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EXAMPLE SAFETY RELATED DIGITAL 10 CFR 50.59 EVALUATION 
 

ACTIVITY DESCRIPTION 

Provide a description of what is being changed and why. 

Description of Change 

Engineering change (EC) 00001 will replace the excitation system on each of the XYZ Nuclear Plant emergency diesel 
generators (EDGs) with the ACME Model ABC-DE static exciter regulator excitation system. As part of the upgrade, the 
existing voltage regulator motor-operated potentiometer (MOP) will be replaced with the ACME Digital Reference 
Adjuster (DRA). The function of the MOP is to provide an operating setpoint for the voltage regulator. The DRA will 
perform the same function as the MOP, that is to provide a variable output resistance to establish the EDG voltage 
regulator output voltage. 

Reason for Change 

The existing EDG excitation system is obsolete and spare parts are no longer available from the original manufacturer. 
This has resulted in a lack of manufacturer/vendor technical support and difficulty securing spare parts. 

Replacement of the MOP with the DRA is intended to increase EDG system reliability. Motor-operated potentiometers 
have been problematic at a number of installations, often because the MOP is considered the weakest link in any voltage 
regulating system [15]. The problem is typically a case of having a “dirty pot,” possibly caused by oxidation of the 
resistive element or fouling with foreign material (such as dust or dirt), resulting in erratic voltage/volts-ampere reactive 
(VAR) swings. 

Evaluation Scope 

The scope of this 10 CFR 50.59 Evaluation is strictly limited to installation of the new digital reference adjuster, as 
documented in the 10 CFR 50.59 Screen [62]. 
 

TECHNICAL SPECIFICATIONS REVIEW 

Does the proposed activity require a modification, deletion, or addition to the 
Technical Specifications? 

 YES  NO 

Identify any Technical Specification sections that require change within this justification. 

JUSTIFICATION:  

XYZ Nuclear Plant Technical Specifications Sections 3.8.1 (AC Sources - Operating) and 3.8.2 (AC Sources - 
Shutdown) dictate the operability requirements associated with the EDG system [2][3]. 

This activity will install the ACME DRA as a replacement to the existing MOP. Technical Specifications 
Surveillance Requirements (SRs) 3.8.1.2, 3.8.1.7, and 3.8.1.14 require verification that each EDG starts from standby 
conditions and achieves steady state voltage ≥ 3750 V and ≤ 4300 V. The purpose of the MOP is to establish the 
EDG voltage regulator nominal operating voltage setpoint of 4160 V and to ensure the EDG output voltage remains 
within the Technical Specifications SR limits. The replacement DRA will perform the exact same function as the 
MOP. Therefore, this activity will have no impact on the existing XYZ Nuclear Plant Technical Specifications. 

The following four criteria of 10 CFR 50.36(c)(2)(ii) were evaluated to ensure no new Technical Specifications were 
required as a result of this activity [1]. 

From 10 CFR 50.36 (c)(2)(ii): 

A technical specification limiting condition for operation of a nuclear reactor must be established for each item 
meeting one or more of the following criteria: 

(A) Criterion 1. Installed instrumentation that is used to detect, and indicate in the control room, a significant 
abnormal degradation of the reactor coolant pressure boundary. 
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(B) Criterion 2. A process variable, design feature, or operating restriction that is an initial condition of a 
design basis accident or transient analysis that either assumes the failure of or presents a challenge to the 
integrity of a fission product barrier. 

(C) Criterion 3. A structure, system, or component that is part of the primary success path and which functions 
or actuates to mitigate a design basis accident or transient that either assumes the failure of or presents a 
challenge to the integrity of a fission product barrier. 

(D) Criterion 4. A structure, system, or component which operating experience or probabilistic risk assessment 
has shown to be significant to public health and safety. 

Nothing within the scope of the proposed activity met any criteria for inclusion in the Technical Specifications. 

On the basis of the foregoing, the proposed activity does not require a modification, deletion, or addition to the XYZ 
Plant Technical Specifications. 

10 CFR 50.59 EVALUATION QUESTIONS 

EFFECT ON ACCIDENTS AND MALFUNCTIONS EVALUATED IN THE LICENSING 
BASIS DOCUMENTS 

 

1 Does the proposed activity result in more than a minimal increase in the frequency 
of occurrence of an accident previously evaluated in the UFSAR? 

 YES  NO 

JUSTIFICATION:  

The EDG system is not an initiator of any accident analyzed in the UFSAR. The proposed activity will not create a 
scenario where the EDG system could become an accident initiator. Consequently, the proposed activity cannot result 
in more than a minimal increase in the frequency of an accident previously evaluated in the UFSAR1. 

NEI 01-01 Appendix A2: 

Question 1a: Does the new equipment installed with the upgrade exhibit performance characteristics, or have 
design features, that give an increased frequency of a system malfunction resulting in an accident? 

The EDG system is not recognized as an initiator of any design basis accident. Thus, this activity cannot increase the 
frequency of a system malfunction that would result in an accident. 

Question 1b: Does the system exhibit performance characteristics that increase the need for operator 
intervention or increase operator burden to support operation of the system in normal or off-normal 
conditions? 

The ACME DRA was designed as a direct replacement for the MOP and performs the same function as the MOP. 
Use of the DRA as a replacement for the MOP will be transparent to plant operators since the EDG response to 
normal or off-normal conditions will not change and the operator interface for the EDG will not change. Therefore, 
installation of the DRA will not increase operator burden or intervention when the EDG system is responding to 
normal or off-normal conditions. 

Question 1c: Is the system compatible with the installed environment (e.g., temperature, humidity, seismic, 
electromagnetic fields, and airborne particulates) such that system performance will not be degraded 
compared to the system being replaced? 

The DRA has been qualified for temperature, humidity, and seismic stressors using the methods provided in EPRI 
TR-107330 as endorsed by the NRC in RG 1.209 and to meet electromagnetic compatibility (EMC) requirements in 
accordance with RG 1.180 [11][26][27]. EMC testing included both the module’s susceptibility to the existing 
environment and the module’s impact on surrounding equipment through emissions. The DRA qualification bounds 

                                                           
1 Note that, although failure of both EDG trains on a given unit during a loss of offsite power (LOOP) event will result in a station blackout (SBO), the 

LOOP is the accident initiating event (UFSAR Section 8.3.1.1.6.1d). 

2 Although the EDG is not an accident initiator, it is a regulatory expectation that all NEI 01-01 Appendix A questions be addressed. 
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the environmental conditions recognized in the final installation location. Functional testing activities performed after 
each stage of qualification testing ensure the system will operate properly under conditions specified in the applicable 
standards for EMC, environmental, and seismic testing. 

The DRA requires passive cooling only and is not impacted by airborne particulates nor does installation of the DRA 
increase the potential for airborne particulates. Radioactive airborne particulates are unlikely to affect the DRA as the 
device is located outside the radiological control area and has been qualified to a TID of 1E3 RADs [37]. 

As a result, employing the DRA in the new ACME EDG excitation system will not degrade EDG system 
performance resulting from environmental conditions, seismic stressors, or electromagnetic compatibility. 

Question 1d: Can the system have an adverse impact on the installed environment (e.g., temperature, 
humidity, seismic, EMI/RFI emissions, and airborne particulates) such that performance of an existing system 
used for accident detection will be more than minimally degraded compared to existing requirements? 

The new equipment will be located in the same environment as the existing equipment and is qualified for 
installation in the EDG room environment. The new equipment has been analyzed and tested for impact on the 
surrounding environment to ensure heat load, EMI/RFI radiated and conducted emissions, humidity, and seismic 
requirements of the installed environment are not degraded [38][39][48][49][50][51][54][55]. The new equipment 
requires passive cooling only and will not result in an increase of airborne particulates. 

Therefore, installation of the DRA will not have an adverse impact on the installed environment such that 
performance of an existing system used for accident detection will be more than minimally degraded compared to 
existing requirements. 

2 Does the proposed activity result in more than a minimal increase in the likelihood 
of occurrence of a malfunction of an SSC important to safety previously evaluated 
in the UFSAR? 

 YES  NO 

JUSTIFICATION: 

UFSAR Section 8.3.1.1.6 discusses the standby alternating current power supply and distribution system, which 
includes the EDG system. Review of this UFSAR section revealed the EDG system electrical/instrumentation and 
mechanical malfunctions that have been evaluated. These malfunctions are detailed below. 

EDG System Electrical/Instrumentation Malfunctions Currently Evaluated in the UFSAR 

The second paragraph of UFSAR Section 8.3.1.1.6.5.1 discusses an EDG protective relay malfunction [4.c]. An 
excerpt of this UFSAR section is provided below. 

“A protective relay malfunction could result in a false indication that the offsite power supply has been 
lost resulting in the automatic starting of the DGs. The DGs, however, would not be connected to the 
emergency buses unless the incoming feeder breakers and tie breakers associated with a bus are open 
and no voltage exists on the bus. The effect of a false signal would, therefore, only result in the 
automatic starting of the DGs.” 

The protective relay function described above is not related to, or impacted by, the proposed activity. 

EDG System Mechanical Malfunctions Currently Evaluated in the UFSAR 

The FMEA provided in UFSAR Table 8-21 describes potential mechanical-related failures at the system level for 
several different EDG mechanical systems, none of which are related to, or affected by, the proposed activity [4.d].  

EDG System Malfunctions 

UFSAR Section 8.3.1.1.6a states, in part, the following: 

“The system is designed so that the failure of any single piece of equipment including a DG, circuit 
breaker, distribution center, or interconnecting wiring or cabling will not jeopardize the effectiveness of 
core standby cooling systems.” 

Thus, the UFSAR describes the EDG system as a whole as being a potential malfunction. The discussion in the 
remainder of this question will evaluate the proposed activity against the reliability of the EDG. Responses to 
questions provided in NEI 01-01 Appendix A will serve as a basis to address the quality and reliability of the DRA 
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and compare the DRA with the existing MOP to determine if there is more than a minimal increase in the likelihood 
of an EDG system malfunction with implementation of the proposed activity. 

NEI 01-01 Appendix A Questions: 

Question 2a - Does the modified system meet the required plant environmental and seismic envelopes? 

The DRA has been qualified for temperature, humidity, and seismic stressors using the methods provided in EPRI 
TR-107330 as endorsed by the NRC in RG 1.209 and to meet electromagnetic compatibility (EMC) requirements in 
accordance with RG 1.180 [11][26][27]. EMC testing included both the module’s susceptibility to the existing 
environment and the module’s impact on surrounding equipment through emissions. The DRA qualification bounds 
the environmental conditions recognized in the final installation location. Functional testing activities performed after 
each stage of qualification testing ensure the system will operate properly under conditions specified in the applicable 
standards for EMC, environmental, and seismic testing. 

As a result, employing the DRA in the new ACME EDG excitation system will not result in more than a minimal 
increase the likelihood of occurrence of a malfunction due to environmental conditions, seismic stressors, or 
electromagnetic compatibility. 

Question 2b - Could the environment in which the upgraded equipment operates cause an increase in the 
likelihood of failure (e.g., electromagnetic susceptibility in a higher frequency range)? Could the new system 
create an environment (e.g., temperature, humidity, seismic, EMI/RFI emissions, airborne particulates) which 
adversely affects other equipment and increases the probability of occurrence of a malfunction? 

The new equipment will be located in the same environment as the existing equipment and is qualified for 
installation in the EDG room environment. The new equipment has been analyzed and tested for impact on the 
surrounding environment to ensure heat load, EMI/RFI radiated and conducted emissions, humidity, and seismic 
requirements of the installed environment are not degraded [38][39][48][49][50][51][54][55]. The new equipment 
requires passive cooling only and will not result in an increase of airborne particulates. 

Consequently, the probability of a EDG system malfunction is not increased due to environmental conditions created 
by installation of the new equipment, nor does installation of the new equipment create an environment which 
adversely impacts other equipment or increases the probability of occurrence of a malfunction. 

Question 2c - Have potential interactions between safety-related and non-safety related systems been 
addressed? 

The equipment affected by this activity is strictly associated with safety-related equipment. The DRA provides a 
variable resistance to establish the EDG voltage regulator output voltage just as the MOP it replaces. This activity 
makes no changes to existing interactions nor does it create new interactions between safety-related and non-safety 
related systems. 

Question 2d - Are the electrical loads associated with the upgraded system addressed in the design? 

Power to the DRA is supplied from the same safety-related 125 VDC source that supplies the EDG excitation system. 
The plant power system analysis provided as part of the engineering change package concludes loading on the 125 
VDC bus is acceptable and confirms installation of the DRA will not adversely impact the 125 VDC bus, cables, 
isolation devices, or battery capacity [56][57]. 

Question 2e - Does the plant HVAC have adequate capacity for the thermal loads of the upgraded system? 

The EDG room HVAC analysis provided as part of the engineering change package concludes the additional heat 
load generated by installation of the DRA is negligible and will have no effect on the EDG room HVAC system [55]. 

Question 2f - Does the upgraded system meet applicable requirements for separation, independence, and 
grounding? 

Separation - New components and wiring will be divisionally and physically separated as required by design 
specification XYZ- 123-456 [58].  No new separation barriers are required. 

Independence - Independence between redundant equipment associated with each EDG system is maintained. No 
physical connections are introduced between the EDGs including EDG subsystems and auxiliary systems. The new 
excitation systems installed on each of the four EDGs are not interconnected. 
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Grounding - Grounding of the new exciter chassis, equipment, and cables (where applicable) is documented on the 
ABC-DE system wiring drawings [53]. A solid ground connection is established from earth-ground to each 
individual chassis. No potential ground loops have been introduced as a result of this activity. 

Question 2g - Does the upgraded system have adequate cabinet cooling? 

The DRA does not require active cooling. The equipment is designed to function within the installation environment 
with passive cooling only. The replacement excitation system has been developed with adherence to the requirements 
of specification 0X-E-0001 and documented within the ACME Environmental Qualification Report and 
Environmental Certificate of Conformance [38][59]. No additional cabinet cooling will be required as a result of this 
activity. 

Question 2h - Could a common cause failure result in a system-level failure based on the failure analysis? 

Common Cause Failure Resulting From Hardware/Environment: 

The DRA has different failure mechanisms than the MOP as the DRA is a microprocessor-based device. Although 
the DRA has different failure mechanisms, the failure modes of the DRA are bounded by the failure modes of the 
MOP. Therefore, the DRA does not introduce any new failure modes for the EDG system as a whole. Potential 
failures of the DRA may cause the EDG output voltage to (1) fail as-is, (2) fail to a steady, unintended voltage 
(setpoint cannot be changed), or (3) fail the EDG output voltage to an erratic state when the setpoint is changed. 
Similarly, potential failures of the MOP may cause the EDG output voltage to (1) fail as-is due to a failure of the 
servo motor to change the position of the wiper, (2) fail to a steady unintended output state due to an open winding or 
shorted winding, or (3) fail to an erratic output due to dirt or corrosion on the coil or wiper. Thus, the DRA failure 
modes are bounded by the potential failure modes of the MOP. 

The commercial grade dedication process, based on industry and regulatory accepted practices, ensures that the DRA 
possesses quality commensurate with the existing MOP. Thus, it can be reasonably concluded that a hardware 
common cause failure resulting in an EDG system level failure is no more likely with installation of the new DRA 
and the likelihood of a CCF affecting both EDG divisions is significantly below the failure frequency of a single 
division. 

The DRA has been analyzed to perform properly within the EDG environment during normal and accident 
conditions. This analysis included temperature, humidity, seismic, radiation, and EMI/RFI. The DRA will be 
installed in all four EDG voltage regulator excitation systems. Each EDG is separated and isolated (physically and 
electrically) further reducing the vulnerability of a common cause failure (CCF) due to environmental factors. Based 
on this assessment, it can be reasonably concluded that an increase in EDG malfunction frequency due to CCF as a 
result of environmental conditions is unlikely. 

Common Cause Failure Resulting From Software: 

The DRA was commercial grade dedicated following the requirements of EPRI TR-106439 accompanied by other 
industry and regulatory standards, including IEEE 7-4.3.2. NRC staff has determined that EPRI TR-106439 provides 
an acceptable method for dedicating commercial grade digital equipment for use in nuclear power plant safety 
applications and meets the requirements of 10 CFR Part 21. Further, the staff concluded that when digital equipment 
is dedicated using the methods described in TR-106439, it may be considered equivalent to digital equipment 
designed and manufactured under a 10 CFR Part 50, Appendix B quality assurance program [28]. Thus, use of the 
these industry and regulatory standards provides a high degree of equipment quality and reliability. 

Conducting the commercial grade dedication in accordance with EPRI TR-106439 and in compliance with IEEE 7-
4.3.2 establishes software quality and signifies the likelihood that a software defect is low. A critical digital review 
was performed per the requirements of EPRI TR-107339, including an independent review of the DRA software 
design which included a line-by-line review of the relevant source code [36]. The commercial grade dedication 
process, which included the independent software review, demonstrated the DRA software is equivalent to software 
developed under an Appendix B quality assurance program. The detailed review of the source code revealed no flaws 
or deficiencies in the software design. The depth and breadth of this review offers strong indication of software 
quality. 

The low software defect likelihood together with the divisional independence of the EDGs (and corresponding 
DRAs), which prevents a triggered defect in one division from propagating to the other division, significantly reduces 
the potential for software common cause failure (SCCF) between EDG trains. Based on the simplicity of the device, 
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the robust review of the device software, and the divisional isolation of the EDGs, it is reasonable to conclude that a 
SCCF simultaneously affecting more than one EDG train is unlikely.  

Question 2i(a) - Is there reasonable assurance that the dependability of the system is sufficient (i.e. the 
likelihood of failure is significantly below that of single, active failures)? 

Since the DRA performs the exact same function as the MOP, the effect of a DRA failure on the EDG system is 
equivalent to failure of the existing MOP. Thus, a direct correlation can be made by comparing the reliability of each 
device. If the reliability of the DRA is equal to or better than the reliability of the MOP, then it can be concluded that 
this activity will not result in more than a minimal increase in the likelihood of a malfunction of the SSC, in this case, 
the EDG system. 

An accepted measure of reliability of the DRA is by confirming the device complies with current industry and 
regulatory standards. CGD performed a commercial grade dedication of the DRA per the requirements of the 
following industry standards: 

1. EPRI TR-106439, “Guideline on Evaluation and Acceptance of Commercial Grade Digital Equipment for 
Nuclear Safety Applications,” dated October 1996. 

2. EPRI TR-107339, “Evaluating Commercial Digital Equipment for High Integrity Applications, A Supplement to 
EPRI Report TR-106439,” dated December 1997. 

3. USNRC Standard Review Plan, NUREG-0800, Chapter 7, Instrument and Controls Branch (HICB) Technical 
Position HICB-14, “Guidance on Software Reviews for Digital Computer-Based Instrumentation and Control 
Systems,” June 1997. 

4. IEEE Standard 7-4.3.2-2003, “IEEE Standard Criteria for Digital Computers in Safety Systems of Nuclear 
Power Generating Stations,” December 17, 2003. 

5. IEEE 323-1983, “IEEE Standard for Qualifying Class IE Equipment for Nuclear Power Generating Stations.” 

6. EPRI TR-100516, “Nuclear Power Plant Equipment Qualification Reference Manual,” 1992. 

7. IEEE 344-1987, “IEEE Recommended Practices for Seismic Qualification of Class 1E Equipment for Nuclear 
Power Generating Stations.” 

8. EPRI TR-102323-R2, “Guidelines for Electromagnetic Interference Testing in Power Plants, Revision 2”. 

9. U.S. NRC Regulatory Guide 1.180, “Guidelines for Evaluating Electromagnetic and Radio-Frequency 
Interference in Safety-Related Instrumentation and Control Systems,” Revision 1, 2003. 

NRC staff has determined that EPRI TR-106439 contains an acceptable method for dedicating commercial grade 
digital equipment for use in nuclear power plant safety applications and meets the requirements of 10 CFR Part 21. 
Further, the staff concluded that when digital equipment is dedicated using the methods described in TR-106439, it 
may be considered equivalent to digital equipment designed and manufactured under a 10 CFR Part 50, Appendix B 
quality assurance program [28]. Thus, adherence to the above industry and regulatory standards provides a high 
degree of equipment quality and reliability. 

The principal motive for replacing the MOP with the DRA is due to the notable failure history of the MOP. As stated 
in EPRI Report 1011218, MOPs have been problematic at a number of plants, often because motor-driven 
potentiometers are routinely the weakest link in any voltage regulating system [15]. The problem is typically a case 
of having a “dirty pot,” possibly caused by oxidation of the resistive element or fouling with foreign material (such as 
dust or dirt). Indications of a dirty potentiometer are erratic voltage/VAR swings. 

Per NEI 01-01 section 5.3.1, dependability is used in relation to quality and likelihood of failures. Dependability 
reflects the fact that reasonable assurance of adequate quality and low likelihood of failure is derived from a 
qualitative assessment of the design process and the system design features. For digital systems, the likelihood of 
software-related failure is minimized using the same basic approach of controlling the design, implementation, 
operation, and maintenance processes. Compliance with industry standards and regulatory requirements coupled with 
tests, evaluations, and reviews is used to assure a low likelihood of failure. 

Regulatory Guide 1.152 acknowledges that safety system designs may use computers that were not specifically 
designed for nuclear power plant applications. Clause 5.4.2 of IEEE Standard 7-4.3.2-2003 provides general 
guidance for commercial grade dedication. However, Regulatory Guide 1.152 states that IEEE Standard. 7-4.3.2-
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2003 Annex C, “Dedication of Existing Commercial Computers,” has not received NRC endorsement because it 
provides inadequate guidance. EPRI Report TR-106439, “Guideline on Evaluation and Acceptance of Commercial 
Grade Digital Equipment for Nuclear Safety Applications,” issued October 1996 contains adequate guidance, which 
the NRC has endorsed in its 1997 Safety Evaluation Report (ML092190664) [28]. 

The approach employed by CGD, based on extensive testing and utilization of the commercial grade dedication 
process, satisfies the requirement in clause 5.4.2 of IEEE 7-4.3.2-2003 as endorsed by Regulatory Guide 1.152 by use 
of EPRI TR-106439 and EPRI NP-5652. 

The ACME DRA is a commercial-off-the-shelf product. The DRA will be used directly in the application for which 
it was designed. Dedication of hardware and software for use in safety related applications was performed by CGD in 
accordance with EPRI TR-106439. 

Based on the qualification activities documented in CGD Report 0001 and the results of the critical digital review 
documented in CGD Report 0002, including an operating history survey, the DRA is considered a highly reliable 
device on a level equal to, or exceeding, the MOP [36][37]. Thus, there is reasonable assurance that the dependability 
of the EDG system will not be adversely affected by installation of the DRA. 

Question 2i(b) - Was the application software developed under a 10 CFR 50 Appendix B, QA program using a 
documented life-cycle development process? 

The DRA was commercial grade dedicated using the guidance provided in EPRI 106439. NRC staff has determined 
that EPRI TR-106439 contains an acceptable method for dedicating commercial grade digital equipment for use in 
nuclear power plant safety applications and meets the requirements of 10 CFR Part 21. Further, the staff concludes 
that when digital equipment is dedicated using the methods described in TR-106439, it may be considered equivalent 
to digital equipment designed and manufactured under a 10 CFR Part 50, Appendix B quality assurance program 
[28]. 

The DRA microcontroller utilizes custom software developed by ACME. At the time of original DRA development 
(circa 1991), the software was not developed in accordance with a controlled or documented development process. 
Consequently, development of the DRA software did not conform to the 10 CFR 50 Appendix B design 
requirements. As part of the commercial grade dedication process, CGD performed a critical digital review per the 
requirements of EPRI TR-107339, including an independent review of the DRA software design which included a 
line-by-line review of the relevant source code [36]. The commercial grade dedication process, which included the 
independent software review, demonstrated the software is equivalent to software developed under an Appendix B 
quality assurance program. 

Question 2i(c) - Does the design comply with industry and regulatory standards? 

CGD performed a commercial grade dedication of the DRA per the requirements of the following industry standards: 

1. EPRI TR-106439, “Guideline on Evaluation and Acceptance of Commercial Grade Digital Equipment for 
Nuclear Safety Applications,” dated October 1996. 

2. EPRI TR-107339, “Evaluating Commercial Digital Equipment for High Integrity Applications, A Supplement to 
EPRI Report TR-106439,” dated December 1997. 

3. USNRC Standard Review Plan, NUREG-0800, Chapter 7, Instrument and Controls Branch (HICB) Technical 
Position HICB-14, “Guidance on Software Reviews for Digital Computer-Based Instrumentation and Control 
Systems,” June 1997. 

4. IEEE Standard 7-4.3.2-2003, “IEEE Standard Criteria for Digital Computers in Safety Systems of Nuclear 
Power Generating Stations,” December 17, 2003. 

5. IEEE 323-1983, “IEEE Standard for Qualifying Class IE Equipment for Nuclear Power Generating Stations.” 

6. EPRI TR-100516, “Nuclear Power Plant Equipment Qualification Reference Manual,” 1992. 

7. IEEE 344-1987, “IEEE Recommended Practices for Seismic Qualification of Class 1E Equipment for Nuclear 
Power Generating Stations.” 

8. EPRI TR-102323-R2, “Guidelines for Electromagnetic Interference Testing in Power Plants, Revision 2”. 
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9. U.S. NRC Regulatory Guide 1.180, “Guidelines for Evaluating Electromagnetic and Radio-Frequency 
Interference in Safety-Related Instrumentation and Control Systems,” Revision 1, 2003. 

NRC staff has determined that EPRI TR-106439 contains an acceptable method for dedicating commercial grade 
digital equipment for use in nuclear power plant safety applications and meets the requirements of 10 CFR Part 21. 
Further, the staff concludes that when digital equipment is dedicated using the methods described in TR-106439, it 
may be considered equivalent to digital equipment designed and manufactured under a 10 CFR Part 50, Appendix B 
quality assurance program [28]. 

Question 2i(d) - Is there prior operating history for the digital device(s) and their firmware? 

A review of the DRA operating history was performed to assess the overall quality of the product and its 
acceptability for use in nuclear safety-related applications. The operating history was evaluated by surveying a 
sample of DRA end users. Reliable performance of the DRA in commercial applications supports its use in nuclear 
power plant applications. 

Operating history was obtained for a total of 15 units from three separate users. All units included in the survey had 
been in service for a minimum of five years culminating in 113 operating years. Two of the three users consider their 
application to be critical to operations. These users are more likely to have experienced failures and are expected to 
have a more thorough record of past failures. The surveyed operating history is considered relevant to nuclear power 
plant applications. All users surveyed are using the DRA in a generator excitation system. 

The results of the operating history review suggest the quality of the DRA is consistent with quality equal to or 
exceeding other non-digital setpoint adjustment devices (e.g., motor-operated potentiometers) [36]. 

Question 2i(e) - Has the platform been pre-qualified through NRC review? 

The DRA has not been pre-qualified through NRC review. However, the NRC staff has determined that EPRI TR-
106439 contains an acceptable method for dedicating commercial grade digital equipment for use in nuclear power 
plant safety applications and meets the requirements of 10 CFR Part 21. Further, the staff concluded that when digital 
equipment is dedicated using the methods described in TR-106439, it may be considered equivalent to digital 
equipment designed and manufactured under a 10 CFR Part 50, Appendix B quality assurance program [28]. 

Question 2i(g) - Does the design include features to detect, annunciate, and/or mitigate faults? 

The DRA is maintained at setpoint (4160 V) except when paralleled to the grid (e.g., normal monthly surveillance). 
As long as the DRA remains at setpoint, a lamp located in the main control room complex and a lamp located at each 
local EDG control panel will be lit. If the DRA moves away from setpoint, these lamps will extinguish. 

Control room operators are required by procedure to perform a control board walk down twice a shift (once during 
shift turnover and once during mid-shift). Since these lamps would normally be lit, an extinguished lamp would alert 
the operator of the movement away from setpoint. 

With the EDG in standby mode and the DRA parked at setpoint, the DRA processor continuously loops through 
seventeen (17) lines of code awaiting user input (voltage raise/lower commands). A watchdog timer continuously 
monitors processor operation. Failure of the watchdog timer will force the DRA into an even tighter processing loop 
that ignores user input. Thus, if the watchdog timer fails while the DRA is parked at setpoint, the 4160 V setpoint 
will be maintained. Failure of the watchdog timer when the DRA is away from setpoint would be indicated by an 
extinguished lamp in the main control room complex and at the local control panel of the affected EDG. Power to the 
DRA must be cycled to reset the watchdog timer. 

The DRA has three plausible failure modes; (1) fail as-is, (2) fail to a steady, unintended output state, and (3) fail to 
an erratic, dynamic output. The DRA failure modes are bounded by those of the existing MOP and will be mitigated 
through the existing surveillance program. Failures of the first category (as-is) could occur without any external 
indication, causing the unit to become unresponsive to user input. This condition would be detected during 
maintenance or monthly surveillance. Failures of the second (steady, unintended output) and third (erratic output) 
categories would result in spurious EDG system behavior that would be apparent to the control room operators. There 
are no silent failures (i.e., failures not annunciated or identified through normal surveillance testing) associated with 
the DRA [30]. 
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Question 2i(h) - Has the system been tested under all normal and abnormal operating conditions? 

As part of the commercial dedication process, the DRA was qualified for temperature, humidity, and seismic 
stressors using methods provided in EPRI TR-107330 as endorsed by the NRC in RG 1.209 and to meet 
electromagnetic compatibility (EMC) requirements in accordance with RG 1.180 [11][26][27]. The DRA 
qualification bounds the environmental conditions recognized in the final installation location for normal and 
abnormal operating conditions. EMC testing includes both the module’s susceptibility to the existing environment 
and the module’s impact on surrounding equipment through emissions. Functional testing activities performed after 
each stage of qualification testing ensure the system will operate properly under conditions specified in the applicable 
standards for EMC, environmental, and seismic testing. 

Question 2j - Is there a clear trend toward increasing the likelihood of malfunction of the SSC(s)? 

Based on the aggregate of all the factors evaluated in addressing Criterion 2 and supplemental questions provided in 
NEI 01-01 Appendix A, the proposed activity satisfies the minimal increase standard, that is, the change in likelihood 
is so small or the uncertainties in determining whether a change in likelihood has occurred are such that it cannot be 
reasonably concluded that the likelihood has actually changed (i.e., there is no clear trend toward increasing the 
likelihood of occurrence of a malfunction of an SSC important to safety previously evaluated in the UFSAR). 

Conclusion 

Commercial grade dedication of the DRA hardware and software for use in safety related applications was performed 
in accordance with EPRI TR-106439. NRC staff has determined that EPRI TR-106439 contains an acceptable 
method for dedicating commercial grade digital equipment for use in nuclear power plant safety applications and 
meets the requirements of 10 CFR Part 21. Further, the staff concluded that when digital equipment is dedicated 
using the methods described in TR-106439, it may be considered equivalent to digital equipment designed and 
manufactured under a 10 CFR Part 50, Appendix B quality assurance program [28]. Thus, adherence to the 
applicable industry and regulatory standards provides a high degree of equipment quality and reliability. 

Based on the discussions provided in this criterion, it can be reasonably concluded there is no clear trend toward 
increasing the likelihood of a malfunction of the EDG system after installation of this equipment. Thus, this change 
will not result in more than a minimal increase in the likelihood of occurrence of a malfunction of an SSC important 
to safety previously evaluated in the UFSAR. 

3 Does the proposed activity result in more than a minimal increase in the 
consequences of an accident previously evaluated in the UFSAR? 

 YES  NO 

JUSTIFICATION:  

The EDG system is credited for mitigation of a Loss of Offsite Power (LOOP) concurrent with a Design Basis Event 
(DBE). The EDG system is used to provide power to critical safety equipment in accordance with the requirements of 
Technical Specifications 3.8.1 (AC Sources - Operating) and 3.8.2 (AC Sources - Shutdown). Failure of the DRA 
could result in the affected EDG becoming inoperable, but to no more extent than the inoperability that would result 
from failure of the existing MOP. In either case, the redundant EDG would remain operable and capable of 
performing its design function. The redundant EDG can fully support shutdown activities with no impact to 
postulated accident consequences. 

Thus, replacement of the MOP with the DRA as part of the EDG exciter replacement modification will not result in 
more than a minimal increase in the consequences of an accident previously evaluated in the UFSAR. 

NEI 01-01 Appendix A Questions: 

Question 3a - Does the system directly contribute to accident prevention or mitigation? If so, could the system 
cause the consequences (i.e. radiological release) of the accident to increase more than minimally? 

The EDG system provides emergency power to equipment used to mitigate the effects of an accident involving a loss 
of offsite power (LOOP). Thus, the EDG system does play a role in mitigating the consequences of an accident, but 
only an accident coincident with a LOOP. 

Both the DRA and the MOP it replaces provide an output signal to the EDG voltage regulator to establish the voltage 
setpoint. Failure modes of the DRA are bounded by the failure modes of the MOP, and failure of either device is 
bounded by failure of the EDG which is already assumed in the design basis. The response time of the EDG system 
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will not be adversely affected by installation of the DRA.  Hence, this activity will have no impact on the ability of 
the EDG system to mitigate the consequences of any accidents, nor can the radiological consequences increase 
beyond that already analyzed in the UFSAR  for loss of an EDG. 

Question 3b - Does the upgraded system exhibit a response time beyond current acceptance limits (e.g., 
because of sample period, increased filtering)? 

The EDG system is required to be at rated voltage and frequency within 10 seconds upon actuation of an emergency 
start signal [60]. Installation of the DRA will be transparent to EDG system operation and will have no influence on 
the EDG response time. 

Question 3c - Does the system perform adequately under high duty cycle loading (e.g., computational burden 
during accident conditions)? 

The DRA will continuously provide the voltage setpoint to the EDG voltage regulator. The setpoint is not changed 
when the EDG automatically responds to off-normal conditions. Since the setpoint does not change when the EDG 
responds to off-normal conditions, there is no increase in duty cycle loading or computational burden realized during 
EDG auto-start and loading. 

Question 3d - Does the architecture of the system exhibit a single failure that results in more severe 
consequential effects (e.g., reduced segmentation due to combining previously separate functions, several input 
channels sharing an input board, central loop processor for many channels)? System failure analysis helps to 
answer this question. 

This activity does not involve combination of previously separate functions into a single digital device. The DRA 
replaces only the MOP, and the function performed by the DRA is identical to the function performed by the MOP. 
The failure modes of the DRA are bounded by the failure modes of the MOP. As such, the DRA architecture does not 
exhibit a single failure that would result in more severe consequential effects. 

Question 3e - Does the human-system interface design introduce increased burdens or constraints on the 
operators' ability to adequately respond to an accident, for operator actions credited in the licensing basis, 
such that there are more severe consequential effects (e.g., inability to access and operate more than one 
control at a time)? 

The human-system interface (HSI) for the replacement EDG voltage regulator/exciter equipment will remain 
unchanged. The existing local and main control room control equipment is preserved with the new system and 
behaves in the same manner. Thus, installation of this activity will not increase the operators burden to adequately 
respond to an accident. 

Question 3f - Could the new system create an environment (e.g., temperature, humidity, seismic, EMI/RFI 
emissions, airborne particulates) which adversely affects other equipment used for accident mitigation such 
that the consequences of an accident are more than minimally increased? 

The new equipment will be located in the same environment as the existing equipment and is qualified for 
installation in the EDG room environment. The new equipment has been analyzed and tested for impact on the 
surrounding environment to ensure heat load, EMI/RFI radiated and conducted emissions, humidity, and seismic 
requirements of the installed environment are not degraded [38][39][48][49][50][51][54][55]. The new equipment 
requires passive cooling only and will not result in an increase of airborne particulates. 

Consequently, environmental conditions created by installation of this activity will not adversely impact other 
equipment used for accident mitigation such that the consequences of an accident are more than minimally increased. 

Conclusion 

The electrical and mechanical properties of the EDG system will not be changed in such a way as to affect the 
operational capabilities of the EDG system. The response time of the EDG system is not adversely affected.  The new 
system will not increase burdens or constraints on the operators' ability to adequately respond to an accident. The 
initial accident assessments contained in the UFSAR remain unchanged as a result of the implementing activity. The 
new equipment has been evaluated to verify compliance with its environment including temperature, humidity, 
seismic, and electromagnetic interference, and the new equipment will have no adverse impact on its installed 
environment or another plant SSC. 
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This activity has no impact on the EDG system response to an accident. With no impact to EDG response in the 
accident analysis, this modification has no impact on accident consequences. Therefore, the proposed activity to 
replace the MOP with the DRA will not result in more than a minimal increase in the consequences of an accident 
previously evaluated in the UFSAR. 

4 Does the proposed activity result in more than a minimal increase in the 
consequences of a malfunction of an SSC important to safety previously evaluated 
in the UFSAR? 

 YES  NO 

JUSTIFICATION:  

The consequences of a failure of the DRA are bounded by the consequences of a failure of the existing MOP circuit. 
Failure of the DRA could result in the affected EDG becoming inoperable, but to no more extent than the 
inoperability that would result from failure of the existing MOP. In either case, the redundant EDG would remain 
operable and capable of performing its design function. The redundant EDG can fully support shutdown activities 
with no impact to postulated accident consequences. 

Thus, replacement of the MOP with the DRA as part of the EDG exciter replacement modification will not result in 
more than a minimal increase in the consequences of a malfunction of an SSC important to safety previously 
evaluated in the UFSAR. 

NEI 01-01 Appendix A Questions: 

Question 4a: Does the system play a role in mitigating the consequences (i.e. radiological release) of a 
malfunction? If so, would the change result in more than a minimal increase in the consequences of the 
malfunction? 

The EDG system contributes directly to accident mitigation. Failure of the DRA could result in the affected EDG 
becoming inoperable, but to no more extent than the inoperability that would result from failure of the existing MOP. 
Based on the above discussion, the DRA will not decrease the reliability of the EDG or change the failure modes of 
the EDG. Therefore, installation of the DRA will not cause the consequences of a malfunction to increase more than 
minimally. 

Question 4b: Does the upgraded system exhibit the same failure modes affecting radiological releases as the 
system being replaced (e.g., fail low, fail high, fail-as-is, diagnostic failures)? If the failure mode is different, 
are the consequences increased beyond what was evaluated previously in the SAR? 

Installation of the DRA will not change the overall failure modes of the EDG system. The DRA provides the same 
function as the MOP. Thus, the change is transparent to the EDG system as a whole. Further, the failure modes of the 
DRA are bounded by the failure modes of the MOP. As a result, the upgraded system will still exhibit the same 
failure modes affecting radiological releases. 

Question 4c: Is there a means available to alert the operators to the failure condition? Are the consequences 
bounded by other events evaluated in the SAR? 

The DRA is maintained at setpoint (4160 V) except when paralleled to the grid (e.g., normal monthly surveillance). 
As long as the DRA remains at setpoint, a lamp located in the main control room complex and a lamp located at each 
local EDG control panel will be lit. If the DRA moves away from setpoint, these lamps will extinguish. 

Control room operators are required by procedure to perform a control board walk down twice a shift (once during 
shift turnover and once during mid-shift). Since these lamps would normally be lit, an extinguished lamp would alert 
the operator of the movement away from setpoint. 

With the EDG in standby mode and the DRA parked at setpoint, the DRA processor continuously loops through 
seventeen (17) lines of code awaiting user input (voltage raise/lower commands). A watchdog timer continuously 
monitors processor operation. Failure of the watchdog timer will force the DRA into an even tighter processing loop 
that ignores user input. Thus, if the watchdog timer fails while the DRA is parked at setpoint, the 4160 V setpoint 
will be maintained. Failure of the watchdog timer when the DRA is away from setpoint would be indicated by an 
extinguished lamp in the main control room complex and at the local control panel of the affected EDG. Power to the 
DRA must be cycled to reset the watchdog timer. 
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Failure of the DRA can be classified into one of the following three categories: (1) fail as-is, (2) fail to a steady, 
unintended output state, and (3) fail to an erratic, dynamic output. The DRA failure modes are bounded by those of 
the existing MOP and will be mitigated through the existing surveillance program. 

Failures of the first category (as-is) could occur without any external indication, causing the unit to become 
unresponsive to user input. This condition would be detected during maintenance or monthly surveillance. Failures of 
the second (steady, unintended output) and third (erratic output) categories would result in spurious EDG system 
behavior that would be apparent to the control room operators. 

Because the failure modes of the DRA are bounded by the failure modes of the MOP, the DRA failure consequences 
are bounded as well. 

Question 4d: Can the system have an adverse impact on the installed environment (e.g., temperature, 
humidity, seismic, EMI/RFI emissions, and airborne particulates) such that performance of an existing system 
used for accident mitigation will be more than minimally degraded compared to existing requirements? 

The new equipment will be located in the same environment as the existing equipment and is qualified for 
installation in the EDG room environment. The new equipment has been analyzed and tested for impact on the 
surrounding environment to ensure heat load, EMI/RFI radiated and conducted emissions, humidity, and seismic 
requirements of the installed environment are not degraded [38][39][48][49][50][51][54][55]. The new equipment 
requires passive cooling only and will not result in an increase of airborne particulates. 

Consequently, environmental conditions created by this activity will not adversely impact performance of existing 
equipment used for accident mitigation. 

Conclusion 

Failure of the DRA is bounded by failure of the existing MOP. No new failure modes are introduced that would 
result in loss of the EDG system. With no impact to the EDG system for malfunction mitigation, this modification 
will have no impact on the consequences of equipment failure. Thus, this modification will not result in more than a 
minimal increase in the consequences of a malfunction of an SSC important to safety previously evaluated in the 
UFSAR. 

POTENTIAL FOR CREATION OF A NEW TYPE OF UNANALYZED EVENT  

5 Does the proposed activity create a possibility for an accident of a different type 
than previously evaluated in the UFSAR? 

 YES  NO 

JUSTIFICATION:  

The EDG system is utilized in the mitigation of accidents and is not an initiator of any accident analyzed in the 
UFSAR. Further, the proposed activity will not create a credible scenario where the EDG system could become an 
accident initiator. Consequently, the proposed activity cannot create the possibility for an accident of a different type 
than previously evaluated in the UFSAR. 

NEI 01-01 Appendix A Questions: 

Question 5a: Have the assessments of system-level failure modes and effects for the new system or equipment 
identified any new types of system-level failure modes that could cause a different type of accident than 
presented in the plant SAR? 

The EDG system is not an accident initiator. Thus, replacement of the MOP with the DRA cannot cause a different 
type of accident than those presented in the UFSAR. 

The DRA has different failure mechanisms than the MOP as the DRA is a microprocessor-based device. Although 
the DRA has different failure mechanisms, the failure modes of the DRA are bounded by the failure modes of the 
MOP. Therefore, the DRA does not introduce any new failure modes for the EDG system as a whole. Potential 
failures of the DRA may cause the EDG output voltage to (1) fail as-is, (2) fail to a steady, unintended voltage 
(setpoint cannot be changed), or (3) fail the EDG output voltage to an erratic state when the setpoint is changed. 
Similarly, potential failures of the MOP may cause the EDG output voltage to (1) fail as-is due to a failure of the 
servo motor to change the position of the wiper, (2) fail to a steady unintended output state due to an open winding or 
shorted winding, or (3) fail to an erratic output due to dirt or corrosion on the coil or wiper. Thus, the DRA failure 
modes are bounded by the potential failure modes of the MOP. 
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Question 5b: Plant SAR analyses were based on credible failure modes of the existing equipment. Does the 
replacement system change the basis for the most limiting scenario? 

Although the new system has a different component that could fail, the overall impact of the individual component 
failure on the EDG system is bounded by a failure of the existing component. All of the EDG system level failure 
modes identified for the new system are also applicable to the existing EDG system. There are no failures introduced 
by installation of the new digital component that change the basis for the most limiting scenario. 

Question 5c: Has power supply quality been considered (e.g., high harmonics from inverters, slow loss of 
voltage, or high voltage conditions)? 

The DRA will be powered from the same source as the existing MOP. The ACME Instruction Manual identifies the 
DRA input power range as 62 to 150 VDC (nominal 125 VDC) [47]. The power feed from the existing 125 VDC 
EDG control circuits will be sufficient to support all required DRA operational modes as shown in XYZ-E-0001 [56]. 

Qualification testing on the DRA established the need for EMC filtering on the input power to the device. As a result, 
installation of EMC filtering on the input power to the DRA has been incorporated into the design. The DRA was 
tested and qualified as an assembly which included the DRA, filtered and pass-through terminal blocks, EMC filter, 
interconnecting wiring, mounting bracket, and mounting hardware [37]. 

Question 5d: Could the new system create an environment (e.g., temperature, humidity, seismic, EMI/RFI 
emissions, and airborne particulates) which adversely affects other equipment and creates the possibility of an 
accident of a different type? 

The new equipment will be located in the same environment as the existing equipment and is qualified for 
installation in the EDG room environment. The new equipment has been analyzed and tested for impact on the 
surrounding environment to ensure heat load, EMI/RFI radiated and conducted emissions, humidity, and seismic 
requirements of the installed environment are not degraded [38][39][48][49][50][51][54][55]. The new equipment 
requires passive cooling only and will not result in an increase of airborne particulates.  

Consequently, this modification will not adversely affect other equipment and create the possibility of an accident 
of a different type. 

6 Does the proposed activity create a possibility for a malfunction of an SSC 
important to safety with a different result than any previously evaluated in the 
UFSAR? 

 YES  NO 

JUSTIFICATION: 

UFSAR Section 8.3.1.1.6 discusses the standby alternating current power supply and distribution system, which 
includes the EDG system. Review of this UFSAR section reveals the EDG electrical/instrumentation and mechanical 
malfunctions that are currently evaluated. The results of these malfunctions are detailed below. 

EDG System Electrical/Instrumentation Malfunctions Currently Described in the UFSAR 

The second paragraph of UFSAR Section 8.3.1.1.6.5.1 discusses an EDG protective relay malfunction [4.c]. An 
excerpt of this UFSAR section is provided below. 

“A protective relay malfunction could result in a false indication that the offsite power supply has been 
lost resulting in the automatic starting of the DGs. The DGs, however, would not be connected to the 
emergency buses unless the incoming feeder breakers and tie breakers associated with a bus are open 
and no voltage exists on the bus. The effect of a false signal would, therefore, only result in the 
automatic starting of the DGs.” 

Thus, automatic starting of the EDG would be the result of a protective relay malfunction. 

EDG System Mechanical Malfunctions Currently Described in the UFSAR 

The FMEA provided in UFSAR Table 8-21 describes potential mechanical-related malfunctions and their results at 
the system level for various EDG mechanical systems [4.d]. The limiting (worst-case) result of the EDG mechanical 
system malfunctions are summarized in Table 6-1 below: 
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EDG Auxiliary System Resulting Effect on EDG System 

Starting Air System EDG engine cannot start quickly enough or may not start at all 

Air Intake System EDG failure 

Exhaust System EDG may be lost if problem severe enough 

Crankcase Vacuum System No effect on EDG system 

Fuel Oil System Potential loss of full operational capability of EDG 

Lube Oil System Potential loss of EDG due to overheating and loss of lubrication 

Jacket Water System Potential loss of EDG 

Service Water System Potential loss of all four EDG engines 

Demineralized Water System No effect on EDG system 

Fire Protection System No fire protection 

Ventilation System Possible loss of one EDG 

Table 6-1 
EDG Mechanical System Malfunction Results Summary 

Result of Postulated Malfunction of New Digital Component 

Failure of the DRA may cause the EDG output voltage to (1) fail as-is, (2) fail to a steady, unintended voltage 
(setpoint cannot be changed), or (3) fail the EDG output voltage to an erratic state when the setpoint is changed.  

Similarly, failure of the existing MOP may cause the EDG output voltage to (1) fail as-is due to a failure of the servo 
motor to change the position of the wiper, (2) fail to a steady unintended output state due to an open winding or 
shorted winding, or (3) fail to an erratic output due to dirt or corrosion on the coil or wiper.  

Thus, the DRA failure modes are bounded by the potential failure modes of the MOP and the end result is the same at 
the system level. The worst-case result of failure of either the MOP or DRA would be inoperability of the affected 
EDG. This result is bounded by the results of EDG system malfunctions currently described in the UFSAR. 

NEI 01-01Appendix A Questions: 

Question 6a: Does the change involve combining previously separate functions into one digital device such that 
a failure creates a result not bounded by the results of malfunctions previously considered in the UFSAR? 

This activity does not involve combination of previously separate functions into one digital device. The DRA 
replaces only the MOP and the function performed by the DRA is identical to the function performed by the MOP. 

Question 6b: Based on a qualitative assessment, is there reasonable assurance that failures due to software, 
including software common cause failures are unlikely (i.e. no more likely than other potential common cause 
failures such as maintenance or calibration errors that are not considered in the UFSAR)? If not, are the 
results of the software common cause failure different than (i.e. not bounded by) the results of the 
malfunctions considered in the UFSAR? 

The DRA was commercial grade dedicated following the requirements of EPRI TR-106439 accompanied by other 
industry and regulatory standards, including IEEE 7-4.3.2. NRC staff has determined that EPRI TR-106439 provides 
an acceptable method for dedicating commercial grade digital equipment for use in nuclear power plant safety 
applications and meets the requirements of 10 CFR Part 21. Further, the staff concluded that when digital equipment 
is dedicated using the methods described in TR-106439, it may be considered equivalent to digital equipment 
designed and manufactured under a 10 CFR Part 50, Appendix B quality assurance program [28]. Thus, use of the 
these industry and regulatory standards provides a high degree of equipment quality and reliability. 

Conducting the commercial grade dedication in accordance with EPRI TR-106439 and in compliance with IEEE 7-
4.3.2 establishes software quality and signifies the likelihood that a software defect is low. A critical digital review 
was performed per the requirements of EPRI TR-107339, including an independent review of the DRA software 
design which included a line-by-line review of the relevant source code [36]. The commercial grade dedication 
process, which included the independent software review, demonstrated the DRA software is equivalent to software 
developed under an Appendix B quality assurance program. The detailed review of the source code revealed no flaws 
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or deficiencies in the software design. The depth and breadth of this review offers strong indication of software 
quality. 

The low software defect likelihood together with the divisional independence of the EDGs (and corresponding 
DRAs), which prevents a triggered defect in one division from propagating to the other division, significantly reduces 
the potential for software common cause failure (SCCF) between EDG trains. Based on the simplicity of the device, 
the robust review of the device software, and the divisional isolation of the EDGs, it is reasonable to conclude that a 
SCCF simultaneously affecting more than one EDG train is unlikely. Further, there is reasonable assurance that 
failures due to software are no more likely than other potential common cause failures such as maintenance or 
calibration errors that are not considered in the UFSAR. 

Therefore, it can be reasonably concluded that an increase in EDG malfunction frequency due to CCF as a result of 
software design deficiency is unlikely. 

Even though a CCF of the DRA (including SCCF) simultaneously affecting both EDG trains has been determined 
unlikely, it is noteworthy to mention that a LOOP concurrent with simultaneous failure of both EDG trains, resulting 
in a station blackout (SBO), is a condition already analyzed in the plant safety analysis. Thus, even in the unlikely 
event of simultaneous failure of the DRA across EDG divisions during a LOOP, the plant remains in an analyzed 
condition. 

The likelihood of an anticipated operational occurrence (AOO) or postulated accident (PA), with a CCF resulting in a 
concurrent LOOP and with another unrelated but concurrent CCF from a design defect in a digital I&C component is 
considered to be remote.  Furthermore, grid stability is such that loss of the plant due to an internally generated trip is 
not likely to have a significant impact on the grid and offsite power is expected to remain available [4.a]. Therefore, 
while a LOOP concurrent with a CCF of both EDGs may be worth evaluating, it is not necessary to consider a LOOP 
concurrent with a PA or AOO that is also concurrent with a CCF of both EDGs. 

Question 6c: Could the environment in which the upgraded equipment operates cause a new type of failure 
(e.g., electromagnetic susceptibility in a higher frequency range)? Could the new system create an 
environment (e.g., temperature, humidity, seismic, EMI/RFI emissions, airborne particulates) which adversely 
affects other equipment and thereby creates the possibility of a different type of malfunction? 

The new equipment will be located in the same environment as the existing equipment and is qualified for 
installation in the EDG room environment. The new equipment has been analyzed and tested for impact on the 
surrounding environment to ensure heat load, EMI/RFI radiated and conducted emissions, humidity, and seismic 
requirements of the installed environment are not degraded [38][39][48][49][50][51][54][55]. The new equipment 
requires passive cooling only and will not result in an increase of airborne particulates. 

Consequently, the probability of a EDG system malfunction is not increased due to environmental conditions created 
by installation of the new equipment, nor does installation of the new equipment create an environment which creates 
the possibility of a different type of malfunction. 

Question 6d: Does the upgraded system have the same failure mode on loss of power as the system being 
replaced? If the failure mode is different, are the consequences increased beyond what was evaluated 
previously in the SAR? 

The outcome of loss of control power to the EDG system will not change due to this activity. Loss of control power 
to the EDG system will render the affected EDG system incapable of responding to an automatic emergency start 
signal [60]. 

The failure modes on loss of power to the DRA and MOP are different. The MOP maintains resistance without 
regard to the control circuit power. The DRA requires power to retain the resistance setpoint. Loss of power to the 
DRA would cause the output to switch to maximum resistance (4600 V). 

Technical Specifications Surveillance Requirement (SR) 3.8.1.2 requires verification that each EDG start from 
standby conditions and achieves steady-state voltage ≥ 3750 V and ≤ 4300 V. The required surveillance frequency is 
every 31 days. Thus, loss of power to the DRA, if otherwise unannounced, would be identified during the monthly 
EDG surveillance interval (see response to NEI 01-01 Appendix A Question 4c above regarding DRA failure 
condition alarming). 
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Although the component failure mode on loss of power is different, the worst-case result would be loss of EDG 
system function. This worst-case result remains bounded by other EDG system failures currently evaluated in the 
UFSAR. 

Question 6e: Is the response of the upgraded system on restoration of power different from that of the system 
being replaced? If so, are the consequences bounded by what was evaluated previously in the SAR? 

The overall response to restoration of control power to the EDG system will not change as a result of this activity. 
However, component response to restoration of power is different between the DRA and the MOP. The MOP will not 
change position when power is restored (i.e., whatever position the MOP was in when power was lost, that position 
will remain). Upon restoration of power, the DRA will initiate a reboot sequence causing the output to traverse from 
maximum resistance (4600 V setpoint) to minimum resistance (3750 V setpoint) while the device reboots, and then 
back to pre-position 1 (4160 V setpoint) if in standby mode or pre-position 2 (4160 V setpoint) if in emergency start 
mode. The total reboot time is less than 5 seconds [64]. 

Per Technical Specification Table 3.3.8.1-1, the 4.16 kV emergency bus degraded voltage protective relaying 
allowable value is ≥ 3706 V and ≤ 3748 V. The actual degraded voltage relay calibration setpoint is 3727 V [61]. The 
time delay allowable value for the degraded voltage protective relaying is ≥ 9.0 seconds and ≤ 11.0 seconds. The 
actual time delay set during calibration is 10 seconds [61]. As stated in the paragraph above, during the DRA reboot 
sequence, EDG voltage regulator setpoint will traverse momentarily to the low setpoint value of 3750 V before 
navigating back to the 4160 V setpoint. The DRA low setpoint value remains above the Technical Specifications 
allowable value. Additionally, the DRA reboot time has been demonstrated to be less than 5 seconds, well below the 
minimum protective relay time delay allowable value of 9.0 seconds. 

Restoration of DRA power may cause a slight delay in restoration of EDG system operability (< 5 seconds) while the 
DRA reboots. However, there are failures currently evaluated in the UFSAR that will result in complete loss of EDG 
system function [4.d]. Thus, while response to restoration of power to the DRA is different, the result at the EDG 
system level remains bounded by EDG failures previously evaluated in the UFSAR. 

Question 6f: Does the system or equipment reset to operating parameters and settings established for the 
specific system, or does it go to a default set of parameters when the system is reset? If the system is reset with 
factory default parameters, what effect do they have on plant operation? Are the consequences bounded by 
what was evaluated previously in the SAR? 

The DRA resets to operating parameters and settings established for the specific system. When power is restored to 
the DRA following loss of power, the DRA will navigate to the required EDG output voltage (4160V). The DRA will 
not reset to factory default parameters. 

Question 6g: Does the human-system interface (HMI) introduce failure modes different from those of the 
existing system? If so, are the results bounded by what was evaluated previously in the SAR? 

Use of the DRA as a replacement for the MOP will be transparent to plant operators since the EDG response to 
normal or off-normal conditions will not change and the operator interface for the EDG will not change. The existing 
control room HMI will retain the same indications and controls used to raise/lower the EDG setpoint for each 
individual EDG. Therefore, operator burden or intervention is not increased as a result of this activity. 

Question 6h: Have assessments of system-level failure modes and effects for the new system or equipment 
identified any new types of system-level failures (that are as likely to occur as those failures previously 
considered in the UFSAR) that would result in effects not bounded by the results previously considered in the 
SAR? 

The EDG system level failures currently described in the UFSAR are listed in the beginning of the response to this 
criterion. To summarize, there is a single electrical/instrumentation failure currently described in the UFSAR 
(protective relay) and various system level mechanical failures currently described in the UFSAR. A review has 
concluded that system level failures and effect (result) currently evaluated in the UFSAR will not be impacted and 
will remain bounded upon implementation of the proposed activity. 

Although failure of the existing MOP is not currently evaluated in the UFSAR, a failure comparison of the MOP and 
DRA was conducted and revealed that the failure modes of the DRA are bounded by the failure modes of the existing 
MOP. Therefore, the DRA does not introduce any new failure modes for the EDG system as a whole. Furthermore, 
the results of the failures modes of the DRA are not different from the results of the failure modes of the MOP. 
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Conclusion 

The DRA has been evaluated and qualified to perform its intended function based on industry and regulatory 
accepted practices. The device has been fully qualified to operate in nuclear safety related applications. The software 
is relatively simple and has been thoroughly vetted per the requirements of EPRI TR-106439 and IEEE 7-4.3.2. The 
DRA has been environmentally qualified to operate in the EDG environment during normal and accident conditions. 
The failure modes and results of the DRA are equivalent to the failure modes and results of the MOP and the overall 
effect at the system level is the same. 

Conducting the commercial grade dedication in accordance with EPRI TR-106439 and in compliance with IEEE 7-
4.3.2 establishes software quality and signifies the likelihood of a software defect is low. As part of the commercial 
grade dedication process, CGD performed a critical digital review per the requirements of EPRI TR-107339, 
including an independent review of the DRA software design which included a line-by-line review of the relevant 
source code [36]. The commercial grade dedication process, which included the independent software review, 
demonstrated the software is equivalent to software developed under an Appendix B quality assurance program. Low 
software defect likelihood together with the divisional independence of the EDGs (and corresponding DRAs), which 
prevents a triggered defect in one division from propagating to the other division, significantly reduces the potential 
for SCCF between EDG trains. 

Based on the simplicity of the device, the robust review of the device software, and the divisional isolation of the 
EDGs, it is reasonable to conclude that a SCCF simultaneously affecting more than one EDG train is unlikely. 
Further, there is reasonable assurance that failures due to software are no more likely than other potential common 
cause failures such as maintenance or calibration errors that are not  considered in the UFSAR. 

The results of a postulated EDG system electrical/instrumentation or mechanical malfunction currently evaluated in 
the UFSAR would not be affected by the proposed activity. Therefore, new outcomes have not been introduced and 
the proposed activity does not create the possibility for a malfunction of an SSC important to safety with a different 
result than any previously evaluated in the UFSAR. 

IMPACT ON FISSION PRODUCT BARRIERS  

7 Does the proposed activity result in a design basis limit for a fission product 
barrier as described in the UFSAR being exceeded or altered? 

 YES  NO 

JUSTIFICATION:  

The proposed activity to the EDG system does not directly or indirectly involve the fuel, the reactor coolant system 
pressure boundary, or the containment or any of the design basis limits associated with these fission product barriers. 
Consequently, activity cannot result in a design basis limit for a fission product barrier as described in the UFSAR 
being exceeded or altered. 

NEI 01-01 Appendix A Questions: 

Question 7a: Are any of the numerical values in the UFSAR that are used directly in the determination of the 
integrity of the fission product barriers associated with the change? Would the digital upgrade result in any of 
these values being exceeded or altered? 

No fission product barriers are associated with this change. Therefore, none of the numerical values in the UFSAR 
used directly in the determination of the integrity of the fission product barriers are associated with this change. 

Question 7b: Has the digital upgrade decreased the channel trip accuracy beyond the acceptance limit? 

The proposed activity has no effect on any channel trip accuracy because the accuracy of the channel response and 
processing time are not involved with, or affected by, the proposed activity. 

Question 7c: Has the digital upgrade increased the channel response and/or processing time beyond the 
acceptance limit? 

The proposed activity does not affect any channel response or processing time that has an acceptance limit or is used 
as the bases of any design limit for a fission product barrier because the channel response and processing time are not 
involved with, or affected by, the proposed activity. 
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Question 7d: Has the digital upgrade decreased the channel indicated accuracy? 

The proposed activity has no effect on any channel indicated accuracy because the accuracy of the channel response 
and processing time are not involved with, or affected by, the proposed activity. 

Conclusion 

This activity involves replacement of the existing analog MOP with a digital DRA on the EDG system. 
Implementation of this activity will not result in a design basis limit for a fission product barrier (i.e., numerical 
limiting value for controlling the integrity of the fuel cladding, reactor coolant pressure boundary and/or 
containment) being revised or altered. 

IMPACT ON EVALUATION CONSERVATISM  

8 Does the proposed activity result in a departure from a method of evaluation 
described in the UFSAR used in establishing the design bases or in the safety 
analyses? 

 YES  NO 

JUSTIFICATION:  

This modification does not necessitate revision or replacement of any currently used evaluation methodology used in 
establishing any design basis or in the safety analysis. No new methods of evaluation are required to assess the new 
equipment installed as part of this activity. The approach to evaluate, calculate, and document the EDG system 
design and licensing requirements are not adversely impacted and remain identical to the current practice. No 
alternative or new approaches are required. Issues looked at included seismic analysis, equipment environmental 
conditions, accident, transient, and electrical loading. The present evaluation methodology approaches continue to be 
technically appropriate and valid following the application and installation of digital equipment in the EDG system. 

NEI 01-01 Appendix A Questions: 

Question 8a: Does the upgrade involve a change to any element of the analytical methods that are described in 
the UFSAR which are used to demonstrate the design meets the design basis or that the safety analysis is 
acceptable? 

The proposed activity involves an SSC, and does not involve a change to any element of the analytical methods that 
are described in the UFSAR which are used to demonstrate the design meets the design basis or that the safety 
analysis is acceptable. 

Question 8b: Does the change involve use of a method of evaluation not already approved by the NRC? 

The proposed activity does not involve any methods of evaluation including use of a method of evaluation not 
already approved by the NRC. 

Conclusion 

The proposed activity does not involve a change to any element of the analytical methods described in the UFSAR 
used to demonstrate the design meets the design basis or that the safety analysis is acceptable. Nor does this change 
involve use of a method or evaluation not already approved by the NRC. 

Therefore, the proposed activity will not result in a departure from a method of evaluation described in the UFSAR 
used in establishing the design bases or in the safety analyses. 

EVALUATION CONCLUSIONS 

The activity has been evaluated per 10 CFR 50.59, in accordance with ADMIN-LS-0001, and following the guidance 
provided in NEI 96-07 and NEI 01-01. The conclusion of the Evaluation is that the proposed activity may be 
implemented under 10 CFR 50.59 without requiring prior NRC review or approval.  
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