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Manejo del sistema de agua y desagues de Lima

[ Escenarios

O Como podrian ser desarollos futuros de Lima?

3 Objectivos

3 A que gueremos que llegar?

O Medidas posibles

O Cuales opciones hay?

3 -> Preparando decisiones



Aguas y desagues en Lima Metropolitana
Medidas posibles

O Infraestructura

O Reduccion de perdidas en la red

O Reduccion conexiones cladestinas

O Mas reservorios en los Andes

O (Sobre)explotar aguas subterraneas

O Plantas para desalinizacion

O Reuso de aguas residuales (tratadas)

O Plantas de tratamento de aguas residuales
O Connexion de mas gente a la red de agua potable
O Reduccion del consumo

O Equipo para ahorrar agua

O Campanas “Ahorrar agua”

O Micromedicion

3 4 muchos mas ...



Qué es “LiWatool”?

O Simulador para simular el sistema de agua en manera muy
coneptual

O Cubriendo todo del sistema de agua y aguas residuales de Lima
O Desarollado por el instituto ifak, muy flexible
0 Basado en la modelacion del redes de procesos y recursos
O Bloques para las partes del sistema
3 (p.e. pozos, red, distritos, PTAR, ...)

3 Ecuaciones lineales y non-lineales



LiWatool — Simulacion de los escenarios
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LiWatool
“Mas detallado”
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Ejemplo: Representacion por GoogleEarth




LiWatool
“Mas detallado”
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LiWatool — Simulacion de los escenarios — Paso 1

Sc
Climate stress \ 1e:

Config. no. 10 Config r

bf government:

enario A
ets governance disaster

0.3 Config. no. 2

Config. no. 6

Scenario B1:
The tragedy of isolated measures:
Lone fighter catchment management

Config. no. 13 Config. no. 9

Scenario B2
The tragedy of isolated measures:
Lone fighter private water company

Scenario C

The opportunities of mesoscale actors

Scenario D

Climate resilience by
governance
Config. no. 5 Config.no. 7 Config. no. 4 Config. no. 11 Config. no. 15 Config. no. 14 Config. no. 14 Config, no. 12 Config. no. 8 Config. no. 1
A Form of governme A Form of government: ‘A Form of government: A Formof government:
A2 Government withdlt decision pow er and vision e A2 Government without decision pow er and vision A2 Government without decision pow er and vision CRCT L R s
D Delbography: D Demography: D Demography’ D Demography: D Derography:
DL Hgh potglamn growth D1 High population grow th D1 High popuiation grow th D1 igh population grow th D3 Low population growth
E Urbafipoverty: E Urban poverty: E Urban poverty: E Urban poverty: E Urban poverty:
E1 ncreadhg poverty EL Increasing poverty EL Increasing poverty EL Increasing poverty £3 Decreasing poverty
G Water netfl orklosses: G Water network osses: G Water netw ork losses G Water networklosses:
GL increasing walf networklosses G1 Increasing water network osses Gl Increasing water netw ork losses
TForm of urbanfevelopment IForm of urban development:
12 Gity without uban planning find with few green areas

J Coverage of the Water netw ork:

12 Gty without uban planning and with few’
areen areas

1Form of urban development:

G1 Increasing water netw ork losses

G Water netw ork losses:

G2 Decreasing water netw ork losses

J Coverage of the water netw ork:

J1 Decreasing

12 Gty without uban planning and with few green areas

1FForm of urban development:

12 Gity without uban planning and with few green areas

1Form of urban development
11 City with protection of valleys and

Definicion de los escenarios

areen areas
J Coverage of
J Coverage of the water network: the water J Coverage of the water network: J Coverage of the water netw ork:
netw ork:
cdyerage rate 1 Decreasing coverage rate 1 Decreasing coverage rate b ez J2 Constant coverage rate 3 Increasing coverage rate
coverage rate
B Form of wateffompany: B Form of water company: B Form of water company: B Form of water company: B Form of water company:
lc ithe th fi
ANV | B3 Public without autonomy fromthe o1 Private o1 Private B2 Public with autonomy fromthe
government government
CWater and wastely ater tariffs: CWater and wastewater tariffs: CWater and wastew ater tarifs: CWater and wastewater tariffs: CWater and wastew ater tariffs:
C1 Reduced (non costffovering) tariffs C1 Reduced (non cost-covering) tariffs €2 Cost-covering tariffs 2 Cost-covering tariffs C2 Cost-covering tariffs
F Water consumption per capita F Water F Water consumption per F Water consumption per capita
7 dm’;‘;m) per capi consumption per F Water consumption per capita (domestic): S W:;ﬂc) P F Water consumption per capita (domestic): F Water consumption per capita (domestic): (dm’;‘;“c) (TR
capita (domestic):
F2 Stagnant w ater
3 Decreasing water consumption per F2 Stagnant w ater F3 Decreasing water consumption per
F3 Decreasin ater const tion per capita F3 Decreasin ater const tion per capita F3 Decreasing ater const tion per capita b
capta R A AT 2162 consumpton pr capta N L GO TR 21 G o
H Catchment malfagement H Catchment managermen. H Catchment management: H Catchment management: H Catchment management
Hz Management depending on the glfvernment w ithout integration HL Integrated and participatory management H depending on the H Integrated and participatory management ELeurtedand paicetny)
K Wastew ater treairfent and reuse: K Wastewater treatment| K Wastew ater K Wastew ater treatment and reuse: [ = K Wastew ater reatment and reuse: K Wastew ater treatment and reuse:
and reuse: treatment and reuse: and reuse:
) atme K2 Treatment of 95% wilh reuse of 20 to
K1 Treatment of 95% [ th reuse of 5% K2 Treaiment of 95% |K1 Treatment of 85% K1 Treatment of 95% with reuse of 5% K2 Treatment of 95% K2 Treatment of 95% with reuse of 20 t0 40%
with reuse of 20 10 40% | with reuse of 5% |with reuse of 20 to 40%
L Water supply [L Water supply
L Water supply (infrastructure):  fl| L Water supply (infrastructure) ;ﬂ‘::’::r'usc‘::g ;n"”v::r'usc‘::z)’: L Water supply (infrastructure); L Water supply (infrastructure): L Water supply L Water supply (infrastructure);
L2 Water
L2 Water supply as in 2010 L2 Water supply as in | L1 Increasing water supply asin | L1 ncreasing
L3 Decreasing water supply e s = L2 Water supply as in 2010 (constant) L3 Decreasing water supply L3 Decreasing water supply fsdiy e L1 Increasing water supply
(constant)
Mimpacts of climate MImpacts of cimate Mimpacts of cimate] M impacts of
frpacts of climate change Mimpacts of climate change ) ) o ) o
~change o s i —— Mimpacts of ciimate change (inflow Avulnerabilty/risk): change Mimpacts of climate change (inflow vulnerabilty/risk): change cimete change
(inflow vuinerabilty/ri
B0Ey sy Excessive inflow (flooding) M3 Low inflow (severe droughts) M1 Excessive inflow (flooding) ey iy (e M3 Low inflow (severe droughts) 9y Ty NBECEETY
(severe droughts) droughts) (severe droughts) | inflow without risk
Szenario Numb
1 2 3 a4 5 6 7 8
(used for calculation)
A Bl B2 C D
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LiWatool — Simulacion de los escenarios — Paso 2

Descriptor "C" - Tariffs
PEMN/m3 % p.a. bis
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cl cl
224 2036007
224 2097087
2,24 2,
23072 222,
2376416 2 2915
244770848 2 360290
252113973 2431099
2 59677393 25040
267467714 2 579152
275491746 2 B5BS2T!
283756498 2 736223
292269193 2818310
301037269 2 902859
310068387 2 989945
319370439 3,079643!
3,28951552 3172032
3,38820098 3,267193

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2007
2018
2019
2020
2021
2022
2023

Descriptor "D" - Pofulation
| ]

d0

8482619
6609386
8736152
8862919
8989686
9116452
9243219
9369985
9496752
9620916
9746336
9873058
10001125
10130585
10255118
10380736
10507471

2

8482619
8652271
8825317
9001823
9181860
9365497
9552807
9743863
9938740
10137515
10340265
10547071
10758012
10973172
11192636
11416488
11644818

8482619
6609858
8733006
8870091
9003143
9138130
9275263
9414392
9555607
9698942
9844426
9992092
10141973
10234103
10448515
10594794
10743121

Cuantificacion de los descriptores:

Ejemplo: Descriptor ,D”
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Descriptor D — Crescimiento poblacional
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4000000
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0
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LiWatool — Simulacion de los escenarios — Paso 3

Todos los Rios

Bocatomas Rimac
Rio Rimac PTAP La Atarjea etc.

Parques y Agricultura

Canales
PTARs_secundarios  Efluente PTARs

Descargas

Coleclores_para_PTA\RE_I_ARSJ”marias Oceano Pacifico

Bocatomas Chillon
PTAP Chillon etc. Red distribucion Red_Pqt

Colectores Primarios

Colectores_cuerpo receptor

Lima Metropolitana

Bocatomas Lurin

Pozos aguas subterraneas Camiones

Componiendo el modelo por LiWatool
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LiWatool — Simulacion de los escenarios — Paso 4

488324.39
331103.65
Todos los Rios
po58665.76 157034137 \ 157034137
Bocatomas Rimac 4
PTAPTa Atarjea etc.
69067.35
E340304 102926.75 102926.75 1995477.95
Bocatomas Chillon | 1926410.6
Red dTstBacion
388000 388000
Bocatomas Lurin
822209.82

@ 47945.04

Pozos aguas subterraneas Camiones

Simulacion

Unos de los resultados: diagrama Sankey
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1140601.7

Lima Metropolitana

708167.82

Colectores

66826.33
517675 1321920 .
314040.08 262272.59 =i Parques y Agricultura
anales
i Efluente PTARs
PTARs_secundarios 1570991.94
1622759.43
308719.35 1308719.35
Colectores_para_PTAR}s}TAR Oceano Pacifico
60483.45
85408.39
Hfmarios 24924.94

Colectores_cuerpo receptor




LiWatool — Simulacion de los escenarios — Paso 4

B Figure 1: Lima Metropolitana t
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. Figure 10: Ingressa por tarifas [PEN]
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Ejemplo: Un escenario de alto crecimiento de tarifas
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LiWatool

Nuevo modulo de Simulacion

O Tiene mas opciones de definir formulas y relaciones

O Mas opciones del output de diagramas Sankey y series de tiempo

O Tambiéen desarollado por ifak

O Estamos en proceso de conversion; Luego: talleres

¥ {iwaTool t1

SRR X

File Edit Tools
2000 |12 [

0 [ [[5¢ )| Monitor [ gpi | Pt |

sourceCW
SNO3
D 1o
ssssss ww [
Res
- Selected..
sourceWW1

pipe

Time-series Parameter GIS Simulation Results Help

jamr3/d =/ )€ | M4 4 2011

34

loopBraaker

oD 4
> = /

pipe2 » .

,,Z i —

quarter’

1

14 0 2 2

t(d]

Eﬂhﬂxlul*‘{ K

|

Console | Results ] Block library ‘

Block list:
sourceCW
sourceWw
sourceWw1i
loopBreaker
pipe

multi
quarterl
pipe2

quarter

WW _coliector
treatment
Initialise simulator object ..
done.
reltol=0.001

Algebraic lcops are present, nAlg=16.

Algebraic Solver=IteratorDamped
step 2003

step 2005

step 2007

step 2009

step 2011

Simulation done , t=2581ms.
Alg. fns. calls=13

n_dxfun=0

n_yfun=12

n_algfun=166

Calulate maximum mass flows..done.

completed

o
™
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Lima y Callao 2040 - Escenario D “Resiliencia al clima por medio de la gobernanza” ...
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Escenario D: Ingresopor tarifas
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El instituto ifak de Magdeburgo —
Departamiento “Informatica Ambiental®

Modelacion y simulacion para el disefio, planeamiento y operacion

Off-line and on-line simulacion y control e T s e I
Redes de alcatarillado, PTAR, Rios oM M o L C oo =
Programa de Simulacién SIMBA ;jfl‘_ff;'jﬂw = m— s S S

para redes de alcantarillado, PTAR, rios = 'L g

Modelacion, procesamiento y transferencia de datos
Organizaciones nacionales e internacionales: IWA, DWA, VDI, ...

= Implementacion y clientes entre ellos:
- PTAR Magdeburgo, asi como otras PTAR
- Control de redes de alcantarillado: Magdeburgo,
Interceptor ,Emscher”
- Grandes autoridades ,Ruhr®, ,Wupper®, ,Emscher”

- Consultoria en estos temas liwa




