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El escenario, llamado nimero |, consta de las siguientes consideraciones:

1.- Capa de ceniza: 22 cm en las dos cuencas, considerado el evento eruptivo de 980 aAP.
Carga de ceniza que puede ser arrastrada: 30% para Rumipamba y 20% para Rumiurcu.

2.- Carga o lamina de agua: se adopta una tormenta con periodo de retorno de 50 arfios, y se
basa en datos hidrolégicos suministrados por el Proyecto Sishilad (estacion La Chorrera).

3.- Coeficiente de escorrentia: 80%, definido para toda la cuenca.

4.- Carga o volumen de escombros, calculados de acuerdo a las caracteristicas propias de
geometria y estabilidad de taludes y pendientes en cada cauce.

ESCENARIO Il

El escenario, llamado numero ll, consta de las siguientes consideraciones:

1.- Capa de ceniza: 4 cm en las dos cuencas, considerado el evento eruptivo de 1660 DC.
Carga de ceniza que puede ser arrastrada: 30% para Rumipamba y 20% para Rumiurcu.

2.- Carga o lamina de agua: se adopta una tormenta con periodo de retorno de 2 afos, y se
basa en datos hidrolégicos suministrados por el Proyecto Sishilad (estacién La Chorrera).

3.- Coeficiente de escorrentia: 30%, definido para toda la cuenca.

4.- Carga o volumen de escombros, calculados de acuerdo a las caracteristicas propias de
geometria y estabilidad de taludes y pendientes en cada cauce.

ESCENARIQO I

El escenario, llamado numero lll, consta de las siguientes consideraciones:

1.- Capa de ceniza: 4 cm en las dos cuencas, considerado el evento eruptivo de 1660 DC.
Carga de ceniza que puede ser arrastrada: 30% para Rumipamba y 20% para Rumiurcu.

2.- Carga o lamina de agua: se adopta una tormenta con periodo de retorno de 2 afos, y se
basa en datos hidrologicos suministrados por el Proyecto Sishilad (estacién La Chorrera).

3.- Coeficiente de escorrentia: 30%, definido para toda la cuenca.

4.- Carga o volumen de escombros: no presentes en este escenario.
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Espesor y porcentaje de ceniza que podria movilizarse

10 *

AREA |PEND| Esp. ceniza T= 2 afios T ='2 afios T = 50 afios
Coef. de escurr. > 15% | 18% | 15% | 30% | 30% | 30% | 80% | 60% | 45%
Caida de ceniza > 980aa | 1660 |980aa| 1660 | 121660 |980aa| 1660 |%41660 980aa | 1660 |'41660
N° QUEBRADA (km2)| % cm cm |c20cm| cScm | c2cm |c20cm| ¢Scm | c2em | ¢20em| c5cm | c2em
1 |Carniceria (Rancho) 543 | 12.2 12 3 10 15 20 15 20 30 20 30 40
2 |San Antonio 1.79 | 151 12 2.5 10 15 20 15 20 30 20 30 40
3 |Grande (San José) 29 | 15.2 13 a3 10 15 20 (= 20 30 20 30 40
4 |Singuna (Chiriyacu) 7.4 | 17.7 18 4 15 20 25 20 30 40 30 40 S0
5 |Rumiurcu 111|186 22 4 10 15 20 15 20 30 20 30 40
6 |Bellavista (Sabanilla) 062 | 216 13 2.5 50 55 60 60 70 80 70 80 90
7 |Lea 0.27 | 278 13 2.5 50 55 60 60 70 80 70 80 90
8 |Atucucho 214 | 273 16 e 15 20 25 20 30 40 30 40 S0
9 |Pulida Grande 246 | 26.8 17 3.5 15 20 25 20 30 40 30 40 50
10 |La Posta 0.29 | 19.2 13 2.5 30 40 50 40 60 70 50 70 90
11 [Pulida Chico (Habas C) | 3.29 | 224 19 4 15 20 25 20 30 40 30 40 50
12 |Sn Lorenzo 0.61 | 22.2 15 3 15 20 25 20 30 40 30 40 50
13 |Sn. Juan (Delicias) 046 | 162 | 14 3 | 15| 20| 25 | 20 | 30 | 40 | 30 | 40 | 50 |
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Department of Hydraulics and

Water Resources. UNISIG.

Quito Metropolitan District.
Planning Department.
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Resultados de la modelisacién numérica bidimensional (FLO-2D)
Quebrada RUMIPAMBA (salida), pixel 5mx5m, escenario |

Alturas maximas de flujo

Floodplain
Maximum
Flow Depths

Depth Legend

11, £ mCeTHE
2.5 < poeTH < 10,
9.1 < oCcPTR € 5.5
1.5 < ocera < 5.0
.8 < oceTR < 1.5
1.5< mceTR < 1.0
1.8 < pcerA< 1.5
E.5< scrra < 1.0
E.§ < PCPTE £ B.5
5.5< mcPTE < .1
50 < pceTR < 5.5
1.5< mera < 5.1
1.8 < e < 1.5
3.5< oceTR < 1.1
3.8 < ocPTH € 3.5
1.5 < pzeTRE < 2.0
i< EPrE < 1.5
1.%< poera < 1.1
1.1 < pcPTB < 1.5
1.5 < smeTB < 1.1
TOL < MCPTH < 1.5
OCFTE < TOL
2945
2940

2935




Modelacion Numérica Bidimensional (FLO-2D)
Quebrada RUMIPAMBA

. Escenario 1
g g ~U0g

%%D G[{G@&%%V%ﬂﬂﬂ%@%]%? é} Resolucién 35 * 35 (m)

)z A&Dﬁ%i[}w@ﬁﬁgmm@@

\y /"‘\» 57 : [EUDQ CQ:QDU Profundidad de Flujo

.5 < calado < 1
1 < calado < 1.5
.5 < calado < 2
< calado < 2.5
.5 < calado < 3
[ 3 <calado<35

B 3.5 < calado

@g% ] calado < tol
/FUE:S c:;‘|a<0ca|adc,o <05
SIS

N

A

J. Barahona - B. Ibarra
1998 - 02 - 01

0 0.9 1.8 2.7 3.6 Kilometers
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Espesor de ceniza (h)

Porcentaje de finos (d)

Diémetro representativo (D)

A
<

Densidad de ceniza (p)

II
II
I 'I

Peso especifico ceniza  (y,)

l

Viscosidad mezcla (p)

Tension superficial (o)

=)
=

i il
[N %)
l

Esfuerzo cortante (1)

II
I

Velocidad de inicio (V)

U

-4

Coeficiente de escurrimiento (C)

—
l
-
. — [
- [y

Pendiente del terreno ~ (J;)

¢ (= <
Fenr) f=) fa) f) ¢
) — o -

Angulo reposo de ceniza (J,)

Tiempo de disparo (t)

=) =)
< -

Tabla 2.5: Variables y sus dimensiones
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atastrophic debri exg justpafteisan
seruption ASH has*higMwater absorption capacity.
_Firstrains will saturate aer‘compact the ash. Long term
raihfall of low intensity may cause redistribution of the
ash. Strong * nossible debris-

«mudflows.

 During tests ent of as een. Just fine soill
movement durip rainfalls

e Movement of def | 5t ontinuous but
mtermlttent\é'ﬁ!d‘. -do not fail. Ash is

e After fine 50|__ [ e oﬂerosmn chumminess
appeatr. -
* Vegetation anchors the 50|I above it and it does not allow

~to flow.
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atellite iImage of the study area
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Models used

NWS — FLDWAV. 1-D NON PERMANENT
FLOW SIMULATION.

HYDROLOGIC ENGINEERING CENTER.
HEC-RAS: PERMANENT FREE
SURFACE ONE-DIMENSION
GRADUALLY VARIED FLOW

Hazard analysis
Vulnerabllity analysis for the system
Risk analysis



Determi

Objectives
ne volcanic MDF depths and velocities for

the june 1877 event (Calib.). Hazard maps.

Run calibrated HEC-RAS & FLDWAYV for 3
scenarios: LOW, MEDIUM, HISTORICAL.

Find de
potab

oth and velocity values in EMAAP-Q
e water infrastructure for Quito (intake,

aquec

ucts, populated areas).

Design alternatives works to prevent cutting water

to the

City of Quito In case of an eruption.

Divide the northern draining system into hydraulic
branches to solve the discontinuity given by

water

falls.



Drenaje Norte del Volcan Cotopaxi

Northern
drainage of the FEEEEEEEE
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Hazard map and EMAAP-Q
Infraestructure.

THREE LARGE POTABLE WATER
SUPPLY SUSTEMS FOR QUITO

1.- PITA-TAMBO SYSTEM

2.- LA MICA SYSTEM

3.- PAPALLACTA SYSTEM




Calibration
and
scenarios
results

Resultados finales para los cuatro escenarios

Modelo: HEC RAS 3.0
Flujo: Flujo gradualnente variado
Modelador: | Xavier Coello
Revisor: Rerrigio Galarraga S.
Fecha: Junio 02/2004
Nivel
Nivel Nivel
Seccion |Seccion| Esc. | Esc. | Nvelde| Nvel o Esc.
Tramo | orrpo |modelo|  Bajo | Medio | S2TPC | Calibracion | Antiguo-
™ ™ (m) m) Historico
(m)
11 6 1100 10.12 14.34 28 27.64 29.40
7 1000 15.59 17.91 22 20.41 22.79
1.2 8 950 9.06 11.79 15.65 20.62
9 930 9.11 13.71 20 20.13 29.77
10 900 11.12 15.52 19 20.14 26.52
11 850 9.92 14.10 24 20.79 3144
1.3 13 800 13.90 | 23.48 338 37.45 42.78
14 700 10.42 22.31 36 29.97 43.64
21 17 600 20.23 25.40 31 3177 39049
19 500 1641 | 24.36 37 36.03 53.25
22 20 400 16.93 | 20.48 27 26.43 37.55
21 300 14.02 | 19.20 37 35.47 58.26
22 200 17.02 25.43 27 27.64 33.23
2.3 24 150 7.93 11.27 18 17.00 21.64
3 25 1000* 8.71 12.05 15 16.52 22.20
27 800* 6.59 9.81 11 14.74 19.77
28 700* 8.97 12.21 15 17.67 27.64
29 600" 6.94 9.98 10 14.08 19.60
30 500* 7.25 9.82 18.84
3R2 300* 6.95 8.4 12 11.78 16.37
3 200 5.48 7.59 13 10.4 14.71
34 100* 6.42 8.82 12 11.64 15.74
4 37 110 8.75 12.20 20 17.11 23.68
35 100 9.87 13.81 17 17.35 271
36 98 1326 | 16.39 25 21.08 29.10
39 95.5 10.72 | 15.84 15 21.26 27.21
38 P2 7.26 11.13 12 18.28 27.39
40 &4 7.62 11.82 18 17.70 26.08
41 82 6.79 9.56 10 13.83 19.00
42 75 8.76 12.58 18 18.24 26.65
43 69 9.59 12.06 18 16.56 24.94
45 58 8.17 11.85 15 17.11 25.10
46 55 10.58 14.47 17 190.42 26.06
47 52 11.10 14.21 20 19.30 31.03
51 1100 10 7.11 9.33 13 11.94 15.36
1200 6 6.52 7.35 11 8.62 10.81




Cross sections
defined In the
study area from
the volcano till
the
surroundings of
the Tumbaco
and Los Chillos
valley.




MAPA DE AMENAZA VOLCAN COTOPAXI - FLANCO NORTE
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MAPA DE AMENAZA VOLCAN COTOPAXI - FLANCO NORTE
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HIGEODES

Hydrogeodynamic &
Antropogenic
Disaster
Prevention
Research Center

It is a technology transfer and
development research center, created
by the National Technology Transfer
Law, which allows universities to
create TTC with economical,
administrative and financial autonomy.

‘
HIGLO

CENTRO DE INVESTIGACIONES ¥
ESTUDIOS PARA LA PREVENCION -

DE DESASTRES HIDROGEODINAMICOS -

Y ANTROPICOS

el
EN T s

Lo G UL

POLITEGNIGH
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HIGEODES

 \Why a research center on disasters?

Ecuador faces a high vulnerabllity towards the
occurrence of natural and anthropogenic
disasters (volcanic origin, debris- mudflows,
landslides, floods, oil spills) and therefore it is
necessary to undertake necessary actions
towards studying and investigating trigger
mechanisms, and prevention and mitigation
measures for our own economical conditions.



HIGEODES

e Fields of action:

DMF hazard mapping. ldentify, design &
evaluate prevention and mitigation
measures. DMF-flooding- surface /
subsurface water- contaminant transport
mathematical and physical modeling.

Landslides and slope stability analysis.
Sismogeothecnic & landslide zoning



HIGEODES

Real-time early warning systems
Seismic engineering
GIS applied to disaster prevention Eng.

Watershed management
Environmental impact assessment.
Environmental pollution control
Climate change research.



Department of Hydraulics and Water
Resources — EPN and HIGEODES

e Main projects:
Geology, geodynamic, hydrometeorology and DMF hazard
studies in the southern slopes of western Quito. Phase 1.

Landslide stabilization studies in the Guazuntos area,
Chimborazo Prov.

DMF mathematical modeling & hazard zoning in western
Quito.

Seismic, landslide, hydrometeorologic hazard zoning in
Bahia de Caraquez, Manabi Prov.

DMF Early warning system in the eastern slopes of the
Pichincha massiff, western Quito.



Department of Hydraulics and Water
Resources — EPN and HIGEODES

Alternative designs of the Ecuadorian Oll Pipeline
System — SOTE - between Papallacta & Baeza.
Petrotransporte.

Disaster prevention countermeasures in the rivers
Marker, Montana and Reventador.
Petrotransporte.

Alternative designs for the Quito Metropolitan
Potable Water System due to a possible
eruption of the Cotopaxi volcano. EMAAP-Q.
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