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Question No. 10.02-2 
 
GDC 4 requires, in part, that SSCs important to safety be “appropriately protected against 
dynamic effects, including the effects of missiles …” According to SRP 10.2, the requirements of 
GDC 4 are met by the provision of an emergency turbine over-speed protection system (with 
suitable redundancy and diversity) to minimize the probability of generation of the turbine 
missiles. SRP, 10.2 further specifies that a mechanical overspeed trip device will actuate the 
control, stop, and intercept valves to close at approximately 111 percent of rated speed. The 
SRP also specifies that an independent and redundant backup electric overspeed trip device 
should actuate to close the control, stop, and intercept valves at approximately 112 percent of 
the turbine rated speed.  
 
DCD Tier 2, Section 10.2.2.3 indicates there are the two electrical overspeed control systems: 
TCS (for normal conditions) and EOST (for emergency conditions). Both systems have 
dedicated triple-redundant speed sensors and are independent of each other, with separate 
processors and input/output modules. For each system, control signals are processed in 
redundant microprocessors, and these trip controllers are separate from each other. 
 
While reviewing DCD Tier 2, Section 10.2, and the staff could not find any information on how 
these overspeed trips are performed and what components and subsystems are used in 
implementing these overspeed trip systems. Also missing is a description on how the turbine 
steam inlet valves and associated hydraulic fluid systems and solenoid valves function in 
tripping the turbine. Furthermore, there is no description on whether there are any fail-safe 
conditions. 
 
In order to conform to the GDC 4 criteria, as it relates to minimizing the probability of generation 
of turbine missiles, the staff finds that the following additional information is needed to establish 
the redundancy, independency, and diversity, and single failure considerations of the TG 
overspeed protection systems EOST and the MOST. 
 
The applicant is requested to: 



 
1) Identify the turbine-generator control and overspeed protection systems 
 
2) Provide electrical schematics and logic diagrams for the T/G control and overspeed 

protection systems, from the speed sensors to the Terminal Block, which is an interface 
between overspeed speed control and hydraulic/pneumatic fluid systems. Also, provide a 
detailed description of the overspeed Terminal Block and how it meets the single failure 
criteria described in SRP Section 10.2.III, Item 2A. 

 
3) Provide a detailed functional performance description of the control and fluid systems in 

conjunction with the schematics in preventing the turbine overspeed. Further, describe how 
these overspeed systems conform to the above SRP guidance and meet the redundancy and 
independency considerations. 

 
4) Address adequately with full justification how the APR1400 T/G subsystems and components 

meet the single failure considerations as described in SRP acceptance criteria 
Subsection10.2.II, Item 1.A. 

 
5) Address the locations of the power sources for TGCS and EOST and whether they are 

isolated from and independent of each other. 
 
 
Response – (Rev.1) 
 
The APR1400 DCD specifies functional requirements for a turbine generator control system in 
lieu of describing an existing design. Providing a description of the control system architecture 
without detailed drawings will allow the COL applicant to select the optimum design from a plant 
safety and reliability perspective considering the latest regulatory and industry guidance.  Since 
continued evolution of turbine control and overspeed protection systems will occur over the 
several years before a COL applicant chooses a design, providing schematics and detailed 
descriptions as part of the DCD is undesirable to avoid disincentives to the COL applicant 
choosing an improved design. The design, control architecture, and functional requirements 
described in the DCD will meet regulatory requirements and provide high assurance that the 
TGCS and overspeed protection systems will prevent damaging turbine overspeed events 
through redundancy, independence, separation, diversity, testability, etc.  Specifically:   
 
1) All overspeed trips are accomplished by spring-driven closure of the turbine steam valves 

(i.e., MSVs, ISVs, CVs, and IVs) by dumping hydraulic control oil pressure that holds the 
valves open during turbine operation.  Three different subsystems that use different trip 
mechanisms respond to a potential overspeed condition, one is part of the normal TGCS 
while the other two make up the Emergency Trip System (ETS).  The turbine-generator 
control and overspeed protection systems are: 

a. Normal control system – the TGCS uses three redundant speed sensor inputs to 
three redundant control processors with 2-out-of-3 voting to initiate a turbine trip.  
Upon sensing a turbine speed equal to greater than approximately 103%, the 
controllers actuate redundant relays that actuate fast-acting solenoid valves in each 
turbine steam valve actuator.  Opening the solenoid valves results in the loss of 
EHC hydraulic pressure in the dump valve of the main steam valve mechanical 
actuator.  This causes the main steam valve to rapidly close by spring force. 



b. Mechanical overspeed trip system (MOTS) – A turbine shaft rotational speed in 
excess of approximately 110% results in the movement of mechanical linkages that 
actuate the mechanical trip valve in the turbine front standard to drain hydraulic 
control oil.  A loss of electrical power to the manual emergency trip results in 
movement of a mechanical trip solenoid that similarly results in actuation of the 
mechanical linkage of the system and draining of hydraulic control oil. The loss of 
hydraulic oil pressure results in the loss of pressure in the main steam valve 
actuators, which causes them to close by spring force and isolate steam flow to the 
turbine.   

c. Electrical overspeed trip system (EOTS) – three redundant magnetic speed sensors 
(independent and diverse from those of the TGCS) with 2-out-of-3 voting performed 
independently in a primary and a backup unit or loss of power open a valve in the 
turbine front standard to drain hydraulic control oil.  The loss of hydraulic oil 
pressure results in the loss of pressure in the main steam turbine valve actuators, 
which causes them to close by spring force and isolate steam flow to the turbine.   

 
The MOTS and EOTS are part of the ETS.  See discussion of ETS below and 
Subsection 10.2.2.3.3 of DCD. 

 
When the ETS is activated, it overrides all operating signals and trips all turbine steam 
valves. The extraction non-return valves also close by venting air through the relay dump 
valve, allowing spring force and steam pressure to cause them to close. 
 

2) As noted above, in absence of a specific turbine design, the DCD specifies functional 
requirements and describes the overarching architecture in lieu of electrical schematics and 
logic diagrams.  A COL item is established to ensure the COL applicant provides these 
details once a turbine design has been selected.  To facilitate understanding of the 
functional requirements imposed by the DCD on selection of a turbine control and 
overspeed protection system, Figure 10.2.2-2 will be added to the DCD and is shown in the 
attached markup. 
 
Similarly, since the overspeed protection terminal block is part of detailed design, functional 
requirements are identified to ensure the design specific selected by the COL applicant is 
satisfactory.  The provisions to cope with any single failure are discussed in parts 3) and 4) 
below.   
 

3) This part provides a detailed functional performance description of the TGCS and ETS, 
which is comprised of the MOTS and EOTS.  How the design principles of redundancy, 
independence, diversity, etc. are met is discussed in part 4) below. 
   
a. Redundant, in-series turbine steam valves are used on each line admitting steam to the 

high and low pressure turbines.  These are the MSVs and CVs for the high pressure 
turbine, and the ISV and IVs for the low pressure turbines.  Each of these valves fail 
closed (held open by hydraulic control oil pressure maintained by a closed dump valve). 
    

b. Closure of the turbine steam valves is accomplished by draining hydraulic control oil 
holding the dump valves closed, allowing the springs to shut each steam valve. 

    
c. Draining hydraulic control oil from the MSVs and ISVs is accomplished by activating any 

of the three overspeed trips discussed in part 1) above.  Specifically: 



  
i. Normal control system – receipt of a valid trip energizes the solenoid operated fast-

acting valves, which drain off hydraulic control oil from each dump valve. 
ii. MOTS – movement of mechanical linkages repositions the mechanical trip valve, 

draining hydraulic control oil.  A trip can occur for any of the following reasons: 
a) Mechanical (i.e., rotating inertia increasing due to rising rotational speed) 

turbine trip that moves the trip linkages 
b) Manual trip activation at the turbine front standard by de-energizing a solenoid 

that moves the trip linkages 
c) Emergency manual trip activation from the control room by de-energizing a 

solenoid that moves the trip linkages   
iii. EOTS – trip signals are processed by both a primary and backup unit to determine 

trip validity based on 2 of 3 voting, either of which then opens the master trip valve.  
This allows the master trip valve to reposition due to spring force, draining hydraulic 
control oil. 
  

d. Draining hydraulic control oil from the CVs and IVs is accomplished when draining of 
hydraulic control oil pressure described in c. above also allows a spring to reposition a 
valve, which drains hydraulic control oil from the separate CV/IV header.  
    

e. An extraction relay dump valve under normal operating conditions aligns the incoming 
instrument air supply to the operators of air-assisted, spring-closed, non-return valves in 
the higher-pressure extraction lines to hold them open.  The non-return check valves 
close rapidly on turbine trip when the extraction relay dump valve vents air.  Their 
typical characteristics and closure times are provided in Table 10.2.2-2, but the number 
of valves, required close time, and detailed design will be in accordance with the turbine 
manufacturer’s requirements and the requirements of ANSI/ASME TDP-1-1998.  
Although held open by air, the valve closes as a non-actuated swing check valve.  The 
design allows periodic trip confirmation.  
  

f. The balance of the hydraulic control oil system must fulfill the following requirements: 
  

i. Drains - Control oil from the valve actuators is collected in two stainless steel drain 
headers. There is one header for the MSVs (ISVs for low pressure turbines) and one 
for the CVs (IVs). These two headers drain to the hydraulic power unit reservoir 
through a common drain line.  The drain headers are sized to handle the maximum 
hydraulic control oil flow requirements, maintaining the required valve stroke times, 
and are sloped to drain to the reservoir. 

ii. Failure of the hydraulic piping between the trip block and the valve actuator, or 
between the hydraulic fluid tank and the valve actuator will cause a loss of fluid 
pressure, which closes the turbine steam valves. 

iii. The hydraulic fluid in the trip and overspeed protection control headers is 
independent of the bearing lubrication system to minimize the potential for 
contamination of the fluid.  

 
4) The fundamental design principles are met as follows: 

  
a. Diversity –  

i. A purely mechanical overspeed trip is available in conjunction with the normal 



control and electrical overspeed trips.  The mechanical trip valve does not depend 
on availability of electric power (power is required to keep the mechanical trip 
solenoid valve energized to prevent the manual trip valve from draining hydraulic 
control oil). 

ii. The TGCS and EOTS use diverse speed inputs, determine trip validity using 
different technology, have different set points, and actuate to drain hydraulic control 
oil, to eliminate common cause failures from rendering the trip functions inoperable.  
The MOTS senses speed via physical repositioning of an eccentric weight, rather 
than counting rotations per unit time. 
  

b. Separation 
i. The ETS valves are located in the turbine front standard out of the way of turbine 

missiles and high pressure steam lines, whereas the TGCS solenoid-operated fast-
acting valves are part of the main steam valve actuators. 

ii. The TGCS overspeed trip controllers and the EOTS primary and backup processors 
are located in different instrument cabinets.   

iii. Hydraulic control oil drain headers for MSVs and CVs and for ISVs and IVs are 
separate and separated on opposite sides of the turbines.  
   

c. Redundancy –  
i. Each turbine steam inlet line has two valves (e.g., MSV and CV for high pressure 

turbine); closure of any one in each pair isolates that line.  
ii. Failure of any one component in overspeed protection systems will not prevent a 

turbine trip. 
  

d. Independence –  
i. The normal control overspeed system, EOTS, and MOTS each determine turbine 

speed using independent means: normal speed sensors using a technology other 
than magnetic, passive magnetic speed sensors, and rotational acceleration 
(“centrifugal force”). 

ii. A failure of one of the overspeed protection systems will not propagate to the others 
because they are electrically isolated and physically separated.  

iii. Closure or lack of closure of one of the series turbine steam valves (e.g., MSV and 
CV) will not prevent the other valve from closing within its timing requirements to 
prevent overspeed.  
  

e. Single failure criterion – single failures are addressed through redundancy and 
independence, but additionally: 

i. No single failure will cause a turbine to overspeed.  This feature is desirable since 
the best way to protect for an overspeed is to designate TGCS features that assure 
no single failure can initiate the transient. 
  

f. Fail safe –  
i. Upon loss of power, valves transition to positions where hydraulic control oil is 

drained, tripping shut all turbine steam valves. 
ii. If a speed sensor fails, it is removed from the voting logic, leaving two out of two trip 

logic.  If two speed sensors fail, a turbine trip is initiated. 
iii. Relays that provide the interface between the TGCS and the EOTS controllers and 

the valves of the hydraulic control and protection systems fail in a failsafe position 
on a loss of power. 



  
g. Testability –  

i. Test valves and relays are provided to allow any turbine steam valve to be tested 
during operation. 

ii. Overspeed sensors, controllers, and trips are fully testable during normal operation. 
iii. To avoid the possibility that a test alignment error could block a trip and due its 

simplicity, the mechanical overspeed protection trip is not provided a means to test 
during operation.  Instead, the turbine manual switches and associated linkages 
are tested during refueling outages prior to turbine start-ups or if maintenance work 
could have affected functionality. 

 
5) The normal overspeed and EOTS controllers and relays are installed in separate cabinets; 

electric power for each is supplied by two AC sources for redundancy with a 120V AC 
single-phase station source and a vital control bus from a UPS or other reliable source. 

 
These requirements, when implemented in a design selected by the COL applicant, address the 
issues and problems with overspeed protection systems identified in NUREG-1275, assure that 
the acceptance criteria in SRP 10.2.II are met, and provide the information identified in SRP 
10.2.III.  Use of COL action items is explicitly recognized in SRP 10.2.III, subject to review of 
the appropriateness of such. 
 
In view of the above and the staff's concerns that key attributes such as reliability, 
independence, and diversity be appropriately addressed, additional information will be provided 
to more clearly identify the functional requirements that must be met.  To do so, the following 
revisions will be made: 
 
The paragraph prior to the beginning of Subsection 10.2.2.3.1.1 will be revised to read: 
 

The COL applicant is to identify how the functional requirements as described in 
Subsection 10.2.2.3.2 for the overspeed protection system are met and provide a 
schematic(s) of the TGCS and overspeed protection systems that show the entire 
system end-to-end and all discrete components and interfaces (e.g., sensors, power 
supplies, control devices, manual emergency trips, the device that eventually drains the 
hydraulic/air fluid from turbine control valves).  The schematics and descriptive 
information provided once a turbine design is selected shall be sufficient to allow 
assessment of the TGCS and overspeed systems’ ability to withstand a single failure 
without loss of function (i.e., redundancy), resistance to common cause failure (i.e., 
diversity as provided by electrical and mechanical overspeed trips), and resistance of 
propagation of a failure to another trip channel (i.e., independence and separation) 
(COL 10.2(2)).” 

 
Subsection 10.2.5 Combined License Information item (2) will be similarly revised. 
 
 
                                                                                      
 
Impact on DCD 
 
DCD Subsection 10.1.1, Section 10.2, Subsection 10.2.1.2, Subsection 10.2.2, Subsection 



10.2.3.5, Subsection 10.2.5 Combined License Information item (2), Table 10.2.2-2, Figure 
10.2.2-1, Figure 10.2.2-2 and Table 1.8-2 will be revised as shown in the attached markup. 
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications 
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Report   
 
There is no impact on any Technical, Topical and Environmental Reports.



APR1400 DCD TIER 2 

viii 

ACRONYM AND ABBREVIATION LIST 

ABD Abnormal Blow Down 

AC Alternating Current 

AFAS Auxiliary Feedwater Actuation Signal 

AFW Auxiliary Feedwater 

AFWS  Auxiliary Feedwater System 

AFWST Auxiliary Feedwater Storage Tank 

ALARA As Low As Reasonably Achievable 

AOO Anticipated Operational Occurrence 

AOV Air Operated Valve 

ATS Automatic Turbine Startup 

ATWS Anticipated Transients Without Scram 

AVT All Volatile Treatment 

BDS Blowdown Subsystem 

BTP Branch Technical Position 

CBD Continuous Blowdown 

CBV Cation Bed ion exchanger Vessel 

COL Combined License 

CP Condensate Polishing 

CV Control Valve 

Cv Charpy V-notch 

CW Circulating Water 

CWS  Circulating Water System 

DBA Design Basis Accident 

DBE Design Basis Event 

DC Direct Current 

DPS Diverse Protection System 

EBD Emergency Blowdown 

EOST Electrical Overspeed Trip 

ESFAS Engineered Safety Feature Actuation System 
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APR1400 DCD TIER 2 

ix 

ETS Emergency Trip System 

FAC Flow-Accelerated Corrosion 

FATT Fracture Appearance Transition Temperature 

FLB Feedwater Line Break 

FWCS Feedwater Control System 

GDC General Design Criterion 

HCBD High Capacity Blowdown 

HEI Heat Exchange Institute 

HP  High Pressure 

IEEE Institute of Electrical and Electronics Engineers 

ISV Intermediate Stop Valve 

IV Intercept Valve 

LP  Low Pressure 

LOOP Loss of Offsite Power 

LCP Local Control Panel 

MBV Mixed Bed ion exchanger Vessel 

MCR Main Control Room 

MFIV Main Feedwater Isolation Valve 

MOST Mechanical Overspeed Trip 

MSADV Main Steam Atmospheric Dump Valve 

MSADVIV MSADV Isolation Valve 

MSGTR Multiple Steam Generator Tube Rupture 

MSIS Main Steam Isolation Signal 

MSIV Main Steam Isolation Valve 

MSIVBV Main Steam Isolation Valve Bypass Valve 

MSLB Main Steam Line Break 

MSR  Moisture Separator Reheater 

MSS  Main Steam System 

MSSV Main Steam Safety Valve 

MSV Main Stop Valve 

MSVH Main Steam Valve House 
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APR1400 DCD TIER 2 

10.1-5 

steam generators for removal of residual heat from the reactor core.  The AFWS is 
described in Subsection 10.4.7. 

Turbine Overspeed Protection 

The turbine generator control system (TGCS) provides automatic control of turbine speed 
and acceleration through the entire speed range.  The speed control function serves as the 
first line of defense against turbine overspeed.  If the speed control function fails to protect 
the turbine overspeed, the overspeed protection system is activated.  The overspeed 
protection system consists of two major subsystems:  

a. Mechanical overspeed trip (MOST) system in the front standard

b. Electrical overspeed trip (EOST) system

The MOST is the emergency overspeed protection that acts to bring the turbine to a safe 
shutdown condition upon reaching a setpoint that is 110 percent of the rated speed.  The 
EOST system consists of two speed calculating modules: primary and backup.  Each 
module uses the three binary signals from the speed conditioning units to the 2-out-of-3 
tripping device in the common safety system.  Each setpoint is 111.5 percent of the rated 
speed.  Turbine overspeed protection is described in Subsection 10.2.2.3.2.  

Turbine Missile Protection 

The design of the turbine rotor minimizes the probability that the turbine rotor will generate 
turbine missiles (see Subsection 10.2.3).  Turbine missile protection is designed and 
controlled to minimize the potential for turbine missile generation (see Subsection 3.5.1.3).  

The APR1400 plant design has a favorable orientation of the T/G to avoid potential impact 
on safety-related structures, systems, and components (SSCs).  The orientation of the T/G, 
as shown in Figure 1.2 and Figure 3.5-1, is found to be favorable when considering its 
location relative to essential safety-related SSCs.  These layout drawings show the general 
arrangement of the T/G and associated equipment in relation to essential safety-related SSC. 
Failure of the T/G equipment does not preclude safe shutdown of the reactor (see 
Subsection 10.2.4). 
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By establishing functional requirements, COL items, and 
ITAAC, instead of specifying a specific design in the 
DCD, assurance is provided that each APR1400 will be 
equipped with the design that best meets reliability and 
then current regulatory expectations for the T/G, the 
TGCS, and the overspeed protection system. 
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Typical valve
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Typical valve
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Typical non-return

RAI 121-8050 -Question 10.02-2_Rev.1



RAI 121-8050 - Question 10.2-2_Rev. Attachment(10/32)

and protection system

from uninterruptible power source(UPS) 
or other reliable source
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digital (e.g., microprocessor, field programmable gate array)

transients with the potential to damage a turbine

The above described features and those in the following
sections are functional requirements to be used in selecting 
an appropriate turbine and TGCS.

Insert (A) of next page
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Insert (A) 
 
schematic(s) of the TGCS and overspeed protection systems that show the entire system end-
to-end and all discrete components and interfaces (e.g., sensors, power supplies, control 
devices, manual emergency trips, the device that eventually drains the hydraulic/air fluid from 
turbine control valves). The schematics and descriptive information provided once a turbine 
design is selected shall be sufficient to allow assessment of the TGCS and overspeed systems'
ability to withstand a single failure without loss of function (i.e., redundancy), resistance to
common cause failure (i.e., diversity as provided by electrical and mechanical overspeed trips), 
and resistance of propagation of a failure to another trip channel (i.e., independence, 
separation) (COL 10.2(2)). 
A simplified, generic schematic is provided by Figure 10.2.2-2.

RAI 121-8050 -Question 10.02-2
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at 103
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using technology different from those used for the electrical overspeed trip
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Typical valve
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(EOTS), which each cause the turbine steam valves to shut 
through the action of the emergency trip system (ETS)

approximately MOTS

mechanically opens
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EOTS

passive magnetic speed sensors that are diverse and independent from the TGCS sensors and

Insert (C) of next page
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Insert (C) 
  
Following is a detailed functional performance description of the TGCS, MOTS, and EOTS. 
a. Redundant, in-series turbine steam valves are used on each line admitting steam to the high and low 
pressure turbines. These are the MSVs and CVs for the high pressure turbine, and the ISV and IVs for the
low pressure turbines. Each of these valves fail closed (held open by hydraulic control oil pressure 
maintained by a closed dump valve). 
b. Closure of the turbine steam valves is accomplished by draining hydraulic control oil holding the
dump valves closed, allowing the springs to shut each steam valve. 
c. Draining hydraulic control oil from the MSVs and ISVs is accomplished by activating any of the
three overspeed trips. Specifically: 
    1) Normal control system  - receipt of a valid trip energizes the solenoid operated fast-acting valves,
which drain off hydraulic control oil from each dump valve. 
  2) MOTS  - movement of mechanical linkages repositions the mechanical trip valve, draining
hydraulic control oil. A trip can occur for any of the following reasons: 
       a) Mechanical (i.e., rotating inertia increasing due to rising rotational speed) turbine trip that moves the
trip linkages 
     b) Emergency manual trip activation at the turbine front standard by de-energizing a solenoid that
moves the trip linkages 
       c) Emergency manual trip activation from the control room by de-energizing a solenoid that moves the
trip linkages 
   3) EOTS  - trip signals are processed by both a primary and backup unit to determine trip validity
based on 2-out-of-3 voting, either of which then opens contacts to de-energize both solenoids of the master
trip valve. This allows the master trip valve to reposition due to spring force, draining hydraulic control oil. 
d. Draining hydraulic control oil from the CVs and IVs is accomplished when draining of hydraulic
control oil pressure described in c. above also allows a spring to reposition a valve, which drains hydraulic
control oil from the separate CV/IV header. 
e. An extraction relay dump valve under normal operating conditions aligns the incoming instrument
air supply to the operators of air-assisted, spring-closed, non-return valves in the higher-pressure extraction
lines to hold them open. The non-return check valves close rapidly on turbine trip when the extraction relay
dump valve vents air. Typical characteristics and closure times are provided in Table 10.2.2-2, but the
number of valves, their closing times, and detailed design will be in accordance with the turbine
manufacturer's requirements and the requirements of ANSI/ASME TDP-1-1998. Although held open by air,
the valve closes as a non-actuated swing check valve. The design allows periodic trip confirmation. 
f. The balance of the hydraulic control oil system must fulfill the following requirements: 
    1) Drains - Control oil from the valve actuators is collected in two stainless steel drain headers. There
is one header for the MSVs (ISVs for low pressure turbines) and one for the CVs (IVs). These two headers
drain to the hydraulic power unit reservoir through a common drain line. The drain headers are sized to 
handle the maximum hydraulic control oil flow requirements, maintaining the required valve stroke times,
and are sloped to drain to the reservoir. 
   2) Failure of the hydraulic piping between the trip block and the valve actuator, or between the
hydraulic fluid tank and the valve actuator will cause a loss of fluid pressure, which closes the turbine steam
valves. 
   3) The hydraulic fluid in the trip and overspeed protection control headers is independent of the
bearing lubrication system to minimize the potential for contamination of the fluid.
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Manual emergency
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Manual emergency

Insert (D) and (E) of next page

Insert: 
The manual emergency trip shall be designed 
such that no single failure (e.g., push button) will 
prevent a manual trip and that failure of the ETS 
to initiate an automatic trip does not prevent a 
successful manual trip. The physical 
implementation (e.g., hard wiring) shall be 
included in the schematic required by COL item 
10.2(2).
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Insert (D) 
 
The fundamental design principles are met as follows: 
 
Diversity 
a. A purely mechanical overspeed trip is available in conjunction with the normal control and 
electrical overspeed trips. The mechanical trip valve does not depend on availability of electric power 
(power is required to keep the mechanical trip solenoid valve energized to prevent the manual trip 
valve from draining hydraulic control oil). 
b. The TGCS and EOTS use diverse speed inputs, determine trip validity using different 
technology, have different set points, and actuate to drain hydraulic control oil, to eliminate common 
cause failures from rendering the trip functions inoperable. The MOTS senses speed via physical 
repositioning of an eccentric weight, rather than counting rotations per unit time. 
 
Separation 
a. The ETS valves are located in the turbine front standard out of the way of turbine missiles and 
high pressure steam lines, whereas the TGCS solenoid-operated fast-acting valves are part of the 
main steam valve actuators. 
b. The TGCS overspeed trip controllers and the EOTS primary and backup processors are 
located in different instrument cabinets. 
c. Hydraulic control oil drain headers for MSVs and CVs and for ISVs and IVs are separate and 
separated on opposite sides of the turbines. 
 
Redundancy 
a. Each turbine steam inlet line has two valves (e.g., MSV and CV for high pressure turbine), 
closure of any one in each pair isolates that line. 
b. Failure of any one component in overspeed protection systems will not prevent a turbine trip. 
 
Independence 
a. The normal control overspeed system, EOTS, and MOTS each determine turbine speed using
independent means: diverse TGCS speed sensors, passive magnetic speed sensors, and rotational
acceleration (“centrifugal force”). 
b. A failure of one of the overspeed protection systems will not propagate to the others because
they are electrically isolated and physically separated. 
c. Closure or lack of closure of one of the series turbine steam valves (e.g., MSV and CV) will 
not prevent the other valve from closing within its timing requirements to prevent overspeed. 
 
Single failure criterion 
Single failures are addressed through redundancy and independence, but additionally: No single 
failure will cause a turbine to overspeed. This feature is desirable since the best way to protect for an 
overspeed is to designate TGCS features that assure no single failure can initiate the transient. 

RAI 121-8050 -Question 10.02-2 Rev.1
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Insert (E) 
  
Fail safe 
a. Upon loss of power, valves transition to positions where hydraulic control oil is drained,
tripping shut all turbine steam valves. 
b. If a speed sensor fails, it is removed from the voting logic, leaving two out of two trip logic. If 
two speed sensors fail, a turbine trip is initiated. 
c. Relays that provide the interface between the TGCS and the EOTS controllers and the valves
of the hydraulic control and protection systems fail in a fail safe position on a loss of power. 
  
Testability 
a. Test valves and relays are provided to allow any turbine steam valve to be tested during
operation. 
b. Overspeed sensors, controllers, and trips are fully testable during normal operation. 
c. To avoid the possibility that a test alignment error could block a trip and due its simplicity, the
mechanical overspeed protection trip is not provided a means to test during operation. Instead, the
turbine manual switches and associated linkages are tested during refueling outages prior to turbine
start-ups or if maintenance work could have affected functionality. 
  
The normal overspeed and EOTS controllers and relays are installed in separate cabinets; electric
power for each is supplied by two AC sources for redundancy with a 120V AC single-phase station
source and a vital control bus from a UPS or other reliable source. 
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in accordance with vendor recommendations and as
supported by the turbine missile probability analysis

is
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Insert (B) of next page
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as described in Subsection 10.2.2.3.2
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Insert (B) 
 
schematic(s) of the TGCS and overspeed protection systems that show the entire system
end-to-end and all discrete components and interfaces (e.g., sensors, power supplies,
control devices, manual emergency trips, the device that eventually drains the hydraulic/
air fluid from turbine control valves). The schematics and descriptive information
provided once a turbine design is selected shall be sufficient to allow assessment of the
TGCS and overspeed systems' ability to withstand a single failure without loss of 
function (i.e., redundancy), resistance to common cause failure (i.e., diversity as
provided by electrical and mechanical overspeed trips), and resistance of propagation of 
a failure to another trip channel (i.e., independence, separation)

RAI 121-8050 -Question 10.02-2
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Typical 
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MOTS: Mechanical Overspeed Trip System
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Figure 10.2.2-2 - High Level Overspeed Protection Architecture
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Insert (B) of previous page
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as described in Subsection
10.2.2.3.2



REVISED RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 
Docket No. 52-046 

RAI No.: 121-8050 

SRP Section: 10.02 – Turbine Generator 

Application Section:  10.02 

Date of RAI Issue:  07/27/2015 

Question No. 10.02-3 

GDC 4 requires, in part, that SSCs important to safety be “appropriately protected against 
dynamic effects, including the effects of missiles …” According to SRP 10.2, the requirements of 
GDC 4 are met by the provision of an emergency turbine over-speed protection system (with 
suitable redundancy and diversity) to minimize the probability of generation of the turbine 
missiles. The SRP also indicates that the applicant should include in-depth defense and diverse 
protection means to preclude unsafe turbine overspeed conditions. 

DCD Tier 2, Section 10.2.2.3 describes various control systems for the APR1400 TG system for 
normal and abnormal operating conditions, including normal control and emergency protection 
systems to protect the turbine from overspeed. The DCD further describes the automatic turbine 
startup and shutdown (ATS) in that it receives commands from the operator using the operator 
interface or from a plant computer through a data link. 

While reviewing DCD Tier 2, Section 10.2, the staff could not find any reference to or description 
of the manual turbine trip feature for the APR1400 turbine. The staff considers the manual 
turbine trip system as one of the diverse turbine protection systems under all modes of plant 
operations. 

The applicant is requested to provide detailed information regarding a manual control and/or 
manual turbine trip system for the APR1400 TG system. Also requested is the inclusion of any 
hard wiring from the main control room (MCR) to the T/G unit, including a push button at the 
turbine pedestal. 

Response – (Rev.1) 

DCD Section 10.2 includes a requirement for a manual turbine trip.  The use of the word 
“manual” is not used, instead “Emergency Trip” will be found in the DCD.  The "Emergency 
Trip" is available from the control room and at the turbine front standard (see page 10.2-17, item 



a and 10.2-18, item g, respectively).  The list beginning on page 10.2-17 will be clarified by 
revising item a to read "Manual emergency trip in control room" and item g to read "Manual 
emergency trip at front standard."  Consistent with the discussion in the response to RAI 10.02-
4 and 5, details of the manual trip (e.g., hard wiring) cannot be provided until a COL applicant 
selects a turbine design.  To ensure that the manual trip is independent and as diverse as 
possible, the following will be added to the last paragraph of Subsection 10.2.2.3.3: "The 
manual emergency trip shall be designed such that no single failure (e.g., push button) will 
prevent a manual trip and that failure of the ETS to initiate an automatic trip does not prevent a 
successful manual trip.  The physical implementation (e.g., hard wiring) shall be included in the 
schematic required by COL Item 10.2(2)." 

For further understanding, see the response to RAI Question 10.02-2. 

Impact on DCD 

DCD Subsection 10.2.2.3.3 will be revised as shown in the attached markup. 

Impact on PRA  

There is no impact on the PRA. 

Impact on Technical Specifications 

There is no impact on the Technical Specifications. 

Impact on Technical/Topical/Environmental Report   

There is no impact on any Technical, Topical and Environmental Reports. 



10.2-17

demand.  A redundant electrical signal transmission sends valid trip signals from the 
control and protection cabinet to redundant trip devices, which consist of an electronic 
solenoid valve and a mechanical solenoid valve in the turbine front standard. 

The following requirements are met by the ETS: 

a. Each trip input is applied to a triple redundant protection module.  2-out-of-3
majority voting is conducted within the protection system where possible to
prevent spurious turbine trips and enhance protection system operation on an
actual turbine trip.

b. Electromechanical trip devices triggered by the hydraulic solenoid valves using
the electronic protection system are testable online using the appropriate lockout
devices.  The redundant trip systems in this area protect the turbine while one
system is being tested.  The entire protection system, from signal input to actual
trip device, has online test capabilities.

c. Electrically signaled trips are initiated by contact closures.  The loss of trip
system power is annunciated.

d. Contacts representing the actuation of any trip function or alarm device are
available for computer monitoring or annunciation.

The turbine includes instrumentation for a trip on excess vibration and a remote trip input 
signal from the plant control system on a reactor trip. 

The trip and monitoring system initiates appropriate action on abnormal operating 
conditions and indicates the existence of these conditions to the operator. 

The ETS closes the MSVs, CVs, ISVs, and IVs to shut down the turbine on the following 
signals: 

a. Emergency trip in control room

b. Moisture separator high level

RAI 121-8050  10.02-3 Attachment (1/2)

Manual emergency
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c. High condenser pressure

d. Low turbine lube oil pressure

e. LP turbine exhaust hood high temperature

f. Thrust bearing wear

g. Emergency trip at front standard

h. Loss of stator coolant

i. Low hydraulic fluid pressure

j. Selected generator trips

k. Loss of TGCS electrical power

l. Excessive turbine shaft vibration

m. Loss of two speed signals – either two normal speed control or two emergency

n. Abnormal shell and rotor differential expansion or rotor expansion

When the ETS is activated, it overrides all operating signals and trips the MSVs, CVs, ISVs, 
and IVs. 

10.2.2.3.4 Inspection and Testing 

The overspeed trip circuits and devices are tested remotely at or above the rated speed by 
means of controls in the main control room and can also be tested with the turbine not in 
operation.  Operation of the overspeed protection devices under controlled speed 
conditions is checked at startup and after each refueling or major maintenance outage.  In 
some cases, operation of the overspeed protection devices can be tested just prior to 
shutdown.  This eliminates the need to test overspeed protection devices during the 
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Manual emergency

Insert:

The manual emergency trip shall be designed such
that no single failure (e.g., push button) will
prevent a manual trip and that failure of the ETS to
initiate an automatic trip does not prevent a
successful manual trip.  The physical
implementation (e.g., hard wiring) shall be
included in the schematic required by COL item
10.2(2).
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APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 
Docket No. 52-046 

RAI No.:  121-8050 

SRP Section:  10.02 – Turbine Generator 

Application Section:  10.02 

Date of RAI Issue:  07/27/2015 
 

                                                                              
Question No. 10.02-4 
 
In consideration to meet the GDC 4 requirements, as related to single failure criteria for the 
turbine control and the turbine hydraulic fluid systems, SRP Section 10.2 and NUREG-1275, 
“Operating experience feedback report,” provides guidance to avoid the single failure impacts 
on the T/G operation. The turbine trip-block provides an interface between the turbine speed 
control systems and the turbine valve control fluid systems. 
 
While reviewing the DCD Tier 2, Section 10.2, the staff could not find any description of the 
turbine trip-block, which is an interface between the turbine control systems and the turbine 
steam inlet valves (i.e., MSVs, CVs, ISVs, and IVs) and associated fluid systems. 
 
The applicant is requested to provide adequate details of this turbine trip-block and its 
configuration, considering the full “end-to-end,” from the T/G input speed sensors to the device 
that eventually drains the hydraulic/air fluid from turbine steam inlet valves. In case the 
APR1400 uses a single trip-block for turbine overspeed control, the applicant is requested to 
provide: 
 
1) The single failure criteria for the turbine overspeed protection system 
 
2) Justification on how this satisfies the requirement for redundancy and diversity 
 
3) Justification on how this meets the SRP guidance in SRP Subsection 10.2.III.A and the 

NUREG-1275 recommendation to avoid single failures in the controls and hydraulic fluid 
systems 

 
Further, the staff requests that the applicant to provide detailed schematics depicting the 
turbine-trip block, logic diagrams between the turbine speed sensors to the turbine trip-block 
and fluid flow paths between the turbine steam admission valves and the fluid tank. 
 
Response – (Rev. 1) 



 
See the response to RAI Question 10.02-2 
 
                                                                                      
 
Impact on DCD 
 
DCD Subsection 10.2.2, Subsection 10.2.5 Combined License Information item (2), Figure 10.2.2-
2 and Table 1.8-2 will be revised as shown in the response to RAI Question 10.02-2. 
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications 
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Report   
 
There is no impact on any Technical, Topical and Environmental Reports. 
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Question No. 10.02-5 
 
In consideration of GDC 4 requirements as to prevent vulnerabilities to avoid common mode 
and common cause failures (CCF) of the turbine overspeed systems to function properly, SRP 
and NUREG-1275 provide guidance to meet the industry experience. 
 
While reviewing DCD Tier 2, Section 10.2, the staff could not find any details regarding the 
design and testing requirements to minimize or eliminate the common cause failures (CCF) in 
the hydraulic and air systems associated with the T/G control and protection systems, including 
the TG steam admission and extraction non-return valves. 
 
The applicant is requested to address the details of the following air/hydraulic systems as they 
relate to turbine overspeed: 
 
1) The electrical and fluid flow paths, shared components, failure modes, and CCF 

vulnerabilities. 
 
2) A description on reliable operation of the hydraulic/air systems as associated with preventing 

turbine overspeed conditions. 
 
The description of the turbine overspeed protection and fluid systems should clearly indicate 
what parts are shared. For example, shared air and hydraulic dump lines and components such 
as trip blocks, dump valves and fluid reservoirs should be described in the DCD. For clarity, the 
response should include schematic diagrams that show the control fluid flow paths, piping and 
valves being actuated (i.e., turbine stop, control, reheat stop, intercept, and extraction non-
return valves). 
 
Response – (Rev.1) 
 
See the response to RAI Question 10.02-2 
 



                                                                                      
 
Impact on DCD 
 
DCD Subsection 10.2.2, Subsection 10.2.5 Combined License Information item (2), Figure 10.2.2-
2 and Table 1.8-2 will be revised as shown in the response to RAI Question 10.02-2. 
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications 
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Report   
 
There is no impact on any Technical, Topical and Environmental Reports. 
 


