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ABSTRACT
This paper presents the over twenty year old experience of CESI-ISMES in Dam safety.
The comprehensive approach is focused through two parallel lines: a static and dynamic monitoring system, designed implemented and managed by CESI-ISMES, customised on the structural characteristics of each dam, and Dam Safety Assessment based on a dynamic and static structural analysis and verification with mathematical models on finite elements (FEM).
The monitoring system takes in account both the dam structure and the related basin through a suite of own software: ADAS© (Automatic Data Acquisition System) for the Civil Instrumentation of the Dam to provide information aimed to support the supervision activities on the behaviour of the concrete, rock fill, and earthfill dams and their foundations, INDACO© for the on-line data acquisition of environmental, structural and geotechnical instrumentation, MIDAS© (Management of Information for Dam Safety) a solution for management and processing of information with the goal to analyse and interpret the behaviour of structures, MISTRAL© an expert System for evaluating, explaining and filtering alarms generated by automatic monitoring systems of civil engineering structures.
The structural analysis uses advanced tools such F.E.M. for the static and dynamic analysis of complex structures, also with the aim of the rehabilitation design of the dam.
The paper relates on the CESI-ISMES approach on different real cases.
INTRODUCTION
The safeguard of human life represents the main motivation for the improvement of techniques for the evaluation and checking of dam safety, it is also worth remembering that such improvement can also make an important contribution towards a more effective management of plants aimed to the full use of water resources.
The growing number of dams makes it essential to rigorously evaluate the problem of their safety from a social and economic point of view. This problem is emphasized by the high density of population living downstream the majority of the dams all over the world.
Furthermore it is important to consider the possibility of the natural deterioration associated with a prolonged use of such structures; consequently for many of them it is necessary to carry out specialized checks to verify their structural soundness and good working conditions.

The paper illustrates the methodology and the operative techniques today available for an effective evaluation and surveillance of dam safety. In particular the great progress in the field of automatic data acquisition, processing and analysis systems is making more effective the checking activities is put in evidence. The methodology is in full operation and several significant applications have already been completed as describes in the case histories presented. 
THE DAM SAFETY
From an operative point of view, with the increase of dam sizes and with their growing diffusion over the world, the safety relied upon the combination of all the activities aimed to the elimination of the potential risks. For this purpose, technical, legislative, organizational and civil protection tolls have been identified and defined.

The safety of a dam derives from a sequence of activities carried out over its whole lifespan: from the initial studies of the site, design and construction, trial test during the first fillings, surveillance, operation and maintenance during the operational period.

This paper, in particular, discusses about the safety in operation, illustrating, on the basis of some case histories, the general methodological criteria and the techno-scientific and organizational instruments used for putting them into effect.

The fundamental aspects of the methodology can be synthesized as follows:
· the collection of measurements by automatic data acquisition systems;
· the organization of the measurements in computerized data bases and their management and processing using specific computer programmes;
· the interpretation, through mathematical models, of the measurements collected either under normal operating conditions or on exceptional situations (earthquakes, floods, etc.);
· the real-time checking of the structural dam behaviour (“on-line monitoring”);
· the periodic check of some significant parameters of the dam and of its foundation, to identify a possible deterioration as well as to put into evidence possible inherent weaknesses dating to the time of construction;
· a complete Dam Safety Assessment (“check-up”) carried out time to time by specialists to evaluate the current state of health of the structure and for the definition of the procedures to follow for an effective surveillance;
· in situ and laboratory tests in order to verify the consistency of the materials of the dam structure and of the foundation. 
· design of intervention for upgrade the dam safety, if necessary;
· Emergency Action Plan downstream of the dams.
AUTOMATIC MONITORING SYSTEM 
The monitoring system have to cover all the aspects relevant to the dam safety, considering not only the structure and its foundation but also the reservoir rims and the downstream side of the river, collecting information about the behaviour of the dam itself, from the static and dynamic point of view, of the hydrological and hydraulic aspects, reservoir slope stability and micro seismic variations (see following figure).
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[bookmark: _Ref333399906]Figure 1 – Monitoring systems - comprehensive approach

Nowadays automatic systems for the collection of the measurement data have been already installed in many dams all over the world. They are essential composed of a microprocessor for automation of the measurement activity connected to a certain number of sensors. The various realizations differ in some details, owing to a series of factor such as: type, age and dimension of the dam, possible structural problems, storage reservoir capacity and distance of the downstream human settlements.

The most important requirements of an automatic monitoring system are the following:
· Flexibility: the general layout is not rigid so that it can be differentiated according to the type and dimension of the dam, to environmental conditions. It is also necessary to take into account the need to integrate the automatic system with the already installed instruments.
· Expandibility: it often occurs that a dam requires the installation of further instrumentation in order to check behavior or phenomenon which has become relevant in the meantime.
· Reliability: the measurements system must be very reliable, considering the severe environmental working conditions, a special attention must be paid to overvoltages induces by electric discharges, that are the main causes for the failure of electronic equipment 
· Easy Maintenance: generally achieved through the standardizations of the components, their modularity and the limitation of components with mechanical moving parts.
· Redundancy: in order to allow a direct comparison between manual and automatic measurements and to collect several data of the main quantities to be measured.

The monitoring system developed by CESI-ISMES is based on a suite of own proprietary software:
· ADAS© (Automatic Data Acquisition System) for the collection of the instrumentation data from the field;
· MADAM© for data collection of manual readings trough Smart Phone and automatic transfer to measures historical data base
· INDACO© for the on-line data acquisition;
· MIDAS© a solution for management and processing of information with the goal to analyse and interpret the behaviour of structures,
· MISTRAL© an expert System for evaluating, explaining and filtering alarms generated by automatic monitoring systems of civil engineering structures.
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Figure 2 – Fully Integrated Software Systems

The main functions of the automatic monitoring system are the following:
· continuous reading of the measurements, at short intervals (i.e. 10 minutes);
· periodic gathering of measurements at longer intervals (4-8 hours);
· accelerated reading, to be activated in special circumstances (earthquake, landslide, floods, etc.)
· comparison of the readings with preset threshold values or with theoretical behavior models;
· transmission of the data to remote center.

[image: ]
Figure 3:main features foreseen in an ADAS system

In addition, the installation of expert system (or knowledge based support system) allows to obtain on-line evaluation, explanation and interpretation of dam’s behaviour, identifying surveillance activities to manage anomalous trends or to minimize critical situations due to flooding or to earthquakes.
MISTRAL© is a decision system for evaluating, explaining and filtering the information collected by the most important instruments connected to the automatic monitoring system, providing on-line interpretation of the behaviour of the structure in order to support the activity of the personnel responsible of the safety surveillance. The on-line system makes it possible to verify the state of each measurement with respect to threshold levels (physical threshold, measure rate of variation and reference structural model), using knowledge about significance and reliability of each instruments, and evaluates the current state of the dam and of any elementary structural part, identifying any anomalous process and verifying the reliability of the measurements by congruency checks.

[image: mistralinc_bn.jpg]
Figure 4 – On-line Control – MISTRAL Architecture

Next table provides information about the dams that adopted the MISTRAL©  decision support system

	Company
	Dam
	Type
	Height
(m)
	Reservoir
Volume
(103m3)
	Number of Automatic Sensors
	Year of installation

	Hydros
	San Valentino
	Earth
	28,58
	112,00
	78
	2012

	
	Gioveretto
	Buttress
	81,40
	19,98
	83
	

	
	Monguelfo
	Arch
	35,00
	6,10
	39
	

	A2A
	Cancano
	Arch-Gravity
	125,50
	124,10
	67
	1997

	
	S. Giacomo
	Buttress
	83,50
	64,00
	94
	2001

	
	Valgrosina
	Buttress
	51,50
	1,34
	84
	1998

	
	Fusino
	Gravity
	58,45
	0,18
	12
	1998

	Romagna Acque
	Ridracoli
	Arch-Gravity
	101,00
	33,00
	44
	1992

	Itaipu Binacional
	Itaipu
	Earth, Rockfill, Buttress, Gravity, Hollow Gravity and Power House
	196,00
	29,875
	226
	2010


Although the automatic collection of data is still limited to a “small” numbers of instruments and dams, the computerized management of measurements (even in the case of manual collection) is a common practice. The dam owners set up of computerized data bases for the storage of the collected measurements. These allow a fast, reliable and efficient data analysis.
For example, the MIDAS© (Management of Information for Dam Safety), is used to manage data coming from more than 250 dams in the world. 
When measurements are automatically collected, the large number of instruments and their frequent readings make the computerized data management essential.
Data, manually and automatic collected, is managed as:
· storage of row measurements and their transformation into engineering units;
· printing and plotting measurements;  
· performing consistency checks and preliminary analysis to verify the evolutionary trends;
· correlations between cause and effect quantities;
· developing regressive models;
· comparison between measured quantities and corresponding values computed by reference theoretical models,
in order to evaluate the behavior of the dam during the lifespan of the plant.
DAM SAFETY ASSESMENT
The Dam Safety Assessment is a complete “check–up” performed from time to time by experts in order to verify the current safety condition of the structure, to consequently identify any needed intervention to achieving a satisfactory safety condition and to define improvement that have to be complied with for an effective routine surveillance.
Generally speaking, the activities performed for a “dam safety assessment” are the following:
· Re-examination of the design documentation, of the historical information and of the technical documents produced over the whole lifespan of the dam. Particular attention has to be given to the anomalies and problems met during the stages of designing, building and operating, and the results of the previous studies and investigations are reviewed. Historical information about flood events. 
· Interpretative analysis of the dam behaviour on the basis of the measured data. To this stage belong the following actions:
· review of the installed measurement network and evaluation of its completeness and efficiency in relation to dam structural features and anomalies-problems;
· interpretation of dam behaviour by means of theoretical reference models;
· evaluation of the measurements which might be interrupt, either for inefficiency of the instrument or for poor significance of the measurements itself. 
· Investigation for the determination of the physical-mechanical parameters of the structure and of its foundation, and evaluation of the state of degradation in connection of the aging of the structure. The deterioration is usually due to original constructive defects or to the long-term action of the external agents. The structural integrity may also be affected by the formation of cracks that, depending of the type of the dam, may be an effect of concrete shrinkage, thermal variation, concrete alkali - aggregate reaction, differential settlements, etc…	
The data coming from the investigations may also be needed for the structural analysis and for the setting up of deterministic model (FEM).
· Stability conditions. The structural verification performed during the design phase are reviewed and updated according to the requirements of the current regulations. These verifications may require more detailed static and/or dynamic computations (FEM models). The parameters of the material are obtained from the investigations results.

[image: ][image: ]
Figure 5 – F.E.M. Model and Stress Analysis

· Hydrological and hydraulic verifications on the base of updated data and of real floods recorded at the dams.
· Definition of the improvements needed to update the measuring and data processing systems, on the basis of the results and evaluations emerged from the above mentioned activities. 
· Definition of a procedure for routine surveillance, defining inspection activities, data management and analysis (together with the use of reference models) operation &maintenance. Operation Procedure for emergency (floods, earthquake…)
· Verification of the conditions of the reservoir, such as stability of the reservoir slopes and reservoir silting.
· Verification of the reservoir downstream impact verifying the consequences of updated design flood and dam break analysis. The results of such analysis are used to define an Emergency Action Plan.
[image: 089 min][image: D:\butta\aa2D.gif]
Figure 6 – Dam Break Analysis
RIDRACOLI DAM MONITORING SYSTEM AND ON LINE ANALYSIS. CASE HISTORY
During a period of several seismic events that took place in January 2003 in the valley downstream of the Ridracoli arch gravity dam, inhabitants and local Authorities requested information about the safety conditions of this important structure. To satisfy such an expectation, the Manager of the Romagna Acque, owner of the dam, launched a project aimed at providing such information. Communication through the Internet web was decided and an Internet page was prepared, reporting the safety conditions of the dam, with respect to hydrologic, hydraulic, static and seismic aspects and the resulting surveillance activities.
Methodologies and operative techniques are today mature and available for an effective evaluation and surveillance of dam safety, and for presentation to the resident population living downstream of the dam. Data collected at the Ridracoli dam site by several monitoring systems are in fact automatically processed and interpreted in order to evaluate the different aspects affecting the safety of the dam and the protection of the downstream valley. 
The experience gained using automatic monitoring and a knowledge based support system is used to obtain on-line evaluation, explanation and interpretation of dam’s behaviour, identifying surveillance activities to manage anomalous trends or to minimize critical situations due to flooding.
In addition, for the people living in the downstream area, the presentation is available on a video, located at the City Halls of S. Sofia, Galeata e Civitella
All the operative procedure concerning the surveliance and the alarm management were checked and approved by the R.I.D. (Dam Italian Register) and by the Civil Defence Department. Approved procedure contains and defines all the condition and the relevant control parameter that could generate alert condition for the dam and for the population downstream the dam.
[bookmark: bookmark7]

Ridracoli Dam
[image: ]The Ridracoli arch-gravity concrete dam (height 103.5 m and crest length 432 m) closes a very wide U-shaped valley in the Tuscan-Romagna Apennines in Italy. The storage reservoir is intended for water supply to 37 communities in the Forlì and Ravenna Provinces, including the main towns and the San Marino Republic.
The reservoir was filled completely for the first time in 1986 and nowadays the dam is commissioned for normal operation. 


Figure 7: Ridracoli Dam


Monitoring system
[image: rid_c12]Adopted methodology is mainly based on the installation of various automatic monitoring systems (hydrological-hydraulic, static and dynamic systems for the structural aspects) and on the use of real-time analysis procedures to evaluate the structural behavior with respect to theoretical models of reference. This methodology, developed by CESI-ISMES, allows to identify any particular safety conditions and consequently activate procedures aimed at verifying the safety conditions of the barrier, on the basis of ad hoc inspections and collection and analysis of data and information.
To control the Ridracoli dam site, that is the catchment area, the structure, the foundation, the reservoir banks and the slopes of the downstream rocky formation, a large monitoring network has been installed during the construction of the dam. An automatic monitoring system, centralized in the warden house via cable, reads most of the measurements (259 sensors are automatically recorded, on a total of 971). Many instruments were installed for a detailed monitoring of the structure's behaviour during construction and the first filling phase. In the current normal operation, the on-line surveillance of dam performance is based on a subset of measurements.Figure 8: Main section instrumentation



In parallel to real-time interpretative activities, off-line monitoring activities are periodically carried out in order to verify the structural behavior over time based on the entire measurement range, through comparison with the forecasts provided by a three-dimensional F.E.M. of the dam.
[image: ][image: ]









Figure 9: instrumentation composing the monitoring system. On the lfet a pressure a piezometer and on the left a plumb line with telecoordinometer



Hydrological and hydraulic aspects
Hydrological and hydraulic aspects are fundamental with respect to the safety of a dam.
The reservoir capacity is 33.06 Mm3, the catchment area is about 37 km2. At the Ridracoli dam site a monitoring system has been installed for reservoir monitoring and management, in particular for the management of the water supply and to foresee flood events. 
Static structural behavior analysis
[image: ]A decision support system (named MISTRAL©) was installed in 1992 on a personal computer connected to the automatic monitoring system in the acquisition Centre, located in the warden house near the dam.Figure 10: Ridracoli dam Control Room

MISTRAL© is a decision system for evaluating, explaining and filtering the information collected by the most important instruments connected to the automatic monitoring system, providing on-line interpretation of the behaviour of the structure in order to support the activity of the personnel responsible of the safety surveillance, requiring his intervention in case of anomalous situation, if any.

[image: ]

Figure 11: MISTRAL with the overala status of the the dam

The on-line system makes it possible to verify the state of each measurement with respect to threshold levels (physical threshold, measured rate of variation and reference structural model), using knowledge about the significance and, reliability of each instrument, and evaluates the current state of the dam and of any elementary structural part, identifying any anomalous process and verifying the reliability of the measurements by consistency checks. The MISTRAL© system currently operates taking into account the data collected hourly by 40 instruments.
MISTRAL© displays the results of the analysis through a colour-based graphical interface that represents the state of the measurements, of the processes, of each section and of the entire structure under evaluation giving relevant explanations. 
If the processed “global status” of the dam corresponds to alert conditions, (level 5 or red colour in the MISTRAL© interface) the extraordinary surveillance enters in force and the Civil Protection Dept is alerted.
Seismic structural behaviour analysis
The seismic monitoring system is made of four accelerometric stations and by one seismic station (each station has instruments installed in the three directions). The system allows to measure both the input ground motion and the structural answer of the dam.
Il sistema sismico è connesso al sistema di monitoraggio statico che in caso di evento sismico viene attivato al superamento di un valore rilevato (mediante un trigger) in modo tale da aumentare la frequenza di acquisizione della strumentazione installata.
[bookmark: _MON_987494476][bookmark: _MON_987494522][bookmark: _MON_991564694]In the last period (1995-October 2018) the system collected 468 earthquakes that exceeded the trigger threshold. Among these events 300 were far from the dam site (distance over 25 km) while 168 were considered local (epicenter distance nearby 25 km from the dam site, as suggested by Dam's Authorities).
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Figure 12: map of the seismic event detected from the seismic monitoring system (Regional Scale)
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Figure 13: map of the seismic event detected from the seismic monitoring system (Local Scale)



If the peak ground acceleration of the earthquake, measured at the base of the dam, is higher than 0.20 g (that corresponds to the seismic value obtained by the physical model that shows the beginning of cracks in the upper part of the dam, near the spillway sill), those responsible for the dam have to start up extraordinary surveillance (such as ad hoc inspection and collection of the whole measurements) and alert the Civil Protection Dept. The surveillance condition and the dam safety condition is reported on the Internet page.
The recorded seismic measurements, are periodically stored into the historical data base and processed to analyse the dam's behavior, in comparison to the calculated one by a three-dimensional F.E.M. model and to the dynamic response retrieved from the vibrating test data.
ITAIPU DAM -BRASIL – MONITORING SYSTEM AND ON LINE ANALYSIS - CASE HISTORY
Monitoring and data analysis are primary parts in managing the safety of dams by risk assessment methodology. At the Itapu dams the on-line data analysis and the surveillance management have become a part of the safety procedures of the dam. 
[image: ]
Figure 14 – General lay-out of Itaipu Dam 

Since the start of construction, in 1975, it was clear that a comprehensive instrumentation program would be necessary, not only to support the design of the structure itself, but also to monitor the behaviour of the foundation upon which the dam is situated. As a result, a widespread monitoring plan was designed and installed. At the end of the construction period, in 1982, over 4.000 instruments had been installed and were read manually. Thirteen years after the dam had been completed, in 1995, the number of measuring points was reduced to 2.383 plus 5.239 drains. On that occasion, following an in-depth analysis of the recorded data, the Itaipu Engineers carried out an exhaustive feasibility study for partial automation of the dam safety instrumentation and identified 206 instruments as being the most significant measurement points and which would, in turn, be included into a dedicated automatic data acquisition system (ADAS).
The ADAS was commissioned in December 2005 after 18 months of cooperation between Itaipu and ISMES division of Enel.Hydro actually division of CESI S.p.A.

MONITORING SYSTEM – ADAS (Automatic Data Acquisition System)

The monitoring system comprises close to 2.300 instruments installed in the structure and their foundations, plus close to 5.200 drains, whose data are collected according to a pre-established frequency for each phase of the project. 

[image: ]
Table 15 – Total number and types of instruments

Some special blocks or sections, called Key-Blocks or Key-Sections, were selected to be instrumented according to their importance or peculiar conditions. A complete set of instruments was installed in these blocks.
[image: ]
Figure 16 – Dam Key Block – Instrumentation locations

It was considered that the automation of the 2.383 instruments would not be justified, particularly in view of the high cost involved. In addition to this, the plan for automating the instrumentation of a dam should not be total, involving all the auscultation instruments, since there is the objective of obliging the instrument readers to continue circulating through the dam and its foundation in order to make the necessary and complementary visual inspections in the field.
The main purpose of the Automatic Data Acquisition System for the Civil Instrumentation of the Dam (ADAS) is to supervise the behavior of the concrete, rock fill, and earthfill dams and of their foundations, in real time, through a system of “on line” monitoring of automated instruments and sensors, with a view to acquiring the readings at the periods of frequency adjusted by the user. Various groups of sensors are connected to Remote Acquisition Units (UARs), in which the readings by the sensors will be processed, stored and transmitted to a system of treatment, storage, processing and presentation of the collected data by means of the Data Cluster and of the Client Station of the ADAS.
Major features of the ADAS can be summarized in:
· data acquisition from over 300 distinct points of measurement, related to different typologies of sensors, either represented by pre-existing instruments or by new sensors by means of the Remote Acquisition Units (herein referred with the UAR acronym); 
· frequent, speedy and safe collection of data, by means of digital data transfer between the UARs and a Central Control and Processing System (herein referred with the CDA acronym), in order to assure: full remote control of peripheral apparatus, full collection of data, fast and secure alert signaling management, improvement of data processing efficiency and output information accuracy and information distribution. 
The ADAS system is a complex monitoring system that will enable the execution of all the operations to fulfill the main purpose described above. The functional schematics of the automatic data acquisition system are shown in the following Figure.


Figure 17 – Architecture of the ADAS System
The selection of the instrumentation took into account following requirements:
· measuring range within the range from the Itaipu historical data base;
· instrumentation delivered including calibration sheets from the Manufacturer;
· fully compatibility with the already installed instrumentation (manual readings have to be guaranteed);
· each instrument delivered comprising over-voltage protection;
· suitable for environmental conditions present at Itaipu Dam site (humidity, temperature).

The following Table shows a detailed list of the sensors and instruments that were automated.
The instruments selected for automation are only those considered the most important for supervising the safety conditions of the dam, in order to provide a prompt detection of any anomalies. The most important types of reading are described in the following sub items:
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Table 18 – Automated Instruments
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	Figure 19 Plumb line for displacements (telecoordinometer)
	Multi base extensometer for deformation of the rocky foundation
	Piezometer for uplift pressure
	Weir monitoring seepage readings



Monitoring System– On Line Analysis

ISMES’s software Mistral was applied to Itaipu Dam monitoring system.
Further step in the monitoring system installed at Iaipu Dam was the implementation of the MISTRAL© On-line Expert System with h24/365 functionalities for the evaluation, interpretation and filtering of alarms generated by the Automatic Data Acquisition System (ADAS) installed in the Itaipu Plant. 
Mistral processes and evaluates the data acquired by the ADAS system generating alerting information that will be transmitted to the SCADA system and related messaging information for SOOA system (system of optimization of the analysis of the auscultation). The software has been installed in 2010.

In detail, MISTRAL© is an expert system for evaluating, explaining and filtering alarms generated by automatic monitoring systems of civil engineering structures. The first version of the system has been installed on a number of concrete dams and operates in real-time, connected to a data acquisition System. The aims of MISTRAL©  are to provide on-line interpretation of the behaviour of dam and to reduce the requests for expert intervention. The results of the processing are shown to the user through a color-based graphical interface that represents the state of the structure under evaluation.
MISTRAL© deals with features of the measurements such as homogeneity, priority and congruency, taking into account structural reference models. Checks carried out by MISTRAL©  use knowledge about significance and re-liability of the instruments. Relationships have been identified among sets of measures on the structure, which are based on geometrical and engineering models and empirical knowledge of the behaviour of the structure. These relationships, both qualitative and quantitative, are used to identify the current state of elements of the structure. It is then possible to define the activation state of physical processes occurring in the structure and its local environment, as well as the global state of the structure.
The user can access the results of the processing through a window-based interface. The interface draws on the screen graphical representations of the objects which have been assessed and displays them using a color scale based on the state of the object. Interactions are available to get more refined information about the dam state, by focusing on interesting details. Through the interface the user can activate functions (e.g. print screen) and access internal data bases. MISTRAL© provides the users with a static data base of test cases, and a dynamic database collecting all the data related to the structure (measurement, evaluations, and explanations). It is possible to select a situation from the data base and show on the screen it graphic representation and explanations. With reference to dam safety management, Mistral is used by dam managers as a control panel that shows the current state of the structure, and as a decision support system. The internal data base help the dam managers understand the evolution of dam state, in order to start necessary actions.
MISTRAL© civil engineering knowledge is based on off-line management and behaviour analysis. The measurements recorded on the dam have been processed to analyze the dam's behaviour. The analysis allowed identifying for each instrument a set of thresholds for the measure and for its rate of variation and confidence limits with respect to the value forecasted by the model. The analysis checked also the logical consistency of the information provided by different instruments affected by the same phenomena.
Models and consistency checks are currently exploited on-line by MISTRAL© for its interpretation process.
MISTRAL© is used by dam managers as a control panel that shows the current state of the structure, and as a decision support system. The historical data base helps the dam managers understand the evolution of the dam state, in order to start necessary actions, if necessary.

[image: ]
Figure 20 – Control panel with global view

The cartography area of the panel is accomplished by a GIS module that allows the management of cartographic functions and provides the user with a powerful and sophisticated tool for accessing data. MISTRAL© map window can present a global map showing the location of the various monitored areas. The user can select more detailed maps of areas of interest including the highlight of the instruments and their operating states via colorful icons.


[image: ]
Figure 21 – Detailed of an area – (Section views)
UTE DAMS IN URUGUAY – DAMS SAFETY ASSESMENT - CASE HISTORY 
Rio Negro hydroelectric plants compound by 3 power station: G. Terra, Baygorria and Constitucion. The main features of the Rio Negro hydroelectric System are hereunder summarized:
	Power Station Gabriel Terra
Dam in concrete (gravity and hollow gravity)
Years of construction:1937-1948
Basin:			39.700 km2
Reservoir volume:	8.800 Mm3
Reservoir surface:	1.070 km2
Installed power:	128 MW
Height:		50,80 m 
Crest Length:		1.170,50 m 
Concrete volume:	350.000 m3
	[image: D:\UTE\Fotos Terra\BONETE2.JPG]

	Power Station Baygorria
Dam (concrete gravity and earthfill dikes)
Years of construction:1956-1960
Basin:			43.900 km2
Reservoir volume: 	570 Mm3
Reservoir surface:	100 km2
Installed power:	108 MW
Height:		45,50 m 
Crest Length:		707,60 m
Concrete volume:	250.000 m3

	[image: D:\UTE\Fotos Baygorria\Baygo_1.jpg]

	Power Station Constitucion
Dam (concrete gravity and earthfill dams)
Years of construction:1977-1982
Basin:			62.950 km2
Reservoir volume: 	2.854 Mm3
Reservoir surface:	320 km2
Installed power:	333 MW
Height:		66,00 m 
Crest Length:		2.067 m 
Concrete volume:	481.000 m3
Concrete volume:	4.420.000 m3
	[image: D:\UTE\Fotos Palmar\PALMAR.jpg]




The Project deals with “some” of the activities related to the Dam Safety Assessment.
First step of the project was carried out in 1995 by ISMES (“Asesoramiento en Auscultacion e Instrumentaciòn de grandes Presas”). The project had provided the following activities:
· Inspection activities performed by dam engineers at the three dams.
· Analysis of the dams behaviour. 
· Review of data management and surveillance procedures.
Final reports contained a detailed analysis of the dams condition and all the prescriptions to be adopted for the dam safety. Furthermore the evaluation of each monitoring systems, their improvements and the installation of software MIDAS© (Management of Information for Dam Safety), for data management, were performed, considering the using of reference theoretical models in order to verify dam behaviour versus time, and training of UTE personnel.

[image: ][image: ]
Figure 22 – Gabriel Terra dam and the power station during the flood occurred in 1959
Second step of the project was carried out in 1997 by ISMES (“Estudio de Maxima Crecidas del Rio Negro”). 
· Hydrological and Hydraulic assessment for the dams vs floods with different return period (PMF and return period = 10.000, 5.000, 1.000, 500 years)
· Definition of flooded area for the highest floods. 
· Structural safety analysis of dams with respects to new hydrostatic loads due to flood conditions. 
On the base of such studies an Operation Procedures for flood emergency condition was defined and a specific software procedure were installed aimed at managing flood event e prevent flooded in downstream urban area. Rains and flows measured by the hydrological network located in the catchment area are processed in order to forecast flows and levels into the reservoirs. In the same time the software helps and simulates forecast discharges from outlets (spillway and inner outlets) and forecast levels along the Rio Negro River.
These analyses are performed for information for Public Awareness; information about levels and discharges are reported also in Internet.
[image: D:\UTE\Fotos Piena 2007\Fotos piena Mercedes-Constitucion\100_4332.JPG]
Figure 23: Constitucion dam during the flood occurred in 2007

In 2007, ten years after the first step, UTE decided to developed a dam Safety review by periodic check of the dams condition and the contract was awarded by ISMES Division of CESI (“Procedimentos de Control e Interpretacion de Resultados de Grandes Presas”). Within the scope of the project new site inspections were carried out. At the conclusion of the site activities a study of the history of the acquired data was performed again together with the review of the procedures of surveillance activities and Emergency measures (Operation & Maintenance Activities). An updated draft of the recommendations for the dam safety was delivered to the client.
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