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The International map for scarcity of water

Low %o medium nsk (1-2)
Medium 10 high risk (2-3)
High risk (3-4)

Data from World Resources Institute; Mapping: Gassert et al. (2013).
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Motivation

Economic costs and management

Average daily water consumption per capita (Portugal) — 180 | (France: 150 |, UK: NA)
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Europe’s water in figures, 2017
EurEau The European Federation of National Associations of Water Services
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Motivation

Economic costs and management

Average daily water consumption per capita (Portugal) — 180 | (France: 150 |, UK: NA)

Average annual water consumption (PT)

11 000 000 x 180 | x 365 = 727 700 000 000 |
Price of liter of water: 0,002 €/l (PT) [ 0,003 €/| (FR), 0,004 €/I (UK) ]
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Motivation

Economic costs and management

Average daily water consumption per capita (Portugal) — 180 | (France: 150 |, UK: NA)

Average annual water consumption (PT)
11 000 000 x 180 | x 365 = 727 700 000 000 |
Price of liter of water: 0,002 €/l (PT) [ 0,003 €/| (FR), 0,004 €/I (UK) ]

Average annual cost (consumer’s price): 1,4 b€ (1 445 400 000 €)
Direct cost of 1% error: 14 M€ (14 454 000 €)
Direct cost of 5% error: 72 M€ (72 270 000 €)
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Measurement role in water utilities

Water utilities make use of extensive infrastructures — water supply networks — defined as
engineering systems based on hydrological and hydraulic elements allowing the supply of
water to households, industries, facilities, services and other users.

Management decisions are increasingly supported by information provided by

measurement. The lack of knowledge regarding measurement data reliability and
associated uncertainty is a key issue for the management of water supply networks.

s
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Measurement process

The measurement process includes three stages:

1. Data acquisition of measurements with a
certain frequency, generating a time series;

2. Data processing, to obtain the totalized volume
for the time interval considered,;

3. The combination of totalized volumes for the
several locations to evaluate the net balance
(sums and differences) of the system.

Totalization of volume measurements in drinking water supply networks.

@ OO WS EMPIR 17NRM05 EMUE Workshop LNEC | 11
A. S. Ribeiro. LNE, Paris, 21 - 22 Jan. 2020




Examples of Measurement
Uncertainty Evaluation

2 EMUE @ SESIERERNER
Measurement process

Frequently, the goal of the process is to have a net
balance between water inflow and outflow of a
system or subsystem, in some cases subsequently
used in trade relations.

These totalized results of flow or volume should be
conveyed with their associated uncertainties (usually
expressed as relative uncertainties), to promote
informed decision-making as well as increasing the
confidence between the involved agents.

Totalization of volume measurements in drinking water supply networks.

@ OO WS EMPIR 17NRM05 EMUE Workshop LNEC | 12
A. S. Ribeiro. LNE, Paris, 21 - 22 Jan. 2020




I v I LABORATORIO NACIONAL
ZN DE ENGENHARIA CIVIL

Examples of Measurement
Uncertainty Evaluation

Measurement process

The definition of volumetric flow rate, Q, is the volume of fluid that passes per
unit time (sometimes referred as volume velocity using the symbol V) and having

as Sl unit m3/s.

Q=v-A.

= o

@ Totalization of volume measurements in drinking water supply networks.
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Measurement process

The definition of volumetric flow rate, Q, is the volume of fluid that passes per
unit time (sometimes referred as volume velocity using the symbol V) and having

as Sl unit m3/s.
Q=v-A.

Considering a closed conduit with circular geometry having an internal diameter,
D, and a cross section orthogonal to the velocity vector (8 = 0°), the previous

Equation becomes

rD?
Q =vAcosf = UT

DR e R EMPIR 17NRMO05 EMUE Workshop LNEC | 14

DE ENGENHARIA CIVIL

@ Totalization of volume measurements in drinking water supply networks.
A. S. Ribeiro. LNE, Paris, 21 - 22 Jan. 2020




I v I LABORATORIO NACIONAL
ZN DE ENGENHARIA CIVIL

Examples of Measurement
Uncertainty Evaluation

Measurement process

The definition of volumetric flow rate, Q, is the volume of fluid that passes per
unit time (sometimes referred as volume velocity using the symbol V) and having

as Sl unit m3/s.

V=| Qdt
At

= o

@ Totalization of volume measurements in drinking water supply networks.
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Measurement process

The definition of volumetric flow rate, Q, is the volume of fluid that passes per
unit time (sometimes referred as volume velocity using the symbol V) and having

as Sl unit m3/s.
IV =j Q dt
At

At the experimental level, flow rate measurement is usually obtained at constant
time intervals, A4t, creating a discrete set of n values in a time series

o

, Totalization of volume measurements in drinking water supply networks.
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Measurement process

If a direct approach is used, n values of volume n

of fluid, V;, are obtained using sampling based V= v
on a constant time interval (At), the estimate of o L
total volume being given by: i=1

o

Totalization of volume measurements in drinking water supply networks.
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Two operational systems studied

41

e flow with stochastic behaviour (users’ demands).
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Figure 1: Input flow measurement experimental data obtained
in a water distribution network with n users and water losses’
during 6 days with time interval of sampling of 1 hour.
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Two operational systems studied

~
-

e constant flow (controlled by the provider or by the
user, e.g., filling of storage tank).

Flow measurement obtained at time intervals of 30 min

"

Time = 3 days

110 27

Figure 2: Flow measurement experimental data obtained at the

entrance of a storage tank during 3 days with time interval of
sampling of 30 minutes.

30 109

, Totalization of volume measurements in drinking water supply networks.
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Variable flow

, Totalization of volume measurements in drinking water supply networks.
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Variable flow

n 2 2 2

av av av
V=§Vi . wWWV)==—) W2+ =) W2 W)+ +|=] -u?

w
u (V) = u* (1) + u?(Vy) + -+ u*(,)

, Totalization of volume measurements in drinking water supply networks.
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Variable flow

wr (V) = u* (V) + u?(Vy) + -+ u*(1,)
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WV = u(V;)

using
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=2EMUE @ SRR
Variable flow

u(V;)

W) =u? (V) +ub (V) + -+ u?(V,) using wl) =

.
wP(V) = w2 (V) - V2 +W2(Vy) -V + -+ w2 (V) - 2

, Totalization of volume measurements in drinking water supply networks.
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=2EMUE @ SRR
Variable flow

w?(V) = w?(y) - VE + w2 (Vo) - V& + -+ w?(15) - Vi

Condition:  w(lV}) =w(,) = =w(V},) = w(V;),

uz(V) — Wz(Vi) * [Vlz r sz + --- +Vn2].

, Totalization of volume measurements in drinking water supply networks.
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Variable flow — example of MU evaluation

uz(V) —_— WZ(VI) : [V12 ar sz -+ .- +Vn2]

Consider an example with 10 measurements of
volume (experimental data given in Table 1), with
relative uncertainty of 2,0 %.

Table 1: Example of 10 measurements of volume obtained
using a volumetric counter

Vi 58 m? Vs 61 m?
Va2 83 m? V7 52 m?
V3 62 m? Vs 57 m?
V4 57 m? Vg 69 m?
Vs 79 m? V10 76 m?

With this information, using equations (11) and (12),
the total volume standard uncertainty and relative
uncertainty, respectively, would be evaluated for the
total volume amount of 634 m?.

u(V) =+/(0,022) - (40 878) m? ~ 4,0 m?, (13)

w(V) ~ 0,64 %. (14)

, Totalization of volume measurements in drinking water supply networks.
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Constant flow

uz(V) = WZ(VL) . [V12 + sz + e +Vﬂ,2]'
Condition: V=V, ==V, =V;

u2(V) = w2(Vy) - [n- V2],

, Totalization of volume measurements in drinking water supply networks.
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Constant flow

uz(V) = WZ(VL) . [V12 + sz + e +Vﬂ,2]'
Condition: V=V, ==V, =V;
u?(V) = w2V - [n- V7],

e u(V) =n-w(y) -V

, Totalization of volume measurements in drinking water supply networks.
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Constant flow

u(V) = w2(V) - [VE+VE+ - +VZ2].
Condition: V=V, ==V, =V;
u? (V) =w?(V) - [n- V7],

e u(V) =n-w(y) -V

Vn-w(Vy) -V

e w(() = 7

, Totalization of volume measurements in drinking water supply networks.
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Constant flow

Vn-w(Vy) -V
% :

w(lV) =

This Equation provides a relation between
the relative standard uncertainty of the total
volume and the number of samples, n:

Vn-w(Vy) -V

w(V) = -
-V ~w(y)
If, Vi = E W(V) — T

Totalization of volume measurements in drinking water supply networks.
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Constant flow

Consider a simple example, having a relative standard
uncertainty of 2 %, and 10 observations each of 100 m3,
or 5 observations of 200 m3, with total volume in both
cases of 1 000 m3. Applying Equation (20) the results are,
for the data series of 10 values,

wvy = YD 66304
Jn
and, for the data series of 5 values,
w(V;
w(V) = % = 0,89 %.

f— el T AN
, Totalization of volume measurements in drinking water supply networks.
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Net balance of water utilities

, Totalization of volume measurements in drinking water supply networks.
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Net balance of water utilities

where V; represents the n measuring locations of

n m
Vo, = Z v, — Z U, + 6Vioss inflow of water into the system, V; represents t.he m
= = measuring locations of water outflow of water in the
system, and oV, the water losses during the
transfer process.
n m
u® (Vhet) = Z u® V) + Z u® (]7;) + u? (Vioss)-
i=1 j=1

Considering the existence of a similar uncertainty magnitude, u(V), for the inflow
and outflow measurement locations, and neglecting the contribution related to the
guantity lost, a simplified equation is obtained:

U(Vhee) = y/(n+m) - u(V),
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Next steps — creating impact

EurEau is the European Federation of National Associations of Water
Services, representing national drinking and waste water service
providers from 29 countries, from both the private and the public sectors.

B LIS-Water LIS-Wateris an initiative of LNEC to create in Portugal an
international CoE for frontier R&l on water services and
H2020 Centre of  g|ated water resources with a high impact on public policies,

Excellence (DoE) management and regulation in Europe and worldwide.

eurOIqbaisbI European Federation of National Associations of
European Federation of Natonal assosiaions of V€A SUrEMenNt, Testing and Analytical Laboratories

Measurement, Testing and Analytical Laboratories

\\\\\HIIII,I//

R NNt 7

Other stakeholders g | Sap=—"~%

being considered: Elm § = =
EUROPEAN WATER ASSOCIATION '4{/%\\\\3‘ COUNCIL

,,/”/nh\\\‘\
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