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WATTS BAR WBNP-95

10.0 MAIN STEAM AND POWER CONVERSION SYSTEMS

10.1 SUMMARY DESCRIPTION

The steam and power conversion system is designed to convert the heat produced in
the reactor to electrical energy through conversion of a portion of the energy contained
in the steam supplied from the steam generators, to condense the turbine exhaust

steam into water, and to return the water to the steam generator as heated feedwater.

The major components of the steam and power conversion system are:
turbine-generator, main condenser, vacuum pumps, turbine seal system, turbine
bypass system, hotwell pumps, demineralized condensate pumps, condensate
booster pumps, steam-turbine-driven and electric-motor-driven main feed pumps,
main feed pump turbines (MFPT), MFPT condenser-feedwater heaters, feedwater
heaters, heater drain pumps, demineralizers, and condensate storage system.
Component arrangement is shown in Figure 10.1-1. The heat rejected in the main
condenser is removed by the circulating water system.

The saturated steam produced by the steam generators is expanded through the high
pressure turbine and then exhausted to the moisture separator/reheaters. The
moisture separator section removes the moisture from the steam and the two stage
reheaters superheat the steam before it enters the low pressure turbines. The steam
then expands through the low pressure turbines and exhausts into the main condenser
where it is condensed and deaerated and then returned to the cycle as condensate.

The first stage reheater is supplied with steam from the No. 1 extraction point; the
condensed steam is cascaded to the No. 2 heaters. The second stage reheater is
supplied with main steam.The condensed steam cascades to the No. 1 heaters.

Condensate is withdrawn from the condenser hotwells by motor-driven hotwell pumps.
The pumps discharge into a common header which normally carries the condensate
through the gland steam condenser steam generator blowdown 2" stage heat
exchanger, the main feed pump turbine condensers, and then through three parallel
strings of low-pressure heaters. This flow path can also split off to the steam generator
blowdown 15t stage heat exchangers. Each string consists of three stages (Nos. 7
through 5, with No. 5 the highest pressure) of low-pressure extraction feedwater
heaters to the condensate booster pumps. Whenever condensate demineralization is
required, the common header for the hotwell pumps carries the condensate through
the demineralizers to the gland steam condenser, steam generator blowdown 2nd
stage heat exchanger, the main feed pump turbine condensers, and then to the
demineralized condensate pumps. These pumps discharge to a common header
which then carries the condensate through three parallel strings of low pressure
heaters and to the suction of the condensate booster pumps. The condensate booster
pumps discharge to a common header which divides the flow back into three parallel
strings of intermediate pressure heaters, each string consisting of three stages (Nos.
4 through 2) of extraction feedwater heaters.

SUMMARY DESCRIPTION 10.1-1
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10.1-2

The condensate from the intermediate pressure heater strings is then routed to the
main feed pumps. These pumps discharge to a common header which divides and
passes through three parallel strings of single-stage high pressure heaters and returns
to a common line before dividing into four streams to the four steam generators.

Heat for the feedwater heating cycle is supplied by the moisture separator reheater
drains and by steam from the turbine extraction points. A summary description of the
important components and design parameters of the steam and power conversion
system is contained in Table 10.1-1.

References

1. Westinghouse letter WAT-D-7489, “Watts Bar Nuclear Plant Numbers 1 and 2 -
Main Steam Safety Valves Excess Blowdown Analysis - Phase 2,” August 28, 1987
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Table 10.1-1 (Sheet 1 of 6)
Summary of Important Component Design Parameters
Vertical Steam Generators
(All Values Nominal)
Number - 4 per unit
Length - 812.0, in. (overall)
Diameter - 176.28 in. (maximum) OD
Heating surface - 48,000 sq ft.
Tubes - 4674 U-tubes - 0.75in. 0D x 0.043 nom. wall,
Inconel (ASME-SB-163) material

Operating conditions at 100 Percent Load

Steam flow rate - 3.78 x E6 Ib/hr
Steam temperature - 542.8 deg F
Steam pressure - 986 psia

Steam quality - 99.75 percent minimum

TURBOGENERATOR

Manufacturer - Siemens Energy, Inc.
Turbo generator nameplate rating - 1,241.2 MW
Turbine type -Horizontal, reaction, tandem-compound,
two stage reheat, extraction, condensing
1800-rpm single shaft - 1 HP and 3 LP turbines
with 6-flow exhaust and 46 in. last-stage blades
Generator type and
maximum nameplate rating - One direct connected, hydrogen cooled
rotor, water-cooled stator,
1,411,000 kVA, 0.9 PF, 75 pisg
hydrogen, 3 phase, 60 Hz, 24,000 V,
33,943 Amp, 0.6 scr, Y-connected
Exciter type and capacity - One shaft-driven, brushless -
6000 kW, 550 volt DC, 1800 rpm

Heat Rate

Guaranteed performance based on extraction for feedwater heating,
including all losses in the unit, also exciter and rheostat

losses, rated throttle steam conditions, and 2.0 in. of Hg

absolute exhaust pressure with zero makeup:

kW Btu/kWh

1,218,225 9593

SUMMARY DESCRIPTION
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Table 10.1-1 (Sheet 2 of 6)
Summary of Important Component Design Parameters (continued)
Moisture Separator and Reheaters
(All Values Nominal)

Number 6 per unit
Type Moisture removal separator and 2-stage reheat (HP and LP)
Size 51 ft - 8.25 inches length, 11 ft - 8,5 inches diameter

MAIN FEEDWATER PUMP TURBINE

“(See Section 10.4.7.2.)
MAIN FEEDWATER PUMPS

10.1-4 SUMMARY DESCRIPTION
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Tabie 85 H s hede 3%t 6)
Summary Of Important Component Design Parameters (Continued)
Standby Main Feedwater Pumps
(All Values Nominal
”(See Section 10.4.7.2.)
CONDENSATE BOOSTER PUMPS
”(See Section 10.4.7.2.)
NO. 3 HEATER DRAIN PUMPS

Number - 3
Manufacturer - Borg-Warner Corporation, Byron-Jackson Pump

Division
Type - DSJH, single stage, double suction, double volute,

centrifugal
Size - 8 x 10 x 18H
Design point - 3600 gpm, 1200 ft head
Motor manufacturer - Parsons-Peebles, Ltd.
Motor design - 1250 HP, 3580 rpm, 6600 V, 3 ph, 60 Hz,

horizontal, constant speed
SUMMARY DESCRIPTION 10.1-5
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Table 10.1-1 (Sheet 4 of 6)
Summary of Important Component Design Parameters (continued)
No. 7 Heater Drain Pumps
(All Values Nominal)

Number - 2

Manufacturer - Borg-Warner Corporation, Byron-Jackson Pump Division

Type - DSJH, single stage, double suction, double volute, centrifugal

Size - 8 x10x 15L

Design point - 2000 gpm, 730 ft

Motor manufacturer - Parsons-Peebles, Ltd.

Motor design - 450 HP, 3565 rpm, 6600 V, 3 ph, 60 Hz, horizontal, constant speed

CONDENSATE HOTWELL PUMPS
”(See Section 10.4.7.2.)

DEMINERALIZED CONDENSATE PUMPS
"(See Section 10.4.7.2.)”

10.1-6 SUMMARY DESCRIPTION



WATTS BAR WBNP-95

Table 10.1-1 (Sheet 5 of 6)
Summary of Important Component Design Parameters (Continued)
Condenser
(All Values Nominal)

Number - 1
Manufacturer - Ingersoll-Rand Company
Type - Horizontal, single shell, triple pressure, single pass,

surface, deaerating
Total surface area, sq ft - 824,000
Tube data - 27,410 Tubes, 114 ft 8-1/2 in. effective length
welded 1.0 in. outside diameter, Tubes are SEA-CURE
104 tubes are 18 BWG (in the top row), the remaining 27,306 tubes are 22 BWG

Tube sheets - Cooper bearing steel

Waterboxes - Divided, two inlet (102 in. dia) and two outlets
(102 in. dia) bottom connections per shell

Hotwell data - Deaerating type, storage capacity of hotwell at

normal operating level, 56,000 gal
Circulating water flow, gpm - 410,000
Cleanliness, percent - 95
Duty, 10 Btu/hr - 7.789
Design pressures: Shell, psig - 25 and vacuum
Hotwell, psig - 30
Waterboxes, psig - 72

Air Removal Equipment

Number - 3

Manufacturer - Nash Engineering Company

Size - AT2004E

Type - Mechanical, vacuum (2 stage liquid ring)
Design point - Suction pressure in. of Hg absolute - 1.0,

Rated capacity, each - 15 SCFM
Motor Manufacturer - General Electric Company
Motor design -100 HP, 514 rpm, 460 V, 3 ph, 60 HZ

horizontal, constant speed

FEEDWATER HEATER
"(See Section 10.4.7.2.)

SUMMARY DESCRIPTION

10.1-7



WATTS BAR WBNP-95

Table 10.1-1 (Sheet 6 of 6)
Summary of Important Design Parameters (continued)
Safety Valves
(All Values Nominal)

Number - 5 per steam generator
Minimum flow capacity, Ib/hr steam generator - 4,160,597

Rated Blowdown Press.
Accumu- Max. Press. Flow Press. In.
lation Expected in Steam at Set Below Steam
Press. Accumu- Header Pressure Set Header
to fully lation at Rated +3% Pressure at
Set Open Press at Relieving Accumu- to Valve
Valve Press. Valve max Flow Flow lation Close Closing
Mark No. (psig) % % (psig) (Ib/hr) (%)M (psig)
47W400-101 1185 3 8.4 1284 791,563 10 1066.5
47W400-102 1195 3 7.4 1284 798,163 10 1075.5
47W400-103 1205 3 6.6 1284 804,764 10 1084.5
47W400-104 1215 3 5.7 1284 811,364 10 1093.5
47W400-105 1224 3 4.9 1284 817,304 10 1101.6

Note1 - The licensing basis for the WBN plant is 10% maximum blowdown (See Reference [1]). This
is more conservative than the 5% maximum blowdown specified by the ASME Section I
requirements.

Atmospheric Relief Valves

Number 1 - per steam generator

Minimum capacity, Ib/hr/inlet pressure, psig - 64,000/85
Maximum capacity, Ib/hr/inlet pressure, psig - 970,000/1185
outlet pressure, psig - 0

Turbine Bypass Valves

Number of valves - 12

Flow per valve, Ib/hr - 532,170

Main steam pressure at valve inlet (for above flow), psig - 900
Maximum flow per valve at 1185 psig inlet pressure, Ib/hr - 970,000
Time to open (full stroke), <3 seconds (design)

Full stoke modulation, seconds 20

Failure position - Closed

10.1-8 SUMMARY DESCRIPTION
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10.2 TURBINE-GENERATOR

10.2.1 Design Bases

The purpose of the turbine generator is to use steam supplied by the pressurized water
reactor (PWR) in the conversion of thermal energy to electrical energy, and to provide
extraction steam for feedwater heating. The turbine generator together with its
associated systems and their control characteristics are integrated with the features of
the reactor and its associated systems to obtain an efficient and safe energy
conversion and power generation unit.

The turbogenerator unit receives steam from the four steam generators and converts
the thermal energy to electric energy. The Siemens (formerly Westinghouse) turbine
generator data is 1,241,200 kW when the steam flow is 14,565,293 Ib/hr steam
conditions of 985 psia, 0.25% (0.39% at turbine) moisture, and at a zonal back
pressure of 1.92/2.70/3.75-inches of Hg absolute, with 0% makeup under normal
conditions. At the valves wide open or stretch condition the generator is rated at
1,268,900 kW with a steam flow of 14,855,223 Ib/hr at 985 psia, 0.31% moisture, at a
back pressure of 2-inches of Hg absolute, and 0% makeup. Actual plant operating
conditions and design will differ slightly from the rated parameters given above.

Under emergency conditions the turbine protection system provides the necessary
protection for the turbine-generator equipment.

The intended mode of operation for the unit is to be utilized primarily as a base loaded
unit.

10.2.2 Description

The turbine generator unit consists of the following components: turbine, generator,
exciter, controls, and required support subsystems. The turbine is a tandem
compound double-stage reheat unit with 46-inches last-stage blades. The turbine
consists of a double-flow, high pressure turbine and three double-flow, low pressure
turbines with extraction nozzles arranged for seven stages of feedwater heating.
Exhaust steam from the unit passes through six moisture separator/reheaters before
entering the low pressure turbines. The moisture separator/reheaters are shell and
tube-type heat exchangers containing a section of chevron vanes for moisture
separation. The chevron-type vanes alter the steam flow direction to reduce the
moisture content of the steam through centrifugal separation of the moisture particles.
Heating steam enters the reheater U-tube bundles to provide two stages of reheat for
the steam flowing from the chevron section.

The generator is a direct-connected, hydrogen-cooled, 3 phase, 60 Hz, 24,000 volt,
1800 rpm synchronous generator rated at 1,411,000 kVA, 0.90 power factor (PF), with
a short circuit ratio (scr) of 0.60. It is designed with conductor cooling of the armature
winding. Hydrogen gas pressure is 75 psig and conductor coolant is demineralized
water. The excitation system is rated at 6,000 kW and 550 volts.

TURBINE-GENERATOR 10.2-1
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10.2-2

The turbogenerator and its associated systems and controls are integrated with the
reactor and its associated systems and controls at all times to obtain an efficient and
safe energy conversion and power generator unit. The reactor controls enable the
NSSS to follow plant (turbogenerator) load changes automatically, including the
acceptance of step load increases or decreases of 10% and ramp increases or
decreases of 5% per minute within the load range of 15% to 100% without reactor trip
or steam dump. Manual control is required below 15% load. The difference between
the highest measured average reactor coolant loop temperature and the programmed
reference temperature (based on turbine impulse chamber pressure) which is
processed through a lead-lag compensation unit, constitutes the primary control signal
for the reactor control system. An additional control input signal to the reactor is
derived from the reactor power versus turbine load mismatch signal. These signals
provide input to the rod control system to control the reactor coolant temperature by
regulation of the control rod bank position.

The turbine control system is electrohydraulic and consists of several different control
subsystems that are used to control turbine speed, plant load, speed and load rates,
and other turbine features during plant startup, plant operation at rated conditions, and
plant shutdown. Also, nhormal, pre-emergency, and emergency governing devices are
incorporated into the control system to prevent turbine overspeed conditions.

The control system consists of five major components as follows:
(1) A solid-state electronic controller cabinet.
(2) An operator's panel.
(3) Steam valve servo-actuators.
(4) A high pressure fluid control system.
(5) A lube oil and associated mechanical-hydraulic emergency trip system.

The electronic controller cabinet contains circuits for the system such as logic,
reference, signal input channels with solid-state operational amplifiers, and automatic
and manual controllers. It performs basic analog computations on reference and
turbine feedback signals and generates an output signal to the steam valve actuators.

The operator's panel is in the unit control center. Through various push buttons the
operator can change the reference input to the electronic controller to vary the speed
or load at different rates.

Operator settings made at the panel are used by the electronic controller to position
the steam valves. The position of each steam valve is controlled by an actuator which
consists of a hydraulic cylinder using fluid pressure to open and spring action to close.
The cylinder is connected to a control block upon which are mounted isolation, dump,
and check valves. (see Figures 10.2-2, 10.2-3, and 10.2-4 for steam, actuator, and
other valve numbers and system arrangements).
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The main stop (throttle) valve, reheat stop valve, and interceptor valve actuators
position these steam valves (see FCV-1-61, -64, -67, -70, -87, -88, -94, -95 , -101,
-102, -123, -124, -128, -129, -133, and -134 on Figure 10.2-3) only in the fully open or
fully closed position (except for a brief period during startup when the main stop throttle
valves (FCV-1-61, -64, -67, and 70) are used for initial speed control). High pressure
fluid is supplied through an orifice to the area below the hydraulic cylinder piston. Fluid
pressure in this area is controlled by a pilot-operated dump valve for the reheat stop
and interceptor valves and by a servo- and/or pilot-operated dump valves for the main
stop valves. With the turbine autostop mechanism latched, the pilot-operated dump
valves close to build up fluid pressure under the cylinder piston, opening the reheat
stop and interceptor valves. Solenoid valves provided for testing of the reheat stop and
interceptor valves also open the dump valves, releasing the fluid to drain thus testing
the valves capability to close.

The control (governor) valve actuators position these steam valves (FCV-1-62, -65,
-68, and -71) in any intermediate position to proportionally regulate the steam flow to
the required amount. The control (governor) and stop (throttle) valve actuators are
provided with a servo-valve and a linear variable differential transformer (LVDT). High
pressure fluid is supplied to the servo-valve which controls the actuator position in
response to a position signal from the servoamplifiers. The LVDT develops an analog
signal proportional to the valve position, which is fed back to the controller to complete
the control loop. A signal can be introduced to the controller to test the main stop and
control valves.

Isolation valves permit on-line maintenance of the actuator components, including the
hydraulic cylinder. Check valves prevent fluid backflow from the drain or emergency
trip circuits.

The function of the high pressure fluid control system is to provide a motive force which
positions the turbine steam valves in response to electronic commands from the
controller, acting through the servo-actuators. The fluid is stored in a reservoir
assembly on which is mounted a duplicate system of fluid pumps, controls, filters, and
heat exchangers. The system is so arranged that one pump and one set of the various
control components function while the duplicate set serves as a standby system.

The turbine protection system has as its basis two serially connected fluid systems:
the autostop oil system, and two parallel stop valve and control valve emergency trip
fluid systems in the high pressure fluid control system (See Figures 10.2-2 and 10.2-3).
Tripping of the control valve emergency trip fluid system causes trip closure of all
control and intercept valves and also the extraction non-return valves (See XDV-47-27
on Figure 10.2-3). Tripping of the stop valve emergency trip fluid system causes
tripping of all stop and reheat stop valves and also tripping of the control valve
emergency trip fluid. Tripping of the autostop oil system causes tripping of the stop
valve emergency trip fluid system. Two solenoid-operated valves (shown as
FSV-47-26A and FSV-47-26B on Figure 10.2-1) are energized when turbine speed
exceeds 103% of rated turbine speed releasing to drain the control valve emergency
trip fluid and causing immediate closing of the control and interceptor valves. A check
valve between the control valve emergency trip fluid circuit and the stop valve
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emergency trip fluid circuit retains the fluid pressure in the latter line, and the reheat
stop and main stop valves remain open. With a reduction in speed, the solenoid valves
close and the control, interceptor, and extraction non-return valves reopen.

The stop valve emergency trip fluid system contains an interface emergency trip valve
(FCV-47-27) and a solenoid valve (FSV-47-27) serving as a backup to the interface
emergency trip valve which when activated, trips the turbine. The interface emergency
trip valve uses lubricating oil from the mechanical-hydraulic trip system as its control
medium. This trip valve, which is diaphragm operated, is the link between the high
pressure fluid system and the mechanical-hydraulic lube oil trip system. Lube oil
supplied to the interface trip valve acts to overcome a spring force to hold the valve
closed. A decay in the lube oil pressure allows the spring to open the valve, dumping
the high pressure operating fluid in the stop valve emergency trip fluid system to drain.
High pressure operating fluid and lube oil are not in contact with each other.

The solenoid valve (FSV-47-27) may be activated by a pressure switch in the autostop
lube oil header, a control room handswitch, or reactor or turbine trip signals (see Figure
10.2-1). When this valve is activated, the fluid in the stop valve fluid system is dumped
to drain with all steam admission valves being tripped closed. The autostop oil system
automatically trips (depressurizes) on evidence of low condenser vacuum, abnormal
thrust bearing wear, or low bearing oil pressure. The autostop oil system is also
equipped with a solenoid-operated trip device (FSV-47-24) which provides a means to
dump the autostop oil to drain, and initiate direct tripping of the turbine upon receipt of
appropriate electrical signals as shown on Figure 10.2-1. The autostop oil system and
thus the turbine may be tripped manually on detection of high temperature differences
between condenser shells, high exhaust hood temperature, high back pressure on the
main condenser, high journal or thrust bearing metal temperature, excessive shaft
vibration, high bearing oil discharge temperatures, or high differential expansion.
When a turbine trip is initiated, the extraction system nonreturn valves are also tripped
closed by means of a pilot dump valve (XDV-47-27) connected to the turbine trip
system as shown on Figure 10.2-1.

Three types of overspeed protection mechanisms are provided to isolate main steam
to the turbogenerator when the rated operating speed of 1800 rpm is exceeded.
During normal speed-load control, the overspeed protection controller (OPC) which is
set at 1854 rpm (103% of rated speed) will rapidly close the governor and interceptor
valves in case of an overspeed condition. Rotational speed is then maintained below
this setpoint by oscillating the interceptor valves between the closed and open position
until the reheater steam (steam between the high pressure turbine exhaust and the low
pressure turbines) is dissipated. If the control system is in speed control mode, the
governor valves will take over speed control .

If for some reason the OPC control system does not function and the turbine speed
increases to 1980 rpm (110% of rated speed), the mechanical overspeed mechanism
will trip closed all steam valves (throttle, governor, reheat stop, and interceptor valves)
and prevent the turbine speed from exceeding 120% of rated speed. The unit will then
coast down to turning gear operation.
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In addition to the two control systems described above, an independent electrical
overspeed trip is provided in the Analog Electro Hydraulic (AEH) control system. If the
turbine generator speed increases to 1998 rpm (approximately 111% of rated speed),
all steam valves (as specified in the previous paragraph) trip closed. This trip actuates
by a contact output from the AEH controller which energizes a trip solenoid in the auto
stop oil line and a trip solenoid in the stop valve emergency trip fluid circuit. Again,
during the overspeed condition, turbine speed remains below 120% of rated speed.
The unit will then coast down to turning gear operation.

The turbine trip system is also equipped with solenoid-operated trip devices, which
provide means to initiate direct tripping of the turbine upon receipt of appropriate
electrical signals, as shown in Figure 10.2-1. Turbine governor functions and turbine
control are discussed more fully in Section 7.7.

For overpressure protection of the turbine exhaust hoods and the condenser, four
rupture diaphragms which rupture at approximately 5 psig are provided on each turbine
exhaust hood. Additional protective devices include exhaust hood high temperature
alarm and manual trip.

A discussion of turbine missiles is found in Section 3.5.

10.2.3 Turbine Rotor and Disc Integrity

10.2.3.1

The failure of a turbine disc or rotor might produce a high energy missile that could
damage a safety-related component (see Section 3.5 for turbine missile analysis). The
risk from missiles from a hypothetical turbine-generator failure on safety-related
systems or components is discussed in Sections 3.5.1.3.3 through 3.5.1.3.6. Integrity
of the turbine discs and rotors is demonstrated by information provided in this section.

Materials Selection

The detailed materials specifications, fabrication history, and chemical analysis of the
disc and rotor forgings are considered proprietary information of the turbine
manufacturer, Siemens (formerly Westinghouse Electric Corporation). The high
pressure rotor is made of NiCrMoV alloy steel. The specified minimum mechanical
properties are as follows:

Tensile Strength, psi 118,900
Yield Strength, psi (0.2% offset) 84,100 - 98,600
Elongation in 2-inches, percent 16
Reduction of Area, percent 50
Impact Strength, Charpy V-Notch, ft-Ib 66

(min. at room temperature)

50% Fracture Appearance Transition -22

Temperature, degrees F, max..
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The HP inner casing and guide blade carriers are made of stainless steel castings. The
HP outer casing cover and base are made of carbon-steel castings. The specified
minimum mechanical properties are as follows:

Property Guide Blade Carriers and Outer Casing Base &

Inner Casing Cover

Material Modified ASTM A487 ASTM A216 Grade WCB
Grade CA15

Tensile Strength, psi 78,500 - 100,000 70,000

Yield Strength, psi 51,500 36,000

Elongation in 2-inches, percent 18 22

Reduction of Area, percent 45 35

The casing cover and base are tied together by means of more than 100 studs. For

most of the horizontal joint, the stud material is an alloy steel; while in the blade ring fit
and gland areas, the studs are upgraded to 12 Cr stainless steel. The bolting has the
following minimum properties:

12 Cr Studs
Property Low Alloy Steel Studs and Bolts and Bolts
2-1/2 inch Over 2-1/2 Over 4 No Size
and less to 4 inch to 7 inch Constraint
ASTM A193 Grade B7 Modified AlSI
616
Tensile Strength, psi 125,000 115,000 110,000 135,000
Yield Strength, (0.2% 105,000 95,000 85,000 110,000
offset), psi
Elongation in 2-inches, 16 16 16 14
percent
Reduction of area, 50 50 45 32
percent

The low pressure rotors are made of NiCrMoV alloy steel. The specified minimum
mechanical properties are as follows:
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Property
Tensile Strength, psi
Yield Strength, psi (0.2% offset)
Elongation in 2-inches, percent

Reduction of Area, percent

Impact Strength, Charpy V-Notch, ft-Ib (at room temperature)

50% Fracture Appearance Transition Temperature °F, (max.)

Rotor Shaft
149,390
107,300 - 121,800
15
45
74
-58

The LP outer cylinder and inner casing are fabricated mainly of carbon steel plate
material. The minimum specified properties are as follows:

Property

Tensile Strength, psi
Yield Strength, psi
Elongation in 8 ft, percent

Elongation in 2 ft, percent

Outer Cylinder

ASTM A515 - GR65

65,000
35,000
19
23

Inner Casing

ASTM A515- GRG0,
GR65, GR70*

56,500 - 76,900
26,800 - 38,400
22
22

*Note: Grade of material depends upon location within LP inner casing fabrication and

plate thickness.

The shrunk-on discs are made of NiCrMoV alloy steel. There are six discs shrunk on
the shaft with three per flow. The minimum specified mechanical properties for the

discs are as follows:

Disc 1 Discs 2 and 3

Tensile Strength, psi 146,500 153,700
Yield Strength, psi 113,100 - 123,300 118,900 -

129,100
Elongation in 2 ft (disc hub) percent 15 15
Elongation in 2 ft (disc rim) percent 15 15
Reduction of area (disc hub) percent 50 50
Reduction of area (disc rim) percent 50 50
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Disc 1 Discs 2 and 3
Impact strength (hub and rim) Charpy 96 96
V-Notch, ft-Ib (at room temp)
50% Fracture Appearance -112 -112

Transition Temp. (disc hub and
rim) °F (max)

10.2.3.2 Fracture Toughness

10.2-8

Fracture mechanics analysis by the Siemens Methodology is described in the missile
report. A brief description of the analytical method employed is given in the following
paragraphs.

First, the critical flaw size is determined using the equation for a semi-elliptical surface
flaw with the major axis of the crack normal to the applied stress:

2
0~ _Q (Kc
CR 121w Coff

where

acg = Critical flaw size

Kic = Fracture toughness

Ocff = Effective tangential bore stress
Q = Flaw shape parameter

Stress corrosion cracking (SCC) rate is assumed to be independent of the stress
intensity level. The main parameters influencing the SCC rate are temperature,
material yield strength and water chemistry. Based on field measurements and
laboratory test data, empirical equations for SCC rates were developed. For the
probabilistic analysis, the following SCC rate is used:

7302
T+ 460

da _ exp(f 4.968 — +0.0278 - Gy)

dt

Where:

(da/dt) = SCC rate given in inches/hour
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T = Temperature in °F
Oy = Yield strenth in ksi

For probabilistic computations, Siemens has developed a numerical Monte-Carlo
simulation code, PDBURST. As a failure condition, the brittle fracture mode is

assumed:

t
a (K oy, 0,6, k) <a;+ ja(cY, T)dt

(o]

Where:

acr = Critical crack size,

a = Current crack size,

a; = |nitial crack size,

t = Operating time duration,

& = Crack shape factor (crack depth to crack length ratio),

Kic = Fracture toughness,

k = Branching factor,

o = Applied load due to tangential stress at bore,

Gy = Yield strength,

T = Temperature.

For probabilistic analysis the critical crack size is defined as that given by the equation
shown or 100 mm whichever is smaller. The 100 mm limit is purely based on the
applicability limitation of linear-elastic fracture mechanics concept and does not
necessarily represent an imminent burst condition.

In the Monte-Carlo simulation, disc property inputs include disc metal temperature,
disc tangential bore stress, fracture toughness, disc yield strength, disc crack initiation
probability based on historical data and standard deviation values. Typically, one
million simulations are run to determine how many failures occur a a result of crack
initiation and growth to critical crack size.

10.2.3.3 High Temperature Properties

The stress-rupture properties of the high pressure rotor material are considered to be
proprietary information of the turbine manufacturer, Siemens.
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10.2.3.4 Turbine Disc Design

Information on the tangential and radial stresses in the low pressure discs and low
pressure rotors is considered proprietary information of the turbine manufacturer,
Siemens.

10.2.3.5 Preservice Inspection

10.2.3.5.1 Low Pressure Turbine Rotor

10.2-10

The low pressure turbine rotor and discs are heat treated nickel-
chromium-molydenum-vanadium alloy steel procured to specifications that define the
manufacturing method, heat treating process, and the test and inspection methods.
Specific tests and test documentation, in addition to dimensional requirements, are
specified for the forging manufacturer.

The low pressure turbine rotor has the following inspections and tests conducted at the
forging manufacturer's plant:

(1)

(2)

(3)

(4)

)

A ladle analysis of each heat of steel for chemical composition is to be within
the limits defined by the specification.

Following preliminary machining and heat treatment for mechanical
properties but prior to stress relief, all rotor diameters and faces are subjected
to ultrasonic tests defined in detail by a Siemens specification which is similar
to the requirements of ASTM A-418.

After all heat treatment has been completed, the rotor forging is subjected to
a thermal stability test defined by a Siemens specification which is more
restrictive than the requirements of ASTM A-472.

The end faces of the main body and the fillet areas joining the body to the
shaft ends of the machined forging are subjected to a magnetic particle
surface inspection as defined by ASTM A-275.

Utilizing specimens removed from the rotor forging at specified locations,
tensile, Charpy V Notch impact and FATT properties are determined
following the test methods defined by ASTM A-370.

The low pressure turbine rotor discs have the following inspections and tests
conducted at the forging manufacturer's plant:

(1)

(2)

The ladle analysis of each heat of steel is to be within the composition limits
defined by the specification.

After all heat treatment, rough machining and stress relief operations, the hub
and rim areas of the completed disc forging are subjected to ultrasonic
examinations. These ultrasonic tests are defined by a Siemens specification
which exceeds the requirements of ASTM A-418.

TURBINE-GENERATOR



WATTS BAR

WBNP-95

(3)

(4)

(5

The tensile, Charpy V Notch impact and FATT properties are determined
from specimens removed from the discs at specific locations. The test
methods used for determining these mechanical properties are defined by
ASTM A-370.

If ultrasonic examination shows indications in the near surface area of the
disc bore, a magnetic particle inspection is required.

During heat treatment of the disc, special requirements are applied to ensure
that compressive residual stresses shall be induced in the bore by intensive
cooling.

After the preheated discs are assembled to the rotor body to obtain the specified
interference fit, Disc 1 holes are drilled and reamed for axial locking pins at the rotor
and disc interface. Discs 2 and 3 rely upon shrink fit only. Prior to shipping, each fully
bladed rotor is balanced and tested to 120% of rated speed in a shop heater box.

10.2.3.5.2 High Pressure Turbine Rotor

The high pressure turbine rotor for low temperature light water reactor applications has
the same basic material composition as the low pressure rotors. This
nickel-chromium-molybdenum-vanadium alloy steel forging is procured, processed,
and subjected to test and inspection requirements the same as the low pressure rotor,
which include:

(1)
(2)
(3)
(4)
(5
(6)

Ladle analysis

Ultrasonic tests

Magnetic particle inspection

Thermal stability test

Tensile and impact mechanical properties

Heater box and 120% speed test

10.2.3.5.3 Preoperational and Initial Startup Testing

These tests are documented in Chapter 14.0.

10.2.3.6 Inservice Inspection

10.2.3.6.1 Turbine Rotors

To help guard against possible failure of low pressure nuclear steam turbine discs,
Siemens has developed an ultrasonic inservice inspection method for these discs. The
program includes methods and hardware for field inspection of LP turbine discs for
incipient cracking located at the bore surface and particularly at the keyways.
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The inspection intervals recommended by Siemens and based on NRC criterion are
100,000 operating hours. In addition, if there is evidence of significant corrosion found
during any of the low pressure turbine rotor inspections, Siemens will be consulted and
the inspection intervals adjusted accordingly. If measurable cracks are detected, the
inspection intervals will be adjusted after considering Siemens recommendations. The
disc inspection will be performed by personnel that are expert and highly skilled in their
field.

10.2.3.6.2 Turbine Overspeed Protection

10.2-12

In order to assure that the Turbine Overspeed Protection System (TOPS) continues to
carry out its design function in a highly reliable manner, a rigorous program of
inspecting, testing, maintaining, and calibrating the various parts of the TOPS has been
developed. The development of this program has considered the recommendations of
Siemens. Various aspects of the TOPS inspection program such as scope and
frequency of test, inspections, and other pertinent items are described in the following
paragraphs.

The TOPS include the following major component groups:

(a) Turbine valves which control or prevent steam admission into either the
high pressure or low pressure turbines.

(b) The control valve emergency trip, stop valve emergency trip, and
autostop oil trip systems which include the mechanical overspeed trip,
electrical overspeed trip, and the overspeed protection controllers (See
Section 10.2.2 for additional details).

The throttle valves, governor valves, reheat stop valves and reheat intercept valves will
be tested and visually checked after each turbine startup and at intervals of
approximately 6 months to verify complete freedom of valve stem travel. The interval
of valve testing may be changed based on plant conditions or overall TVA power
system conditions. For example, if equipment necessary to shut the unit down is
inoperable, the valve testing would be postponed to avoid the potential for tripping the
unit. Also, if the demand for power on the TVA system is large enough that the loss of
a unit would create a shortage of power to the system, the testing would wait until more
favorable conditions exist. The interval for testing turbine valves shall not exceed 1.25
times the required test interval without prior approval of the plant manager, and no
more than two consecutive tests shall be deferred without the prior review and
approval by the Plant Operations Review Committee (PORC). Extraction and moisture
separator reheater (MSR) drain non-return valves will be tested monthly. Additionally,
one or more of each valve type will be disassembled and inspected during outages with
all throttle and governor valves being disassembled and inspected initially at least once
every 39 operating months with the interval being reevaluated later if there are no
significant valve problems or defects. All of the remaining valves (reheat stop, reheat
intercept, and above non-return valves) will be disassembled and inspected at least
once every 60 operating months (once every three refueling cycles). If during the
inspection of one type of valve a problem or defect is noted, all similar valves will be
disassembled and inspected. These inspections will consist of detailed dimensional
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and related checks to assure that critical clearances and fits are maintained with the
manufacturer's recommendations.

The overspeed trip oil device which provides an interface between the autostop oil trip
system and the mechanical overspeed trip is tested at approximately monthly (Unit 2)
/ quarterly (Unit 1) intervals. This device utilizes high pressure oil to force the
overspeed trip weight outward against spring force until it strikes the trigger and
actuates an overspeed trip. The above test simulates an actual overspeed trip by
comparing the oil pressure at which the mechanism operates with previous test
readings. No steam admission or control valves are actuated which allows on-line
testing of this feature. This testing is also repeated following repair or adjustment to the
turbine electrohydraulic control system.

Additionally, during unit startup prior to synchronizing the unit, if the turbine remote and
overspeed trips have not been tested during the previous six months of operation, the
remote solenoid, the overspeed protection controller, the mechanical overspeed, and
the backup electrical overspeed trips will each be actuated to verify proper turbine and
valve action. If the unit operates continuously for periods longer than six months and
there have been no significant problems with the overspeed trip weight mechanism,
the above remote and overspeed tests will be deferred until the unit is shutdown and
performed during the subsequent startup. The remote solenoid and overspeed trip
tests will trip the turbine and close all throttle, governor, reheat intercept, and reheat
stop valves. The overspeed protection controller trip test includes verification of
closure of the turbine governor and reheat intercept valves.

The monthly (Unit 2) / quarterly (Unit 1) on-line test of the mechanical overspeed trip
device and the six month off-line test of the turbine remote and overspeed trips will not
be deferred for longer than 1.25 times the required test interval without the

performance of an engineering evaluation and the review and approval of the PORC.

Calibration and checks of TOPS overspeed protection circuits overspeed controller
and components (speed sensors, including OPC and electrical trip sensors, pressure
sensors, load sensors, reference signals, comparators, relays, solenoid valves, etc.) is
performed during each refueling outage (approximately once every 18 months) or
following major modifications or adjustments to this system. These calibrations and
checks can only be performed safely with the unit off-line.

10.2.3.6.3 Other Turbine Protection Features

There are other turbine protection features which serve to trip the turbine during
abnormal operation (see Section 10.2.4 for a list of mechanical and electrical turbine
trips). Inspections, tests, maintenance, and calibrations of these components will be
based on Siemens recommendations.

10.2.4 Evaluation

The following operational occurrences can be caused by operation of turbine,
generator, or distribution system protection equipment:
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(1) Turbine trip due to turbine abnormalities.

(2) Turbine trip due to generator abnormalities.

(3) Transients due to rapid load changes or system abnormalities.

Turbogenerator protective trips that will automatically trip the turbine due to turbine
(mechanical) and generator (electrical) abnormalities are tabulated below. Reactor trip
and AMSAC signals will also automatically trip the turbine.

()  Automatic Turbine Trips Due To Turbine (Mechanical) Abnormalities

(1)
(2)
(3)
(4)

(5

(6)
(7)
(8)
9)
(10)
(11)

Low Bearing Oil Pressure Trip
Low Vacuum Trip
High Thrust Bearing Wear Trip

Low Differential Water Pressure Across Generator Stator Coils Trip
(Alarm only below 15% power)

High Stator Coil Outlet Water Temperature Trip (Alarm only below 15%
power)

Low Auto Stop Oil Pressure Trip

111% Rated Speed Electrical Overspeed Trip
110% Rated Speed Mechanical Overspeed Trip
EHC dc Power Failure Trip

Loss of Both Main Feedwater Turbines Trip

Steam Generator High-High Level Trip

(l)  Automatic Turbine Trips Due To Generator (Electrical) Abnormalities

(1)
(2)
(3)
(4)
(5
(6)
(7)

Generator Differential Current Trip

Generator System Ground Fault Trip

Generator Time Overcurrent (Voltage Supervised) Trip
Generator Negative Sequence Trip

Generator Backup and Main Transformer Feeder Differential Trip
Generator Loss of Field Trip

Generator Over-volts per hertz trip

TURBINE-GENERATOR
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(8) Generator Reverse Power Trip

(9) Unit Station Service Transformer A Overcurrent Trip

(10) Unit Station Service Transformer B Overcurrent Trip

(11) Main Transformer Sudden Pressure Trip

(172) Main and Unit Station Service Transformers Differential Trip
(13) Unit 1, 500 kV Breaker Failure Trip

(14) Unit 1, 500 kV Bus 2 Differential Trip (trips both units if Bus 1 is
de—energized)

(15) Unit 2, 500 kV Breaker Failure Trip

(16) Unit 2, 500 kV Bus 1 Differential Trip (trips both units if Bus 2 is
de—energized)

(17) 1 and/or 2 Generator Breaker Open

The analyses of the consequences of the most severe of these events with respect to
reactor safety are discussed in Chapter 15.

There can be any number of component or system operational abnormalities that can
be postulated to produce a turbogenerator load transient. However, since the effects
of such abnormalities can be no worse than a turbine or generator trip, these
occurrences are not formally listed.

Any noble gas activity in the secondary system as well as the particulate activity
present due to moisture carryover from the steam generators enters the high pressure
turbine.

The subsequent activity entering the low pressure turbine is reduced due to the
moisture separation that occurs between the exit of the high pressure turbine and the
entrance to the low pressure turbines. Radiation monitors are installed to monitor
steam generator blowdown and condenser vacuum pump exhaust flows for particulate
and airborne radioactivity. Details of the radiological evaluation of the condenser
evacuation system are contained in Chapter 11.

Activity levels in the turbine are expected to be very low and all necessary shielding is
provided by the piping, turbine casing, and other components. If any additional
shielding is required in local areas, it will be provided so that unlimited access to the
turbine area is possible. Shielding design is discussed further in Section 12.3.2.

The main steam stop (throttle) and control (governor) and reheat stop and interceptor
valves are capable of fast closure upon receipt of a closure signal. Each of the four
throttle valves is arranged with a paired governor valve and each of the six reheat stop
valves is arranged in series with an interceptor valve.
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If the turbine unit should overspeed, the overspeed protection controller (OPC) will
open two solenoid valves (FSV-47-26A and FSV-47-26B) and dump the control fluid
from the control and interceptor valves (causing the valves to rapidly close) at 103% of
rated turbine speed. If the turbine speed should continue to increase to 110%, the
mechanical overspeed trip mechanism will actuate a hydraulic dump valve which
dumps autostop oil to drain. Depressurization of the autostop oil system then causes
FCV-47-27 to open and depressurize both the stop and control valve emergency trip
fluid systems which causes all control, stop, reheat stop, and interceptor valves to trip
close (see Figure 10.2-3). Concurrently with the above trip fluid action, an
independent, redundant electrical trip signal is also generated when the autostop oil
system is depressurized which energizes FSV-47-24 and FSV-47-27 to independently
depressurize both the stop and control valve emergency trip fluid systems and thus
cause all of the above steam valves to trip closed (See Figure 10.2-1). In addition to
the above mechanical overspeed trip, an independent electrical overspeed trip will also
energize both of the above solenoid valves (FSV-47-24 and FSV-47-27) at 111% of
rated speed to depressurize the autostop oil, and the stop valve emergency trip fluid,
and thus trip all of the above steam valves closed.

Redundancy in the overspeed protection system is assured by independent
mechanical and electrical overspeed trips, a separate overspeed controller, redundant
electrical trip circuitry, serial and parallel trip fluid systems, and double isolation in the
steam systems. A single failure will not prevent the overspeed protection system from
tripping the turbine. Since the electrical and mechanical overspeed trips are
independent, only one of these trips needs to function to trip the turbine. The electrical
trip circuitry and the trip fluid systems are designed such that if the single failure
occurred in these systems, the overspeed protection system will still perform its
intended function. Isolation of either the stop valves or control valves upstream of the
high pressure turbine and of either the reheat stop valves or intercept valves upstream
of the low pressure turbines will prevent steam from entering the turbine and,
consequently, limit the overspeed to within the acceptable range. Therefore, the single
failure of a steam valve or any other component in the overspeed protection system
will have no effect on the overspeed protection system performing its intended
protection function.

A turbine trip signal also generates an electrical trip signal which deenergizes the
solenoid dump valves on the power assist non-return valves in the Number 1, 2, 3, and
4 extraction lines and the MSR drain lines. When the above solenoid dump valves are
deenergized, a quick exhauster vents the air from the power assist non-return valve
cylinder allowing a spring loaded piston to provide positive force to close the above
non-return valves. Concurrently, the above turbine trip signal also activates a fluid
operated air pilot valve, XDV-47-27 (see Figure 10.2-3). If the above solenoid dump
valves fail to deenergize, this valve (XDV-47-27) will vent the air from the non-return
valve cylinders causing the non-return valves to close. In either of the above cases,
the non-return valves will close prior to flow reversal occurring in these extraction and
MSR drain lines. Consequently, the above heaters and MSR drains cannot 'flash
back' and cause or significantly contribute to a turbine overspeed situation.
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Since heaters 5, 6, and 7 are located in the condenser neck, physical piping
arrangements and economic considerations prohibit the use of non-return valves in
these extraction lines. However, anti-flash baffles in the heater shells (sized in
accordance with the turbine manufacturer's recommendations) restrict the reverse flow
from these heaters to a sufficiently low flow so that it cannot adversely affect turbine
overspeed or thermally shock the LP turbine.

REFERENCES

(1) None
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Figure 10.2-2 Powerhouse Unit 1 Electrical Control Diagram Turbo-Generator Cont System
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