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4.1 PULVERIZED COAL fired Boiler OPTION

The boilers will have minimum operating pressure and temperature, respectively, of 16.5 MPag and 541°C at the superheater outlet and 541°C at the reheater outlet. The steam output of each boiler will be designed to provide 103% of the steam required by the steam turbine to generate 550 MW net electrical power or more at the design conditions required for the net plant output guarantee. Boiler maximum continuous rating (BMCR) will be the steam flow rate corresponding to the guaranteed output of the plant corrected to Guarantee Conditions, plus 3% margin on flow. In the above definition of BMCR, it is assumed 3% margin on steam flow should be sufficient to compensate for expected degradation of the steam turbine over its design life. 

The boiler should be capable of running continuously at 40 % BMCR load with coal only and without oil support. The boiler will be designed to achieve rated generation capacity and also maintain the rated steam temperature with the top HP feed water heater out of service from 60% to 100% BMCR. Economiser and related pressure parts will be designed to take care of sudden variation in feed water temperature due to any unforeseen withdrawal of the HP feed water heater.

The boilers will be capable of firing the full range of coals indicated in Chapter 4 Part I. The boilers and associated equipment will be sized to produce the guaranteed output with either the design coal or any of the alternate coals.

The setting will consist of welded waterwall with insulation and outer metal lagging. The setting will be designed to withstand an internal pressure or negative pressure of not less than 8.7 kPa without objectionable deflection of sides or damage to casing, refractory, or other parts of the unit. The setting will be designed so that the outside casing temperature will not exceed 47(C with an ambient temperature of 27(C and an air current over the surface of the casing at 26.5 meters per minute. Non-water/non-steam cooled surfaces will be insulated for an outside surface temperature not to exceed 70(C with an ambient temperature and an air current as specified above. All surfaces exceeding 50(C where accessible to personnel will be provided with personnel burn protection.

Boiler furnace constructed with membrane walls should have adequate size and volume to facilitate sufficient resident time for complete combustion of fuel. Burners design should be of proven design with no flame impingement on the walls and avoid any accumulation of slag on the walls, burner tubes or hoppers etc. The gas temperature at furnace exit will be sufficiently lower than (minimum 50ºC) ash initial deformation temperature to avoid surface fouling and furnace slagging, while firing all types of coals indicated in Chapter 4 Part I, with either the design coal. Boiler tube assemblies should have proper erosion protection measures in erosion prone areas to protect the tubes against flue gas erosion and any possible soot blower steam erosion. The boiler design will take into consideration access to tubes for repair and inspection purposes as opposed to having tubes buried in refractory and inaccessible. Boiler construction should ensure air and gas tight condition and furnace bottom area designed for water sealing should be with suitable sealing arrangements at the water-impounded bottom hopper. Adequate openings on roof and fixing arrangements as required will be provided for installing power operated movable platforms during maintenance.

The air heater and cold-end of the boilers will be designed for continuous service burning fuel with the highest specified sulfur content.

An automatic steam bypass from each boiler to condenser will be provided to allow continuous operation at minimum load of the boiler in the event of a steam turbine shut down.

The steam generating unit and pulverized coal equipment will be located outdoors. All parts of the equipment requiring protection from the weather, moisture, and temperature extremes will be of weatherproof construction or will be provided with watertight shields or enclosures. The boiler will be top-supported and the boiler area will have a grade floor. A roof will be provided above the boiler.

The steam generator design should consider that the plant location is subject to monsoons and that reclaimed coal during that time will contain a significant amount of total moisture. Therefore, the steam generator fuel handling and burning equipment will be designed to handle the design coal with up to 20 % total moisture. Support fuel will be No. 2B oil.

The steam generating units will be a balanced draft, reheat type, with bare tube economizers operating with the coals specified. The units will be designed in accordance with the operating modes specified.

Operating Modes: The steam generating units will be designed and manufactured for low load operation in addition to base load operation and will include, but not necessarily be limited to, the following features:

· Quantity of starts will be as the table below

	
	Total Start-up Time min

	Hot Start-up
	90

	Warm Start-up
	180

	Cold Start-up
	420


· Start up characteristics and the suitability of the design to be started remotely from “Hot”, “Warm” or “Cold”.  

· Low load operation is defined as continuous operation at 40% of boiler maximum continuous steam rating (BMCR at normal pressure), or less.

· The steam generating units will be designed for both constant and variable pressure operation. The steam generating units will also be designed and equipped for quick startup capability.

· Materials used for the convection surface, headers, piping, and any other areas will be satisfactory for both constant and variable pressure operation, and for operating conditions that would be obtained with quick startup systems.

· Thermal performance of the boiler will be satisfactory for both constant and variable pressure operation, and ensure for trouble-free furnace performance with no slagging, and also ensuring satisfactory superheater, reheater, economizer performance maintaining metal temperatures in all sections with allowable limits, while firing all types of coal as specified in Chapter 4 Part I.

· Thermal expansion flexibility will be provided in the windbox to furnace pressure part connections and any other parts of the steam generator for the operating modes described above.

The design of the boilers must recognize the cyclic nature of the specified duty and must minimize effects of differential expansions and thermally induced stresses. 
Complete blowdown and drain systems will be supplied, including blowdown vessels designed to ASME Boiler and Pressure Vessel Code.  Boiler blowdown water will be drained to blowdown tank for flashing and then to a sump by gravity, and then to be pumped from the sump to the waste water treatment plant for further treatment and recycling.  

All drain valves will be motor operated to allow start-up of the boiler from the control room without any manual help. Manual isolation valves will be provided immediately before each drain MOV.

4.1.1 Temperature Variation Limits

The main steam temperatures will be controlled in the control range of the design temperature, plus or minus 3(C, during any load change.

Boiler design should ensure that the temperature difference between left and right side of main steam outlet / reheat steam outlet should not exceed 5(C. Boiler design should ensure that superheater / reheater metal temperatures are well within acceptable limits and well distributed. Spray attemperation facility using feed water may be used for controlling the main steam outlet temperature. In case of hot reheat outlet temperature control, spray attemperation facility using feed water should be the last resort and only in emergency; during normal operating conditions, other suitable means (other than gas recirculation) should be used for controlling the hot reheat outlet temperature. 
Performance data will be based on maximum absolute ambient dry bulb temperature and maximum relative humidity to the air fans, but this temperature may vary between 4.7 (C and 42(C.

4.1.2 Supports and Expansion

All pressure parts of the steam-generating units will be supported on or suspended from structural steelwork and will be properly braced and stayed to prevent misalignment, sagging, and vibration. All pressure parts, furnace and setting structures, and ductwork, etc. will be arranged to properly provide for expansion movements and to minimize stresses due to this cause and also avoid any abrasion between tube to tubes / attachments.

If controlled or forced circulation boilers are offered special consideration should be given to the method of tube support and the maximum unsupported length of a tube.  

4.1.3 Access and Inspection Facilities

Both units will have ample number of doors for easy access to the furnace and interbank spaces for cleaning, repair, tube removal, and ash removal. Sufficient furnace inspection doors and frames will be furnished to facilitate inspection of the unit while in operation. All furnace openings will, where necessary, be refractory-lined. 

All doors for access, inspection, and maintenance will be furnished and will have machined or gasketed seating surfaces for tightness.

Doors will be designed with sufficient protection against heat and will be furnished with refractory linings suitably anchored, where necessary. Furnace doors subject to severe heat will be water-cooled where required. Doors will be arranged to prevent accumulation of dust on ledges.

4.1.4 Provisions for Instrumentation

Pressure taps will be designed and specified as required to allow determination of, as a minimum, plenum grid plate differential pressure, base bed and freeboard pressure, and loop seal differential pressure.

Test ports (minimum 101.4-mm nipples with accessible caps extending beyond lagging) will be specified and designed at the economizer inlet, air heater inlet (air and gas side), and air heater outlet (air and gas side) and on all ducts with flow elements.

Thermowells for temperature measurements should be suitably located to avoid any flow induced vibration in the steam pipes. Thermowells at all desuperheating station outlets should be located with sufficient distance from spray injection point to avoid any spray water impingement over the thermowell and help for good steam temperature control. Adequate boiler tube metal temperature thermocouples in superheater / reheater sections should be provided for monitoring purpose.

4.1.5 Low NOx Burners

Boilers will be equipped with low NOx burner systems to achieve the NOx emission limits, 700mg/Nm3 ( in case Mong Duong town is changed to Urban Class III then NOx shall be 560mg/Nm3 )over all fuel condition, ambient conditions, and the full load range from minimum continuous to maximum load. 

Boilers will be equipped with overfire air provisions to further improve NOx control. 

4.1.6 Selective Catalytic Reduction (SCR)

In case of low NOx Burners can not meet the above NOx limit value, Mong Duong 2 power project will adopt SCR. Two 50% capacity Selective Catalytic Reduction (SCR) reactors will be installed to reduce NOx emission. The reducing agent will be anhydrous ammonia.

Facility for addition of future catalyst layer to initial layer for performance enhancement will be included in the reactor. Catalyst will be arranged to allow space for maintenance and replacement. Any equipment required to transport the catalyst modules to their final position will be provided. Facility will be included for collection of test samples of catalyst from each layer for deactivation testing in laboratory. Used catalyst can be disposed of safely to the environment or used for other purposes. The design will minimize the ash carryover to the catalyst to avoid blocking of catalyst pores.

Liquid ammonia will be pumped from vaporizer skids containing two 100% vapourizers. The concentration of ammonia in the air (as a percent of Lower Explosive Limit (LEL)) will be controlled to a safe limit at all loads. The ammonia injection system will consist of ammonia supply manifolds, supply pipes to headers, heaters, injection pipes and nozzles.  Separate flow measuring device and balancing valve will be provided for each zonal pipe.

The ammonia storage tank will have the holding capacity equal to not less than 15 days full load consumption, and will be located within a secured boundary fence. Ammonia will be unloaded form truck through a truck unloading skid. The unloading skid, storage tank, vapourising and metering skids will be provided with eye wash and shower facility. 

The tank will be provided with fogging system to contain any ammonia leakage.

4.1.7 Water and Steam Side Main Equipment

4.1.7.1 Drums

Drums will be of all-welded construction. Steam drum(s) will be fusion-welded from high strength carbon steel plate. All nozzles will be welded to the drum in the shops prior to stress relieving.

Drums will be provided with internal steam separators capable of delivering dry steam to the superheater and controlling drum water carry-over during all operating conditions.

The drum will be provided with a feedwater distribution system which will ensure a constant water level over the length of the drum under all operating conditions. Drum will be provided with adequate spring loaded safety valves and sufficient drum water / saturated steam sampling points in both left and right sides of drum.

With phosphate base alkalizing of the boiler, the dosing system will be designed to maintain drum water quality within the following range:

	pH
	9.5 ±0.2

	Cationic Conductivity 
	< 50 µS/cm

	Phosphate 
	< 3 ppm


The drum blowdown system will be designed for a maximum blowdown rate of 3% of boiler MCR flow. The blowdown control valves will be capable of maintaining blowdown rate any where between 0% to 3% of the boiler MCR flow and can be precisely controlled from the CCR without any manual help in the field.  

4.1.7.2 Economizer

The economizers will be of the bare-tube type. The steel tubes will be non-staggered and in continuous horizontal planes with a minimum horizontal spacing of 45 mm clear between tubes for transferring heat from the gases of combustion to the boiler feedwater, with the flue gas flowing perpendicular to the planes of orientation of the tubes. Economizer tubes will be no less than 45 mm OD and will be welded to the inlet and outlet headers. In addition to ensuring proper expansion movement, supporting arrangement of the economizer assembly should ensure avoiding localized flue gas erosion on the economizer as well as side wall tubes / hanger tubes (if any) near the support area. Gas velocities should be limited to 12 m/sec in the economizer zone. Economizer should be a non-steaming type and should have sufficient margin between the feed water outlet temperature and the saturation temperature for the operating pressure. Feed connections to the drum will be suitably designed so that welded connections are not affected by variation of temperature.

The design should preferably not incorporate steaming in economizers.

Special care will be taken in design of piping, headers, risers and tubes, to avoid bends and turns wherever the combination of water pH 8.6 and water temperature 150˚C can occur, to prevent flow accelerated corrosion (FAC).

The VGB guidelines will be followed in maintaining water and steam quality of the plant. The pH of the water and steam cycle will be maintained by dosing ammonia. If copper or copper alloy is present in the water-steam cycle, the pH will be maintained within 9.3. The chemical dosing system will be capable of maintaining oxygen level of 5 ppb at the economizer inlet with hydrazine dosing and at 10 ppb at the economizer inlet without hydrazine dosing. 

The following basic specifications are derived from VGB guidelines. The values are expected to be achieved after 8 hours of boiler continuous operation.

Water quality parameters after the condensate extraction pumps:

	pH
	9.2 to 9.5



	
	Maximum Value

	Cationic Conductivity 
	< 0.2 µS/cm

	Iron
	< 20 ppb

	Copper
	< 3 ppb

	Silica
	< 20 ppb

	Sodium
	<10 ppb


Water quality parameters at the economizer inlet:

	
	Maximum Value
	Operating Value

	pH
	9.2 to 9.5
	9.2 to 9.5

	Cationic Conductivity 
	< 0.2 µS/cm
	< 0.1 µS/cm

	Iron
	< 20 ppb
	< 10 ppb

	Copper
	< 3 ppb
	< 1 ppb

	Silica
	< 20 ppb
	< 5 ppb

	Sodium
	<10 ppb
	<2 ppb

	Oxygen
	<10 ppb
	<10 ppb


Even though VGB guidelines allows for pH range from 9 to 10 for water cycle, the chemical dosing system will be designed such that pH is maintained at the economizer inlet between 9.2 to 9.5. 

4.1.7.3 Superheater and Reheater

The top-supported superheater specified will be of the convection type. It will be constructed in accordance with the requirements of the ASME Code for Power Boilers and equipped with the necessary auxiliaries. The superheater tubes will be spaced such that excessive gas velocities do not result. Boiler bank spacing and tube spacing should take into consideration any abrasive nature as well as any fouling possibilities of coal ash. The superheater assemblies will be arranged to properly provide for expansion movements and to minimize stresses due to this cause and also avoid any abrasion between tube to tubes / attachments. Final superheater will be provided with adequate spring loaded safety valves on both sides and also electromatic relief valves. Cold reheater inlet and hot reheater should have spring loaded safety valves on both sides. Final superheater will have sampling points for superheater steam sample collection from both left and right sides of final superheater. The superheater / reheater headers will be provided with a minimum drainage slope of 1%. The superheater tubes will include a minimum erosion allowance of 1.0 mm in addition to the ASME requirements. The superheater will be designed so that the controlled steam temperature at the outlet will be 541(C at any load from 65% to 100% of full-rated capacity. The reheater will be designed to get rated reheater outlet steam temperature of 541( C at any load from 65% to 100% of full-rated capacity. 
Spray attemperation facility using feed water may be used for controlling the main steam outlet temperature. In case of hot reheat outlet temperature control, spray attemperation facility using feed water should be the last resort and only in emergency; during normal operating conditions, other suitable means (other than gas recirculation) should be used for controlling the hot reheat outlet temperature. The temperature difference between left and right side of main steam outlet as well as reheater outlet should not exceed 5(C. Superheaters and reheaters will be provided with adequate vents and drains. The top most header will be provided with suitable stubs for nitrogen capping.

4.1.7.4 Desuperheaters

The desuperheaters will be designed such that the main steam temperature for the units will be controlled to the temperature variation limits. The desuperheater will be designed in a compact manner for effective mixing of spray water with the steam. Thermowells may be located at a sufficient distance from the desuperheater outlet to avoid any water impingement on thermowell. The selected type of desuperheater spray valves will provide trouble-free service for continuous for a minimum of 9000 hrs continuous operation without taking the valve out of service for maintenance. Desuperheater spray pipeline should include a no-return valve to avoid any back flow of steam. The non-return valve may be placed as close as possible to the desuperhater and the piping between the non-return valve and the desuperheater injection point may be of suitable material to withstand the steam temperature and pressure.

Superheater attemperator lines will be designed and specified with flow nozzles to measure attemperator spray water flow.

It is preferred that superheat desuperheating be minimized at all loads to reduce the amount of feedwater and dissolved solids that are introduced into the steam cycle.

4.1.7.5 Controlled Circulation

If the steam generating unit is of the controlled or forced circulation type, circulating pumps complete with drive motors, piping, valves, impact gear operators on suction and discharge valves, and all necessary safety instrumentation, alarms, and interlocks (trips) required to form a complete circulating system will be supplied.
4.1.8 Air and Gas Side Equipment

4.1.8.1 Ductwork

The air and flue gas ductwork will be designed for the maximum positive and negative pressures generated by their associated fans under any operating conditions, but not less than ±8.7kPa. After the secondary, induced draft, and primary air fan characteristics have been finalized, the ductwork design will be reviewed and revised, if necessary.

Duct design will be such that the velocity of flue gas or air will not exceed the following:

	
Service
	Maximum Velocity,
Meters per Second

	Forced draft air ducts
	18.3

	Forced draft air ducts, entrance to combustors
	10.2

	Induced draft flues and breaching
	17.8

	Stack
	25.4


Ductwork design and loading will consider the potential for 25% fly ash accumulation of the height of the duct in horizontal duct runs.

4.1.8.2 Duct Expansion Joints

Non-metallic, fabric type expansion joints will be used as necessary in all air and gas ducts to allow for expansion and contraction. The expansion joints will be shipped as complete one-piece units, wherever possible. Design of expansion joints will include considerations for thermal motion, structural offset, abrasive conditions, acidic media, temperatures, vibration, moisture build-up, and pressure. Expansion joints designed in accordance with the standards of the Expansion Joint Manufacturers Association (EJMA).

4.1.8.3 Dampers

All control dampers will be of the opposed-blade or balanced type. Dampers will operate freely in all positions and will make commercially tight seals when closed. Damper shafts will be of adequate length to clear duct insulation and lagging for connecting to control linkages and of adequate strength to withstand deflection at maximum differential pressure and temperature. Appropriate locations should have dampers for isolation of individual equipments during maintenance without hampering the boiler operation. 100 % seal proof guillotine gates will be provided at mill hot air inlet, at Baghouse or ESP inlet and outlet and at ID fan inlet and outlet to permit maintenance of the individual equipment, while the boiler is in service. Main isolation gates will have locking device at full open and full close conditions.

4.1.8.4 Air Heaters

Vertical shaft regenerative type air heaters will be furnished for the steam generating unit, each complete with slide bearing plates and other accessories. 

Regenerative type air heaters will be of manufacture, design, and construction as required to completely satisfy the specified operating and performance conditions and will be provided with erosion protection measures especially in seal areas to minimize erosion by high ash content in flue gas.

4.1.8.5 Ash Removal Equipment

The system will transport the bottom ash to nearby temporary bottom ash storage silos, one per Unit. Each silo will store the bottom ash produced during 72 hours of full load operation. 

Ash hoppers will be provided at economizer, air heater zones. The capacity of each hopper will not be less than 8 hrs storage during boiler continuous rated capacity operation. 

Ash hoppers will be provided with fluidization facility for smooth flow of the same while evacuating.

Dust collection hoppers will be designed and specified at all required locations to facilitate the removal of ash. These locations will include, but not be limited to, the economizer hopper, the air heater duct outlet.

4.1.8.6 Soot Blowers

Retractable soot blowers will be provided wherever needed. Elements will be arranged to prevent cutting of tubes due to impingement. Sootblower wall boxes will be provided as required. 
Soot blowers will be provided, complete with all piping, valves, traps, fittings, flexible hoses, safety valves, automatic drain system, hangers, insulation, and other required accessories. Soot blower piping system and piping orientation will ensure removal of any condensed water through drains at any point of time. All the soot blower piping system will have proven design of automatic moisture removal and automatic temperature control and ensure dry and sufficient superheat of the steam during soot blowing for airheater, furnace area and all superheater / reheater / economizer area.

The soot blowing system will be of the electric-motor-driven, steam-blowing, automatic type. The source of steam for blowing will be the primary superheater outlet.  Selected type of soot blower pressure control valve will provide trouble-free service (avoid valve passing and provide good pressure control) for continuous operation.

4.1.9 Oil Burners

Each oil burner will be of the atomizing type for use with No. 2B fuel oil and will be furnished complete with all required integral piping and supports. The fuel oil piping will include manifold headers with branch oil connections from the manifolds to each burner. Shutoff valves and a flexible oil hose will be provided in the branch connection to each burner. Nozzles will be provided on the fuel oil manifolds for thermometers and pressure gauges. Design of oil burner system should include all safety features and the layout will facilitate easy access and maintenance of burner system components.

4.1.10 Pulverizers

The arrangement of the pulverizers for the steam generating units will be based on locating the pulverizers in front of the steam generating units. 

The number and size of coal pulverizers will be selected such that with any one pulverizer out of service the other pulverizers will carry 100% BMCR after an average wearing‑in time of six months for the remaining pulverizers in service.

Pulverizers will be provided with adequate and necessary instrumentation for safe operation of the pulverizer. Suitable primary air mass flow measurement device, with suitable temperature compensation, will be provided for effectively controlling the mill parameters. Pulverizers will be provided with necessary seal air systems including suctions filters, piping, fans, etc. suitable for remote operation from the control room. Pulveriser will be provided with necessary lubricating systems, one system for operation and another as standby.

4.1.11 Feeders

Feeders will be provided with a reversible motor drive to permit emptying the feeder and silo of fuel from the inlet end housing of the feeder. Inlet end housing design will include suitable transition piece to facilitate emptying the silo and feeder of fuel.

The feeder will incorporate a microprocessor control system to continually sample feed rate demand signal, load cells, belt speed, discharge plugging indication, and custom logic to insure proper operation. Dual, cantilever beam and temperature compensated load cells will be provided for weighing of coal. Diaphragm type load cells will not be allowed where feeder is to be used above pressurized pulverizer. Electronic cross-checking of load cell output will be provided to monitor load cell performance and alarm load cell failures. Load cell will be mechanically protected against shock overloads. 

4.1.12 Steam Quality

The steam-releasing surface and the design of steam passages out of the drum will be such that, with boiler water having a concentration of as high as 1000 ppm of solids, the carryover, at rated steam output, will not exceed 1 ppm at the boiler outlet. Silica leaving the drum will not exceed 0.01 ppm. The test procedure for measuring the solids in steam will be in accordance with ASTM D2186. Saturated steam sample piping will be furnished, complete with isolating valves in each branch to a common terminal point from three header tubes. The steam quality will meet the flowing criteria as a minimum:

	
	Maximum Value
	Operating value

	Cationic Conductivity 
	< 0.2 µS/cm
	0.1 < µS/cm

	Iron
	< 20 ppb
	< 5 ppb

	Copper
	< 3 ppb
	< 1 ppb

	Silica
	< 20 ppb
	< 10 ppb

	Sodium
	<10 ppb
	< 2 ppb 


4.1.13 Fans

4.1.13.1 Primary Air Fans

Two 50%-capacity primary air fans will be provided, complete with all dampers and damper drives as required for proper control of the temperature and combustion in the burners. The primary air system will be capable of a 4-to-1 turndown ratio.

The test block design conditions for the primary fan will be as follows:

· Capacity: 115% of the design flow at maximum steaming rate

· Pressure: 125% of the design pressure at maximum steaming rate

4.1.13.2 Secondary Air Fans

Two 50%-capacity secondary air fans will be furnished, complete with all dampers and damper drives as required for supplying the proper volume of combustion air at the appropriate pressure. The secondary air system will be capable of a 4-to-1 turndown ratio.

The test block design conditions for the secondary fan will be as follows:

· Capacity: 115% of the design flow at maximum steaming rate

· Pressure: 125% of the design pressure at maximum steaming rate

4.1.13.3 Induced Draft Fans

Two 50%-capacity induced draft fans (IDFs) of sufficient capacity to handle the volume of flue gas produced at maximum steaming rate. The fan will be complete, including a coupling and motor drive, double-inlet box, inlet control dampers and drive bearings, discharge duct silencer, etc. 

The test block conditions for the fan will be as follows:

· Capacity: 125% of the design maximum expected mass flow rate of flue gas

· Pressure: 144% of the design pressure at maximum steaming rate

4.1.13.4 Forced Draft Fans

Two 50%-capacity axial flow forced draft fans (FDFs) of sufficient capacity to handle the volume of combustion air demand at maximum steaming rate. The fans will be located at ground level and take suction from the atmosphere. The fans will be complete, including a coupling and motor drive, double-inlet box, inlet variable pitch control dampers, and drive bearings, inlet duct silencer, vibration isolation devices at the outlet, etc. 

The conditions for the fan will be as follows:

· Capacity: 125% of the design maximum expected mass flow rate of combustion air

· Pressure: 144% of the design pressure at maximum steaming rate

4.1.13.5 Others

High pressure valves will be provided with integral bypass valves for pressure equalization during initial opening, wherever required. Silencers should be provided for the startup vents and safety valves of the boiler drum, superheater, reheaters, etc.

The startup vent lines will each be provided with one motorized isolating valve and one motorized regulating valve. A non return valve and a motor operated stop valve will be provided on feed line close to Economizer. Motor operated main steam stop valves will be provided with motorized integral bypass valve at SH outlet. Motor operated valve will be provided at Drum Drain. Stubs will be provided for the chemical cleaning of Boiler.

One (1) continuous blow down (CBD) tank and one (1) intermittent blow down  (IBD) tank will be provided per boiler. The tanks will be of adequate size and carbon steel construction. The CBD tank will be provided with level measurement and control facility with level control valve between CBD and IBD tank. The vent line from the CBD tank will be taken to deaerator. Flash steam from IBD tank will be vented to atmosphere and water to drain after appropriate cooling.

4.2 Circulating Fluidized Bed (CFB) Boiler - Option

The CFB design boilers will be of the top-supported design, designed as outdoor units, and the boiler area will have a grade floor. A roof will be provide above the boiler. The units will have minimum operating pressure and temperature of 16.5 MPAg and 541°C respectively at the superheater outlet and a minimum operating temperature of 541°C at the reheater outlet. The steam output of the boilers will be designed to provide 103% of the steam required by the steam turbine to generate 550 MW net electrical power or more at the design conditions required for the net plant output guarantee. The same definition of BMCR as given in Section 4.1 will apply to CFB boiler.

The boiler should be capable of running continuously at 40 % BMCR load with main coal only and without oil support. The boiler will be designed to achieve rated generation capacity and also maintain the rated steam temperature with the HP heaters out of service from 60% to 100% BMCR. Economiser and related pressure parts will be designed to take care of sudden variation in feed water temperature due to any unforeseen withdrawal of HP heaters.

The boilers will be capable of firing the full range of coals indicated in Chapter 4 Part I 

All materials and construction will be in accordance with the latest ASME Boiler Construction Code with regard to materials, thickness of tubes and plates, tests of materials, design of parts, pressure tests, type and size of auxiliary equipment, and other requirements. The boilers will have the ASME Boiler Code stamp.

The setting will consist of welded waterwall with insulation and outer metal lagging. The setting will be designed to withstand an internal pressure or negative pressure of not less than 8.7 kPa without objectionable deflection of sides or damage to casing, refractory, or other parts of the unit. The setting will be designed so that the outside casing temperature will not exceed 55(C with an ambient temperature of 27(C and an air current over the surface of the casing at 26.5 meters per minute. Non-water-cooled surfaces, such as the combustor, separator, recycle pipes, and external heat exchanger, will be insulated for an outside surface temperature not to exceed 70(C with an ambient temperature and an air current as specified above. All surfaces exceeding 55(C where accessible to personnel will be provided with personnel burn protection.

The boiler design will take into consideration access to tubes for repair and inspection purposes as opposed to having tubes buried in refractory and inaccessible.

The CFB steam-generating units will use an atmospheric combustion process meeting SO2 and NOX emission limits when operating with a fuel and limestone with the range of values indicated in the Project Design Criteria.

The air heaters and cold-end of the boilers will be designed for continuous service burning fuel with the highest specified sulfur content.

An automatic steam bypass from each boiler the condenser will be provided to allow continuous operation at minimum load of the boiler in the event of a steam turbine shut down.
Limestone feeder capacity will be based on removal of 95% SO2 at 100% load based on the highest sulfur content fuel specified.

The steam generator design should consider that the plant location is subject to monsoons and that reclaimed coal during that time will contain a significant amount of total moisture. Therefore, the steam generator fuel handling and burning equipment will be designed to handle the design coal with up to 20 % total moisture. Support fuel will be No. 2 oil.

The steam generating units will be a balanced draft, reheat type. The unit will be designed in accordance with the operating modes specified.

Operating Modes: The steam generating units will be designed and manufactured for low load operation in addition to base load operation and will include, but not necessarily be limited to, the following features:

· Quantity of starts and operating requirements will be as the table below:
	
	Total Start-up Time min

	Hot Start-up
	90

	Warm Start-up
	180

	Cold Start-up
	660


· Low load operation is defined as continuous operation at 40% of boiler maximum continuous steam rating (BMCR at normal pressure), or less.

· The steam generating units will be designed for both constant and variable pressure operation. The steam generating units will also be designed and equipped for quick startup capability.

· Materials used for the convection surface, headers, piping, and any other areas will be satisfactory for both constant and variable pressure operation, and for operating conditions that would be obtained with quick startup systems.

· Thermal expansion flexibility will be provided in the windbox to furnace pressure part connections and any other parts of the steam generators for the operating modes described above.

4.2.1 Temperature Variation Limits

The main steam temperatures will be controlled in the control range of the design temperature, plus or minus 3(C, during any load change.

Performance data will be based on maximum absolute ambient dry bulb temperature and maximum relative humidity to the air fans, but this temperature may vary between 4.7(C and 42(C.

4.2.2 Reduced NOX Emissions

The CFB steam-generating units will limit the emission rate of NOX to the atmosphere below 700 mg/Nm3 ( in case Mong Duong town is changed to Urban Class III then NOx shall be 560mg/Nm3 )under all firing conditions and/or loads for the specified range of fuels.

4.2.3 Reduced SO2 Emissions

The CFB steam-generating units will limit the emission rate of SO2 to the atmosphere below 350 mg/Nm3 ( in case Mong Duong town is changed to Urban Class III then SOx shall be 280mg/Nm3 )under all firing conditions and/or loads when any of the specified fuels are burned. All auxiliary equipment including, but not limited to, feeders, blowers, motors, and valves, will be designed to support this SO2 emission limit for all fuel ranges specified.

4.2.4 Supports and Expansion

All pressure parts of the CFB steam-generating units will be supported on or suspended from structural steelwork and will be properly braced and stayed to prevent misalignment, sagging, and vibration. All pressure parts, furnace and setting structures, and ductwork, etc. will be arranged to properly provide for expansion movements and to minimize stresses due to this cause and also avoid any abrasion between tube to tubes / attachments.

4.2.5 Access and Inspection Facilities

Each unit will have ample number of doors for easy access to the furnace and interbank spaces for cleaning, repair, tube removal, and ash removal. Sufficient furnace inspection doors and frames will be furnished to facilitate inspection of the unit while in operation. All furnace openings will, where necessary, be refractory-lined. All doors for access, inspection, and maintenance will be furnished and will have machined or gasketed seating surfaces for tightness.

4.2.6 Combustor

The combustor of the steam generators will be of the balanced draft type. All four sides and the top of the furnace above the reducing zone will be water-cooled. The reducing zone and below will be refractory-covered except for the furnace floor where it is not necessary to be refractory-covered. Refractory will be suitable for the service intended and not require maintenance for a minimum of two years. The waterwalls will be of the welded wall, membrane, mono-wall, firewall or equivalent, bare tube type. The tubes will be not more than 76 mm OD. The tubes will include a minimum erosion allowance of 1 mm in addition to the ASME requirements.

Ash will be delivered to a hopper at a maximum temperature of 230(C. The hopper will be arranged for pneumatic ash handling. Ash intake will require five feet of clear​ance from hopper outlet to floor.

The drain will be designed so that the ash will not pass between tubes when flowing from the combustor to the ash cooler. This requirement does not preclude the use of any particular bed drain design.

4.2.7 Water and Steam Side Equipment

4.2.7.1 Drums

Drums will be of all-welded construction. Steam drum(s) will be fusion-welded from high strength carbon steel plate. All nozzles will be welded to the drum in the shops prior to stress relieving.

Drums will be provided with internal steam separators capable of delivering dry steam to the superheater and controlling drum water carry-over during all operating conditions.

The drum will be provided with a feedwater distribution system which will ensure a constant water level over the length of the drum under all operating conditions. Drum will be provided with adequate spring loaded safety valves and sufficient drum water / saturated steam sampling points in both left and right sides of drum.

With phosphate base alkalizing of the boiler, the dosing system will be designed to maintain drum water quality within the following range:

	pH
	9.5 ±0.2

	Cationic Conductivity 
	< 50 µS/cm

	Phosphate 
	< 3 ppm


The drum blowdown system will be designed for a maximum blowdown rate of 3% of boiler MCR flow. The blowdown control valves will be capable of maintaining blowdown rate any where between 0% to 3% of the boiler MCR flow and can be precisely controlled from the CCR without any manual help in the field.  

4.2.7.2 Superheater

The top-supported superheater specified will be of the convection type. It will be constructed in accordance with the requirements of the ASME Code for Power Boilers and equipped with the necessary auxiliaries. The superheater tubes will be spaced such that excessive gas velocities do not result. The superheater tubes will include a minimum erosion allowance of 1.0 mm in addition to the ASME requirements. The superheater will be designed so that the controlled steam temperature at the outlet will be 541(C at any load from 65% to 100% of full-rated capacity. Control equipment will be provided to control the maximum steam temperature from the unit to 541(C at any load up to the boiler MCR.

4.2.7.3 Economizer

The economizer will be of the bare-tube type. The steel tubes will be non-staggered and in continuous horizontal planes with a minimum horizontal spacing of 45 mm clear between tubes for transferring heat from the gases of combustion to the boiler feedwater, with the flue gas flowing perpendicular to the planes of orientation of the tubes. Economizer tubes will be no less than 45 mm OD and will be welded to the inlet and outlet headers. In addition to ensuring proper expansion movement, supporting arrangement of the economizer assembly should ensure avoiding localized flue gas erosion on the economizer as well as side wall tubes / hanger tubes (if any) near the support area. Economizer will be a non-steaming type and will have sufficient margin between the feed water outlet temperature and the saturation temperature for the operating pressure. Feed connections to the drum will be suitably designed so that welded connections are not affected by variation of temperature.

The design will preferably not incorporate steaming in economizers.

Special care will be taken in design of piping, headers, risers and tubes, to avoid bends and turns wherever the combination of water pH 8.6 and water temperature 150˚C can occur, to prevent flow accelerated corrosion (FAC).

The VGB guidelines will be followed in maintaining water and steam quality of the plant. The pH of the water and steam cycle will be maintained by dosing ammonia. If copper or copper alloy is present in the water-steam cycle, the pH will be maintained within 9.3. The chemical dosing system will be capable of maintaining oxygen level of 5 ppb at the economizer inlet with hydrazine dosing and at 10 ppb at the economizer inlet without hydrazine dosing. 

The following basic specifications are derived from VGB guidelines. The values are expected to be achieved after 8 hours of boiler continuous operation.

Water quality parameters after the condensate extraction pumps:

	pH
	9.2 to 9.5



	
	Maximum Value

	Cationic Conductivity 
	< 0.2 µS/cm

	Iron
	< 20 ppb

	Copper
	< 3 ppb

	Silica
	< 20 ppb

	Sodium
	<10 ppb


Water quality parameters at the economizer inlet:

	
	Maximum Value
	Operating Value

	pH
	9.2 to 9.5
	9.2 to 9.5

	Cationic Conductivity 
	< 0.2 µS/cm
	< 0.1 µS/cm

	Iron
	< 20 ppb
	< 10 ppb

	Copper
	< 3 ppb
	< 1 ppb

	Silica
	< 20 ppb
	< 5 ppb

	Sodium
	<10 ppb
	<2 ppb

	Oxygen
	<10 ppb
	<10 ppb


Even though VGB guidelines allows for pH range from 9 to 10 for water cycle, the chemical dosing system will be designed such that pH is maintained at the economizer inlet between 9.2 to 9.5. 

4.2.7.4 Desuperheaters and Reheaters

Desuperheaters consist of spray nozzle, thermal sleeve, or liner and venturi. The desuperheater will be designed such that the main steam temperature for the CFB unit will be controlled to the temperature variation limits.

Superheater attemperator lines will be designed and specified with flow nozzles to measure attemperator spray water flow.

The reheater will be designed to get rated reheater outlet steam temperature of 541( C at any load from 65% to 100% of full-rated capacity.

It is preferred that superheat desuperheating be minimized at all loads to reduce the amount of feedwater and dissolved solids that are introduced into the steam cycle. 

Spray attemperation facility using feed water may be used for controlling the main steam outlet temperature. In case of hot reheat outlet temperature control, spray attemperation facility using feed water should be the last resort and only in emergency; during normal operating conditions, other suitable means (other than gas recirculation) should be used for controlling the hot reheat outlet temperature. The temperature difference between left and right side of main steam outlet as well as reheater outlet should not exceed 5(C. Superheaters and reheaters will be provided with adequate vents and drains. The top most header will be provided with suitable stubs for nitrogen capping.

The desuperheater will be designed in a compact manner for effective mixing of spray water with the steam. Thermowells may be located at a sufficient distance from the desuperheater outlet to avoid any water impingement on thermowell. The selected type of desuperheater spray valves will provide trouble-free service for continuous for a minimum of 9000 hrs continuous operation without taking the valve out of service for maintenance. Desuperheater spray pipeline should include a no-return valve to avoid any back flow of steam. The non-return valve may be placed as close as possible to the desuperhater and the piping between the non-return valve and the desuperheater injection point may be of suitable material to withstand the steam temperature and pressure.

4.2.7.5 Controlled Circulation

If the steam generating unit is of the controlled or forced circulation type, all necessary circulating pumps complete with drive motors, piping, valves, impact gear operators on suction and discharge valves, and all necessary safety instrumentation, alarms, and interlocks (trips) required to form a complete circulating system will be furnished. 

Circulating pumps will include the following:

One spare rotating element only, for circulating pumps if canned type circulating water pumps are supplied

Chromel-constantan ungrounded thermocouples on each pump support bearing

Double-sided thrust bearings designed to withstand thrust in either direction

Proximity probes installed in the thrust bearing to detect axial vibration and give warning of pump misoperation

Discharge check valves (nonslam type)

Upon loss of one pump, boiler will be capable of carrying full load continuously.

4.2.8 Air and Gas Side Equipment

4.2.8.1 Ductwork

The air and flue gas ductwork will be designed for the maximum positive and negative pressures generated by their associated fans under any operating conditions, but not less than ± 8.7 kPa. After the secondary, induced draft, and primary air fan characteristics have been finalized, the ductwork design will be reviewed and revised, if necessary.

Duct design will be such that the velocity of flue gas or air will not exceed the following:

	
Service
	Maximum Velocity,
Meters per Second

	Forced draft air ducts
	18.3

	Forced draft air ducts, entrance to combustors
	10.2

	Induced draft flues and breaching
	17.8

	Stack
	25.4


4.2.8.2 Duct Expansion Joints

Non-metallic, fabric type expansion joints will be used as necessary in all air and gas ducts to allow for expansion and contraction. The expansion joints will be shipped as complete one-piece units, wherever possible. Design of expansion joints will include considerations for thermal motion, structural offset, abrasive conditions, acidic media, temperatures, vibration, moisture build-up, and pressure. Expansion joints designed in accordance with the standards of the Expansion Joint Manufacturers Association (EJMA).

4.2.8.3 Dampers

All control dampers will be of the opposed-blade or balanced type. Dampers will operate freely in all positions and will make commercially tight seals when closed. Damper shafts will be of adequate length to clear duct insulation and lagging for connecting to control linkages and of adequate strength to withstand deflection at maximum differential pressure and temperature. Appropriate locations should have dampers for isolation of individual equipment during maintenance without hampering the boiler operation. 100 % seal proof guillotine gates will be provided at mill hot air inlet, at Baghouse or ESP inlet and outlet and at ID fan inlet and outlet to permit maintenance of the individual equipment, while the boiler is in service. Main isolation gates will have locking device at full open and full close conditions.

4.2.8.4 Tubular Air Heaters

Air heater will be of the recuperative, bare-tube, counter flow type.

Space will be designed sections of air heater for soot blowers and manual access for inspection and water lance cleaning.

Air heater will be designed with a steel casing and proper insulation, as hereinafter specified.

4.2.9 Ash Removal Equipment

The system will design and specify for removal of bed material from the combustor that will limit the removal of unreacted limestone and carbon to less than 5%. The system capacity will be adequate for the worst-case fuel and 90% sulfur removal with one bed drain opening or cooler out of service.
The bed ash removal system will transport the bed ash to nearby temporary bed ash storage silos, one per Unit. Each silo will store the bed ash produced during 72 hours of full load operation.

Dust collection hoppers will be designed and specified at all required locations to facilitate the removal of ash. These locations will include, but not be limited to, the air heater duct outlet.

4.2.10 Soot Blowers

Retractable soot blowers will be provided wherever needed. Non-retractable rotary soot blowers will not be acceptable. Elements will be arranged to prevent cutting of tubes due to impingement. Soot blower wall boxes will be specified as required. Soot blowers will be designed and specified, complete with all piping, valves, traps, fittings, flexible hoses, safety valves, automatic drain system, hangers, insulation, and other required accessories. Soot blower piping system and piping orientation should ensure removal of any condensed water through drains at any point of time. All the soot blower piping system should have proven design of automatic moisture removal and automatic temperature control and ensure dry and sufficient superheat of the steam during soot blowing for airheater, furnace area and all superheater / reheater / economizer area.

The soot blowing system will be of the electric-motor-driven, steam-blowing, automatic type. The source of steam for blowing will be the primary superheater outlet. Selected type of soot blower pressure control valve will provide trouble-free service (avoid valve passing and provide good pressure control) for continuous operation.

Wall boxes and supports designed for fixed or rotary soot blowers will be suitable for later substitution of half-retract soot blowers.

4.2.11 Startup System

Startup equipment will be furnished to preheat the combustor in a controlled manner and facilitate the start up of the main combustor.

Startup burners will be of a proven design and of adequate capacity for heating the combustor and bed material to the temperature required to maintain stable ignition and combustion of coal before starting coal feed.

Burners will be capable of efficient combustion and “clean” appearing stack with no supplemental air preheating.

Design of oil burner system should include all safety features and the layout will facilitate easy access and maintenance of burner system components.

Design of actuators for the oil burner valves should be such that in the event of failure of actuating energy (pneumatic air supply or electric supply), the burner valves should go to “close” condition, ensuring no unforeseen oil flow to boiler; and also ensure purging of oil using purging medium.

Suitable proven type of igniters will be provided for initial ignition of oil burners. Burner tip design / materials will be resistant to high temperature, corrosion and erosion by ashes containing sodium, vanadium, chlorides, Sulphur etc.

Suitable flame scanners, including but not limited to scanner cooling air systems, complete in all respects should be provided for detecting flames when firing oil and /or coal. These flame scanners should be compatible for hooking up with automatic boiler combustion control system. Flame monitoring by CCTV at CCR will be provided.

4.2.12 Fuel Feeding System

A complete fuel feeding system will be furnished to convey fuel from the fuel silos and feed it to the combustors at a uniform rate. This system will include, but not be limited to, silos, feeders, valves, downspouts, hoppers, flow monitors, transfer conveyors, and other appurtenances, to provide a complete and operational system.

Suitable head seals, seal air systems, and/or lock hoppers will be furnished in this system to prevent reversal of flow of furnace gases into the feed system. 
Sufficient redundancy will be provided in the coal feed system so that full load can be maintained with one feeder out of service.

4.2.13 Limestone Feeding System

A complete limestone feeding system will furnish, including volumetric feeder and all downspouts, valves, couplings, and appurtenances from the inlet flange the feed silo to form a complete and functional system.

Sufficient redundancy will be provided in the limestone feed system so that SO2 emission control can be maintained at full load with one feeder out of service and with worst case fuel.

Limestone feeder capacity will be based on removal of 90% SO2 at 100% load based on the highest sulfur-content fuel specified in Chapter 4 Part I. The limestone feeder will be suitable to adjust the limestone amount based on SO2 emission level in the stack. A control system based on SO2 emission level will be furnished to change the amount of limestone supplied in the boiler.
Limestone crusher/mill and accessories will furnish to provide limestone size distribution required by his design.

4.2.14 Fans

4.2.14.1 Primary Air Fans

Two 50%-capacity primary air fans will be provided, complete with all dampers and damper drives as required for proper control of the temperature and combustion in the fluidized bed. The primary air system will be capable of a 4-to-1 turndown ratio.

The test block design conditions for the primary fan will be as follows:

· Capacity: 115% of the design flow at maximum steaming rate

· Pressure: 125% of the design pressure at maximum steaming rate

4.2.14.2 Secondary Air Fans

Two 50%-capacity secondary air fans will be furnished, complete with all dampers and damper drives as required for supplying the proper volume of combustion air at the appropriate pressure. The secondary air system will be capable of a 4-to-1 turndown ratio.

The test block design conditions for the secondary fan will be as follows:

· Capacity: 115% of the design flow at maximum steaming rate

· Pressure: 125% of the design pressure at maximum steaming rate

4.2.14.3 Induced Draft Fans

Two 50%-capacity induced draft fans of sufficient capacity to handle the volume of flue gas produced at maximum steaming rate, with the pozzolan drying system in service. The fan will be complete, including a coupling and motor drive, double-inlet box, inlet control dampers and drive bearings, discharge duct silencer, etc. 

The test block conditions for the fan will be as follows:

· Capacity: 125% of the design maximum expected mass flow rate of flue gas

· Pressure: 144% of the design pressure at maximum steaming rate

4.2.14.4 Forced Draft Fans

Two 50%-capacity axial flow forced draft fans (FDFs) of sufficient capacity to handle the volume of combustion air demand at maximum steaming rate. The fans will be located at ground level and take suction from the atmosphere. The fans will be complete, including a coupling and motor drive, double-inlet box, inlet variable pitch control dampers, and drive bearings, inlet duct silencer, vibration isolation devices at the outlet, etc. 

The test block conditions for the fan will be as follows:

· Capacity: 125% of the design maximum expected mass flow rate of combustion air

· Pressure: 144% of the design pressure at maximum steaming rate

4.2.15 Others

High pressure valves will be provided with integral bypass valves for pressure equalization during initial opening, wherever required. Silencers should be provided for the startup vents and safety valves of the boiler drum, superheater, reheaters, etc.

The startup vent lines will be provided with one motorized isolating valve and one motorized regulating valve. A non-return valve and a motor operated stop valve will be provided on feed line close to Economizer. Motor operated main steam stop valves will be provided with motorized integral bypass valve at SH outlet. Motor operated valve will be provided at Drum Drain. Stubs will be provided for the chemical cleaning of Boiler.

One (1) continuous blow down (CBD) tank and one (1) intermittent blow down (IBD) tank will be provided per boiler. The tanks will be of adequate size and carbon steel construction. The CBD tank will be provided with level measurement and control facility with level control valve between CBD and IBD tank. The vent line from the CBD tank will be taken to deaerator. Flash steam from IBD tank will be vented to atmosphere and water to drain after appropriate cooling.

4.3 Electrostatic preciptator

The ESP will be used to control particulate emissions from the coal fired steam generators to meet the emission limits 50 mg/Nm3. The ESP will be a rigid frame, rigid electrode type design and include a four-point suspension design. Each unit will have two 50%-capacity ESPs.

Particulate emissions will be controlled as specified for all conditions of boiler operation, including soot blowing, worst case coal and ash and maximum flue gas flow. The ESP will be designed to meet performance guarantees without special periodic cleaning and without gas conditioning.

Fuel used during startup will be No. 2B fuel oil.

Maximum gas velocity across net free area at design flow: 1.6m/sec.

Minimum effective treatment time (distance from leading to trailing edge of individual collecting plates summed together divided by gas velocity): 10 seconds.

4.4 baghouse

As an alternate to the ESP, a pulse-jet fabric filter baghouse and associated equipment could be adopted for Mong Duong 2 power project. It will meet the following minimally acceptable criteria:

· Maximum air-to-cloth ratio net with two modules out of service: 3.5:1

· Minimum fly ash storage time for hopper design at maximum fly ash generation: 8 hours

· Maximum bag length: 5.5 m

· Preferred nominal diameter of filter bags: 150 mm

· Minimum clear spacing between bags: 50 mm

· Maximum temperature drop from baghouse inlet flange exit to baghouse exit flange ‑ 6(C

The guaranteed minimum bag life will be four (4) years from the date of first operation. Bag life will not be sensitive to short-period exposure to condensation of flue gases or normal cycling through the acid dew point.

Tube sheets will be constructed of minimum 4.75-mm thick steel smooth on top, excluding thimbles if required, with bar stiffeners on the underside. Tube sheets will be designed to accept a minimum 4.8‑kPa live load and the dead loads imposed by the bags, cages, and other attachments. Tube sheets will be seal-welded on both top and bottom and be gas-tight.

The collector will be furnished with a penthouse enclosure over the top deck of the fabric filter in order to furnish access and protection from weather. Grating will be provided in the penthouse around the module covers to protect the cleaning equipment and to provide a flat working surface in the penthouse.

Each baghouse module will have a completely factory-installed and tested bag pulsing system.

Each module will be furnished with one hopper. All hoppers will be suitably reinforced to carry loads applied by fly ash, insulation, lagging, appurtenances, and the fly ash piping. The hopper valley angles will slope a minimum of 55 degrees with the horizontal. Hopper stiffeners will be of a depth to provide a uniform surface to receive insulation. Hoppers will be constructed of steel plate of 4.75-mm minimum thickness. Steel materials will conform to either ASTM A 36 plate or ASTM A572 Grade 50 and structural shapes.
Each of the hoppers for the collector will be provided with a modular blanket-type heater to enhance the fluidity of the ash and prevent sulfuric acid condensation on the ash and hopper inner surfaces. The heating system will be capable of maintaining a hopper metal skin temperature of 175(C over the lower one-half of the hopper area. Heaters will be able to withstand occasional temperature excursions to 205(C. The heaters will be of a maximum 2,153 watts/m2 density surface heating type that are designed to provide maximum heater coverage between hopper stiffeners. The hopper heaters will be suitable for operation from a 480-V, 3-phase, 50-Hz supply. Heaters will be constructed to withstand vibration caused by automatic hammering devices and be moisture resistant.
A one-ton electric hoist, monorail, and trolley will be provided in the penthouse enclosure for proper maintenance of the equipment. The hoist, monorail, and trolley will be in accordance with ANSI B30.2, OSHA Paragraph 1910.179, Crane Manufacturer’s Association of America (CMAA) Specification 70, and all other applicable international and local codes. The hoist will be furnished with a hand-geared trolley and electri​cally operated, two-speed hoist. The hoist will have a complete festoon system with supports, power cable, cable carriers, end clamps, and stops.

Guillotine gas‑tight gate will be provided on inlet and outlet flue gas duct so that one bank can be maintained while the other is in service.

4.5 Steam Turbine Generator

Each of two steam turbine generators will be a 3,000-rpm, extraction-condensing, reheat type, each capable of delivering 550 MW Net Power Output or more, corrected to Guarantee Conditions. The minimum normal operating turbine steam throttle pressure at full load will be 16.5 MPAg, the minimum normal operating main steam temperature will be 538(C and the minimum normal operating hot reheat steam temperature will be 538(C. At least seven stages of steam extraction, including that for deaerating purposes, will be provided for feedwater heating. The steam turbine exhaust pressure will not exceed 15 kPa at a cooling water temperature of 35(C. The turbine Valve Wide Open (WVO) condition will be decided by the turbine manufacturer to secure the generator output at Guarantee Conditions. 
The extraction steam system will be designed in accordance with ASME TDP-1 “Recommended Practices for Turbine Water Induction Protection” and as approved by the turbine supplier.

The turbine will include the following:

· Turbine main steam stop/control

· Complete lubrication oil and control oil system, including lubrication oil purification equipment and initial oil supply. Both lubrication oil and control oil will be fire retardant type.

· Gland seal steam system, including one gland steam condenser, two full-capacity gland steam exhausters, and associated valves

· Controls, instrumentation, and control devices

The steam turbine will be provided with its own control, monitoring, and protection systems, which will be integrated into the unit controls by means of the plant DCS. The steam turbine generator operation, including startup, shutdown, and normal operation, will be done from the plant DCS through the turbine control equipment. Protection logic for the steam turbine and auxiliary systems will be provided. Monitoring of the steam turbine operating conditions will also be by the plant DCS through the steam turbine controls. Control and mechanical protection of the turbine generator and auxiliary systems (i.e., lubrication oil control, vibration monitoring, and protection) will be included. Adjustment of the power during normal operation will be performed through the plant DCS.

A speed control unit designed to stabilize the speed of the unit and to prevent the machine from reaching the overspeed tripping point in the event of an instantaneous change in load from full load to no load will be provided. The system will be provided with a manual and automatic control for synchronizing. All speed-controlling devices will conform to the applicable portions of IEEE No. 122, “Recommended Specification for Speed Governing of Steam Turbines Intended to Drive Electric Generators Rated 500 kW and Larger.” The electronic circuitry will be designed to prevent erratic turbine behavior and/or turbine tripouts from spurious radio frequency signals generated within the vicinity of the control logic panel or from line surges through the wiring to the panel.
The turbine will be of the horizontal multistage type, directly connected to its generator.seq level1 \h \r0 
The turbine will be designed to operate successfully under steam pressure and temperature fluctuations for short periods of time within the standard limits as adopted by the industry for turbines in each class. 

The flanged joints in the turbine casings requiring 76.2-mm diameter or larger studs will be made up with hollow steel studs. Stud tensioning will conform to one of the following:

· By means of heating studs to a temperature that will result in the proper tension being developed upon cooling (without any tightening of the studs by means of impact wrenches after heating)

· By means of a calibrated stud-tensioning device capable of indicating actual stud tension

One set of the necessary apparatus will be provided and will remain the property of the Owner.  

seq level2 \h \r0 The turbine cover will be provided with suitable means for breaking the turbine casing joints.

seq level2 \h \r0 

seq level3 \h \r0 Castings for valves, fittings, etc., in sizes 152.4 mm and larger, where used in the main steam systems, will be thoroughly inspected, tested, and proven sound without injurious defects. Examination procedures and acceptance standards will be at least equivalent to those specified as supplementary types of examination in ANSI/ASME B3l.l.

All welds on high-pressure piping will be examined by radiography in accordance with the techniques set forth in ASME Section V, Article II. Acceptance standards will be in accordance with ASME Section I, Paragraph PW-5l.

Safety guards for all revolving shafts and shaft couplings and for other exposed moving parts of the complete turbine-generator unit will be provided.

All necessary equipment will be provided as required for automation of the turbine- generator unit. This will include those items of equipment, as recommended by manufacturer, which will allow complete turbine startup, operation, load change, and shutdown by STG operator work station as well as from the operator work station of the DCS.

All solid-state electronic systems will be capable of passing tests described in ANSI C37.90a, “Guide for Surge Withstand Capability (SWC) Test.”

The electronic circuitry will be designed to prevent erratic turbine behavior and/or turbine tripouts from spurious radio frequency signals generated within the vicinity of the control logic panel or from line surges through the wiring to the panel.

4.5.1 Turbine Governor System

A governor of the electronic-hydraulic type will be provided in which a solid state electronic device responsive to speed, power output and other signals operates the steam throttle valves of the turbine through electro-hydraulic actuators, pilot and distributing valves and hydraulic servo-motors.  Redundant speed sensing pick-ups will be provided.  

The system will operate with a very high degree of reliability, freedom from drift, and negligible deadband and be capable of providing an adequate movement of the governor valves with a high speed of response. Independent redundant adjustable stabilizing control channels will be included in the control system to allow the set to operate with an adequate margin of stability under all steady state and transient load conditions specified.  

The governor will be automatic in action and will be arranged so that the speed at no-load can be varied gradually from at least 6% above to at least 6% below normal speed while the turbine is running without affecting the sensitivity of the governor.  In order to operate satisfactorily on the grid system the governor will be capable of adjustment for variable droop between 0 and 10%.  

The governor will control the speed of the turbine so that, in the event of a full load rejection with a droop setting not exceeding 6%, the transient speed rise will not be sufficient to cause any overspeed trip to operate, and the speed will be reduced to within 1% of the no-load speed corresponding to the droop setting in a time not exceeding 60 seconds.  

A vacuum unloading device will be provided to automatically and progressively unload the turbine by partial closure of the throttle valves should the exhaust steam pressure rise above a predetermined value: an alarm will be provided to indicate operation of the device.  Arrangements will be made so that the steam supply to the turbine is not completely cut off, and the load is not automatically increased should the exhaust pressure subsequently fall, but provision will be made for the device to be reset manually.  

A vacuum tripping device, completely independent of the unloading device specified above, will be provided to automatically shut down the turbine by closing the stop and throttle valves should the exhaust pressure rise above the value at which the vacuum unloading device ceases to close the throttle valves: an alarm will be provided to indicate operation of this device.  Arrangements will be made so that operation of the device is inhibited during start-up of the turbine, but automatically comes into effect during run-up at a pre-determined running speed.  

4.5.2 Emergency Trips

The Steam Turbine will be tripped, with all stop and throttle valves closed, in the following events:  

a)
Overspeed

b)
Generator protection signal

c)
Excess shaft displacement (thrust bearing failure)

d)
High vibration

e)
High exhaust pressure

f)
Low lube oil pressure

g)
Governor failure

h)
Low control fluid pressure

i)
Manual emergency trip (local and remote)

j)
Loss of vacuum

k)
Generator temperature rise

Initiation of a turbine trip will cause all extraction steam non-return valves to close.  The above list of emergency trips will be further reviewed with turbine vendor during detailed design stage and if necessary increased or decreased as per vendor recommendation.
4.5.3 Critical Speed

Approved vibration measuring devices will be provided at each Steam Turbine bearing and generator bearing. 

The shafts of the turbine and generator will be so designed as to leave a wide margin of safety between the critical speeds and the normal running and tripping speeds.  No critical speed will occur within the range 10% below and 15% above normal running speed.

Special attention will be given to the design of bearings and supports, and to the accurate dynamic balance of the rotating parts of the turbines and generators, to minimize vibrations.  Means will be provided so that, if necessary, adjustments to the balance may readily be made.  Vibration limits will comply with ISO 2372 (VDI 2056) for Class III or IV as appropriate, API 616 or equivalent internationally acceptable Standard. 

4.5.4 Overspeed Protection

Two out of three voting redundant electronic overspeed protection will be provided, with speed sensors entirely independent of other governor circuits, to trip out the turbine, closing all stop valves and throttle valves when the speed exceeds a set value of 3,300 to 3330 rpm.  

A monitoring and alarm system will be incorporated to give warning of a failure, and to indicate the faulty circuit.  It will be possible to replace the faulty module or speed sensor whilst the equipment remains in operation with no risk of a spurious trip. 

An independent mechanical overspeed trip will also be provided.  

4.5.5 Turbine Lube Oil

The turbine lubrication oil reservoir will be designed to prevent water from entering the reservoir from an outside source such as water spray used in case of fire. All explosion doors or other openings on the reservoir will be especially designed to meet this requirement. Oil reservoir drain connection will be suitably sized to allow the use of an oil-flushing skid. The oil reservoir will be located at a safe distance form the turbine to minimize fire risks and if space permits, will be separated by concrete wall from the surrounding equipment.

Two 100%-capacity lubrication oil coolers will be furnished. Oil coolers will be of the straight-tube type with floating head. Entire tube nest will be removable as a unit. Oil coolers will be arranged with a square tube pitch, and the use of finned tubes will be avoided. The oil coolers will be arranged for vertical mounting and for easy removal. Coolers will be designed so that one cooler can be cleaned while the other is in use. Each lubrication oil cooler will have ample capacity to cool to the desired temperature all of the oil required by the equipment it serves. Each lube oil cooler will include a duplex lube oil filter to perform flushing before commissioning and after each overhaul.
Suitable three-way valves or a double-circuit valve will be provided in the oil circuit for twin oil coolers so that either cooler can be put into service and the other cooler cut out of service while the turbine is in operation. Valves will be designed to make improper assembly and installation impossible. Valving arrangement will not allow both coolers to be simultaneously removed from service.

Water boxes and tubes will be suitable for the working hydraulic pressure specified. Water boxes may be of cast iron or steel when cooling water pressures are below 1725 kPa and will be of steel when pressures are above 1725 kPa or if specified herein. Shells will be steel-and-tube sheets and tubes will be of material and size as specified herein.

The lubricating oil system for the steam turbine generator will include one 100% shaft driven main oil pump or one 100% ac main oil pump, one 100% ac starting/standby pump and one dc emergency pump. 

One ac motor driven jacking oil pumps will be provided to raise the shaft prior to starting and for use during barring.

Each oil reservoir will be provided with a float level indicator including remote indication and large drain pipe to basement with two locked drain valves. Vapour extraction equipment will be provided and vented, such vents being led to atmosphere in such a way to avoid oil spray.  Any venting will comply with air emission limits.  

Alarm contacts will be provided to initiate visible and audible warning of high and low oil level in the oil reservoir and low bearing oil pressure.  

A standby pump will be provided with devices arranged to start the pump automatically upon low oil pressure.

A separate oil-pressure-sensing device will be provided for each main oil pump, one for the standby ac oil pump, and one for the emergency dc oil pump. Each of these pressure-sensing devices will have its own tap, complete with isolation valve, on the lubrication oil piping. The sensor isolation valve will be locked in the full open position.

The dc oil pump will be wired to start immediately on a turbine trip, regardless of oil pressure decay. The ac oil pump pressure switch will be used as a redundant signal to start the dc oil pump in the event of low system oil pressure, with or without a turbine trip.

No oil pipes will be run adjacent to steam pipes.  To prevent the escape of oil on to hot parts, all governing and power oil pipes will be enclosed, the enclosure being adequately drained to the oil drain reservoir or as approved by the Owner.  All other oil pipes adjacent hot areas will be fitted with guards and drip trays at all joints except welded joints or as approved by the Owner.  Oil guards and drip trays will be shown on the oil pipe drawings and they will be drained to a drain tank.  One drain tank will be provided for each set.  

4.5.6 Gland Seal System

The gland sealing system will include the following:

· Combined service for main turbine and boiler feed pump turbine(s)

· Steam seal glands with permanent and startup strainers at inlet to glands

· Automatic steam seal regulator valve and control for regulating seal steam

· Gland steam seal condenser, with two full-size, ac, motor-driven air exhausters with manually operated butterfly discharge valves, de-superheater, low vacuum switch, and low water level gauge

· All motor-operated isolation and bypass valves required for remote switching of gland steam sources

The gland steam exhaust system will be equipped with desuperheating equipment, valves, or other suitable means for protecting the turbine and/or low-pressure heaters from the effect of the high-temperature gland steam exhaust.seq level1 \h \r0 

seq level2 \h \r0 
4.5.7 Turning Gear

Turning gear will be furnished complete with ac electric motor drive, piping, lubrication system, and auxiliary switches to indicate in and out positions of gear mechanisms. Turning gear will be capable of starting the unit from a standstill and driving it continuously at recommended speed with normal bearing oil pressure. The motor-driven-type turning gear system will include the following:

· One enclosed control panel mounted inside the turbine lagging or on the turbine frame

· One set of monitor indicating lights for turning gear in and out of engagement

· One turning gear motor ammeter, test switches, and current transformer (current transformer may be located in one of the termination junction boxes)

· Alarm device for indicating turning gear low oil pressure

· Rotary-type control switches and lamps for turning gear and turning gear oil pump, turning gear ammeter, lights to indicate whether the gear is in or out of mesh, panel wiring, and terminal blocks

A suitable protective pressure device will be provided to prevent the starting of the turbine-generator by the turning gear until the proper oil pressure has been established in the turbine-generator bearings. Turning gear design will be such that should the turbine be started while the turning gear is in operation, the gear will immediately be thrown out of engagement without shock and will not reengage.

An alarm device will be furnished with the turning gear equipment to indicate failure of oil supply when the turning gear is in operation, and the protective equipment will be connected so that if the oil pressure drops to an unsafe value, the turning gear will be stopped automatically.

Turning gear motor power leads will be routed in conduits to waterproof junction boxes with terminal blocks, preferably near the base of the turbine. Conduits will be either flexible or rigid and be concealed as far as practicable.

The turning gear operation will be interlocked with that of turbine lubricating and jacking oil systems, if necessary.  Turbine speed indication on the DCS will be sufficiently sensitive to show actual barring speed +/1 one RPM

An approved hand barring device will be provided independent of any motor driven barring gear to permit one operator to turn the shafts through 180° in not more than 10 minutes.  

4.5.8 Insulation

All high-temperature parts of the steam turbine will be fully insulated with materials acceptable to the Owner. These will include the upper and lower sections of the high-pressure, intermediate-pressure, and low-pressure casings (where required); casing flanges, steam chests, and all other integral parts of the equipment requiring insulation, such as throttle or stop valves and strainers, piping connections between throttle or stop valves and steam chest, crossover or cross under pipes, gland steam condenser and piping, and steam drain piping to and including the last drain valve in each case. In general, all exposed surfaces that will have operating temperatures of 60°C and above will be considered hot surfaces and will be properly insulated.

Blanket-type insulation will be used on those areas of the turbine that will be covered by the turbine appearance lagging and require removal of the insulation for periodic maintenance and inspection purposes (such as casing flanges, stop valves, valve-flanged bonnet joints, piping flanges, and expansion joints, lifting pad, and the like). Removable and replaceable metal enclosures (cans) lined with insulation may be used in lieu of blankets when practical. Any of the above-noted insulated surfaces that are not covered by the turbine appearance lagging must be provided with removable and replaceable metal enclosures.

All block, segmented, and pipe insulation will be calcium silicate material conforming to ASTM C-533. All block, segmental, and pipe insulation 75 mm or greater in total thickness will be applied in two layers with joints staggered in both directions.

The lagging of the turbine will contain no asbestos-derived materials. On the cylinder(s), steam chests, large pipes and other areas at risk from oil spillage wet lagging with oil impermeable coating is to be used.  All other hot areas, including hot drains piping are to be lagged and cladded with metal cladding. All instrument root and drain valves to be external to the cladding.  

4.6 Steam Bypass System

The purpose of the steam bypass system is to match steam turbine metal temperatures during startup and to reduce the impact on the boiler of steam turbine trips or full load rejections. The steam bypass system will be designed for a steam flow rate not less than the 50% of BMCR flow. The system will bypass main steam to cold reheat and bypass hot reheat to the condenser. The system will include pressure reducing valve, desuperheaters, controls and all piping valve and accessories.

4.7 Feedwater and Condensate Systems

4.7.1 Closed Feedwater Heaters

At least six stages of horizontal, full-capacity, U-tube feedwater heaters with stainless steel (SS)‑304 tubes. The low-pressure heaters and high-pressure heaters will be designed in accordance with HEI standards for closed feedwater heaters and will be constructed and stamped in accordance with the ASME Code, Section VIII. A bypass, complete with valving, will be provided to allow operation of the unit with heaters out of service. The number of heater with common bypasses will be such that with any heater out of service and bypassed, the unit will be capable of generating the guaranteed electrical output.

Each heater will be designed, constructed, tested, inspected, and code-stamped in strict accordance with the applicable requirements of the ASME Boiler and Pressure Vessel Code, Section VIII, Pressure Vessels, Division 1. Requirements of the HEI standards for closed feedwater heaters will apply. Each heater will also be in compliance with all international and local codes that may govern.

The maximum temperature permitted for carbon steel pressure parts will be 412(C; chrome-moly steel will be used above 412(C.

Design of heaters will incorporate the following features:

· Access manways through hemi-head channels will be 610-mm minimum ID to provide maximum accessibility for inspection, cleaning, and repair. The manway will be of gasketed configuration and not require a welded diaphragm connection. Low-pressure heaters will have full access channel covers.

· Facilities for drainage of steam and water spaces without breaking piping connections, except provisions for drainage of water spaces in vertical U-tube heaters, will not be required.

· Drain inlet and steam inlet openings on all heaters will be provided with heavy internal-welded stainless steel impingement baffle plates designed to prevent vibration and to prevent tube erosion. 

· Suitable lifting attachments will be provided on each heater to facilitate access to tube bundle for maintenance. 

· Heater shells will be provided with a suitable number of adequately sized vent connections, including vent orifices, located and sized to ensure proper venting under all load conditions.

4.7.2 Deaerator

A deaerator will also be provided as a stage of feedwater heating. The deaerator will be a tray/spray-type heater consisting of a heater and storage tank. The storage tank will be sized to supply feedwater to the feedwater pumps for 5 minutes at full-load operation with the tank at normal operating level. The deaerator will remove all dissolved oxygen in the feedwater in excess of 0.005 cc/liter (7 ppb) at all loads up to and including the maximum rated capacity. The deaerator will be complete with including, but not limited to, level control; vacuum breaker; gauge glass standpipe; two-gauge glass kits; pressure gauge; safety relief valve(s); two thermometers; high-, high-high, low-, and low-low level alarm switches; and overflow system.

Design of the deaerator will incorporate the following features:

· Heater and storage section and appurtenances will conform to the ASME Boiler and Pressure Vessel Code, Section VIII, Pressure Vessels, Division 1 and to all international and local safety requirements that may govern.

· Heater design will provide for a minimum 1.6-mm corrosion allowance.

· All shells and heads will be constructed of carbon steel plates conforming to ASME SA‑515, Grade 70, or ASME SA-516, Grade 70.

· Suitable means of access will be provided for all internal parts. A suitable door will be provided above the water level for removal of trays or for access to the heater section. The heater and storage section will each have a davitted manway. Doors, manholes, handholes, and frames will be the same material as the shell. Access openings will be hinged or equipped with davit assembly and will be provided with permanent-type gaskets.

· Tray system will consist of completely interchangeable stainless steel trays. Tray supports, tray enclosure, and other internal parts coming in contact with noncondensable gases or non-deaerated water will be constructed of or lined with stainless steel.

· The deaerating heater will be provided with supports capable of supporting the entire weight of the unit (heater and storage section) with all spaces flooded. The minimum clearance between the bottom of the supports and the bottom of the storage tank will be 228 mm.

· Each storage section water outlet will be provided with a weir of sufficient height to prevent foreign objects or sludge from entering the pump suction piping. A grid-type strainer will be provided over each storage section water outlet. The strainer will be of heavy-duty construction and will be firmly attached. Each storage section water outlet will be provided with vortex-eliminating baffles.

· Vent condenser will be of the internal type, mounted within the heater section and arranged to properly condense the condensable portion of the vent mixture and vent the noncondensable gases to the atmosphere.

4.7.3 Boiler Feed Pumps

The feedwater system will consist of two 50%-capacity centrifugal multistage motor or turbine driven boiler feed pumps, one 30% motor-driven boiler feed pump and the necessary valving and piping to route the feedwater through three stages of HP heaters to the boiler economizer inlet header. 
During normal operation, the boiler will be supplied with feedwater by the two nominal 50%‑capacity pumps. The 30% pump is used for plant startup and allows for a plant load of at least 80% NDC with one main pump in service.

Pump minimum flow will be provided by an automatic, modulating recirculation system between pump discharge and deaerator storage tank. Each boiler feed pump will be equipped with a control valve in the recirculation system to maintain pump minimum flow. Each boiler feed pump recirculation control valve will be controlled independently.

The boiler feed pumps will be designed and tested in accordance with the applicable codes and standards including, but not limited to, the Hydraulic Institute for Centrifugal Pumps, or other industry standards acceptable to the Owner. Pumps will be designed and constructed in accordance with the following:

	Casing
	Horizontal split, barrel, etc.

	Bearing
	Sleeve with Kingsbury-type thrust

	Lubrication
	Forced oil with pre-lubrication

	Driver
	Electric motor/steam turbine

	Motor connection
	Flexible coupling

	Shaft seals
	Mechanical seals


4.7.4 Condensate Pumps

Two 100%-capacity, or three 50%-capacity, condensate pumps will be provided. Pump materials will be suitable for condensate service. The critical speed of the complete rotating unit (pump and motor) will be at least 25% above the operating speed. The natural frequency of the stationary components of the pump and motor will be at least 25% above or below the operating speed. The pump design will be based on the NPSH required, plus 25% margin, or greater margin if recommended by the manufacturer, for continuous operation from minimum flow to run out conditions. The manufacturer will establish the NPSH required by the pump based on 3% loss of first-stage head.

4.8 Heat Rejection System

4.8.1 Condenser

Design and performance will be based on HEI standards. Allowable stresses for materials used in the fabrication of shells, water boxes, tube support plates, structural supporting and reinforcing members, and connection nozzles will be in accordance with those given in the ASME code (Division 1 only). The Condenser will be split into two halves and capable of operation in part load with one half tubes taken out of service for repair and the steam turbine running at 50%. 

The condenser will reduce oxygen content to a level of 0.005 cc per liter (equal to 7 ppb) maximum and a free CO2 content of zero over the entire operating range of the unit. 

The shell and hotwell plates and welds will be provided with a corrosion allowance of 0.8 mm on each wetted side. 

The Condenser will be provided with sea water leak detection system. 

4.8.2 Circulating Water (CW) Pumps

Two main circulating water pumps, 50% capacity each, single-or multiple-stage, vertical centrifugal design suitable for wet-pit service will be provided for each unit. Pumps will have non-overloading characteristics and will have stable head-flow characteristics so that the head will continue to increase with a decreasing flow until a maximum head is reached at zero capacity. Length of the pump will provide sufficient submergence above the pump inlet to prevent vortexing and will provide the NPSH required for 3% first-stage head deviation plus 25% margin
Each pump will be arranged so that the entire pump unit may be removed from the support floor for maintenance and repair without dismantling the discharge pipe. Lifting lugs or eyes will be provided to facilitate handling. Corrosion resistant fasteners will be used to facilitate disassembly of the pump.
4.8.3 Cooling Water Intake Facilities

Intake facilities will be suitable for working in sea water and handling debris coming with sea water. Permanent facilities will be provided for evacuation of water from each pump pit within 30 minutes after closing of a stop gate and refilling of a pit with water within 30 minutes from start of opening of a stop gate.  

Screen wash pumps will be provided with heavy duty strainer at the inlet pipe of each pump suitable for frequent cleaning as may be required during the monsoon when river water carries a lot of debris and the fact that two pumps will be serving four rotating band screens. 

4.8.4 Closed Cooling Water System

The closed cooling water system will provide a closed cycle system for removing heat from the components of various pieces of power plant equipment and rejecting it to the circulating water system. The closed cooling water pumps will circulate condensate quality water through the closed system, and the heat exchangers will provide the means for dissipating heat to the atmosphere.

An elevated water surge tank with a minimum storage of five minutes will be provided for surge capability, system makeup and venting, and adequate NPSH for the closed cooling water pumps.

The system will be designed to provide adequate cooling within the specified range of ambient conditions. The system design will permit shut down and maintenance of the individual items of equipment without interruption of the cooling function of the rest of the system.

4.8.5 Closed Cooling Water Heat Exchangers

Two 100%-capacity plate/frame heat exchangers will be furnished to transfer heat from the closed cooling water coolant to the circulating water system. The heat exchangers will be made of titanium and strainer will be provided at the circulating water inlet. The heat exchangers will be designed to operate over the specified ambient temperature range with an approach temperature that will not limit operation of the Facility. The circulating water line to the closed cooling water heat exchangers will be provided with a self-cleaning debris filter with provision for manual start from the CCR and bypass piping around the debris filter. Provisions will be made for clean-out of the debris filter while the unit is in operation. Adequately sized service water line will be provided near the debris filter for cleaning purpose. 

The heat exchanger will be designed, constructed, tested, and inspected in accordance with the requirements of the ASME Section VIII.

4.8.6 Closed Cooling Water Pumps

Two 100%-capacity horizontal centrifugal cooling water pumps (with motors), including all piping, valves, instruments, and accessories as necessary for a complete operating system will be provided. Equipment materials will be suitable for the water quality expected in the system. 

4.9 Fire Detection and Protection System

In general, the fire protection and detection systems will be provided for the areas listed and of the type indicated in the following sections. 

The plant will be protected against fire by a comprehensive fire detection, alarm, audio-visual alarm, and protection system. The fire detection system will provide the means to detect fires, provide visual and audible alarms both locally and remotely, and, where required, actuate the fire protection system.

The plant will be protected against fire by any one or a combination of the following systems: 

· Yard hydrant system

· Spray water systems, including

· Preaction systems

· Wet pipe sprinkler systems

· Deluge systems

· CO2 systems/FM 200 

· Portable and wheel-mounted mobile extinguishers (dry powder, foam, CO2, soda powder)

Fresh or desalinated water from the raw water storage tanks will be used for fire protection. River water will be used as backup.  One 100%‑capacity electric motor-driven pump, one 100%-capacity diesel engine-driven standby pump, and two 100%-capacity motor-driven pressurization (jockey) pumps will be provided and will take suction from the raw water tanks.

If fire water pressure is not adequate for the top floors of ST building and coal feed bunker for pulverizers, one fire water booster pump and one pressure maintenance pump for those floors of ST building will be provided.
It is expected that the areas of fire risk will include, but not necessarily be limited to, the following:

· Transformers

· Lube and control oil skids including purifiers and coolers of ST and ST Generator

· Hydraulic oil skid for ST bypass system 

· Any other lube oil and control/hydraulic oil skids 

· Hydrogen seal oil unit

· Hydrogen generation unit

· Air preheater

· Pulverizers

· Fuel oil tanks and piping

· Turbine and generator bearings

· Boiler feed pumps

· Fuel oil unloading station at jetty area

· Yard reclaim hopper and tunnel

· Coal conveyors

· Crusher house

· Coal handling towers

· Tripper room coal conveyors

· Coal silos

· Coal dust collectors

· Pulverizer lube oil system

· Burner (fuel oil)

· Emergency diesel generator (EDG)

· Underground diesel storage tank for EDG

· Administration building

· Electronic equipment rooms

· Raised or access floors of electronic room and central control room

· Battery rooms

· Switchgear rooms

· Cable galleries

· Uninterruptible power supply room

· HVAC equipment room

· Central control room, control room for coal handling plant and other local control stations

· Precipitator/FGD electrical building and room

· Steam turbine building

· Warehouse/workshops

· Housing complex

· Water treatment building 

· Water treatment yard areas

· Any other areas which need fire protection in accordance with NFPA and Vietnamese fire codes.
4.9.1 Design and Operating Conditions

The entire fire protection and detection system, including all components, materials, installation, and testing, will be in accordance with the latest edition of the following codes and standards:

· National Fire Protection Association (NFPA)

· NFPA 10: Portable Fire Extinguishers

· NFPA 12: Standard on Carbon Dioxide Extinguishing System

· NFPA 13: Sprinkler Systems, Installation

· NFPA 14: Standpipe and Hose Systems, Installation

· NFPA 15: Water Spray Fixed Systems

· NFPA 20: Centrifugal Fire Pumps, Installation

· NFPA 22: Water Storage Tanks

· NFPA 24: Private Fire Service Mains and Their Appurtenances, Installation

· NFPA 72: National Fire Alarm Code

· NFPA 850: Fire Protection for Electric Generating Plants

· Factory Mutual

· Underwriters Laboratories

· All applicable  Vietnamese fire codes, rules and regulations

The fire protection systems will include all equipment required to form complete and operable systems as defined by NFPA codes. 
Firefighting system shall also comply with the following Vietnamese regulations:

i. All the equipment and superstructures shall comply with the local regulations of fire protection.

ii. All pipeline insulation materials, cable materials and wall sealing materials shall be of non-combustible type.

iii. All pipelines or vessels which have internal temperatures exceeding 180˚C shall be properly arranged to avoid contact with flammable liquids or gases in case of any leakage of such liquids or gases.

iv. Special care shall be taken to eliminate the risk of soaking hot pipeline insulating material with flammable liquids that may leak from such flammable liquid lines.

v. Cable and pipeline ducts shall be laid at the best possible location to avoid them from being flooded with flammable liquids.

vi. Covered floor ducts must be easily accessible for inspection and cleaning. 
vii. The plant components and equipment shall be arranged to reduce the formation of sharp corners or pits which shall be difficult for inspection and cleaning of flammable materials or liquid trapped in them.

4.9.2 Fire Pumps

Horizontal fire pumps will be in accordance with all NFPA No. 20 requirements.

The pump will be suitable for both continuous and intermittent service and will operate satisfactorily without vibration, cavitation or distress of any part through an operating range from the required minimum flow to 150% of the rated capacity.

The pump will be capable of providing 150% of design capacity at not less than 65% of total rated head. The shutoff head will not exceed 120% of rated head for horizontal split case pumps, nor 140% for end suction type pumps. The pump head-capacity curve will have a steady rise from 150% to zero flow.

Motor drive for fire pumps will conform to the requirements of NFPA No. 20. The locked rotor current will not exceed the values listed in Section 6.5 of NFPA No. 20.

Motor will be furnished with complete across-the-line starter con​trollers and control panels, designed and constructed in accordance with NFPA No. 20 and will be UL‑listed or FM‑approved. All medium-voltage motors will be powered directly from the station switchgear.

Engine drive will be of the diesel type and will be in accordance with NFPA No. 20, NFPA No. 37, UL or FM approval and will conform to the "Standard Practices for Low and Medium Speed Stationary Diesel and Gas Engines" of the Diesel Engine Manufacturer's Association (DEMA).

Fire Detection, Control and Alarm System; Fire Protection System Alarms and Controls; Fixed Water Spray System; Site Fire Hydrant and Water Gun System; Fixed Foam System; CO2 and FM-200 Fire Protection System and Portable Extinguishers will be provided at required areas.
4.10 Service and Instrument Air System

4.10.1 Service Air

The service air system will supply oil-free compressed air for the following services:

· Compressed air supply to be dried and used as the plant instrument air

· Maintenance hose stations located throughout the power station for driving pneumatic maintenance tools, air movers, etc.

· Supply compressed air for cooling of the steam generator thermoprobes

· Supply compressed air for atomizing, and purging of the steam generator igniters

· Supply compressed air for the air heater emergency drives

· Supply compressed air to the coal tripper room hose connections -- No air lines or hose stations will be included for maintenance activities in the remainder of the coal handling areas.

· Provide a compressed air supply to all remote areas including (but not limited to) the ESP (or baghouse), FGD, water treatment, ash handling, waste disposal, circulating water intake area and coal handling areas

Three air compressors will be provided (two furnished with Unit 1 and one with Unit 2). Each compressor will have the capacity to supply 100% of one unit's service air requirements.

Each compressor will be provided with an intercooler and an aftercooler.

Two 100%-capacity service air receivers will be provided in the service air system (one with Unit 1 and one with Unit 2) to provide air storage volume. The service air receivers will be equipped with inlet and outlet connections, condensate drain connection with trap, safety relief valve, taps for pressure measurement, and a manhole for maintenance access. The receivers will be constructed of carbon steel, and designed, fabricated and tested in accordance with ASME Section VIII.

Necessary filters for removal oil and particles will be provided on service air headers coming from the service air receivers. The service air system will consist of a distribution header in the turbine room, water and waste water treatment areas, boiler area, coal handling areas, workshops, and any other areas of the where service air is required. Risers will be located such that maintenance hose stations will be available within 15 meters of equipment. The system header will include manual isolation valves to allow sections of the system to be taken out of service. 

A priority valve will be provided to cut service air supply in case of air shortage to give priority to the instrument air.

4.10.2 Instrument Air

The instrument air system will supply clean and dry oil-free air for the operation of various pneumatically controlled valves, transmitters, controllers, positioners, dust collectors and HVAC equipment in the main building and to all remote areas of the plant. Two 100% air dryers will be provided. 

The air will be oil-free to the maximum extent possible and filtered and dried in a desiccant dryer. 

Air from the service air receiver tank header will pass through two parallel heatless twin tower air dryer units, each capable of handling the total normal instrument air demand for two units. One unit will be in operation; the other will provide backup capability that can be manually valved-in, in the event of operating unit malfunction as indicated by a dryer trouble alarm.

The instrument air system will be provided with two parallel dryer units. Each unit will have two trains with two full-capacity prefilters, two full capacity oil coalescing pre-filters, dual drying chambers and, two full capacity afterfilters in each train. The design will allow for one train to be drained and cleaned while the other train is still in service. In addition, filters will be capable of being cleaned on any active train. The drying chambers will automatically regenerate themselves alternately on a cyclic basis regulated by a cycle timer. The first prefilters will remove the bulk liquid and particles (<5 micron), the oil coalescing prefilters will remove oil (<0.15 ppm) and particles (<0.03 microns) and the after filters will remove any particles from the dryer dessicant (<0.03 micron).  Drying will be automatically alternated between absorbers. Reactivation of moisture-laden absorber desiccant will be accomplished by routing clean dry instrument air from the dryer output back through the inactive absorber, exhausting it through a muffler to the atmosphere. The reactivation air flow will be manually adjusted with the reactivation flow ball valves until the flow meters indicate that necessary flow is attained. The dried air will pass through one of two afterfilters before entering the instrument air header. One afterfilter on any dryer will be capable of being cleaned while the unit is in operation. The dryers will supply dry air at a design dew point of – 40oC. .The service and instrument air systems will be designed to operate at 8.8 kg/cm2 nominal pressure. Equipment requiring less than 8.8 kg/cm2 will be equipped with pressure-reducing valves.

A loop system in the various buildings will be used where possible.

Lead lines and connections from the headers or main branch pipe lines will be provided as close as practical to the location of the pneumatic device being served. Pipe sizes will be large enough that the pressure drop between the header and the point of use will not exceed 10% of the initial pressure. Larger instrument air headers will be provided with low point drains to remove moisture which may collect due to air dryer malfunction and during system outage.

Instrument air piping 50mm and smaller will be made of stainless steel. Larger piping will be ASTM A53, Grade B galvanized material.

Branch lines will have a shutoff valve at the takeoff from the main header. Each air user will have a shutoff valve and filter locally.

All maintenance hose valves will be constructed of bronze material.

All valves, except the maintenance hose valves will be constructed of steel materials.

The Plant DCS will monitor the temperature and pressure of the instrument air and alarm if abnormal conditions occur.

4.10.3 Air Compressors

Each compressor will be suitable for single compressor operation and parallel operation with other compressors at any demand rate from zero to maximum capacity without any time limit. Each compressor will be suitable for automatic startup and operation of a second, parallel operating compressor with the first compressor in operation at all loads without instability in performance. 

The compressors will be equipped with inlet air filter, silencer, air / oil separator vessel, air / water separator and controls.  The separators will remove oil to a level of 2 – 3 ppm.

Intercoolers and aftercoolers will conform to the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1.

Aftercooler will be furnished with a moisture separator and an automatic condensate trap.

Intercooler will be furnished with a pressure gauge and an automatic condensate trap for removing moisture.

Each compressor will be furnished with all controls, instruments, and accessories as required for safe and reliable monitoring and controlling of the compressor from no load to full load, and for shutdown. Unloaded operation below the surge point will provide only sufficient flow to cool the machine at minimum horsepower.

One air compressor will normally be operating for each unit with the third air compressor on "standby." The individual compressor controls will maintain the system pressure at the design setpoint. The standby compressor will automatically start in response to a low system air pressure or in the event of a trip of one of the operating compressors. Once started, a compressor will continue to operate until manually stopped.

4.11 Water Systems

4.11.1 Raw Water Supply

A new fresh water line will be installed by as a common supply line to both Mong Duong 1 and 2 power project to supply fresh water (including potable water, demineralizer makeup, firewater and service water). Fresh water will be sourced either from Cao Van Lake located at a distance of 17 km or from Khe Rua Lake located at 15 km, or from Goc Thong Reservoir (on Thac Thay river) located at 11 km from the Site. 
In case an economically feasible for sourcing and supply of fresh water is not forthcoming then a sea water Reverse Osmosis (SWRO) will be considered as a fall back option to meet the sweet water requirements of this Project.
Water supply systems will be provided: 

- To provide water to the water treatment plant for use as make up water for boiler and CCW system.

- To provide general service water to the boilers, HVAC plant, battery rooms, and any other equipment area that may require it.

- To supply fire water reserve

- To supply water for dust suppression in coal handling plant (if sea water is not suitable for this purpose)

- To provide cleaning water for air preheaters, ESP, coal handling plant and all other areas of the plant.

- To provide cold potable water for washing, sanitary, drinking purposes.  

- To provide hot potable water for showers, basins, sinks, kitchens and any other fittings and equipment used by staff. 

- To provide general service water for washing of washable ventilation filters and any other equipment as required.  

Two 50% raw water storage tanks will be provided and their combined capacity will be adequate to meet all the water requirements of the plant for a period of not less than 36 hours, plus fire water reserve. Raw water will be supplied from these tanks to water demineralization plant, potable water treatment plant, service water points, coal handling plant, ESP and air heater cleaning, and fire water system. The fire water reserve capacity will be determined based on two-hour supply with a fire pump operating at 100 percent duty (largest single fire risk plus not less than 31.5 l/sec). The tanks will be designed, fabricated and tested in accordance with API 650.

4.11.2 Water Filtration and Demineralization

Three 50% duty reverse osmosis (RO) based water treatment plant will be provided. In the base case (fresh water supply from any lake), each train will comprise of, but not be limited to, submersible cartridge filters, brackish water RO and a mixed bed polisher (MBP). In this case, fire water reserve, service water and potable will be taken from the outlet of cartridge filter and stored in two 50% raw water storage tanks. A clarifier with gravity or pressure filter may be considered as part of the base case treatment plant to produce filtered water to meet service, potable, and fire water demand. 

In the case of sea water option, each train will comprise of, but not be limited to, cartridge filter, sea water RO, brackish water RO and a mixed bed polisher (MBP). In this case, service and potable water will be taken from the outlet of the sea water RO where TDS will be in the range of 150 to 200 ppm. The sea water RO will be sized to meet the demand for service, potable and feed to brackish water RO for production of demineralsied water in MBP, and the brackish water RO will be sized to meet the input of MBP. 
Each demineralized water train will be sized to supply continuously the maximum boiler blowdown rate of 3% from one generating unit plus the miscellaneous uses of the unit plus fifty percent (50%) of the common uses of both units. All feed pumps in each system will be two 100% capacity pumps. All chemical dosing / metering pumps in each system will be two 100% capacity pumps.

The reject form the sea water RO (1st stage) will be directly discharged into cooling water discharge channel and permeate will go the brackish water RO (2nd stage). The reject from the 2nd stage RO will be recycled to the 1st stage RO. Permeate from the 2nd stage RO will be fed to the MBP for demineralization of the remaining TDS. 

Two 50% demineralized water storage tanks will be provided. The tanks will be designed, fabricated and tested in accordance with API 650. The size of the demineralised water storage tank will be fixed based on 72 hours demineralised water consumption. All necessary valves, fittings, piping, etc. required to integrate the storage tanks into the system will be provided.  
The water quality parameters as specified below at the outlet of the respective stages:

Sea Water RO Outlet:

	Parameter
	Limit

	Conductivity
	< 300 µS/cm

	Total Dissolved Solids (TDS)
	< 150 ppm

	TOC
	< 0.005 ppm


Brackish Water RO Outlet:

	Parameter
	Limit

	Conductivity
	< 20 µS/cm

	Total Dissolved Solids
	< 10 ppm

	Total Silica
	< 30 ppm

	TOC
	< 0.005 ppm


MBP Outlet:

	Parameter
	Limit

	pH
	7 ± 0.10

	Conductivity
	< 0.10 µS/cm

	Total Dissolved Solids
	< 0.05 ppm

	Total Silica
	< 0.01 ppm

	Total Hardness
	< 0.005 ppm

	TOC
	< 0.005 ppm


4.11.3 Waste Water Treatment 

A waste water treatment plant will be provided to deal with the effluents.  All effluents (e.g. water treatment plant effluent, boiler blowdown, floor drains, treated sewerage, waste water generated in cleaning of air preheaters and ESP, chemical spillage, oily drains from fuel oil tank, transformer area and turbine hall, lube oil storage areas, mechanical workshop, etc) will be treated in the plant. Any effluents discharged from the plant will be met both Vietnam and WB standards. 

The oily waste water treatment plant will consist of an oily waste water collection pond and an oil separator along with necessary pumps and piping for transferring the oil separated waste water to the chemical waste water pond for further treatment. Alternatively the treated oily waste water can be mixed with make up water for transportation of ash to ash pond.

MBP regeneration waste from water treatment plant, boiler blowdown, floor ash, chemical spillages, chemical drains, etc, will be collected in a chemical waste water treatment pond, and irregular wastewater such as boiler chemical cleaning waste, air preheater and ESP cleaning waste, regeneration waste from condensing polishing unit, will be collected in an abnormal waste water pond. An overflow line will be provided to connect the chemical waste water pond to the abnormal waste water pond. 

The abnormal waste water pond will have capacity to hold waste water generated during boiler chemical cleaning, air preheater cleaning, ESP cleaning, regeneration waste of condensate polisher, or abnormal blowdown during any boiler upset conditions or any abnormal regeneration requirement of MBP resins. Its size will be estimated on the basis of largest volume of waste water that may be generated by any of the above activities. Two 100% abnormal waste water pumps will be provided to transfer the waste water from the abnormal waste water pond to the chemical waste water pond. Waste water in the abnormal wastewater pond will be gradually transferred to chemical waste water pond for pH adjustment in a neutralization basin, coagulation and settlement of sludge in a clarifier.

Two 100% blowers and distribution pipes will be provided for aeration of chemical waste water pond and abnormal waste water pond for flow equalization and supplying oxygen requirement of waste water. 

Two 100% chemical waste water pumps will be provided to transfer the waste water from the chemical waste water pond to a pH adjustment tank where alkali or acid will be added to adjust pH of the waste water, and adding coagulant and coagulant aid in a coagulation tank before the waste water is sent to the clarifier (settling tank) for settlement of sludge. The treated waste water form the settling tank will be sent to an activated carbon filter media for removal of colour and organics and then through a neutralization tank for further adjustment of pH before disposing to the final effluent pond. If the pH of treated waste water is still found beyond the range of 6 to 9, the waste water in the treated effluent pond will be automatically recirculated to the chemical waste water pond for further adjustment of pH. Redundant pH proves will be provided for monitoring pH of treated effluent. The treated waste water will be recycled for mixing with incoming fresh water or sea water for treatment in the RO plant. The sludge from the bottom of the settling basin will be thickened and compacted before disposal for land filling or gardening.

The plant will be provided with necessary sumps with sump pumps and piping, level switches, local panels for transformers areas, boiler areas, condenser pit area, and fuel oil storage tank area. Waste water from these areas will be transferred to the chemical waste water pond or oily waste water pond depending on the characteristic of the waste water.

Uncontaminated storm water runoff will be directly discharged into the river or stored on site for use in ash transportation. Runoff from coal storage and handling plant, which may be contaminated by coal, will be settled in a separate settling pond and the decanted water can be mixed with make up water for ash transportation. Coal slurry from the bottom will be recycled to the plant and mixed with coal.

4.11.4 Condensate Polishing System

If titanium is selected as the condenser tube material and as the plant will have drum type boilers, condensate polishing units (CPU) may not be necessary. Therefore CPU is discussed here as an option which may be deleted later subject to selection of condenser tube material.
The condensate polishing system design will be compatible with the probability of seawater in-leakage via the plant condenser. For example, a powdex resin type polisher, 3x50% polisher units for each unit, would be compatible with a titanium tube condenser with welded tube-to-tubesheet joints. While two polisher units will be in service, the other unit will be under regeneration and/or standby. 

For powdex type resin system, three complete and separately controlled systems will be supplied, one for each unit.

4.11.5 Potable Water System

Plant potable water system will consist of the following:

· Potable water filtration, handling and storage system

· On ground storage tank at the plant to store potable water for plant domestic requirements

· Two 100% potable water pumps

Sodium hypochlorite will be injected into the suction of the potable water pumps for disinfecting the water supply and maintain residual chlorine at 0.1 ppm. The potable water quality will meet the applicable WHO guidelines and Vietnamese regulations.

The potable water storage tank will be sufficient for 24 hours’ supply of potable water.
The potable cold water distribution system will supply cold water to all sanitary fixtures, kitchen sinks, laboratory and work sinks, electrical water coolers, emergency shower/eye wash units, and other requirement of washdown facilities as required. The system also supplies water to the domestic hot water heaters.

The potable water service within each building will be capable of providing sufficient water to all plumbing fixtures and equipment. The quantity of water required will be based on maximum probable demand requirements including the requirements for potable hot water.

The potable hot water and the return circulation systems will supply hot water to all the above-mentioned fixtures requiring hot water. The hot water systems will originate in the domestic hot water heaters (one for each building requiring hot water) and will distribute water at approximately 54(C; pump circulation will maintain temperature within reasonable limit. Hot potable water for kitchen use and washing equipment will be supplied at 65°C.  

The potable hot water system will include electric hot water storage heaters capable of providing sufficient hot water storage and recovery capacity to meet the maximum probable demand requirements.

All hot and cold piping will be insulated.

The interior potable water distribution system will be valved for proper control of all sections, without shutting down the entire system.

4.12 Coal Handling System

4.12.1 System Description

The two main external coal supply conveyors will supply coal to Phase 1 and Phase 2 Projects from a location at the south boundary of the Project site. It is assumed that the width and speed of VinaComin’s coal delivery conveyor will be 1.2 m and 2.5 m/sec respectively, and transfer of coal will take place at approximately 10 m outside of the site boundary. Receiving Conveyors will include a belt scale for recording delivery quantities. Coal will be stacked by stacker and reclaimed by reclaimer to the hoppers directly. Depending on suitability of the use, separate stacker and reclaimer or combined stacker-reclaimer will be used. The coal conveying and handling system will be designed for two 100% system, each 100% being equal to 1200 tonnes/hr, so that entire day’s coal requirement can be handled in one 12 hours shift (day shift). There will be two coal storage sheds and the combined storage capacity will be not less than 30 days’ coal requirement for full plant capacity. If the existing coal storage space shown on Site layout plan is not sufficient to meet the coal storage requirement, EVN should provide additional land for coal pile storage.
4.12.2 Reclaiming System

The reclaiming and conveying system will be capable of supplying coal at 100% boiler burn rate.

Conveying system consisting of two parallel trains of conveyors will supply coal from the coal piles to the Units 1 and 2 silos. Only one train of conveyors is required to supply coal to both Units, however, both trains may be operated simultaneously. The system description for operating both trains of conveyors simultaneously is as follows:

Reclaimer will feed coal via belt feeders to twin redundant conveyors that will discharge to a twin outlet surge bin in the crusher house, and will include magnetic separators. Each surge bin hopper will discharge by gravity to a parallel and equal capacity conveying system to the in-plant silos. Each system will consist of a belt feeder, metal detectors, magnetic separator, screen, crusher, a transfer conveyor to the boiler house, and tripper conveyor. Diverter gates and bypass chutes will be provided at the crusher if size reduction is not required. A free-standing, self-contained, modular type “as fired” sampling system will obtain samples from the transfer conveyors that supply the boiler house. Both tripper conveyors will traverse over both Unit 1 and unit 2 silos for full redundancy.

Transfer points in the crusher house and power plant building will be provided with dust collectors. Discharge points in the receiving conveyors, reclaiming hoppers, at stacker/reclaimer, and reclaiming conveyors, will be provided with water spray equipment to limit dust during discharge from conveyor transfer points.

The complete coal handling system will be controlled from the coal handling control room located within the coal handling building adjacent to the crusher house. The overall control will be by programmable logic controller (PLC) system. The control boards will include the controls, graphic display, and annunciator sections to allow remote operation of the coal handling system. The coal handling building will also house the necessary electrical equipment to distribute power to the coal handling equipment.

4.12.3 Miscellaneous Equipment

All miscellaneous equipment for a complete and operable system will be provided, including conveyors, transfer points, magnetic separators, scales, as received and as fired samplers, online moisture, ash and calorific value analyzers, water spray dust suppression system, dust collection systems, and fire protection system.

Conveyor components will conform to the standards of the Conveyor Equipment Manufacture's Association (CEMA). Conveyors will be standard troughed type and will include belting, idlers, pulley assemblies, belt cleaners, loading skirts, safety switches, 3/4 hood covers, and fabricated steel supports, including maintenance walkway.

Hopper and transfer points will be lined with abrasion-resistant or stainless steel liners. Transfer points will include hoods, chutes, doors, and skirts to minimize fugitive dust.

4.12.4 List of Major Coal Handling Equipment and Structures

· One as received sampling system

· One as fired sampling system with two primary sample cutters

· Two Receiving Conveyors from the separation chute to Phase 2.

· Two stockpiling Conveyors 

· Two stackers and two reclaimers (or two combined stacker reclaimers if found suitable)

· Two reclaiming hoppers

· Telescopic chutes as required

· Two metal detectors

· Magnetic separators as required

· Two reclaiming Conveyors to crusher house

· Two transfer Conveyors from crushers to boiler house

· Two tripper Conveyors 

· One twin outlet surge bin

· Two screens

· Two crushers

· Four belt feeders

· Two diverter gates

· Two splitter gates

· Four (4) belt scales

· Two traveling trippers

· Crusher house, with adjoining electrical equipment and control rooms

· Transfer tower(s) as required (3 or more)

· Four (4) bulldozers

· Heavy equipment maintenance garage

· Two dust collection systems

· Dust suppression water spray system

· Fire protection system

· HVAC equipment

· Online moisture, ash and calorific value analyzers

· Lot miscellaneous chutework, abrasion-resistant and stainless steel liners, skirtboard, diverter chutes, guards, etc.

· Lot local safety and control devices, belt position switches, emergency pull stop switches, local start-stop-jog stations, plugged chute switches, takeup limit switches, motion detection switches, and warning horns

· Lot hoists, trolleys, and hoist beams to be located at all transfer points

· Sump pumps and piping

4.13 ASH HANDLING

4.13.1 Bottom Ash Handling (PC Boilers)

The bottom ash handling system will provide for the collection and removal of bottom ash from the steam generator (PC type) furnaces. A submerged drag-type chain conveyor will provide the means for removal of the bottom ash. The submerged drag-type chain conveyor (one for each unit) will transport the bottom ash up an inclined dewatering ramp prior to discharging through a crusher. The crusher will discharge to a vertically inclined drag-type chain conveyor for transport to a bottom ash storage silo. 

A closed loop recirculating system will be used for supplying cooling water to chain conveyor trough. The recirculating system will include a holding tank, heat exchanger, pump and water treatment (pH control) system. 

The bottom ash silo (net) volume (each unit) will provide sufficient storage for (72) hours of bottom ash produced at BMCR.

The horizontal section of the drag chain conveyor will be adequately sized to allow for three (3) hours of storage during periods of peak bottom ash production rates. The conveyor flights will be designed with replaceable abrasion resistant wear strips to allow for wear resistance on both the conveying and return cycles. The conveyor flights will be moved by two strands (or a double strand) of carburized chain. 

Each boiler will have a separate and identical pyrite removal system. There will be one pyrite hopper for each boiler pulverizer. Each of the hoppers will be discharged by individual jet pumps motivated by a single HP water pump. The hoppers will discharge the water and pyrites into a common pipe header for flow into the transition section between the bottom of the boiler furnace and the chain conveyor for transfer to the bottom ash removal system.

4.13.2 Bed Ash Handling (CFB Boilers)

A series of drag conveyors will be used to transport CFB bed ash to storage silos, one silo per boiler. Two full-capacity, CFB bed ash conveyors (per boiler) will be provided to continuously transport CFB bed ash from the boiler stripper coolers to a bed ash storage silo. Each conveyor system will consist of one horizontal/inclined and one horizontal/vertical drag chain conveyor. Normally, only one conveyor system will be in operation per boiler while the other conveyor is in standby.

Each bed ash conveyor will be a drag-chain-type conveyor. Each conveyor will be furnished with a variable-speed/frequency drive motor. The variable-speed drive will follow the speed signal from the bed ash discharge rotary valves. The conveyors will be complete with support legs, inlet and discharge flanges, inspection doors, safety switches, and all other necessary appurtenances. The conveyors will have replaceable abrasion resistant liners (400 BHN minimum) in all high wear areas. The drag chain conveyor will be furnished with an under-speed switch mounted on non-driven side. A local control station with “Jog” and “Forward/Reverse” position selector will be furnished.

Bed ash diverter gates will be provided at ash cooler rotary valve outlets to direct the bed ash flow to the operating conveyor. The diverter gates will be complete with a suitable actuator for automatic/remote operation.

4.13.3 Bottom Ash Storage Silos & Transport off Site (PC Boilers)

A total of two storage silos (one for each unit) will be provided for the temporary storage of furnace bottom ash. The height and diameter of the silos may vary, depending upon the silo conveying system layouts; however, the effective (net) storage volume of each silo will not be less than the calculated volume of bottom ash produced in 72 hours.

4.13.4 Bed Ash Storage Silos & Transport off Site (CFB Boilers)

A total of four storage silos (one for each unit) will be provided for the temporary storage of CFB bed ash. The height and diameter of the silos may vary, depending upon the silo conveying system layouts; however, the effective (net) storage volume of each silo will not be less than the calculated volume of bed ash produced in 72 hours.

4.13.5 Fly Ash Handling

A vacuum-type or pressurized-type fly ash handling system will be provided to transport ash from the ESP (or optional baghouse) and economizer hoppers to storage silos (for each unit) for fly ash. Mechanical exhauster will be used to generate vacuum and pull ash from ash hoppers under each ESP and economizer. Under pressurized-type handling, compressed air will be used for conveying ash from form ESP and economizer hoppers to ash silos. Five 50% mechanical exhausters or five 50% air compressors (one 50% as standby each case) will be provided, complete with ash piping and isolation valves. Each fly ash silo will have three filter separators located on top of the silo. The clean air exhaust from each filter separator will be piped to mechanical exhausters or inlet of pressurized-type ash conveyors. The clean air piping will have diverter valves to be able to feed either one of four mechanical exhausters if one exhauster is down for maintenance. Fly ash silo will be designed for 24-hour fly ash production. A bin vent-type dust collector will provide silo ventilation. The silo will be equipped with a polyethylene liner with a low coefficient of friction on its inner surface to facilitate flow of the ash during unloading.

4.13.6 Ash Disposal to Ash ponds 

4.13.6.1 High Concentration Slurry Disposal

In order to reduce water use and to eliminate the need for dewatering, treatment and recycling of water involved with ash disposal as 5 to 10% slurry of ash (called “lean system”), two 100% high concentration slurry disposal (HCSD) system with slurry preparation and slurry disposal facilities complete with following systems for disposal of ash to Ash Ponds will be provided 

Dosing and Mixing Unit (DMU)

Retention Tank with high torque agitator

Charge pump

Suction strainer

Piston-diaphragm type high density slurry pump 

Slurry transport pipeline with distribution system on the disposal area 

Emergency water pump

Pipeline scrapper unit

In the DMU, ash will be extracted, measured, mixed with controlled flow of water to prepare slurry of exact composition (approximately 65% ash and 35% water). The slurry so produced will be charged into the retention tank mounted with agitator, which will ensure consistency and homogeneity of ash slurry.  Then a centrifugal type charge pump feeds the slurry to piston-diaphragm high density slurry pump at a set pressure and as per requirement. The strainer prevents flow of lump, debris and foreign materials going with the high density slurry to prevent damage of the diaphragm pump.  The duplex, double acting crankshaft driven GEHO or equivalent pump provides the necessary discharge pressure of slurry for disposal at remote site. The pump is provided with air over slurry type pressure vessel at suction for pulsation free operation at suction and pulsation dampener at the discharge to reduce pulsation in the discharge pipe.

The emergency water pump will be provided with discharge pressure same as slurry pump, to supply necessary water for clearing the slurry in the pipe line in case of slurry pump failure. The pipeline scrapper will be provided to clear the pipeline in case of any blockage by inserting sponge ball in the line and then pushing it through the pipeline by running GEHO or equivalent pump on water.

The systems will control water flow based on slurry flow to maintain the same ash and water ratio. Online slurry density measuring facility will be provided to adjust water flow to control slurry density. At the ash pond (mound) area, slurry will be discharged by several flexible hoses connected to the main pipe. 

The objective of HCSD is to reduce water use for slurry transportation as low as possible under current technology and totally eliminate recycling of water from the ash pond to the plant. It is expected that very less water will be collected at ash pond requiring minimal recycling of water form ash pond to the plant.  Recycling pumps, return pipelines, pH adjustment facility, chemical preparation tank, dosing facility, storage tank, PLCs based control system, control room and switchgear room with HVAC,. 

Sea water will be considered as make up water for transportation of ash to ash ponds. All materials used in all ash handling system equipment will be fit for handling sea water. Sea water from condenser discharge will be considered as the source of make up for ash disposal system. 

4.13.6.2 Low Concentration Slurry Disposal 

If implementation of HCSD is not found feasible due to techno-economic reasons and the location of ash ponds, low concentration slurry disposal system will be adopted for Mong Duong 2 power project. The system will be designed to handle sea water in large volume, decanting and collection of sea water from ash pond, complete facilities for pH adjustment of water at ash pond, chemical preparation and dosing system, chemical unloading and storage. 

4.14 Fuel Oil Storage and Transfer System

Fuel oil will be delivered in barges at the fuel oil jetty to be constructed by EVN for use of Mong Duong 1 and 2 power project . Oil will require heating to around 50˚C before delivery. The fuel oil storage and transfer system will be designed to unload fuel oil from barge, transfer fuel oil from fuel oil jetty to storage tank, store, and transfer No. 2B fuel oil from storage tank to boilers for startup. The transfer pumps will also supply the emergency diesel generator and diesel-driven fire pumps. The transfer pumps for transferring fuel oil from storage tank to boiler will raise fuel oil pressure to meet the fuel oil burner requirement of the burners for the boilers.

The fuel oil storage and transfer systems will include, but not be limited to, the items listed below:

· Fuel oil heater (by steam) 
· Fuel unloading station at fuel oil jetty, including appurtenances, such as duplex basket suction strainer and flexible hoses

· Two 100%-capacity fuel unloading pumps, with suction strainers, temperature and pressure gauge and transmitters, flow transmitter meter with signal to local and DCS

· Local unloading station controls

· Vertical fuel oil storage tank 

· Suction, return, and discharge piping and valves

· Tank appurtenances, including ultrasonic level transmitter/controller, local level indicator, temperature transmitter with thermowell, local temperature indicator, flame arrestor, manholes, internal and external ladders, platform, floating suction, emergency internal check valves, foam system, and containment berm

· Two 100%-capacity fuel oil transfer pumps and local control panel

· Duplex basket suction strainer for transfer pumps

· Suction and discharge pressure gauges

· Discharge check valves

· Suction and discharge isolation valves

· Adjustable external safety relief valve for each pump, to be connected to return line

· Transfer pumps will be housed in a heated, ventilated, weatherproof enclosure

· Foam based fire protection for unloading station, fuel oil tank and transfer pumps

4.15 Sampling System

The sampling system will be designed to permit:

· Continuous sampling of water/steam from various sample points outlined below

· Monitoring of prescribed chemical limits

· Detection of soluble and insoluble contaminants entering steam/water cycle

A sampling system will be provided to monitor various parameters in the boiler steam, condensate, and feed water systems and to automatically control the feed rates of neutralizing amine and oxygen scavenger. A list of sample points and parameters that will be continuously monitored in the plant DCS is provided below:

	
	Chemical Parameter

	Cooling Water
	

	Closed cycle cooling water
	Specific conductivity

	
	Grab

	Condenser inlet
	pH

	
	Grab

	Condenser outlet 
	Residual chlorine

	
	Grab

	Steam Cycle
	

	Condensate pump discharge
	Specific conductivity

	
	Cation conductivity

	
	Dissolved oxygen

	
	pH

	
	Grab

	Deaerator outlet
	Dissolved oxygen

	Condensate after condensate polisher
	Sodium

	
	Silica

	
	Specific conductivity

	
	Cation conductivity

	
	pH

	
	Grab

	Steam drum
	Specific conductivity

	
	pH

	
	Silica

	
	Grab

	Main steam
	Specific conductivity

	
	Cation conductivity

	
	Silica

	
	Sodium

	
	Grab

	Reheat Steam
	Specific conductivity

	
	Sodium

	
	Grab


The ability to obtain grab samples from each sampling location will be provided in the steam/water analysis panel. All of the steam cycle samples listed above will be routed to a centrally located panel.

The sample system will consist of a wet section and a dry section. The sample conditioning equipment, which includes primary and secondary coolers, pressure-reducing and regulating valves, relief valves, pressure gauges, and local flow indicators, along with flow-through probes for pH and conductivity, will be located within the wet section of the sampling system. The wet section will also include a sample sink and blowdown header. The dry section will consist of process analyzers and will be enclosed in an IP66 or IP62 panel or approved equal. A chiller package mounted on a separate skid will be provided if necessary to maintain sample temperatures below 40°C. If the chiller unit is housed inside the sampling building, the chiller exhaust will be vented outside of the building by appropriate ductwork. The sampling steam and water pipes and their connections to sampling lines (tubes), primary and secondary coolers, can be located outside of the sampling building under a separate shed or can be separated by a wall, to reduce air conditioning load of sampling room and eliminate the hazards of any potential steam leakage inside the sampling building (if they are housed inside the sampling building) where the grab sampling panel, analyzer racks, and analyzer power supply will be located.

4.16 Hydrogen, nitrogen and CO2 Storage and Supply System

4.16.1 Hydrogen Storage and Supply

Hydrogen will be provided for turbine generators requirements.

The complete system, including storage assembly, will have sufficient capacity to meet the H2 requirements for two units during normal operation and startup of one turbine generator over a six-day period, respectively. Additionally, the capacity will cover the replacement of one unit’s hydrogen, plus a 50% margin.

Combustible levels of oxygen in the product hydrogen gas or hydrogen in the ambient air will initiate alarms both locally and in the main control room.

The equipment will be designed so that hydrogen supply cylinders can be replaced without system interruption. The hydrogen storage cylinders will be monitored and labeled in accordance with all applicable codes and standards.

4.16.2 Hydrogen Generation Facility

Two 100% hydrogen generation units will be offered to meet hydrogen demand of the plant and storage requirement as outlined above. The purity of hydrogen will be 99.75% and dew point -700C at the pressure of storage tank. 

The hydrogen generating station will be housed in a separate room equipped with air ventilation system and together with storage tank(s). All the inner and outer walls of the room containing hydrogen will have fire protection walls. Rooms for electrical equipment, measurement and sampling will be provided. The station will be provided with relevant fire protection system to ensure safe and reliable operation. The storage tank(s) will be provided with applicable fire protection measures and surrounded by walls of relevant fire protection class.

Device for monitoring of hydrogen purity will be provided to maintain purity at 99.75% or more. When such purity is not maintained, signal will be given to DCS and production of hydrogen can be stopped.

The hydrogen generators will be provided with distribution cubicles for electrolysis, testing, sample taking, gas dryers and compressors. The hydrogen generator will have two levels of control –local and remote. Signals about the hydrogen generators will be sent to CCR to provide operators with precise data for remote operation of the generating station. 

4.16.3 Carbon Dioxide Storage and Supply System

Carbon dioxide will be used for fire protection and for purging the generator hydrogen cooling system.

CO2 system capacity will support the specified quantity of startups and refills of hydrogen, plus quantity for fire protection.

The equipment will be designed so that CO2 supply cylinders can be replaced without system interruption. 

4.16.4 Nitrogen Storage and Supply System

Nitrogen will be used for equipment blanketing for corrosion protection.

Nitrogen will be furnished in cylinders. Piping to the following equipment will be furnished:

 Gland steam condenser

 LP heaters (tube side)

 LP heaters (shell side except Heater No. 1)

 HP heaters (tube and shell sides)

 Auxiliary boiler

 Steam generating units

The equipment will be designed so that nitrogen supply cylinders can be replaced without system interruption. 

4.17 Heating, Ventilation, and Air-Conditioning Systems

Heating, ventilation, and air-conditioning (HVAC) systems will be provided to maintain and control the environment in the power plant to a level suitable for personal comfort and to support the continuous operation of the plant mechanical and electrical systems.

The areas requiring HVAC systems will include, but be not limited to, the following:

Central control room

Electronic rooms

All switchgear and battery rooms

All office and administration areas 

Electrical and control room of Coal Handling Plant

Electrical and control Room of FGD

Electrical and control room in Water Treatment Building

Electrical and control room of ESP

Switchyard control room building

Workshops and Warehouses

Chemical laboratory

All residential buildings and common facility building in Housing Complex 

Common facility building in the plant

The design conditions will be maintained for the areas as listed:  

	
	Dry bulb
temperature °C
	Relative humidity
% RH

	Area
	Summer
	Minimum
	Maximum

	Control rooms
	22
	40
	60

	Electronic equipment rooms
	22
	40
	60

	Computer equipment rooms
	22
	40
	60

	Switchgear rooms
	30
	40
	60

	Battery rooms
	30
	40
	70

	Offices
	22
	40
	60

	Dining and kitchen 
	22
	40
	60

	Residential Buildings and Common Facilities in Housing Complex 
	22
	40
	60

	Laboratory
	22
	40
	60


4.18 Drainage Systems

4.18.1 Design Criteria

The functions of the drainage systems are to:

· Provide means for collecting and draining water from floors and equipment drains in the plant’s process areas and disposing it into the site collecting system.

· Provide oil separation and neutralization of chemicals in the drained fluid before discharging the disposing system.

· The discharge of liquid waste will comply with the limits indicated in Chapter 3, Part 2.
4.18.2 Systems and Function Description

The plumbing and drainage systems outlined herein consist of the following systems:

· Sanitary drainage and vent

· Industrial waste drainage

· Chemical waste drainage

4.18.3 Sanitary Drainage and Vent Systems

The sanitary drainage and vent systems serve the removal of wastes from toilet and shower rooms, food service and kitchen equipment and related floor areas, and from other facilities of sanitary nature. All fixtures/equipment drained to the sanitary drainage system are supplied by potable water.

The sanitary wastes will run by gravity piping systems and will be collected in the nearest package unit for biological treatment. The waste from these units will be pumped to the treated sewage disposal tank and it will be then disinfected by injection of sodium hypochlorite before disposing for use in gardening or further treatment in waste water plant.

Gravity drainage piping will be installed with sufficient slope to ensure a cleansing velocity of flow. All vent piping will be graded to drain back to the drainage piping by gravity 

The sizing of drainage piping will be based on the probable simultaneous rate of flow from fixtures, equipment, and floor drains connected to the pipe. Sizing and arrangement of pipe connections will be such that the development of hydrostatic pressures and flooding will be avoided. Horizontal drains and house drains will be designed to flow under uniform flow conditions and to avoid pneumatic pressure fluctuations. The minimum size of a vertical stack will be equal to the largest branch connected to it.

The trapping and venting of drainage systems will follow the applicable codes and regulations. All plumbing fixtures will be individually trapped and vented.

4.18.4 Industrial Waste Drainage System

The industrial oily waste drainage system serves the overall drainage of floors and equipment in general industrial areas throughout the buildings. Industrial wastes are expected to be contaminated by particulate matter and oil.

The industrial waste drainage system also serves enclosed (dyked, curbed) and sprinkled equipment areas where large quantities of oil are used or stored. The systems will provide for the containment and isolation of oil wastes (including sprinkler discharge in case of fire) that otherwise could spread and create significant fire hazard.

Inside the buildings, to the extent possible, all drainage will be run by gravity. Where relative elevations do not permit gravity flow, sump pumps will be provided.

The industrial waste will be collected in pits and pumped to an oil/water separator.

The automatic controls of the sump pump stations will consist of level sensors that start the pump at high-level and shutoff at low-level. Provisions will be made for high-level alarm and automatic alternation of pumps. In addition, the controls will be set to start the second pump when the capacity of the first pump is exceeded, so both pumps can operate simultaneously. Level sensors will be float controls or sealed electrodes.

The sizing of drainage piping will be based on the probable simultaneous rate of flow from floor and equipment drains connected to the pipe. Sizing and arrangement of pipe connections will be such that the development of hydrostatic pressures and flooding is avoided. Horizontal drains and house drains will be designed to flow under uniform flow conditions and to avoid pneumatic pressure fluctuation.

Routing of horizontal drainage piping will avoid passing over equipment, where leakage could cause contamination, and over electrical equipment and cables.

In areas where dirt can accumulate, floor drains will be furnished with sediment buckets

4.18.5 Chemical Waste Drainage System

The chemical waste drainage system serves the water treatment area and other areas where chemicals are stored or handled. The waste will be drained to a dedicated chemical sump and pumped to the neutralization tank for treatment. In remote areas, such as the battery rooms or laboratories where acids are stored or used, the waste will be directed to local acid neutralizing basins and then discharged following treatment

4.19 Auxiliary Steam System

4.19.1 System Description

Steam from the auxiliary steam system will be used for unit startup and will supply steam for deaerator pegging, air heater soot blowing, and turbine seals. Auxiliary steam will also be used for mill inerting. The auxiliary boiler will supply steam to the auxiliary steam system when neither unit is operating. When one of the units is operating, auxiliary steam will be supplied from the cold reheat or main steam header of the operating unit.

4.19.2 Design and Operating Conditions

Design pressure for the main distribution system will be operating pressure plus 15% design margin. The auxiliary steam piping will be designed in accordance with the requirements of ASME B31.1. The maximum velocity for pipe sizing will not exceed 45.7 m/sec. Cross ties will be provided between units.

4.19.3 Technical Requirements

An auxiliary boiler (one for two units) will be provided for startup with forced draft fan and a chimney. The boiler will be capable of producing steam to supply steam seals, and any other services required for startup. The boiler will burn No. 2 fuel oil.

The complete auxiliary boiler including piping and appurtenances integral therewith will be in accordance with the applicable requirements of the ASME Boiler and Pressure Vessel Code, Section I ‑ Power Boilers (Code) and will comply with the applicable Vietnamese regulations. The boiler will have the ASME Boiler Code stamp.

The auxiliary boiler will be of the multiple drum, water‑tube, pressurized furnace type. The furnace will be completely water‑cooled, including the floor. The complete unit will be factory assembled, insofar as possible, on structural steel supports suitable for mounting on concrete foundations. The unit will include burners, furnace, steam generating sections, gastight inner casing, refractories, insulation and lagging, outer casing, boiler piping and trim, drums and headers, safety valves, forced draft fan, air and flue gas ductwork, and all appurtenances required for the safe, continuous, and controllable generation of steam. The furnace will preferably be of the baffleless type.

4.20 Limestone unloading and storage

Limestone will be delivered to the Plant by barges at the limestone jetty for common use of Phase 1 and Phase 2. One rotating tower crane and other faculties will be provided to unload limestone from barges and transfer limestone onto 100% conveyor systems leading to limestone storage shed in the plant. The unloading facility and each conveyor belt will have capacity to unload a 300 ton limestone barge in four (4) hours. The limestone storage shed will have capacity of 15 days consumption at the rated output. At the storage shed, limestone will be fed to hopper by bulldozer from where limestone will be carried on reclaiming conveyors to limestone crushers.

4.21 flue gas desulfurization (fgd) system( on pc selection)
As described in Chapter 5 Part I, a lime scrubber or seawater scrubber will be adopted if it is found technically and economically feasible. However, this section describes limestone scrubber system only.

4.21.1 System Description

The FGD system will be a forced oxidation, limestone based process, with fresh water as make up and a proven design by an experienced supplier. If sea water as make up for FGD is found technically feasible, sea water as make-up for FGD system will be adopted. The FGD system will be capable of meeting the plant emission requirements 350 mg/Nm3( in case Mong Duong town is changed to Urban Class III then SOx shall be 280mg/Nm3 ). The FGD system will be designed to prevent a visible stack plume. The FGD system will include the following subsystems to complete the FGD system:

 Limestone preparation 

 Absorber subsystems

 Forced oxidation system

 Flue gas system

 Emergency quench system

 Fresh water supply for make up

4.21.2 Limestone Preparation

A common limestone preparation facility will be capable of preparing limestone slurry for both units of the plant. The facility will include, but not be limited to, two 100% reclaiming conveyors to crushers, limestone hopper, chutes, dedusting filters and fans, and two 100% crushers, two 100% transfer conveyor from hopper to limestone storage silos, one 100% limestone storage silo with capacity for 12 hours consumption for both units at rated output, two 100% weigh feeder to wet ball mills, two 100% ball mills, make-up water supply arrangement, two limestone slurry tanks (one for each unit) fitted with agitator and having capacity to meet 12 hours consumption at rated output, redundant limestone slurry feed pumps, and all other necessary auxiliary equipment. 

4.21.3 Absorber Subsystems

One 100% absorber will be furnished for each Unit complete with reaction tank, necessary slurry circulation pumps (4 x 25% pumps per unit, plus 1 x 25% spare per unit), air blowers, piping and valves, make up water supply, spray headers, controls and instrumentation and moisture separators for the flue gas. The number of pumps operating will depend on the sulphur load in flue gas, which is a function of boiler load and sulphur content in coal.

The absorber will be designed for retrofit installation of an additional level. Blind flange and connections will be provided for additional level.

The number of agitators in the absorber tank will not be less than three (3) to provide uniform mixing in the tank.

4.21.4 Flue Gas System

Flue gas system will include all inlet and outlet ductwork for the absorber lined with acid and sea water resistant material, dampers, 100% bypass duct equipped with dampers, bypass and treated flue gas mixing chamber, and the ductwork between mixing chamber and the chimney breaching. 

4.21.5 Emergency Quench System

The FGD system will include an emergency water quench system to protect the absorber module, linings, and internals from damage in the event of loss of water to the scrubber module at normal flue gas temperature for a period of 30 minutes.

The quench system will be furnished complete with tank, piping, valves, and controls.

4.21.6 Gypsum Handling Facility

This system will include, but not be limited to, gypsum hydrocyclone for dual function of dewatering with ability to concentrate gypsum more than 50% solid content and classifying gypsum crystals. The concentrated gypsum will be further concentrated in two 100% vacuum belt filters to less than 50% moisture content and conveyed directly to ash disposal pit for transportation to Ash Ponds. The overflow from the hydrocyclone and belt filters will be returned to absorber. To control the dissolved salts in FGD system, a part of the hydrocyclone overflow will be discharged out of the FGD system as waste water. This waste water can be sent to ash discharge system for moistening of ash or transportation of ash.

4.21.7 Auxiliary System

One slurry holding tank with agitator will be provided to store the slurry of the reaction tank during absorber outage or intermediate storage of purge stream water.

One drain pit with agitator will be provided in limestone ball mill building to collect waste from ball mill with one pump to return the pit content back to ball mill and another drain pit with agitator in gypsum dewatering area will be provided to collect drains, floor spills and seal leaks from floors and one pump to return the pit content back to the absorber.

4.22 Electrical Equipment and Systems
The plant electrical equipment will be designed to provide a safe, coordinated, cost-effective, reliable, operable, and maintainable power delivery system for the facility. The electrical system will provide the necessary equipment for delivery of the generated power and energy to the interface points; it will support the plant auxiliary mechanical and electrical equipment, and it will provide adequate protective and control features for the plant. Equipment and construction will be suitable for a tropical climate, including vermin resistance.

The major components of the plant electrical system are:

· Electric generator, complete with excitation system and appurtenances

· Main step-up transformer and high voltage equipment

· Auxiliary transformer

· Isolated phase bus & cable bus 

· Medium & low voltage switchgear and MCCs

· Essential electrical systems

· Lighting 

· Cable and raceways

· Diesel generator

· Grounding and cathodic protection

· Plant communication

4.22.1 Electric Generator 

The electric generator for the steam turbine will comply with the International Electrotechnical Commission (IEC) or ANSI/IEEE standards and its capacity will match or exceed the gross output of the steam turbine at the rated lagging power factor, over the full range of ambient temperatures specified. The generator capacity will be above the minimum value specified below. The insulation of the generator stator and field windings will be non-hygroscopic, Class F type, complying with IEC Publication 85 or ANSI C50.13, but having a temperature rise not exceeding that of Class B under any operating condition within the specified output. The generator enclosure will be adequate for outdoor operation and open air ventilation.

The quality of the generator and its accessories will be verified in accordance with International Standardization Organization (ISO)-9001, EN 29001 or BS 5750 Part 1 and other equivalent international quality standards.

The generators will be designed in accordance with IEC Publications 34-1 through 34-3 or ANSI Standards C50.10 and C50.13. Testing will be done in accordance with the IEC 34 series of Publications or ANSI/IEEE Standard 115. 

The generators will have the following characteristics:

AC Generator Required Characteristics

	Generator type
	Cylindrical revolving field

	Rated minimum capacity
	MVA to match the maximum turbine output at VWO at rated lagging power factor of 0.85 and 40 degrees Celsius ambient temperature and throughout the specified voltage and tapping ranges of generator start-up transformer

	Number of phases
	3

	Rated frequency
	50 Hz ± 0.2 Hz

	Frequency variation capability
	3.0% above and 5% below the rated frequency i.e. 51.5 Hz to 47.5 Hz

	Rated voltage
	Manufacturer’s standard kV

	Voltage operating range
	5% above and below rated voltage

	Power factor operating range at full MW load
	0.85 lagging to 0.95 leading

	Short circuit ratio
	Above 0.50

	Maximum balanced telephone influence factor (Balanced TIF)
	70

	Maximum residual telephone influence factor (Residual TIF)
	50

	No-load wave deviation factor 
	10% maximum

	Insulation class
	F including all wedging, blocks, gaskets and cording

	Temperature rise over 40(C ambient
	Stator winding: 70(C 
Field winding: 85(C 

	Cooling system
	Direct water cooled armature windings and hydrogen cooled rotor and core.

	Rated rpm
	3,000


The generator will be capable of operating under the abnormal conditions indicated in Section 7 of ANSI/IEEE Standard C50.13. It will be factory tested to an overspeed of 20% and will be capable of repeatedly withstanding the overspeed resulting from full load rejection, without undue stresses and with an adequate margin of safety.

4.22.2 Synchronising Equipment

4.22.2.1 Generator

Synchronizing of the generator by means of the generator circuit-breaker and 500 kV Generator Transformer line circuit breaker will be carried out automatically from the generator control desk located in the Central Control Room and automatically and manually (with synch. check) from the same location.

Each generator will be provided with synchronizing relays which by means of a selector switch at the generator local control room will provide the following facilities for the associated generator circuit-breaker: 

Automatic: Where control of speed and excitation is carried out automatically and a suitable relay is arranged to automatically close the circuit-breaker when speed, voltage and phase relationship are within permissible limits.

On the turbine control desk at ‘Central Control Room’ indication will be given that synchronizing control is available at DCS. The DCS will include the necessary equipment for initiating an automatic synchronizing procedure.

The scheme will be arranged so that the circuit breaker will either close directly once synchronism is achieved or closing can be delayed pending further operator action. A “ready for synchronizing” indication will be given.

A)   Synch-check:  Where speed and excitation are controlled manually and closing of the circuit breaker is also under manual control by means of the control switch on the generator control desk. In this mode, the synchronizing relay provides a check feature to ensure that closure of the circuit breaker is inhibited if speed, voltage or phase relationships are outside the permissible limits.   

B)   Manual:  Closing of the circuit-breaker is under manual control the operator using the instruments to ensure that conditions are correct. The same will be interlock with Synch- check. 

C)    Above A & B can be combined together. 

Selection of the method of synchronizing will be by means of a key operated selector switch having the following positions AUTO/OFF/SYNCH-CHECK (lockable in all three positions). 

Selection of the ‘MANUAL’ mode will be made by putting the above selector switch in the ‘SYNCH-CHECK’ position.

A set of synchronizing instruments comprising incoming and running voltmeters and frequency meters, a synchroscope will be provided on each generator control desk at Central Control Room.

Each generator unit will be provided with an automatic synchronizing relay and a separate check synchronizing relay and this could be through generator control system facility. 

4.22.2.2 General Synchronizing Requirements
A switch will be provided with each synchroscope to allow it to be disconnected and leave the voltmeters in circuit.

Synchronizing schemes will be so arranged that secondary windings of voltage transformers can not be connected in parallel.

The connections between the control switch and closing coil of all circuit breakers fitted with synchronizing facilities will be made through a synchronizing selector switch contact and, a check synchronizing relay contact to prevent inadvertent closure of the circuit breaker.

One key only will be provided for all synchronizing selector switches so that synchronizing can only be performed on one circuit at a time. 

It will not be possible to carry out synchronizing from any positions until closing the associated synchronizing selector switch has set up the circuit.

The synchronizing voltage reference will be derived from generator voltage busbar circuit voltage transformers, which will be provided and selected by key operated synchronizing selector switches.

Where busbar voltage transformers are not provided, an automatic voltage selection scheme will be provided to derive a busbar voltage reference from the circuit voltage transformers.

4.23 Main Step Up Power Transformer 

The steam turbine generator will be connected to a step-up transformer to increase the voltage of the output from the generator terminals to the power system transmission voltage of 500 kV.  The main transformer will have enough capacity to export the net output of the plant at the MCR rating of the turbine at maximum lagging power factor. 

The transformer will be oil-filled, with forced oil and air cooling, designed for generator step-up voltage operation, and equipped with an on load  tap changer for energized operation on the high-voltage winding. The transformer will comply with the corresponding IEC 76 or ANSI Standard C57.12.00 The main transformer will have the following characteristics:

Main Step Up Transformer:

	Rated minimum capacity @ 65(C average winding temperature rise over 40 (C maximum ambient, OFAF 
	 Match the turbine rating at maximum lagging power factor  

	Rated voltages (primary-secondary)
	Generator voltage to 525 kV 

	Phases
	3

	Connections (primary-secondary)
	Y grounded delta; high voltage thirty electrical degrees ahead of low voltage

	Rated Frequency
	50 Hz

	Impedance (at rated MVA base), after allowing for standard tolerances 
	Not less than 12% not more than 14% 

	Impulse test level (BIL: primary / secondary)
	150 kV / 1800 kV 

	Impulse test level in bushings (BIL: primary / secondary)
	150 kV / 1800 kV

	Applied low-frequency withstand voltage (1 min – primary / secondary)
	Per ANSI C57.90

	Taps for on load operation (OLTC) on the high-voltage winding
	10 x 125%

	Voltage rating of transformer auxiliaries
	 (to be determined )V

	Surge arresters MCOV
	> 420 kV


The transformer will be able to deliver its rated output at all tap positions without exceeding the rated temperature rise. The noise from the transformer will not exceed the levels indicated in NEMA Standard TR-1.

Transformers connected directly to generators will, under exceptional circumstances due to sudden disconnection of the load, be capable of operation at a voltage 35% above normal voltage for a period of not less than 30 seconds.

4.24 Auxiliary Transformers

Each plant will have at least two (2) medium voltage auxiliary buses powered by a unit auxiliary transformer, which will be connected to the generator bus and a start-up and/or system auxiliary transformer connected to the 110 kV switchyard. The transformers will be oil-filled, with forced oil and air cooling, designed for generator and 110 kV switchyard step-down voltage operation to the plants medium voltage auxiliary buses, and equipped with an on load (OLTC) tap changer for energized operation on the high-voltage winding. The unit auxiliary transformer and start up transformer will have online load transfer (synchronization) facility. Facility will be provided to meet start-up power requirement of one unit from the auxiliary transformer of the other unit. Each unit auxiliary transformer will have a comparable system transformer able to replace it should it be taken out of service for any reason. The transformers will comply with the corresponding IEC Publications or ANSI Standard C57.12.00 The auxiliary transformer will have the following characteristics:

Auxiliary Transformers

	Rated minimum capacity @ 65(C average winding temperature rise over 40(C maximum ambient, OFAF
	 to be determined

	Rated voltages (primary-secondary)
	 to be determined

	Phases
	3

	Connections (primary-secondary)
	delta-Y grounded; high voltage thirty electrical degrees ahead of low voltage. The system transformer may be wye-wye grounded or delta-wye grounded as the system requires.

	Rated Frequency
	50 Hz

	Impedance (at its MVA base), after allowing for standard tolerances 
	Not less than 8% nor more than 10% 

	Impulse test level (BIL: primary / secondary)
	150 kV for the UAT and 550 kV for the SAT 

	Impulse test level in bushings (BIL: primary / secondary)
	150 kV for the UAT and 550 kV for the SAT

	Applied low-frequency withstand voltage (1 min – primary / secondary)
	Per ANSI C57.90

	Taps for on load operation (OLTC) on the high-voltage winding
	Number of taps will be such to provide voltage control in the range of ± 1.25% 

	Voltage rating of transformer auxiliaries
	To be determined 


The transformer will be able to deliver its rated output at all tap positions without exceeding the rated temperature rise. The noise from the transformer will not exceed the levels indicated in NEMA Standard TR-1.

4.25 Isolated Phase Bus Duct

The isolated phase bus will interconnect the following:

· Generator

· Generator circuit breaker

· Main power transformer

· Auxiliary transformer

4.26 Cable Bus Duct
Bus Ratings

The medium voltage bus will have the following ratings:

Nominal voltage (kV rms)
            


to be determined 

Maximum voltage (kV rms)
                

15

· Impulse withstand (BIL) (kV rms)
                
95

· Continuous current main (amperes rms)
           
*

· Momentary current (amperes rms)
           

*

· Number of poles
                            

3

*Determined by EPC contractor.

The secondary bus feed will be rated appropriately to accommodate the selection of the secondary medium-voltage level.

4.27 Protection Systems

4.27.1 General
Protective equipment will be designed to disconnect faulty circuits with speed and certainty, without interference with healthy circuits. Each protective relay system will be so designed that it does not cause incorrect tripping of a circuit breaker if a fault occurs on the system outside the zone of protection associated with each set of relays or protective devices.  Reclosing of switchgear will be prevented until the protection has been reset.

Protection circuits will be designed to reduce the standing load on the D.C. supply to the minimum practical.

Technical requirements of relays and protective systems will be as per the latest document of IEC. 

For the main generator and generator transformers system protection, two independent protection relay and trip relay systems will be provided such that the failure of one system under fault conditions does not prevent tripping of the unit.

Medium voltage breaker should have grounding facility on outgoing terminal (3 phase) and interlock mechanically and electrically with rack-out position. Provision required for lock-out when any maintenance work will be carried out.

4.27.2 Generator Protection

Protection devices and relays (minimum) for the main generators will be provided as follows:

· Voltage controlled inverse time over current back-up protection.

· Negative phase sequence alarm and trip protection capable of closely matching the generator characteristics.

· Field failure protection.

· Time delayed reverse power protection.

· Stator earth fault protection 95% and 100% (two-stage sensitivity for main and back-up protection).

· Rotor earth fault alarm relay.

· Over voltage/Under voltage protection.

· Over frequency/Under frequency protection.

· Generator Differential Protection.

· Voltage Transformer Fuse Failure MCB trip alarms.

· Under voltage time delayed protection.

· Under Impedance protection

· Out of step protection

· Over fluxing protection

· Stator / over temperature and Stator core / Over temperature alarm & trips 

· Exciter over current.

· Generator reverse power and generator low forward power interlocks, alarms & trips  

Each protection relay will have two channels.

4.27.3 TRANSFORMER PROTECTION

4.27.3.1 Generator Transformer Protection

Each generator transformer will be provided with the following protections:

· Transformer overall biased differential protection.

· High voltage restricted earth fault protection.

· High voltage neutral earth fault protection.

· Buchholz alarm and trip protection for main oil tank and O.L.T.C.

· Transformer winding temperature alarm and trip protection (for both windings) 

· Transformer oil temperature alarm and trip protection.

· High voltage side over current relay three poles inverse time over current relay. 

· Over fluxing protection.

· Pressure relief for main tank and cable boxes. 

· Transformer Oil level low alarm.

· MV Bus bar earth fault relay (64B).

· Tap changer emergency trip and in complete sequence alarm. 

· Directional over current and earth fault 

4.27.3.2 Unit Auxiliary and Start-up Transformer Protection 

Protection devices and relays for the unit transformers will be provided as follows:-

· Overall biased differential protection.

· High voltage over current protection.

· Low voltage over current protection.

· Low voltage restricted earth fault protection.

· Low voltage neutral earth fault protection.

· Buchholz alarm and trip protection.

· Transformer winding temperature alarm and trip protection.

· Transformer oil temperature alarm and trip protection.

· Pressure relief.

· Transformer oil level low alarm.

4.27.3.3 Other Auxiliary Transformers

All power transformers not already dealt with will be equipped with the following protective devices and relays: -

· High voltage high set instantaneous over current.

· High voltage over current and earth fault protection.

· Low voltage restricted earth fault protection.

· Low voltage neutral earth fault protection.

· Winding temperature alarm and trip protection.

· Low voltage over current protection or fuse protection where protection co-ordinated allows.

· Transformer Buchholz alarm and trip protection. 

· Pressure relief.

· Inter trip relays.

4.28 Medium Voltage Switchgear

The switchgear will be designed, manufactured, and tested in accordance with the latest IEC, ANSI and NEMA standards.

The switchgear will consist of medium-voltage circuit breakers and medium-voltage fusible starters arranged lineups. 

The switchgear assemblies will consist of individual vertical sections housing various combinations of circuit breakers or fused starters and auxiliaries, bolted together to form a rigid metal-clad switchgear assembly. Each vertical section will have the capability of stacking breakers or fused starters two high and auxiliaries four high. Metal side sheets will provide a double thickness of steel between adjacent structures and solid removal metal barriers will isolate the primary major sections of each circuit. Each unit will have a hinged front door and a removable rear panel.

The circuit breakers will be horizontal draw-out type capable of being withdrawn on extendable rails self-contained in the switchgear housing. The breakers will be operated by a motor charged spring stored energy mechanism. The stored energy mechanism will be front accessible and will be charged normally by a universal electric motor and in an emergency by a manual handle. The primary disconnecting contacts will be silver-plated copper.

Each circuit breaker will contain three vacuum interrupters separately mounted in a self-contained, self-aligning glass polyester housing which can be removed as a complete unit. The vacuum interrupter pole unit will be mounted on porcelain supports. A contact wear gap indicator for each vacuum interrupter will be easily visible when the breaker is withdrawn on the extension rails. The current transfer from the vacuum interrupter moving stem to the breaker main conductor will be a nonsliding design. The breaker front panel will be removable when the breaker is withdrawn for ease for inspection and maintenance.

The secondary contacts will be silver-plated and will automatically engage in the breaker operating position. They can be manually engaged in the breaker test position.

Interlocks will be provided to prevent closing of a breaker between operating and test positions, to trip breakers upon insertion or removal from housing and to discharge stored energy mechanisms upon insertion or removal from the housing. The breaker will be secured positively in the housing between and including the operating and test positions.

4.29 Motors

4.29.1 General

All M.V. motor windings will be fitted with 9 embedded temperature detectors, three per phase between windings in the slot portion

All M.V. stator will be star connected and they will not be random wound. The star point of the stator winding will be made accessible for testing individual phases and mounted either on an insulator in the machine frame or in a separate terminal box. Cable boxes will be weather proof and as per outdoor installation requirement as per IEC.

The motors will comply with the requirements of IEC Publications 34, 72, and 529 where applicable except where modified by this Specification

Where motors are situated in hazardous areas, they will comply with the requirements of IEC 79. Flameproof (Exd) type of protection will be used for motors and actuators.

Material of nameplates will be of suitable Cr.Ni steel alloy plate riveted to the motor frame with suitable rivet material. All markings will be clearly engraved or stamped. Additional nameplates will be fitted on all motors giving lubrication details and lifting weights. All terminal boxes will have suitable warning plates. Motor name plate will be with motor KKS tag no. also.

In addition to the IEC motor rating the nameplate will also state the duty point selected for the particular application taking into account site ambient. 

4.29.2 Rating

The service voltages of the motors will be as follows:

· M.V., A.C., 3-phase, for motors 200 kW and above 


· L.V., A.C., 3‑phase, for all motors below 200 kW



· 220V D.C. for all motors required to work on the D.C. system

The rating of each motor will be adequate to meet the re​quirements of its associated driven machine.

The following basic criteria will be applied:

· The service factor, being the ratio of the installed motor output at design ambient conditions (rated output) to the required power at the shaft of the driven machine at its expected maximum power demand (power demand), will be applied as follows:

Power Demand


Service Factor
Up to 10 kW




1.2

More than 10 kW


1.1

M.V. motors




1.05

· A.C. motors will be capable of operating con​tinuous​ly with its rated output (at design ambient conditions) within the limits of Zone B as defined in the figures 12 and 13 (Voltage and Frequency Limits for Motors) of IEC 34-1, but without exceeding the class F temperature rise.

· D.C. motors will be capable of operating continuous​ly under rated output conditions at any voltage between 90% and 115% of the nominal voltage. Unless otherwise ap​proved, the speed drop between no‑load and full‑load with the machine hot, will not exceed 10% of no‑load speed. The motors will also be capable of operating for 30 minutes at 85 per cent of nominal voltage.
· D.C. motors will operate with a fixed brush setting for all loads.

4.29.3 Starting

A.C. motors will be designed for direct on-line starting.

All motors will be capable of being switched on/ over to an infinite busbar with nominal voltage and with a residual voltage of 100% at the motor terminals, even in phase opposition. 

For starting the motors a momentary voltage drop of 15% referred to nominal voltage will be taken into consideration. The maximum starting current (with IEC tolerance) will not exceed the following values:

· 5 times of rated current for M.V. motors and LV motors over  150 kW

· 6 times of rated current for L.V. motors  up to 150 kW

· 2 times of rated current for D.C. motors (by means of starting resistors)

With 85% of the nominal voltage applied to the motor ter​minals, each motor will be capable of accelerat​ing its associated load to rated speed with a minimum accelerating torque of 5% of full load torque.

The motors will be also capable of delivering rated torque when running at 70 per cent of nominal voltage for a period of 10 seconds.

All motors will be able to withstand three cold starts per hour, equally spaced. In addi​tion, each M.V. motor will be capable of endu​ring two (and each L.V. motor three) succes​sive starts with the motor initially at operating temperature without injurious overheating.

4.30 LV SubsTATION

The equipment will be built in accordance with the latest edition of the applicable IEC, NEMA and ANSI standards.

4.30.1 Transformer Ratings

The transformers will be a ventilated dry type transformer with the following rating:

· Capacity (kVA)
1500/2000 kVA

· Taps

Standard two 2‑1/2% above and

                  below rated primary voltage

	
	Primary Winding
	Secondary Winding

	Voltage

	[ Later ]  volts, 3‑phase, 50 Hz
	[Later] volts, 3‑phase, 50 Hz

	Connection

	Delta
	Wye

	BIL (kV)

	110
	10

	Impedance (%)
	5.75
	5.75


4.30.2 Transformer Accessories

The following accessories will be supplied:

· High-voltage terminal chamber integral to transformer with clamp type connectors

· Low-voltage bus connection to switchgear with ampere rating of 3200 amps minimum

4.31 Motor Control Center

Motor Control Center Ratings:

· Enclosure:              
     
NEMA I

· Structure depth and mounting:
20‑inch deep front mount or back to back

· Main Bus:

· Minimum continuous current:   800 amperes

· Momentary rating:             
65,000 rms symmetrical amperes

· Bus material:            
   
Manufacturer's standard 

· Vertical bus:

· Continuous current 

Manufacturer's standard

· Momentary rating
            65,000 rms symmetrical amperes

· Bus material
                  
Manufacturer's standard

· Ground bus
               
Manufacturer's standard

Combination starters will consist of magnetic-only circuit breakers and starters.

Nameplates will be white, black core micarta.

The short circuit withstand capability of the combination starters and circuit breakers will equal or exceed 65,000 rms symmetrical amperes in accordance with UL508.

4.32 Essential Service AC and DC Systems

The essential-service ac and dc system consists of two subsystems, essential-service ac and essential-service dc. 

The essential-service ac subsystem provides 240 volt ac, single-phase, 50-hertz power to essential control, instrumentation, and equipment loads that require uninterruptible ac power.

The essential-service dc subsystem provides a reliable source of power for the essential-service ac subsystem and critical control and power functions during normal and emergency plant operating conditions.

4.33 Lighting Systems and SOCKET OUTLETS

The lighting system will provide illumination for plant operation under normal conditions, and emergency lighting to perform manual operations during outage of the normal power source.

The lighting system will include HP sodium light sources for outdoor and interior high-bay installations, fluorescent light sources for indoor area installations, and for control room and turbine area with normal and emergency power supply, and battery back-up with charger unit. Except for small pump houses, fluorescent light, and HP sodium light with integral battery and charger unit, will be used for emergency lighting in miscellaneous yard structures.  Incandescent lights can be used only for panels and small cabinets.  

The area lighting system will provide illumination for the performance of general yard tasks, safety, and plant security.

The area lighting system will consist of HP sodium luminaries and support poles.

Illumination for exterior plant areas will be provided by HP sodium luminaries. Luminaries will be mounted on hot-dipped galvanized steel poles. Additional area lighting fixtures will be mounted on equipment, buildings, and structures.

Design and Operating Conditions

The equipment will be designed in accordance with the requirements specified in the following technical sections.

The number of lighting fixtures in rooms provided with suspended ceiling will meet the specified average illumination level specified below. 

· Control Rooms: 400 LUX

· Office Areas: 300 LUX

· Switchgear Rooms, Electronic Rooms, HVAC Rooms: 150 300 LUX

· Outdoor Transformer: 50 LUX

· Outdoor Operating Area: 150 LUX

· Street Lighting: 5 LUX

· Outdoor stairway: 20 LUX

Particular attention will be paid to the illumination of control rooms and electronic rooms to avoid dazzling and reflection.

The illumination level of indoor lighting will be measured horizontally at a height of 1 m above the floor, outdoor lighting of streets, access ways, outdoor working/ operation areas and of flood areas at the surface.  

A.C. lighting fixtures will be distributed on the three phases as to ensure equal loading and be field mounted in such a manner as to obtain an uniform illu​mination level if half of the fixtures of a certain area were switched off  (with reduction of illumination level).

4.34 Diesel Generator Unit

One emergency diesel generator (EDG) common for both units will be furnished to provide the necessary ac power to safely shut down the turbine generator upon loss of all ac power. The diesel generator will be able to maintain supplies to essential services when the ac supply is not available. The supply diesel generator will include a fuel oil day tank conforming to National Fire Protection Association (NFPA) 30. The fuel tank will have fuel holding capacity for at least 4 hours full load running. An underground diesel storage tank will be provided with capacity not less than 72 hours of consumption with necessary safety and fire protection and diesel forwarding pumps.

4.35 Grounding and Lightning Protection System

4.35.1 Grounding system
The grounding system will consist of bare, stranded copper cable buried in the soil below the ground-floor concrete slab and spaced in a grid pattern sized as required for safe step-and-touch potentials. Each junction of the grid will be securely bonded together by an exothermic weld. Bare copper stingers should be welded exothermically to steel supports, not bolted. The ground grid pattern (size and number of ground rods or ground wells) will be determined using ground resistivities measured at the plant site. A sufficient number of ground rods will be installed and welded exothermically to the grid to assure a low-resistance earth connection. These rods will be situated throughout the grounding system to minimize voltage gradients that occur during faults. 

Bare copper ground stingers will be welded exothermically to the grid and extended through the building floor slabs to connect the ground grid electrically to building steel, support steel, large motors, electrical switchgear, MCCs, and other equipment. To ensure a station ground fault return path of low impedance and to interconnect remote ground grids to the main plant grid, two bare copper conductors will be buried with all duct banks. These conductors will be connected to the station grounding grid system, outlying building ground grids, substation ground grid, and all manhole grounding systems along the duct banks.

A low-noise, isolated ground system will be provided for grounding of sensitive electronic equipment. This system will consist of an insulated ground conductor connected to the plant ground grid at one point and connected to an isolated grounding system junction box. All signal grounds and other low-level ground connections will be made on the copper ground bus located in this isolated ground junction box. Other special grounding required by equipment manufacturers will be provided as necessary.

All metallic raceway including, but not limited to, trays, conduits, wireway, and racks will be bonded to the ground grid by ground conductors. This raceway ground will also form a bonding path from the electrical equipment to the supply source and will bond to the ground grid.

A copper grounding conductor will be installed the entire length of power cable trays. This conductor will be bolted to each tray section. The tray ground will be connected at various locations to the station ground grid. 

All conduits used for the electrical raceway system will be grounded either to the tray ground or to the equipment ground. These conduits will be bonded to the enclosure or equipment grounds at the equipment being serviced by the conduit and to the tray or source cabinet grounds at the other end by the use of bonding jumpers, grounding bushings, or other approved methods as required.

All grounds within enclosures, including equipment enclosures, will be wired together and connected internally to the enclosure grounding lug or grounding bus with insulated copper conductor.

A special grounding system for the DCS will be provided in accordance with the DCS recommendations.

4.35.2 Lightning Protection

A lightning protection system will be designed, furnished and installed for the stack and all buildings and structures on the plant site.

The lightning protection system will be designed, furnished, and installed in accordance with the latest applicable NFPA Standard 780, ANSI/UL Standard 96A, and any other applicable codes and standards. The lightening protection will be designed to handle the lightning intensity which occurs in Vietnam. 

4.36 Communication Systems

4.36.1 System Description

The plant communications system will provide the station personnel associated with the operation and maintenance of the plant with a reliable and convenient means of plant paging and communication.

Plant communications system handsets and speakers will be located logically both inside and outside the plant structures.

The commercial telephone system will consist of the local telephone company's central switching equipment.

4.36.2 Design and Operating Conditions

The telephone system will consist of an automatic exchange and will include a code call system. The telephone code call service will be provided throughout the power station and outlying structures.

All equipment, including the exchange boards, telephone booths, telephone terminal boxes, wires, cables, conduits, fittings, and supplementary steel as required for a complete functioning installation will be furnished and installed. The public address system will consist of a central control cabinet with amplifiers, speakers, microphones, etc. located throughout the station and handset stations, loud speakers, and amplifiers interconnected with a multi-conductors cable. A multi-tone generator will be included for the code call interface.

Public address "PA" speakers will be located and installed in open areas unobstructed, suited for their use with accessibility for maintenance. The telephone system will be fed from an uninterruptible power supply (UPS) designated circuit and clearly marked in the distribution panel.

Communication system for the plant will ensure a quick, reliable and stable communication within various areas of the power plant and from the power plant to outside locations. The communication system will be provided at all offices, control room, local control stations, warehouses, workshops, and other areas of the plant from where communication with the control rooms and offices will be required. Communication with the National Load Dispatch Center (A0) and the Northern Regional Load Dispatch Center (A1) and public networks will be provided.

4.36.3 Communication System 

Communication system of the plant will be located either in the Central Control Building or Administration Building. Main equipment for the communication room will include, but not be limited, to:

a) Private Automatic Branch Exchange (PABX)

b) Emergency Alarm System 

c) Public Address (“PA”) System 

d) UHF Radio System

e) Earth Potential Rise 

Wave transmitting equipment for paging system, mobile phone will be located outside communicating area and outside the Central Control Room building to avoid interference with other equipment.

4.37 500 kV Switchyard

4.37.1 Description

The power from Mong Duong 2 power project will be evacuated by one 500 kV outgoing line to Quang Ninh substation. Similarly power from Mong Duong 1 power project will be evacuated by separate 500 kV line also connected to Quang Ninh substation.

The 500 kV switchyard (Phase 2) will provide means of connecting the generating station to the 500 kV grid.  It will also include an interconnection to the 500kV switchyard of EVN plant (Mong Duong 1 power project), which is located adjacent to it. In the event any fault develops on the 500 kV outgoing line from this switchyard (Mong Duong 2 power project), power will flow through 500 kV outgoing line from EVN plant (Phase 1). Similarly, power from Phase 1 will flow through 500 kV line from the switchyard of Mong Duong 2 power project, in the event of any fault develops on the 500kV outgoing line from switchyard of Mong Duong 1 power project. 
Switchyard connection will include, but not be limited to, the following major equipment and systems for each unit diameter (Each item to be three-phase or three single-phase units, unless specified otherwise):

· Two (2) live tank circuit breakers with single pressure SF6 design. 

· One (1) breaker isolation disconnect switches

· Four (4) unit disconnect switch and associated earthing switches

· Four (4) multi-core, freestanding current transformers (CT). The diameter with the connection to the adjacent EVN switchyard will require only three (3) multi-core, freestanding current transformers.

· Three (3) capacitor voltage transformer (CVT) with a common junction box for secondary leads from the three single-phase units (for switchyard indication and synchronization)

· One (1) single-phase CVT (for synchronization)

· One (1) single phase 0.5 mH line trap for the diameter having the transmission line only.

· Four (4) gantry structures for incoming lines from the 500kV system and from the main power transformers.

· 500 kV connections, including the overhead connections from the 500 kV bushings of the main power transfer (MPT) and incoming 500kV lines to the gantry structure of the respective unit diameter in the switchyard, and the 3000 amp main bus and other bus connections inside the switchyard diameters. 

· Protection system for switchyard connection including breaker failure protection, short zone protection, protection of the 500 kV connection between the MPT and the 500 kV diameter, inputs to the bus protective relays and completion of the protection interconnections to and/or from the EVN equipment

· Control system, including the necessary interlocks, for controlling equipment from the power plant control room, the switchyard control building, EVN supervisory control and data acquisition (SCADA), and the diameter marwilling kiosks

· Indicating metering system, including inputs to the plant DCS system and indicating meters in the switchyard control building and at the diameter marwilling kiosk

· Inputs for the switchyard monitoring system including SCADA, annunciator, events recorder, and fault recorder

· RTU and modem for communication with EVN’s substations and load dispatch centers   through SCADA system

· Inputs for the plant monitoring system

· Connections to the switchyard ac and dc auxiliary power system

· Connection to the switchyard ground grid 

· Lightning protection

· Cable connections, including the necessary extension of the switchyard cable trenches.

The overhead line from each diameter to main power transformer will be designed to EVN's applicable standard for similar transmission lines.

Line protection equipment at Mong Doung end for the Quang Ninh-Mong Duong 500 kV transmission lines and Mong Duong –Tien Yen 110 kV transmission lines will be supplied by EVN.

The interface for ac and dc supplies for switchyard equipment will be the circuit side terminal of the mcb/fuseway at the appropriate existing distribution board.  

All extra high voltage equipment will be compatible with the EVN existing equipment and suitable for the specified operating conditions.  

All gantry type structures supporting conductors will include facilities for ready access to all insulator sets. There will be permanently attached climbing devices with guard-rails and access to high level beams will not be possible without proper authorization.  Safety screens will be provided between adjacent circuits to maintain the specified safety clearances and to prevent accidental access to live circuits.  

The 500 kV cables, cable sealing ends and all accessories will comply with the relevant EVN technical standards.  

The cables will be installed in a suitable concrete trough to afford mechanical protection.  The trough covers will be of sufficient strength to protect the cable from damage due to predictable loads from vehicular traffic.  The cable trough will be fitted with an approved backfill.  

The cable route will be clearly marked. The generator transformers and 500 kV connections will be protected against direct lightning strikes by means of either earth wires or spikes; the use of spikes is preferred when possible.  The lightning protection scheme will be designed in accordance with BS 7354 to provide a failure rate not greater than 0.1 percent per annum.  

The lightning protection scheme will be co-ordinated with that provided for the generator building and the 500kV switchyard

A double circuited 110 kV transmission line will be used as the power source for the auxiliary transformers that will be used to start-up the plant and/or replace the unit auxiliary transformer should it be taken out of service for any reason. The transmission lines enter the plant area and are terminated at 110kV switchyard, which will service both this power plant and the adjacent EVN power plant. 

4.37.2 General Technical Specifications

The following general technical specifications will be applicable to the switchyard addition:

 System Details

a.
Nominal System Voltage
                       500 kV


b.
Rated System Voltage
                       525 kV


c.
System Frequency
                             
50 Hz


d.
Earthing System Neutral
                       Solid

 Rated Insulation Level


a.
Lightning Impulse Withstand Voltage (BIL)



-
To earth
                      

1,800 kV (peak)



-
Across open switching device

1,800 (+300) kV (peak)


b.
Switching Impulse Withstand Voltage (SIL)



-
To earth
                      

1,175 kV (peak) 



-
Across open switching device

900 (+430) kV (peak)


c.
Power Frequency Withstand Voltage



-
To earth
                             

620 kV



-
Across open switching device

760 kV


d.
Maximum Radio Influence Voltage 



(measured at 1.1 Us/(3 at 1 MHz)

2,500 micro Volts


e.
Minimum Nominal Specific Creepage Distance



(in accordance with IEC-815/1986)
31 mm/ kV


f.
Surface Stress of Overhead Conductor



(at rated system voltage)
                     
1.6 kV/ mm

Rated Fault Level (IEC-56)


a.
All Equipment for 3 seconds

40 kA

Rated Continuous Current 







3150 A 

Insulators


a.
Material





Porcelain/Toughened Glass


b.
Safety Factor                          

3

Minimum Clearances 

The minimum distance for the following will be as per the applicable IEC or other international standard:

i. Conductor to ground;

ii. Conductor to conductor;

iii. Creepage distance; and

iv. Bushing/Surge arrestor

 The minimum distance specified in Vietnamese electrical code:


500 kV Switchyard:

- Phase to phase distance:



8 m

- Height from electric part to ground:


9 m

- Height for hanging bus bars:



20 m

- Height for hanging line at feeder:


28 m

- Height for hanging shedding wire:


35 m

110 kV Switchyard:
Phase to phase distance:



2.2 – 2.5 m

Height from electric part to ground:


>= 6 m

Height for hanging bus bars:



6 m

Height for hanging line at feeder:


11 m

Height for hanging shedding wire:


15 m

The actual clearance requirement will be confirmed later after discussion with EVN and clearance maintained at similar installations.

Auxiliary Power Supply

The auxiliary power for the equipment located outside the switchyard fence (such as a disconnect switch) will be supplied from the plant auxiliary power system and will be rated accordingly. The auxiliary power ratings specified in this section are for the equipment within the switchyard fence.

The auxiliary power for the balance of the equipment associated with switchyard connection (and within the switchyard fence) will be supplied from the auxiliary power system located in the switchyard control building and will have the following ratings: 

a.
AC

                                   


240/ 415 V

b.
DC:
Control; Relays; Motor:



- nominal
                                     

110 V



- circuit breaker tripping range
            
77 - 121 V



- operating range for all other devices      
91 - 121 V

c.
Communication; RTU
                                  
48 V

4.37.3 System Requirements

Protection System

The protection system for switchyard connection will include the following:

· Redundant protection of the overhead connections between the main power transformers and the corresponding 500 kV circuit breakers

· Breaker failure protection

· Short zone protection for the connections between the freestanding CTs and the corresponding circuit breakers

· Connections to the redundant bus differential relays provided by EVN 

· Coordination with the EVN supplied protection system for the balance of the switchyard to execute correct tripping and interlocking

All of the protection devices will be located in the switchyard control building.

The protection system supplied will be solid state type, suitable for a complete and high speed protection of the 500 kV switchyard. The protection system will be designed to provide the following maximum fault clearing times:

· 500 kV fault detected and cleared by the primary protective relays: 60 milliseconds

· 500 kV fault detected and cleared by the back-up protective relays: 100 milliseconds

· 500 kV fault detected and cleared by the breaker failure system: 160 milliseconds

The protection system will be designed to provide an overlapping protection of the complete switchyard connection. Each of the redundant protection for the overhead connections will be designed to clear the fault in the primary clearing time. The short zone protection will be designed to clear the fault in the back-up clearing time.

The redundancy of the dc system and the circuit breaker tripping circuits will be maintained. Each protection will trip both trip coils of the circuit breakers necessary to clear the fault. Trip circuit supervision will be provided to continuously supervise the integrity of the circuit breaker trip circuits and to provide alarm on loss of the dc auxiliary power to any trip circuit.

Control System

The controls for the unit disconnect switches will be located in the plant control room. All other operating devices associated with Switchyard Connection will be capable of being controlled from the following locations:

· Switchyard control building

· SCADA system through the SCADA RTU located in the Central Control Room building

· Diameter marwilling kiosks

A SCADA/local selector switch will be provided to prohibit the SCADA control of the switchyard equipment. The control from the diameter marwilling kiosks is only anticipated to be necessary during a maintenance condition and will be interlocked through a permissive switch located in the switchyard control building. The protective trips from any location, including the plant protective trips, will have the capability to trip the 500 kV circuit breakers at all times.

As far as practical, the control devices located in the switchyard control building will match the arrangement and devices provided by EVN to produce a coherent design.

The control system will be provided with interlocks to ensure that the unit synchronization with the EVN system is executed only through the closure of the associated generator circuit breaker. 

Indicating Metering System

The indicating metering system will include indicating meters located in the switchyard control room, at the marwilling kiosks, and the inputs to the plant DCS system.

Metering System

The metering system will meet the requirements of EVN and consists of a primary and backup with meter accuracy of ±0.2% with pulse output available for the monthly billing of energy export to the 500 kV EVN grid and energy imported from the 110 kV EVN grid. The current inputs for the revenue meters will be provided from the 0.2 accuracy class metering CT cores provided on the 500 kV bushings of the main power transformers and 110 kV bushings of the start-up transformer. The potential input will be provided from the 500 kV and 110 kV metering class CVTs specified. 

Metering will be provided for tariff purposes and will include indicative metering.   

The measurements used for calculation of the main tariff metered energy, will be taken from tariff meters installed on the high voltage side of each generator transformer to measure the net energy production of the respective generators.  The total Plant energy output is the sum of the measurements on the respective tariff meters.

The tariff meters will have separate facilities for recording the net inflow and net outflow of energy to the Plant, and the aggregate of these parameters.  This information will be available for transmission to remote locations via the communication circuit to be provided by EVN.

A back-up metering system will also be provided. 

Sufficient indicative metering facilities will be installed to allow efficient normal operations and maintenance procedures and automatic control functions to be conducted at the Plant.  The metering will be logged by the Plant’s DCS.

The metering system will include an electronic recorder for the continuous recording of the net electrical output or import of the Plant.  This will be recorded on appropriate magnetic media or equivalent.

The grid voltage, frequency and power factor will be measured at the high voltage side of generator step-up transformers. 

The metering will record the import and export of MWh and MVARh exchange between the Plant and the EVN Grid System.  The current and voltage transformers will measure current and voltage at the top of the high voltage bushings of each generators step-up transformer and the start-up transformer.  The Plant will be equipped with separate metering cores on potential transformers (“PT”) and current transformers (“CT”) for the metering system and the back-up metering system.

4.38 Plant Control System

4.38.1 Distributed Control System

Plant controls will be implemented with a distributed control system (DCS). The DCS is a microprocessor-based integrated control and data acquisition system providing for control and monitoring of power plant equipment from a Central Control Room (CCR). The control room operator will be provided with color graphic displays of the power plant equipment, with sufficient detail to allow proper control and monitoring of the plant functions. A fully integrated, DCS will be provided to monitor, control, display, alarm and record selected physical and electrical parameters associated with all plant areas.

State-of-the-art communication protocol such as Field Bus or equivalent will be provided for the plant DCS and reference standards will be ISA, IEEE and ISO. 

The operator stations in the CCR will communicate via redundant data highways with processing units (PU) which will be functionally distributed to provide the signal interface for the equipment being controlled. The modulating controls, sequence, and on‑off controls, and the data acquisition system will be integrated into various functionally distributed redundant microprocessors. The functional distribution will be based on the mechanical systems such as feedwater, condensate, main steam, etc. The DCS will provide plant coordination for the startup, normal load range, and shutdown of the plant in a coordinated sequence. The equipment located in the DCS cubicles will include all necessary control processors, input/output (I/O) cards, power supplies, data highway interfaces, marshalling and termination facilities.  

Redundant fibre optic links will be provided between field mounted I/O cubicles and the controls system. The presentation layer between operator interfaces and the various components to the data management processing will be linked by high speed Ethernet protocol devices for easy integration of other and new information systems.

Control, alarm, and monitoring functions for the major equipment of the steam generator and the turbine generator will be implemented into the DCS. The auxiliary systems such as coal handling system, water and waste water treatment plants, ESP, FGD, SCR, ash handling system, hydrogen generation, compressed air, HVAC, etc., will be provided with control systems implemented with a programmable logic controller (PLC) with redundant interfaces with the DCS. 

The operator(s) will normally operate plant equipment via the Operator Station. Typically, the operator will prepare the selected equipment manually from the console. Any problems with a particular unit will immediately be indicated on an operator station cathode-ray-tube (CRT) or LCD screen and printed on an alarm printer. Upon synchronization, each unit will be loaded automatically.

To facilitate startups and shutdowns, the remote manual controls will permit the plant to be started up directly from the control room, once it has been placed in ready/standby status. The plant control room operators will operate the motor-operated valves and control valves involved in equipment startup. The operator should be able to see all the permissive conditions to start up or shut down a group, subgroup and or individual equipment.

System functions incorporated in the DCS will include a comprehensive database of equipment activity, such that the history of alarms, sequence of events, and parametric values can be recalled, and logs, color plots, and graphics can be generated for selected time periods of operation. 

The Plant’s DCS will provide for fully automated sequencing of the units from off-line to full load by operators from any Operator Station in the CCR. For the purpose of this section, offline means the boiler drum level is at start-up level, the turbine is on turning gear, fuel oil tank and coal silos are at start-up level, and all auxiliaries are in service. Separate plant shutdown system will be provided

All necessary hardware for marshalling and terminating incoming and outgoing plant cabling will be provided. This will include gland plates, glands, terminal blocks, intrinsic safety barriers or explosion proof instrument, isolation devices, labeling and wiring.  Equipment will be designed to operate in hazardous areas where necessary.  

Analogue and Digital signal will have separate cables.

Analogue cables are twisted pair and screen protected.

Outstations will be capable of autonomous operation and perform data acquisition, calculation, digital (open loop) and analogue (closed-loop) control functions.  

Operator’s workstations will allow monitoring, control and adjustment of Plant operation conditions via high-resolution “windows” style graphics displays.  

Communications between the outstations located in different plant areas and the Operator’s and Engineer’s workstations located in the CCR will be performed over a redundant high-speed serial data highway.  The data highway will be designed to perform at the speed necessary to ensure that all variables are updated and control commands are issued without loss of system performance.  The data highway will include all control equipment, error detection and correction facilities and cabling.

The redundant data highway will have different routing.   

The DCS will be designed to ensure maximum availability by the inclusion of built-in redundancy for both hardware and software.  This will include duplicated control processors, data highway and power supplies with automatic changeover to the standby unit upon detection of a fault or failure of the operating unit.  Where appropriate, I/O cards will be duplicated.  The failure of any single element will not affect the operation of any item of operating plant.  In particular, the duplicated control processors will be capable of fail over without change to Plant status, sequence status or control actions, at any stage of Plant operation.  

Comprehensive system diagnostic facilities will be incorporated to assist in maintenance and trouble-shooting.  These will include memory, control processors, I/O cards, data highway, storage devices, as a minimum.  

The DCS will have a master clock of GPS satellite controlled clock for time synchronization with package computer systems. 

4.38.2 Requirements for Plant Control and Monitoring

The functional requirements, description of operation, and control requirements included herein are directed at establishing the criteria for the control and monitoring system. However, it is not intended to limit the operation, functions, and safeguards to those either mentioned or implied. The specific technical details of the steam generator and the turbine generator will be incorporated in the control scheme. All the systems engineering and hardware needed to constitute a fully integrated complete and operable startup and on‑line control and monitoring system will be provided whether or not specifically detailed in this section.

The control and monitoring system will be designed and built for continuous service and will be of adequate size and flexibility to perform the functions described in this section.

The control and monitoring system will be capable of operating the steam generator and the turbine from their maximum load to shutdown.

The control and monitoring system equipment will operate in such a manner as to avoid saturation of the control loops and/or subsystems, and will not be subject to "reset windup." The control and monitoring system will not cause excessive variations in the boiler subsystems during startup, shutdown, steady-state, or variable load operation.

The control and monitoring system equipment will use appropriate conditioned feed forward and feedback signals to provide rapid response to load and demand changes while minimizing excursions of steam generator parameters. In no case will the control systems and monitoring equipment be the limiting factor in the boiler and/or turbine response.

Speed of response of the control and monitoring system as a whole will be so as to operate the equipment safely under any conceivable upset. The control equipment and monitoring system equipment will not limit the responsiveness of other equipment. The controls will recognize the number of pumps, fans, etc., in operation and on automatic control so as to provide optimum and stable speed of response and correct load limiting/runback.

The control and monitoring system equipment will permit operation of the equipment by remote positioning of the actuators from the CRT-based soft manual/automatic control station and any hard manual/automatic control station if provided. The equipment will be designed such that any portion of the system can be transferred from automatic to manual and from manual to automatic without manual balancing and with minimum system disturbance (bumpless transfer). In addition, all transfer, runbacks, limiting action interlocks, or overrides will be applied in such a manner that their initiation and completion will not cause any system instability, nor will any controller be permitted to "wind up" during or after the control change.

The control and monitoring system equipment will include all necessary anticipating devices and other equipment so as to provide stability under all conditions of dynamic changes.

Automatic control of a subsystem will not be dependent on all the individual controlled devices being on automatic control. Using multiple feedpumps as an example, the feedwater controls will be capable of operating on automatic or manual control when at least one of the individual pumps is on automatic control. Additional devices will be able to be placed on automatic without required manual balancing and without any upset to a process or pump. Automatic control will be maintained over as wide a range as the number of devices in manual mode allows.

The control and monitoring system equipment will be capable of operating the controlled equipment on automatic from minimum to full load (or capacity).

Where manual bias between final devices is provided or specified, it will be applied such that:

· The bias is applied uniformly to all devices under the associated control, increasing one and decreasing the other(s) proportionally so as not to require a process upset to establish the final desired relationship.

· The bias is applied so that any related final device can be placed on automatic or manual without causing a bump in the position of any other final device.

The fundamental requirement of the control system and monitoring equipment is to obtain a rapid response from the equipment being controlled without incurring undesirable upsets in throttle steam temperature and pressure or instability during transient and post-transient periods. Feed forward demands will be developed simultaneously in the load control subsystem for all the other subsystems such as feedwater, fuel, air, temperature control, and the other control subsystems as hereinafter specified.

The control system will provide the hierarchical and functional separation to ensure the availability of group level and individual equipment level controls.

In addition to the above, the on/off and sequence control system which will form part of the control and monitoring system will meet the following general design requirements:

· The on/off and sequence control system will provide for the startup, normal and emergency shutdown, automatic and manual operation, sequential interlocking for the operation of power plant equipment, and interface with monitoring and alarm subsystems.

· The on/off and sequence control system will receive discrete digital and certain continuous analog inputs, and the programmed logic will control output relay operations, data handling, and interface with other subsystems. It will be possible to operate power plant equipment through CRT-based controls.

· The control system will be designed and tested to operate in the high electrical noise environment of an electrical generating plant. Specifically the subsystem will be tested for immunity to random voltage spikes, current spikes, and radio frequency interference.

· The control system will have expansion capabilities of 20% as a minimum.

· The on/off and sequence control will have provisions for automatic start of standby equipment (i.e., example, where one or two pumps are required for the normal operation and a standby pumps is provided).
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