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ArevaEPRDCPEm Resource

From: RYAN Tom (AREVA) [Tom.Ryan@areva.com]
Sent: Friday, April 12, 2013 9:38 AM
To: Snyder, Amy
Cc: Canova, Michael; DELANO Karen (AREVA); LEIGHLITER John (AREVA); ROMINE Judy 

(AREVA); RYAN Tom (AREVA); WILLS Tiffany (AREVA); HONMA George (EXTERNAL 
AREVA); WILLIFORD Dennis (AREVA)

Subject: FW: Response to U.S. EPR Design Certification Application RAI No. 542 (6336), FSAR Ch. 7 
- NEW PHASE 4 RAI, Supplement 2

Attachments: NRC-13-018_Ltr.pdf; RAI 542 Supplement 2 Response US EPR DC - PUBLIC.PDF

Amy – this is a correction to the Public version of this response, please use the attached version.  This issue did not 
impact the Proprietary version of this response sent to you yesterday. 
 
Sincerely, 
 

Tom Ryan 
Project Engineer 
Regulatory Affairs 
AREVA NP 
An AREVA and Siemens company 
7207 IBM Drive - CLT2B 
Charlotte, NC  28262  
Phone: 704-805-2643, Cell : 704-292-5627 
Fax: 434-382-6657 
 

 

From: WILLIFORD Dennis (RS/NB)  
Sent: Thursday, April 11, 2013 6:10 PM 
To: Amy.Snyder@nrc.gov 
Cc: Michael.Canova@nrc.gov; DELANO Karen (RS/NB); LEIGHLITER John (RS/NB); ROMINE Judy (RS/NB); RYAN Tom 
(RS/NB); WILLS Tiffany (CORP/QP); HONMA George (EXT) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 542 (6336), FSAR Ch. 7 - NEW PHASE 4 RAI, 
Supplement 2 
 
Amy, 
 
AREVA NP Inc. letter NRC:13:018 dated April 11, 2013 (attached) provides a technically correct and complete 
final response to the single question (Question 07.01-52) in RAI 542.  The response also includes a redline-
strikeout version of the affected pages of AREVA Technical Report ANP-10315P, which support the Response 
to Question 07.01-52.   AREVA NP Inc. has determined that some of the material contained in the response 
contains AREVA proprietary information. An affidavit is provided, as required by 10 CFR 2.390(b), to support 
the withholding of the information from public disclosure.  Attached is a courtesy copy of the letter and affidavit 
and the redacted public version of the response. A proprietary version of the enclosure to this letter is provided 
separately.   
 
The following table indicates the respective pages in the enclosure to the letter that contain the response 
provided by AREVA NP Inc. to the subject question.   
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Question # Start Page End Page 

RAI 542 — 07.01-52 2 9 

 
This concludes the formal AREVA NP response to RAI 542, and there are no questions from this RAI for which 
AREVA NP has not provided responses. 
 
 
Sincerely, 
 
Dennis Williford, P.E. 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc.  
7207 IBM Drive, Mail Code CLT 2B 
Charlotte, NC 28262 
Phone:  704-805-2223 
Email:  Dennis.Williford@areva.com  
 

From: WILLIFORD Dennis (RS/NB)  
Sent: Thursday, November 29, 2012 12:43 PM 
To: Amy.Snyder@nrc.gov 
Cc: BENNETT Kathy (RS/NB); DELANO Karen (RS/NB); LEIGHLITER John (RS/NB); ROMINE Judy (RS/NB); RYAN Tom 
(RS/NB); Michael.Canova@nrc.gov 
Subject: Response to U.S. EPR Design Certification Application RAI No. 542 (6336), FSAR Ch. 7 - NEW PHASE 4 RAI, 
Supplement 1 
 
Amy, 
 
AREVA NP Inc. provided a schedule for a technically correct and complete response to the one question in 
RAI No. 542 on April 16, 2012.   
 
The schedule for a technically correct and complete response to this question has been changed as provided 
below. 
 

Question # Response Date 

RAI 542 — 07.01-52 April 15, 2013 

 
 
Sincerely, 
 
Dennis Williford, P.E. 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc.  
7207 IBM Drive, Mail Code CLT 2B 
Charlotte, NC 28262 
Phone:  704-805-2223 
Email:  Dennis.Williford@areva.com  
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From: WILLIFORD Dennis (RS/NB)  
Sent: Monday, April 16, 2012 11:36 AM 
To: Getachew.Tesfaye@nrc.gov 
Cc: BENNETT Kathy (RS/NB); DELANO Karen (RS/NB); ROMINE Judy (RS/NB); RYAN Tom (RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 542 (6336), FSAR Ch. 7 - NEW PHASE 4 RAI 
 
Getachew, 
 
Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI).  The 
attached file, “RAI 542 Response US EPR DC.pdf,” provides a schedule since a technically correct and 
complete response to the one question cannot be provided at this time. 
 
The following table indicates the respective pages in the response document, “RAI 542 Response US EPR 
DC.pdf,” that contain AREVA NP’s response to the subject question. 
 

Question # Start Page End Page 

RAI 542 — 07.01-52 2 3 

 
The schedule for a technically correct and complete response to this question is provided below. 
 

Question # Response Date 

RAI 542 — 07.01-52 June 28, 2013 

 
 
Sincerely, 
 
Dennis Williford, P.E. 
U.S. EPR Design Certification Licensing Manager 
AREVA NP Inc.  
7207 IBM Drive, Mail Code CLT 2B 
Charlotte, NC 28262 
Phone:  704-805-2223 
Email:  Dennis.Williford@areva.com  

From: Tesfaye, Getachew [mailto:Getachew.Tesfaye@nrc.gov]  
Sent: Thursday, March 15, 2012 3:55 PM 
To: ZZ-DL-A-USEPR-DL 
Cc: Morton, Wendell; Zhang, Deanna; Spaulding, Deirdre; Mott, Kenneth; Truong, Tung; Zhao, Jack; Mills, Daniel; 
Jackson, Terry; Canova, Michael; Segala, John; ArevaEPRDCPEm Resource 
Subject: U.S. EPR Design Certification Application RAI No. 542 (6336), FSAR Ch. 7 - NEW PHASE 4 RAI 
 
Attached please find the subject requests for additional information (RAI).  A draft of the RAI was provided to 
you on March 2, 2012, and discussed with your staff on March 12, 2012.   No change is made to the draft RAI 
as a result of this discussion.  The schedule we have established for review of your application assumes 
technically correct and complete responses within 30 days of receipt of RAIs.  For any RAIs that cannot be 
answered within 30 days, it is expected that a date for receipt of this information will be provided to the staff 
within the 30 day period so that the staff can assess how this information will impact the published schedule. 

Thanks, 
Getachew Tesfaye 
Sr. Project Manager 
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Request for Additional Information No. 542, Supplement 2 
 

3/15/2012 
 

U. S. EPR Standard Design Certification 
AREVA NP Inc. 

Docket No. 52-020 
SRP Section: 07.01 - Instrumentation and Controls - Introduction 

Application Section: 07.01 
 

QUESTIONS for Instrumentation, Controls and Electrical Engineering 1 
(AP1000/EPR Projects) (ICE1) 
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Question 07.01-52: 

OPEN ITEM 

New Phase 4 RAI 

Provide a consolidated description and diagrams illustrating how the Teleperm XS (TXS) 
watchdog timer (WDT) would be able to execute the reactor trip function if the Actuation Logic 
Unit (ALU) processor locks-up. In addition, describe the dependency of the WDT on the ALU 
software and hardware to perform its functions. 

10 CFR 50.55a(h) incorporates by reference IEEE Std. 603-1991. Clause 5.5 of IEEE Std. 603-
1991 requires that the safety systems shall be designed to accomplish their safety functions 
under the full range of applicable conditions enumerated in the design basis. Technical Report 
ANP-10315P, Section 2.2.6.2, addresses the function and operation of the WDT. As currently 
written, Section 2.2.6.2 does not provide an adequate level of detail on the design function and 
operation of the WDT. The applicant is requested to provide a detailed description for how the 
WDT would initiate a reactor trip, in a timely manner, if an ALU function processor experiences 
a software or hardware-based failure that prevents the ALU function processor from performing 
its safety function. Specifically, the applicant is requested to provide answers to the following 
items. 

a. Provide a detailed description within the final safety analysis report or within Technical 
Report ANP-10315P that clearly explains how the WDT will initiate a reactor trip signal 
within the Protection System and to verify this action in performed in a timely manner. If 
the description is provided in Technical Report ANP-10315, provide a pointer in the final 
safety analysis report to the applicable sections in the report. 

b. Provide a diagram that clearly demonstrates how the WDT interfaces with other TXS 
function processor components and its reliance upon other components to perform its 
function. 

c. Provide a logic diagram that demonstrates how the WDT’s design configuration 
facilitates a reactor trip on demand. Specifically, provide a more detailed description and 
a functional logic diagram that demonstrates how the WDT “hardwired signal” switch off 
the power supplies of a function processor’s I/O modules and how does this lead to a 
reactor trip signal initiation. 

d. Is the “hardwired signal” used to switch off the affected function processor’s I/O power 
supply the same signal used to initiate the Exception-Handler and are those signals 
independent of each other? 

e. Describe the impact of an Run-Time Environment software failure on the WDT’s 
operations. 

f. Describe how the WDT’s operations are affected once the Exception-Handler is initiated. 
Specifically, when the applicant states that after a second “exceptional” situation occurs 
after a reset, which could take as long as five minutes or more, what functions or actions 
is the WDT performing during the this time frame or during multiple resets of a function 
processor? 

g. Describe in greater detail the interaction between the Run-Time Environment software 
with the various types of TXS system hardware components. In particular, describe in 
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greater detail what hardware components the Run-Time Environment interfaces with 
(WDTs, LEDs, EEPROMs, Hardware Organizational Tool, etc.) and the method for how 
this interaction occurs, either directly or indirectly. 

Response to Question 07.01-52: 

a. The function of the watchdog timer (WDT) is to provide indication of the loss-of-cyclic 
operation of the run time environment (RTE), which operates on the SVE2 central 
processing unit (CPU).  The WDT is implemented in separate hardware from the SVE2 
CPU. 

At the beginning of the processing cycle of the RTE, the local cycle counter is incremented 
and the watchdog timer is set to a value that is larger (by [  ] ) than the 
activation cycle for the RTEs set in the TELEPERM XS Operating System Software.  The 
hardware WDT must be re-triggered by the RTE software before its expiration.  If the 
software fails to do so, the watchdog times out and a system interrupt signal is generated 
(called WDG).   

When the WDT is activated (i.e., times out) it issues a non-maskable interrupt (NMI) that 
makes the microprocessor call the exception handler and stop cyclic operation.  The 
exception handler (a special interrupt service) saves the state of the SVE2 CPU (e.g., 
[  ] ) 
for subsequent analysis and places the SVE2 CPU in a waiting loop (a defined fault state).  
Activation of the exception handler is indicated by front-plate light emitting diodes (LEDs) on 
the SVE2 module.   

[  

 

 ]  Either 
method ensures the outputs from the subrack are placed in a safe state, which includes 
placing the outputs in the trip position for channel reactor trip.  This is application-specific 
hardware circuitry provided outside the TELEPERM XS subrack (see response to Item c for 
more details). 
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 b. Figure 07.01-52-1 provides an overview of the WDT interfaces. 

 

Figure 07.01-52-1: Block Diagram of the SVE2 
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Figure 07.01-52-2: Watchdog Timer Signals on SVE2 Front Panel 
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 c. As described in the response to Item a, the BASP and WDG signals are used to interrupt 
the output power supply via a relay operated by the BASP/WDG signal. 

The BASP and WDG signals from the front panel connector on the SVE2 module are used 
to switch off the “ENABLE” signal of the I/O modules.  Removing the “ENABLE” signal also 
cuts the output power supply by using the module-internal electronic switch.  This is 
application-specific hardware circuitry provided outside the TELEPERM XS subrack.  This 
concept is illustrated in the following figures below where the BASP/WDG signal is used to 
switch off the output module power supply.  Figure 07.01-52-3 is for single processor output 
module.  Figure 07.02-52-4 is for a master/checker configuration. 

 
Figure 07.01-52-3: Single Processor Output Board Configuration 
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Figure 07.01-52-4: Master/Checker Configuration 

d. The watchdog response is used as source for a NMI to the microprocessor of the SVE2 and 
it is also independently sent to the front connector for use in external circuit designs. 

e. The SVE2 modules are equipped with a hardware watchdog.  The monitoring time of the 
hardware watchdog is defined as the cycle time of the RTE plus [  ]  The 
hardware watchdog is triggered by the cycle task at the beginning of each RTE cycle.  If the 
software fails to do so, the termination of regular cyclic operation is assumed.  The 
watchdog is activated and indicates the failure by activating the hardwired WDG signal on 
front connector X4.2 of the SVE2 module, which goes to “low”. 

The WDG hardware signal is used to signal a processor module failure.  It is also used to 
switch off I/O module power supplies to ensure a defined fail-safe behavior of the affected 
TELEPERM XS computer, independently from software-based monitoring in the SVE2 
processing module.  

Additionally, the exception-handler is activated by a hardware exception to initiate a reset or 
a shutdown of the SVE2.  After activation, the exception-handler deactivates all output 
boards through driver calls. Cyclic communication is stopped.   

Switching off the output module power supply through the exception handler is a diverse 
means to ensure fail-safe behavior of a TELEPERM XS computer.  The main means for 
switching off output power supply is by using the BASP/WDG signal as described in the 
response to Item b. 
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f. If the exception handler is activated by the RTE or a “real” exception the system reaction 
depends on the elapsed time since the last reset.  If the activation happens within a 
specified period of [  ] cycles after a reset the SVE2 is shut down (e.g.,  with 
50 millisecond cycle time, the maximum period for exception to trigger shutdown is 
[  ]), otherwise a reset with automatic restart is performed. 

While the exception handler is called/executed, the watchdog is not retriggered.  During this 
time the WDT is not re-triggered and the outputs are placed in a safe state until the reset is 
complete, as described in responses to Items a, b, and c.  While the outputs are in safe 
state (LOW state), the LED “ERR” on the front panel of the SDO1 module is continuously lit 
and can be verified by personnel.  As soon as the reset is executed (at the end of the 
exception handler execution), the watchdog is triggered again by the SVE2 software.  

g. The RTE interfaces directly with the SVE2 processor core and local memories.  The system 
section and the bus interface section SVE2 hardware components are indirectly interfaced 
by the RTE through the processor core and local memories. 

The system section comprises the I/O functions (with the exception of the TELEPERM XS 
backplane bus/interface bus) and the monitoring functions of the SVE2.  The I/O functions 
(i.e., ports, USART, interrupt controller, etc.) and the monitoring functions for multi-processor 
operation are implemented in an ASIC (i.e., ESSC2).  The local sequencer and the swapper 
are the interface between the system section and the processor.  The WDT is a part of the 
system support controller ESSC2.  The LEDs on the front plate of the SVE2 are interfaced 
by the RTE via the ESSC2. 

The activation of the exception-handler is indicated by front-plate LEDs of the SVE2.  Also, 
since the BASP signal is activated, exceptions are indirectly monitored by the cabinet 
monitoring device.   

The bus interface accesses the TELEPERM XS backplane bus. The bus interface is a dual-
port random access memory between the system section (local) and the TELEPERM XS 
backplane bus (global).  For communication support several registers are implemented in 
the bus interface section, which can be addressed locally and partly globally as well.  

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 

ANP-10315 Technical Report Impact: 

Section 2.2 and new Figures 2.7, 2.8, 2.9, and 2.10 will be added to Technical Report 
ANP-10315. 
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system via the maintenance laptop. 

The test machine only interfaces to the system under test through hard-wired interfaces 

(24 VDC input and output); therefore, some of the software controls applicable to the 

maintenance laptop (modifying changeable parameters, issue service request, etc.) are 

not applicable to the test machine. 

Controls for the test machine include the following: 

• Storage in physically secure location when not in use. 

• Physical access controls to prevent unauthorized individuals from obtaining 

access. 

• Prohibit use for general purpose computing. 

• User authorization process. 

• Verify that adequate precautions (e.g. patches up-to-date and on demand virus 

scan) have been taken prior to connecting to the TELEPERM XS system. 

• Verify work authorization prior to connecting to the TELEPERM XS system. 

2.2.6.22.2.7.2 Hardware Watchdog Timer (Inherent) 

The function of the watchdog timer (WDT) is to provide indication of the loss of cyclic 

operation of the run time environment (RTE), which operates on the SVE2 central 

processing unit (CPU).  The WDT is implemented in separate hardware from the SVE2 

CPU. 

At the beginning of the processing cycle of the RTE, the local cycle counter is 

incremented and the watchdog timer is set to a value that is larger (by 

[  ] ) than the activation cycle for the RTEs set in the TELEPERM XS 

Operating System Software.  The hardware WDT must be re-triggered by the RTE 

software before its expiration.  If the software fails to do so, the watchdog times out and 

an activation signal is generated (called WDG).   

RAI 542,
Q. 07.01-52
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The WDG hardware signal is used to signal a processor module failure.  It is also used 

to switch off I/O module power supplies to ensure a defined fail-safe behavior of the 

affected TELEPERM XS computer, independently from software-based monitoring in 

the SVE2 processing module. 

When the WDT is activated (i.e., times out) it issues a non-maskable interrupt that 

makes the microprocessor call the exception handler (see Section 2.2.7.3) and stop 

cyclic operation.  The exception handler (a special interrupt service) saves the state of 

the SVE2 CPU (e.g., [  

 ] ) for subsequent analysis and places the SVE2 CPU in a 

waiting loop (a defined fault state).  Activation of the exception handler is indicated by 

front-plate light emitting diodes (LEDs) on the SVE2 module.   

[  

 

 

 

 

 

 ]  This 

is application-specific hardware circuitry provided outside the TXS subrack. 

The diagram in Figure 2-7 provides an overview of the WDT interfaces.    

[  

  

 

 ] 

RAI 542,
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[  

 

 

 

 

 

 ] 

The WDG signal is also made available as a floating signal at the front connector of the 

SVE2, independent from the microprocessor as shown in Figure 2-8.  

TXS function processors are equipped with a hardware based watchdog timer. The 

monitoring time of the watchdog is the cycle time of the runtime environment + 110 

millisecond (ms). The hardware watchdog timer must be re-triggered by the runtime 

environment software before its expiration. If the software fails to do so, an error is 

assumed and a hardwired signal is used to indicate a processor failure, and to switch off 

the (input/output (I/O) modules’ power supply to verify a defined fail-safe behavior of the 

affected function processor, independently from software based monitoring. 

Additionally, the exception-handler is activated, initiating a specific response (see 

Ssection 2.2.6.3). 

The BASP and WDG signals from the front panel connector on the SVE2 module are 

used to switch off the “ENABLE” signal of the input/output (I/O) modules.  Removing the 

“ENABLE” signal also cuts the output power supply by using the module-internal 

electronic switch.  While the outputs are in safe state (LOW state), the LED “ERR” on 

the front panel of the SDO1 module is continuously lit and can be verified by personnel.  

This is application-specific hardware circuitry provided outside the TXS subrack.  This 

concept is illustrated in Figure 2-9 and Figure 2-10 where the BASP/WDG signal is used 

to ensure switching off output module power supply.   

RAI 542,
Q. 07.01-52
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Additionally, the exception-handler is activated by a hardware exception to initiate a 

reset or a shutdown of the SVE2.  After activation, the exception-handler deactivates all 

output boards through driver calls.  Cyclic communication is stopped.   

Switching off the output module power supply through the exception handler is a diverse 

means to ensure fail-safe behavior of a TELEPERM XS computer. 

The hardware watchdog timer is periodically tested by the cyclic self-test.  For this test, 

a trip of the watchdog is triggered by the self-test task, and the trip is verified on the 

associated interrupt signal.  The “normal” response to this watchdog-interrupt is blocked 

for the duration of the test. 

The activation of the WDT is locally indicated by the exception-handler front-plate LEDs 

for the impacted SVE2 module and the Cabinet Monitoring Alarm, due to the BASP 

signal being activated. 

2.2.6.32.2.7.3 Exception-Handler (Inherent) 

The exception- handler is activated when exceptional situations are encountered during 

runtime (also in case of a fault detected by the cyclic self-test). After activation, the 

exception-handler turns off the outputs through driver calls and stops cyclic 

communicationdeactivates all output boards through driver calls (provides no outputs), 

and cyclic communication is stopped. Self monitoring result information is saved, which 

includes: exception type, exception number, exception address, memory dump and 

stack dump. 

Depending on the type of fault, the exception-handler either resets or halts the function 

processor enters a defined fault state and all output signals are set to predetermined 

safe states.  See Technical Report ANP-10309P for information associated with failure 

states.(the processor enters a defined fault state and all output signals are set to 

predetermined safe states.  See Technical Report ANP-10309P for information 

associated with failure states) the function processor, as indicated. If a second 

exceptional situation occurs within a specified period after a reset (depends on cycle 

RAI 542,
Q. 07.01-52
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Figure 2-7�Block Diagram of the SVE2 
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Figure 2-8�Watchdog Timer Signals on SVE2 Front Panel 

RAI 542,
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Figure 2-9�Single Processor Output Board Configuration 
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Figure 2-10�Master/Checker Configuration 

 

 

3.0 COMPLIANCE WITH REGULATORY REQUIREMENTS AND 
CONFORMANCE TO GUIDANCE 

This section addresses U.S. EPR compliance with regulatory requirements and 

conformance to guidance relevant to testing provisions for the PS.   

3.1 GDC 21 “Protection System Reliability and Testability” [1] 

Requirement: 

The PS shall be designed to permit periodic testing of its functioning when the reactor is 

in operation, including a capability to test channels independently to determine failures 

and losses of redundancy that may have occurred. 
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