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DESCRIPTION OF REQUESTED RECORDS:

A copy of the NRC report, "The Oconee TIA Peer Review Team Report" (8/20/20 15). The report includes 2 enclosures.

PART I. -- INFORMATION RELEASED

0

The NRC has made some , or all , of the requested records publ icly available through one or more of the following means:
(1) https://www. nrc.gov; (2) public ADAMS , https://www.nrc.gov/read ing-rm/adams.html; (3) microfiche available in the NRC Public
Document Room ; or FO IA Online , https://foiaon line.regulations.gov/foia/action/public/hQme.
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Agency records subject to the request are enclosed .
Records subject to the request that contain information originated by or of interest to another Federa l agency have been referred to
that agency (See Part I.D -- Comments) for a disclosure determination and direct response to you .
We are continuing to process your request.
See Part I.D -- Comments.

P.ART I.A -- FEES
AMOUNT

I

$112.72

I

0
D
D

You will be billed by NRC for the amount indicated .
You will receive a refund for the amount indicated .
Fees waived.

D
D

Since the minimum fee threshold was not met,
you wi ll not be charg ed fees.
Due to our delayed response , you wi ll not be
charged search and/or duplication fees that
wou ld otherwise be applicable to your request.

PART I.B -- INFORMATION NOT LOCATED OR WITHHELD FROM DISCLOSURE

D

We did not locate any agency records responsive to you r request. Note: Agencies may treat three discrete categories of law
enforcement and national security re cords as not subject to the FO IA ("exclusions") . See 5 U.S.C. 552(c). This is a standard
notificati on given to all req ue.sters; it should not be taken to mean that any excluded records do, or do not, exist.

D
D

We have withheld certa in information pursua nt to the FOIA exemptions described , and for the reasons stated , in Part II.

D

Because this is an interim response to your request, you may not appeal at this time . We wi ll notify you of you r right to appeal any of
the responses we have issued in response to your req uest when we issue our final dete rmin ation.
You may appeal th is fi nal determination with in 90 calendar days of the date of this response. If you submit an appeal by mail ,
address it to the FOIA Officer, at U.S. Nuclear Regulatory Commission , Mail Stop T-2 F43, Wash ington, D.C. 20555-0001 . You may
submit an appea l by e-mail to FOIA .resource@nrc.gov. You may fax an appea l to (301) 415-5130. Or you may submit an appeal
through FOIA Online, MpsJ!.fOji;1QDJln~_.r~g!,lli.ltions,goy/fQ!s;l/ .a1e.!ion!P1J.P.!iG!hom~. Please be sure to include on your submission that it
is a "FOIA Appeal. "

PART 1.C -- REFERENCES AND POINTS OF CONTACT
You have the right to seek assistance from the NRC's FOIA Public Liaison by submitting your inqu iry at https://www.nrc.gov/reading-rm/
foJa/contact-foi_a.htm l, or by calling the FOIA Public Liaison at (301) 415- 1276.
If we have denied your request, you have the right to seek dispute resolution services from th e NRC's Public Liaison or the Office of
Government Information Services (OGIS) . To seek dispute resolution services from OGIS , you may e-ma il OGIS at ogis@nara .gov, send
a fa x to (202) 741-5789 , or send a letter to: Office of Government Information Services, National Archives and Records Administration ,
8601 Adelphi Road , College Park , MD 20740-6001 . For add itional information about OGIS , please visit the OGIS website at
http_s://www ..a_rghiv_e.s ..9.ov/ogi.s..
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PART I.D -- COMMENTS
The Report, and its 2 Enclosures , are released in their entirety .

Signature - Freedom of Information Act Officer or Designee

iStephanie A. Blaney

Digitally signed by Stephanie A. Blaney
Date: 2018.06.11 09:27:57 -04'00'
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON , D.C. 20555-0001

August 20, 2015

MEMORANDUM TO :

John W. Lubinski , Director
Division of Engineering
Office of Nuclear Reactor Regulation
Anthony T. Gady, Jr., Director
Division of Reactor Safety
Region II

FROM :

Brian E. Thomas, Director IRA/ B. Thomas
Division of Engineering
Office of Nuclear Regulatory Research
Kenneth G. O'Brien, Director IRA/ K. O'Brien via E-mail
Division of Reactor Safety
Region Ill

SUBJECT:

INDEPENDENT PEER REVIEW OF NRR'S RESPONSE
TO THE REGION II REQUEST FOR TECHNICAL
ASSISTANCE (TIA 2014-05) REGARDING OCONEE
NUCLEAR STATION DESIGN ANALYSIS FOR SINGLE
FAILURE AND THE INTEGRATION OF CLASS 1E
DIRECT CURRENT CONTROL CABLING IN RACEWAYS
WITH HIGH ENERGY POWER CABLING

By letter dated October 30, 2014 (Agencywide Documents Access and Management System
(ADAMS) Accession No. ML 14303A177) the Office of Nuclear Reactor Regulation (NRR) ,
Division of Engineering (DE) requested that the Office of Nuclear Regulatory Research (RES)
DE and Region Ill Division of Reactor Safety (DRS) provide technical assistance to assess the
response provided by NRR's Electrical Engineering Branch (EEEB) to Task Interface
Agreement (TIA) 2014-05 from Region II (ADAMS ML 15090A342). The assessment was
performed by Russell Sydnor (RES) , Kenn Miller (RES) , Thomas Koshy (RES) and Robert
Daley (RIii/DRS). The assessment was conducted as an "independent peer" review based on
regulatory requirements that apply to the Oconee station in accordance with the licensing basis.
The peer team reviewed pertinent Oconee engineering drawings and license basis documents
including the additional information provided in a Licensee letter (ONS-2015-058) dated May 11 ,
2015 (ML 15139A049). On July 7 and 8, 2015 the peer team visited the Oconee site to observe
associated equipment installations, meet with licensee engineering staff and obtain additional
information . The peer team completed an assessment of the NRR/DE/EEEB TIA response and
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the enclosures to this memorandum provide the peer team 's written report detailing the
conclusions reached by the reviewers. Enclosure 1 provides the peer team's overall
conclusions, safety concerns and regulatory comments. Enclosure 2 is a markup (with change
tracking) of the NRR TIA response and includes peer team suggestions for improvements.
Enclosures:
1. Peer Team safety and regulatory comments
2. NRR Task Interface Agreement Response with comments
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ENCLOSURE 1

Peer Team Safety and Regulatory Comments
Overall the Peer Team is in agreement with NRR's answers to Region ll's questions in TIA
2014-05. The TIA Response markup in Enclosure 2 provides the Peer Team's suggestions to
improve the TIA response. However, there was no technical disagreement with NRR's answers
to the TIA questions or the overall conclusions.
The following additional comments are provided for use by NRR or Region II as deemed
appropriate. These additional comments were developed after the Peer Team's independent
review of NRR's response to the Region II questions, review of the ONS licensing basis, review
of applicable regulatory requirements, review of the current cable installation in Trench 3, review
of the additional information provided in a Licensee letter (ONS-2015-058) dated May 11, 2015
(ML 15139A049) and conduct of a site visit to Oconee. On July 7 and 8, 2015 the peer team
visited the Oconee site to observe associated equipment installations, meet with licensee
engineering staff and obtain additional information.
The central issues in a number of the TIA questions are whether the Oconee license basis for
cable separation and single failure criteria is adequate. The peer team found that the Oconee
license basis is not clear and cannot be consistently interpreted . Specifically, the peer team
found that the Oconee positions on adequate cable separation and single failure analysis rely
on unique and unconventional interpretations of their licensing basis which results in design
practice outside of industry norms. Some site engineering staff positions on separation criteria
and single failure criteria are contradicted within Oconee engineering documents. Two specific
examples are: 1) site staff maintain that the armor on the control cables in Trench 3 provide
adequate protection from power cable faults - however design specification OSS-0218.00-000019 states that "Cable armor although providing substantial protection is NOT considered a
barrier for the purpose of Sections 5 and 6". Sections 5 and 6 cover cable separation methods
and cabling system criteria . 2) site staff maintained that a phase-to-phase fault in the power
cables in Trench 3 is not a credible failure - however the Keowee Single Failure Analysis (Type
Ill), OSC-5096, in section C, Design Methods, lists phase-to-phase as an example of credible
electrical faults for 13.SKV equipment and a phase-to-phase fault is considered in the section H
analysis for single failures in Trench 3. The licensing basis is clear that Oconee committed to
IEEE 279-1971 , however site engineering staff proposed and implemented unique
interpretations of the standard's single failure design criteria which are outside of industry
practice. The peer team finds that the Oconee design of Trench 3 cabling does not follow
conservative engineering design practice, thus exposing it to further unanticipated failure
modes. Therefore the independent Peer Team finds that the design issued on the licensing
basis is inadequate.
The peer team has safety and regulatory concerns with the current as-built configuration . The
following opinions from the Peer team are provided in this regard .
Extent of Condition Concerns
Response to Question 2.C in the TIA
Question 2 Casked , "Can the timing of electrical failures assumed in analyses, be limited to
reduce the consequential damage as described in the "single failure memo to file?"
The timing of electrical failures assumed in Oconee's analyses to reduce the consequential
damage in the licensee's single failure memo to file causes an extent of condition concern . The

concern is as follows:
If the licensee does not include the worst case loading during bounding accident
conditions, this would mean that their load flow and short circuit analyses would be nonconservative. This could lead to the improper sizing of switchgears and circuit breakers
and could cause equipment to be challenged beyond its rated fault clearing capacity
during fault conditions. This could result in failure to isolate fault conditions and/or, in
the worst case, cause catastrophic failure of electrical equipment with significant
collateral damage leading to a potential fire in addition to the initiating evenUelectrical
fault.
Breaker coordination (sequential tripping) could also be a concern depending upon the
extent of condition . However, breaker coordination is primarily a regulatory and safety
concern to prevent cascading impact on a wider electrical system and in the area of fire
protection during design basis accident scenarios.
This interpretation of bounding conditions is non-conservative, and such a position is not an
industry norm.
Response to Question 2.J in the TIA
Question 2 J asked , "Can cable shielding or armor prevent short circuits or limit faulted
currents and voltages"?
The response to this question stated that cable shielding cannot be credited for preventing short
circuits or limiting fault currents and voltages.
The Design Basis Specification for the Oconee Single Failure Criterion , OSS-0254.00-00-4013,
states the following in Section 3.3.6.1:
"Armored electrical cabling will not be subject to a single failure in one cable propagating
to another cable in an adjacent cable tray, electray, wire way, conduit or any cable
support system . .. Reference 4.3.4.1 describes the testing performed to support the
above described exception ."
Reference 4.3.4.1 is MCM-1354.00-0029 is the Duke testing performed for cables at the
McGuire plant. This testing was not bounding , and should not be used to support the claim in
the DBD document for the following reasons:
1. Each cable is designed differently, and the results of testing on one type of cable do not
necessarily determine the results for a different type and make of cable.
2. Testing was only conducted on one 600 V, one 4160 V, and one 6900 V cable. This is
not a sufficient sample size to properly determine the behavior of the cables that are
being tested .
3. The testing was not conducted with reducing separation criteria in mind . The purpose
was to show that fire propagation would not occur.
4. Contrary to the Oconee conclusions, the 6900 V test resulted in the armor around the
fault area being "melted and blown back. " Additionally, it was noted that a loading crate
six feet from the cable was set on fire. These results tend to point toward a High Energy
Arc Fault (HEAF) occurring which is indicative of the type of event that could result in
catastrophic failure of other cabling in the region of the path of the HEAF.
The major concern involves the use of armored cables for separation in their DBD document.
Since it is likely that the licensee has used the DBD document to support modifications over the

last few decades, there may be a number of safety related cable runs in proximity to other
safety related cables from a different division. This extent of condition concern could have
greater ramifications to plant safety than the modification in question in this TIA.
Potential Considerations for Regulatory Action
10 CFR 50, Appendix 8, Criterion Ill, Design Control
Criterion Ill, "Design Control ," of Appendix 8 states, "Measures shall be established to assure
that applicable regulatory requirements and the design basis, as defined in 50.2 and as
specified in the license application for those structures, systems, and components to which this
appendix applies are correctly translated into specifications, drawings, procedures, and
instructions. Additionally, UFSAR Section 8.3.1.4.6.2 states, "Control, Instrumentation, and
power cables are applied and routed to minimize their vulnerability to damage from any source.
Our criteria for routing cables requires that mutually redundant safety related cables be run in
separate trays ." Contrary to this, Oconee did not assure that applicable regulatory and design
basis separation criteria were correctly translated into the Oconee instructions and
specifications for the design of Trench 3.
1O CFR 50 .59, Changes, Tests, and Experiments
10 CFR 50.59, "Changes , Tests , and Experiments," states, in part, that a licensee may make
changes in the facility as described in the final safety analysis report without obtaining a license
amendment pursuant to 50.90. A licensee shall obtain a license amendment pursuant to 50.90
prior to implementing a proposed change if the change would result in more than a minimal
increase in the likelihood of occurrence of a malfunction of a structure, system, or component
(SSC) important to safety previously evaluated in the final safety analysis report. Even though
the licensee stopped rerouting the second division of safety related automatic start cabling after
NRC inspectors expressed concerns, the licensee had already evaluated the modification
through their 50.59 process and determined that the design change was acceptable. Had the
modification been completed , the licensee would have implemented a change to the facility that
resulted in more than a minimal increase in the likelihood of occurrence of a malfunction of an
SSC without obtaining a license amendment pursuant to 50 .59. Specifically, the licensee would
have performed a modification to their emergency Keowee power sources that resulted in the
running of both trains' safety related cabling in the same underground trench, along with 4kV
and 13kV power cables, contrary to their license basis separation requirements . This would
have resulted in the increased likelihood of a complete malfunction of the Keowee emergency
power sources.
Regardless of the status of the modification, the documentation and licensee approval of the
50.59 evaluation was inadequate. Potential paths toward adequately meeting the regulation
could include adherence to 1O CFR 50 , Appendix 8 , Criterion V, Instruction, Procedures, and
Drawings, or Technical Specification 5.4 , Procedures (Standard Technical Specifications
number - this could differ depending upon the plant) .
The Overall Significant Safety Issue
In addition to the Peer Team's specific comments on the NRR TIA response, the team offers the
following: the present cabling configuration in Trench #3 should receive prompt corrective
actions.
•

There are two paths to bring the safety grade KHU AC power to the three Oconee units.
The underground cable feeder path through trench #3 is the only protected path that can
withstand most of the probable external events and ensure power supply for the safety
buses for three nuclear stations . Any introduction of other potential failure modes
internally or externally would be detrimental to the reliability of the safety related power

system that pre-existed the modification to relocate cables to Trench 3.
•

The Concrete Raceway- Trench 3, contains 13.8KV AC emergency power supply to
three nuclear stations, 4.16KV AC cables normally energized to power KHU station
auxiliary systems, DC cables (ESPS) for the emergency start of KHU from Train A&B
(one train is not in service yet through trench 3 but the design change was processed for
installing both trains) , and DC supervisory cables for both KHU stations. This unusual
installation of redundant DC control cables for safety related power supply and two
levels of medium voltage cables for a distance of approximately 4000 ft . results in a
configuration of high susceptibility for single failure with adverse consequences .

•

An extended cable run outside the confines of the plant in a concrete trench exposes the
cable continuously to a variety of external influences such as continued exposure to
varying levels of moisture, periodic submergence, vermin , extreme temperature
variations etc. that could degrade the cable insulation in a variety of ways . Such cable
insulation degradation and its progression to cause abrupt failures cannot be monitored
continuously with present techniques to implement precautionary or mitigating actions.
The failures could be triggered by switching surges , periodic surveillances, lightening or
other events. The cables of higher voltage have a greater probability for failure under
such circumstances and the energy generated in a constrained concrete trench would
lead to significantly higher induced voltages in DC cables or a total unavailability of the
cables in the trench .

•

The licensee's analysis that is based on failure only following actuation is not supported
by any of the standards organizations. There are several national and international
events where cable failures caused a great level of damage, including breaker
destruction at the respective breaker cubicles or at the MCC. A selected sample of tests
where failure did not propagate cannot be the basis for overlooking spatial separation
requirements for redundant systems and barriers because such compromises could lead
to induced voltages , currents, and collateral damages resulting from electrical faults .

The failure of DC powered supervisory cables disabling the control associated with two KHU
units would have the most impact on the safety of the three Oconee units because it takes away
the automatic capability to energize the safety buses and the NPP/KHU operators ability to
manually align either of the KHU emergency power sources to energize the safety buses for all
three unit units. A DC control circuit failure at the KHU and plant side with blown fuses or burnt
wires is also a possibility that may have greater impact on manually aligning any of the other
power sources to the safety buses for the affected unit. Additionally, Oconee has not identified
any reasonable compensatory actions or mitigating steps for such a deficient design
configuration. Therefore , the team believes that prompt corrective actions are needed to ensure
adequate protection and ensure safety of the three nuclear stations.

ENCLOSURE 2
NRR Task Interface Agreement Response with Comments

TASK INTERFACE AGREEMENT IJIA) 2014-05
OCONEE NUCLEAR POWER STATION DESIGN BASES AND UCENSING BASES
FOR UNDERGROUND CABLE CONFIGURATIONS
1.1

INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) Region II Office requested the Office of
Nuclear Reactor Regulation (NRR) to provide answers to the following Task Interface
Agreement (TIA) questions regarding the licensing basis, design basis, NRC regulations, and
requirements of the Oconee Nuclear Power Station Units 1, 2, and 3 (ONS) underground cable
configurations, with emphasis on the following subjects:
1)

What are the ONS licensing basis, design basis, and NRC regulations and
requirements for analyzing electrical failure vulnerabilities (single failure or
otherwise) between medium voltage alternate current (AC) power and low
voltage direct current (DC) circuits as presented in this TIA?

2)

Within Oconee's Licensing Basis:
a) Are medium voltage power cables that are intended to provide emergency
power to the reactor protection system (RPS)/Engineered Safeguards
System (ESPS) equipment as well as provide the motive force to the
actuated ESPS equipment during a chapter 15 event within the scope of
Institute of Electrical and Electronic Engineers (IEEE) Standard 279-1971?
•

Must such power cables be considered under Section 3 "Design Basis"
item 7 for transient conditions?

•

Must potential multiphase short circuits or ground faults from such power
cables be considered under Section 3, "Design Basis" item 8 for unusual
events, etc.?

b) Does 3-phase medium voltage power cables, intended to provide Class 1Ei
emergency power to the RPS/ESPS equipment, represent "interconnecting
signal or power cables," as discussed in 4 .2 of IEEE-279?

1

Class 1E - The safety classification of the electric equipment and systems that are essential to
emergency reactor shutdown , containment isolation, reactor core cooling, and containment and reactor
heat removal , or are otherwise essential in preventing significant release of radioactive material to the
environment.
ENCLOSURE

c) Can the timing of electrical failures assumed in analyses, be limited to
reduce the consequential damage as described in the "single failure memo
to file?"
•

How is single failure timing applied to the commercial Fant power
feeders and the QA-12 power feeders from the Keowee Hydro Unit
generators (KHUs) to the protected service water (PSW) different
than the Class 1E power feeders to the CT-4 transformer?

d) Is the ONS staff required to analyze for combinations of multi-phase short
circuits as well as ground faults within trench 3 in order to be compliant with
the regulations and/or the current licensing basis for ONS?
e) Is the licensee required to analyze for consequential damage from electrical
failures to the adjacent Class 1E safety systems?

f)

•

Is the licensee required to assume that AC circuits could short to DC
circuits?

•

If so, are the installed ONS 125-Vdc protective devices sufficient to
mitigate the effects of AC voltages ranging from 2.5-kVac to 13.8kVac to prevent these voltages from propagating throughout the DC
systems?

Are all commercial, non-quality related (i.e. not QA-1 or QA-5) electrical
components assumed to fail in the most limiting way possible?
•

Does the failure of one of these commercial components represent a
"single failure," in the context of the ONS licensing basis?

g) Can unrestrained cable whip in trench 3 be assumed to cause cable
damage leading to secondary short circuits that could cause damage to the
DC systems and should these effects of cable whip be analyzed?
h) Are overload currents as well as short circuit currents required to be
evaluated to determine the most limiting results from electrical faults and
component failures?
•

2

Do the results of such an analysis influence the required component
separation to meet regulatory requirements and the ONS licensing
basis?

QA-1 - This category includes the integrity of structures, systems, and components essential to
prevention and mitigation of the Large Break loss of coolant accident coincident with loss of offsite power.
This Category meets the requirements of 10CFR50 Appendix B
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i)

j)

2.1

Can cable shielding or armor prevent short circuits or limit faulted currents
and voltages?

•

Can the two wraps of bronze shielding tape in the licensee's current
power cable configuration be considered equivalent to the steel
interlocked armored cable as described in the test report MCM1354.00-0029.001?

•

Are the results of test report MCM-1354.00-0029.001 sufficient to
demonstrate that electrical faults cannot propagate from one cable to
another as described in the single failure design basis document
(DBD), Section 3.3.6.1?

Does the interconnected nature of the Class 1E DC systems in the ONS
KHU start panels and the Keowee hydro-station KHU start panel's present
vulnerabilities where DC to DC interactions could disable the Keowee
emergency power systems?

BACKGROYNP

1

On June 27, 2014, Region II documented the results of a Component Design Basis Inspection
(COB!) , at ONS (Inspection Report 05000269/2014007; 05000270/2014007;
05000287/2014007) (Agencywide Documents Access and Management System Accession
(ADAMS) Accession Number ML 14178A535). In that report, the inspection team identified an
unresolved item involving cable configurations in certain underground cable raceways , which
may not comply with the ONS licensing basis, design basis, and NRC regulations and
requirements. Specifically, the team identified that in certain underground raceways , the
licensee had installed Class 1E and non-Class 1E DC protection and control circuits adjacent to
high energy medium voltage AC power cables. The circuits in question are coupled with and
interrelated with the emergency power, PSW, ESPS , RPS , and the KHUs supervisory control
systems. The team was concerned that the licensee did not appropriately consider all of the
electrical system design requirements for vulnerabilities such as single failures , consequential
failures, common cause failures , and circuit protection from short circuits and ground faults
when implementing plant modifications to their onsite power systems. he licensee performed
this electrical system plant modification under the provisions of Title 10 of the Code of Federal
Regulations (10 CFR 50) Part 50.59, "Changes, Tests and Experiments," and thus those parts
of the plant modifications were not approved by the staff in Amendment Nos. 386, 388, and 387
dated August 13, 2014 (ADAMS Accession Number ML 14206A790).
The CDBI team reviewed the electrical cable configurations (including power, protection, and
control circuits) between the 87.5 mega volt-amp (MVA) KHUs and the ONS emergency power
transformer CT-4, between the KHUs and the PSW switchgear, and between the 100 kilo-volts
alternating current (kVac) alternate power system (APS) switchyard and the PSW switchgear.
The team observed that there is one 4000 feet long raceway between the Keowee Hydro
Station (KHS) and transformer CT-4 at ONS (identified as trench 3), and a newer raceway°
addition (PSW raceway) that extends another 2000 feet long that extends past CT-4 and around
the ONS site to the new PSW building , thus connecting each system through underground
interconnected raceways . he team identified that these raceways contained 13.8-kVac power
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cabling, 4.16-kVac power cabling , Class 1E 125-volt direct current (Vdc) , and associated nonClass 1E 125-Vdc cabling adjacent to one another (in close proximity) along the entire route of

raceways.

eom-ted [R854]: Identify ~ this included mixed

The team identified that the KHU 13.8-kVac power system was installed with a high impedance
grounded system which limits ground fault currents to approximately 17.5 amps. !H owever, the
commercial 13.8-kVac power feeders (the Fant line) between the APS switchyard and the PSW
switchgear, located in the PSW raceway, were not high impedance grounded ; therefore the Fant
line power feeders were not protected against potentially catastrophic ground faults. The team
identified that most of the Class 1E and associated non-Class 1E 125-Vdc cabling was
connected directly or indirectly to the Class 1E DC busses at ONS and KHS. The DC system
protective devices appear to be designed to mitigate the effects from medium voltage AC power
short-circuiting to the 125-Vdc circuits.
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redundant trains.
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The separation requ irements for medium voltage power cables, control cables, and safety
related and non-safety related cables in common raceways could not be val idated using the
regulatory requirements delineated in the ONS licensing basis. Specifically, the staff was
concerned that a multi-phase power cable short circuit or a phase-to-ground power cable fault
in the Fant line power feeders could result in :

• A release of energy sufficient to damage or destroy adjacent cables in the affected
raceway
• A medium voltage pulse resulting from the short circu it in the raceway and transmitted
through the Class 1E and/or non-Class 1E 125-Vdc cables could damage and
potentially destroy Class 1E components and systems at both ONS and KHU ; and

• Cable forces and resulting wh iplash could result in consequential damage to adjacent
cables in the affected raceway, and possible consequential short circuits and circuit
interconnections
The team postulated that, upon a worst case single failure (13.8-kVac or 4.16-kVac 3-phase
power cable fault or a single line to round fault on the 13.8-kVac Fant line) , the Class 1E and
associated non-Class 1E DC protection and control cables could transmit the medium voltages
throughout the control systems and damage connected components and equipment. The team
reviewed the ONS single line power feeder diagrams, control wiring interconnection diagrams,
and control system elementary diagrams and observed that clear electrical pathways exist that
could transmit the voltages from the above mentioned failures to the three ONS 125-Vdc safety
systems, to the Keowee 125-Vdc safety systems, and to the PSW 125-Vdc systems. h"he team
was concerned that this damage and the resulting consequences could potentially impact most
of the systems connected to the 125-Vdc Instrumentation and Control Power Panel Boards 1DIA,
1DIB, 2DIA, 2D1B, 3DIA, and 3D1B and the associated batteries.
The DC power panel boards supply power to important components and safety systems such
as the controls and lockouts for the alternate emergency power source (CT-5 transformer) , the
digital reactor protection system (reactor trip and engineered safeguards control) , circuits for
plant isolation from all offsite power, connections to the control room operator panel boards,
boron dilution controls , excore nuclear instrumentation , and component cooling water controls.
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Any exposure of faulted medium voltage AC to the digital protection and control systems, direct
or indirect, could potentially permanently disable them. ~n addition , the team noted that
abnormal operating procedure AP/O/A/2000/002, "Keowee Hydro Station - Emergency Start"
Revision 15, step 5.15, directs the operators to realign the KHU from the overhead to the
underground path if at any time, the KHU IS aligned to the underground path experiences a trip.
iThe team was concerned that this i:1rocedure s~p could cause further damage to any
undamaged components from a short circuit in the underground raceways .

I

Additionally, the team postulated failure vulnerabilities where DC to DC electrical interactions
could disable the emergency power system because of interconnections between the two KHUs
and interconnection between the KHU units and the three ONS units. The three ONS units
consolidated their ESPS emergency power starting system wiring into two ESPS start trains (A
and B). Each ESPS train must be able to start both KHUs, and the supervisory controls for each
KHU must enable and operate the same KHU start circuits, governors, and field controls as the
ESPS trains. All of these circuits are interconnected at KHS and between KHS and ONS'. The
pperators' flexibility to choose the available paths to feed the plant safety busses could become
Inoperable from a single failure .

ONS Licensing Basis
The inspection team noted that ONS licensing basis applicable to electrical single failures was
documented in an ONS "internal memo to file" dated January 12, 1992. In the memo the
licensee states the following :
This document establishes that the Oconee licensing basis only requires consideration of single
failures "immediately on demand" for emergency power; Section I below details licensing basis
issues. Correspondence and numerous reports have been reviewed to identify the licensing
basis for Oconee with regard to the timing of single failures . This review indicates that
nothing within the Oconee licensing basis specifically requires consideration of single failures
at times other than "immediately on demand" (vs T = 0, or coincident with the event).
Note 3 of the ONS internal memo to file states:
10 CFR 50, Appendix A, the General Design Criteria (GDCs), is interpreted by the NRC staff in
SECY 77-439 to require that there be no distinction between active and passive failures for
electrical equipment. The GDCs are not part of the Oconee licensing basis. Therefore, for
Oconee, a distinction can be made between active and passive failures.
Section I "Licensing Basis" of this internal memo under I.A "Discussion" states:
This FSAR Revision as well as previous and subsequent revisions did include several system
single fail ure analyses. Review of these analyses shows that each single failure evaluated
occurred immediately on demand (Note 4) .
Note 4 states:
This conclusion is simply based on the fact that had the analyses considered single failures
occurring at any time other than immediately on demand , the results would have been
unacceptable.
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Section I.B "Relevant Guidance not within the Oconee Licensing Basis," under SECY-77-439,
"Single Failure Criterion" states:
The staff states that a single failure evaluation proceeds on the proposition that single failures
can occur at any time." The Oconee position is in direct contradiction to this portion of the
guidance. However, the SECY paper concludes that "the single failure criterion has served well
in its use as a licensing review tool to assure reliable systems as one element of the defense in
depth approach to reactor safety."
Section Ill "Conclusions" states:
It is clear that there is no requirement within the Oconee licensing basis to analyze for "smart"
single failures.
The team could not verify that the positions outlined in the internal memo accurately reflected
the ONS licensing basis for single-failure-proof design.
The team could not identify any portions of the above information in ONS licensing basis. The
staff reviewed pertinent licensing and regulatory documents such as, GDC and
definitions/requirements as provided in 10 CFR 50, Technical Specifications, Generic
Communications, Regulatory Guides, Standard Review Plan , Branch Technical Positions and
IEEE 279-1971 to verify the technical basis of the internal memo on single failure criteria. The
CDBI team could not substantiate any assumptions or basis of the position taken by the
licensee. The licensee could not identify any communication from NRC staff approving the
contents of the internal memo such that the licensee could establish the timing of postulated
electrical failures , make distinctions between passive and active electrical failures , and also limit
the magnitude and potential damages that could occur from electrical failures . The team could
not find the term "smart" single failures as described in the single failure memo to file in any part
of the ONS licensing basis. The team identified that ONS GDC 39 specified active component
failures , one in each of the onsite and offsite power systems concurrently, but IEEE 279 1971 specified single failures and did not distinguish between active or passive components .
frhe team noted that a letter from W .O. Parker (Duke Power Company (Duke)) to B.C. Rusche
(NRC), dated May 13, 1976, required the onsite AC and DC systems meet Section 4.2 of IEEE
Standard 279 -1971, "Criteria for Protection systems for Nuclear Power Generating Stations."
The scope of IEEE 279-1971 appeared to be limited to "the electrical and mechanical devices
and circuitry (from sensors to actuation device input terminals) involved in generating those
signals associated with the protective function." It was unclear to the team how to apply IEEE
279-1971 to the medium voltage emergency power cables affecting the Class 1E and
associated non-Class 1E DC protection and control circuits. Of all the standards and NRC
reports the licensee evaluated in the prompt determinations of operability (PDOs) , IEEE 2791971 was the only licensing basis document evaluated for electrical single-failure-proof design.
However, the licensee did not appear to consider the example in the note of IEEE 279-1971 ,
Section 4.2 describing the shorting of electrical power cables as a single failure as applicable.

I

UFSAR Section 8.3.1.2 "Analysis ," for onsite AC Power Systems stated that "the basic design
criterion for the electrical portion of the emergency electric power system of a nuclear unit,
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including the generating sources, distribution system, and controls is that a single failure of any
component, passive or active, will not preclude the system from supplying emergency power
when required ." Based on the above information , the team could not verify that the installed
cable configurations in trench 3 and PSW raceway were acceptable. During the inspection the
licensee indicated that bronze tape shield on medium voltage cables was equivalent to
interlocked armor cable. The team could not find any technical basis for the equivalency that the
licensee was crediting in the single failure DBD test report MCM-1354.00-0029.00 1.
Therefore, the team was concerned that the licensee's analyses appeared to be nonconservative. The analyses appeared to inappropriately establish the timing of electrical failures
to instance that could limit the magnitude of potential damages. The team could not conclude
that safe shut down capability was maintained after an electrical single failure was postulated in
the design of the underground cabling systems between ONS, the KHS, and PSW building . T he
team reviewed the following regulatory requirements to evaluate the design of the cabling
systems:
• Technical Specification (TS) 3.8.1 , "Electrical Power Systems: Emergency AC
Sources - Operating"
•

TS 3.3.21 , "Emergency Power Switching Logic (EPSL) Keowee Emergency Start
Function"

•

Atomic Energy Commission (AEC) GDCs 19, 20, 21 , 22, 23, 24, 31 , and 39

•

10 CFR 50.55a(h)(2), "Protection and Safety Systems"

•

10 CFR 50.59(c) , "Changes, tests and experiments"

•

10 CFR 50, Appendix B, Criterion Ill, "Design Control"

ONS Design Basis
The inspection team noted several concerns in the ONS design basis criteria applicable to
electrical single failures documented in design basis specification OSS-0254.00-00-4013,
"Oconee Single Failure Criterion ", Rev. 4 (the single failure DBD) . Specifically, Section 3.2.1.3,
"Single Failure Licensing Basis for Electrical Systems" referenced the "single failure memo to file"
as the definitive document outlining the ONS licensing basis for single failure timing . The DBD·,
stated , in part, that "Per Reference 4.3.1 .1, single failures in electrical systems shall only be
postulated to occur on initial demand (i.e. failure is coincident with the time the component is
initially required to perform its design function in response to an event)"; and "10 CFR 50
Appendix A are not part of Oconee's licensing basis, and a distinction between active and
passive failures is made for Oconee electrical systems (see Reference 4.3.1.1)." Section
3.3.6.1, "Cabling" references cable testing that was performed by the licensee in 1977 and was
documented in MCM-1354.00-0029.001 , which determined that cable faults in armored multiconductor cabling could not propagate to adjacent cabling. The DBD stated: "Armored electrical
cabling will not be subject to a single failure in one cable propagating to another cable;" and "This
exception is only applicable to armored cables." The team was concerned that the DBD
referenced the "single failure memo to file" to justify the limited evaluations of single failures
based on specific timing and distinguished between active and passive failures as previously
discussed. The team was concerned that the licensee's design philosophy for plant
modifications appeared to incorporate the "single failure memo to file" into plant design
specifications and procedures. In addition , the team could not verify that the referenced cable
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test report, MCM-1354.00-0029.001 , supported the claim that "armored electrical cabling will
not be subject to a single failure in one cable propagating to another cable." The team noted
that ONS staff was using this test report to envelope the configu ration of the 13.8-kVac power
cables. The licensee asserted that two wraps of 1Omil bronze shielding tape was equivalent to
the arr:nor described in the test report.
The team's specific concern was that the testing did not envelope the cable designs in the
underground raceways. The test report indicated that the testing was limited to 6.9-kVac power
cables with steel interlocked armor that were drilled and vented. In addition, only 2- phases
were shorted instead of 3-phases, which limited the energy released from the cables. For
AC , 3-phase short circuits provide the maximum energy released in arc flashes and the
maximum electromagnetic forces. The team noted that a high impedance ground scheme, such
as the one on the KHUs , was not simulated during these tests. A high impedance grounded
system would contribute to the magnitude of energy release during AC arc flashes . The team
could not verify from the review of the test report that two layers of 1Omil bronze tape was
equivalent to steel interlocked armor subjected to the test conditions. In addition , the team
could not verify that the tests supported the licensee's conclusion that armored cables (steel
interlocked or otherwise) would prevent the propagation of electrical failures between cables.
Licensee's Position
To address the team's concerns, ONS staff wrote three problem investigation program (PIP)
documents (0-14-02965, 0 -14-03190, and 0-14-05125) and performed PDOs for each PIP . In
addition , on March 23, 2014, the licensee reported these conditions to the NRC under 10 CFR
50. 72(b)(3)(ii) in Licensee Event Report (LER) 269/2014-01 , Rev. 0 (ADAMS Accession No .
ML14149A476). The licensee's current position is that electrical failures addressed as single
failures cannot occur at any time , but must only occur explicitly at the actuation of a device to
provide its safety function .
Additionally, ONS staff stated that short circuits between shielded power cables are not credible
events and thus do not have to be postulated. The licensee stated that they have properly
routed the Class 1E and associated non-Class 1E DC protection and control circuits with the
high-energy 13.8-kVac cables and that this configuration does not compromise the singlefailure-proof design of the emergency power system or the Class 1E protection system. A lso,
the licensee concluded that offsite commercial grade electrical protective equipment (relays ,
circuit breakers, lightning arrestors, etc.) is adequate to assure the protection of the adjacent
Class 1E and associated non-Class 1E DC protection and control circuits.
3.1

STAFF'S REGULATORY EVALUATION

he Electrical Engineering Branch (EEEB) staff used the following regulations, regulatory
guidance, industry standards, updated final safety analysis report (UFSAR), and ONS DBDs in
its evaluation of this TIA:
•

T he regulation at 10 CFR 50.55a(h)(2), "Protection Systems," states, "For nuclear power
plants with construction permits issued after January 1, 1971, but before May 13, 1999,
protection systems must meet the requirements stated in either IEEE Std . 279-1971 ",
'Criteria for Protection Systems for Nuclear Power Generating Stations,' or in
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IEEE Std. 603 1991 , 'Criteria for Safety Systems for Nuclear Power Generating Stations,' and
the correction sheet dated January 30, 1995. For nuclear power plants with construction
permits issued before January 1, 1971 , protection systems must be consistent with their
licensing basis or may meet the requ irements of IEEE Std . 603 1991 and the correction sheet
dated January 30, 1995."
•

•

The letter from W . 0 . Parker (Duke Power Company (Duke)) to B. C. Rusche (NRC), dated
May 13, 1976, states, in part, that "the design of the Oconee onsite emergency AC and DC
power systems conforms to the single fa ilure requirements of IEEE 279 1971."
Section 4.2 of IEEE Std. 279-1971 states, in part, that "any single failure within the protection
system shall not prevent proper protective action at the system level when required ." and
"Note: "Single Failure" includes such events as the shorting or open- circuiting of
interconnecting signal or power cables." Section 4.7.2 • Examples of credible failures
include short circuits, open circuits, grounds, and application of maximum credible ac or de
potential. A failure in an isolation device is evaluated in the same manner as failure of other
equipment in the protection systems." Section 4.6 • .... Shall be independent and physically
separate to accomplish decoupling of the effects of unsafe environmental factors , electric
transients, ... ... reduce the likelihood of interactions between channels during ... .... .. or in
the event of channel malfunction."

•

Criterion Ill , "Design Control ," of Appendix B, "Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants ,'' to 10 CFR Part 50, "Domestic Licensing of
Production and Utilization Facilities," states, in part, that "design control measures shall
provide for verifying or checking the adequacy of design, such as by the performance of
design reviews, by the use of alternate or simplified ca lculation methods, or by the
performance of a suitable testing program."

•

10 CFR 50.59(c)(1) states: the holder of a license may, without obtaining a license
amendment in accordance with 10 CFR 50.90, make changes in the facility as described in
the FSAR (as updated), or make changes in the procedures as described in the FSAR (as
updated), and conduct tests or experiments not described in the FSAR (as updated) only if:
o

A change to the technical specifications incorporated in the license is not
required , and

o

The change, test, or experiment does not meet any of the following 10 CFR
50.59(c)(2) criteria:
i. Result in more than a minimal increase in the frequency of occurrence of
an accident previously evaluated in the FSAR (as updated).
ii. Result in more than a minimal increase in the likelihood of the
occurrence of a malfunction of a structure, system, or component
(SSC) important to safety previously evaluated in the FSAR (as
updated).
iii. Result in more than a minimal increase in the consequences of an
accident previously evaluated in the FSAR (as updated) .
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iv . Result in more than a minimal increase in the consequences of a
malfunction of an SSC important to safety previously evaluated in the
FSAR (as updated) .
v. Create a possibility for an accident of a different type than an
previously evaluated in the FSAR (as updated) .
vi. Create a possibility for a malfunction of an SSC important to safety with
a different result than any previously evaluated in the FSAR (as
updated).
vii. Result in a design basis limit for a fission product barrier as described in
the FSAR (as updated) being exceeded or altered.
viii. Result in a departure from a method of evaluation described in the
FSAR (as updated) used in establishing the design bases or in the
safety analyses .
•

General Design Criteria: The principal design criteria for ONS were developed in
consideration of the draft GDC proposed by the AEC on July 11 , 1967 (32 FR 10213;
ADAMS Accession No. ML043310029). The ONS UFSAR, Section 3.1 , contains a
discussion of the ONS design criteria with regard to each of the draft GDC . The current
GDC are generally comparable to the applicable AEC-proposed draft GDC, although the
numbering is not consistent between the two. i,/Vhere appropriate, the NRC staff
considered review criteria associated with the current GDCs.

Draft GDC 1, Quality Standards, requires that systems and components that are essential to
the prevention of accidents be identified and then designed , fabricated , and erected to quality
standards that reflect the importance of the safety function . As discussed in ONS UFSAR
Section 3.1.1, the licensee has established a quality assurance program to satisfy the
requirement of draft GDC 1 and the requirements of Appendix B to 10 CFR Part 50.
Within this quality assurance program, essential systems and components are classified as QA1 and are subject to the requirements of that classification.
UFSAR, Section 3.1, Conformance with NRC GDC;
o

Section 3.1.19, Criterion 19 - Protection Systems Reliability (Category B) states:
Protective Systems shall be designed for high functional reliability and in-service
testability commensurate with the safety functions to be performed .

o

Section 3.1.20, Criterion 20 - Protection Systems Redundancy and
Independence (Category B) states: Redundancy and independence designed
into Protective Systems shall be sufficient to assure that no single failure or
removal from service of any component or channel of a system will result in loss
of the protective function . The redundancy provided shall include, as a
minimum, two channels of protection for each protective function to be served.
Different principles shall be used where necessary to achieve true independence
of redundant instrumentation components.
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o

Section 3.1.21 , Criterion 21 - Single Failure Definition (Category B) states:
Multiple failures resulting from a single event shall be treated as a single failure .

o

Section 3.1.22, Criterion 22 - Separation of Protection and Control
Instrumentation Systems (Category B) states: Protective Systems shall be
separated from control instrumentation systems to the extent that failure or
removal from service of any control instrumentation system component or
channel, or of those common to control instrumentation and protective circuitry,
leaves intact a system satisfying all requirements for the protective channels.

o

Section 3.1.23, Criterion 23 - Protection against Multiple Disability for Protection
Systems (Category B) states: The effects of adverse conditions to which
redundant channels or Protective Systems might be exposed in common , either
under normal conditions or those of an accident, shall not result in a loss of the
protective function ;

o

Section 3.1.24, Criterion 24 - Emergency Power for Protection Systems
(Category B) states: In the event of loss of all offsite power, sufficient alternate
sources of power shall be provided to permit the required functioning of the
Protective Systems ; and

o

Section 3.1.39, Criterion 39 - Emergency Power for Engineered Safety Features
(Category A) states: Alternate power systems shall be provided and designed
with adequate independency, redundancy , capacity, and testability to permit the
functioning required of the engineered safety features . As a minimum, the onsite power system and the off-site power system shall each, independently,
provide this capacity assuming a fa ilure of a single active component in each
power system.

UFSAR Chapter 8. "Electric Power''
o

Section 8.3.1.2, "Analysis ," in part, states: "The basic design criterion for the
electrical portion of the emergency electric power system of a nuclear unit,
including the generating sources, distribution system , and controls is that a
single failure of any component, passive or active, will not preclude the system
from supplying emergency power when required ."

o

Section 8.3.1.4.6.2, "Cable Separation ," in part, states: "Control,
instrumentation, and power cables are applied and routed to minimize their
vulnerability to damage from any source." In addition it states, in part, "Power
and control cables for redundant auxiliaries or services are run by different
routes to reduce any probability of an accident disabling more than one piece of
redundant equipment."

o

Section 8.3.2.2, "Analysis ," in part, states: "The 125 Volt DC Instrumentation and
Control Power System and the 125 Volt AC Vital Power System are designed
such that upon loss of power supplies no interactions exist between Reactor
Protection Systems, Engineered Safeguards Protection Systems, and control
systems that would preclude these systems from performing their respective
functions."

o

Section 8.3.2.2.2 "Single Failure Analyses of the 125 Volt DC Keowee Station
Power System," , states: "The 125 Volt DC Keowee Station Power System is
arranged such that a single fault within either unit's system does not preclude
the other unit from performing its intended function of supplying emergency
power. "

~n addition to the above, staff used the following requirements and guidance documents.
•

GDC 5, "Sharing of structures, systems, and components ," requ ires that "Structures,
systems , and components important to safety shall not be shared among nuclear power
units unless it can be shown that such sharing will not significantly impair their ability to
perform their safety functions , including , in the event of an accident in one unit, an orderly
shutdown and cool down of the remaining units."

•

GDC 17, "Electric power systems," of Appendix A , "GDC for Nuclear Power Plants," to
Title10, Part 50, of the CFR requires, in part, that nuclear power plants have onsite and
offsite electric power systems to permit the functioni ng of structures, systems , and
components that are important to safety. The onsite system is required to have sufficient
independence, redundancy, and testab ility to perform its safety function , assuming a single
failure . The offsite power system is required to be supplied by two physically independent
circuits that are designed and located so as to minimize, to the extent practical , the
likelihood of their simultaneous failure under operating and postulated accident and
environmental conditions. In addition , this criterion requires provisions to minimize the
probability of losing electric power from the remaining electric power supplies as a result of
loss of power from the unit, the offsite transmission network, or the onsite power supplies.

•

Regulatory Guide (RG) 1.53, "Application of the Single-Failure Criterion to Safety Systems,"
Revision 3, states that conformance with the requirements of IEEE Std. 379-2000, provides
methods acceptable to the NRC staff for satisfying the NRC's regulations with respect to the
application of the single-failure criterion to the electrical power, instrumentation , and control
portions of nuclear power plant safety systems.

•

RG 1.75, "Physical Independence of Electric Systems ," Revision 1, states that the guidance
in IEEE Std . 384-1974, "IEEE Trial-Use Standard Criteria for Separation of Class IE
Equipment and Circuits," dated , March 15, 1974, is generally acceptable to the NRC staff
and provides an adequate basis for complying with IEEE Std . 279-1971 and the
Commission's GDC 3, 17, and 21 of Appendix A to 10 CFR Part 50 with respect to the
physical independence of the circuits and electric equipment comprising or associated with
the Class 1E power system, the protection system, systems actuated or controlled by the
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protection system, and auxiliary or supporting systems that must be operable for the protection
system and the systems it actuates to perform their safety related functions , subject to the
following:
1. Section 3, "Isolation Device, should be supplemented as follows :
"(Interrupting devices actuated only by fault current are not considered to be
isolation devices within the context of this document.)"
2. Section 3, "Raceway: Interlocked armor enclosing cable should not be
construed as a raceway."
3. Section 4.3 should be supplemented as follows : "In general, locating
redundant circuits and equipment in separate safety class structures affords
a greater degree of assurance that a single event will not affect redundant
systems. This method of separation should be used whenever practicable
and where its use does not conflict with other safety objectives."

•

IEEE Std. 141-1993, "IEEE Recommended Practice for Electric Power Distribution for
Industrial Plants," Section 4.3.2 states the following:

In an industrial system, the three-phase short circuit is frequently the only fault considered ,
since this type of short circuit generally results in maximum short-circuit current. Line-to-line (2
of 3 phases shorted together) short-circuit currents are approximately 87% of three- phase
short-circuit currents. Line-to-ground short-circuit currents can range in utility systems from a
few percent to possibly 125% of the three-phase value. In industrial systems, line-to-ground
short-circuit currents higher than three phase current are rare except when bolted short circuits
are near the wye windings with a solidly grounded neutral of either generators or two winding,
delta-wye, core-type transformers.
During short-circuit or heavy pulsing currents, single-conductor cables will be subjected to forces
that tend to either attract or repel the individual conductors with respect to each other.
Therefore , cables installed in cable trays, racks , switchgear, motor control centers, or
switchboard cable compartments, should be secured to prevent damage caused by such
movements.
In calculating the maximum short-circuit current, it is assumed that the short-circuit connection
has zero impedance with no current-limiting effect due to the short circuit itself. It should be
recognized , however, that actual short circuits often involve arcing , and variable arc impedance
can reduce low-voltage short-circuit current magnitudes appreciably.
•

Section 1.2 of IEEE Std. 242, "IEEE Recommended Practice for Protection and
Coordination of Industrial and Commercial Power Systems (IEEE Buff Book) ," states:

Short circuits may occur between two-phase conductors, between all phases of a polyphase
system, or between one or more phase conductors and ground. The short circuit may be solid (or
bolted) or welded, in which case the short circuit is permanent and has relatively low impedance.
The extreme case develops when a miswired installation is not

checked prior to circuit energization. In some cases the short circuit may burn itself clear,
probably opening one or more conductors in the process. The short circuit may also involve an
arc having relatively high impedance. Such an arcing short circuit can do extensive damage
over time without producing exceptionally high current. An arcing short circuit may or may not
extinguish itself. Another type of short circuit is one with a high- impedance path , such as dust
accumulated on an insulator, in which a flashover occurs. The flashover may be harmlessly
extinguished or the ionization produced by the arc may lead to a more extensive short circuit.
These different types of short circuits produce somewhat different conditions in the system.
•

Section 5.6.1 of IEEE Std. 603-1991 states:

Redundant portions of a safety system provided for a safety function shall be independent of,
and physically separated from , each other to the degree necessary to retain the capability of
accomplishing the safety function during and following any design basis event requiring that
safety function .
he Staff's use of these requirements and guidance in the review of this TIA does not appear to
constitute backfltting. Backfltting protections do not apply in the context of voluntary changes to
the licensing basis voluntarily requested by a licensee, so long as the new or changed
requirements/interpretations imposed by the NRC are both directly related and essential to the
staff's determination of the adequacy of the facility changes. The ONS licensee voluntarily
requested a license amendment modification of its existing license by adding the PSW system
in order to comply with the relevant GDCs and other requirements (See ADAMS Accession
Number ML 14206A790 for license amendment approved for PSW). The circuits in question are
coupled with and interrelated with the emergency power, PSW, ESPS, RPS, and the KHUs'
supervisory control systems. [Each of the NRC regulations and guidance listed below is both
directly related and essential to the staff's determination of the adequacy of the onsite electric
power system design and licensing basis as a result of PSW system plant modification .
Therefore, the staff's application of the NRC regulations and guidance documents listed below
does not a1313ear to constitute backfltting. See NRC letter dated July 14, 2010, from S. Burns to
E. Ginsberg , Nuclear Energy Institute (ADAMS Accession No. ML 101960180).
[he Staff GIM position is not affected by our understanding that the Oconee licensee made
changes to the PSW electrical system configurations and installed the PSW electrical cables
and power supplies in the same raceways for onsite Class 1E power system under the
provisions of 10 CFR 50.59, and, therefore, those parts of the system were not included in the
scope of the NRC staff's review for the amendment. That these changes were made by the
licensee under
§ 50.59 is not relevant to the f8Jev.am backfltting question, viz. : are the new or changed
requirements/interpretations to be imposed by the NRC both directly related and essential to the
staff's determination of the adequacy of the facility changes requested by the licensee.

We also note that the issue, whether the licensee correctly applied § 50.59 to make the
changes without NRC review and approval, is a separate matter which the Reg ion may
evalualeassess for its generic implications and potential enforcement. .
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4.0

STAFF'S TECHNICAL EVALUATION

The EEEB staff of NRR reviewed the licensing and design bases history of the Oconee Station
Single Failure Criterion for analyzing electrical failure vulnerabilities between medium voltage
AC power systems and low voltage DC circuits. This review involved NRC correspondences ,
safety evaluation reports (SERs) for license amendments, the CDBI inspection report, Oconee
UFSAR Section 8.0, and the background information stated above in preparing the response to
the following questions from Region II.
4.1

Response to Requested Actions

auestjon 1:

What are the ONS licensing basis, design basis, and NRC regulations and
requirements for analyzing electrical failure vu lnerabilities (single failure or otherwise) between
medium voltage AC power and low voltage DC circuits as presented in this TIA?

Response 1: Following regu latory requirements and guidance apply as specified in Section 3.0
of this TIA evaluation:
1. 10 CFR 50.55a(h)(2), "Protection Systems."
2. Criterion Ill , "Design Control ," of Appendix B, "Quality Assurance Criteria for Nuclear
Power Plants and Fuel Reprocessing Plants," to 10 CFR Part 50, "Domestic
Licensing of Produ~ion and Utilization Facilities,"
3. 10 CFR 50.59, "Changes, tests and experiments."
4. [Principal design criteria for Oconee 1, 2 and 3 developed in accordance with 1967
AEC GDCs - 1, 19, 20, 21 . 22, 23, 24, and 39.
5. ~DC 17, "Electric power systems," of Appendix A, "General Design Criteria for
Nuclear Power Plants," to Title10, Part 50, of the CFR.
~- ONS UFSAR Sections 1.2.2.6, 3.1, 8.0, 8.1, 8.2, and 8.3
7. IEEE Standards 279-1971 , \242-2001 , 141-1993, 384-1974, 379-2000, 384-1992,
and 603-1991 [
8. ~egulatory Guides 1.53, and 1.75

r Commented [RBS21]: As referenced in the _?NS UFSAR. ~

( Commented [RBS22]: Consider deleting or explain how
applies since Oconee is a pre-GOC plant (re: comments in
, section 3)
' Commented [RBS23]: Add in the following bullet:
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Commented [rat24]: Consider deleting or explain how
applied since they are not a part of Oconee's license bases.
(re: comments in section 3)

9. ~orrespondence between NRC and Duke Power - The letter from W .O. Parker (Duke
Power Company (Duke)) to B.C. Rusche (NRC) , dated May 13, 1976, states, in part,
that "the design of the Oconee onsite emergency AC and DC power systems
conforms to the single failure requirements of IEEE 279-1971 ."

Commented [rat25]: Consider deleting or explain how
applied since they are not a part of OCOMe's license bases.
(re: comments in section 3)

Commented [rat26]: Another bullet should be added for
the SE issued in response to this letter.

auestjon 2A: Within Oconee's Licensing Basis:
Are medium voltage power cables that are intended to provide emergency power to the

RPS/ESPS equipment as well as provide the motive force to the actuated ESPS equipment
during a chapter 15 event within the scope of IEEE-279-1971?
Must such power cables be considered under Section 3 "Design Basis" item 7 for transient
conditions?
Must potential multiphase short circuits or ground faults from such power cables be considered
under Section 3, "Design Basis" item 8 for unusual events, etc.?

Response 2A: Yes. The medium voltage power cables that are intended to provide
emergency power to the RPS/ESPS equipment as well as provide the motive force to the
actuated ESPS equipment during a UFSAR Chapter 15 event s within the scope of IEEE-2791971 . In addition, such power cables must be considered as stated in Section 3, item 7 for
transient and steady-state conditions. Lastly, malfunctions or failures caused by faults such as
multiphase short circuits or ground faults from such power cables must be considered under
Section 3, item 8 for unusual events, accidents, etc.

C - t e d [RBS27]: ·are" vs "is". Cables is plural.
~~~-

-~~
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See the following applicable guidance and requirements :
IEEE Std. 279-1971 states that a "protection system" encompasses all electric and mechanical
devices and circuitry (from sensors to actuation device input terminals) involved in generating
those signals associated with the protective function . These signals include those that actuate
a reactor trip and that, in the event of a serious reactor accident, actuate engineered safety
features (ESF), such as conta inment isolation , core spray, safety injection , pressure reduction ,
and air cleaning . A "Protective function" is defined in IEEE Std. 279-1971 as "the sensing of
one or more variables associated with a particular generating station condition, signal
processing , and the initiation and completion of the protective action at values of the variables
established in the design bases."
In addition, IEEE Std. 603-1991 uses the term "safety systems" rather than "protection
systems" to define its scope. A "safety system" is defined in IEEE Std. 603-1991 as "a system
that is relied upon to remain functional during and following design basis events to ensure:
(i) the integrity of the reactor coolant pressure boundary, (ii) the capability to shut down the
reactor and maintain it in a safe shutdown condition , or (iii) the capability to prevent or mitigate
the consequences of accidents that could result in potential offsite exposures comparable to
the 10 CFR Part 100 guidelines." A "safety function" is defined in IEEE Std . 603-1991 as "one
of the processes or conditions (for example, emergency negative reactivity insertion, postaccident heat removal , emergency core cooling, post-accident radioactivity removal , and
containment isolation) essential to maintain plant parameters within acceptable limits
established for a design basis event." The NRC staff recognizes that "protection systems" are
a subset of "safety systems.· Safety system is a broad-based and all-encompassing term,
including the protection system in addition to other electrical systems.
he regulation at 10 CFR 50.55a(h)(2), "Protection Systems," states, "For nuclear power plants
with construction permits issued after January 1, 1971 , but before May 13, 1999, protection
systems must meet the requirements stated in either IEEE Std. 279-1971 , 'Criteria for Protection
Systems for Nuclear Power Generating Stations,' or in IEEE Std. 603-1 991 , 'Criteria for Safety
Systems for Nuclear Power Generating Stations,' and the correction sheet dated

C - t e d [ral28]: Suggest that this section be omitted,
or~ is prefaced by the statement, "Although this standard
appears to not be a part of Oconee's license bases.. .• Or
some other explanation of how IEEE 603 is being applied.

January 30, 1995. For nuclear power plants with construction permits issued before
January 1, 1971 , protection systems must be consistent with their licensing basis or may meet
the requ irements of IEEE Std. 603-1991 and the correction sheet dated January 30, 1995."

Commentecl [ral29]: Suggest that this paragraph be

The letter from W .O. Parker (Duke Power Company (Duke)) to B.C. Rusche (NRC), dated
May 13, 1976, states, in part, that "the design of the Oconee onsite emergency AC and DC
power systems conforms to the single failure requirements of IEEE 279-1971 ." · he NRC Staff
position is to regard the short circuiting of power cables (as a single failure that may occur at
any time with respect to the events described in Chapter 15 of the ONS UFSAR-meaning
before, during, or after an event. The medium voltage power cables at ONS are installed in the
concrete raceway routed along with cables for automatic and manual controls for both KHUs and
a train of ESPS cables that are electrically connected to both KHUs and all three ONS units. The
staff has determined that the licensee must demonstrate that any single failure within the
protection system shall not prevent proper protective action at the system level when required .
Based on the above standards and ONS current licensing basis, the staff has determined that
IEEE-279-1971 is applicable to the medium voltage power cables at ONS.

I

Section 3, "Design Basis" of IEEE Std. 279-1971 provides specific information the licensee
should provide, as a minimum, for the design basis of a specific protection system. Item 7 of
Section 3, "Design Basis", states that "The range of transient and steady-state conditions of
both the energy supply and the environment (for example, voltage , frequency, temperature,
humidity, pressure, vibration , etc.) during normal, abnormal , and accident circumstances
throughout which the system must perform. " Item 8 of Section 3, "Design Basis", states that
"The malfunctions , accidents, or other unusual events (for example, fire , explosion , missiles,
lightening , flood, earthquake, wind , etc.) which could physically damage protection system
components or could cause environmental changes leading to functional degradation of
system performances, and for which provisions must be incorporated to retain necessary
protective action ."

deleted, since Oconee's construction pem,ij was issued prior
to 1971 ; therefore, OCOMe needs to only meet ijs license
basis. Question 2A just asks about Oconee's license basis.

Commentecl [ral30]: Is this actually true? From
conversations we've had so far, I am only aware of Manual
features. NRR please verify .

Commentecl [ral31]: This discussion appears to not be
relevant to the letter. It may be better to put it elsewhere.
Suggest that we expound on the specific commibnents to
IEEE 279-1971 in the letter. Suggested wording is as follows:
" In this letter, under QuesUon 2, Oconee cornmijs to a design
prescribed by IEEE 279-1971 . Specifically, Oconee stated,
"The design of the Oconee onsite emergency AC and DC
power systems conforms to the single failure requirements of
IEEE 279-1971 ." This letter was reviewed by the staff and
documented in (provide the title of the SE issued)."

Qyestjon 2B:

Does 3-phase medium voltage power cables, intended to provide Class 1E
emergency power to the RPS/ESPS equipment, represent "interconnecting signal or power
cables," as discussed in Section 4.2 of IEEE-279?

Response 2B: Yes. The 3-phase medium voltage power cables, intended to provide Class 1E
emergency power to the RPS/ESPS equipment do represent "interconnecting signal or power
cables" as discussed in Section 4.2 of IEEE 279 and must be included within the scope of
single failure evaluations as discussed in Section 4.2 of IEEE-279-1971 . These cables are ralso
considered part of the Class 1E power system or safety system as defined in IEEE Std. 6031991 . Safety system is a broad-based and all-encompassing term, including the protection
system in addition to other electrical systems.
See the following applicable guidance and requirements:
The following single failure criteria specified in 10 CFR Appendix A applies to ONS:
Single Failure. A single failure means an occurrence which results in the loss of capability of a
component to perform its intended safety functions. Multiple failures resulting from a single
occurrence are considered to be a single failure . Fluid and electric systems are considered to
be designed against an assumed single failure if

Commentecl [RBS32]: Suggested edit to more clea~y
answer the question asked.

neither (1) a single failure of any active component (assuming passive components function
properly) nor (2) a single failure of a passive component (assuming active components
function property), results in a loss of the capability of the system to perform its safety
functions . 2
2
Single failures of passive components in electric systems should be assumed in designing
against a single failure .

This means that for electric systems, no distinction is made between failures of active and
passive components and all such failures must be considered in applying the Single Failure
Criterion. This position is clarified in SECY-77-439, "Information Report by the Office of Nuclear
Reactor Regulation , the Single Failure Criterion," August 17. 1977.
IEEE 279-1971 states, in part, the following : "Any single failure within the protection system
shall not prevent proper protective action at the system level when required . In addition,
Section 4.2 of IEEE Std. 279-1971 states, in part, that "'single failure' includes such events as
the short-circuiting of interconnecting power cables." It also includes single credible
malfunctions or events that cause a number of consequential component, module, or channel
failures . These statements apply to Class 1E electrical power systems and thus cables will
become interconnected when they short together and that this occurrence would be a single
failure , not two single failures as the licensee asserts.
egulatory Guide 1.53, "Application of the Single-Failure Criterion to Nuclear Power Plant
Protection Systems," Revision 0, issued June 1973, and Revision 2, issued November 2003.
Revision 2 of Regulatory Guide 1.53 states that conformance with the requirements of IEEE
Std. 379-2000 provides methods acceptable to the NRC staff for satisfying the agency's
regulations in regard to the application of the single failure criterion to the electrical power,
instrumentation, and control portions of nuclear power plant safety systems.
The staff found that NRC policy presented to the Commission (SECY-77-439) states, in part,
that "short circuits in electrical cables must be considered even though a short circuit could be
regarded as a failure of a passive component. " The staff determined that the licensee should
evaluate cable failures that result in the short circuiting of interconnected power cables and any
resultant damage and additional failures as a single failure. The staff concluded that applicable
guidance has existed as part of the ONS licensing basis, which establishes that short circuits
between shielded power cables are credible single failures that must be evaluated .

Qyestjon 2C: Can the timing of electrical failures assumed in analyses be limited to reduce the
consequential damage as described in the "single failure memo to file?
How is single failure timing applied to the commercial "Fant" power feeders and the QA-1 power
feeders from the KHUs to the PSW different than the Class 1E power feeders to the CT- 4
transformer?

eomn-ll!ld [rcd33]: Suggest that this be omitted, since ii
is not a part of OcoMe's license bases. Another option would
be to state that while ii is not a part of the Oconee license
basis, these documents also establish more recent guidance.
I believe that the cleaner option, however, would be to delete
il

[ eomn-ll!ld [rcd34]: See previous comment

Response 2C: No. The timing of electrical failures assumed in analyses to reduce the
consequential damage in the licensee's single failure memo to file is not consistent with the NRC
staff positions, industry standards, and regulatory requirements . · he licensee's interpretation of
single failure as stated in the "single failure memo to file "as part of ONS licensing basis is
contrary to historic industry practices, has no credible technical basis, and lacks legal basis as a
licensing document (it ,s an internal document)

ec;n..-ted [SR35]: Note edlis to this sentence.

)

The staff reviewed the licensee's single failure memorandum to file dated January 12, 1993,
and the licensee's single failure DBD to assess whether the statements included in these
documents accurately reflected the ONS licensing basis on the timing of electrical single
failures as well as NRC requirements . It should be noted that the staff has neither reviewed
nor approved the licensee positions established in the licensee's "single failure memo to file"
document.
The staff determined that the ONS licensing basis for single failure is consistent with NRC
interpretations dating back to the trial use of IEEE Std . 279-1968 (originally incorporated into the
ONS licensing basis), finalized in IEEE Std. 279-1971 (now incorporated into the ONS licensing
basis), and later presented to the Commission in SECY-77-439, "Single Failure Criterion ."
SECY-77-439, "Single Failure Criterion," dated August 17, 1977, presents to the Commission
the NRC staff's understanding and application of the single failure criterion and how the criterion
was applied up to this time. SECY-77-439 states, in part, that "the application of the Single
Failure Criterion to systems evaluation depends not only on the initiating event that invokes
safety action of these systems, together with consequential failures, but also on active or
passive electrical failures , which can occur independent of the event. Thus, evaluation
proceeds on the proposition that single failures can occur at any time."
The IEEE Std . 279-1971 is part of the ONS licensing basis and does not provide exclusions for
single failures that resulted in unacceptable assessments of the licensee's design. In addition ,
IEEE Std . 279-1971 does not restrict the timing of when single failures may occur. Single
failures may occur at any time and are deemed by the staff to be applicable to the licensee's
design basis whether or not these failures result in unacceptable outcomes.
No limitations on short-circuit currents should be established by limiting the start time of a single
failure . Since the failure can occur at any time, it is the licensee's responsibility to consider
the worst-case single failure without constraints to the timing which yields the maximum
available short circuit at the Class 1E circuits. The staff notes that by postulating the single
failure immediately on demand of a component to function , the licensee failed to establish the
most limiting single failure that could occur at the terminations of transformer CT4. The staff
determined that this method of limiting short-circuit current is unacceptable to the staff because
it masks the worst-case single failures , and there is no regulatory precedence on considering
such an analysis in lieu of electrical separation.

Commeftted [SR36]: Note edit- addrtion. - ~ ~ - - - '

,n addition, IEEE Standard (Std.) 379-2000 (R2008), "IEEE Standard Application of the Single
Failure Criterion to Nuclear Power Generating Station Safety Systems," issued in 2000 and
endorsed by NRC Regulatory Guide 1.53 states that:
Statement of the Single Failure Criterion : "The safety systems shall perform all required safety
functions for a design basis event in the presence of the following :
Formatted: Right: O", Space After: 10 pt, Line spacing:
Multiple 1.15 Ii

•

any single detectable failure with in the safety systems concurrent with all identifiable but

•

nondetectable failures
all failures caused by the single failure

•

~II failures and spurious system actions that cause, or are caused by, the design basis
event requiring the safety function

The single failure could occur before, or at any time during , the design basis event for which
the safety system is required to function ."
The staff has determined that the licensee must postulate single failures to occur at whatever
time produces the most limiting conditions (worst-case) to ensure safe operation of the three
ONS units. Additionally , the staff concluded that the licensee must also postulate the most
limiting fault with in the cabling system to envelop any other short-circuit condition . The staff
concludes that the licensee is not in comp liance with Criterion 21 of AEC GDC wh ich requ ires
conside ration of multiple failures resulting from a single event for designing against a single
failure iand the single failure criteria specified in Appendix A to 10 CFR Part 50 .

eon-ted [ral37]: Again , we should caveat any use of
standards not applicable to Oconee with a s1atement to that
effect.

[ eon-tec1 [ral38]: Same as the previous comment.
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Response to Supplemental Question :
The single failure timing applied to the commercial "Fant" power feeders (non-Class 1E) and
the QA-1 power feeders from the KHUs to the PSW (Class 1E) is not different from the timing
of the Class 1E power feeders to the CT-4 transformer because a concurrent fault in these
power systems could occur simultaneously. All potential maximum short circuits and worstcase consequential failures (no credit on timing of failures) must be considered to determine
the adequacy of the existing as-built design (i. e., failure of the most limiting high energy power
cables and their impacts on power, control, and protection system cab les interacting on a
common raceway must be considered).

auestjon 2D: Can ONS staff make any distinctions between passive and active electrica l
single failures as described in the "single failure memo to file?

Response 2D: No. ONS staff cannot make any distinctions between passive and active
electrical single failures as described in the "single failure memo to file" document because it is
not considered as part of the ONS licensing and DBD by the staff. !The licensee's interpretation
of single failure as stated in the "single failure memo to file "as part of ONS licensing basis is
contrary to historic industry practices, has no credible technical basis, and lacks legal basis as
a licensing document.

eon-tec1 [SR39] : Note edit-addition

trhe following single failure criteria specified in 10 CFR Appendix A applies to ONS because
the licensee voluntarily modified the plant without any NRC approval:
Single Failure. A single failure means an occurrence which results in the loss of capability of a
component to perform its intended safety functions. Multiple failures resulting from a single
occurrence are considered to be a single failure . Fluid and electric systems are considered to
be designed against an assumed single failure if neither (1) a single failure of any active
component (assuming passive components function properly) nor (2) a single failure of a
passive component (assuming active components function properly), results in a loss of the
capability of the system to perform its safety functions. 2
2

Single failures of passive components in electric systems should be assumed in designing
against a single failure

eon-tec1 [ral40]: Oconee is not a GDC plan~ This may
not be supportable as written. I suggest that we use the
SECY argument and then either delete this or show that this
logically followed from the positions asserted in the SECY

paper.
The FSAR statement really appears to be the "smoking gun"
anyway.

This means that for electric systems, no distinction is made between failures of active and
passive components and all such failures must be considered in applying the Single Failure
Criterion. This position is further clarified in SECY-77-439, "Information Report by the Office of
Nuclear Reactor Regulation, the Single Failure Criterion," August 17. 1977.
As stated in ONS UFSAR Section 8.3.1.2, "Analysis," the licensee's current licensing basis,
states, in part, that "The basic design criterion for the electrical portion of the emergency
electric power system of a nuclear unit, including the generating sources, distribution system,
and controls is that a single failure of any component, passive or active, will not preclude the
system from supplying emergency power when required ."
Based on the above information and ONS current licensing basis, the staff has determined that
ONS cannot make a distinction between passive and active electrical single failures .

Qyestjon 2E: Is the ONS staff required to analyze for combinations of multi-phase short circuits
as well as ground faults within trench 3 in order to be compliant with the regulations and/or the
current licensing basis for ONS?

Response 2E: Yes.

The ONS's licensing and design bases include the requirements to
consider the full effects and consequences from electrical single failures in the onsite power
system, including (1) phase-to-phase faults , (2) single phase-to-ground fault cond itions
(including high impedance faults) , (3) double phase-to-ground (including high impedance
faults) , and (4) three phase-to-ground or three phase bolted faults (including high impedance
faults) .
Criterion Ill , "Design Control ," of Appendix B, "Quality Assu rance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants," to 10 CFR Part 50, "Domestic Licensing of Production
and Utilization Facilities," states, in part, that "design control measures shall provide for
verifying or checking the adequacy of design , such as by the performance of design reviews ,
by the use of alternate or simplified calculational methods, or by the performance of a suitable
testing program." The criterion also requires the licensee to evaluate the effects of the most
limiting single failures within the underground cable raceway.
In addition, industry standards such as IEEE Std . 141 and IEEE Std . 242 provide guidance to
analyze for combinations of multi-phase short circuits as well as ground faults in determining
the worst-case single failure and multiple consequential failures affecting a power circuit. The
staff has determined that IEEE Standards such as 279; 379; and 308 also require that electrical
single failures be addressed.

reomn-ted [RBS41]:

Not ONS license basis - explain

~ se.

Therefore , the staff has concluded that ONS is required to analyze for combinations of multiphase short circuits as well as ground faults within trench 3.
he staff also has concluded that
the licensee is not in compliance with its current licensing basis and design basis with respect
to onsite power system redundancy and independence.

eomn-ted [RBS42]: This provides an answer to a
question that was not asked by the region. This may be better
in the conclusion vs. here.
__J

Qyestjon 2F: Is the licensee required to analyze for consequential damage from electrical
failures to the adjacent Class 1E safety systems?
•

Is the licensee requ ired to assume that AC circuits could short to DC circuits?

•

If so, are the installed ONS 125-Vdc protective devices sufficient to mitigate the effects
of AC voltages ranging from 2.5-kVac to 13.8-kVac to prevent these voltages from
propagating throughout the DC systems?

Response 2F: Yes.

The licensee is requ ired to analyze for consequential damages from a
single electrical failure to the adjacent Class 1E safety systems to ensure that redundant safety
trains are not adversely affected and it does not cause a common cause failure of a system in
accordance with AEC GDC Criterion 21 , [N RC GOC 17, and 10 CFR 50.55a(h)(2j.

[ Commented [ral43]: Suggest deletion or explain.

ONS is committed to IEEE 279-1 971 . Section 4.2 of IEEE 279-1971 states, in part, the
following : "Any single failure within the protection system shall not prevent proper protective
action at the system level when required ." "NOTES: 'Single Failure' includes such events as
the shorting or open-circuiting of interconnecting signal or power cables. It also includes single
credible malfunctions or events that cause a number of consequential component, module, or
channel failures ."

l Commented [RBS44]: Consider adding words from 4.7.2.

In addition, SECY-77-439 presents to the Commission the NRC staffs understanding and
application of the single failure criterion and how the criterion was applied up to this time.
SECY-77-439 states, in part, that "the application of the Single Failure Criterion to systems
evaluation depends not only on the initiating event that invokes safety action of these systems,
together with consequential failures , but also on active or passive electrical failures , which can
occur independent of the event. Thus, evaluation proceeds on the proposition that single
failures can occur at any time ."
Response to Supplemental Questions:
Yes . he licensee must assume that AC circuits could damage and short to adjacent DC
circuits and other ESF circuits from a single failure (worst-case short circuit) and result in
multiple consequential failures .
It is unlikely that the installed ONS 125-Vdc protective devices are adequate to mitigate the
effects of AC voltages (ranging from 2.5-kVac to 13.8-kVac) from propagating throughout the
DC systems . In general, the protective devices function after a short circuit or a fault has
occurred to isolate and limit the duration of the fault. The individual protective devices for the
AC system cables will function after the flashover to adjacent circuits. The DC system
protective devices will function after detecting fault conditions due to flashover. It is therefore
very likely that the AC voltages (2 .5kv to 13.SkV range) will propagate throughout the DC prior
to protective device actuation. lfhe licensee should demonstrate, by analyses and tests that
the present as-built configuration has adequate physical separation and the Class 1E system
protective devices actuate prior to any consequential damage to the redundant ESF circuits.

Commented [ral45]: I agree with this statement; however,
it should be noted that the Oconee Trench 3 configuration is
not the same as routing cables in a tray together. In a tray, a
consequential short from a high energy cable to a control
cable, thereby producing unexpected currents and voltages in
the control cabling, is much more likely. Considering the
spatial separation that exists between safety related divisional
control cables (I am assuming that they are not routed right
next to each other.), this failure mechanism from the power
cabling is much less likely. In fact , the failure mechanism
would be such that the energy expended by faults to reach
both divisional cables would be of such magnijude that
catastrophic damage would result rather than a high energy
pulse through the control cable conductors.

~Commented [RBS46]: This statement should be written as
a aiticism not as a recommendatk>n. i.e. ·The licensee has
not demonstrated by analyses and tests that.. .. ."

Question 2G: Are all commercial, non-quality related

(i.e. not QA-1 or QA-5) electrical
components assumed to fail in the most limiting way possible?
Does the failure of one of these commercial components represent a "single failure ," in the
context of the ONS licensing basis?

Response 2G: Yes. All commercial, non-quality related (i.e. not QA-1 or QA-5) electrical
components are assumed to fail in the most limiting way possible. Only safety-related (Class
1E) components are credited to mitigate design basis events with a single failure . Therefore,
the licensee must assume failure of non-Class 1E circuits along with a single failure of Class
1E equipment.
Response to Supplemental Question:
No. Single failure criterion only applies to safety-related (Class 1E, QA-1 or similar quality
class) SSCs. Therefore, the licensee must postulate in their analysis the failure of any nonquality related cables in the most limiting way possible concurrent a single failure in the Class
1E system.
For example, a failure of the "Fant" line 13.BkVac power cables is assumed to occur at any time
with its protective device failed and thus unable to protect the cables from worst-case fault
conditions. The integrity of the Class 1E systems in the common underground raceway must be
demonstrated by the licensee with the above failure and a single failure of the Class 1E
equipment. This must not result in loss of safety function of a system or introduce a common
cause failure within the electrical power system(s).

Ouestjon 2H:

Can unrestrained cable whip in trench 3 be assumed to cause cable damage
leading to secondary short circuits that could cause damage to the DC systems and should
these effects of cable whip be analyzed?

Response 2H: ~es. The detrimental effects of cable whip for a worst-case cable fault in trench
3 must be analyzed. The electromagnetic forces produced by a short circuit condition can
cause whipping of the cables, which exerts significant forces on cable restraints and any
adjacent cables. An unrestrained cable can produce enough dynamic forces to damage
nearby cables in the raceway (trench 3), leading to secondary short circuits that could result in
irreversible damages to the DC and protection system cables. Hence, the electromagnetic
forces generated from a postulated short circuit (single failure) in medium voltage AC cables in
trench 3 must be considered in the analysis and demonstrated by tests to validate that there is
no collateral damage to adjacent DC and protection system cables.

eomn-ted [ral47]: Again , whie this failure effect Is

Ouestjon 21: Are overload currents as well as short circuit currents required to be evaluated to

theoretically possible, the overriding concern, in my opinion, is
the fautt damage to control cabling. This, from my experience,
is by far the most probable failure mechanism.

determine the most limiting results from electrical faults and component failures?
Do the results of such an analysis influence the required component separation to meet
regulatory requirements and the ONS licensing basis?

Response 21: No. Only the worst-case short circuit currents are required to be evaluated to
determine the most limiting results from electrical faults and component failures . Cables are
designed to operate under overload conditions without causing consequential damage to other
cables. The licensee must follow the requirements for maintaining cable separation,
redundancy , and independence to permit the required functioning of the ESF equipment in
accordance with AEC and NRC GDCs and industry guidance specified in this TIA response .
Response to Supplemental Question:
Yes, the results of short circuit analysis can influence the required component separation to
meet regulatory requirements and the ONS licensing basis. The licensee must meet the
design basis requirements specified in ONS UFSAR Section 8.3.1.4.6.2-Cable Separation
and regulatory requirements specified in AEC GDCs 22, 23, 24, 39, and NRC GDC 17 and 10
CFR 50.55a(h)(2).

Qyestjon 2J:

Can cable shielding or armor prevent short circuits or limit faulted currents and

voltages?
•

Can the two wraps of bronze shielding tape in the licensee's current power cable
configuration be considered equivalent to the steel interlocked armored cable as
described in the test report MCM-1354.00-0029.001?

•

Are the results of test report MCM-1354 .00-0029 .00 1sufficient to demonstrate that
electrical faults cannot propagate from one cable to another as described in the single
failure DBD , Section 3.3.6.1?

Response 2J: No. Cable shielding cannot be credited for preventing short circuits or limiting
fault currents and voltages. A shield is employed in the subject cable design to preclude
excessive voltage stress on voids between the conductor and insulation , and to confine the
electric field of the cable to the insulation of the conductor or conductors. A metallic insulation
shield such as bronze has a number of functions , such as:
(a) Confine the electric field within the cable;
(b) Obtain symmetrical radial distribution of voltage stress within the dielectric, thereby
minimizing the possibility of surface discharges including partial discharges by
precluding excessive tangential and longitudinal stresses;
(c) ~hield the cable from overhead lines or otherwise subject to induced
potentials;
(d) Limit radio interference ; and
(e) Reduce the hazard of shock. If not grounded, the hazard of shock may be
increased.

(commented [SR48]:

Note edits

This cable does not have any special armor. If the cable is procured with an interlocked armor,
the cable manufacturer literature shows that it provides mechanical , moisture, and chemical
protection during installation which enhances its flame retardant capability. While it is not the
primary function of the cable, it could assist in carrying fault current if properly grounded .
Response to Supplemental Questions:
As stated above, the cable does not have any special armor. The bronze shield is employed to
preclude excessive voltage stress on voids between the conductor and insulation, and it
confines the electric field of the cable to the insulation of the conductor or conductors.
he staff review of the McGuire medium voltage cable test report indicated that the ONS cables
are not similar (6.9-kVac and 4.16-kVac vs. 13.8-kVac and the cable design and the cable
physical configuration). The staff noted that the tests performed on the McGuire interlocked
armor cables were not adequate to envelope the credible potential faults if high energy power
cables (ONS 13.8-kVac) were short circuited within the ONS underground electrical raceway
systems. The staff concluded that the testing documented in report MCM-1354.00-0029. 001
was not applicable to the cables installed in the ONS underground raceway systems (i.e.,
connected between the Fant line, PSW, KHS and ONS systems). Therefore, the licensee
pannot use the test report data to demonstrate that electrical faults will not propagate from one
cable to another.

Oyestjon 2K: Does the interconnected nature of the Class 1E DC systems in the ONS KHU
start panels and the Keowee hydro-station KHU start panels present vulnerabilities where DC
to DC interactions could disable the Keowee emergency power systems?

Response 2K: Yes. A single failure vulnerability exists for DC-to-DC short circuits in the KHU
emergency start and switchyard isolation features because of how it is interconnected between
both KHU start panels (at the KHS and ONS).
The staff noted that both sets of ESPS and the supervisory controls for each KHU enable and
operate the same start circuits, governors, and field controls; and that they are interconnected
at KHS and between KHS and the ONS units. The interconnected nature of the ONS/KHS
designs could expose the cables to a single point vulnerability such as DC-to-DC short circuit
at the terminal blocks that may disable both KHUs.
rThe staff has concluded that the licensee's interpretation of the single failure criteria was
incorrect and there is a single failure vulnerability at ONS that can impact redundant safetyrelated equipment. The licensee has not demonstrated that existing routing of power and
control cables, including the ESPS protection circuits to KHU units from each ONS unit have
adequate separation, independence, and redundancy such that no potential exists to disable
functional requirements of redundant onsite AC power system. The licensee must provide the
technical and regulatory basis to demonstrate how it meets the current licensing basis
requirements such as cable separation criteria specified in UFSAR Section 8.3.1.4.6.2-"Cable
Separation" and AEC GDCs 19, 20, 21 , 22, 23, 24, and 39, and NRC GDC 5, and 17.

Cornn*lled [rcd49]: Agree. Suggested ad<itional
discussion is as follows:
"The cable testing perfonned cannot be extrapolated for use
to eliminate fault propagation for the following reasons:

1.Each cable is designed differently. and the results of
testing on one type of cable do not necessarily delarmine
the reslAts for a different type and make of cable.
2.Testing was only conducted on one 600 V, one 4160 V,
and one 6900 V cable. This is not a sufficient sample size
to properly determine the behavior of the cables that are
being tested.
3.The testing was not conducted with reducing separation
ctiteria in mid. The purpose was to show that fire
propagation would not occur.
4.Contrary to the Oconee conclusions. the 6900 V test
resulted in the armor around the fault area being "melted
and blown back." Additionally, It was noted that a loading
crate six feet from the cable was set on fire . These results
tend to point toward a High Energy Arc Fault (HEAF)
occurring which is indicative of the type of event that could
result in catastrophic failure of other cabling depending
upon where in the path of the HEAF that the cabling is
routed.

Cornn.wled [SRSOJ: Note edits
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CONCLUSION

The staff reviewed the ONS licensing basis, the licensee's position on single failure , industry
standards such as IEEE 279-1971, the egulatory guidelines as provided in 10 CFR
50.55a(h)(2), "Protection Systems" and AEC GDC, other documents selectively considered in
the evaluations by the licensee, and the staff defined licensing basis for the single failure
criterion as it is applied to electrical systems. Based on this review , the staff concluded that the
current design of cables associated with emergency power, PSW, ESPS , RPS, and the KHUs
supervisory control systems, as installed in the common raceway kTrench 3) , is not in
compliance with the single failure criterion as delineated in ONS licensing basis. The staff
further concluded that a single failure , such as a short circuit in the medium voltage cables
currently installed in the common raceways , has the potential to adversely impact power and
control cables associated with the KHUs such that redundant onsite power systems may be
disabled for all three ONS units. The staff also reviewed separation criterion for safety and
non-safety related systems and concluded that the non-safet~ related cables associated with
the Fant line and installed in sections of a common raceway, could potentially disable safetyrelated equipment.
The EEEB staff therefore finds that the licensee is not in compliance with NRC and AEC
licensing and design bases requirements for ONS Units 1, 2, and 3. Specifically, the onsite
power system at ONS Units 1, 2, and 3 does not meet the redundancy , independence, and the
single failure criterion requirements to ensure that (1) specified acceptable fuel design limits
and design conditions of the reactor coolant pressure boundary are not exceeded as a result of
anticipated operational occurrences and (2) the core is cooled and containment integrity and
other vital functions are maintained in the event of postulated accidents.

eomn-11111 [RBSSl]: Should use "requirements" FOR 10
CFR 50.55A(H)(2) .

l Com"*ltlld [SR52]: Note addition

eomn-11111 [SR53]: Note addition
C-11111 [SR54]: Could vs can

