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Abstract

The collection, storage and use of rainwater frowfs reduce the need for potable
water. However if water suppliers are to decreas# infrastructure costs as well as their
operational costs (due to water savings), the raiemsystem has to provide most of the time
a significant percentage of the water demand. phjger adopts the view point of the water
suppliers and investigates how reliable this soofosater is in the case of a housing estate,
considering WC flushing as the only water demandhddising estate was modelled and
different realistic input scenarios (water demamdWC flushing, storage capacity, roof area,
and rainfall) were defined. Three indicators wexhileited. The variability generated by each
input on the indicators was evaluated. The indisateere estimated for 63 homogeneously
distributed French cities. Among the indicatorsibiéd in this paper, the most relevant one
is the percentage of water supplied from the thakis secured during 95% of the days of the
simulation. The main conclusion is that the optimaray of determining the storage capacity

of the rainwater collection system is not the sdrom the viewpoint of the users than from
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the viewpoint of the water suppliers. Indeed, watgppliers tend to require bigger tanks in

order to take into account the rainwater collecggstems in their management plan.

K ey words: Rainwater collection, Modelling, Simulation, Watemnservation, water utility

management

1. Introduction

In the debate on sustainable water managementpwirgy place is given to rainwater.
Rainwater tends to be considered more and morepaseatial source to supply water to not
only small isolated areas, but also existing toensew urban projects. In many developing
and developed countries such as Brazil (Ghisi, 2@096), West Africa (Cowaken, 2008),
Australia (Coombes, 1999) or Germany (Hermann, 18&8de, 2007), rainwater harvesting
and use within the building is already a widespneadttice.

In France, despite a very restrictive regulatogmmfework limiting the use of rainwater to
outdoor activities, this practice also started towgfrom 2000 (de Gouvello et al., 2005). In
2008, a new specific regulation framework was dkadc authorising the use of rainwater
within the building for several non potable uses: WCorfloleaning and - under conditions
still to be defined - washing machines. This neanfework will foster the development of
this practice and may have consequences on the utdiges’ supply management. Several
tools were developed to quantify these consequerte@sinstances Aquacycle (Mitchell,
2001), which is based on the concept of water loalaf the urban water cycle permits to
estimate the feasibility of alternative water magragnt options and evaluate the performance
of a re-use scheme, at different scales (Unit hlatkster, or catchment). An enhanced

version, called Urban Volume and Quantity (Mitch@003), that includes new flow paths



50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

and a contaminant balance model, was developed.Pfbleabilistic Urban Rainwater and
wastewater Reuse Simulator (PURRS) by Coombes addfa (2001) operates at 6 minute
time steps to simulate and evaluate the efficierf@/ reuse scheme.

Nevertheless, these models only highlight the divgrarformance of water management
options. This paper suggests adopting the viewpsditite water supplier and introduces new
indicators evaluating the daily reliability of ramater as a source of water. These indicators
are relevant at a regional scale, that is to sagage that includes the water treatment plant,
the distribution network and the consumer. The ifigitg of these new indicators to each
input was analysed. They were tested for 63 Freitas in order to exhibit disparities. This
paper focuses on the specific case of housingesstas it seems to be a trouble-free area to
equip with rainwater collection systems, since ehisrroom to install the tanks and the roof

area available per person is much greater thaenset parts of the city.

2. Mode description and data

The aim of this paper is to analyse the behavidar frousing estate in which all plots
are equipped with rainwater collecting systemsthis paper, only the effects of individual
systems are considered and collective systems (asckhared rainwater tanks) are not
modelled. This housing estate model is more thatoamodel multiplied by the number of
plots since the features —and consequently thevimira of each plot will be different to
better represent the real situation. Since thiepafudies rainwater collection systems from
the point of view of the water suppliers, we analylse behaviour and define indicators for

the whole housing estate and not only the behawbeach plot.

2.1. Behaviour modd of the rainwater collection system
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In essence, a rainwater collection system workdegsribed in Fig 1. The rainwater
harvested by the catchment area (here the rodkedfiduse) goes into a tank where it is stored
until it is withdrawn to meet the water demandthié volume exceeds the storage capacity,
the runoff is overflowed elsewhere (sewage systetention device...) and lost for usage. If
the tank does not supply enough water to meetehgadd, then the water is withdrawn from

the water supply distribution network.

Jenkins et al. (1978) identified two algorithms describe the behaviour of the
collecting system during a given time interval. Theld after spillage (YAS) algorithm, in

which the withdrawal occurs before the rainfall, is

Y =minl 2" L @
p=min @)

V. = min{vn'l R, _Y“} )
S-Y,
where R is the volume of rainwater captured3nduring time interval n (which is equal to
the rainfall (m) during the time interval n muliigd by the roof area (fh neglecting any
potential initial losses), Vis the water volume in the tank {nduring time interval n, Yis
the yield (nf) during time interval n, Pis the demand during time interval n, and S is the
storage capacity (

The yield before spillage (YBS), in which the withdal occurs after the rainfall is

Y =minl " Ll
n _mln{vn_l_l_ Rn} ( )

V.= min{V“‘1 R _Y“} (4)
S
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The YAS algorithm under evaluates the amount ofewatovided by the rainwater
collection system, whereas YBS algorithm over eafs it since there is less water in the
tank to match the demand. In this investigationgcheaimulation was tested with both
algorithms and the values obtained for the indicsateere always similar. Therefore in this
paper, the given value of an indicator correspdodbie mean of the values obtained from the
simulations made with the YAS and the YBS algorishm

Fewkes and Butler (2000) recommend using a dailgehfor astorage fraction(eg.
the storage capacity of the tank divided by thawater captured in a year) belonging to the
range 0.01-0.175 Since the average storage fraction of the sinmmstcarried out in this
paper is 0.026, a daily model lasting five years bhaen used. It has to be mentioned that
Coombes (2007a) showed that the use of 6 minute sieps lead to a better efficiency of the
collecting systems. This effect is likely to beledst partly compensated by the use of the
mean results of the YAS and YBS algorithms.

The YAS and YBS algorithms were both coded on $tia that simulations could be

performed.

2.2. Realistic moddling of a housing estate

To complete the housing estate model, realistinesafor the water demand, the roof
area, and the storage capacity were determinecedoh plot. In order to evaluate the

variability created by each input, several scesanere made.

! A smaller storage fraction would imply the useanfhourly time interval, and a bigger one woulchatize the
use of a monthly model.

2 A free scientific software package developed urideresponsibility of a consortium that includs®RIA, the
French national institute for computer science.
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The only water demand considered in this paper@fi¥shing. In this simulation, the
variability of the demand through the week was mak#o account and not just the average
demand. The average demand was determined frod.tleau (Water information centre, a
French association of the main water supplierschvieollects and publishes data on water).
Data, which shows that WC flushing accounts forrapimately 20% of the total domestic
water demand of 137 litres per person per day. dvexrage demand for WC flushing is
therefore 27.4 l/person/day. Using the distributidata implemented by the experiment
MARIA lead by the CSTB (de Gouvello et al., 200B)has been possible to distribute the
demand according to the day of the week. The demansidered per person per day is 24 |
during the week, 37.7 | on Saturday, and 34.2 Bonday. In the following sections of the
paper, various scenarios were made, considerirgngerof 1 to 6 occupants per plot. A
realistic distribution of people according to thietpwas required. The INSEE (the French
national institute of statistics) data from the 93®nsus of the French population was used.
The figures are only available for cities, so itswaecessary to select cities that have a
homogenous pattern (mainly housing estate areasexydew buildings). City patterns were
checked using satellite images. Since the disiohubf inhabitants of the cities having the
correct features did not exhibit (for the thirtesssbected cities) clear regional tendency, i.e. the
regional differences are comparable to the diffeesnbetween cities in the suburb of the
same larger one, it was decided to select onlydiies, of which the inhabitants distributions
are displayed in Tab 1. These two cities were andmxause they represent two different
kinds of inhabitants’ distribution: Vendeville (Nbrof France, in the suburb of Lille) is a city
where there are mainly families (more than halthaf houses are occupied by three or more
people) whereas Génémos (South of France, in therlswf Marseilles) is a city where there

are mainly single persons or couples (more thahdiahe houses are occupied by one or two
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people). In this paper we refer to Vendeville asfamily option, and Génémos as the couple

option.

Since this paper adopts the viewpoint of the watgplier, that is to say what it
definitely expects, the storage capacities areoptimised according to the region as it was
done in previous studies (Coombes; 2007b; Aquacyskrs guide; 2005). Several realistic
scenarios were built for the sizes of the tanksigithe following methodology, which is
based on the householders’ needs. In the experimeMARIA lead by the CSTB in
Champs-sur-Marne (about 25 km from Paris), de Gibwee¢ al. (2005) showed that a storage
capacity that corresponds to approximately 4 wedkthe water demand is almost always
enough to ensure the autonomy of the installatiomas been shown that this ratio is only an
optimum for customers in the region of Paris. N&haless it is adopted for all French cities,
knowing that it might not always be optimum for thiestomer. Yet the results obtained here
show that this ratio works all over France. In thiowing sections of the paper, several
scenarios were made knowing that people will naessarily choose the optimum storage
capacity (saving money, change of owner, birthadeype of a child...). Since the number of
people per plot ranges from 1 to 6, the storagaa#pchosen in this paper ranges from 0.5
to 4 nt.2 As the daily rainfall time series used in the dations last for a duration of 5 years,
it is not necessary to have different starting mpmhtions for the tank. Indeed they will all be
notably full after the first major rainfall or nditly empty after the first drought period.

The only catchment area considered in this papéndasroof. An average projected
roof area of 100-120 frwas estimated by observing Google Earth imagethefselected
cities used to model the distribution of peoplecadmg to the plot. The roof area chosen in

the scenarios of the following sections ranges fééno 160 rfi

® The considered storage capacity in this pape®&re0.75 ; 1.3 ; 2 ; 3 and £m
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The daily rainfall time series are supplied by &efFrance for a duration of five years
(1994-1998). Series for 63 French cities were ugetime series lasting 30 years (1976-
2005) for Paris was also available and tested. dib&ibution of cities in France is quite
homogenous, so it can be considered that theyegmesentative of the climates in France

over a period of five years.

3. Towardsthe definition of relevant indicators

The usual indicator (Fewkes, 2000) used to evaltreeperformance of a rainwater
collecting system is the water-saving efficiency. (Eis equal to the percentage of the overall
demand of the WC flushing supplied by the tank myiN time intervals. It is given by the
following equation:

N
2. Y,
E =" *100 (5)

N
2.D,

n=1

This indicator is interesting for the consumer einit determines whether the
collection system is efficient and beneficial. [k@apermits to estimate the possible savings in
energy (pumping, treatments ...) that the water sepman expect in operational costs
(Coombes, 2007). However it does not give any méatdron on the regional impact of a
generalised rainwater collection on the infrasuitetcosts (size of the pipes, the pumps, the
water treatment works, ...). To be able to decrehsddtter costs, water suppliers need to
evaluate the reliability of this source of watdrever the systems do not supply enough water
to meet the demand, the supplier will be expeatetbtso and therefore should not reduce the
size of its infrastructure. To estimate this raligh the authors suggest using a “reliability

curve”, which is drawn for each simulation. RefeiFig 2 for an example. To read this curve,
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a percentage of water volume supplied by the tanghibsen on the vertical axis, and the
corresponding value on the horizontal axis givesgioportion of days when this percentage

is reached.

From this curve, three reliability indicators (RbPe estimated:

- RI1: the percentage of days the tank supplie®d 60the demand for WC flushing.
This indicator was also analysed for 95% and 90fe Value 100% was chosen because it
generated the indicator with the highest sensjtiginong the French cities, making it the
most relevant. This indicator corresponds to theet reliability” used in Aquacycle (Users
guide, 2005). On the curve in Fig 2, RI1 is eqoab8%.

- RI2: the percentage of days the tank supplies tiesn 10% of the water demand. It
was also studied with 5% and 0%, but the sengjtaibong the French cities was greater for
the value of 10%. On the curve in Fig 2, RI2 isa@da 3%.

- RI3: the percentage of water supplied by the tam&r 95% of the days of the

simulation. To estimate this, the daily water-sgvfficiency (Y, / D, ) is evaluated for all the

days of the series. RI3 is the lowest daily waserirsg efficiency. This indicator was also
analysed for 90% and 100%. The value 95% was chbseause it generated the indicator
with the highest sensitivity amongst the Frenclesjtmaking it the most relevant. On the
curve in Fig 2, RI3 is equal to 24%.

Even though all the indicators are percentages,important to note that the first two
are percentages of days, whereas the third isc@piRge of water demand supplied. If RI1 is
too small or RI2 too great, it implies that the @rasupplier will not be able to decrease their
infrastructure costs because rainwater is notiahilel enough source of water. RI3 gives an
idea of the possible reliable demand reduction.dxample if RI3 is equal to 20 % then the

water supplier can expect a reduction in the wdemand of 4% (the WC flushing usage
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represents 20% of the potable household water usdgmnce) with very limited risks for its

customers.

4. Resultsand discussion

In the first part of this section the sensitivity the indicators for each input is
evaluated. This is done by analysing the varigbgé&nerated on the indicators when the input
scenarios change. This allows defining relevannhages to estimate the indicators for 63

French cities. An analysis of the values of thedatbr in France was then performed.

4.1. Analysing the sensitivity

4.1.1. Methodology of investigation

In order to evaluate the variability generated bgheinput, seven options were tested
for each input on a housing estate consisting ofplets. Since a scenario is defined from
different combinations of the inputs, a total o024(=7*7*7*7) scenarios were tested. The
options, based on the values found in the firsti@ecare presented in Fig 3. Since the aim is
to estimate the variability, some of the chosemomgtmay not look very realistic. Concerning
the chosen rain sites, they are homogeneouslyilditsgd over the French territory, which
permits to have a set of different French climaldgen the four indicators were estimated via
a computer coded simulation for each set of optiding results were put in arrays E, RI1,
RI2, and RI3, whose sizes are 7*7*7*7. In the faliog, the chosen rain option is represented
by the index i, the inhabitant option by j, the fr@oea option by k, and the store capacity

option by I.

10
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The same method was used to analyse the varialmfitgach indicator, and is
described here for the indicator RI1. It consistkeeping three inputs constant while the
fourth changes. For instance, the rain_standardai@v array (whose size is 7*7*7) was
evaluated to analyse the input “rain”. The term,l{j, of this array is the standard deviation of
the set{RI1(, j,k,1),i 0{12..7}}. Then the average variability generated by the cai the
RI1 indicator is the mean of this array. In orderewvaluate the reliability of this average
variability, the standard deviation of the arraysvedso evaluated. If it is too great compared
to the average variability, it means that this agervariability is not very reliable.

The same procedure was then followed for each input

4.1.2. Variability created by each input

The results for the variability generated by eaqgut are shown in Tab 2.

First of all, it can be noted that the variabiliggnerated by the rain is the most
important, which is one of the reasons why a geugcal analysis was performed and is
explained in the next section. The duration (5 geaf the rainfall time series did not permit
to perform a temporal analysis of the evolutiontluése indicators for a given city. The
variability created by the various distributionsifiabitants is quite important. However the
chosen options were quite extreme and the actyrtitBon is more homogenous so in
reality, this input will not create much variabylitThe roof area is the input that generates the
less variability. This is due to the fact, that wherains, it often rains more than necessary to
fill the tank, so that even a small roof fills tr@nwater collection system. The variability

generated by the storage capacity is importantchwviconfirms (Lucas, 2006) that people

11
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should be very careful when they are choosing fitenum size of their tank. The disparities
existing among the different scenarios are higf@sRI13. This will be confirmed in the next
section as a geographical analysis shows greaaritigs among the cities, making RI3 a very
relevant indicator to distinguish between the sites

These values of average variability must be comsttieery carefully because their
reliability is not very good. This is due to theffdhat there are many disparities between the
chosen options to perform the investigation. Siheeaveraged variability is often quite high,
a more precise analysis is required to decide venelie water supplier can take the existence
of rainwater collection systems into account inirtlbeanagement plan. This is explained in

the next section.

4.2. Resultsfor 63 French Cities

As explained in the previous section it is not jussto give a unique answer to
whether water suppliers can take into account @waggmand reduction in their management
plan if there is a generalised installation of veater collection system.

In this section a geographical analysis was peroknSeveral realistic options were
defined for each input on a housing estate congisti 100 plots, so that the estimated figures
are reliable. These options are presented in Fi§idce the variability generated by the
inhabitants is not substantial, only two optiongeveonsidered for the number of occupants,
whereas three were considered for the storage itgp@aly one was considered for the roof
area since this input does not generate much viyabAs a geographical analysis is

performed the only rain option considered is theydainfall time series of the considered

12
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city. This means that for each city 6 (=2*1*3*1)es@rios were considered. The average RI1,

RI2, and RI3 were figured for 63 French cities.

For each indicator the mean, the standard deviatimmminimum and the maximum
are presented in Tab 3. First of all, the average $.5%, with a small standard deviation of
5.3%, confirming that the storage capacity deteeahiall over France with the help of an
optimum in the region of Paris, is correct. Howewer can note that it might be slightly
undersized for some cities since the minimum i4%b.As it can be seen RI1 ranges from
45.6% to 86.5%, which means that this indicataeisvant to exhibit disparities and that the
water suppliers can consider it will not be smattgin 40%. The map of this indicator is
presented in Fig 5. RI2 ranges from 0.1 to 10.2umtling to the city. This shows that even if
this indicator remains interesting for the watepier, since it can be considered to always
be a low value, there are no big disparities ambedg-rench cities, so a map of this indicator
was not included in this paper. Concerning RI3, ¥hkie ranges from 6.2 to 93.8 which
makes this indicator a very relevant way to compheecities according to the reliability of
the water supplied by a collection system. Thiwlsy we are going to focus our analysis on
this indicator. The map of this indicator in Frane@resented in Fig 5. Fig 6 presents RI3 for
each city, sorted in order according to increasmges of RI3.

The 30 year long time series over Paris was gpit 6 series of 5 years each. All
indicators were assessed for each period, and #ie statistics are displayed on table 4. The
standard deviation generated by the temporal éiffezs (tab 4) is much smaller than the one
generated by the spatial differences of rain (tabr8is means that figures 5 and 6 remain
relevant despite using rainfall time series lastiogly 5 years. Nevertheless further

investigations would require the use of longereseto achieve more robust results.
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It is worth noting that the pattern shown in Fign@y be representative of the French
territory. An analysis with more cities would petrto confirm this. With the help of Fig 6, it
is possible to define three clusters of cities: netiible (RI3 ranges from 0% to 50%), reliable
(RI3 ranges from 50% to 70%)), and highly reliaf®3 ranges from 70% to 100%). These
clusters permit to define 5 areas in France (showhig 5), which appear to be stratified
according to a direction South-West, North-East:

- 1 and 3 : these areas are highly reliable

- 2: the disparities among cities that are closett@gedo not permit to exhibit a
clear tendency. Rainfall series from more citiesuldobe required to make a
deeper analysis.

- 4: this area is reliable. It is between a highlyatde area and an unreliable area,
which means that the evolution of the indicatorslstimoving from South-East to
North-West appears to be continuous.

- 5: this area corresponding to the Mediterraneastdsaabsolutely unreliable. It is

important to note that this is the only large arkearly not reliable in France.

E is almost always a high value and does not eixhibbot of disparities in France,
whereas RI3 varies in a wide range of figures. Timeans that the optimum way of
determining the storage capacity of the rainwatdlection system is not the same if you
adopt the viewpoint of the customers or if you adibye water suppliers’. Indeed the water
suppliers tend to require bigger tanks to be abl@ke into account the rainwater collection
systems in their management plans. Therefore watgpliers should advocate the use of
indicators such as RI1, RI2 or RI3 and not onlyoEdptimising the tanks’ sizes so that they

can diminish not only their operational costs dabaheir infrastructure costs. Nevertheless,
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listing and quantifying the savings are beyond shepe of this article and would require

further investigation.

5. Conclusion

In this paper, the reliability of the water provitdby rainwater collection systems is
investigated for a housing estate. Indeed, if wsitgpliers are to take into account collection
systems as a source of water in their managemant fil needs to have a certain level of
reliability. The point of view of the water supptewas adopted to define three indicators
which have been assessed for 63 homogeneouslypdistt French cities.

The main conclusions are:

- The three interesting indicators for the watgyiers are: the percentage of days the
tank supplies 100% of the demand for WC flushihg, percentage of days the tank supplies
less than 10% of the water demand, and the pegetfawater supplied by the tank secured
95% of the days of the simulation. The latter 8 thost relevant since it permits to exhibit
the most disparities amongst the chosen cities.

- The optimum way of determining the storage cdpaai the rainwater collection
system is not the same if we adopt the point ofvvaéthe customers or if we adopt the water
suppliers’. Indeed the water suppliers tend to iredoigger tanks.

- Even if there are many disparities among thesehd-rench cities, it is possible to
define five areas according to the reliability o& trainwater. It seems that France is stratified

according to a direction South-West, North-East.

The only water demand taken into account in thipepas WC flushing. Studies

involving other kinds of demands such as washingiime demands are required. In this

15
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paper, the simulations are performed with dailyfial time series of duration of five years.

Using a longer duration and smaller time step foe series would allow analysing the
evolution of the indicators at a given location. @p of this, the consequences of climate
change could be investigated. Since water workesystare long term investments, this
aspect of the issue should be studied very cayefallrther investigation should be performed
to analyse the effect of sizing the tank from th@mpoint of the water suppliers. This would

consists in applying standard techniques such as“plercentage rate of change of an
indicator” (see Aquacycle users manual), not adogrdo water saving efficiency as it is

usually done, but to the reliability indicators.

Water suppliers are providing water to many kintisiban areas. Therefore to fully
assess the potential infrastructure costs redudtion to rainwater collection; it would be
required to develop comparable models for urbamsamther than housing estates. For
instance investigation on heavily dense areas wgh-rise buildings (here the roof areas are
much smaller), or manufacturing district (high leeedemand, and large potential roof areas)

should be carried out.
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435 Fig 1: Description of a rainwater collection system
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438 Fig 2: Example of a reliability curve for a simutat of a housing estate of 100 plots with the
439 population distribution of the couples option, @frarea of 110 fmfor all plots, a storage

440 capacity of 1.3 rhfor all plots, and a rainfall series from Saintzse (West of France).
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442 Fig 3: The chosen options to analyse the varigbgénerated by each input. The modelled
443 housing estate consists of 10 plots. For each jnpwaiptions were defined, in turn defining
444  7*7*7*7 scenarios. Defining a scenario consistsatecting one option for each input, as it

445 can be seen in the example.
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Fig 4: Definition of the chosen scenarios to perfahe geographical analysis. The modelled
housing estate consists of 100 plots. Three optieere defined for the storage capacity, one
for the roof area, and 2 for the number of peogeot. Therefore 6 scenarios (=3*1*2*1)

were considered for each city. The dash represestenario.
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453 Fig 5: The RI1 indicator (the percentage of dayes tink supplies 100% of the demand for
454 WC flushing) and the RI3 indicator (the percentagewater supplied by the tank being
455 secured for 95% of the days of the simulation)@®rFrench cities. Five main areas are also

456 represented.
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458 Fig 6: RI3 versus the cities (which have previgusken sorted in order according to

459 increasing value of RI3), and the definition ofglrclusters of cities
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Table 1 : Distribution of the occupants accordiaghte plot of the two considered options for
the repartition. The mainly families option corresds to the city of Vendeville (North of

France), whereas the mainly couples option corredpto the city of Ge ~ ne "'mos (South of
France). Both cities are looking like a housingatst(The figures are coming from the 1999

INSEE census of the French population)

Mainly families option Mainly couples option
The houses
Number of houses 479 2233
% of individual houses 91.2 87.7
The occupants
% of house with 1 people 10.7 19.5
% of house with 2 people 29.6 34.3
% of house with 3 people 21.1 20.8
% of house with 4 people 20.8 17.6
% of house with 5 people 12.5 6.1
% of house with 6 people or more 5.3 1.4

Table 2 : Variability generated by each input oa different indicators

Input E RI1 RI2 RI3
Rain 30.8 28.0 324 249
Occupants 6.6 11.9 5.7 19.1
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485 Roof area 26 32 16 56

486 Storage capacity 7.9 9.7 55 22.1

487

488

489 Table 3: The mean, the standard deviation, thermim and maximum of each indicator,

490 which have been evaluated for 63 French cities

491 E RI1 RI2 RI3
492 Mean 935 746 1.7 60
493 Standard deviation 53 87 24 246
494  Minimum 751 456 0.1 6.2
495 Maximum 98.6 86.5 10.2 93.8
496

497

498 Table 4: Statistics of the indicators, evaluatetheParis area for 6 rainfall time series lasting

499 5 years between 1975 and 2006

500
501 E RI1 RI2 RI3
502 Mean 947 742 08 609

503 Standard deviation 1.3 2.3 0.6 10.7

504 Minimum 934 720 03 464
505 Maximum 964 780 16 712
506 1976-2005 948 744 0.7 66.8
507
508
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