and pressure values measured and simulated at key points (output from ‘Via Venezia’ pumping station plant, in correspondence of ‘Corte Bertaiola’ and ‘Peschiera Cemetery’ pressure control points, output from ‘Berra Nuovo’ wells and in correspondence of ‘Monte Zecchino’ reservoir) are reported. 

	Measured data 
	
	
	Simulated Data 

	Qvenezia[l/s ] 
	Pvenezia[bar ] 
	Pbertaiola[bar ] 
	Qzecchino[l/s ] 
	Pcimitero[bar ] 
	date 
	hour 
	Qvenezia[l/s ] 
	Pvenezia[bar ] 
	Pbertaiola[bar ] 
	Qzecchino[l/s ] 

	23.77 
	7.16 
	4.95 
	17.94 
	
	14/11/2006 
	2.30 
	23.62 
	7.93 
	4.84 
	17.69 

	24.75 
	6.52 
	4.50 
	43.82 
	
	16/11/2006 
	8.30 
	24.75 
	6.55 
	4.23 
	43.56 

	29.66 
	6.86 
	4.45 
	39.41 
	
	14/11/2006 
	14.48 
	29.6 
	6.74 
	4.4 
	39.02 

	25.00 
	6.81 
	4.55 
	38.24 
	
	20/11/2006 
	19.24 
	25.00 
	6.70 
	4.25 
	38.70 

	24.51 
	6.72 
	5.57 
	38.82 
	
	17/11/2006 
	19.30 
	24.58 
	6.60 
	4.76 
	38.71 


Figure 5. Comparison between measured and simulated data (November 2006) 
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Figure 6. Graphical time representation of the flows output from ‘Venezia’ plant and ‘Monte Zecchino’ reservoir in November 2006. 

To represent network behavior during the summer period, experimental data, derived from the monitoring system of ‘Peschiera’ network in July 2006, have been used. In Figure 7 and 8, flow and pressure values measured and simulated at key points (output from ‘Via Venezia’ pumping station plant, in correspondence of ‘Corte Bertaiola’ and ‘Peschiera Cemetery’ pressure control points, output from ‘Berra Nuovo’ wells and in correspondence of ‘Monte Zecchino’ reservoir) are reported. 

	Measured data 
	
	
	Data calculate to you 

	Qvenezia[l/s ] 
	Pvenezia[bar ] 
	Pbertaiola[bar ] 
	Qzecchino[l/s ] 
	Pcimitero[bar ] 
	date 
	hour 
	Qvenezia[l/s ] 
	Pvenezia[bar ] 
	Pbertaiola[bar ] 
	Qzecchino[l/s ] 

	22.75 
	
	
	28.13 
	
	23/07/2006 
	2.00 
	24.38 
	6.94 
	4.3 
	26.15 

	23.04 
	
	
	104.52 
	
	23/07/2006 
	8.24 
	30.2 
	4.2 
	1.17 
	96.6 

	22.65 
	
	
	77.97 
	
	23/07/2006 
	16.30 
	27.634 
	5.38 
	2.65 
	72.45 


Figure 7. Comparison between measured and simulated data (July 2006) 
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Figure 8. Graphical time representation of the flows, output from ‘Venezia’ plant and ‘Monte Zecchino’ reservoir (July 2006). 

3.2.4 Simulations with the Mathematical Model 

After having demonstrated the ability by means of the mathematical model to simulate, with optimal approximation, the real physical system, the same mathematical model has been used in order to analyze some hypothetical operative situations relative to particularly onerous operations for the network. In this sense, the configurations of the ‘complete’ network and the network subdivided in three districts have been considered. 

The first configuration of the network corresponds to the ‘complete’ network at the moment of maximum consumption ( 8.30 a.m. of 23rd July 2006), in which the System Input Volume (SIV) has been estimated to be equal to 165 [l/s]. 
The second configuration of the network has been the same one subdivided in the three independent districts. In regards to such configuration of the network two different situations of consumption have been considered, the first one related to winter consumption of 63 [l/s] and the second one related to maximum consumption, corresponding with the 23rd July 2006, in which the SIV has been estimated to be equal to 165 [l/s]. 
In Figure 9 and Figure 10 the values of the average zone pressure AZP at the average zone point are reported for the three zones named ‘Venezia’, ‘San Benedetto’ and ‘Boschetti’ in two situations: winter and summer consumption. 

	New Parzialized Network

	
	
	Winter 63 [l/s] 
	
	
	

	Pressure [m] 
	AZP 
	Alt.[m slm ] 
	Pave [m] 
	PMax [m] 
	PMin [m] 

	Zona Venezia 
	via Toscana 
	77.80 
	41.399 
	54.70 
	23.80 

	Zona S.Benedetto 
	via Borsellino 
	77.57 
	33.341 
	50.24 
	19.70 

	Zone Boschetti 
	via Marinoni 
	99.50 
	42.906 
	66.07 
	2.47 


Figure 9. Pressure values in the three zones of ‘Venezia’, ‘San Benedetto’ and ‘Boschetti’ in winter period with characteristic consumption equal to 63 [l/s]. 

	New Parzialized Network

	
	
	Summer 165 [l/s] 
	
	
	

	Pressure [m] 
	AZP 
	Alt.[m slm ] 
	Pave [m] 
	PMax [m] 
	PMin [m]

	Zona Venezia 
	via Milano 
	75.30 
	22.107 
	44.69 
	-1.80 

	Zona S.Benedetto 
	via Borsellino 
	77.57 
	37.893 
	57.00 
	14.00 

	Zone Boschetti 
	via Marinoni 
	100.70 
	39.063 
	65.93 
	2.47 


Figure 10. Pressure values in the three zones of ‘Venezia’, ‘San Benedetto’ and ‘Boschetti’ in summer period with characteristic consumption equal to 165 l/s. 

3.3 Realization of the proposed interventions, leakage reduction activity planning and conclusions 

Once confirmed that the three districts can satisfy the water demands of the users, even at peak summer demand conditions, the definition of the optimal operating conditions for the three districts for various conditions of consumption and creation of districts by means of the closure of a limited number of network valves have been completed. 
The results obtained in ‘Venezia’ district, where the closure of the valves and the installation of the inverter for the wells have concurred to reduce the pressure in excess, are reported. With the regulation of the inverter at ‘Venezia’ well, the pressures during the nocturnal hours (from 02.00 to 05.00) have been further reduced in order to stabilize the pressure during the 24 hours and further reduce the discharge of existing losses. 
Figure 11 shows the reduction, equal to approximately 11 [l/s], of minimum night flow in the district due to pressure management. 


[image: image7]
Figure 11. Reduction equal to approximately 11 [l/s], of minimum night flow in Venezia district due to pressure management.  

The benefit in terms of annual water saving is valued, approximately, in 346.500 [m3/y], equivalent to, approximately, 69.300 [Є/y], at the marginal cost of the water equal to 0,20 [Є/m3]. An additional benefit will be obtained in terms of reduction of burst frequency due to reduced pressure in the system. The comparison of the number of breaks related to a period of, at least, six months after pressure management with the number of breaks before pressure management is currently ongoing. 
Further benefits will be obtained with the undergoing Active Leakage Control to reduce water losses to the target value defined. The achievement of the physiological value of leakage and the successive monitoring of rise of unreported losses over time will concur to define the economic moment for successive interventions of Active Leakage Control and repair, using the LEAKSSuite software ALCCalcs. 

The creation of ‘S. Benedetto’ and ‘Boschetti’ districts, now in progress, will bring  additional benefits in terms of water saving, reduction of bursts frequency and energy cost reduction due to avoided surging to ‘Monte Zecchino’ reservoir of the water feeding the ‘San Benedetto’ district. 

The aforesaid benefits quantified, respectively, on the basis of marginal costs of the water, of reduced cost for repairs and reduced energy costs, have been compared with the costs of realization of the pressure management and the district realization, to the aim of verifying the economic benefit of proposed interventions and of calculating the return of investment. 
The benefits of conjunctive use of Network Analysis, Leakage Management and other models, each used according to their strengths, has been clearly demonstrated in this example
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[image: image9.jpg]‘LEAKS' Suite of LEAKAGE EVALUATION and ASSESSMENT KNOW-HOW SOFTWARE

ANPER [special | italy [ Version 1a | 21stHov 2005
WORKSHEET TO CALCULATE MINIMUM NIGHT FLOW COMPONENTS, NIGHT LEAKAGE RATE AND SNAPSHOT INFRASTRUCTURE LEAKAGE INDEX ILT
Colour coding__] From another Worksheet | Data Entry | Calculatedvalues | Calculation by [M Fantozzi ] Date [ 14thNov2006
Uty __]AGS Peschiera [Step 1 Select a time period in Cells D18 and F18 - preferably between customer meter readings, and
Zone __|Venezia when exceptional night use is minimal. Enter the lowest reliable flow ofthe meter(s) used to measure
Wain Lenght 2994 [im the nignt flow (Cell D20), and minimum measured night flow (Cell D22). Then see message in Cell
Number of connections (1o prop. ing_ 2800 Step 2 Enter Average Zone Night Pressure in Cell D21. Using night flow components shown in the
Lenghtof private connections (from |_5,00 | miconn.___| NFTerminology Worksheet the NFBase’ Worksheet calculates ‘Assessed Customer Night
property ine to meter) 18,00 [km | Consumption”and Unavoidable Background Leakage’ and transfers them to Cells D23 and D26.
Number of non residential propertie] 0 [step 3: Enter any Exceptional customer night consumption in Cell D24. Night Leakage Rate on mains,
Number of residentia properties | 2678 [and senvices, up to the contatori, appears in Cell D25, in melora. To compare this with a top-down'
Densly of connecions’ 561 [perkm __|estimate of Real Losses, it must be mulplied by a Night-Day Factor NDF (see NDF INfo Worksheet)
Calculation of Components of Night Flow for Selected Period, together with Simple Performance Indicators and Snapshot LI
Measured Night Flows used in Analysis from| 14/112006] to | 14/11/2006[Average of flows during this period between 03 and 04 hours each night
Method used to measure night flows| Specify type and size of meter etc
Hinimum measurable flow by the meter=|_ 2,00 [memr | 95% CLs [, [ n
Night pressure at Average Zone P_(\ZNP)=| 57,3 meters| 4,0% Traditional simple analysis of minimurm night flow
Minimum measured nightflow =| 14400 |mehr | 3.0% _[485798 Minimum measured nightflow = | 514 [litres/connini]
Assessed customer night consumption=|__ 886 __|mahr | 20,0% _[0,81651 ‘Assessed customer night consumption =| 32 [iitres/connihi]
Exceptional customer night consumption=| 0,00 _|monhr | 0,0% 0,00000 Detailed analysis of Minimum Night Flow Using ILI and ICF
Night Leakage Rate upto Contatori NLR =|_ 13544 |mchr | 35% | 567448] Unavoidable Annual Real Losses UARL = ] 833 [mchr
Unavoidable Background Leakage UBL=| 6,09 |mchr 60%  [0,03477 Snapshot Infrastructure Leakage Index LI = 162
Assessed Unreported Leakage AUL=|_12805 |mchr | 36% | 570026] infrastruciure Conaition Facior ICF = NLRIUBL = 222

[Comments: the calculation of components of night flow shows that the Night Leakage rate is a large component of the minimum night flow, and that
|Assessed Unreported Leakage may be as much as 129 mcfhr. The performance indicators confirm this situation.

Information Note: Although most Zones less than around 2500 senvice connections are too smallfor a reliable calculation of Unavoidable Annual Real Losses, the]
UARL s still calculated, S0 that a very approximate ‘Snapshot estimate of Infrastructure Leakage Index (ILI) can be calculated. (See Ref 1 for information on the
original derivation of the UARL and ILI). This ILF will be used to assistin predicting the FAVAD N1 exponent (on the N1Predict Worksheet). The FAVAD N1 exponent|
is then used in the calculation of the Night Day Factor NDF (see NDFInfo' and'NDFCalc' Worksheets). When the Night Leakage Rate in mclora is muliplied by the
Night-Day Factor in ora/giomo, the resulting figure is the ‘bottom-up estimate of the Real Losses on mains and service connections up to the customer meters.
“This can then be compared with the Top-Down’ estimate of Real Losses from the Water Balance Worksheet
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rete unificata

		rete unificata

		Dati misurati														Dati calcolati

		Qvenezia[l/s]		Pvenezia[bar]		Pbertaiola[bar]		Qzecchino[l/s]		Pcimitero[bar]		data		ora		Qvenezia[l/s]		Pvenezia[bar]		Pbertaiola[bar]		Qzecchino[l/s]		Pcimitero[bar]

		23.77		7.16		4.95		17.94				11/14/06		2.30		23.62		7.5		4.84		17.69

		24.75		6.52		4.5		43.82				11/16/06		8.30		24.75		6.55		4.23		43.56

		29.66		6.86		4.45		39.41				11/14/06		14.48		29.6		6.74		4.4		39.02

		25		6.81		4.55		38.24				11/20/06		19.24		25		6.7		4.25		38.7

		24.51		6.72		5.57		38.82				11/17/06		19.30		24.58		6.6		4.76		38.71

		dati  16/11706 ore 3.36 non validi Di Notte da zecchino escono troppi litri rispetto ad latre notti

		Dati misurati														Dati calcolati

		Qvenezia[l/s]		Pvenezia[bar]		Pbertaiola[bar]		Qzecchino[l/s]		Pcimitero[bar]		data		ora		Qvenezia[l/s]		Pvenezia[bar]		Pbertaiola[bar]		Qzecchino[l/s]

		22.75						28.13				7/23/06		2.00		24.38		6.94		4.3		26.15

		23.04						104.52				7/23/06		8.24		30.2		4.2		1.17		96.6

		22.65						77.97				7/23/06		16.30		27.634		5.38		2.65		72.45
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		rete parzializzata

		Dati misurati												data		ora				Dati calcolati

		Qvenezia[l/s]		Pvenezia[bar]		Pbertaiola[bar]		Qzecchino[l/s]		Pcimitero[bar]										Qvenezia[l/s]		Pvenezia[bar]		Pbertaiola[bar]		Qzecchino[l/s]		Pcimitero[bar]

		17.2		4.95		2.85		13.08		5.75				1/19/07		3:30:00				17.03		4.95		2.75		13.08

		39.71		5.1		2.55		24.41		5.72				1/19/07		8:30:00				39.54		5.42		2.62		24.73		5.69

		33.71		5.14		2.77		19.87		5.72				1/19/07		17:30:00				33.5		5.097		2.69		19.051		5.714

		27		5.48		3.23		17.3		5.75				1/19/07		22:30:00				26.83		5.44		3.17		17.2

		utilizzando coefficienti unitari

																				VEN						ZEC

														1/19/07		2:00:00				22.057		5.5		2.9		12.74		5.59

														1/19/07		8:00:00				35.45		5.47		27.5		19.98		5.65

														1/19/07		16:00:00				40.36		5.41		2.5		22.861		5.65

		Qvenezia[l/s]		Pvenezia[bar]		Pbertaiola[bar]		Qzecchino[l/s]		Pcimitero[bar]		siv riferimento								Qvenezia[l/s]		Pvenezia[bar]		Pbertaiola[bar]		Qzecchino[l/s]		Pcimitero[bar]

		22.75						28.13				50.88		7/23/06		2.00				22.646		5.5		2.97		28.15		5.69

		23.04						104.52				127.56		7/23/06		8.24

		22.65						77.97				100.62		7/23/06		16.30

														7/23/06		0.00				36.68		5.46		2.73		19.547		5.67

														7/23/06		8.00				70.535		5		1.3		38.47		5.5
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		CALCOLO EL SIV IN BASE AI CIONSUMI MEDI E AI COEFFICIENTI MOLTIPLICATIVI APPLICATI

				VENEZIA

		QD		QDF		QDC		QR		QRS		QA		QAS		QL		QM		QNB

		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]

		11.858		6.6236		2.8304		6.9386		1.7446		4.1775		2.0931		0.9873		2.9295		0.8304

				ZECCHINO

		QD		QDF		QDC		QR		QRS		QA		QAS		QL		QM		QNB

		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]

		5.0758		3.8523		1.7633		4.1059		1.4007		2.1188		1.0537		0.8997		1.4699		0.742

		0.36		0.037		0		1.078		1.1		1.09		1.1		0		0.37		0.37				1/19/07		2

		0.755		0.0783		1.209		1.2		1.292		1.253		1.29		1.237		0.782		0.78				1/19/07		8

		0.98		0.1		2.419		1.016		1.006		1.014		1.006		2.47		1.017		0.017				1/19/07		16

																																misurati

		4.26888		0.2450732		0		7.4798108		1.91906		4.553475		2.30241		0		1.083915		0.307248		22.159872		VENEZIA		34.3835903		1/19/07		2		30.4

		1.827288		0.1425351		0		4.4261602		1.54077		2.309492		1.15907		0		0.543863		0.27454		12.2237183		ZECCHINO

		8.95279		0.51862788		3.4219536		8.32632		2.2540232		5.2344075		2.700099		1.2212901		2.290869		0.647712		35.56809228		VENEZIA		52.54207778		1/19/07		8		57.11

		3.832229		2.9084865		1.3312915		3.0999545		1.0575285		1.599694		0.7955435		0.6792735		1.1097745		0.56021		16.9739855		ZECCHINO

		11.62084		0.66236		6.8467376		7.0496176		1.7550676		4.235985		2.1056586		2.438631		2.9793015		0.0141168		39.7083157		VENEZIA		61.8521977		1/19/07		16		53.29

		4.974284		0.38523		4.2654227		4.1715944		1.4091042		2.1484632		1.0600222		2.222259		1.4948883		0.012614		22.143882		ZECCHINO





		Venezia N.1

		NUM		DESCRIZIONE		QCONC		QDSTR		QD		QDF		QDC		QR		QRS		QA		QAS		QL		QM		QNB

						[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]

		0				0		40.8512		11.8281		6.5764		2.8281		6.9029		1.7389		4.1616		2.0852		0.9839		2.9186		0.8276

		San Benedetto N.2

		NUM		DESCRIZIONE		QCONC		QDSTR		QD		QDF		QDC		QR		QRS		QA		QAS		QL		QM		QNB

						[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]

		0				0		14.155		2.9037		3.36		1.0599		1.6604		0.9371		1.5144		0.7616		0.5165		1.007		0.4342

		Boschetti N.3

		NUM		DESCRIZIONE		QCONC		QDSTR		QD		QDF		QDC		QR		QRS		QA		QAS		QL		QM		QNB

						[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]		[l/s]

		0				0		8.5043		2.2292		0.5452		0.6967		2.4732		0.4665		0.6213		0.3004		0.3853		0.4771		0.3095

										Venezia

										QD		QDF		QDC

										[l/s]		[l/s]		[l/s]

										11.8281		6.5764		2.8281

										San Benedetto

										QD		QDF		QDC

										[l/s]		[l/s]		[l/s]

										2.9037		3.36		1.0599

										Boschetti

										QD		QDF		QDC

										[l/s]		[l/s]		[l/s]

										2.2292		0.5452		0.6967

										totale

										16.961		10.4816		4.5847

		pressioni		via		quote		pmedia		pmin		pmax

		venezia		via milano		77.22		44.724		27.35		57.27

		benedetto		via borsellino		77.6		54.872		47.79		65.5

		boschetti		via marinoni		89.2		42.263		0.52		66.57

		rete






