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SAFETY EVALUATION BY THE U.S. NUCLEAR REGULATORY COMMISSION STAFF  
RELATED TO THE CLOSEOUT OF GENERIC OPEN ITEMS  FOR THE 

DOOSAN HF CONTROL CORP. TOPICAL REPORT PP901-000-01,REVISION C,  
“HFC-6000 SAFETY SYSTEM” 

(TAC NO. ME7577) 
 
 
1.0 INTRODUCTION 
 
On April 27, 2011, the U.S. Nuclear Regulatory Commission (NRC) staff issued a Safety 
Evaluation (SE) for the Doosan HF Controls Corporation (HFC) “HFC-6000 Safety System” 
Topical Report (TR) PP901-000-01, Rev. C (Agencywide Documents Access and Management 
System (ADAMS) Accession No. ML110831017), for the HFC-6000 Platform for use in digital 
upgrades in nuclear power plants.  The SE included the identification of six generic open items 
(GOIs) related to equipment qualification. 
 
The HFC-6000 test specimen was retested to resolve the GOIs.  In its letter dated 
June 29, 2011, HFC submitted "Request for Amendment to HFC-6000 Safety Evaluation 
Report (TAC No. MD8462)" (ADAMS Accession No. ML11199A098), which contains summary 
test reports of the retested HFC-6000 test specimen and requested closure of the GOIs.   
 
In a letter dated April 11, 2014 (ADAMS Accession No. ML14041A002), the NRC staff 
transmitted requests for additional information (RAIs) to HFC.  By letters dated April 30 and 
December 4, 2014 (ADAMS Accession Nos. ML14134A069 and ML14349A403), 
HFC submitted responses to the RAIs. 
 
2.0 REGULATORY EVALUATION 
 
Section 3.3 of the April 27, 2011, SE (Reference 1) addresses the environmental qualification of 
the HFC-6000 platform. 
 
Two objectives of environmental qualification testing for a safety system are:  (1) to demonstrate 
the system will not experience failures due to abnormal service conditions of temperature, 
humidity, electrical power, radiation, electromagnetic interference (EMI), radio frequency 
interference (RFI), power surge, electrostatic discharge, or seismic vibration, and (2) to verify 
those tests meet the plant-specific requirements. 
 
Criteria for environmental qualification of safety-related equipment are provided in Title 10 of the 
Code of Federal Regulations (10 CFR) Part 50, Appendix A, General Design Criterion (GDC) 2, 
“Design Bases for Protection Against Natural Phenomena,” and GDC 4, “Environmental 
and Dynamic Effects Design Bases.”  Additionally, 10 CFR 50.55a(h), “Protection and Safety 
Systems,” incorporates by reference the requirements of the Institute of Electrical & Electronics 
Engineers (IEEE) Std. 603-1991, “IEEE Standard Criteria for Safety Systems for Nuclear Power 
Generating Stations,” which addresses both system-level design issues and quality criteria for 
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qualifying devices.  Regulatory Guide (RG) 1.209, “Guidelines for Environmental Qualification of 
Safety-Related Computer-Based Instrumentation and Control Systems in Nuclear Power 
Plants,” endorses and provides guidance for compliance with IEEE Std 323-2003, 
“IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Generating Stations,” for 
qualification of safety-related computer-based instrumentation and control (I&C) systems 
installed in mild environment locations. 
 
To comply with the requirements of GDC 4, 10 CFR 50.49, “Environmental Qualification of 
Electric Equipment Important to Safety for Nuclear Power Plants,” and IEEE Std. 603-1991, an 
applicant must demonstrate through environmental qualification that I&C systems meet 
design basis and performance requirements when the equipment is exposed to normal and 
adverse environments.  
 
Electric Power Research Institute (EPRI) TR-107330, “Generic Requirements Specification for 
Qualifying a Commercially Available PLC [programmable logic controller] for Safety-Related 
Applications in Nuclear Power Plants,” which was accepted by NRC SE dated July 30, 1998, 
presents a specification in the form of a set of requirements to be applied to the generic 
qualification of PLCs for application and modification to safety-related I&C systems in nuclear 
power plants.  It is intended to provide a qualification envelope corresponding to a mild 
environment that should meet regulatory acceptance criteria for a wide range of plant-specific 
safety-related applications.  The qualification envelope  is established by compliance with the 
guidance of EPRI TR-107330 and consists of the maximum (i.e., extremes) environmental and 
service conditions for which qualification was validated, and the range of performance 
characteristics for the PLC platform that were demonstrated under exposure to stress 
conditions.  Any plant-specific application is obligated to verify that the qualification envelope 
provided by qualification to the guidance of EPRI TR-107330 bounds the requirements of the 
application. 
 
3.0 TECHNICAL EVALUATION 
 
The qualification program developed for the HFC-6000 platform addressed environmental 
qualification for a mild, controlled environment.  The basis for the testing program was 
conformance with the guidance contained in EPRI TR-107330.  The results of the qualification 
program establish the qualification envelope of the HFC-6000 platform.  The testing program 
was conducted on a type test specimen (ERD111 test specimen) composed of HFC-6000 
modules configured into a representative system to execute a test system application program 
(TSAP).  The testing program was designed to demonstrate the capability of the ERD111 test 
specimen to:  (1) perform defined design functions within specified tolerances under normal 
environmental and operating conditions, and (2) perform design functions within specified 
tolerances under stress conditions, as specified in EPRI TR-107330, Section 6, “Qualification 
Testing and Analysis.” 
 
In the SE dated April 27, 2011 (Reference 1), the NRC staff determined that acceptable 
qualification of the HFC-6000 was demonstrated for radiation, power surge, electrostatic 
discharge, and seismic withstand capabilities.  In addition, the NRC staff concluded that 
electromagnetic compatibility (EMC) qualification for radiated magnetic field, low frequency 
conducted interference, and high frequency conducted interference emissions had been 
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demonstrated.  Finally, the NRC staff found that the HFC-6000 platform demonstrated 
acceptable isolation among signal channels and input/output (I/O) modules within a 
safety-related system.   
 
In Section 5.1 of the April 27, 2011, SE (Reference 1), the NRC staff identified six GOIs which 
must be resolved to establish acceptability of the platform for general use in implementing 
safety-related applications at nuclear power plants.  The principal GOI, GOI number 1, relates to 
adequately demonstrating environmental qualification of the HFC-6000 platform for 
environmental stress and EMC.  The subsequent GOIs, GOI number 2 thru GOI number 6, 
constitute corresponding elements of the HFC qualification program that require further 
evidence to acceptably demonstrate qualification of the platform in terms of performance 
characteristics and the testing envelope.  The six GOIs are: 
 

1. HFC has committed to conducting a retest of both environmental stress withstand and 
EMI/RFI immunity capabilities of the HFC-6000 platform to demonstrate generic 
environmental qualification for temperature and humidity exposure and EMC (Reference 
106).  Submission of additional testing results or other comparable evidence for review is 
necessary to demonstrate environmental qualification of the HFC-6000 platform under 
the generic environmental and EM service conditions defined in EPRI TR-107330.  The 
NRC staff review of environmental qualification of the HFC-6000 platform is discussed in 
Section 3.3 of this SE. 

 
2. The qualification testing conducted for the HFC-6000 platform does not establish 

qualification of the hardware watchdog timer for the HFC-SBC06 controller module 
under the service conditions defined in EPRI TR-107330.  Submission of additional 
testing results or other comparable evidence for review is necessary to demonstrate 
qualification of this hardware component.  The NRC staff review of the scope of the 
HFC qualification program is discussed in Section 3.3.1 of this SE. 

 
3. The qualification testing for the HFC-6000 platform does not establish qualification of the 

HFC-AI16F module under the environmental stress or EMI/RFI conditions defined in 
EPRI TR-107330.  Submission of additional testing results or other comparable evidence 
for review is necessary to demonstrate qualification of this hardware component.  The 
NRC staff review of the establishment of a baseline performance envelope under the 
HFC qualification program is discussed in Section 3.3.2 of this SE.  

 
4. The qualification testing for the HFC-6000 platform does not establish qualification of 

analog response time performance when the platform is subjected to the environmental 
extremes of the generic service conditions defined in EPRI TR-107330.  Submission of 
additional testing results or other comparable evidence for review is necessary to 
demonstrate qualification of the analog response time for the HFC-6000 platform as part 
of a comprehensive, credible qualified performance envelope.  The NRC staff review of 
the establishment of a baseline performance envelope under the HFC qualification 
program is discussed in Section 3.3.2 of this SE. 

 
5. The qualification testing for the HFC-6000 platform does not demonstrate an 

environmental stress withstand capability for several key performance characteristics 
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that are necessary to establish suitability of the platform for use in safety-related 
applications.  Submission of additional testing results or other comparable evidence for 
review is necessary to demonstrate qualification of the HFC-6000 platform under the 
environmental stress conditions defined in EPRI TR-107330.  The NRC staff review of 
the environmental stress (i.e., temperature and humidity) withstand testing under the 
HFC qualification program is discussed in Section 3.3.3 of this SE. 
 

6. The qualification testing for the HFC-6000 platform does not demonstrate EMC 
qualification: 
 
• For radiated electric field emissions from 10 kHz to 10 GHz.  Submission of 

additional testing results or other comparable evidence for review is necessary to 
demonstrate acceptable control of high frequency radiated emissions and establish 
EMC qualification of the HFC-6000 platform for radiated electric field emissions.  
The NRC staff review of EM emissions testing under the HFC qualification program 
is discussed in Section 3.3.5.1 of this SE. 
 

• For radiated electric field (high frequency) interference, high frequency conducted 
interference, and low frequency conducted interference.  Submission of additional 
testing results or other comparable evidence for review is necessary to demonstrate 
EMC qualification for immunity to radiated electric fields, low frequency conducted 
interference, and high frequency conducted interference.  The NRC staff review of 
EMI/RFI susceptibility testing under the HFC qualification program is discussed in 
Section 3.3.5.2 of this SE. 
 

• For radiated susceptibility over the frequency range from 1 GHz to 10 GHz and 
conducted susceptibility of signal leads.  Submission of additional testing results or 
other comparable evidence for review is necessary to demonstrate EMC qualification 
for immunity of signal lines to low frequency conducted interference and high 
frequency conducted interference and platform immunity to very high frequency 
radiated electric field interference.  The NRC staff review of EMI/RFI susceptibility 
testing under the HFC qualification program is discussed in Section 3.3.5.2 of this 
SE. 

 
The NRC staff reviewed the ERD111 test specimen equipment qualification retest summary 
report (Reference 7), detailed test reports (References 8, 9, 10, 11, and 12), and RAI responses 
(References 4, 5, and 6) submitted by HFC.  The staff reviewed test procedures and tests 
results contained in several tables and graphs, and evaluated them using the guidance in 
EPRI TR-107330 and RG 1.180.  The staff evaluation of HFC’s documentation that 
described the resolution of the six GOIs is given below.  
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3.1  Generic Open Item 1 
 
In the SE dated April 27, 2011 (Reference 1), the NRC staff concluded that qualification 
had not been adequately demonstrated for an environmental stress withstand capability 
(i.e., qualification for temperature and humidity).  Additionally, the NRC staff found that EMC 
qualification had not been adequately established for radiated and conducted susceptibility or 
for radiated electric field emissions.  HFC decided to conduct a retest of both environmental 
stress withstand capability and EMI/RFI immunity of the HFC-6000 platform. 
 
HFC performed an environmental stress retest of the HFC-6000 platform at the Environmental 
Testing Laboratory in Dallas, Texas in July 2010.  An EMI/RFI retest was performed at Nemko 
USA in Lewisville, Texas and at the HFC facility in Carrollton, Texas in the third quarter of 2010. 
 
HFC submitted both proprietary and non-proprietary versions of the following test documents: 
 

• RR901-001-04 Rev. A, HFC-6000 Safety Platform, ERD111 Control System, Equipment 
Qualification Retest Summary Report (Reference 7) , 

• TR901-200-02 Rev. A, HFC-6000 Safety Platform, ERD111 Control System Test 
Specimen, Pre-Qualification before Retest Detail Report (Reference 8), 

• TR901-200-03 Rev. A, HFC-6000 Qualifying System, ERD111, Environmental Stress 
Retest Detail Report (Reference 9), 

• TR901-200-04 Rev. A, HFC-6000 Qualifying System, ERD111, EMI/RFI Retest Detail 
Report (Reference 10), and 

• TR901-200-05 Rev. A, HFC-6000 Control System, ERD111- Control System 
Qualification Project, Post-Qualification after Retest Detail Report (Reference 11). 

 
HFC states the ERD111 test specimen was running a TSAP throughout the test period, and its 
operation was monitored by sequence of events (SOEs) and Historical Archiving System (HAS) 
data loggers located outside the test chamber.  Table 2 of RR901-001-04, Rev. A (Reference 
7), lists the HFC-6000 modules installed in the ERD111 test specimen.  Modules listed in bold 
fonts indicate that they are listed in the SE dated April 27, 2011 (Reference 1).   
 
The NRC staff noticed in the figure on page 5 of 5 of Attachment 7.1 of RR901-001-04, Rev. A 
(Reference 7), that the environmental stress test conducted by Environmental Testing 
Laboratory only maintained conditions of 40 degrees Fahrenheit and 5 percent relative humidity 
for 4 hours, as opposed to at least 8 hours as specified in EPRI TR-107330.  In a letter dated 
April 11, 2014 (Reference 3), the NRC staff requested additional information to clarify the 
qualification of the HFC-6000 platform under environmental stress conditions different than 
those conditions defined in EPRI TR-107330.  By letter dated April 30, 2014 (Reference 5), the 
HFC response stated that the figure the NRC staff was referencing was for a different test 
required by IEC 61508 certification of a subsystem in the test set; HFC referred the NRC staff to 
Figure 5 of TR901-200-03, Rev. A (Reference 9), which shows that the 40 degrees Fahrenheit 
and 5 percent relative humidity conditions were maintained for at least 8 hours, as specified in 
EPRI TR-107330.  The NRC staff finds that the low temperature/low humidity portion of the 
environmental stress test was performed appropriately.  
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The NRC staff has reviewed the test reports for the environmental-stress withstand and EMI/RFI 
immunity capabilities of the retested ERD111 test specimen, and finds HFC has submitted 
sufficient test documentation to demonstrate environmental qualification of the HFC-6000 
platform under the generic environmental and EMC service conditions defined in 
EPRI TR-107330.  This closes GOI 1. 
 
3.2  Generic Open Item 2 
 
To address GOI 2, HFC added a watchdog timer detection test, "Test of Failure to Complete 
Scan," to the operability test sets.  The test was designed to failover from the primary controller 
to the secondary controller once the primary controller does not stroke the watchdog timer for 
one complete scan cycle, which is 100 milliseconds (ms).  When the test is initiated, the 
algorithm forces the application program to enter an infinite loop.  When the primary controller 
detects failure to complete scan status, it activates an alarm flag and forces failover to the 
secondary controller.   Because it takes one complete scan cycle, 100 ms, for the watchdog 
timer to timeout, the failover to the secondary controller has to occur within the next scan cycle, 
or less than 200 ms from the time the infinite loop starts for the detection time to be valid. 
 
This watchdog timer detection test was performed during pre-qualification (Reference 8), 
environmental stress (during the high temperature and high humidity phase) (Reference 9), and 
post-qualification (Reference 11) test phases.  The environmental stress test results show that 
the detection time was less than 2 scan cycles, which is 200 ms.  These results were consistent 
with the pre-qualification and post-qualification test results.   
 
The NRC staff has reviewed the environmental stress test results for the HFC-6000 
HFC-SBC06 controller module hardware watchdog timer, and finds that the watchdog timer has 
been qualified under the service conditions defined in EPRI TR-107330.  This closes GOI 2. 
 
3.3  Generic Open Item 3 
  
3.3.1 Environmental Stress 
 
Section 3.3.2 of RR901-001-04, Rev. A (Reference 7), contains the acceptance criteria for the 
environmental stress qualification tests.  For the analog input (AI), the acceptance criteria is 
±0.35 percent accuracy over the entire range per EPRI TR-107330.  Table 3 of RR901-001-04, 
Rev. A (Reference 7), shows the accuracy of the HFC-AI16F module measured during the 
pre-qualification, environmental-stress, back-to-ambient, and post-qualification test phases.  
 
Section 4.1.1.1 of TR901-200-03, Rev. A (Reference 9), provides the environmental stress 
retest results for the HFC-AI16F module.  The Al channel for HFC-AI16F was monitored 
throughout the operability tests performed at the end of the high-temperature/high-humidity 
stress period, at the end of the low-temperature/low-humidity stress period, and after returning 
to ambient conditions. 
 
The HFC-AI16F module exhibited some increase in error magnitude during the temperature 
stress conditions - the maximum error occurring during the low-temperature/low-humidity phase.  
However, the measured accuracy of the HFC-AI16F module was within the acceptance criteria 



- 7 - 
 

 
 

of ±0.35 percent of span over the entire range.  Therefore, the NRC staff finds that the 
HFC-AI16F module meets the acceptance criteria of accuracy in an environmental stress profile 
in accordance with EPRI TR-107330.  
 
3.3.2  EMI/RFI Conditions 
 
Section 4.3.7 of EPRI TR-107330 identifies the EMI/RFI susceptibility and emissions withstand 
requirements.  For analog I/O levels, the accuracy shall not vary more than ±3 percent.  The 
HFC-AI16F analog input module underwent the following military standard (MIL-STD) radiated 
and conducted susceptibility tests, MIL-STD-461E:  conducted susceptibility (CS) 101, CS114, 
CS115/Electrical Fast Transient (EFT), CS116, radiated susceptibility (RS) 101, and RS103. 
 
The NRC staff noted on the RS101 test data sheet on RR901-001-04, Rev. A (Reference 7), 
that the test was not conducted for frequencies from 10 kHz to 100 kHz, as specified in 
RG 1.180.  In letter dated April 11, 2014 (Reference 3), the NRC staff requested additional 
information to clarify the discrepancy in frequency limits.  In letter dated April 30, 2014 
(Reference 5) HFC responded that the data on RR901-001-04, Rev. A (Reference 7), had a 
recording error, and that the actual upper test limit was 100 kHz, not 10 kHz.  HFC contacted 
Nemko USA to confirm the recording error and in a letter dated December 4, 2014 (Reference 
6), provided a copy of the Nemko USA letter stating that instead of the actual 100 kHz 
frequency stop, 10 kHz was incorrectly written on the data sheet.  The NRC finds that the 
RS101 test was performed appropriately. 
 
The EMI/RFI test results for the HFC-AI16F module are contained in TR901-200-04, Rev. A 
(Reference 10).  The maximum variation for each susceptibility test was recorded.  For all 
conducted susceptibility tests and RS103 the maximum variation was well under ±3 percent.  
For the RS101 test, the maximum variation was -3.01 percent.  This accuracy was for one of the 
eight locations where magnetic disturbances were generated (four on each side of the cabinet).  
For the RS101 test, the average accuracy for all eight locations is recorded as -0.03 percent.  
Additionally, HFC stated that all systems continued to execute with no anomalies.  Although the 
maximum accuracy variation was at ±3 percent for the RS101 test, the system continued to 
function normally.  The NRC staff finds that the HFC-AI16F module is not susceptible to 
radiated or conducted interference and meets the acceptance criteria in EPRI TR-107330. 
 
The NRC staff has reviewed the environmental stress and EMI/RFI test results for the 
HFC-6000 HFC-AI16F module, and finds that the HFC-AI16F module has been qualified under 
the environmental stress and EMI/RFI conditions defined in EPRI TR-107330.   
This closes GOI 3. 
 
3.4  Generic Open Item 4 
 
Section 3.3.2 of RR901-001-04, Rev. A (Reference 7), contains the acceptance criteria for the 
environmental-stress qualification tests.  For analog response time the acceptance criteria is a 
response time of less than 300 ms from activation of a trip condition to output of a trip signal. 
 
Table 4 of RR901-001-04, Rev. A (Reference 7), contains the average analog response time 
measured for the ERD111 test specimen during the pre-qualification, environmental (high-



- 8 - 
 

 
 

temperature/high-humidity, low-temperature/low-humidity, and back-to-ambient conditions), and 
post-qualification test phases.  The analog response time was less than 300 ms for all phases of 
the test.  
 
The NRC staff reviewed the environmental-stress test results for the HFC-6000 platform analog 
response time, and finds that the qualification has been established for the analog response 
time performance when the platform is subjected to the environmental extremes of the generic 
service conditions defined in EPRI TR-107330.  This closes GOI 4. 
 
As noted in Section 3.3.2 of the SE dated April, 27, 2011 (Reference 1), the HFC-6000 
platform still does not fully comply with the criterion of a 100 ms response time, as specified 
in Section 4.2.1, “General Functional Requirements,” Item A, “Response Time,” of 
EPRI TR-107330.   
 
Additionally, Section 3.3.2 of the SE dated April, 27, 2011 (Reference 1), states, in part: 
  

Nevertheless, the HFC-6000 platform has demonstrated a credible baseline capability for 
response time performance that can reasonably service safety functions (see Section 3.4 of 
this SE) pending analysis of the specific safety application ... 
 
The synthetic application program used for the qualification program is not intended to be an 
optimized code nor implement a simple safety function.  It is noted that the actual response 
time for any particular system will depend upon the actual system configuration, and may 
vary significantly from simple to complex systems.  Thus, the determination of the suitability 
of the HFC-6000 platform response time characteristics for a particular application is a 
plant-specific requirement and, therefore, is an ASAI that is subject to plant-specific review 
(see Section 5.2 of this SE).  Thus, the capability of the HFC-6000 platform to satisfy 
application-specific requirements for system response time must be determined on a 
plant-specific basis in terms of the validated system design in relation to the accident 
analyses in Chapter 15 of the safety analysis report of the plant.   
 
The response time performance baseline is limited to the AI16F analog input module in 
combination with the DO8J digital output module and the DI16I digital input in combination 
with the DO8J digital output module.  EPRI TR-107330 identifies performance criteria for a 
more expansive range of input-output module combinations.  It is an ASAI to demonstrate 
acceptable response time for other input-output combinations as needed (see Section 5.2 of 
this SE). 

 
It is still an application-specific action item (ASAI) to determine the suitability of the HFC-6000 
platform response time characteristics for a particular application, and to demonstrate 
acceptable response time for other input-output combinations as needed (see Section 5.2 of the 
SE dated April, 27, 2011(Reference 1)).  This ASAI does not affect the closure of GOI 4. 
 
3.5  Generic Open Item 5 
 
Section 3.3.3 of the SE dated April, 27, 2011 (Reference 1), states that test results were not 
available to demonstrate that certain performance characteristics of the HFC-6000 platform 
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remained within the specified tolerances established in EPRI TR-107330.  Specifically, the 
NRC staff review of the test summaries, addenda and corrections, and detailed records 
determined that qualification was not demonstrated for the following key performance 
characteristics: 

• I/O accuracy (HFC-AI16F, HFC-AI8M, and HFC-AI4K modules) 
• Analog response time 
• Digital response time 
• Communication operability (Communication-Link (C-Link), intercommunication link 

(ICL)) 
• Power interruption tolerance (power hold up capability) 
• Power quality tolerance 

 
Section 3.3.2 of RR901-001-04, Rev. A (Reference 7), contains the following acceptance criteria 
for the environmental stress qualification operability tests: 
 

• Analog Input Accuracy (4 to 20 mA) - ±0.35 percent accuracy over the entire range 
• Analog Response Time - Within the baseline acceptance range less than 300ms 
• Digital Response Time - Within the baseline acceptance range less than 100ms 
• Communication Operability - No communication errors which lead to loss of packets 
• Power Interruption - All performance data shall not be impacted by the power 

interruption 
• Power Quality - All performance data shall not be impacted before the drop of 

power lead to power outage 
 
Environmental-stress qualification for these performance characteristics is discussed below. 
 
3.5.1  I/O Accuracy (HFC-AI16F, HFC-AI8M, and HFC-AI4K modules) 
 
3.5.1.1 HFC-AI16F module (Analog Input Card (4 to 20 mA)) 
 
The NRC staff reviewed HFC-AI16F accuracy under environmental stress conditions in GOI 3 
(see section 3.3.1 of this SE), and finds that it meets the acceptance criteria of accuracy in an 
environmental stress profile in accordance with EPRI TR-107330. 
 
3.5.1.2 HFC-AI8M module (Resistance Temperature Detector (RTD) Input Card, 100 ohm) 
 
Section 4.3.2.1.3 of EPRI TR-107330 specifies that the RTD input accuracy shall be equal or 
less than ±2 degrees Celsius over the range of environmental operating conditions.  
Section 4.1.1.3 of TR901-200-03, Rev. A (Reference 9), contains the test results for the 
HFC-AI8M module.  The accuracy of the RTD input card remained within ±2 degrees Celsius 
during high temperature/high humidity and low temperature/low humidity conditions, thus 
meeting the requirements of EPRI TR-107330. 
 
3.5.1.3 HFC-AI4K module (Pulse Input Card) 
 
Section 4.3.2.3.1 of EPRI TR-107330 specifies that the pulse input accuracy shall be equal to or 
less than 0.1 percent over the range of environmental operating conditions.  Section 4.1.1.4 of 
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TR901-200-03, Rev. A (Reference 9), contains the test results for the HFC-AI4K module.  
The accuracy of the pulse input card remained within 0.1 percent during high-temperature/high-
humidity and low-temperature/low-humidity conditions, thus meeting the requirements of 
EPRI TR-107330. 
 
3.5.2 Analog Response Time 
 
The NRC staff has reviewed the environmental-stress test results for the HFC-6000 platform 
analog response time in GOI 4 (see section 3.4 of this SE), and finds that the qualification has 
been established for the analog response time performance when the platform is subjected to 
the environmental extremes of the generic service conditions defined in EPRI TR-107330.  
 
3.5.3 Digital Response Time 
 
Table 5 of RR901-001-04, Rev. A (Reference 7), contains the average digital response time 
measured for the ERD111 test specimen during the pre-qualification, environmental-stress 
(high-temperature/high-humidity, low-temperature/low-humidity, and back-to-ambient 
conditions), and post-qualification test phases.  The range of average response time is between 
74 ms and 94 ms, which is within the acceptance criteria of less than 100ms, and meets the 
requirements of EPRI TR-107330. 
 
3.5.4 Communication Operability (C-Link, ICL) 
 
Section 4.1.4 of TR901-200-03, Rev. A (Reference 9), contains the test results for the ERD111 
test specimen communication operability test.  This test monitored the operation of the ICL and 
C-Link error counters during each phase of the environmental stress test.  The acceptance 
criteria for this test are the system and both of its communication links continue operating 
without disruption before, during, and after application of the environmental stress conditions.  
The test method consisted of recording the count value of the error counters at the start and end 
of a test period and interpreting the total accumulated error count as the measure of 
communication reliability.  The automatic tests were run to provide background activity for the 
communication test.  HFC stated that error logs indicate that no C-Link and no ICL errors were 
logged during the test, and that nominal performance of the background tests indicate that the 
ERD111 test specimen continued operating reliably.  The NRC staff finds that the system and 
both of its communication links meet the acceptance criteria for the communication operability 
test. 
 
3.5.5 Power Interruption Tolerance (power hold up capability) 
 
Section 4.1.9 of TR901-200-03, Rev. A (Reference 9), contains the results of the power 
interruption test performed on the ERD111 test specimen.  This test subjects the system to a 
40 ms interruption in source alternating current (AC) power to demonstrate the capability of the 
system to continue functional operation during switchover to a backup power source.  The test 
was conducted during the high-temperature/high-humidity and low-temperature/low-humidity 
phases of the environmental test, as well as during pre-qualification and post-qualification test 
phases.   
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Section 4.6.1.1 of EPRI TR-107330 contains the PLC power sources and power supply 
requirements.  It states that the holdup time for the power supplies shall be 40 ms on loss of 
AC power when the slots are loaded as above.  During the 40 ms holdup time, the discrete 
I/O shall not change state, the analog I/O shall not change by more than 5 percent, and the 
processor shall not reset.   
 
Consistent with the EPRI TR-107330 requirements, the following acceptance criteria were 
specified for the test: 
 

• No controller resets 
• No static digital output channel changes state 
• No static analog output point changes its value by more than 5 percent 
• Logged parameters for all of the automated tests remain within tolerance 

 
The test results state that:  
 

• No data disruption occurred during the high temperature/high humidity or the low 
temperature/low humidity execution of the test 

• No changes in values of static points occurred 
• The average analog output accuracy was within 5 percent 
• Values for the automated digital and analog response time are comparable to those 

measured without the power interruption 
 
The NRC staff finds that the ERD111 test specimen power interruption tolerance test meets the 
requirements of EPRI TR-107330. 
 
3.5.6  Power Quality Tolerance 
 
Section 4.1.10 of TR901-200-03, Rev. A (Reference 9), contains the results of the power quality 
tolerance test performed on the ERD111 test specimen.  This test was executed at the end of 
the high-temperature/high-humidity period of the environmental-stress test, as specified in 
EPRI TR-107330.  During this test, the voltage and frequency of the primary source power were 
varied over the limits of the ERD111 test system power supplies, and system performance was 
monitored.  The test included three phases: 
 

• Pretest - Source power was set to the normal level of 120 (volts of alternating 
current (vac) at 60 hertz (Hz).  Automated accuracy, timer, and response time test 
were run, and selected static point values were monitored. 

• Low voltage limit - Source power was set to 90 vac at 57 Hz and then to 90 vac and 
63 Hz.  Then the source voltage was reduced until the power supplies shut down.  
Automated accuracy and burst of events (BOE) tests were run and selected static 
points were monitored. 

• High voltage - Source power was set to 150 vac at 57 Hz, to 150 vac and 63 Hz, 
and then back to 120 vac at 60 Hz.  Automated accuracy and BOE tests were run 
and selected static points were monitored. 
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The automated accuracy tests of the analog cards were running during each phase of this test 
to measure system stability under varying states of supply power quality.  The test results show 
that the analog input card (HFC-AI16F) had an accuracy within ±0.35 percent and the analog 
output card (HFC-AO8F) had an accuracy within ±0.32 percent, as required by EPRI 
TR-107330. 
 
Based on the review of the HFC documentation of the temperature and humidity test results, the 
NRC staff determined that qualification of the HFC-6000 platform for environmental stress 
withstand has been acceptably demonstrated for the key performance characteristics identified 
above in GOI 5.  This closes GOI 5. 
 
3.6  Generic Open Item 6 
 
The EMC qualification items of GOI 6 are discussed below. 
 
3.6.1  Radiated electric field emissions from 10 kHz to 10 GHz (first bullet of GOI 6)   

 
The objective of EMC emissions testing is to ensure that the new equipment will not interfere 
with the function or operation of existing power plant equipment.  The guidance on emissions 
testing that the HFC-6000 platform is required to satisfy is given in Section 4.3.7, “EMI/RFI 
Withstand Requirements,” of EPRI TR-107330, with reference to Section 7, “Plant and 
Equipment Emissions Limits,” of EPRI TR-102323, Revision 1.  EPRI TR-102323 identifies four 
MIL-STD tests to determine equipment emissions:  Radiated Emissions (RE) 101, RE102, 
Conducted Emissions (CE) 101, and CE102.   
 
The SE dated April, 27, 2011 (Reference 1), states that the HFC-6000 platform met the 
acceptance criteria for the RE101, CE101, and CE102 tests.  However, in the same SE, the 
NRC staff determined that the HFC-6000 platform did not satisfy the acceptance criteria of the 
two guides (EPRI TR-107330 and EPRI TR-102323) for radiated electric field emissions due to 
excessive radiated emissions in the frequency range from 10 kHz to 1 GHz.  Furthermore, no 
measurements were reported for radiated electric fields above 1 GHz, as specified in RG 1.180.   
 
HFC stated in Section 4.1.4 of TR901-200-04, Rev. A (Reference 10) that radiated emission test 
RE102 was performed on the HFC-6000 platform in accordance with MIL-STD-461E and the 
required test spectrum in RG 1.180.  The RE102 tests were completed on July 28, 2010. 
 
Although the tests were conducted following the guidance of EPRI TR-102323, the analysis of 
the test results was based on the test limits from RG 1.180.  The NRC staff finds this approach 
to be acceptable because the test methods from the two guides (EPRI TR-107330 and EPRI 
TR-102323) are equivalent (i.e., virtually identical versions of the same tests from different 
generations of the standard).  
 
The NRC staff noted that the horizontal test was performed for frequencies of 30 MHz to 
10 GHz, while the vertical test was performed for frequencies of 2 MHz to 10 GHz.  In a letter 
dated April 11, 2014 (Reference 3), the NRC staff requested additional information to clarify the 
discrepancy in lower frequency limits between the vertical and horizontal tests.  By letter dated 
April 30, 2014 (Reference 5), HFC responded that Section 3.4 of RG 1.180 specifies that at 
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frequencies above 30 MHz, the test method should be performed for both horizontally and 
vertically polarized fields.  Since RG 1.180 does not specify that both horizontal and vertical 
polarized field tests are to be performed for frequencies below 30 MHz, HFC only performed the 
vertical polarized field test for 2 MHz to 30 MHz.  The NRC staff finds this approach consistent 
with RG 1.180. 
 
Section 4.1.4 of TR901-200-04, Rev. A (Reference 10) contains the RE102 test results for the 
ERD111 test specimen.  The RE102 test results are within the RG 1.180 operating envelope. 
 
Based on comparison of the test results against the limits from RG 1.180, the HFC-6000 
platform met the acceptance criteria for the RE102 high frequency radiated emissions test.   
 
3.6.2  Susceptibility to high frequency radiated electric field (second bullet of GOI 6),  and 

Susceptibility to radiated electric field over the frequency range of 1 GHz to 10 GHz 
(third bullet of GOI 6)   

 
The objective of EMC susceptibility testing is to ensure that equipment will function and operate 
as designed when installed in the EMC environment of a power plant.  The guidance on 
susceptibility testing that the HFC-6000 platform is required to satisfy is given in Section 4.3.7 of 
EPRI TR-107330, with reference to Appendix B, “EMI Susceptibility Guide,” of EPRI 
TR-102323, Revision 1.   
 
EPRI TR-107330 identifies the following acceptance for EMI/RFI withstand testing: 
 

• The main processor continues to function, 
• I/O data transfer is not disrupted, 
• Discrete I/O does not change state due to noise, and 
• Analog I/O levels do not vary more than 3 percent. 

 
RG 1.180 states that MIL-STD-461E RS103 test ensures that equipment and subsystems are 
not susceptible to radiated electric fields in the frequency range of 30 MHz to 1 GHz.  This test 
is also applicable for frequencies above 1 GHz. 
 
The information provided by HFC indicates test RS103 was performed on the ERD111 test 
specimen on August 2010.  The electric fields of frequencies from 30 MHz to 10 GHz at 10 V/m 
were radiated in vertical and horizontal polarization from the rear side to the test specimen with 
the cabinet doors open.  Sections 4.2.6 and 4.2.7 of TR901-200-04, Rev. A (Reference 10), 
contain the RS103 test results for the ERD111 test specimen.  The analog I/O maximum 
variations were within ±3 percent accuracy, the analog and digital response times were under 
300 ms and 100 ms, respectively, and no static I/O points were excited from their original states 
during testing.  
 
Based on the NRC staff’s review of the RS103 test results, the NRC staff finds that the 
HFC-6000 platform is not susceptible to radiated electric fields frequencies from 30 MHz to 10 
GHz. 
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3.6.3  Susceptibility to high frequency conducted interference and low frequency conducted 
interference (second bullet of GOI 6)   

 
RG 1.180 states that the baseline suite of tests for conducted EMI/RFI susceptibility along 
power leads consists of CS 101 and CS114.  The low frequency conducted susceptibility test 
was performed between 30 Hz and 150 kHz.  These test signals were injected directly into 
power leads of the ERD111 test specimen based on the CS101 test method.  The high 
frequency conducted susceptibility tests were executed between 10 kHz and 30 MHz.  
These test signals were inductively coupled into the power leads of the ERD111 test specimen 
based on the CS114 test method.   
 
As stated in RG 1.180, the CS101 test ensures that equipment and subsystems are not 
susceptible to EMI/RFI present on power leads in the frequency range 30 Hz to 150 kHz.  
The test is applicable to ac and dc input power leads, not including grounds and neutrals.  
The CS101 test results in Section 4.2.1 of TR901-200-04, Rev. A (Reference 10), show that the 
ERD111 test specimen met the test acceptance criteria:  the analog I/O cards’ accuracy was 
within ±3 percent, the average analog response time was under 300 ms, and the average digital 
response time was under 100 ms.   
 
Based on the NRC staff’s review of the test results provided, the NRC staff finds that the 
HFC-6000 platform is not susceptible to CS101 conductive interference and meets the test 
acceptance criteria.  
 
As stated in RG 1.180, the CS114 test simulates currents that will be developed on leads as a 
result of EMI/RFI generated by antenna transmissions.  The test covers the frequency range 
10 kHz to 30 MHz and is applicable to all interconnecting leads, including the power leads of the 
equipment under test.  The CS114 test can also be applied to assess signal line susceptibility. 
 
Section 4.2.2 of TR901-200-04, Rev. A (Reference 10), contains the CS114 test results.  The 
NRC staff noted that the CS114 test signal limit values were lower than the values in Figure 4.2 
in RG 1.180.  In letter dated April 11, 2014 (Reference 3), the NRC staff requested additional 
information to clarify the lower signal values used in the test.  In a letter dated April 30, 2014 
(Reference 5), HFC responded that due to the limitation of test equipment at the Nemko USA 
laboratory, the calibrated test signals could not reach the signals as depicted in Figure 4.2 in 
RG 1.180. 
 
HFC contracted NTS Corporation at Plano, Texas to perform the CS114 tests again on the 
same set on April 25, 2014.  The test signal limits shown in Figure 4.2 of RG 1.180 were used 
for this test.  HFC submitted "NTS Report PR028559 - RG 1.180: Regulatory Guide 1.180 
CS114 Susceptibility Tests on US NRC HFC-6000 Safety Qualification System Part Number: 
ERD111/ERD921,” dated April 28, 2014 (Reference 12).  The NTS CS114 test results show that 
the analog I/O cards’ accuracy was within ±3 percent, the average analog response time was 
under 300 ms, and the average digital response time was under 100 ms.  Thus, the ERD111 
test specimen met the test acceptance criteria.  Additionally, HFC stated that the ERD111 test 
specimen did not exhibit any malfunction or degradation of performance when subjected to the 
test signals. 
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Based on the NRC staff’s review of the test results, the NRC staff finds the HFC-6000 platform 
not susceptible to CS114 conductive interference, and therefore meets the test acceptance 
criteria.  
 
3.6.4  Susceptibility of signal leads to low frequency conducted interference and high 

frequency conducted interference (third bullet of GOI 6)   
 
Regulatory Guide 1.180 states that MIL-STD-461E contains test methods that can be applied to 
address conducted susceptibility for interconnecting signal leads.  The tests for conducted 
EMI/RFI susceptibility along signal leads are: 
 

• CS114 - Conducted susceptibility, high-frequency, 10 kHz to 30 MHz 
• CS115 - Conducted susceptibility, bulk cable injection, impulse excitation 
• CS116 - Conducted susceptibility, damped sinusoidal transients, 10 kHz to 100 MHz 

 
HFC states in Section 4.4.2 of RR901-001-04, Rev. A (Reference 7) that conducted 
susceptibility tests CS114, CS115/EFT were performed on the signal lines at the Nemko USA 
laboratory.  Due to the time limit and schedule of using the Nemko USA laboratory, the CS116 
tests were rescheduled and were executed at the HFC facility.  When performing CS114 and 
CS116 tests, the signal lines were grouped into 3 bundles and each bundle was tested 
separately.  All susceptibility tests performed with the required test signals operating at 
100 percent signal strength.   
 
As mentioned in Section 3.6.3 above, HFC contracted NTS Corporation to perform the CS114 
tests again on April 25, 2014.  The CS114 test is discussed in Section 3.6.3 above. 
 
The CS115/EFT test verifies the compliance of the test specimen to repetitive EFTs/bursts, on 
supply, signal or control lines.  Signal levels of 1kV and 2kV were used for this test.  The 
CS115/EFT test results in Section 4.2.3 of TR901-200-04, Rev. A (Reference 10), show the 
ERD111 test specimen met the test acceptance criteria: the analog I/O cards’ accuracy was 
within ±3 percent, the average analog response time was under 300 ms, and the average digital 
response time was under 100 ms.   
 
Based on the NRC staff’s review of the test results provided, the NRC staff finds the HFC-6000 
platform is not susceptible to CS115/EFT conductive interference on the signal lines, and 
therefore meets the test acceptance criteria.  
 
The CS116 test verifies the abilities of the test specimen to withstand damped sinusoidal 
transients coupled onto test specimen associated cables and power leads.  The signal lines 
were grouped into 3 bundles.  Each bundle was tested at 10kHz, 100kHz, 1MHz, 10MHz, 
30MHz, and 100MHz damped sinusoidal transients.   
 
The CS116 test results in Section 4.2.4 of TR901-200-04, Rev. A (Reference 10), show the 
ERD111 test specimen met the test acceptance criteria:  the analog I/O cards’ accuracy was 
within ±3 percent, the average analog response time was under 300 ms, and the average digital 
response time was under 100 ms.   
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Based on the NRC staff’s review of the test results provided, the NRC staff finds the HFC-6000 
platform is not susceptible to CS116 conductive interference on the signal lines and meets the 
test acceptance criteria.  
 
In Section 5.0 of TR901-200-04, Rev. A (Reference 10), HFC summarizes the test results for 
the radiated and conducted susceptibility tests RS101, RS103, CS101, CS114, CS115/EFT, 
and CS116: 
 

• All transitions of discrete I/O cards were detected and no anomalies occurred. 
• Response time stayed within the acceptance limits as compared to the measurements 

without EMI/RFI disturbance. 
• No outstanding errors in both C-Link and ICL communications. 
• Time functions were within acceptance limits indicating the controllers were functioning 

correctly throughout the susceptibility tests. 
• All BOE events were detected.  Analog levels of I/O cards were within 3 percent 

accuracy.  All transitions of discrete I/O driven by the BOE algorithm were detected. 
 
The NRC staff has reviewed the EMI/RFI test results for the ERD111 test specimen, and 
finds the HFC-6000 platform has demonstrated EMC qualification in accordance with 
EPRI TR-107330 and RG 1.180.  This closes GOI 6. 
 
4.0 CONCLUSIONS 
 
As described in the Section 3.0 of this SE, the NRC staff concludes that HFC has provided 
sufficient information to close GOIs 1 through 6.  The NRC staff concludes that, when properly 
installed and used, the HFC-6000 platform is acceptable for safety-related use in nuclear power 
plants, subject to satisfactory licensee compliance with the Limitations and Conditions identified 
in Section 5.0 of the SE dated April, 27, 2011 (Reference 1). 
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