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Abstract. Portuguese regulation classifies large dams in three classes according to the 

risk in the downstream valley. To Class 1 dams, corresponding to the maximum risk, an 

Internal Emergency action Plan (IEP) relative to the reservoir and to the near area of 

the downstream valley is demanded to dam owners. The information contained in the IEP 

constitutes the main guidelines to dam owner when facing adverse situations which may 

cause consequences to the dam itself and to the downstream valley. Odelouca dam in 

Algarve, recently built, is a 76 m high earthen dam with a storage volume of 157 hm
3
. An 

internal emergency plan was established to the first 17 km downstream the dam where 

about 110 persons lives. The elaboration of IEP for Odelouca dam followed novel 

directives from national civil protection authorities and it was based on two important 

premises: i) an adequate valley characterization based on an intensive valley survey and, 

ii) a solid numerical simulation of flood in case of dam break made with up-to-date 

physical based breaching and wave propagating models, RoDaB and STAV. In the 

present communication we present the key directives followed in the valley survey, the 

numerical modeling of the dam breaching and consequent flood, extracts of the flood risk 

maps and the main features of the action plan. 

1 INTRODUCTION 

The presence of a dam induces an additional risk in the valley due to the immense 
destructive potential of the volume of water stored in the reservoir. Although associated 
to a low probability of occurrence, the devastating consequences justify the concerns of 
the authorities and the amount of research still performed on dam accidents modeling 
(i.e. actions led by ICOLD - International Committee On Large Dams and such other 
research workgroups as CADAM 20001, RESCDAM 20012 and IMPACT 20053). 
Relevant guidelines and legislation have been produced in Europe and USA as a result of 
the increasing focus on dam safety issues led by national institutions (cf. Rodrigues et al. 
20024, Dinçergök 20075 and Wieland and Mueller 20086). 
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In 1990, Portuguese regulation imposed dam break studies to all new and existing 
structures including the execution of flooding maps. New Portuguese Dam Safety 
Regulation, published in 2007, imposes the classification of dams in three classes 
according to the effective risk in the downstream valley, namely in what concerns life 
loss and damage due to a dam break originated flood wave (Pinheiro et al., 20107). To 
Class 1 dams, corresponding to the maximum risk, an Internal Emergency action Plan 
(IEP) is demanded to dam owners to be implemented under the supervision of national 
Authority for dams (Instituto da Água, I.P. – INAG).  

The main objective of an IEP is to frame and guide the actions to be taken by dam 
owners facing adverse situations which may cause consequences to the dam itself and to 
the downstream valley (INAG, 20018). The previewed actions must warrant an efficient 
human response under difficult and stressing situations. IEP contemplates preparedness 
to flood situations related to dam break accidents or resulting from extraordinary natural 
floods through the spillway. Although the recent guidelines (ANPC & INAG, 20099) and 
publications (Viseu and Silva, 200410 and Viseu & Almeida, 200111) defining the general 
outline of a dam IEP, no definite paradigm exists in Portugal yet (for instance, a model is 
advised by US Interagency Committee On Dam Safety to assure consistency and 
uniformity of dams IEPs). 

Dams IEPs include aspects related to the safety of the dam itself, of the reservoir and 
of the near area of the downstream valley, where no external means of rescue are 
considered and the safety of the people depend on their own preparedness and on an 
adequate warning system (herein called self-awareness area), contributing to the efficacy 
of dam emergency planning (Viseu & Almeida, 200111). The responsible for the 
implementation of the IEP is the dam owner, namely the so-called IEP Director. 
According to national civil protection guidelines, the downstream section of this near 
area corresponds either to the distance travelled by the dam break wave during 30 
minutes or to the downstream distance of 5 km to the dam (ANPC & INAG, 20099).  

 

Figure 1: Odelouca dam under construction in the spring of 2009 – upstream slope. 

In the present communication we present the general guidelines and the main aspects 
followed during the completion of the Internal Emergency action Plan of Odelouca dam 
(cf. Franca et al., 201012, Gamboa et al., 201013 and Ferreira et al. 201014). Odelouca 
dam (Fig. 1), in Algarve, is a 76 m high earthen dam with a storage volume of 157 hm3. 
Given the occupation of the valley the dam was classified as Class 1 and subjected to 
IEP. An internal emergency plan was established to the first 17 km downstream the dam 
where about 110 persons lives. The elaboration of IEP for Odelouca dam followed novel 
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directives from national civil protection authorities and it was based on two important 
premises: i) an adequate valley characterization based on an intensive valley survey and, 
ii) a solid numerical simulation of flood in case of dam break made with up-to-date 
physical based breaching and wave propagating models. The dambreak flood propagation 
included the estuary of river Arade and an important river confluence where extra 
modeling complexities exist. 

The plan was established, implemented in the field and approved by the Authority in 
2009 and may be considered a state of the art IEP, following the most recent national and 
international directives. 

Following the present introduction, the structure of the plan is presented. 
Subsequently, the main guidelines followed in the valley characterization are described. 
The numerical modeling of the dam break flood is then explained which was based on 
breaching and wave propagating models, RoDaB and STAV. The methodology to 
implementation of the flooding map is described as well as the spatial range of the IEP 
and the dam classification as a function of the risk downstream the dam. The main 
guidelines of the action plan are described with examples and the warning system is 
briefly presented. Finally, the mains highlights of the plan are drawn. 

2 STRUCTURE OF THE PLAN 

The structure of the Internal Emergency action Plan for Odelouca dam followed the 
indication of Portuguese regulation and included three volumes (cf. Fig. 2): i) the main 
text where an explanation and justification of the options adopted are given, ii) one 
appendix with data used on the elaboration of the plan and, finally iii) one operational 
appendix where the main criteria, actions and responses are defined. 

 

Figure 2: Organization of the Internal Emergency action Plan for Odelouca dam. 

The main text contains four sections: framework (1), where the IEP is contextualized 
within regional and national authorities, the main responsibilities are established, the 
dam, catchment basin, reservoir and valley are characterized, the monitoring system of 
the dam is described and the modeling leading to the dam break flood definition is 
explained; action plan (2), where the emergency levels criteria, the command chain, the 
anomalies detection and consequent response are described; warning system (3), where 
its operational features are described; and, one section devoted to plan management (4), 
including implementation, continuous assessment, maintenance and updating. 
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The so-called data appendix contains a photographic survey (A1) of the main features 
of the dam and valley, a file with the main dam characteristics (A2), the output from dam 
break modeling (A3), characterizing files (A4) to all the edification in the near-valley 
area within the IEP influence and the field survey (A5) with the main physical 
characteristics of the valley concerning flood modeling purposes. The operational 
appendix contains notification and interaction diagrams (A6) between the elements on 
the plan, a list of criteria (A7) pertaining the decision on the emergency level, a list of the 
preventive and mitigating actions (A8) concerning possible anomalies, the contacts of the 
elements of the plan (A9), a list of means and resources (A10) belonging to the dam 
owner, including their description and location, that may be used on emergency, the 
description of the warning system (A11), the contacts of the inhabitants within the valley 
(A12) that are affected by the potential flood, templates to notification reports (A13) and 
emergency declarations (A14). The main body text and the first appendix contain data 
useful to understand the plan and to comprehend the options made on this, whereas the 
operational appendix represents the main document to be used under emergency 
situations containing the most useful and practical information. Two maps are part of 
IEP, one containing the location of the dam and downstream valley regional on a national 
and regional context, and a second one containing the inundation map in case of dam 
break and the implementation of the equipment of the warning system in the downstream 
valley. These are included in the main text although they shall be detached, copied and 
placed in strategic points from a safety point of view. 

3 CHARACTERIZAÇÃO OF THE VALLEY 

3.1 General characterization 

The downstream valley (Fig. 3) was characterized in terms of demography, land 
occupation, economic activities and infrastructures. In terms of demography the 2001 
national census complemented by field work was used; settlements were characterized in 
terms of number of inhabitants and distribution of the houses in the territory. The use of 
the soil was assessed as well in order to estimate potential presence of dwellers during a 
flooding event. The area was characterized in terms of economic activities, namely in 
what concerns the main economic sectors which reflect the occupation of the valley 
(permanent/temporary) and the type of response of dwellers to emergency situations and 
the costs of a potential dam accident. All main infrastructures in the valley were 
assessed, i.e. roads and rural paths, bridges and culverts, electric cables, power stations 
and telecommunications lines.  
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Figure 3: Overview of the downstream valley at a) 2.0 km, b) 3.5 km, c) 7.5 and d) 17.0 km from the 

dam. The last section corresponds to the downstream limit of the IEP. 

3.2 Detailed survey 

The methodological approach to the characterization of the valley consisted on an 
intensive field survey, including contacts with local authorities (municipalities, civil 
protection authorities) and interviews with valley inhabitants and users, in the area 
subject to the IEP. The most important contacts were done near authorities from Silves, 
which is the municipality covering the largest area subject to the plan, from Portimão, 
which includes port infrastructures, and Monchique, where the dam is located.  

The contacts with locals were previously announced near local authorities to prevent 
suspicious behavior from valley inhabitants; furthermore, the team in the field was duly 
identified. The information gathered in the field, on a door-to-door basis, included the 
number of dwellers (permanent or temporary), their name, ages, addresses, phone 
numbers, means of transportation, possible handicaps or mobility/awareness limitations 
and existence of mobile network. The register of buildings in the area subject to the plan 
included photos and data on the utility and typology. These data were included in the IEP 
in the form of summary tables and characterization files, with extracts of the flooding 
map and aerial photographs, allowing an easy identification of the risks (Fig. 4).  
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Code:  
12 

Identification: 
Name 1 
Name 2 

Dwellers: 
2 

Municipality: 
Monchique  

Electric 
Power: 
Sim 

Transportation: 
No 

Distance to the 
dam (m): 
4 400 
 

Age: 

80 

62 

Handicaps: 
Mental 
disorder 
(name 2)  

Function: 
Residency 

Place: 
Foz do 
Nuno 
M: ### 
P: ### 

Contacts: 
None 

Mobile network: 
Reasonable 

Occupation: 
Permanent 

  
 
 

 

 

Observation: annex with animals 

  
Figure 4: Valley characterization files 

In the flooding map, besides the hydrodynamic characterization of the flood, buildings 
in the valley are identified and tagged with a code number (corresponding to the code in 
the upper-left corner of the file in Fig. 4; these codes are subsequently used to indicate 
the buildings in the flooding map – cf. Fig. 10) and the number of persons affected, being 
the type of occupation distinguished by adequate symbols. The valley survey included the 
area surrounding the dam and reservoir and the identification of alternative accesses to 
the dam in case of emergency; the so-called emergency accesses are identified in the field 
with adequate sign. The field survey is useful to locate the warning systems to be 
implemented as well. 

4 NUMERICAL MODELING 

4.1 Introduction 

The hydrodynamic characterization of the flooding wave in case of a dam break is part 
of the IEP; the warning system and the implementation of the EEP – External Emergency 
Plan (responsibility of the civil protection authorities) are based on the resulting flooding 
map. The hydrograph ensuing from a possible dam accident was estimated with RoDaB 
model (cf. Franca and Almeida 200415 and Franca et al. 200416), suitable to gradual 
rupture processes of embankment dams validated with data from an actual accident. The 
propagation of the dam break wave through the downstream valley was simulated with 
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the computational model STAV (Strong Transients in Alluvial Valleys). This model, 
generally applicable to unsteady flows with mobile bed, is especially adequate to 
simulate flows strongly variable with high morphological impacts in rivers as the ones 
resulting from a dam break. The model was validated with field and laboratory data in 
the framework of international applied research projects aiming the prevention and 
mitigation of dam breaks consequences (CADAM, IMPACT and E-ECORISK). In 
Odelouca IEP, the STAV model was also used to simulate the open-gates flood. 

4.2 Base elements 

The characterization of Odelouca dam and reservoir was based on elements from the 
design project (authored by COBA – Engineering and Environmental Consultants and 
AQUALOGUS - Engineering and Environment Ltd.). To simulate the gradual breaching 
due to overtopping, the dam material and the reservoir volume-elevation relationship 
were considered. The simulations included the propagation of the flood wave ensuing 
from a dam break accident in the downstream valley and the propagation upwards Arade 
river valley (negative wave travelling upstream), to which Odelouca creek is tributary. 
The valley corresponding to Odelouca creek and to the downstream section of Arade 
river will be hereinafter referred to as Main-Valley whereas Arade river valley, upstream 
the confluence of Odelouca creek, will be designated as Arade-upstream (Fig. 5). 

 

 
Figure 5: Odelouca creek and Arade river (extract from www.mapsgoogle.com). 

The flooding simulations are based on a 1D grid corresponding to Odelouca creek and 
Arade river valleys, requiring additional information on roughness parameterization and 
dam and reservoir characterization. The 1D grid database contains several valley 
transepts perpendicularly to the thalweg, determined with available topography and 
surveys made exclusively in the framework of Odelouca IEP; bridges are defined in the 
computational grid as singularities, modeled by locally exceptional roughness values. 
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Topographic surveys were made on 18 transepts along the Main-Valley and Arade-
upstream. From military national cartography, at scale 1/25000 with elevation contour 
lines 10 m equidistant, a total of 46 transepts were estimated. The 46+18 transepts were 
considered sufficient to characterize Odelouca creek and Arade river valleys, although 
insufficient to provide good numerical results; a finer grid was thus defined by 
interpolation from the original grid. Field surveys of the whole valley allowed the 
assessment of equivalent Manning-Strickler coefficients (banks and riverbed, following 
Chow 195917) and the identification of reaches where the riverbed is potentially mobile 
with the estimation of the corresponding grain diameter sizes. Fig. 6 shows the thalweg 
as well as the estimated location of the potentially mobile layer for the Main-Valley. 

 

Figure 6: Thalweg and mobile layer (dashed line) for the Main-Valley.  

4.3 Modeling scenarios 

Two inundation scenarios were simulated in the framework of Odelouca IEP: i) 
stationary flow corresponding to the maximum discharge ensuing from the spillway – 
open gates scenario; and, ii) variable flow corresponding to the propagation of the flood 
after the dam break by overtopping. The discharge corresponding to the open-gates 
situation is 1455 m3/s, according to the dam project. As for the dam break accident, only 
one scenario was simulated corresponding to the dam overtopping when both spillway 
gates were inoperative. 

The two main dam break causes are overtopping or piping (Singh, 1996)18. 
Overtopping may occur due to a failure of the gates mechanism or due to spillway 
incapacity. It may occur also after foundation subsidence, structural failure and after an 
initial process of piping resulting in the partial collapse of the dam body and consequent 
overtopping. Loukola et al. (1993)19 identified overtopping as the most common failure 
mode on recent earth fill dams. Piping occurs as a result of structural problems within the 
dam body resulting, for instance, from inadequate compaction, wrong choice or 
manipulation of filtering material or after subsidence induced by such natural causes as 
earthquakes. After an initial period during which the dam body is eroded around the 
position of the initial piping, the crest collapses and overtopping occurs. The discharge 
peak occurs in the aftermath of the crest collapse (Wahl, 200420). 

The most influencing parameters on the breaching process are the material and 
geometry of the embankment, the location of the impervious core and reservoir 
dynamics. However, the influence of each and one of these parameters in the shape and 
peak of the breaching hydrograph is still an open research topic, thus large uncertainty is 
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still associated to the breaching modeling. Consequently, no advantage was foreseen on 
proceeding to the simulation of several plausible breaching scenarios since the 
uncertainty associated to these hinders a statistical significant comparison. In similar 
studies to support IEP it is thus more advisable to use an adverse, although physically 
probable, scenario, preferentially within known patterns. 

In the present IEP the chosen dam break scenario included overtopping resulting from 
a quick reservoir level increase as consequence of a low probability flood event 
coincident with inoperative spillway gates. The dam was idealized as homogeneous with 
low cohesiveness and total rupture was assumed. These hypotheses dictate a rapid breach 
evolution and, consequently, an unfavorable although plausible dam break hydrograph. 

The dam break flood propagation for both Main-Valley and Arade-upstream was made 
separately. Firstly, the simulation pertaining to the Main-Valley was made assuming no 
loss of mass upwards Arade-upstream valley. This scenario shapes the most adverse 
situation to the valley downstream Odelouca creek/Arade river confluence (Fig. 5), in 
particular in the area of Portimão. Subsequently, the time varying water table at the 
confluence is used as downstream boundary condition for the simulation of Arade-
upstream inducing a (negative) discharge causing an upstream travelling flood wave. 
This is the critical situation to Arade-upstream valley, namely to the town of Silves. Sea 
level was imposed as downstream boundary condition in the Main-Valley (Port of 
Portimão). For the construction of flooding maps (cf. Fig. 10) two simulations were made 
for two different sea levels: i) maximum expected tide, worst case scenario in terms of 
water flood level, and ii) minimum expected tide, worst case scenario in terms of flood 
propagation velocity. Velocities in the flooding map correspond to downstream boundary 
condition ii) whereas flood levels correspond to downstream boundary condition i). 

4.4 Breach modeling 

The hydrograph ensuing from an earth dam gradual breaching carries the highest 
uncertainty associated to dam break floods propagation due to the lack of knowledge and 
little understanding on the physical processes related to breach erosion, these latter 
conditioning largely the peak and shape of the hydrograph (Wahl, 200420). One important 
effort to overcome this uncertainty has been made by compiling and analyzing data from 
actual accidents, cf. Combelles (1979)21, Sing and Scarlatos (1988)22, Serafim and 
Coutinho-Rodrigues (1989)23, Walder and O’Connor (1997)24, Martins (2000)25 and 
Broich (2002)26, among others. Predictions of the dam breaking outflow hydrograph are 
made recurring mainly to three types of approaches: empirical, based in historical dam 
failures data and few experimental results (Wahl, 2001)27; semi-analytical, based in 
physical laws of breach erosion and reservoir depletion (Singh, 1996)18; and, stochastic 
(Kast and Bieberstein, 1997)28. 

To Odelouca IEP, breaching evolution due to overtopping, and consequent 
hydrograph, were simulated with RoDaB model (Franca and Almeida 200415 and Franca 
et al. 200416). The model resolves simultaneously reservoir depletion using the mass 
conservation principles, discharge through dam spillway, discharge over the dam crest, 
discharge through the breach and breach evolution taking into account both, bottom 
erosion and bank erosion. RoDaB, initially conceived to simulate Rockfill Dam 
Breaching (Franca and Almeida 200415), is a computational lumped model which can 
now be used to any embankment dam or dyke; it simulates reservoir depletion where the 
downstream boundary condition is the breach discharge, which in turn is interdependent 
with the breach erosion. Breach evolution is computed with a modified Exner equation 
and depends on the erodability of the dam material. RoDaB provides a consistent and 
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continuous outflow hydrograph, appropriated to be used as upstream boundary condition 
for dam break flood propagation models (Santos et al. 200729). RoDaB model uses three 
different approaches to simulate breach evolution: empirical model; semi-rational model 
and rational model. For the first model, dam breach final parameters (final geometry, 
formation time and type of breach evolution) are required needing thus a priori 
estimation recurring to empirical formulations. Semi-rational model requires the 
estimation of breach final geometry but it’s evolution in time is controlled by erosion 
characteristics of the dam material. Finally, in the rational approach the simulation is all 
based on the erosion characteristics of the dam body. The present simulation is made 
with this latter. 

The model requires the user to define a criterion to the beginning of breaching: either 
a critical value of discharge over the dam crest, a critical value of flow velocity above the 
dam crest or a critical value of water depth above the dam crest. The model needs 
information on the reservoir volume-elevation relationship as well. The discharge 
coefficient for the breach was 0.5. Under these conditions, a physically plausible 
although with low probability breaching hydrograph, corresponding to a dam break 
scenario with an abrupt gradient and a high peak value, was produced (Fig. 7). The 
breach evolution is slow within the first two hours after overtopping. At t = 2.3 h an 
abrupt increase of the erosion rate is observed. The hydrograph peak is attained at, 
approximately, t = 3.1 h and corresponds to a discharge of roughly 33 000 m3s-1. After 
the peak, reservoir depletion is conditioned by the volume-elevation curve. According to 
the resulting hydrograph, the ensemble reservoir-dam is classified as large reservoir/rapid 
erosion (Walder and O’Connor 199724, Wahl 200127 and Franca and Almeida 200430). 

 

Figure 7: Hydrograph ensuing from the dam breach – results from RoDaB model.  

4.5 Hydrodynamics and morphodynamics modeling 

STAV computational model, used to simulate the flood propagation ensuing from the 
eventual rupture of Odelouca dam and the flood resulting from an open-gates situation, is 
described in detail in Ferreira (2005)31 and was validated with data from a saddle dyke 
rupture, in Ha!Ha! reservoir, occurred in St. Lawrence River Basin in southern Quebec, 
Canada (Ferreira et al. 200532). It is a 1D model and it is based on the mass conservation 
and liquid phase momentum conservation equations for shallow water flows (Saint-
Venant type equations) and on the solid phase conservation equation. These are solved in 
a conservative fashion to model correctly eventual discontinuities in the flow. The 
discretisation of equations is made using the McCormack numerical scheme, explicit and 
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second order in space, with fractional step and discontinuities capturing properties. As 
second order schemes are oscillatory, the numerical algorithm is complemented with an 
additional step where either numerical viscosity or a TVD (Total Variation Diminishing) 
algorithm is applied in the vicinity of large gradients. The model is especially suitable to 
simulate floods where coexistence of supercritical and subcritical flows is expected in the 
modeled reach and where critical flow, hydraulic jumps or other flow discontinuities 
exist. It is also suited to simulate river reaches where such morphological changes as bed 
or bank erosion or deposition are expected (Ferreira, 200531). 

STAV allows space-varying modeling of solid transport, which is especially suitable 
for rivers where bedrock reaches occur and riverbed grain diameters vary. The user can 
choose the solid discharge formula. Herein, the formula proposed by Ferreira (2005)31 
and Ferreira et al. (2007)33, especially suitable for flows with high erosive potential, was 
chosen. Manning-Strickler was used for resistance law. 

The initial and boundary conditions necessary to solve conservation equations are the 
following: i) as initial condition, discharge distribution along the river reach, initial 
riverbed level, initial cross sections geometry and initial water levels; ii) as upstream 
boundary condition, breaching hydrograph and solid discharge at the upstream section; 
and, iii) as downstream boundary condition, either a relationship between discharge and 
water levels ensuing from conservation principles or a time-varying function of the water 
level (as described earlier, in the Main-Valley constant sea level and in Arade-upstream 
the time-varying water levels at the confluence incurring from Main-Valley simulations). 
The initial distribution of water levels along the river reach corresponds to a 
computational process called warm up (Krishnappan, 198134). Quasi-permanent models, 
commonly used in engineering practice for similar cases, cannot be here applied since 
they do not admit the coexistence of supercritical and subcritical flows in the same 
simulation domain. The model requires the transfer to the boundaries of the information 
from the interior simulation domain (internal grid). The algorithmic implementation of 
boundary conditions ensues from the numerical integration of the conservation equations 
established in a Lagrangean form and from the equations defining the trajectories of the 
characteristics (Method of the Characteristics). 

4.6 Results 

The results of the dam break simulation for the Main-Valley are shown next. Fig. 8 
shows an exceptional flood event in the Main-Valley; water levels are considerably 
higher than common natural flood events in the valley and the discharge along the valley 
is considerably larger than the 100 years flood discharge of 700 m3s-1 (estimated at the 
dam cross section; taken from Algarve Hydrographic Basin Master Plan 2001). Upstream 
Odelouca bridge (roughly at km 17), the water depth is larger than 20 m; this bridge is a 
control section, functioning as a weir (discontinuity of the water level profile). Fig. 9 
shows relevant morphological impacts in the Main-Valley after the passage of the dam 
break accident. In particular, a scour hole immediately downstream Odelouca bridge is 
expected which will eventually cause its collapse. 
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Figure 8: Envelope of the a) maximum water levels (in blue) and final riverbed configuration (in black) 
and b) maximum discharge resulting from the dam break of Odelouca dam along the Main-Valley. 

 

Figure 9: Variation of the riverbed profile between initial configuration and after the dam break flood. 

5 FLOODING MAP 

The flooding map (on a 1/25 000 scale) was elaborated along 52 km, between the dam 
section and the sea, integrating the results from STAV model; the flooding delimitation 
was made considering maxima water levels throughout the river reach. The flooding map 
includes the following information: hydrodynamic results from the computational 
modeling, buildings in the flood area with information on the number of dwellers, 
territorial administrative limits, towns, hydrograph network, roads and rural accesses, and 
the indication of the warning system components. 

The hydrodynamic data given along the river reach, and relevant to operational effects 
of the IEP, is: time of flood arrival; time for maximum discharge; time duration of the 
flood; maximum water level; maximum discharge and maximum section averaged 
velocity. The flooding area was intercepted with information on territory occupation 
resulting from the valley survey (see section 3) by means of GIS. In the map, such 
information on the warning system is included as location of the observation and control 
house, position of local concentration areas, sirens, red lights and informative boards. In 
Fig. 10 an extract of the flooding map is presented, where sirens location (S5 and S5), 
traffic lights (X6), limits of the flooding area (open-gates scenario in dashed line), and 
symbols and codes respecting to the buildings identification are shown. 
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Figure 10: Extract from the flooding map (“Secção limite da ZAS” = downstream limit of the self 
awareness area). 

6 DEFINITION OF THE SPATIAL SCOPE OF THE IEP AND DAM 
CLASSIFICATION 

The risk evaluation allows the spatial distribution of dwellers dangerousness in the 
downstream valley facing a hypothetical dam break; this is determined taking into 
account the quantitative results ensuing from the flood modeling and the qualitative 
valley occupation analysis. According to the survey above mentioned, and after 
intercepting this information with the hydrodynamic results from the dam break flood 
modeling, 142 dwellers were identified in the valley subject to the IEP, corresponding to 
112 permanent residents and 30 temporary occupants. The number of dwellers affected 
by the dam break wave and the consequent damages in the valley imply the inclusion of 
Odelouca dam in Class 1, according to national regulation. The spatial distribution of the 
risk is made, according to national praxis and regulations, by analyzing the flood arrival 
time (tarr) after the actual dam break started: 

- tarri < 0.5 h or a minimum distance of 5 km from the dam: self-awareness area 
(acronym ZAS in Portuguese), near area in the valley where the warning to the 
population is made by the IEP Director by means of an adequate warning system 
previewed in the plan; herein, population shall not count with external means of rescue; 

- tarri > 0.5 h: area in the valley out of the scope of the IEP, in the scope of the External 
Emergency Plan developed by civil protection authorities. 

Given the valley characteristics, with disperse occupation, the immediacy of the civil 
protection authorities and following the principle that the limit of the IEP intervention 
area should preferably correspond to a land mark, the self-awareness area was extended 
until the bridge over Odelouca river in the national road EN 124 (cf. Fig. 10), linking the 
towns of Silves and Porto de Lagos, 17 km downstream of the dam. Here, the peak 
discharge in case of dam break is reached 3h26min after the beginning. The area subject 
to the plan encloses 620 ha. 
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7 ACTION PLAN 

7.1 Alert levels 

The emergency planning is based on four warning levels with increasing emergency 
rank: Blue Level (0); Yellow Level (1); Orange Level (2); and, Red Level (3). Warning 
levels were defined for Odelouca Dam as function of specific exceptional circumstances 
and anomalous occurrences which establishes the decision support criteria to the IEP 
Director. In IEP, technical resources allowing the detection of these specific situations 
were defined. We define briefly the general principles used on the alert or warning levels 
definition for Odelouca dam. 

Blue Level (0) corresponds to a normal or routine situation or to the detection of small 
problems that do not interfere with the dam and downstream valley safety. The events 
corresponding to Blue Level are typically those that (i) may affect the functionality of the 
dam but not its safety; (ii) on a short or medium mean term, do not constitute a risk to the 
structural integrity of the dam, spillways and monitoring system; (iii) with slow time 
evolution; (iv) associated to a low accident probability; (v) easy to solve by the dam 
owner; and, (vi) with no consequences on the downstream valley. Yellow Level (1) 
corresponds to events that (i), although the dam structure is not at risk, they may 
represent a danger to the integrity and functionality of the structure and of its monitoring 
system; (ii) although time evolving, still allow a pondered mitigation of the situation 
after adequate evaluation; (iii) are associated to a low accident probability; (iv) if they 
evolve in time, there is the possibility of causing damages in the downstream valley. 
There is the conviction that these events are easily tackled by the dam owner although the 
IEP Director may have to recur to external agents. Orange Level (2) corresponds to 
events that (i) integrity and functionality of the structure is at risk; (ii) time evolving is 
fast, asking for prompt answers to tackle the situation; (iii) are associated to high 
accident probability; (iv) there is the possibility of causing serious damages in the 
downstream valley. These situations cannot be controlled and IEP Director will have 
certainly to recur to external agents. In Orange Level one situation with high probability 
of originating serious consequences to the dam and downstream valley, notably the 
imminence of a dam break, are included. Finally, Red Level (3) corresponds to a 
situation of inevitable catastrophe when dam break or serious consequences on the 
downstream valley visibly occur, or when both are certain and imminent on a short time, 
i.e.: the structure is in rupture; the situation is uncontrollable, an event associated to a 
high dam break probability occurs – eminent catastrophe; serious consequences are 
expected in the downstream valley. 

7.2 Detection of exceptional circumstances and anomalous occurrences 

The detection of exceptional circumstances and anomalous occurrences may be done 
qualitatively or quantitatively. According to the IEP, these indicators, analyzed according 
to their actual state and to their time evolution, define the alert level to be implemented. 
These were defined taking into account the technical and human resources available. 

Quantitative indicators are based on variables measurable locally and are generally 
associated to the monitoring system: precipitation in the catchment area (locally 
measured and communicated by national Meteorological Institute); seismic activity 
(locally measured and communicated by national Meteorological Institute); reservoir 
water level; dam body and foundation seepage; superficial and internal displacement of 
the dam body and foundation; internal stresses and water pressure in the dam body and 
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foundation; fissure dimensions; depressions; humid areas in the dam downstream slope. 
Fig. 11 shows an extract of the Annex corresponding to alert level definition as a 
function of quantitative criteria – seismic activity. 

 

Incident Description  
Means of 

detection 
Alert level 

Seismic 

activity 

Seism with acceleration at the foundation < 0,10g Acelerograph 0 (BLUE) 

Seism with acceleration at the foundation > 0,10g and < 0,15g Acelerograph 1 (YELLOW) 

Seism with acceleration at the foundation > 0,15g and < 0,25g Acelerograph 2 (ORANGE) 

Seism with acceleration at the foundation > 0,25g Acelerograph 3 (RED) 

 
 

Figure 11: Decision criterea – example of quantitative indicators.  

While quantitative indicators are base on measurable data, qualitative indicators are 
based fundamentally on observations taken during routine visual dam inspections and on 
records containing the deterioration of structural and security elements. Visual 
inspections contemplate thus alignment of dam physical elements (dam crest, protections, 
lamps, walls), the general condition of the crest, upstream and downstream slopes, the 
immediate downstream valley, drainage gallery, safety components (spillway and bottom 
outlet) and monitoring system. It is important to retain a record of the periodic visual 
inspections in a clear and concise form, preferably with photographs of the physical 
elements registering the evolution of these. Further qualitative indicators include 
information related with the reservoir and downstream valley as well as all actions 
against the dam, i.e. slope instability in the reservoir margins, water quality problems and 
occurrence of fires. Fig. 12 shows an extract of the Annex corresponding to alert level 
definition as a function of qualitative criteria – failure of the spillway. 

 
Incident Description Means of detection Alert level 

Failure of the 

spillway 

Inability to operate mechanism and/or electrical 

commands, deterioration due to excessive corrosion, 

misalignment or temporary incapacity of operation out of 

flooding season 

Visual inspection, 

operational test 
0 (BLUE) 

Inability to operate mechanism and/or electrical 

commands, deterioration due to excessive corrosion, 

misalignment or temporary incapacity of operation during 

flooding season 

Visual inspection, 

operational test 
1 (YELLOW) 

Immobility of both gates out of flooding season 
Visual inspection, 

operational test 
2 (ORANGE) 

Immobility of both gates during flooding season 
Visual inspection, 

operational test 
3 (RED) 

 
 

Figure 12: Decision criterea – example of qualitative indicators.  

7.3 Decision and command chain 

The decision and command chain in emergency situations was defined unequivocally. 
Information flow charts, corresponding to the four warning levels, were developed where 
main participants in the IEP and their contacts are identified. Alternative actions, in case 
communication failures, are defined as well. 

If a Blue Level (0) accident or anomaly is verified, IEP Director (or the dam owner) 
has to notify the Authority. After implementing the preventive/correction measures and 
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evaluating the situation, dam owner notifies the Authority of the problem resolution or, 
in case necessary, transmits the declaration of a superior warning level. If a Yellow Level 
(1) situation occurs, IEP Director notifies the dam owner, the Authority and Civil 
Protection authorities (regional and municipal) in the self-awareness area. EEP Director 
has to be informed. The Authority holds the decision Yellow Level situation, although it 
may delegate in the IEP Director. Permanent contact between both is necessary though. 
After implementing preventive/correction measures and, after evaluating the situation, 
the Authority declares the end or the increase of the warning level. If an Orange Level (2) 
situation occurs, IEP Director notifies the dam owner, the Authority, Civil Protection 
authorities (regional and municipal) in the self-awareness area and EEP Director. The 
main action of the IEP Director, however, is to transmit a readiness state to downstream 
dwellers. The Authority is responsible for the control on an Orange Level situation. All 
persons in the dam will be evacuated. One representative of the Authority has to be 
permanently in the observation and control house where also should be representatives of 
the dam owner and of civil protection authorities. According to the evaluation of the 
situation made by all elements, IEP Director communicates the Orange Level cessation 
or, if justified, declares Red Level. When a Red Level (3) situation occurs, IEP Director 
declares the emergency situation and activates the warning system aiming at the 
evacuation of the downstream valley. All elements of the IEP shall be notified, especially 
the EEP Director. The Authority is responsible for the control of the situation. All 
persons in the dam are evacuated. A crisis managing group is formed permanently with 
elements of the dam owner, Authority, and Civil Protection, until the Authority declares 
the end of the emergency. 

7.4 Preventive and mitigation actions 

Preventive and mitigation actions were defined according to the warning levels; 
general and specific measures were listed. In Fig. 13, examples of specific actions 
referring to seismic activity when Orange Level occurs are given; furthermore, general 
actions corresponding to the warning levels are described given. 

 

 

Responsible Incident Actions 
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Seismic activity  

Reduction in reservoir level with activation of warning 
system for natural flood. 

Monitoring the situation; follow the seismological 
evolution (IM). 

Permanent monitoring of structural dam behavior. 

Permanent evaluation of the need to reduce level or empty 
the reservoir. 

Eventual repairing, rehabilitation and reinforcement 
works. 

 
 

Figure 13: Preventive and mitigation actions – examples.  

Blue Level (0) situations do not represent an immediate threat; nevertheless, this 
requires the following general actions: notification of the dam owner and Authority; 
register all the occurrences, adopted actions and effects of these. Yellow Level (1) 
requires: notification of the dam owner, Authority, Civil Protection and EEP Director and 
transmission of periodic updates to these; monitoring of the situation with adequate 
periodicity, namely the evolution of meteorological and seismic activity; prepare the 
observation and control house for eventual accommodation of the IEP elements; test the 
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warning system; register all the occurrences, adopted actions and effects of these. Orange 
Level (2) requires: activation of the warning system with readiness messages to the self-
awareness area dwellers; installation in the observation and control house of the IEP 
elements (at least constantly one member of the Authority) and evacuation of the dam; 
notification and constant update of the dam owner, Authority, Civil Protection and EEP 
Director; monitoring of the situation with adequate periodicity, namely the evolution of 
meteorological and seismic activity; register all the occurrences, adopted actions and 
effects of these. Red Level (3) requires: activation of the warning system to Red Alert – 
evacuation of the downstream valley; evacuation of the dam and self-awareness area; 
notification and constant update of the dam owner, Authority, Civil Protection, EEP 
Director and remaining local and regional authorities; declaration of emergency state; 
install crisis managing group; monitoring of the situation with adequate periodicity, 
namely the evolution of meteorological and seismic activity; register all the occurrences, 
adopted actions and effects of these. 

8 WARNING SYSTEM 

The warning system is activated according to the emergency level corresponding to 
specific incidents typified in the IEP and aims at minimizing the risk in the downstream 
valley. In the flooding map (Fig. 10), the positions of warning devices in the downstream 
valley within the self-awareness area are identified. As warning devices, the IEP defined 
six sound units and six stoplights to interrupt the access to the valley in an emergency 
situation (Fig. 14). Informative boards are also part of the warning system (Fig. 14b) and 
the definition of the accesses to the dam in case of a dam break. 

 

Figure 14: Warning system: a) stoplights at an important road cross; b) information board and stoplight 
(translation: When the red sign is flashing: risk of severe inundation / access barred / do not cross beyond 

this point); and, c) siren installed in the valley. 

Local concentration areas, where dwellers should concentrate in case of emergency, 
are defined in the flooding map and locally through adequate informative boards. 
According to the numerical simulation, the dam break wave reaches the first inhabited 
house after more than one hour after the breaching process begins. The warning system is 
controlled automatically from the observation and control house, which is connected to 
the dam monitoring system; the information is thus transmitted to the warning devices, 
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namely sirens and stoplights, via GSM/GPRS or SMS. The warning units are fed by 
photovoltaic batteries. The sirens transmit a 200 Hz signal with differentiate types of 
signals, for evacuation, end of emergency and natural flood discharge. 

9 CONCLUSIONS 

Hereinbefore the composition of the Internal Emergency Plan for Odelouca dam and 
the main guidelines followed during its execution are given, namely in what concerns the 
valley survey, the numerical modeling of the dam breaching and consequent flood, 
extracts of the flood risk maps and the main features of the action plan. 

The valley characterization is based on an intensive valley survey where a 
participative methodology is used involving valley dwellers as well as local authorities, 
municipalities, associations and civil protection services. The numerical modeling of 
Odelouca dam break was made with physical based advanced models, RoDaB and STAV, 
for the breach and for the propagation in the downstream valley, validate with real case 
ruptures. The flood propagation model simulates as well morphological changes in the 
valley resulting from the dam break; this feature allowed to estimating potential 
consequences usually overlooked such as the rupture of Odelouca bridge. Further 
research is being made by the authors of the models, aiming at improving the estimation 
of the consequences of dam break events in the downstream valley (Franca et al. 200735, 
Amaral et al. 200936 and Canelas and Ferreira 201037). The operational elements of the 
IEP are described, namely description of the warning levels, indicators to detect 
incidents, decision and command chain, and preventive and mitigation actions as a 
function of the alert level. A brief description of the warning system and how it was 
materialized in the field is given. 

Odelouca IEP was elaborated using the most recent national and international 
directives and its configuration, namely organization and content, is the result of a 
participated process where Authority, Civil Protection, dam owner and the technical team 
partook. Although a debatable issue, a uniform configuration for dams IEP would 
certainly be of great interest for the harmonization of national civil protection practices 
in what concerns dam safety. The exposure of Odelouca IEP organization and main 
directives aims at contributing to this debate. 
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