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1.1 [bookmark: _TOC_250069]Waterway losses

The waterway consists of the intake, the trash rack and the turbine inlet section. The losses between the intake and the turbine have been determined to be 0.15 m.

The total head losses at turbine rated discharge for calculation of the operating net head is the sum of losses in the waterway and the draft tube exit losses. The total head losses amount to 0.3 m.

2.1 [bookmark: _TOC_250068]Turbine layout and design

As presented in the stage 1 report, the performed comparative analysis concluded that the most promising configuration for Bodorna HPP comprises a standardized pit turbine.





Table 1-2:	Main hydraulic figures for turbine design

	Characteristics
	Unit
	

	Rated discharge
	m³/s
	32

	Max. Head Water Level
	m a.s.l.
	632.0

	Rated Head Water Level (operational)
	m a.s.l.
	631.6

	Min. Head Water Level
	m a.s.l.
	630.5

	Max. TWL
	m a.s.l.
	623.2

	Rated TWL
	m a.s.l.
	623.2

	Rated net head Hn,rated
	m
	8.1



Turbine rated power output

The rated turbine discharge is 32 m³/s. The corresponding turbine power output is:


PT = 1T x Qr x p x g x Hn,rated
m³


kg	m


Where:

= 0.92 x 32.0
s

x 1000
m³

x 9.8
s²

x 8.1m = 2337 kW

η_T	=	turbine efficiency at rated head and discharge Q_r	=	rated discharge
ρ	=	density of water
g	=	gravity acceleration

The installed capacity of a hydro power scheme is understood as the electrical power available at the high voltage side of the main transformer terminals. This capacity considers the following losses/efficiencies:

· gearbox efficiency
· generator efficiency
· transformer efficiency
· auxiliary consumption.

Under consideration of these losses/efficiencies the rated installed capacity at the plant amounts to about 2,132 kW, whereas the exact value can vary from one supplier to another. The maximum installed capacity at the plant is about 2,332 kW under consideration of a maximum allowable discharge of 35 m³/s.

Turbine speed and submergence

The determination of the turbine layout and sizing is based on statistical data compiled by the Consultant for similar hydraulic units. The main turbine characteristics are established such that all major suppliers generally can meet those criteria in order to ensure competitive bidding.

For a rated net head of 8.1 m, a specific speed of approximately ns=820 can be calculated. With the specific speed of ns= 820 the theoretical speed of rotation of n_theo=211.5 rpm can be determined.

A gearbox shall be used to increase to generator speed and therefore the rated turbine speed can be determined independently from the generator speed within certain ranges, since the 50 Hz frequency requirements do not need to be fulfilled from the turbine. Therefore, the final turbine speed shall strongly depend on the design of the future turbine supplier and may vary from the presented figure.

After consultation with potential suppliers, it was reported that a preferred rated turbine speed is 200 rpm. Therefore, it was decided with this value for all further considerations.

With a rated turbine speed of approximately 200 rpm, a minimum submergence depth of -0.5 m at rated discharge would be required.

Turbine dimensions

The size of the unit is defined by the diameter of the turbine runner and the rotating speed of the turbine. The selected turbine speed of 200 rpm leads to a turbine runner diameter of approximately 2.3 m and determines the overall dimensions of the unit.

With the setting stated above and the given main dimensions presented hereunder, a sufficient submerged draft tube outlet in relation to the tailwater level (minimum 0.30 m) is ensured.

The main dimensions of the turbine based on a preliminary parametric design are shown in the figure below.




Runner / Pit	Inlet Section	Draft Tube

	D1 =
	2.3m
	H =
	4.5 m
	L =
	11.7 m

	Dh =
	0.9m
	K =
	4.9 m
	N =
	3.8 m

	G =
	2.3 m
	J =
	6.2 m
	O =
	4.9 m

	M =
	5.7 m
	Hs =
	-0.5 m
	
	


Figure 6-27: Main turbine dimensions based on parametric designs

Runaway speed

The following applies for the runaway speed for the turbine:

· runaway speed coefficient:	fr = 3
· max. runaway speed:	nr = n*fr = 600 rpm.

The calculated maximum runaway speed has only an indicative character. The precise value to be later used for stress calculations of the turbine and generator parts shall be determined by the selected turbine supplier.

Summary turbine data

In the following table the main parameters of the turbine are provided.


	Characteristic
	Unit
	Data

	Type
	-
	PIT (double regulated)

	Number of units
	-
	1

	Rated net head
	m
	8.1

	Rated discharge
	m3/s
	32

	Runner diameter
	m
	2.3

	Minimum required submergence
	m
	-0.5

	Turbine CL
	m a.s.l.
	618.64

	Rated turbine speed
	rpm
	200

	Turbine runaway speed
	rpm
	600

	Maximum turbine efficiency (best point)
	%
	92

	Rated turbine output
	kW
	2,337
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Turbine runner

The runner of approximately 2.3 m nominal diameter with adjustable blades shall consist of the following main components:

· runner blades
· blade operating mechanism
· runner hub
· runner cone.

Turbine shaft

The turbine shaft shall be made of one piece and equipped with integrally forged flanges on both ends for bolted connection of gear box driving end on the upstream side and turbine runner on the downstream side.

The hollow shaft shall have a concentric bore throughout its entire length for installation of the oil piping connection of the regulation mechanism of the runner blades located in the runner hub.

Turbine shaft seal

The turbine shaft shall be equipped with a self adjusting mechanical shaft seal with additional labyrinth rings to reduce the leakage into the pit in case of seal damage. The shaft seal shall be water cooled by clean water with the required filtration rate. Additionally, an inflatable stand-still seal shall allow complete shut-off of water leakage during stand-still of the turbine and replacement of the shaft seal wearing elements without dewatering the turbine.

Bearings

The turbine bearings shall be oil lubricated. For start and stop of the units a hydrostatic pressure device shall be foreseen. Replacement of bearing parts shall be possible without dismantling of the turbine shaft as far as

practicable. External oil cooling shall be foreseen. The system shall allow for connection of an external oil filtration plant.

Pit housing and stay ring

The pit housing including the vertical access shaft (pit nose) shall be made of welded steel plates, such as S235J or equivalent.

The pit nose shall be designed with a horizontal inlet cylinder for connection and transition to the inner stay ring. The stay ring shall comprise an       inner and outer conical water passage and stay vanes as required.

The inner and outer stay ring shall be made of welded steel plates, such as S235J or equivalent. The outer stay ring shall be connected to the pit nose at the upstream and shall be embedded in concrete. The inner stay ring shall also be connected to the pit nose and shall form the transition from rectangular to circular cross-section of the water passage.

Access to the generator and gear box pit shall be possible through the vertical access shaft (pit nose).

A main cover, to be installed on the opening of the pit housing, shall reduce the noise level in the powerhouse to a minimum.

The complete pit housing shall be sized and designed to enable inspection of the equipment installed inside the pit (generator, gear box, auxiliary equipment, etc.) during operation and without dewatering of the turbine.

Distributor

The distributor shall be designed to regulate the turbine discharge and to completely cut-off the flow through the turbine under any combination of head and discharge which could be encountered on the project by means of movable guide vanes.

The distributor shall consist of an outer ring and an inner cone. The outer ring shall be bolted to the outer stay ring on the upstream end and shall carry the outer wicket gates bearings and the regulating ring. On the downstream end it shall be connected to the runner throat ring and therefore shall form an integral part of the water passage. The inner cone shall be flanged and bolted to the inner stay ring cone on the upstream end and the wicket gate inner bearings shall be mounted on it.

Both, the outer and the inner ring shall have a machined spherical surface over the full length of the wicket gate profile in the open position to keep minimum clearance between the gates and the outer and inner rings.

The guide vanes installed in the water passage upstream of the turbine runner for regulation of the discharge shall be equipped with self-lubricating

bearings. The guide vanes shall be controlled by an operating ring installed at the outside of the outer distributor ring. The opening of the guide vanes shall be done by one servomotor actuated and controlled by the oil hydraulic system of the governing system and closing shall be done by a counterweight. The counterweight shall be used to close the gates safely even under the most unfavorable operation conditions.

Discharge ring and throat ring

The discharge ring is a robust steel construction forming the outer part of the water passage in the area of the turbine runner. It shall be connected to the distributor outer ring by bolted connection. On the downstream side, a sliding joint shall be provided where the throat ring shall be connected with the draft tube liner.

The draft tube liner shall be a conical shaped steel construction embedded in concrete. On the upstream side, the draft tube liner shall be provided with a machined flange to attach the sliding joint of the runner throat ring. On the downstream side of the draft tube steel liner a smooth transition between the lining and the concrete contour of the draft tube shall be ensured to avoid disturbances in the flow and to minimize the risk of detaching flows.

Gear box

The turbine shall be equipped with a high quality gear box for transmission of the turbine speed to the generator speed. The gear box shall be of single stage parallel shaft type with helicoids teeth or of the epicyclic gear type.

The transmission ration shall be defined by the supplier.

Governor

The turbine shall be provided with a digital, microprocessor type PID governor consisting of an electronic and hydraulic part. The governing system shall be connected to and shall be fully compatible with the power station control and monitoring equipment.

It shall be possible to control the turbines remotely from the control room, from the unit control board (UCB) and locally manually from the governor actuator panel.

The governing system shall set the turbine speed and servomotor positions for regulation of the runner blades and guide vanes. It shall control and optimize the wicket gate and runner blade position depending on the net head available and the desired discharge.

The following functions shall be included:

· start and stop sequences

6-30

· emergency shutdown
· speed control at no load operating
· discharge control
· power output control
· water level control
· on-cam operation for optimal correlation between guide vane and runner blade opening (angle)
· operation in grid.

Cooling water system

The cooling system for the unit shall consist of one closed cooling water circuit supplying water to the heat exchangers of:

· generator air/water heat exchangers, if required
· oil/water heat exchangers for bearing lubrication
· oil/water coolers for oil pressure system (governor/turbine bearing lubrication), if required
· oil/water heat exchanger for gear box, if required.

The hot water coming from each of the consumers shall be re-cooled in a heat exchanger of non-corrosive material. The cooling water system shall be filled with fresh water and treated with anticorrosion additives.

The cooling water of the complete closed system shall be boosted by two motor driven pumps, one operating and one standby. Automatic and manual operation modes and a selector switch for the choice of the priority pump shall be provided.

Drainage and dewatering system

The powerhouse shall have a drainage and dewatering system. The sump shall collect all leakage and drainage water from the unit and surface leakage from the power station. The drainage and dewatering sump shall be located at the lowest point of the powerhouse. It shall be accessible from the turbine passage below the turbine runner pit. From this sump the drainage water shall be discharged to the tailwater by a submersible pump, installed in      the sump.

The flushing water of filters and strainers and wastewater from heat exchangers in case of dewatering shall be connected to the drainage and dewatering sump.

In general, the drainage system of the powerhouse shall ensure that all sources of water considered being oil contaminated (drainage water from the powerhouse, water from the shaft seal, etc.) shall be collected and shall be treated by separating oil and water by means of oil interceptors before being discharged into tailwater later on.



Dewatering of the unit (inlet, pit and draft tube section) shall be done to the same drainage and dewatering pit by gravitation in case of inspection, maintenance or repair works.

Workshop and maintenance equipment

Considering the vicinity of Bodorna HPP to both Zhinvali HPP as well as Bulachauri water treatment facilities, a separate workshop is not considered necessary for Bodorna HPP. All required pieces of equipment and tools are available nearby.
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The generator shall be coupled to a horizontal Kaplan turbine of pit type via the gear box.

The horizontal shaft salient pole generator and associated equipment shall include, but not be limited to, the following:

· generator housing
· horizontal shaft synchronous generator
· neutral earthing connection, including neutral earthing transformer, loading resistor and current transformers
· line terminal boxes, instrumentation transformers
· all generator bearings, including external lubricating oil tank and circulation system
· braking system
· instrumentation
· brushless excitation system.

All windings of stator and rotor shall be provided with a class „F“ insulation system.

The generator shall be designed in accordance with the requirements of IEC 60034.

Generator preliminary data

	Rating
	approx. 3 MVA, according to turbine rated output

	Power factor
	0.85 lagging, 0.9 leading

	Rated voltage
	6,300V

	Rated speed
	according gearbox ratio but not higher than 1,000 rpm

	Frequency
	50 Hz

	Insulation class all windings
	F (IEC 60034)



Generator housing

The generator housing shall be of a welded steel structure, incorporating all generator parts, including rotating part of the excitation system. Main and neutral terminal boxes shall be mounted on the outside of the generator housing.

Degree of protection of the generator housing, including terminal boxes shall be IP 56.

Main and neutral connections

Main and neutral terminal boxes or cubicles shall be provided with the main terminals on the side closest to the switchyard and the neutral on the opposite side. The voltage and current transformers (PT and CT) shall be integrated in the generator’s separate main and neutral cubicles.

A neutral earthing system shall be provided for the generator. The neutral connections shall be designed for full phase to earth voltage and be capable of carrying maximum earth fault current in the event of a fault with the distribution type transformer.

Excitation system

A complete brushless type (rotating diodes) excitation system including a high speed automatic voltage regulator incorporating PID control shall be supplied for the generator.

The automatic voltage regulator shall be equipped with automatic and manual channels with follower allowing bumpless changeover from automatic to manual control in case of fault in the automatic regulation. It shall be furnished further with the necessary protection and limitation devices and with a reactive power regulator. Considering the requirements of the electrical transmission system, a voltage adjustment range for the generator terminal voltage of ±5% has been selected.

Cooling

The cooling air of the generator shall be cooled by air to water heat exchangers. All tubing shall be of a CuNi alloy suitable for the cooling water quality.

Alternatively, generator cooling method of self-ventilation with integral fan cooling can be offered.

The generator bearings shall be water cooled.

Separate motor operated valves for the water cooling shall be installed for the cooling water feeding the bearing lubricating oil tank and the main generator coolers.

Bearings

Bearings shall be of the hydrodynamic type. They shall allow for start up without jacking, priming of oil or hydrostatic oil lift. The oil volumes shall be sufficient to cool the bearings under the most extreme conditions (full load rejection, no braking and no cooling water flowing).

The bearing shall be designed for the weight of the rotating parts of the generator normal and transient hydraulic forces in any direction. The bearing metal shall be tin based babbit metal.

The lubricating oil quality shall be the same as that used for the turbine (ISO VG 46 or 68). The lubricating systems shall be designed such that in normal operation, oil changes are not required more than once every five years.
Each bearing will be furnished with tapings for oil tests samples.

Brakes

The generator shall be provided with a braking system of the calliper type for operational braking and braking during stand-still.

The brakes shall normally be applied at 30% of rated speed during shutdown of the unit. The brake ring shall be designed to allow the brakes to be        put on at 90% speed by normal braking pressure without being deformed. The brake lining shall be asbestos free.

The braking system shall be pressure oil operated taking supplies from the governor oil pressure system of the corresponding unit.

[bookmark: _TOC_250064]	Main transformer

The power generated by the generator shall be stepped up to the 35 kV level by one 35/6.3 kV three phase step-up transformer. The capacity of the step-

up transformer has to comply with the rated output of the generator (approx. 3 MVA).

An off-load tap-changer with a regulating range from -5% to +5%, in steps of 2.5% shall be provided.

The transformers shall be oil-immersed and of ONAN type cooling system. The vector group shall be YNd11.
The HV side of the transformer shall be connected to the 35 kV switchyard. The neutral star point of the HV windings shall be brought to a neutral outdoor bushing on the tank.

The low voltage side of transformer shall be connected to the MV switchgear through 6.3 kV cables.

The main transformer shall be of standard design with all necessary protection devices, in strict accordance to the latest standards, particularly IEC 60076 recommendations.

The main transformer shall be installed outdoors in a dedicated transformer bay of the switchyard.

	Main transformer preliminary data

	Number of the transformers
	1

	Type of construction
	Three-phase, two winding, core type

	Winding cooling medium
	Oil immersed, mineral oil

	Rated frequency
	50 Hz

	Temperature rise
	In accordance with IEC 60076

	Vector Group
	YNd11

	Voltage ratio
	35/6.3 kV, secondary voltage level to be coordinated with generator voltage

	Continuous maximum rating at site conditions (ONAN)
	approx. 3 MVA, to be coordinated with rated generator output



[bookmark: _TOC_250063]	Auxiliary transformer

The power demand for the hydropower station auxiliaries shall be subtracted from the MV switchgear via one three phase auxiliary transformer.

The secondary of the auxiliary transformers shall be connected to the 400V AC distribution board.

An off-load tap-changer with a regulating range from -5% to +5%, in steps of 2.5% shall be provided.

The transformers shall be dry type and of AN (Air Natural) type cooling system.

The vector group shall be chosen considering IEC standard.

The auxiliary transformer shall be installed indoor in a special metal enclosure, in dedicated area, which will be protected by means of blast / fire wall from neighboring equipment.

The auxiliary transformer shall comply with IEC standards and in particular with IEC 60076.

The final capacity value of the auxiliary transformer shall be defined by the contractor.

	Auxiliary transformer preliminary data

	Number of the transformers
	1

	Type of construction
	Three-phase, two winding, core type

	Winding cooling medium
	Dry Type

	Rated frequency
	50 Hz

	Temperature rise
	In accordance with IEC 60076

	Vector Group
	Dyn11

	Voltage ratio
	6.3/0.4 kV

	Continuous maximum rating at site conditions (AF)
	To be specified by Contractor, adequate for essential and non-essential loads services including the demand for operating the hydro mechanical equipment of the dam.
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The outdoor 35 kV switchyard shall consist of one 35kV bay, which will be the outgoing bay for the transmission line, fed from the main transformer. The same bay shall include the measurement equipment.

Main transformer shall be also installed in the 35 kV switchyard, which shall be fed by cable from the LV side and connected to the 35 kV bay from the HV side with overhead lines.

35 kV bay shall be equipped with relevant equipment and shall include at least the following equipment:

· 35 kV SF6 outdoor circuit breaker
· 35 kV outdoor motorised disconnecting switch, with earth switch on line side
· 35 kV outdoor current transformers (each 3 x single phase CTs) for protection and metering
· 35 kV outdoor voltage transformers ( 3 x single phase VTs) for metering and protection
· One 35 kV wave trap (only for line bay)
· 35 kV outdoor surge arresters (each 3 x single phase surge arresters).

Above mentioned bay shall be complete with all necessary insulator strings, clamps and connectors.

In addition, all other required equipment and accessories shall be provided, such as all supporting structures, as well as all necessary fittings and fixtures.

35kV switchyard shall be provided with complete earth system comprising buried copper earth mesh and earthing pits with earth rods, bonding connections to all steelwork and copper tape risers to all equipment earth connections and guard wire connections.

	Switchyard preliminary data

	Number of the bays
	3

	System voltage
	35 kV

	Rated frequency
	50 Hz

	Rated lightning impulse voltage
	70 kV

	Rated short time power frequency voltage
	
170 kV

	Rated short circuit current
	25 kA
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