
10.2 TURBINE GENERATOR 

10.2.1 Design Bases 

The Steam and Power Conversion System is designed to convert the heat produced 
in the reactor to electrical energy. Heat absorbed by the Reactor Coolant 
System (RCS) is transferred to the feedwater in four steam generators. The 
Feedwater System provides sufficient feedwater flow to the four steam 
generators where removal of heat from the RCS results in sufficient steam 
formation to drive the turbine units as follows: 

Plant PEPSE) 
Gross Output, MWe 

Net Output, MWe 

(Power 
Plant PEPSE) 

* 

Gross Output, MWe 
Anticipated Net Output, MWe 

1214 
1195 

1234 
1215 

1225 
1213 

1249 
1237 

* 

Generator output is limited to 1232 MWe per Artificial Island Operating 
Guidelines and Documents A-5-500-EEE-1686. 

10.2.2 System 

10.2.2.1 

The turbine is a four-casing, tandem-compound, six flow exhaust, 1800 rpm unit. 
The Unit 1 last stage blades are 46 inches long. The Unit 2 last stage blades 

are 47 inches long. The turbine shaft is directly connected to the ac 
generator. A brushless exciter (Unit 1) or alternator-exciter (Unit 2) is 

The is hydrogen cooled with water-cooled coupled to the 
stator windings. It is rated at 1, 300, 000 KVA at 7 5 hydrogen pressure, 
0 . 90 PF, 0. 4 8 SCR, 3 60 cps, 25 KV, and 1800 rpm. Generator 

rise, and insulation class are in accordance with the latest ANSI 
standards. 

The voltage regulator has automatic and manual controllers. The 
automatically transfers to manual regulation upon an automatic controller 

problem or circuit initiation. 
to manual regulation, the voltage 
regulation when available. 
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The turbine consists of one double-flow high pressure (HP) element in tandem 
with three double-flow low pressure (LP) elements. Moisture separation and two 
stage reheating of the steam is provided between the HP and LP elements 
utilizing six horizontal-axis, cylindrical-shell, combined moisture separator-
reheater assemblies. Three of these assemblies are located on each side of the 
LP turbine elements. 

Additional moisture removal is accomplished inside the turbine by use of blades 
constructed with slingers. The slingers direct the moisture radially to the 
turbine casing drain passages. 

A diagram of the Lubricating Oil System is shown on Plant Drawing 205218. The 
turbine generator bearings are lubricated by a conventional oil system. The 
main lubricating oil pump, a centrifugal volute type, is mounted on the end of 
the turbine shaft and supplies all of the lubricating oil requirements for the 
Lubrication System during normal operation. The ac rnotor-dri ven auxiliary 
centrifugal lubricating oil pump supplies bearing oil when operating the unit 
on turning gear during startup and shutdown. The de rnotor-dri ven emergency 
lubricating oil pump operates in the event of loss of ac power or failure of 
the ac rnotor-dri ven pump, to protect the turbine generator bearings during 
coastdown. The hydraulic lift pump supplies a small quantity of high pressure 
oil to selected turbine bearings during startup. The seal oil backup pump 
provides oil to the Hydrogen Seal System upon loss of the seal oil pump in the 
Hydrogen Seal System. Part of the oil in the reservoir is continuously 
bypassed to an oil purification system. Lubricating oil is received in the 
makeup tank and is pumped by the positive displacement pump to either the 
lubricating oil storage tanks, reservoir or lubricating oil purifier. 

10.2.2.2 Stearn Cycle 

Stearn from each of the four steam generators supplies the tandem-compound 
turbine generator unit. The steam enters the HP 
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turbine through four stop valves and four governor control valves. One stop 

valve and one control valve form a single assembly. After expanding through 

the HP turbine, steam flows through moisture separators and two-stage reheaters 
to three LP turbines. A stop valve and an intercept valve are provided at the 

discharge of each moisture separator-reheater. 

feedwater heating are provided. 

Six stages of extraction for 

Stearn from the exhaust of the HP turbine element enters each moisture 

separator-reheater assembly at one end. Internal manifolds in the lower 
section distribute the wet steam. The steam then rises through chevron plate 

moisture separators where the moisture is removed and drained to a drain tank 

from which it is pumped to the main feed pump suction. The steam leaving the 
chevron plate separators flows over two tube bundles where it is reheated in 

two stages. The moisture separator-reheater of the Stearn and Drains System is 

shown diagrammatically on Plant Drawings 205245 and 205345. This reheated steam 
leaves through nozzles in the top of the assemblies and flows to the LP 

turbines through a stop valve and an interceptor valve located in each reheated 

steam line. Two moisture separator-reheater assemblies furnish steam to each 
of the three LP turbines. The first stage bundle in the reheater is supplied 

with extraction steam from the HP turbine and the second stage tube bundle is 

supplied with main steam (steam generator outlet). The heating steam condenses 
in the tubes and the condensate from both reheaters flows to the HP feedwater 

heater. 

10.2.2.3 Turbine Electro-Hydraulic Control System 

The turbine is equipped with an Electro-Hydraulic Control System to control 
turbine valve movement. The system regulates turbine speed prior to the time 

that the generator is synchronized and controls unit output when the generator 

is connected to the power grid. 
of steam through the turbine. 
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The cont.rol of the main steam at the turbine inlet is accomplished through the 
use of four stop valves and four control valves. 

A hydraulic actuator controls each stop valve so that it is either in the fully 
open or fully closed position. The prime function of these stop valves is to 
shut off the flow of steam to the turbine. The stop valves are closed 
immediately by actuation of trip devices (see Section 10.2. 2. 4 below), which 
are independent of the controller. 

The turbine control valves are positioned by a servo-c:.Ictualor which rcc-~sponds to 
a signal from the cont.roller. 'l'he controller signal po.si tions the control 

valves for wide-range speed control during startup and for load control after 
the unit is synchronized on the grid. 

1~he reheat stop valves and the reheat interceptor valves control the flow of 
steam to the LP sections of the turbine. These valves are closed immediately 
by actuation of the emergency trip devices. 

Overspeed Protection Controller (OPC) is a turbine trip. See 10.2.2.4. 

10.2.2.4 Turbine Protection 

The following protective devj.ces are independent of the electronic controller 
and, when initiated, will cause tripping of all turbine valves: 

1. Mechanical overspeed trip 

2. Low bearing oil pressure trip 

3. Low vacuum trip 

tJ. Thrust bearing trip 
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5. Electrical solenoid trip actuated by: 

a. Reactor trip 
b. Generator electrical trips 
c. Manual trip from Control Room 
d. Loss of electro-hydraulic system control voltage 
e. EHC Overspeed Setpoint (108% or 110%) 
f. Loss of EHC speed signals 
g. Fail to accelerate signals 
h. EHC Power Up 
i. Load Drop Anticipator (LDA) 

6. Manual trip lever located at the turbine 

7. Loss of primary/secondary 24 V de power 

8. High-high steam generator water level or safety injection 

9. Overspeed Protection Controller (OPC) solenoids actuated by: 
a. EHC Overspeed Setpoint (108%) 
b. Load Drop Anticipator (LDA) 

The mechanical overspeed trip mechanism consists of an eccentric weight mounted 
on the end of the turbine shaft, which is balanced in position by a spring 
until the speed reaches approximately 108 percent of rated speed. Centrifugal 
force then overcomes the spring force and the weight flies out striking a 
trigger which actuates the overspeed trip valve and releases the protection 
system fluid (autostop oil) to drain. The resulting decrease in autos top 
pressure causes the governor emergency trip valve to dump the hydraulic fluid 
to a drain, thereby closing the turbine stop and control valves and the reheat 
stop and interceptor valves. 

The autostop dump valve is also tripped when any one of the previously 
mentioned protective devices is actuated. 

In addition to these devices, other protective features of the Turbine and 
Stearn System are: 

1. Turbine trip following a reactor trip 

2. Automatic load runback initiated by overpower or overternperature ~T 

3. MSIV in each steam generator steam line 

4. Safety and relief valves in each steam generator steam line 

5. Safety valves mounted on the moisture separator-reheater vessels 
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6. Extraction line nonreturn valves 

7. Automatic load runback initiated by generator stator water turbine 
runback (Unit 2). 

8. Automatic load runback initiated by main feedwater pump trip. 

A trip of the turbine generator, when unit load is than a 
limit, initiates a reactor trip to prevent excessive reactor coolant 

temperature and pressure. 

Automatic turbine load runback is initiated by an approach to an overpower or 

overtemperature condition. 

lead to an overpower or 

Thls will prevent high power which might 

~T 

For Unit 2, an automatic turbine load runback can also be initiated by an input 

from the stator water turbine runback schemes. Generator runback is 

initiated by 2 out of 3 logic for low water pressure, 2 out of 3 for 

outlet water 

2 out of 3 
, 2 out of 3 for low stator winding water flow or 

for low bushing water flow when the No. 2 voltage is 

in the automatic for runback condition. Stator current is monitored 

during this runback. Stator current must less than 79% of rated load at the 

2 minute mark and less than 23% of rated load at the 3.5 minute mark or a main 

turbine 

winding. 

will be initiated. This will prevent to the Generator 

An automatic turbine load, runback can also be initiated by a 

main feedwater pump when turbine power is greater than 69%. 
of either 

The extraction nonreturn valves are closed through an air pilot valve which is 

actuated by the loss of autostop oil pressure when the turbine generator is 

tripped. 

Overspeed Protection Control (OPC) is a turbine See 10.2.2.4. 

To prevent damage to the turbine due to the generator motoring, an 
electrical reverse power device interlocked with the turbine trip signal is 
incorporated. This protective measure ensures that the turbine is 
before the generator circuit breakers are open, and provides the 30 seconds 
delay between the turbine trip and the upon detection of 

condition. 
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10.2.2.5 Instrumentation 

Instrumentation is provided to continuously monitor and/or alarm such turbine 
generator parameters as the following: 

1. Generator load 
2. Shaft vibration at bearings 
3. Shaft eccentricity 
4. Shell expansion 
5. Differential expansion between turbine shell and rotor 
6. Turbine speed 
7. Turbine casing temperatures 
8. Bearing temperatures 
9. Hydrogen gas and stator cooling water temperatures 
10. Generator frequency 
11. Exhaust hood temperature 
12. Condenser vacuum 
13. Stator winding temperatures 
14. Hydrogen pressure and purity 
15. Bearing lube oil and hydraulic oil pressure 

10.2.2.6 TURBINE OVERSPEED PROTECTION 

Turbine Overspeed Protection is provided to protect the turbine from excessive 
overspeed1 and is required since excessive overspeed of the turbine could 
generate potentially damaging missiles, which could impact and damage safety-
related components, equipment or structures. The overspeed protection 
instrumentation consists of five solenoid valves and one trip mechanism, which 
can be grouped into three independent systems. These are: 

1. Mechanical Overspeed Trip 

The mechanical overspeed trip valve will dump the autostop oil. The dump of 
the autos top oil will open the oil operated interface valve to dump the 
emergency electro-hydraulic trip fluid. 

2. Electrical Overspeed Trip 

The electrically sensed overspeed will trip two solenoid valves in the 
turbine trip regular circuit, either of which will dump the autostop oil. 
Also, it will trip one solenoid in the turbine trip backup circuit, which I 
will dump the emergency trip header. The dump of the autostop oil will open 
the oil operated interface valve to dump the emergency electro-hydraulic 
trip fluid. The solenoid valves associated with the electrical overspeed 
are also energized by the various generator protection trips. 
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The dump of the autostop oil will actuate a solenoid to dump the emergency 
elec·tro-hydraulic trip fluid. This solenoid serves as a backup for both the 
mechanical and electrical overspeed trips. The backup solenoid is also 
energized by the various generator protection trips. 

When the F.HC controller receives an input (Auto Stop Oil Pressure Low or 4 I 4 

stop valvc,:s closed) that the turbine has been tripped by some external 
means, it l:oo will issue a turbine trip in order to put the system in a 
tripped state. 

3. Overspeed ProtectJ.on Controller 

E::i.ther of the two overspeed protection control solenoid dump 
valves will dump the control electro-hydraulic trip fluid from the main 
steam governor and stop valves and the reheat intercept valves and stop 
valves, resulting in a turbine trip. 

Limiting Condition for Operation 

a. At least one lm~bine over speed protection system shall be operable in Modes 

l, 2 and 3. 

With one stop valve~ or one control valve per h:i.gh pressure turbine steam 
lead inoperable and/or with one reheat stop valve or one reheat intercept 
valve per low pressure turbine steam lead inoperable, it is necessary to 
restore the inoperable valve(s} to operable status within 72 hours or close 
at least one valve in the affected steam lead; otherwise isolate the turbine 
from the steam supply within the next six hours. 

b. With the above required turbine overspeed protection system otherwise 
inoperable, within six hours either restore the system to operable status or 
isolate the turbine :from the steam supply. 
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Surveillance Requirements 

a. Each of the following valves in the Turbine Overspeed Protection System must 
be demonstrated operable by the direct observation of movement through at 
least one complete cycle from running position: 

Four high-pressure turbine stop valves 

Four high-pressure turbine control valves 
Six low-pressure hot reheat stop valves 
Six low-pressure hot reheat intercept valves 

b. The operability testing shall be performed for each of the following 
conditions~ 

1. Prior to admitting steam to the turbine during each startup unless 
performed within the past seven days, unless the requirements have been 
met by one of the following within the past seven days: 

• For a planned turbine trip, the requirements may be satisfied by direct 
visual inspection of each valve during the trip, or 

• For an unplanned shutdown, the requirements may be satisfied by visual 
inspection of each turbine valve shortly after the trip. 

2. Following a startup, within 24 hrs. of attaining manufacturer's 
recommended power level for performing Turbine Valve Testing. 

3, At a frequency not to exceed six months. 

Note: The above valves are to be tested at a frequency and methodology 
consistent with that presented in WCAP-11525, "Probabilistic Evaluation of 
Reduction in Turbine Valve Testing Frequency" and WCAP-16054-P, "Probabilistic 
Analysis Of Reduction In Turbine Valve Tes.t Frequency For Nuclear Plants With 
Siemens-Westinghouse BB-95/96 Turbines," dated April, 2003, and in accordance 
with the established NRC acceptance criteria for the probability of a missile 
ejection incident of l.OE-5 per year, in no case shall the test interval for 
the above valves exceed six months. 

c. The Turbine Overspeed Protection System shall be demonstrated operable: 

1. at least once every 18 months by performance of a channel calibration on 
the Turbine Overspeed Protection Systems, and 

2. at least one of the above valves shall be disassembled each 40 months to 
perform a visual and surface inspection of the valve seats, disks, and 
stems to verify no unacceptable flaws or corrosion. If unacceptable 
flaws or excessive corrosion are found, all other valves of that type 
shall be inspected. 
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d. The Turbine Overspeed Protection System test frequency must also be verified 

such that the testing frequency maintains the probability of a missile 

ejection incident within NRC guidelines. This verification must be 

accomplished every two refueling outages or after modifications to the main 

turbine or turbine overspeed protection valves. 

10.2.3 Turbine Missiles 

The subject of turbine missile characteristics, probability of occurrence and 

protection of essential safety equipment is covered in Section 3.5. 

Section 3. 5 also deals with characteristics of the turbine discs, blades 1 and 

rot01:s as they relate to the subject of turbine missile formation. 

10.?..4 Evaluation 

Automatic control actions, alarms and trips ar:e initiated by deviations of 

system variables from preset values. In every instance automatic control 

functions are programmed such that appropriate corrective action is taken to 

protect the RCS as well as the Steam and Power Conversion Systems. 

10.2.5 Turbine Generator Test and Inspection 

10. 2. 5. 1 'l'urbine Genera tor Mon:L taring 

Each turbine generator is equipped with supervisory instrumentation that 

monitor such variables as pressure, temperatures, flows, speed, vibration, 
eccentricity, rotor position, casing differential and rotating differential 

expansion. In the event that abnormal readings are being receiv(~d, 

investigations will be made to ascertain the cause of the abnormal readin9s 

and, if necessary, the unit will be shut down. Investigations made may consist 

of nondestructive tests, such as visual 1 magnetic particle, liquid penetrant, 

ultrasonic and radiographic, where deemed possible. 

Periodic inspections will be made as recommended by the turbine generator 

manufacturer. 
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Detectable flaws will be evaluated by both the turbine generator 
manufacturer's and owner's technical staff to determine the 
severity of removal and repair of the flaw. Relationship to the 
critical flaw size is a part of this evaluation. 

10.2.5.2 Turbine Generator Inspection and Repair 

Base loaded units are usually operated for a number of years 
between overhauls, unless operating parameters (such as unusual 
vibration, pressure and temperature variations throughout the 
steam path, or bearing temperature indications) indicate the need 
for an earlier inspection. The outline of typical procedures for 
performing turbine and generator repair and inspection is provided 
below. 

If any crack is found in the blading, the blade must either be 
replaced or cut off in the cracked section or at the blade root 
section. 

Depending upon the physical arrangement of the blading and the 
contour surfaces that are to be inspected, any of the following 
nondestructive techniques might be used: visual magnaflux, 
magnaglo, liquid penetrant, or ultrasonic. 

10.2.5.3 Outline of Typical Procedures for Turbine and Generator 
Repair and Inspection 

Prior to Outage 

The following would be performed prior to shutting down the unit: 

1. Stop and control valves shall be exercised. 

2. Readings shall be taken of temperatures and pressures on 
oil, water, steam and hydrogen systems. 

3. Inspection of operating equipment will be performed. 
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Outage 

Competent personnel would maintain schedules of the work to be 

performed on the turbine generator unit, which would include 

required replacement parts, rigging requirements, tools, special 

services (such as air, electric power, etc.). Schedules would 

also be maintained for disassembly of component sections of the 

unit, such as lagging, cylinder and pedestal covers, piping, 

thermocouples, wiring, etc. Coupling alignments would be checked 

prior to complete disassembly. Axial and radial clearances would 

also be checked. 

Inspection would be made of pedestals, oil reservoir, seals, 

rotors, blading, journals, thrust collars, bearings, spindle, 

support keys, nozzle blocks, bolting, oil pumps, turning gear, 

lift pumps, stop and control valves, steam strainers, joints, 

castings and forgings, cylinder and blade rings and diaphragms. 

Grout under the pedestals would also be inspected. Inspection 

would also be made of generator parts such as windings, retaining 

rings, stud assemblies, slot coils, end winding coils, hydrogen 

ventilating systems, core and magnetic end shields, bushings, 

gland seal rings, bearings, blower blades and hydrogen coolers. 

Such inspections could result in replacements, adjustments, 

machining, cleaning, realignment, nondestructive testing, etc., as 

deemed necessary prior to assembly of each part. Various 

measurements would be made of journal and bearing bores. 

Overspeed mechanism would be exercised by hand. Balance weight 

holes would be checked. Weight locations would be recorded. 

Electrical tests would be made as deemed necessary. Such tests 

would include air leakage, insulation resistance, impedance and 

overpotential tests. In addition to visual inspection of 

components, nondestructive testing of field retaining rings and 

blower blades would be conducted as deemed necessary. 
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The following equipment associated with the turbine generator unit would be 
inspected, cleaned, repaired when necessary, and tested in cooperation with the 
manufacturer: 

1. Brushless Excitation System 

2. E-H Control System 

3. Lubrication System 

4. Gland Stearn Supply and Exhaust System 

5. Seal Oil and Hydrogen Gas System 

6. Supervisory instruments 

7. Protective devices 

Records of significant changes, additions, replacements, deviations would be 
maintained during reassembly of the turbine generator unit. Reassembly of the 
unit would be in accordance with the manufacturer's accepted practices. 

10.2.6 Hydrogen Supply 

Three banks of storage tubes supply hydrogen through pressure reducing stations 
to a header, which is pipe sleeve protected. The header is run underground 
into the Turbine Building. Within the building, the header divides to supply 
hydrogen to each generator through individual pressure regulators. An 
emergency header supplies hydrogen individually to each generator through a 
pressure reducing station. 

Hydrogen storage tubes are located in the yard on a concrete pad. The ground 
is covered with crushed stone. The Hydrogen Supply System is shown on Plant 
Drawing 205220. 
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The following protective measures are used to prevent fires and explosions: 

1. Carbon dioxide is used as an intermediate gas when changing from 
hydrogen to air or air to hydrogen. 

2. Each generator is vented when changing from one gas to another. 

3. Gas changing operations are performed with the generator at standstill 
or on turning gear. 

4. For Unit 1, a line blind flange, in individual hydrogen piping to the 
generator, is placed in the blind position to isolate the generator 
from the hydrogen supply whenever hydrogen is not needed in the 
generator. For Unit 2, a spool piece is removed from the hydrogen 
supply line and blank flanges are installed to isolate the generator 
from the hydrogen supply whenever hydrogen is not needed in the 
generator. 

10.2.7 Turbine Auxiliaries Cooling System 

The Turbine Auxiliaries Cooling System, shown on Plant Drawing 205210, provides 
the cooling water for the following turbine generator auxiliary components: 

1. Generator hydrogen coolers 

2. Generator stator water coolers 

3. Generator exciter coolers 

4. Generator seal oil coolers 

5. Turbine electro-hydraulic control fluid coolers 

6. Gland seal steam condenser 

7. Main bus air cooler 
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8. Feedwater sample coolers 

9. Bleed steam coil drain pump mechanical seal coolers 

10. Heater drain pump stuffing box water jacket 

11. Condensate and heater drain pump motor upper/lower 
bearing coolers 

12. Bleed steam coil drain tank pump lube oil coolers 

13. Vacuum pump seal water coolers 

The system consists of a single closed loop employing condensate 
quality water as a coolant with the following major components: 

1. Makeup and expansion tank 

2. Main heat exchangers 

3. Pumps 

The pumps are used to circulate the coolant through the shell side 
of the main heat exchangers where its heat is given up to service 
water on the tube side. The tank provides a makeup water source 
for the system from the main condensate cycle. 
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