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(1) The HD drainages the Feedwater heater (FWH) and Moisture separator reheater (MSR) drain to heat 

feedwater to improve plant thermal efficiency. The High pressure (HP) FWH drain is directly 

recovered on the Reactor feedwater pump (RFP) suction side, and the Low pressure (LP) FWH drain 

is directly recovered on the High pressure condensate pump (HPCP) suction side respectively, to 

further improve plant thermal efficiency and reduce the capacity of the Condensate and feedwater 

system (CFDW) facility. 

(2) The HV discharges non-condensable gases from the FWHs to prevent a reduction in their heat transfer 

performance. Non-condensable gases from the MSR 1st and 2nd stage reheaters (MSR-1/2RHs) are 

discharged through their outlet header with steam to prevent overcooling of the heat transfer tubes. 

17.6.6  System Design Description 

This section describes the design of the HD and HV. 

17.6.6.1 Overall Design and Operation 

(1) HD 

(a) The MSR-1/2RHs drain is sent to the No. 1 FWH to heat feedwater with extraction steam. 

(b) The HP FWH and MSR-MS drain is sent to the HPDT and pumped up by the HPDP directly 

to the RFP suction side to heat feedwater. 

(c) The GSE drain and the RFP shaft seal bleed off water is sent to the No. 3 FWH to heat 

feedwater with extraction steam. 

(d) The LP FWHs drains are cascaded to the next lower pressure FWHs to heat feedwater with 

extraction steam. 

(e) The No. 6 FWH drain is sent to the LPDT and pumped up by the LPDP directly to the HPCP 

suction side to heat feedwater. 

(f) An air operated valve is provided for the water level controlling of the FWH or MSR’s drain 

tanks. It is designed to work toward safe condition in case its air source or instrumentation 

power fails. (Normal drain line: Fail Close, Dump line: Fail Open). The air operated valve for 
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	17.6.1 System Summary Description
	17.6.2 System Roles
	(1) HD
	(2) HV

	17.6.3 Basic Configuration
	(1) HPDP     3 units (1 unit as standby)
	(2) LPDP     3 units (1 unit as standby)
	(3) HPDT     1 unit
	(4) LPDT     1 unit
	(5) MSR-MDT     2 units
	(6) MSR-1DT     2 units
	(7) MSR-2DT     2 units

	17.6.4 Modes of Operation
	17.6.4.1 Normal operation
	(1) HD
	(a) The MSR-1/2RHs drain is sent to the drain tanks, and then recovered to the No.1 FWH through the low Level control valves (LCVs).
	(b) Separated drain in the MSR-MSs is sent to the MSR moisture separator drain tank (MSR-MDT), and then recovered in the HPDT through the low LCVs.
	(c) The No.1 FWH drain is recovered to the HPDT through the low LCV. The No.2 FWH drain gravitationally flows into the HPDT.
	(d) High pressure pumped drain system (HPPD) and Low pressure pumped drain system (LPPD) is operated at 50 % plant load or more.
	(e) The GSE drain is sent to Gland steam evaporator drain tank (GSE-DT), and then recovered to the No.3 FWH through the low LCV.
	(f) The RFP bleed off water is sent to the No.3 FWH through an orifice.
	(g) The No.3 FWH drain is sequentially sent to the No.4, No.5 and No.6 FWH through the low LCVs. No.6 FWH drain is then recovered to the LPDT by gravity.
	(h) The drain water level of each FWH with drain cooler is controlled by the low LCV which is provided along the drainpipe, and the high LCV which is provided on the dump line to condenser.
	(i) The No.2 and No.6 FWHs need not to be equipped with LCVs since they have no drain cooler.

	(2) HV
	(a) The MSR-1/2RHs vent system extracts the non-condensable gas and the scavenging steam from its outlet header, and then sends both to the No.1 FWH.
	(b) The MSR-1/2DT vent is respectively connected to the MSR-1/2RHs to equalize vent pressures and improve drain discharge performance.
	(c) Non-condensable gas from the FWH is continuously sent to the condenser, and then discharged from the condenser to the Air off take system (AO) through the Steam jet air ejector (SJAE).
	(d) The HPDT vent pipe is provided to send the steam flashed in the HPDT to the No.2 FWH, and the LPDT vent pipe is provided to send the steam flashed in the LPDT to the No.6 FWH respectively, for pressure-equalizing and heat recovery.
	(e) The non-condensable gas separated in the GSE is recovered to the condenser through an orifice.


	17.6.4.2 Start-up and shutdown operation
	(1) Drains sent to the HPDT are recovered to the condenser through the dump line before the HPPD starts. Drains sent to the LPDT are recovered to the condenser through the dump line before the LPPD starts.
	(2) The MSR-1RH drain, MSR-2RH drain, and MSR-MS drain are recovered to the condenser through the dump line at partial plant loads.
	(3) Drain of the MSR-1RH heating steam header and drain of the MSR-2RH heating steam header are recovered to the condenser at partial plant loads to prevent the retention of drain. Each drain line is equipped with a flow rate limiting orifice.
	(4) The MSR-1/2RHs vent is recovered to the condenser at partial plant load.

	17.6.4.3 Abnormal conditions
	(1) In case that the water levels of the drain tanks and FWHs, excluding the No.2 and No.6 FWHs, go up abnormally by a low LCV failure or heating tube leakage, etc., the drains are recovered to the condenser through the dump lines.
	(2) The dump line having a high LCV basically branches from each normal drain line LCV upstream. The LP FWH dump line is connected directly from the upstream of FWH drain cooler in consideration of low-pressure differences at the plant partial load.


	17.6.5 Design Bases
	17.6.5.1 Safety Functions
	The HD drainages the Feedwater heater (FWH) and Moisture separator reheater (MSR) drain to the CFDW. The HV discharges non-condensable gases from the FWH and FWH shell relief valves discharges to the condenser. Failure of the HD and HV could demand Ca...

	17.6.5.2 Design Bases for Power Generation
	(1) The HD drainages the Feedwater heater (FWH) and Moisture separator reheater (MSR) drain to heat feedwater to improve plant thermal efficiency. The High pressure (HP) FWH drain is directly recovered on the Reactor feedwater pump (RFP) suction side,...
	(2) The HV discharges non-condensable gases from the FWHs to prevent a reduction in their heat transfer performance. Non-condensable gases from the MSR 1st and 2nd stage reheaters (MSR-1/2RHs) are discharged through their outlet header with steam to p...


	17.6.6  System Design Description
	17.6.6.1 Overall Design and Operation
	(1) HD
	(a) The MSR-1/2RHs drain is sent to the No.1 FWH to heat feedwater with extraction steam.
	(b) The HP FWH and MSR-MS drain is sent to the HPDT and pumped up by the HPDP directly to the RFP suction side to heat feedwater.
	(c) The GSE drain and the RFP shaft seal bleed off water is sent to the No.3 FWH to heat feedwater with extraction steam.
	(d) The LP FWHs drains are cascaded to the next lower pressure FWHs to heat feedwater with extraction steam.
	(e) The No.6 FWH drain is sent to the LPDT and pumped up by the LPDP directly to the HPCP suction side to heat feedwater.
	(f) An air operated valve is provided for the water level controlling of the FWH or MSR’s drain tanks. It is designed to work toward safe condition in case its air source or instrumentation power fails. (Normal drain line: Fail Close, Dump line: Fail ...
	(g) Condensate from the No.3 FWH outlet condensate line is partly injected as cooling water into the HPDT downcomer and its dump line to assure the HPDP Net positive suction head (NPSH), and to prevent pump cavitations in case the plant load is rapidl...

	(2) HV
	(a) The MSR-1/2RHs vent is discharged into the No.1 FWH to prevent the non-condensable gas retaining and to heat feedwater. A specified vent rate makes it possible to stabilize flow of drain condensed in the heat transfer tube and to prevent the overc...
	(b) The HPDT (LPDT) vent is discharged into the No.2 (No.6) FWH to prevent the non-condensable gas retaining, to heat feedwater, and to equalize these pressures.
	(c) The FWHs vent is discharged into the condenser to prevent a reduction of the FWH heat transfer performance.
	(d) The FWH shell relief valves are provided to protect the FWHs shell against damage due to excessive pressure except No.5 and No.6 FWHs which need not be equipped with relief valves since their extraction pipes have no check valve.


	17.6.6.2 Equipment Design
	17.6.6.2.1 HPDP / LPDP
	(1) Configuration
	(a) 3 HPDPs (50 % × 3) are installed (1 unit as standby).
	(b) 3 LPDPs (50 % × 3) are installed (1 unit as standby).
	(c) The HPDP and LPDP pump up drain at more than 50 % plant load. Drain is recovered to the condenser through the dump lines at less than 50 % plant load.
	(d) The HPDP and LPDP are provided with a minimum flow line to recirculate condensate to the drain tank when the pump flow rate is less than the minimum flow rate.
	(e) HPDP shaft sealing is of the fixed bushing sealing type. The sealing water is supplied from the condensate system and equipped with a seal-water Temperature control valve (TCV).

	(2) Performance


	17.6.6.3 Support Systems
	17.6.6.3.1 Control and Instrumentation Systems
	(1) Control
	Water levels of the FWH shells and drain tanks are controlled to preset levels by low LCVs provided on their outlets. A high LCV is provided to discharge drain directly to the condenser and assure plant functions even in case the water level rises abn...

	(2) Interlocks
	(a) Each FWH is equipped with a level switch at “High High” water level, and the following interlocks are installed:
	(b) The signal of MSR-MS water level “High High” makes the turbine trip. This interlock is redundant, 2 out of 3, to prevent turbine trip due to a detector failure.
	(c) The signal of HPDT (LPDT) water level “Low Low” makes the HPDP (LPDP) trip.
	(d) The HPDP (LPDP) run-out protection is provided against an excessive flow in case the standby pump does not start when 1 HPDP (LPDP) trips, or when LPCP or HPCP trip.
	(e) The standby HPDP (LPDP) is started when 1 of 2 running HPDP (LPDP) trips.
	(f) The HPDT (LPDT) is equipped with a level switch at “High High” water level, and a protective interlock to forcibly close the low LCV connected to the tank.
	(g) When each train of the LP FWH stops, a signal “not fully open” of a related feedwater inlet or outlet valve causes an interlock to shut off drain from the GSE and RFP bleed-off.
	(h) At plant runback or load rejection, level switches for the MSR-MS, whose pressure rapidly drops, is designed to prevent a malfunction due to drain flashing in consideration of the following:


	17.6.6.3.2 Power Supply System
	17.6.6.3.3 Extraction Steam System (ES)
	17.6.6.3.4 Turbine Gland Steam System (TGS)
	17.6.6.3.5 Air Off Take System (AO)
	17.6.6.3.6 Condensate and Feedwater System (CFDW)
	17.6.6.3.7 Condenser
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	17.6.6  System Design Description
	17.6.6.1 Overall Design and Operation
	(1) HD
	(a) The MSR-1/2RHs drain is sent to the No. 1 FWH to heat feedwater with extraction steam.
	(b) The HP FWH and MSR-MS drain is sent to the HPDT and pumped up by the HPDP directly to the RFP suction side to heat feedwater.
	(c) The GSE drain and the RFP shaft seal bleed off water is sent to the No. 3 FWH to heat feedwater with extraction steam.
	(d) The LP FWHs drains are cascaded to the next lower pressure FWHs to heat feedwater with extraction steam.
	(e) The No. 6 FWH drain is sent to the LPDT and pumped up by the LPDP directly to the HPCP suction side to heat feedwater.
	(f) An air operated valve is provided for the water level controlling of the FWH or MSR’s drain tanks. It is designed to work toward safe condition in case its air source or instrumentation power fails. (Normal drain line: Fail Close, Dump line: Fail ...
	(g) Condensate from the No. 3 FWH outlet condensate line is partly injected as cooling water into the HPDT downcomer and its dump line to assure the HPDP Net positive suction head (NPSH), and to prevent pump cavitations in case the plant load is rapid...

	(2) HV
	(a) The MSR-1/2RHs vent is discharged into the No. 1 FWH to prevent the non-condensable gas retaining and to heat feedwater. A specified vent rate makes it possible to stabilise flow of drain condensed in the heat transfer tube and to prevent the over...
	(b) The HPDT (LPDT) vent is discharged into the No. 2 (No. 6) FWH to prevent the non-condensable gas retaining, to heat feedwater, and to equalise these pressures.
	(c) The FWHs vent is discharged into the condenser to prevent a reduction of the FWH heat transfer performance.
	(d) The FWH shell relief valves are provided to protect the FWHs shell against damage due to excessive pressure except No. 5 and No. 6 FWHs which need not be equipped with relief valves since their extraction pipes have no check valve.


	17.6.6.2 Equipment Design
	17.6.6.2.1 HPDP / LPDP
	(1) Configuration
	(a) 3 HPDPs (50 % × 3) are installed (1 unit as standby).
	(b) 3 LPDPs (50 % × 3) are installed (1 unit as standby).
	(c) The HPDP and LPDP pump up drain at more than 50 % plant load. Drain is recovered to the condenser through the dump lines at less than 50 % plant load.
	(d) The HPDP and LPDP are provided with a minimum flow line to recirculate condensate to the drain tank when the pump flow rate is less than the minimum flow rate.
	(e) HPDP shaft sealing is of the fixed bushing sealing type. The sealing water is supplied from the condensate system and equipped with a seal-water Temperature control valve (TCV).

	(2) Performance


	17.6.6.3 Support Systems
	17.6.6.3.1 Control and Instrumentation Systems
	(1) Control
	Water levels of the FWH shells and drain tanks are controlled to preset levels by low LCVs provided on their outlets. A high LCV is provided to discharge drain directly to the condenser and assure plant functions even in case the water level rises abn...

	(2) Interlocks
	(a) Each FWH is equipped with a level switch at “High High” water level, and the following interlocks are installed:
	(b) The signal of MSR-MS water level “High High” makes the turbine trip. This interlock is redundant, 2 out of 3, to prevent turbine trip due to a detector failure.
	(c) The signal of HPDT (LPDT) water level “Low Low” makes the HPDP (LPDP) trip.
	(d) The HPDP (LPDP) run-out protection is provided against an excessive flow in case the standby pump does not start when 1 HPDP (LPDP) trips, or when LPCP or HPCP trip.
	(e) The standby HPDP (LPDP) is started when 1 of 2 running HPDP (LPDP) trips.
	(f) The HPDT (LPDT) is equipped with a level switch at “High High” water level, and a protective interlock to forcibly close the low LCV connected to the tank.
	(g) When each train of the LP FWH stops, a signal “not fully open” of a related feedwater inlet or outlet valve causes an interlock to shut off drain from the GSE and RFP bleed-off.
	(h) At plant runback or load rejection, level switches for the MSR-MS, whose pressure rapidly drops, is designed to prevent a malfunction due to drain flashing in consideration of the following:


	17.6.6.3.2 Power Supply System
	17.6.6.3.3 Extraction Steam System (ES)
	17.6.6.3.4 Turbine Gland Steam System (TGS)
	17.6.6.3.5 Air Off Take System (AO)
	17.6.6.3.6 Condensate and Feedwater System (CFDW)
	17.6.6.3.7 Condenser







