
ICAAM
INGENIERÍA CIVIL, AMBIENTAL Y ARQUITECTURA DE MICHOACÁN



NDICE



ICAAM
INGENIERÍA CIVIL, AMBIENTAL Y ARQUITECTURA DE MICHOACÁN

WWW.ICAAM.MX

CONTACTO@ICAAM.MX

UIÉNES
SOMOS

ICAAM ES UNA CONSULTORÍA MULTIDISCIPLINARIA

FUNDADA EN EL AÑO 2012 CON EL FIRME PROPÓSITO

DE RESOLVER INTEGRALMENTE LOS TEMAS DEL SECTOR

HÍDRICO Y AMBIENTAL UTILIZANDO Y DESARROLLANDO

TECNOLOGÍAS DE VANGUARDIA, LO CUAL NOS PERMITE

DISEÑAR, PROYECTAR Y CONSTRUIR INFRAESTRUCTURA

FUNCIONAL, DE BAJO COSTO, Y AMBIENTALMENTE

AMIGABLE. BUSCAMOS:



WWW.ICAAM.MX

CONTACTO@ICAAM.MX

ICAAM
INGENIERÍA CIVIL, AMBIENTAL Y ARQUITECTURA DE MICHOACÁN

Ser una empresa líder y referente a nivel nacional en ingeniería 
hidráulica, civil y ambiental reconocidos por la calidad e inno-
vación que reciben nuestros clientes mediante nuestros servi-
cios y soluciones.

ISIÓN

ISIÓN
Ofrecer servicios y conocimientos especializados en materia 

de ingeniería civil, hidráulica y ambiental con el fin de brindar 
soluciones técnicas y económicas integrando los beneficios 

del desarrollo sustentable en todos nuestros proyectos.



ICAAM
INGENIERÍA CIVIL, AMBIENTAL Y ARQUITECTURA DE MICHOACÁN

WWW.ICAAM.MX

CONTACTO@ICAAM.MX

VALORES



WWW.ICAAM.MX

CONTACTO@ ICAAM.MX
ICAAM

INGENIERÍA CIVIL, AMBIENTAL Y ARQUITECTURA DE MICHOACÁN

CAMPOS DE ACCIÓN



ROYECTOS



MODELO DE SIMULACIÓN DEL PLAN HIDRÁULICO INTERCONECTADO DEL NOROESTE (PLHINO) 
EN LA PLATAFORMA DE SIMULACIÓN WEAP (WATER EVALUATION AND PLANNING SYSTEM)

NOVIEMBRE 2009



MONITOREO PLUVIOGRÁFICO DE LA CUENCA DE COINTZIO

NOVIEMBRE 2009



HELP (HYDROLOGY FOR THE ENVIRONMENT, LIFE AND POLICY)

DICIEMBRE 2009



ESTUDIO DEL TIEMPO DE RESPUESTA EN CUENCAS PARA LA EVALUACIÓN
DEL RIESGO DE INUNDACIÓN DE ZONAS URBANAS

DICIEMBRE 2009



INTERPRETING THE SUSPENDED SEDIMENT DYNAMICS IN A MESOSCALE RIVER BASIN
OF CENTRAL MEXICO USING A NESTED WATERSHED APPROACH

NOVIEMBRE 2011

Percentage of SSC-Q
clockwise pattern to

total events

Percentage of
contribution to
sediment load

Huertitas 13% 20%

Potrerillos 33% 70%

La Cortina 5% 53%

2. STUDY AREA & DATA ACQUISITION
The Cointzio river basin (Fig.1) lies in a mountainous region undergoing heavy precipitations from June to October. Mean
annual rainfall is 770 mm with about 90% occurring during the five months of its rainy season.
A detailed monitoring of water and sediment fluxes was undertaken during 2009 wet season. The survey involved three
headwater catchments located within the Cointzio basin (Huertitas, Potrerillos and La Cortina, respectively 3.0, 12.0 and
9.3 km2), as well as the outlet of the main river basin (station of Santiago Undameo, 627 km2).
Huertitas and La Cortina sub-catchments are located in the eastern mountains of the basin, while Potrerillos lies in a
volcanic hillslope environment, in the South.
The three upland areas present distinct landforms, morphology and soil types. Because of its higher altitude, La Cortina is
underlain by andisols, rich in organic matter and with an excellent microstructure under wet conditions. It features a hilly
landscape mainly covered by corn fields and forested areas. Conversely, the major soils encountered at Huertitas and
Potrerillos are acrisols; the two sub-catchments both present a severely gullied landscape, bare and highly susceptible to
water erosion in degraded areas.

Figure 1: Cointzio river basin and its three equipped headwater catchments. Gullied area at Huertitas (photo C. Prat)

In each monitoring site, water discharge time-series were obtained from continuous water-level measurements (5-min time-
step) with a Thalimede OTT water-level gauge, and stage-discharge rating curves. At the river basin outlet, Suspended
Sediment Concentration (SSC) was estimated every 10 minutes through turbidity measurements using a WTW Visolid
sensor calibrated with data from automatic sampling.
In the three sub-catchments, SSC time-series were calculated using stage-triggered automatic water samplers. All data were
recorded using a Campbell CR800 datalogger.
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5. AN INSIGHT INTO HYSTERETIC PATTERNS

Owing to its significant contribution to sediment yields, a more accurate characterization of these particular events was
necessary. We hence intended to identify its determining factor.

Various types of dynamics were detected for the generation of hysteretic floods. Two complementary examples are presented
here. First, at Potrerillos on 1st July 2009 a multi-rise storm event was recorded (Fig. 3).

3. SEDIMENT YIELDS ESTIMATE
The first step of our analysis was to determine the sediment loads exported during 2009 rainy season (Table 1).

Table 1: Sub-catchments and catchment sediment yields recorded in 2009

Station
2009 sediment
delivery (tons)

Area (km2) Sediment yield (t.km -2.y-1)

Huertitas 2617 3.0 872

Potrerillos 7372 12.0 614

La Cortina 295 9.3 32

Santiago Undameo 27850 627.0 44

4. ANALYSIS OF STORMFLOW EVENTS
A detailed analysis of all flood events which generated a sediment response was carried out at each sub-catchment. 23 events
were recorded at La Cortina, 41 at Potrerillos and 30 at Huertitas. A factorial analysis was handled in order to determine
which parameters control sediment delivery to downstream reaches.
The factor that was found to be most correlated to SSC loads was discharge peak (Fig.2).

Figure 2: Relation between sediment yields and discharge peaks at the three headwater catchments. Black symbols
correspond to stormflow events recorded at Potrerillos, grey symbols to ones recorded at Huertitas and white symbols to ones
recorded at La Cortina. Squares correspond to storm events characterized by a SSC-Q counter-clockwise hysteresis pattern,
and triangles to events characterized by a SSC-Q clockwise hysteresis pattern. Symbol size depicts the event maximum
rainfall intensity in 5 minutes.
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Another type of dynamics was identified in our dataset. This example occurred at Huertitas on 4th September 2009 (Fig. 4):

Interpreting the suspended sediment dynamics in a mesoscale river basin of Central Mexico using a nested watershed approach
C. Duvert1,2, N. Gratiot1, J. Némery1,2, C. Prat1, R. Anguiano3, L. Collet2 and M. Esteves1

Contact: nicolas.gratiot@ird.fr (1) Laboratoire d’étude des Transferts en Hydrologie et Environnement (IRD/CNRS/INPG/UJF), Grenoble, France.   (2) Centro de Investigaciones en Ecosistemas, Universidad Nacional Autónoma de México, Morelia, Mexico.    (3) Departamento de Hidráulica, Facultad de Ingeniería Civil, UMSNH, Morelia, Mexico.

1. INTRODUCTION
The Cointzio river basin is located within the Mexican Transvolcanic Belt, in the Michoacán state. Land-use changes
undergone over last decades lead to significant erosion processes, affecting limited areas of the basin. Apart from generating
a depletion of arable land by incising small headwater areas, this important sediment delivery contributed to siltation in the
reservoir of Cointzio, situated right downstream of the basin (see poster Némery et al., H53D-0958).

In this context, the objectives of our work* were:
• to quantify sediment loss at the catchment scale in this data-scarce region, and to investigate spatial and temporal
distribution of sediment fluxes,
• to determine the main factors controlling suspended sediment generation and delivery from upland catchments to lowland
areas,
• to converge towards prediction scenarios and adapted management practices.

* This work is part of the French ANR project STREAMS as well as of the European project DESIRE.
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 Each sub-catchment has its own signature

 High ability to erosion at Potrerillos and Huertitas, ten times lower at La Cortina

 No relation between rainfall intensity and sediment loads

 No constraint was identified, neither on transport capacity (no threshold in discharge

amplitude), nor on erosion capacity

 Sediment availability is the only physical restriction. It is directly associated

with occurrence or not of degraded areas (gullies).

These results illustrate the fact that:

• sediment sources are confined to spatially-restricted areas, i.e. gullied hillslopes (only at Huertitas and Potrerillos),

• sediment fluxes are limited to temporally-restricted period, corresponding to the season affected by intense rainfalls.

Table 2: Contribution of clockwise hysteresis events
to total events and to total sediment load

 Occurrence of a clockwise hysteresis is paradoxically associated with low to moderate rainfall intensity

 It is conditioned by flood antecedents in the past hours

 Overall it is related to high sediment delivery

The first rainfall event resulted in a
relatively low flood peak associated
with a low sediment peak (counter-
clockwise pattern); this is believed to
have permitted a refilling of the
channel storage. The following storm
event, more severe, generated a much
higher sediment peak giving evidence
to channel sediment flush through
clockwise hysteresis.

Figure 3: Series of precipitation,
discharge and SSC recorded at
Potrerillos on 1/07/2009 (a).
Representation of SSC-Q hysteresis of
the first flood peak (b). Representation
of SSC-Q hysteresis of the second flood
peak (c).

In that case, the catchment responded
to a first precipitation input by high
discharge peak; this in turns enabled
a direct transit of sediments from
eroded hillslopes until the headwater
outlet. The subsequent sediment
peak, much reduced, is the
illustration of pronounced exhaustion
effect in the channel.

Figure 4: Series of precipitation,
discharge and SSC recorded at
Huertitas on 4/09/2009 (a).
Representation of SSC-Q hysteresis
of the first flood peak (b).
Representation of SSC-Q hysteresis
of the second flood peak (c).

6. CONCLUSIONS
The sediment yields of a mesoscale basin as well as of three of its headwater sub-catchments were estimated for year 2009. The value of 44 t.km-2.yr-1 is rather low for a river basin whose area ranges under 1000 km2. Likewise, values under 1000 t.km-2.yr-1 for
headwater areas are low in comparison with many works achieved throughout the world (Milliman and Syvitski, 1992). However, it is worth keeping in mind that sediment generation and delivery in Cointzio is very limited in time and space, therefore its impacts
on the local environment remain severe.

We also highlighted the fact that sediment availability was the main factor controlling suspended sediment transport along the river basin. The major suppliers of sediment to the river network are the gullied areas present in various parts of Cointzio. Rapid
succession of rainfall-runoff events may also be a cause for exportation of high volumes of sediment downstream.

A number of issues still have to be investigated, including the need of a better resolution in rainfall data, the improved understanding of transfer processes and their extrapolation to catchment scale. To that purpose, a complementary study was undertaken in
Cointzio using radionuclide tracing methods for the precise delineation of sediment sources (see poster Evrard et al., EP51B-0585).

Results presented here will be implemented into a DHSVM model, with the objective of modeling sediment and nutrient transfer processes within the river basin, as well as providing long-term predictions.
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Suspended sediment yields recorded at
Huertitas (≈870 t.km-2) and Potrerillos
(≈610 t.km-2) are much higher than at La
Cortina (≈30 t.km-2). The total suspended
sediment export is approximately of 45 t.km-2

at the outlet. At sub-catchment scale, about
95% of sediment delivery occurred between
May and October.

A particular attention was paid to SSC-Q hysteretic patterns. Both
clockwise (sediment peak leading discharge peak, related to an
internal sediment delivery) and anti-clockwise hysteresis (related
to a sediment supply from hillslopes) were found at the three sub-
catchments, but clockwise hysteresis represents a minority of
sampled events (Table 2). However, its contribution to total
sediment load in each sub-basin is considerable. SSC-Q clockwise
hysteresis pattern was clearly related to high flood peaks, high
sediment peaks (triangles in Fig.2), but more surprisingly to low
rainfall intensities.
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