


TECHNICAL DESCRIPTION 

Modrac Dam Phase IV
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Note: In cases where certain equipment is specifically named, it is only an indication of the technical features the offered equipment would need to comply with. As regards software and licenses, because of their non-materialised form, the rule of origin will be fulfilled to the condition that the owner of the software's copyright is a natural person who is national of or a legal person who is effectively established in an eligible country under IPA. The owner of the right is the one mentioned in the copyright notice. 


1.   Introduction

Modrac Dam is a multiple-arch (reinforced concrete) dam, which is classified as a high dam according to its technical characteristics and the reservoir volume.
In accordance with the applicable regulation, the Regulation on Technical Monitoring of High Dams (''Official Gazette of SFRY'', No. 7/66), systemic monitoring of the dam has been ongoing since the time of its construction, including a period of justified suspension of monitoring during the war.
Analysis of data obtained by dam monitoring in the post-war period has yielded, among other things, the following conclusions:
   A system of vertical cracks on the arches and their supports and horizontal movement of arches point to a change in the statical system resulting in reduced load bearing capacity of this structure.
   It is safe to assume that the resulting statical system of the structure has a reduced load bearing capacity compared to the requirements of the civil engineering regulations, which means that this structure may be classified as a conditionally stable structure. 
   Analyses indicate that this facility requires such remedial measures that would ensure a functional facility in terms of stability and water retention capacity.

In other words, the reason for repair is the damage to the dam in the form of cracks – fissures. Some of the cracks emerged already during the construction of the dam, and later on, with the exposure to different conditions and the passage of time, their number has risen as well as their size. There are several reasons for the emergence of these cracks on the arches, ranging from concrete shrinkage, to the impact of temperature, to under-reinforced arches, and to the very method of construction.

 2.   Basic Information about the Dam and the Reservoir

The Modrac reservoir was formed in 1964 by the construction of the dam in the Modrac strait. The reservoir is formed by the rivers of Spreča and Turija. For the normal backwater level of 200.00 m.a.s.l. over a period of use of more than 40 years, the total volume of the reservoir has been reduced from 98 x 106  m3/sec to 83 x 106 m3/sec, while the useful volume has been reduced from 86 x 106 m3/sec to 64 x 106 m3/sec.
The Modrac reservoir provides on average 2.30 m3/sec of technical water and 4.70 m3/sec as a water management (hydrobiological) minimum in the Spreča River downstream from Modrac.
The Modrac dam is a multiple-arch dam consisting of ten arches – cylindrical shells, nine counterforts and two gravitational bank abutments.
The dam has three free spillways (fields 6, 7 and 8), two at the level of 200.0, and one at the level of 199.90.
Counterfort No. 2 includes two water intakes with a diameter of Ø 1900, whose axes are at levels 190.0 and 196.50. Immediately downstream from counterfort No. 2 is the stop gate  facility of the intake structure (Howell-Bunger valves) and a mHPP, whose installed flow is Q = 15.0 m3/sec with a net fall of 14.0 m.
Discharges are running through counterforts 6, 7 and 8. The diameter of discharge pipes is Ø 1700, and their axes are at the level of 196,50. At the entrance of discharge pipes there are stoplogs, and at the end there are Howell-Bunger valves.
The other principal characteristics of the dam are:
	-
	Level of the bridge at dam crest
	205.80 m

	-
	Level of arch crest  
	205.50 m

	- 
	Level of dam foundation (min)
	177.50 m

	-
	Construction height
	27.50 m

	-
	Crest length
	191.0 m

	-
	Counterfort axial distance
	16.0,  16.60 and 17.00 m  

	-
	Counterfort thickness at foundations (max)
	3.00 m

	-
	Counterfort thickness at crest 
	1.40 m

	-
	Thickness of arch shell    (below level 184.00)
	0.50 m

	-
	Thickness of arch shell    (from 184.00 to 205.5)
	0.40 m

	-
	Radius of arch shell
	8.92 m

	-
	Central angle of the arch
	120º

	-
	Maximum reservoir level 
	203.00 m

	-
	Area of the reservoir at level 200.00
	1700.00 ha

	-
	Area of the reservoir at level 203.00
	2250.00 ha

	-
	Spillway level 
	200.00 (199.90) m

	-
	Discharge capacity at level 200.00 
	3 x 25.0 m3/sec



3. Activities Related to Resolution of Issues in the Repair of the Modrac Dam

To ensure satisfactory functionality and stability of the facility, various activities were undertaken between 1997 and 2005 to find the most reasonable solution to the issue of the repair of the Modrac dam. During this period, different institutions from Bosnia and Herzegovina and other countries produced appropriate studies and design documentation, which included necessary research, analyses and calculations. The most reasonable solution proved to be the one proposed by the company of  ''Energoinvest'' - Sector HIGRA, Sarajevo. Between 2003 and 2006, the "Main Design for the Repair of the Modrac Dam" was developed for this particular solution and was reviewed by an Expert Committee. The Main Design for the Repair of the Modrac Dam includes the following books:
Book 1.   Calculation
Book 2.   Formwork Plans
Book 3.   Reinforcement Plans
Book 4.   Design of Technical Monitoring of the Repaired Modrac Dam  

For the purpose of repair works of phase IV repair of the "Modrac" dam, a "Detailed Design for the Repair of the Modrac Dam" was developed in January 2011. The Detailed Design includes the following books:
Book 4.  Repair of Arches 5, 4 and 3  – Volume 4.1  - Introduction, Background and Formwork Plans
Book 4.  Repair of Arches 5, 4 and 3  – Volume 4.2   - Reinforcement Plan and Calculations
Book 4.  Repair of Arches 5, 4 and 3  – Volume 3   - Instruments for Technical Monitoring
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4. Proposed Method for the Repair of the Modrac Dam

The method of dam repair proposed in the "Main Design for the Repair of the Modrac Dam" developed by ''Energoinvest'' – Sector HIGRA, Sarajevo, provides for the construction of reinforced concrete arches on the inside of the existing arches. A plastic foil (geomembrane) is placed between the new and the existing arches. The new arches rest on consoles, which are added to the existing counterforts.
The repair is designed such that it does not introduce any additional forces into the structure, and it also retains the existing (acquired) flexibility of the dam, as shown by the calculations.
The addition of new structures increases the mass of the structure but it also increases its rigidity, and therefore dynamic resistance of the dam effectively remains the same.
Joints on the arches eliminate tension forces resulting from negative temperature impact. On the other hand, with negative temperatures there is a loss in the pressing force and the impact on the arch is the greatest, i.e. the surface area of the reinforcement is the largest. The structure is sized for the following impacts and conditions:
-   static (primary-typical) load;
-   temperature (primary-typical) load;
-   hydrostatic water pressure (non-typical) load;
-   ice (non-typical) load;
-   dynamic (extreme) load; and 
-   combination of these loads.

The consoles are sized for the maximum water pressure impact and for reactions of the arches, even though it is not realistic to assume that an entire arch will come under full water pressure (drainage has been provided to prevent this from happening).

Construction of Consoles - Supports for the New Arches

Before consoles are constructed, it is necessary to prepare the surface, i.e. the concrete of the existing counterforts. First, holes are drilled for primary anchors in the existing counterforts, and then they are chiseled. Supports are chiseled in the counterforts at a maximum height of 6.0 m, and concrete is placed in layers 2.0 m high. Once the entire 6.0 m (3 x  2.0 m) counterfort is concreted, a break is taken of a min. of 7 days to allow concrete to set, and then holes are drilled for primary anchors and the next counterfort is chiseled. Anchors are at an angle to facilitate pouring of cement mortar. It should be noted that supports for the arches are constructed at the same time on both sides of the counterfort.
The joint of the old arch and the counterfort is to be injected with epoxy resins before the start of chiseling. This is done to prevent (reduce) seepage of water at the joint between the old and the new arch.
In order to increase adhesion and eliminate the effects of shrinkage (creep of joints), Ø 25 anchors (GA 220/340) with a nut are placed through the entire width of the counterfort and the consoles (on both sides). The hole through which the anchor is driven is Ø 30. In order to allow smooth "operation" of anchors, the hole should not be filled with cement mortar, and before concreting of the console, Ø 32 mm alkaten pipes are placed in the concrete, while holes around the anchors should be closed to prevent concrete from entering the space around the anchor.
Before placement of concrete, a foil (geomembrane) is set up, while concrete surfaces that will come into contact with the foil need to be cleaned and prepared. The textured side of the foil should be turned toward the old arch. Once the foil is set up, steel sheet is placed on it and the space between the steel sheet and the foil is filled with geotextile.
Concrete is placed once reinforcement is set up. The height of concrete placement is max. 2.0 m. This height is chosen to ensure that the effects of swelling are as uniform as possible.
Before concreting, the surfaces that will come into contact with the concrete are coated to ensure better connection between the old and the new concrete. Concreting is done using hydraulic concrete of the quality corresponding to MB30 concrete including additives for swelling and plasticisers. The frost resistance type is M -200.

Construction of the New Arches

The arches are constructed after the foundations and consoles are completed. There is no required sequence in the construction of arches, but they do need to be constructed when the ambient temperature is around the yearly average (around 15oC). They should never be constructed at high or low temperatures.
The concrete to be used is hydraulic concrete matching the MB30 type. The frost resistance type of the concrete is M-200 and V-4. The concrete will include additives to eliminate shrinkage and plasticisers. Before placement of concrete, the foil and reinforcement will be set up. The foil will be spliced by welding, while the textured side of the foil should be turned toward the old arch. The height of concrete placement is 2.0 m, while parts of the arch that will expand from the existing concrete will be separated by Heraklith or equivalent material (wood wool).
The foundation of the arch will be separated from the foundation base with a geomembrane to prevent them from forming a connection. 
It is not permitted to splice reinforcement bars within a field and the load bearing horizontal bars in an arch must be made of a single piece of reinforcement. It is also important to note that the arch formwork should not move until the concrete becomes strong enough (MB20).  

5. Technical Monitoring of the Dam

The structural system of the Modrac dam is elastic and very quickly responds to all loads, especially to temperature impacts, and therefore the present method of technical monitoring, performed in series (2 - 4 times per year) cannot keep track of all these changes and makes it very difficult to make adequate conclusions.
The present system of monitoring, which includes geodetic and physical monitoring methods, will experience changes in general. These changes involve changes to a part of the physical monitoring methods (in terms of method and frequency), while geodetic methods will effectively remain the same with only minor changes (addition of points for alignment and monitoring of the left flank).
On the other hand, instruments for seismic monitoring of the dam have been placed to measure acceleration at dam foundation and crest levels in order to obtain response of the structure or amplification.
In developing this project, the aim was to find an optimal solution which includes application of state-of-the-art methods while ensuring the most cost-effective solution. The original idea was to install optical fibers to monitor strain and deformations in the arch, but this idea was abandoned due to high cost. Instead of optical fibers, strain gauge instruments are installed, being more affordable but also less reliable. Saying this, we bear in mind the fact that the instruments will be installed in concrete and cannot be repaired in case of malfunction.

In light of the foregoing and the fact that the dam will undergo repairs, the plan is to establish a system of permanent monitoring, which will monitor all changes (temperature, deformation, etc.) in relation to time. The design for the technical monitoring of the Modrac dam has defined the method of dam monitoring as well as the interpretation of the results obtained by monitoring.
 Because the repair will be carried out in several phases, it is necessary to establish a "provisional zero state" after completion of each phase of repair to be able to control the behavior of the dam and the impact of the repair measures implemented. The layout of the instruments is adjusted to the repair of the dam in phases. Once the repair is completed, a zero state will be established that will serve as a benchmark for all future monitoring of the dam.

5.1. New Method of Monitoring

Technical Requirements for the Equipment
The method of monitoring should ensure automated collection of data from the measuring points (physical methods) on the Modrac dam, including automatic processing of the collected data and the presentation of the results and quantities (in real time) necessary to define the condition of the dam. 
In addition, the equipment (software) should allow alerting appropriate members of staff in case the measured quantities relevant for dam safety exceed the defined limits. Hereinafter, the term equipment includes equipment with structural elements and software. 
In selecting the equipment, the following needs to be observed:

1. The equipment supplier will carry out assembling, control, calibrating and commissioning of the equipment, as well as staff training. The equipment should include technical documentation with a warranty.
1. The supplier will provide support in data processing and visualisation for at least 1 year.
1. The equipment and software must perform integrated technical monitoring of the dam and its surroundings, which means measurement of all defined physical and seismic quantities relevant for the dam.
1. The equipment should be designed for continuous operation and must have autonomous power supply for at least 48 hours following loss of supply from the electrical grid. The equipment includes sensors (probes, transducers), a central station and appropriate connections.
1. The equipment (software) must include a feature of fully automatic operation, i.e. performance of all function without supervision and input by an operator for at least 7 days.
1. The equipment (software) must include a feature allowing an operator to change certain system parameters, such as the time of data collection, etc.

1. The equipment should have four operating modes, as follows:
   - automatic operation;
   - manual operation;
   - testing mode;
   - parameter change mode.
· The automatic mode is the principal mode of operation.
The testing mode should allow testing of all computer resources as well as of transmission routes and sensors.
 	The parameter change mode serves for making changes to the system variables.
Since the dam will be repaired in phases, the layout of the instruments is adjusted to such work in phases.

Division of Measurements
As stated before, the present system of monitoring, which includes geodetic and physical monitoring methods, will experience changes in general. These changes involve changes to a part of the physical monitoring methods (in terms of method and frequency), while geodetic methods will effectively remain the same with only minor changes. 
Based on automatically collected data such as water level and water and air temperature, and based on the readings of the values of deformation and strain in the reinforcement and concrete in the new arches and the values of the size of opening or closing of existing cracks in the old arches, it will be possible to determine the behavior of the entire structure of the dam.  
For the purpose of seismic monitoring of the dam and the soil, seismic instruments will be placed on the dam at foundation and crest level, as well as in the ground, in order to obtain response of the structure to seismic impact or amplification. 

The physical methods will automatically monitor the following:
STRAIN GAUGE - instruments for measuring deformation and strain
	New arches
	The design provides for strain gauge instruments on three arches (2, 5 and 10)
	Instruments installed in phases I and II of the repair - strain gauge on the arches (2 and 10)

	No. of instruments
	48
	30



SENSOR - TRANSDUCER – an instrument for measuring the temperature of the concrete
	New arches
	The design provides for a transducer instrument on three arches (2, 5 and 10)
	Instruments installed in phases I and II of the repair - strain gauge on the arches (2 and 10)

	No. of instruments
	32
	17


The instruments will be installed by tying them to the reinforcement. Before placement of concrete, it is necessary to check the operation of equipment to be installed in the concrete. 

CRACKMETER - instruments for measuring the opening of the existing cracks
	New arches
	The design provides for a crackmeter instrument on four arches (2, 3, 5 and 9)
	Instruments installed in phases I and II of the repair on all arches

	No. of instruments
	8
	8


The instrument will be installed on old arches by means of screws. 
	
	EL. TILTMETERS – for measuring the vertical position of counterforts
	Counterforts
	The design provides for an el. tiltmeter instrument (two components) on K1, K2, K5 and K9
	Instruments installed in phases I and II of the repair - el. tiltmeter (two components) on K1, K2 and K9 

	No. of instruments
	6
	4


The instruments will be installed on counterforts by means of screws.

	Bank abutments
	The design provides for an el. tiltmeter instrument (mono axial) on both bank abutments 
	Instruments installed in phases I and II of the repair - el. tiltmeter (mono axial) on bank abutments

	No. of instruments
	2
	2


The instruments will be installed on counterforts by means of screws.

	PIEZOMETER – for measuring uplift
	The tunnel in the bank abutment 10
	The design provides for piezometer instruments (classical)
	Instruments installed in phases I and II of the repair - piezometer (classical)

	No. of instruments
	3
	3


The piezometers will be installed in existing boreholes. 

SENSOR – TRANSDUCER - water temperature at different depths and water depth
	On the upper side of the dam in the reservoir
	The design provides for sensor-transducer instruments
	Instruments installed in phases I and II of the repair - sensors-transducers 

	No. of instruments
	For water temp.   8
	5

	
	For water depth   1
	1


The instrument will be installed on the upstream face of the dam.

	TRANSDUCER - for measuring air humidity and temperature
	On the upper side of the dam in the reservoir
	The design provides for sensor-transducer instruments
	Instruments installed in phases I and II of the repair - transducers 

	No. of instruments
	For air temperat.   9
	6

	
	For air humidity    3
	1


The instrument will be installed on the upstream and downstream faces of the dam, as well as in the crest.

ACCELEROMETERS – for seismic measurements 
	Acceleration
	The design provides for accelerometer instruments
	Instruments installed in phases I and II of the repair - accelerometers 

	No. of instruments
	3
	3


The accelerometers will be mounted in 3 places. One in the right bank abutment at level 190.5; one on counterfort  K3 at level 190.5; and the third one on counterfort K3 at level 205.30.

During phase IV of the repair of the Modrac dam, the design provides for installation of new replacements for any missing instruments, as well as checking and putting into operation of the instruments installed to date, all according to the specification in the Bill of Quantities. 

6. Implementation of Repair Works
Given the level of resources required to implement the planned repair works, the plan is to implement the repair of the Modrac dam in several phases. All three (3) previous phases of repair have been completed, as follows:

· Phase I of repair included the following works:  repair of arches No. 1 and No. 2, which included construction of 3 foundations, 2 arches and 5 consoles.

· Phase II of repair included the repair of arches No. 9 and 10, as well as a part of arch No. 8 (a foundation and one console), which included construction of 2 arches, 3 foundations and 5 consoles. 

· Phase III of repair included the repair of arch No. 8, which included: 1 console and arch; the repair of arch No. 7, which included: a foundation, 2 consoles and an arch; the repair of arch No. 6, which included: a foundation, 2 consoles and an arch; the repair of arch No. 5, which included: a foundation and 1 console; the repair of arch No. 4, which included: a foundation, repair of beams below the spillway, supply and installation of equipment for monitoring of the repaired Modrac dam.  

The subject of this tender is the contract for Phase IV of the repair of the "Modrac" dam, which includes:

· Repair of arch No. 5, which includes: 1 console and an arch
· Repair of arch No. 4, which includes:  2 consoles and an arch 
· Repair of arch No. 3, which includes:  2 consoles and an arch
· Supply and installation of equipment for monitoring of the repaired Modrac dam  
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