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My message

1. Understanding demands = key in the
water cycle

2. Inorderto understand demand a
(conceptual) model is required

3. Your goal determines the required
temporal and spatial scale

4. Possible to aggregate from small scale to
larger, but not the other way around

5. Dreaming of the ideal hydraulic / demand

model
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How SIMDEUM works

r
& KKLEINSCHALIGE
% WINNINGEN
wAﬁkBEWs'JF

ReKENING
HoUPEN MET

VERSCH'ff ENBE.

7’ 3
c ,,,i'VS HUls
MATeRvRAN

LKOW
\4
VA PRO

RECIRCULATIE
I °3"7"z§ R MINUOT
| WSTATER b peokt

= TLIVEREN

7 h
].\WR Watercycle Research Institute N
Yy W

B ShOEUM Patiem Genecmor

Data specific area:

| il
o read A apg 2 siwis fie
Y WO BAR 8 DI LR
V90 CON iew The coments nf Me state fe g

ook &t Iha Avarage watar uas

Simulation of
Fig coMARS ) warkt'g dats Siwey
Fiw cortnas § wesheng Stats

specific area for
number of houses

Oefine e senuaion selihige. stals fes Tor wewh
and waniend dayd (ondy £4ferance a e b

1 wae)

Cefiee Ihe rumber G homes a0d the output
Sceciocy for e warulaton 1esuts ( Aooss fies

Slart the wrnason

View simulation results:
demand patterns

plﬁm-mw‘

‘-w demand ndltni

View the sindston resshs Trum ine srevious slep
A wmsiames Mal was 9o0e sarker

Then save the reset i the fPgered sulbut

formist

Dw w0y seth slonsmion MNes

Export simulation
results in desired

Application of
exported water




Water demand is key

Basic principle of stochastic demand model
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SIMDEUM: parameters follow from surveys an!

information on appliances

How often did you
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SIMDEUM steps (1)

Apartment building - users and installation
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Water demand is key

SIMDEUM steps (2)

Toilet flush demand
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Water demand is key

SIMDEUM steps (3)

Total demand for one house

Toilet, shower, washing machine, etc
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Water demand is key

Validation of SIMDEUM (1)

Demand patterns
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Validation of SIMDEUM (2)

Maximum flow velocities
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Water demand is key
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Water demand is key

Validation of SIMDEUM (3)

= booster
|| = hotel
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My message

1. Understanding demands = key in the
water cycle

2. Inorderto understand demand a
(conceptual) model is required

3. Your goal determines the required
temporal and spatial scale

4. Possible to aggregate from small scale to
larger, but not the other way around

5. Dreaming of the ideal hydraulic / demand

model
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My message

1. Understanding demands = key in the
water cycle

2. Inorderto understand demand a
(conceptual) model is required

3. Your goal determines the required
temporal and spatial scale

4. Possible to aggregate from small scale to
larger, but not the other way around

5. Dreaming of the ideal hydraulic / demand

model
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Understanding demands = key + model required
Examples
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Understanding demands = key + model required
Examples

How to design a drinking
water installation?
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Cinema

ydo) :
. . — total flow
Counting “tap units” 201 — flow hot water '
E 15 |
. # | TU freq = 10 guests
Ladies - 5
wWC 6 6*0.25 |2 : 0
0:00 6:00 12:00 18:00 24:00
Tap 6 |61 4.5 LWL
Gents f
120 :
WC 2 2*0.25 10.5 100! — total flow MW\W.
: N — flow hot water l
urinal 8 |8%4 1.5 . £ 80 Hl
* . 2 60
Sumis 46 2 Q,,.,,=0.561/s o Satal b M A e AN
0:00 6:00 ﬁ%o 18:00 24:00
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Qmax (I7s)

Cinema or concert hall
Take users into account...

15 r
® max

O 98 percentiel

0.5 og

0 200 400 600 800
Number of guests
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Water demand is key
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Understanding demands = key + model required
Examples

How to design a
residential drinking
water installation?
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Alternative sources
sustainable use
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Recycling light grey water and harvesting rainwater
Balancing grey water supply and demand

i Local sources External Input Building type | Free standing house Mid-rise apartment flat
ua\;tgerrey (rain water) (Tap water) " ‘- e
production { ¢ w |
e j Harvest = Occupancy 4 people (1 family) 56 people (28 apartments x 2 people)
% TreatrT\ent q ﬂ
unit Roof area (m?) 60 640

Non-potable water

Light grey Treated and — # of toilets 2 (1 in each floor) 28 (1 per apartment)
water storage rainwater storage
# of laundry machines 1 (in 1%t floor) 28 (1 per apartment)
# of showers/bathtubs 1 (in 2™ floor) 28 showers (1 per apartment) — No bath
. . Grey and rain water Single house collection Shared collection
Drinking water demand model system
Week demand pattern Free standing house - 4 people Mid-rise apartment flat - 56 people
(hourly time step) Eus = 750
T 100 %
g 75 é. i
3 2
§ " § 250
E ¥ 2 .
’ 0 24 a8 72Hou'95 120 144 168 0 24 48 7%‘“'96 120 144 168
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Water demand is key

Balancing grey water supply and demand

Free standing house - 4

70 | p90p|ERainwater harvesting
— — Daqz + LGW recycling
> 60 - LGW
E 7 recycling = — ~
S 50 ol
g / 10 m? p-1 y
g 10 S — — A/ .
3 30 :
o /oot
® 20
o v
® 10 | /
= /
©
8 0 f ; :
- 0 200 400 600

Storage capacity of each tank (I)

Non-potable demand (Dp,) = 65 m*y? =16 m*y'p?
Potential recycling=85m3y!1 =21 mylp?

Potential rainwater harvesting=48 m3*y1 =12 m3y1p1
Treatmentrate=1601d*=401d?p

7
].\WR Watercycle Research Institute
Yy W

1200 -
== Dq

")

2. 1000

y

Local water resource production (m

Mid-rise flat - 56 people

Rainwater
harvesting + LGW

__________

0] [T A 7 '\ L12.7 m? p-1 y
/
8 ' '
2 5ip 4 6 8

Storage capacity of each tank (m?)

Optimisation for choice of
storage capacity shows:

1. LGW recycling is more
beneficial than
, for the same
storage capacity

. maximum yield
at smaller storage capacity



Hot water: energy
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Water demand is key

Water & energy: heating water for washing
Clothes washing, dishes, showering

g ) W—

Shower Z

Kitchen tap —>

Bath —>

Bathroom tap

Outside tap

electricity

7
].xWR Watercycle Research Institute
Yy W



-
z -
AL
LTI TS 4
T EoeinNals

sawie” Nyl
L+ LR
ae” NiS

discharge:
Sizing of pipes, ¢
sewer mining for
thermal energy and
nutrients
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Discharge patterns: temperature and nutrien»s,s-w*

The water that is discharged contains
nutrients and thermal energy that may be
recovered; here a hydraulic and water quality

model helps to identify the best strategy.

7
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Water demand is key

total water demand
hot water demand |
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Drinking water
supply:

Sizing of pipes,
and fit for purpose
water quality
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Understanding demands = key + model required
Examples

How to design a drinking
water distribution
system?
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Water demand is key

Designing self-cleaning networks

At the level of small distribution mains:  an 3
design cheaper self-cleaning networks with : ANFE s, LA D %

highly reduced discolouration risks.

4
Minimum diameter in order to reach a certain O NCL
flow velocity (0.2 - 0.25 m/s) during peak /
demands &
X/

{WR -
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y W



The Dutch water companies
= i
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Since 2000 all Dutch water

/) PWN companies have been building
(Va4 Vg

self cleaning networks
waternet \%

dunea &«

DDDDDDDDDD

5ides

waterbedrijf

~ S o Woter

wml

Limburgs drinkwater
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Understanding demands = key + model required
Examples

How to determine
leakage Iin the system?
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Water demand is key

Night flow comparison
Predicted and measured night flow

DIURNAL PATTERNS :  NIGHT FLOW

0 : ir

248
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Water demand is key

Comparison of Flow Pattern Distributions
Measured flows in various periods of time or DMA's

At the level of supply systems, like a 2 5
DMA or number of DMA’s, . i . |
o | : E b %— E_
understanding demands may help to g (1| g 0 g
. Tz \ Q 73 Q
discern U . —
« consistent changes in demand, such B | T e S
as higher water demand during ) | 9)
warmer weather, : Jl 5| | |
* - g 8 'g)-; { % -8
- from inconsistent changessuchas & w ) E 3
@] Q (@]
leaks. U ‘ | <
| tijd | | | pe‘riode;1 | T ‘tijd‘ T - | periode 1
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Understanding demands = key + model required
Examples

How to interpret sensor
data?
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Water demand is key

Backtracing with stochastic demands

! '
L] .- ’ - L
g | - L ’
- — 1
. 2 g ‘

Different sets of demand patterns would lead
to a different path of the water towards the

demand nodes and potential sensor locations.

Interpretation of the sensor reading depends

on the “known” demands.
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My message

1. Understanding demands = key in the
water cycle

2. Inorderto understand demand a
(conceptual) model is required

3. Your goal determines the required
temporal and spatial scale

4. Possible to aggregate from small scale to
larger, but not the other way around

5. Dreaming of the ideal hydraulic / demand

model
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Water demand is key

Stochastic nature of water demand

Since water use is stochastic in nature, a
model is required to help to understand what

drives the demands and how demand

influences processes on various levels.

L

% — Tue, 13 Jyne 2006 L

@) &
:U
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Water demand is key

Stochastic nature of water demand
SIMDEUM® as a model

cold psareos] | hot :—__ 4
500; : i;’ | Apartment
e 16 1m0 building
400 —— SIMDEUM |
] m
£ ﬂ\ ‘ % bl
e w Mg |
o 200 "1' 1 W‘ | h\' /,f\ \\/ N “" t ; | e
1 NG b | ;
100 ?, | (| )\‘ r .r\‘ JW"‘\ ,/ -
‘:W. A M-»l\) P S
o Tl V. : r |
0:00 6:00 12:00 18:00 24:00

time

Nursing
home
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My message

1. Understanding demands = key in the
water cycle

2. Inorderto understand demand a
(conceptual) model is required

3. Your goal determines the required
temporal and spatial scale

4. Possible to aggregate from small scale to
larger, but not the other way around

5. Dreaming of the ideal hydraulic / demand

model
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Hydraulic network models

Level of detail?

- Spatial scale

« Temporal scale

7
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— < @ 90 mm PVC
.3 100 mm AC
@ 200 mm AC

e - ) 250 mm AC

- 4

Water demand is key

100 m



Importance of temporal scale

Probability of stagnant water, laminar a

t flow

len

nd turbu




0.2

0.15

velocity (m/s)

0.1

0.05

Importance of spatial scale

Probability of stagnant water, laminar and turbulent f

0.25¢

|

1 woning (40 mm)
147 woningen (150 mm)

WWW HMM

ﬂl

vli

12 8

time (hr)

Water demand is key

ow



Water demand is key

Correlation between days / supply area

5 T T
—— Wednesday 25-Jul-2007

4 M . 3 Thursday 26-Jul-2007 |
~ I N, P 4
ME g f/ MW"\JLK\ \l\\ WO W
mo ’. B
o ¢ r/
¢ “x N

0 ‘ ‘ ’ " ‘

m,'m Oé’w 12-'00 13.'00 00'00 0 ] piffepr;?l
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Water demand is key

Correlation between days / 150 homes

—— Tuesday 13-Jun-2006
— Wednesday 14-Jun-2006

J
)
|
) |
\ J
\ v
|

0 o) VT, 1 1 1 L 1
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
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Water demand is key

Correlation between days / individual home

1000 ‘ ‘pzi)_}h
— Tue-19-Apr-2005 :

800} —— Wed-20-Apr-2005|,
= 600 I
v
o 400 % Il

Zm— ,ﬂﬂ‘l m |

v AN Ium il hesse
00:00 06:00 12:00 18:00 00:00 0 02 04 06 08

pattern 1

7 .
].\WR Woatercycle Research Institute

1



O small beach club
@  large beach club
[ | hotel
A  small home
¥  large home
0.4 c
total flow
flow hot water
0.3 -
0.2 -
0.1~ | -
S | | L
(0] 6 18 24

Hydraulic

network model:
top-down or bottom-up?

<60 mm

60-80 mm
80-105 mm
105-160 mm

] 50 mm

12
time (hr)
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Water demand is key




Zandvoort test area

Booster
« Added NadCl, 3 hours on, 20 hours off
« Measured Q
Locations 1-4
* Measured EC
* Q(location 3 only)

{WR
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Diameter Length (km)
(mm) ClI PVC

<100 1.4
100 1.3 0.6
150 34 11
180 0.4
225 1.0

total 57 35

Park:Zar



electric conductivity (mS/m)

70

From EC to travel times

loc. 1

651

60

55

= == == ]oc.2

00:00

06:00

IAY)

AN
W
T

[oN)
S

electric conductivity (mS/m)

| | - 3150 = =2 '
I I I ,I I 1.
e e L ey
e e Y o
55 ! ! ! ! ! !
03:00 04:.00 05:00 06:00 07:00 08:00 09:00 10:00
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water age (h)

water age (h)

Water demand is key

10 T 15
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8 ‘\ ..
6~ '. ...‘. ol :
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LT Y Ly °
TV YaATIIMNIT (o e o & DS
[ ] [ J
20 ° © L L ""- ﬂ. e © %
0 0
20 50
Naa8 © ’ %%
ni .
“ ° i LY ¥ 2
: ® ® 9 % Sef
10. ® [ ] ‘ L X ’Y ° ®
o I TIY L R P
o0 °
5 [ -
10
O%:OO 06;00 12;00 18;00 OOZO(D%:OO 06;00 12;00 18:00 00:00
time time



25

Top down demand allocation

].{WR Watercy
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18

Booster

erflat Friedhoffplein

water age (h)

water age (h)

Water demand is key

10

15

| Model,, (95% c.i.)
10
ModelTD (D)
® measurements
O I3 I3 0 r 3 I3
00:00 06:00 12:00 00:0000:00 06:00 12:00 18:00 00:00
time time



Water demand is key

Bottom-up demand allocation

= booster
|| = hotel

10 v v v 15

water age (h)

Demane for Selected Nodes

water age (h)

[ ] R
5L | ModelBU (95% c.i.)
10 Modelg,, (1)
® measurements
0 I3 I3 I3 O r 3 I3
00:00 06:00 12:00 18:00 00:0000:00 06:00 12:00 18:00 00:00
time time

e Fert
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My message

1. Understanding demands = key in the
water cycle

2. Inorderto understand demand a
(conceptual) model is required

3. Your goal determines the required
temporal and spatial scale

4. Possible to aggregate from small scale to
larger, but not the other way around

5. Dreaming of the ideal hydraulic / demand

model
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Water demand is key

Hydraulic network models
Effect of top-down versus bottom-up demand allocation

— < @ 90 mm PVC
@ 100 mm AC
@ 200 mm AC

top-down model

o
25 :
Q of 18 homes :
. = Q 0f 1 home o000 8:00 12:00 18:00 24:00
g
k=
o 1+
{
0.5 II | I“ | ”I ‘
0
0:00 6:00 12:00 18:00 24:00
bottom-up model

(SIMDEUM)

T 100 m
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Water demand is key

Cross correlation with incoming flow

BOTTOM-UP MODEL : TOP-DOWN MODEL

: : : cross correlation to incoming flow
cross cormrelation to incoming flow 8

——0.00.2| -
—— 0204 =5 ; /
0.40.6 | - ~ -

— 0.60.8 | ) A,
s ).8-1.0 | : :
= k \{.\.-‘
. S X \:.Q o }_,-'
S ; :3&\\ /
: "':.i‘/_‘: ; =
’\r,}\ 4
A AN
/ P E
: JR> S -
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Flow direction reversals

BOTTOM-UP MODEL

flow direction reversals

uni-directional flow
15%
25%

7 .
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35%

o

g /
o

TOP-DOWN MODEL

Water demand is key

flow direction reversals



Water demand is key

% of stangnant flow (per day)

BOTTOM-UP MODEL : TOP-DOWN MODEL

% stagnant fiow

% stagnant flow
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Water demand is key

% of laminar flow (per day)

BOTTOM-UP MODEL : TOP-DOWN MODEL

% laminar flow

% laminar flow

7
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% of turbulent flow (per day)

% turbulent fiow

TOP-DOWN MODEL

0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000s

% turbulent flow

Watercycle Research Institute
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Max flow velocities

BOTTOM-UP MODEL

0.0-0.1
0.1-0.2
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Water demand is key
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Residence tim

BOTTOM-UP MODEL
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Water demand is key
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My message

1. Understanding demands = key in the
water cycle

2. Inorderto understand demand a
(conceptual) model is required

3. Your goal determines the required
temporal and spatial scale

4. Possible to aggregate from small scale to
larger, but not the other way around

5. Dreaming of the ideal hydraulic / demand

model
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Different spatial and temporal scales
Security of supply, amounts

PRODUCTION STATION :  PUMPING STATION DEMAND PATTERNS

Time step: 1 day

220¢
200 [|
180 A l
3 by MLl
> 160 | s A
5 UV
o
140 Y V! Y V
120
100 r r r r r r r
Jan Feb Mar Apr May Jun Jul Aug

Demand: daz\%’f
week, temperature

and rain, special
1{WR Watercycle Research Institute ‘ . *

Yy W



Water demand is key

Different spatial and temporal scales
Security of supply, pressures

SKELETONIZED MODEL - ONLY TRANSPORT MAINS :  PUMPING STATION DEMAND PATTERNS

Timestep:1h /15 min

4000 .
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Sun
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Tue

|| —— Wed

% 0 1 1 1 1 1 1 1
A t 00:00 03:00 06:00 02:00 12:00 15:00 18:00 21:00 00:00

Customer information: | tijd

« annual water use
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Water demand is key

Different spatial and temporal scales

Continuity of supply

SKELETONIZED MODEL -TRANSPORTAND LARGE DISTRIBUTION
MAINS

« annual water use
« usertype: residential
/ office /hotel etc.
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Water demand is key

Different spatial and temporal scales
Water quality: water age, turbidity, regrowth, sensors

ALL PIPES MODEL : INDIVIDUAL DEMAND PATTERNS

25
- T S |
S /ﬁ
Customer information:
. usertype: residential AL 0.5
/ office /hotel etc. :
« #of people / beds 0
« Waterusing 0:
behaviour
NS —

7
I\WR Watercycle Research Institute
y W

Timestep: 1 min/10s

Q of 18 homes
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Demand pattern 00
generator +
automatic demand
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Water demand is key

Step 1: automatic model generation

ALL PIPES FROM GIS DATABASE OF MAINS
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DEMAND ALLOCATION
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Water demand is key

Step 2: zooming into appropriate level
“google earth” - taking into account all scaling laws

ADJUST SPATIAL SCALE : ADJUST DEMAND AND TEMPORAL SCALE

10
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Water demand is key

Step 3: analysis of stochastic results

PROBABILITY OF TOO LONG RESIDENCETIMES AVERAGE RESIDENCETIME AND VARIATION
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Water demand is key

And of course ...
easy to use
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My message

1. Understanding demands = key in the
water cycle

2. Inorderto understand demand a
(conceptual) model is required

3. Your goal determines the required
temporal and spatial scale

4. Possible to aggregate from small scale to
larger, but not the other way around

5. Dreaming of the ideal hydraulic / demand

model
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Nater demand is key
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