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SUBJECT: SUMMARY OF NRC WORKSHOP ON POST-FIRE SAFE
SHUTDOWN CIRCUIT ANALYSIS HELD ON JULY 23. 1998

On Juiy 23, 1%98. the Plant Systems Branch. Division of Systems Sufety and Analysis. NRR.
sp, sored a 1-day workshcp on post fire safe-shutdown cirwit analysis at the Bethesda
Marriott Hotel in Bethe.da Maryland. About 170 people attended, about 140 of thism worked
for licensee. engireednig, or industry groups and the rest were from NRR, RES. and each of the
regiona3 offices, and or, Dersw was from Nuclear !nWormation and Resource Service.

The main purpose of the workshop was to discuss with the stakeholders a varity r4 safety.
techr,ical. and regulatory isstes awsociated with post-fire safe-shutdown carcuit anal,.ses an;J
staff plans to address the issues In sum, the issues involve potential fire-induced electncal
circuit failures that could either prevent the operation or lead to malfunction of equipmen•t
needed to achieve and maintain post-fire safe shutdown, or in some manner interfere with the
achievement of post-firo safe shutdown. The underlying objectives of the workshop were to
bound the issues, to achieve an understanding of the stakeholder positions on the issues, and
to impart to the stakeholders an understanding of the staff, s positions and cor.cems. The
d~scussions focused on safety, technical, and regulatory issues. the assumptions that go into
circuit analy-es; 3nd the terminology used to dist-ss the issues.

The NRC staff gave presentations on the history of post-fire safe-shutoowit circut analysis and
safety significance and circuit analysis problems identified through inspention. licensing actions.
and event experience The staff also summarized it, Circuit Analysis Resolution Plan (CARP)
and informed the workshop pa.ticipant, that it would consider the results of the workshop in
recommenring to NRR management a 'inal plan for iesong any issues of circuit analysis The
Nuclear Energy Ir.strute (NEI) summarized its views on the regulatory history and industry
positions There were also six industry presentations on various technical iubjects related to
c:rcuit analyses, two NRC and industry panel discussions on circuit analysis process and
completeness, and a questio.,answer and comment session for an NRC staff and industry
panel open to all attendees The staff ,0so acoapted for post-workshop consideration issue
papers and written and o'al questions and commenrce during the workshop
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Gary M. Holahan 2

In response to NRC questions aboLt safety, teLhnical, and regulatory issues assoclated with
post-fire safe-shutdowr, circuit analysis, industry repre.senlatives expressed the following vaned
and opposing viewpoints (1) licensees have effectively implemented the applicable regulatory
requirements, and the issues raised by the staf' either do not exist or are outside of the
regulatory requirements. (2) licensees have made good fath" efforts to implement the
applicable regulatory requirements, but implementation may not have oeen 100 percent
effective for a variety of reasons (e.g . confusing or conflicting staff positions and guidance and
z lack of awareness by licensees and/or the regulator of some of the types of circuit failure
effects that may be experienced in nuclear power plants), or (3) the circuit analysis issues
raised by the staff are covered by the existing regulatory requirements, and to the extent they
have not been implemented, additional action by the NRC is warranted.

On the basis of the large numbe-r and variety of comments made and questions asked at the
workshop. it is clear that additional staff and industry effort is needed to fully resolve the post-
fire safe-shutdown circuit analysis issue. There was general agreement by workshop
participants including the NRC staff, that any plant-specific safety-significant circuit analysis
issues should be identified and resolved. and that nsk information and nsk insights should be
considered in any generic resoiution of the circuit analysis issue. Some industry participants
suggested that any issues that are fouid to be not safety significant should be excluded from
NRC and industry resolution efforts At the conclusion of the workshop, NEI told the attendees
that it would form an issue task force to wok with the staff and the industry to resolve the
issues NEI stated that its effort would focus on the safety and nsk signufic,'nce of fire-induced
circuit failures.

Attachment 1 is the workshop agenda Attachment 2 is a list of workshop attendees.
Attachment 3 is a compendium of the slides for the 10 -orma! presentations delivered dunng the
workshop, a letter handed out to a-. attendees by the NRC staff (a March 11, 1997. letter from
Samuel Co'lins. NRR. to Ralph Beed.e. NEt). two documents handed out to all attendees by
members of industry, and a letter dated August 7. 1998. from the Fire Protection Cleanochouse
on issues discussed at the workshop. Attachment 4 is a idigh-level summary of key industry
and public messages received by the staff. Attachment 5 is a detailed summlary of the
questionis. comments, opinions, and suggestions from industry and public participants in the
workshop (from which Attachment 4 was derived).

The workshop pro'vded an excellent forum for the stakehokie's to air ti-eir views and
recommendations regarding post-fire safe-shutdown circuit analysis We will place this
summary in the NRC Public Document Room and send copies to everyone who attended the
workshop In the ne,. future, we will revise the CARP and make public our plans on how we
intend to proceed with this issue

Attachments As stated
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In response to NRC questions about safety, technical, and regulatory issues associated with
post-fire sate-shutdown circuit analysis, industry representatives expressed the following vaned
and opposing viewpoints- (1) licensees have effectively implemented the applicable regulatory
requirements. and the issues raised by the staff either do not exist or are outside of the
regulatory requirements; (2) licensees have made 'good faith* efforts to implement the
applicabkz. regulatory requirements, but implementation may not have been 100 percent
effective for a variety of reasons (e.g, confusing or conflicting staff positions and guidance and
a lack of awareness by licensees and/or the regu'stor of some of the types of circudt failure
effects that may be experie,.ýced in nuctear power plants), or (3) the circuit analysts issues
raised by the staff are covered by the existing regulatory requirements, and to the extent they
have not been implemented, additional action by the NRC is warranted.

On the basis of the large number and variety of comments made and questions asked at the
workshop. t is clear that additional staff and industry effort is needed to fully resolve the post-
fire safe-shutdown circuit analysis issue. There was general agreement by workshop
participants including the NRC staff, that any plant-specific safety-significant circuit analysis
issues should be identified and resolved, and that risk information and nsk insights should be
considered in any generic resolution of the circuit analysis issue. Some industry participants
suggested that any issues that are found to be not safety sign.iicant should be excluded from
NRC and industry resolution efforts At the conclusion of the workshop. NEI told the attendees
that it would form an issue task force to work with the staff and the industry to resolve the
issues NE! stated that its effort would focus on the safety and nsk s~gr ,ficance of fire-indjced

circuit fa.tures.

Attachment I is the workshop agenda. Attachment 2 is a list of workshop attendees.
Attachment 3 is a compendium of the slides for the 10 formal presentations delivered dunng the
workshop a letter handed out tc. all attendess by the NRC staff 'a March 11. 1997 letter from
S'.muel Collins, NRR. to Ralph Beedle. NEI). two documents handed out to all attendees by
members of industry, and a letter dated August 7. 1998, from the Fire Protection Cleann0house
on issues discussed at the workshop. Attachment 4 is a h~gh-level summary of ke. industry
and public mess ges received by the staff Attachment 5 is a detailed summary of the
questions, comments, opinions, and suggestions from industry and piblic participants in the
workshop (from which Attachment 4 was denved)

The workshop provided an excellent forum for the stakeholders to air their views and
recommendations regarding post-fire safe-shutdown circuit analysis We will place this
summary in ths *NRC Public Document Room and send copies to everyone who attended the
workshop In the near future, we will revise the CARP and make public our plans on how we
intend to proceed with this issue
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ATTACHMENT I

Q•S-FRL•FE SHUTDOWN CIRCUIT ANALYSIS WORKSHOP AGreNDA

7-33-8"00

8:00 -8"10

8:10 - 8:20

8-20 - 900

9"00-9"15

9"15- 930

9:30 - 9:45

9:45 - t1"45

Location: Bethesda Marnott Hotel, Pooks Hill

Date: July 23, 1993

Registration/Acceptance of Papers/input from Industry and PubhclHandout of
Agenda

Introduction/Presentation of Agenda/Discussion of Workshop Purpose

Tad Marsh. Chief, Plant Systems Branch. NRR

Introductory Remarks by an Industry Representative

Fred Emerson. Nucie-ir Energy Institute

NRC Presentation of U.S. Commercial Nuclear Reactor Plant Post-fire Safe
Shutdown Circuit Analysis History and Safety Significance. NRC Discussion of
the Potential Severity of Fire-induced Reactor Plant Tran-sients

Pat Madden. Fire Protection Engineering Section, NRR
Ken Sullivan. Brookhaven National Laborato.y

Summary of Indstry Views of the Regulatory History of the Post-fire Safe

Shutdown Circuit Analysis Issues

Fred Emerson. Nuclear Energy Institute

NRC Presentation of Post-fire Safe Shutdown Circuit Analyis Issues as Recently
Identified through Inspection. Licensing and Event Experience

Steve West. Chief. Fire Protection Engineering Section, NRR

Break

Industry and Public "resentations on Selected Technical Topics (six. 10
minute talks, each with a 5 minute Q&A period)

1 Bryan Ford, Entergy Operations. Inc.: "Review of Brown's Ferry Fire"
2 Vince Bacanskas. Entergy Gperawions, Inc . *Safety Significance of Multiple

Spurious SRV Operation
3 Nicholas Rivera. PE, SPAD Engineering Company. "Multiple High

Impedance Fults/Analysis of Conditions for Self-sustaining Arcing Faults'
4 Jim Lechner, Nebraska Public Power District: "Circuit Analysis*
5 Stephan Maloney, Devonrue LTD, 'Technological Overvew of Associated

Circuits Analysis'
6 Edward F Sproat. Philadelphia Ele -Inc Company 'Risk Observations on the

Current Fire Protection Regulation G, risermatisms"
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11:45- 1:15 Lunch Break

1:15 - 2:15 Pan.- Discussion on: The Circuit Analysis Technical Process (Fault
Terminology. and the Types of Assumptior s Necessa-y Regarding Multiple
Spurious Eectrical Faults. Signals and/or Actuations in a Single Fire)(panel
member introductions by the Moderator, issue introduction by NRC. questions
from Zhe floor)

Pat Madden, Fire Protection Engineering Section, SPLBINRR
Ken Sullivan. Brookhaven National Laboratory
Fred Emerrson. Nuclear Energy institute
Tommy Barfnet. Entergy Operations, Inc.
Phil Brady. Pennsylvania Power and Light

2:15-2:30 Break

2:30 - 3:30 Panel Disctussion on: Circuit Analysis Completeness (the Necessary
Components and Features ot an Adequate Post-fire Salle Shutdown Circuit
Analysis and Resultant Plant Modifications, and the Likelihood and
Consequences of Circuit Damage Which Affects Post-fire Safe Shutdown
Capability)(panel member introductions by Moderator, issue introduction by NRC.
questions from ft floor)

Phil Quails. Fire Protection Engireering Section, sPLB-NRR
Ken Suilivan. Brookh.3ven Nationat Laboratory
Greg Krueger. Philadelp"hi Electric Company
Chris Pragman. Philadelphia Electric Company
Francesco Pellizzari. Engineering Planning and Management, Inc.

3:30 - 3:45 Break

3:45 -4:40 Question and Answer Session

Steve West. Chief. Fire Protection Section, NRR
Pat Madden. Fire Protection Section, NRR
Fred Emerson. Nuclear Energy Institute
Wade Larson, Engineeding Planning and Management. Inc.
Industry Representative TBD

ý4:40 - 4:50 Industry Closing Remarks

Fred Emerson. Nuclear Energy Institute

4:50 - 500 NRC Closing Remarks and Adjourn

"!ad Marsh. Chief. Plant Systems Branch. NRR
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ATTACHMENT 2

WORKSHOP ATTENDEES (INDUSTRY, PUBLIC. AND STAFF)



Ahuja. Shashi K.
Bechtel Power Corporation
6325 Spectrum Drive
Frederick. MD 21703
(301) 228-6113

•nderson. Richard
Detroit Edison - Fermi 2
6400 N. Dbde Highway
240TAC
Newport, Ml 48166
(734) 586-1735

Bacanrkas, Vincent P.
Entergy Operations Inc.
River Bend Station
PO Box 220, RGSB-32
St. Francisville, LA 70775
(504) 381-4628

Bailey. Jack A
Tennessee Valley Authority
1101 Market Street
Chattanooga, TN 37402
(423) 751-4776

Bailey, Les
Southern Nuclear Operating Company
PO Box 1295
Birmingham, AL 35201
(205) 992-5286

Barbieri, Fred
GPU Nucle3r Nuclear Corp.
One Upper Pond Road
Parsippany, NJ 07860
(973) 316-7358

Barnett, Thomas
Entergy
GGNS, P.O. Box 756
Port Gibson, MS 39150
(601) 437-6177

Bartlik, Andrew
NYPA
123 Main Street
Whhe Plains. NY
(914) 681-6492
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Bashall. Richard
Proto Power Cco;or-*;on
Four Sycamore Lane
Pilegrove, NJ 08098
(609) I 69-4839

Beckett, C.E.
T.U. Eketr - Comanche Peak
PO Box 1002
Glen Rose, TX 76043
(254) 897-8083

Began, Keith
Southern Company
42 Inverness Parkway
Birmigham. AL 35242
(205) 992-6095

Bhat. Ram P.
lli.nois Power Company
Clinton Power Station
Clinton, IL 61727
(217- 935-8881 Ext. 3963

Bradley, Edward
Tennessee Valley Autnority
1101 Market Street
Chattanc.oga, TN 37402
(423) 751-8253

Brady, Philip W.
PP&I.
2 North Ninth Street
Allentown. PA
(610) 774-7773

drandes, Harold D., Jr.
Duke Power Company
PO Box 1006, Mail Code ECO9H
Charlotte, NC 28201-1006
(704) 382-3922
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Erandon. Michael K.
Entergy Operations Inc. - Waterford 3
PO Box B
Killona, LA 70066",751
(504) 739-6254

Brastad. Gordon W.
Washington Public Power Supply System
3000 George Washington Way
Richland, WA 99352-0968
(509) 377-4705

Brendlen, Joseph
Parsons Energy & Chemical
2675 Morgantown Road
Reading, PA 19607
(610) 855-3465

Bums, William E.
Southern Nuclear Operating Company
PO Box 1295, Bin 8067
Birmingham. AL 35201
(205) 992-6416

Butani, Dhanesh G.
Bechtel Power Corp.
5325 Spectrum Drive
Frederick Md 21703-8388
(301) 228-6121

Carlson. Mark
GPU Nuclear - Oyster Creek
PO Box 388
Forked River, NJ 08731
(609) 971-2207

Cleary. Tom
Northeast Utilities
PO Box 128. Rope Ferry Road
Waterford, CT 06385-0128
(860) 44.7-1791 Ext. 3232

Conti, David J.
NAESCO
PO Box 300
Seabrook. NH 03874
(603) 773-7171
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Cooper, Gary M.
Bechtel
9416 Boulder Road
Frederick, MD 21702
(301) 694-7524

Dahbur, Alan K.
Consumers Energy/Palisades Nuclear Plant
27780 Blue Star Memorial Highway
Covert, Ml 49043
(616) 764-2781

Daley, Robert
Entergy
GGNS, P.O. Box 756
Port Gibson, MS 39150
(601) 437-6174

de Peralta, Fleur
Tn-En Corporation
1770 Fourth Avenue
San Diego. CA 92101
(619) 687-7385

Dean, Michael S.
Southern Nuclear Operating Company, Inc. - E.I. Hatch
PO Box 2010
Baxley. GA 31515

Dicks, Marcus
Duke Power Co.
13225 Hagers Ferry Road
H .rntersville. NC 28078
(704) 875-5896

Dixcn, Deb
Wclf Creek Nuclear Operating Corp.
1550 Oxen Lane
Burlington, KS 66839
(316) 364-8831, Ext. 8349

Eicher, Lawrence R.
Wolf CrEek Nuclear Operating Corp.
1550 Oxen Lane
Burlington, KS 66839
(316) 364-8831, Ext 8387

p
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E.liott, Kevin
Scientech
910 Clopper Road
Gaithersburg. MD 20878
(301) 258-2427

Emerson, Fred
NEJ
17761 Street, NW
Suite 400 Washington. DC 2000G
(202) 739-8086

Engeike, Stephen
Northem States Power - Monticelho Nuclear Plant
2807 W. Hfwy 75
Monticello. MN 55362
(612) 295-1329

Ertman. Jeff
Ahriant-IES Utilities
PSC, 3363 DAEC Road
Palo, [A .52324
(319) 851-7822

Esterman, Jeff
COMED
1400 Opus Place. Suite 400
Downers Grove, IL 60315
(630) 663-7662

Estes, 1 yndall
VC Summer Nuclear Station
PO Box 88, Mail CQde 805
Jenkinsvill, SC 29065
(803) 345-4703

Ettliner, Alan
New York Power Authority
123 Main Street
White Plains, NY 10601
(914) 681-6560
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Faltynski, David
Wisconsin Electric Power Co.
Point Beach Nucle. Plant
6610 Nuclear Road
Two Rivers, Wi 54241
(920) 755-6066

Fioravante, Nicholas E.
Technical & Management Consulting Services. Inc.
22312 Rolling Hill Lane
Laytonsville, MD 20682
(301) 253-8677

Fisher, Charles L.
Forida Power & Light Co.
PO Box 14000
Juno Beach, FL 33408
(561) 694-3271

Fietcher, Mike
Wolf Creek Nuclear
1550 Oxen Lane. NE
Burlington, KS.
(316) 364-8831. Ext. 8005

Ford. Bryon
Entergy
1340 Echelon Parkway
Jackson, MS 39213
(601) 368-5792

Frewin. Wesley T.
Niagara Mohawk Powear Corporation
PO Box 63
Lyroming, NY 13093
(315) 549-7018

Frumk;n, Daniel M.
Virginia Power Company
Nurlear Business Unit
5000 Dominion Boulevard
Glen Allen. VA 23060
(804) 273-2309
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Garrett, Frank
Arizona Public ServiceiPalo Verd& Nuclear Gen. Sta.
•0 Box 52034, MS 7636
Phoenix, AZ 85072-2034
(602) 393- 1197

Gregerson. James
Southern California Edison,
San Onof.e Nuclear Generating Station
PO Box 128 (G488)
San C3ernente. CA 92672
(949) 368-2664

Guner, Paul
NIRS

Guron, Revelino P.
Arizona Public Service/Palo Verde Nuclear Gen. Sta.
5801 S. Wintersburg Road
Tornopah, AZ 85354-7529
(602) 393-5010

Haag. Mark 0.
Arneren UE - Callaway Plant
PO Box 620
Fulton. Missouri 65251
(573) 676-8276

Hampahire, David
Pacific Gas & Electric (Diablo Canyon)
PO Box 56
Avila Beach, CA 93424
(805) 545-4054

Hannon. Charles E., Jr.
Parsons Energy & Chemical
2675 M.rgantown Read
Reading, PA 19007
(610) 855-3489

Hanson, Roy
Alliait-IES Utilities
PSC. 3363 DAEC Road
Palo, IA 52324
(319) 851-7411
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Hardy, Steve
Carolina Power & Light
PO Box 10429
Southport. NC 28461
(910) 457-2743

Hanbinson, L Terry
Duke Power Company
Oconee Nuclear Station
PO Box 1439. ONO1ES
Seneca. SC 29679
(864) 885-4398

Harrison. A. Wayne
South Texas Proiect Nuclear Operating Company
P.O. Box 289
Wadsworth. TX 77483
(512) 972-7298

Herrington. Jim
Duke Ene.rgy - Catawba Nuclear
4800 Concord Road (CN04MD)
York, SC 29745
(803) 831-4096

Heysk., W'illiam G.
GPU Nuclear
PO Box 486
Middletown, PA 17057
(717) 948-3191

Hilmes. Steven A.
TVA Sequoyah
Chattanooga, TN
(423) 84a-8458

Hilmos, Steven A.
TVAISEQ ,
11005 Harabor Rd. N.
Soddy, Daisy. TN 37379
(423) 332-0434
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Hoffman, Jack
Fkoida Power & Light Co.
St Lucie Plant
PO Box 14000
Juno Beach, FL 3,.U08
(561) 467-7252

Holder, Alan L.
Entergy Operations Inc.
PO Box B
Killona, LA 70066-0751
(504) 739-6697

Jamison, Randy C.
North Atlantic Energy Services Co.
PO Box 300
Sezbrook, NH 03874
(603) 773-7810

Jebsen, Eric R.
PP&L
3213 East Boulevard
Bet;-:lehe"n, PA 18017
(610) 774-7729

Jordan, Peter
NUS Information Services. Inc.
?65-0 McCormick Drive. Suite 300
Clearwater, FL 33759-1049
(727) 669-3051

Jogenson, Eric
PLG
1411 4th Avenue, Suite 500
Seattle, WA 98101
(206) 442-0679

Kahl, Harold
Duquesne Ught Company
Beaver Valley Power Station
PO Box 4
Shippingport, PA 15077
(412) 393-5064
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Kaantari, Robert
EPM. Inc.
20 Speen Street
Framningham, MA 01701
(508) 875-2121

Kteinsorge, Liz
DE&S
400 S. Tryon
Charlotte. NC 28202
(704) 373-3595

Kopecky, Ken
SoW.hem Company - Vogtle Project
42 Invemes,. Parkway
Birmingham, AL 35242
(205) 992-7074

Krueger, Greg
PECO Energy
965 Chesterbrook Boulevard
Wayne, PA 19087
(610) 6(3-6574

Ksobiech. Christopher A.
Wisconsin Electric Power Co.
231 W. Mid-higan
Milwaukee. WI 53203
(414) 221-3336

Larson, Wade
EPM, In'.
20 Speen Street
Framingham. MA 01701
(508) 875-2121

Launi, C. Michael
Sargent & Lundy
55 E. Monroe Street
Chicago,, IL 60603
(312) 269-6113

Layton. Robert F.
Florida Power Corp.
CR-3
15760 W. Power Line Street, MAC NT38
(352) 795-6466, Ext. 3973

i
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Leake, Harvey
Arizona Public Service/Palo Verde Nuclear Gen. Sta.
5801 S. WVitersburg Road
Tonopah, AZ 85354-7529
(602) 393-6986

Leatham, Russe!l
Pacific Gas & Elecoic (Diablo Canyon)
PO Box 5S
Avila Beach. CA 93424
(805) 545-6731

Lechner, James E.
Nebraska Public Power District
PO Box 98
Brownville, NE 683'1
(402) 825-5686

Lefkowitz, Harold
Du4 Power Company
Occnee Nuclear Station
PO Box 1439, ON03MS
Seneca, SC 29679
(864) 885-3445

Levin, Raisa
Boston Edison Company
Pilgrim Station
600 Rocky Hill Road
Plymouth, MA 02360-5599
(508) 830-7841

Lillehei, Tom
Northern States Power
Prairie Island Nuclear Generating Plant
1717 Wakonade DriKe East
Welch, MN 55089
(612) 388-1121, Ext 4373
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Lopez, Steven A.
APS
Palo Vorde Nuclear Generating+ Station
PO Box 52034, MS 7153
Phoenix, AZ 85072-2034
(602) 393-1943

Luker, Ira F.
Southern Nuclear Operating Cumpan.y (SNC)
Bin B052, 40 Inverness Center ParKway
PO Box 1295, C'-mingham, AL 35201
(205) .92-7205

Madoro, Luis A.
South Texas Project Nuclear Operating Company
P.O. Box 239
Wadsworth, TX 77483
(512) 972-7658

M&,hur, Kiran
PSE&G
P.O. Box 236. MC N-25
Hancocks Bridge, NJ 08038-0260
(609) 339-7215

Makar, Mary D.
First Energy Corporation
Perry Nuclear Power Plant
10 Certer Road
Perry, Ohio 44081
(440) 28--5137

Maloney, Etephen
Devonrue, LTD
38 North Street
Hingham, MA 02043
(781) 740-1445

Mays. Ben
TU Electric
CPSES, PO Bex 1002
Glen Rose, TX 76043
(254) 897-6816
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McCann, Edward
Balimore Gas and Electric
1660 Calvert Cliffs Pkwy.
Lusby MD 20657
(410) -a5-2389

McDonough, Mark
Detroit Edison - Fermi 2
6400 N. Dixie Highway
Newport, M1 48166 240TAC
(734) 586-1733

Melikian, Albert
Southern California Edisoai
San Onofre Nuclear Generating Station
14300 Mesa Roao
San Cemente, CA 92672
(949) 368-2112

Miller, Ted
Rochester Gas & Electric Corp.
R.E. Ginna Station
1503 Lake Road
Ortaii. 4Y 14619
(716) 7:. ý663

Mc-den, Dave

17761 St. NW, Suite 300
Washington, DC 20006
(202) 739-8084

Murtha, Matthew J.
Davis-Besse
5501 N Street, Rt. 2
Oak Harbor, OH 43449
(419) 321-7747

Najafi, Bijan
SAIC
4920 El Camino Real
Los Altos, CA 94022
(650) 960..5944
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Neve. Douglas A.
RTS. Inc.
15450 ['odd Boulevard
ApK . Valley, MN 55124
(612) 322-4894

Notlay, David
SAIC
11251 Roger Bacon Drive
Reston, VA 20190
(703) 318-4634

Nowlen. Steven P.
Sandia National Laboratories
MS 0748, PO Box 580n
Albuquerque, NM 87185-0746
(505) 845-9650

O'Conncr, John
Carolina Power & Light
410 S. Wilmington Street
Raleigh, NC 27601
(919) 546-2037

Palaferno, Daniel A.
Parsons Eaiergy & Chemical
2675 Morgantowni Road
Reading, PA 19607
(610) 855-3465

Parker, David
Southem Company
42 Inverness Parkway.
Birmingham, AL 35242
(205) 992-5010

Parkinson, Kieth
Sonalysts, Inc
PO Box 280, 215 Partway North
Waterford, CT 06385
(86n) 442-4355. Ext. 449

Pechacek, Joe
New York Power Authority
268 Lake Road, PO Box 41
Lycoming. NY 13093
(315) 349-6766
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Peiizzai, Francesco
EPM. Inc.
20 Speen Street
Framingha,', MA 01701
(508) 875-2121

Pragmr•, Christophe'r, J.
PECO Energy
965 Chesterbrook Boulevard
Wayne, PA 19087
(610) 640-6694

Raimondi, Paul
Northeast Utilities
PO Box 128, Rope Ferry Road
Waterford, CT 06385-0128
(860) 447-1791 Ext. 6529

Raju, Arumuham
Niagara Mohawk Power Corporation
Nine Mile Point Nuclear Station
Electrical Engineer NIMP2 Electrical Design (roup
PO Box 63
Lycoming, NY 13093
(315) 349-7020

Ratchford, Andrew R.
Duke Engineering & Se,-rvi*s
5000 Executive Parkway. Suite 300
San Ramon, CA 94583
(925) 275-4663

Reichle, Steve
Duke Engineering & Services
580 Main Street
Bolton, MA 01740
(860) 447-1791, Ext. 2412

Ribeiro, Joe
Duke Engineering'& Services (DE&S)
One Huntington Quad. Suite 4Sq9
Melville, NY 11747
(516) 420-3215
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Rispoli, Ron
Entergy
Arkansas Nuclear One
Rt e Box 137-G
Russellville, AR 72801
(501) 853-4915

Rivera, Nicholas N.
SPAD Engineering Company
PO Box 565/203 Mashie Drive
Vienna, VA 22 ;80
(703) 938-1868

Robin•on, Donald G.
Commonwealth Edison
Byron Station
4450 N. German Church Road
Byron, IL 61010
(815) 234-5441 Ext. 2843

Roumes, John
GPU Nuclear
One Upper Pond Road
Parsippany, NJ 07054
(973) 316-7063

Russell. Aaron J.
DC Cook Nuclear Plant/AEP Nuclear Engineering
One Cook Place
Bridgeman, Ml 49106
(616) 465-50-1 Ext. 1103

Russo, Anthony
New York Power Authority - Indian Point 3
PO Box 215
Buchanan, New York 10511
(914) 788-2565

Schiavoni, Roger M.
Sargent & Lundy
55 E. Monroe Street
Chicago, IL 60603
(312) 269-6246
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Schommer. Keith
Wonsin Public Service
Kewaunee Nuclear Plant
N490, Highway 42
Kewaunee, WI 54216-9510
(920) 388-8619

Schumaker, Denis
PSE&G
P.O. Box 236, MCN N-25
Hancocks Bridge, NJ 08038-0260
(609) 339-1852

Shoberg, Roger
American Electric Power - Cook Nuclear Plant
500 Circle Drive
Buchanan, MI 49107
(616) 697-5087

Sievers, Richard L.
GPU Nuclear
P0 Box 486
Middletown, PA 17057
(717) 948-8191

Sinopoli, Cliff
Baltimore Gas and Electric
1650 Calvert Cliffs Pkwy.
Lusby, MD 20657
(410) 495-6520

Siu, N3than
RNCIRES
MS T-10 E-50
(301) 415-6380

Smaga, Mike
Vermont Yankee Nuclear Power Co.
Gov. Hunt Road
Vernon, VT
(802) 258-5932

Smith, Gary W.
Entergy
P.O. Box 756
Port Gibson, MS 39150
(601) 437-6193
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Sproat, Edward F.
PECO Energy
965 Chesterbrook Boulevard
Wayne, PA 19087
(610) 640-6694

Stacldey, Jay
Duke Energy - Catawba Nuclear
4800 Concord Road (CNC4MD)
York, SC 29745
(803) 831-3308

Staudinger, Deborah K.
Winston & Strawn
1400 L Street. NW
Washington, DC
(202) 371-5775

Stellfox, David
McGraw Hill

Stone, Jeff
Baltimore Gas and Electric
1650 Calvert Cliffs Pkwy.
Lusby, MD 20657
(410) 495M6510

Storey, Tom
SAIC
11251 Roger Bacon Dtive
Reston, VA 20190
(703) 318-4500

Straka, Millan
Scientech
11140 Rockvi.la Pike
Rockville, MD 20852
(301) 25-2281

Stramback, George
G E Nuclear Energy
175 Curtne- Ave., MIC 747
San Jose, CA 95725
(408) 925-1913
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Sullivan, Kenneth
Brookhaven National Laboratory
Dept. of Advanced Technology
PO Box 5000, Bui~ding 130
Upton, NY 11973-5000
(516) 344-7915

Sutter, Theresa A.
BocfleI Power Corporation
9801 Washingtonian Blvd.
Gaithersburg, MD 20878
(301) 417-4244

Tran, Ricky
Entergy Operations Inc. - Waterford 3
PO Box B
Kiliona, LA 70066-0751
(504) 739-6428

Trubatch, Sheldon L.
Winston & Strawn
1400 L Street, NW
Washington, DC
(202) 371-5785

Trump, Eric
North Atlantic Energy Service Corp.
Seabrook Station
Rt. 1
Seabrook, NH 03874
(603) 773-7523

Vance, J.C.
,.,outhem Company
42 Inverness Parkway
Birmingham, AL 35242
(205) 992-7733

White, John L., Jr.
TU Electric
PO Box 1002
Glen Rose, TX 76043
(254) 897-6674
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MWferd, Rodney
Arizona Public Sbvice Co.
PO Box 52034, MS 7636
Phoenix, AZ 850-72-2034
(602) 393-5651

Wilsw.,, Dave
Rochester Gas & Electric Corp.
R.E. Ginna Station
1503 Lake Road, Ontario, NY 14519
(716) 771-3154

Woods, Roy
NRC/RES
(301) 415-6622

Zielonka, Andy
Florida Power & Ught Co.
9760 SW 344 St. .,et
Florida City, FL 33035
(305) 246-6206
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Belisle, GA.

Bywater, Russ

Cahill, Chris

Chyu, Doris M.

Dey, Monideep K.

Eaton, Tanya M.

Fuhrmeister, Roy

Holmes, Jeff

Jenkins, Ronaldo

Madden, Patrick

Marsh, Tad

Newberry, Scott

Oudinot, Daniele

Quails, Phil

Ruland. William H.

Shimomura, Kazuo

Singh, Amarjit

Stetka, 7 .m

Tschiltz, Michael

West, Steven

Whitney, Leon

Wiseman, Gerry
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NRC, RIV

NRC, Reg I

NRC, Rill

NRC, Headquarters
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NRC - Reg I

NRC, Headquarters

NRC. Headquarters

NRC, Headquarters

NRC, Headquarters

NRC. Headquarters

NRC, Headquarters

NRC, Headquarters

NRC - Reg I

NRC, Headquarters
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PHONE NUMBER

(404) 562-4621
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(610) 3376916

(630) 829-9616

(301) 4154-6443

(301) 415-2873

(610) 337-5059

(301) 415-2873

(301) 415-2985

(301) 415-2873

(301) 415-2873

(301) 415-3226

(301) 415-2873

(301) 415-2873

(610) 337-5376

(301) 415-3217

(301) 413-6899
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(301) 415-1733
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Introddctory Remarks by
Industry

NRC Pnst-Fire Safe Shutdown
Czr=-t AISzalyis Womkshop

July 23. 199.'

NIEI

industry View
" This workshup is a positive 6c~cvoprncuiz en c

nesolutiona of safe sh~utdovn circuit analysts

" Resolution will be cnhanccd if-c can shift the
focus fqom interprcome eizsgrcwncrts to
cocistidctaon of safet% significance

N E I

J
Fire-Induced Circuit Failure
Issues
" Cr•it failure mod (Information Notice

92-18)

" Mutlttk swanous actuations

It, i

1

~~~~1



Industry Goals for NRC
Workshop
" lni~t=a developrmcm of objectme nxanmenti

of safety significanc of fire-induced cinant
flilure. issues
. PSA-btised tools

" Bas". on safoty sqmificazicc. begin developing
iregubaoy/induisy agmement on bo=md to the
usues

N E:



POST-FIRE SAFE SHUTDOWN CIRCUIT ANALYSIS
HISTORY, SAFETY SIGNIFICANCE AND EXPECTATIONS

presented at

NRC / INDUSTRY
Post Fire Safe Shutdown Circuit Analysis Workshop

(Bethesda Marriott, Pooks Hill)

July 23, 1998

by

Patrick M. Madden
Senior Fire Protection Engineer

Division of Systems Safety and Analysis
Office of Nuclear Reactor Regulation

and

Kenneth Sullivan
Department of Advanced Technology

Brookhaven National Laboratory
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Overview

Issue

Safety
Objective

- Design Concepts
- Concern

* Browns Ferry Fire (March 22, 1975)
- Fire
- Fire Damage
- Operational Impact
- Systems lost during the fire

Evolution of Regulatory Criteria I Guidance

* Technical Safety Issues

• Specific Circuit Analysis Issues



ISSUE

Potential weaknesses in the fire protection features provided for structures,
systems and components important to safe shutdown.

Failing to adequately identify circuits, components; and systems required to
achieve and maintain safe shutdown and protect them from the affects of
fire, could result in ...

(1) both trains of systems needed to achieve and maintain safe shutdown
being damaged Py fire; and

(2) the ability to safely shutdown the plant and maintain it in a safe
shutdown condition being irrpaired.



Safety

Objective 0 Protection of the health and safety of the public

Risk from normal operation, anticipated transients, and
accidents must be acceptably low

The likelihood of accidents more, were than those postulated
must be extremely small

Deskin * Redundancy of equipment and subsystems that perform
essential safety functions

* Separation of redundant equipment and subsystems into
redundant divisions / trains

Concern * Fire may cause common mode failures of more than one
redundant division I train of essential equipment or
subsystems

4
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Browns Ferry Fire (March 22, 1975)
The Fire

The fire began in a bank of cable trays in an area of the cable spreading
room where these trays passed through a wall penetration

(Fire was started by a air flow leak test method - used a candle flame to
detect air flow)

Fire spread through the penetration I wall separating the cable
spreading room from the reactor building

Fire Damage

- Major amount of fire damage was in the reactor building
(area affected 40 feet by 20 feet)

Temperature in some areas was as high as 1500 OF

More than 1600 cables routed in 117 conduits and 26 cable trays were
fire damaged. 628 of these cables were safety related.



Browns Ferry Fire (March 22, 1975) - continued

Exameles of operational impact from onerator interviews

• RCIC, HPCI, LPCI and CS spuriously initiated because of cable damagea ADS annunciators alarmed and timers were running0 250 volt de, Reactor MOV and 480 volt shutdown boards were lost* Cable Spreading Room carbon dioxide fire suppression system failed due topower loss

* Some of the spurious control room annunciators initially noted were
- reactor low level auto blowdown permissive,
- CS and RHR pumps running,
- core cooling system diesel generators initiate
- HPCI, RCIC running
- alarms from various shutdown panels

Annunciations in the control room were strange and unexplainable

* RHR and CS pumps spuriously started and stopped

Recirculation pumps ran back to slowest speed for no apparent reason

It



Browns Ferry Fire (March 22, 1975) - continued

.Oerational Impact - continued

Indicating lights over valve and pump control switches (panel 9-3) wereglowing brightly, dimming, and going out. The control circuits lights forECCS pump's and valves were lost.

Smoke conditions in the reactor building required operators and others towear air packs to perform manual actions (air packs and their short duration
of air hindered the ability to perform manual actions)

Svstems Lost During the Fire

- HPCI
- RHR Systems IA, 1B, 1 C, and I D
- CS Systems IA, IB, IC, and 1D
- SLC pumps IA and IB plus Squibb valves
- RCIC
- RPS MG sets 1A and 1B

7



Evolution of Regulatory Criteria and Guidance

* Browns Ferry fire demonstrated the need for a more specific fire p~rtect on
criteria which would extend the safety principles o, "defense-in-depth".

- 10 CFR Part 50, Appendix A, GDC 3
BTP APCSB 9.5-1, Appendix A
50.48, Fire Protection
10 CFR Part 50, Appendix R
Generic Letter 81-12
NUREG-0800, SRP 9.5.1
Generic Letter 86-10

• Purpose of requirements and Quidance promulgated since Browns Ferry is
to assure that one train of equipment and their associated circuits needed to
achieve and maintain safe shutdown remains free of fire damaae

Needed electrical cables and circuits typically are:
circuits and cables of equipment that Is needed for post-fire sfe shutdown
associate.d circuits that may affect the ability of the post-fire safety function
from being performed.
circuits and cables needed for cold shutdown

M



Regulatory Requirements

* Appendix R uses the term "Free of fire damage." Methods acceptable for
assuring that, necessary structures., systems and components (SSCs) are free of
fire dama,. are specified by Apoendix R (Section III.G.2a, b, and c). These
methods provide reasonable assurance that the SSC under consideration Is
capable of performing its intended function durngl and after the postulated fire,
as needed.

• Cables (circuits) whose failure couldprevent the operation or cause the mal-
operation of redundant systems needed to achieve and maintain post-fire safe
shutdown are required by Appendix R Section llI.G.2 to be identified and
provided with fhie protection which ensures one of the redundant trains is free of
fire damage.

Appendix R Section lli.G.3 requires that alternativc or dedicated shutdown
capability and its associated circuits, independent of cables, systems, or
components in the area under consideration, be provided where the protection of
systems whose function is required for hot shutdown does not satisfy the
separation and protection requirements of Appendix R Section III.G.2.

Post - 1979 plants in general were reviewed against similar criteria

a)



TECHNICAL SAFETY ISSUES

Intent ot Regulatory Requirements

Ensure that one train of equipment and associf,-Jed circuits used to achieve
and maintain safe shutdown c-niditions will remain free of fire damage

Fundamental Principles

° Electrical cables and circuits that are exposed to the effects of fire will
be damaged

It is not deemed possible to accurately predict the manner in which
damaged cables or circuits may fail

* Various types of electrical failure modes (e.g., hot shorts, open
circuits, shorts to ground) are assumed to occur as a result of fire
damage

111



Circuits of Concern

* Electrical circuits or cables whose damage due to fire could:

UJ disable the operability of required shutdown systems, equipment
or cables; or

Ui initiate transients that may preclude the successful
accomplishment of required shutdown functions; or

U initiate transients that could place the plant in an unrecoverable
condition

II

Týý



Analysis Expectations

* Circuits ofUconcern to post-fire safe shutdown are

V' identified,

V evaluated, and

V- potentially disabling conditions are prevented or appropriately
mitigated.

12



Resoluition Options

- Meet regulatory criteria (Section 1ll.G); or

* Assume cable damage will cause equipment under consideration to
fail in an undesired manner and provide appropriate means to prevent
or mitigate the consequences of failure as necessary; or

Perform a detailed circuit analysis which conclusively demonstrates an
equivalent level of fire safety to that which woul#4 be achieved through
compliance with regulatory protection criteria; or

Provide technical justification sufficient to support an exemption from
the specific protection requirements of the regulatiot'

'3



SPECIFIC ANALYSIS ISSUES

Number of Circuit Faults to be Considered

*Browns Ferry fire demonstrated that a high numner of circuit faults
may occur in a relatively short period of time

° Circuits and cables involved in or exposed to fire should be
considered damaged

It is not deemed possible to accurately predict the manner in which
damaged cables or circuits may fail

• Therefore, one or a combination of possible circuit failure modes (hot
shorts, open circuits, shorts to ground) should be considered in the
evaluation

14



Fire Induced Hot Shorts

* Circuit failure mode (short circuit) which causes voltage to be backfed
from an energized circuit to an unenergized circuit

* Typical Examples:

V cable-to-cable

conductors of energized cable contacting conductors of a different
cable

V conductor-conductor

shorts between individual conductors located within a single
multi-conductor cable or logic circuit

Is
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Fire Induced Hot Shorts (Cont.)

* 3 Phase AC Motor Circuits

Considered in evaluation of Hi/Low pressure interface boundaries only

* Ungrounded DC Circuits

V Cable-to-&Gable:

Except for H '.ow pressure interface boundaries, component need
not be further considered if two hot shorts of proper polarity are
needed to cause spurious actuations

Vw Multi-conductor cables

Potential for fire to cause multiple hot shorts in a single multi-
conductor cable is deemed credib$-., and should be considered in
the evaluation

16



Fire-Induced Spurious Actuations

- Faults between conductors of fire affected cables or circuits maycause multiple components to spuriously actuate

Components in a single Hi/Low pressure boundary are assumed to
spuriously actuate simultaneously

* Evaluation of other components (non HilLow) should consider "any
and all" spurious actuations on a "one-at-a-time" basis, where:

V All potential spurious operations are identified for each fire area;

s/ Potential for multiple spurious actuations to occur as -fire
progresses is considered and evaluated; and

V Appropriate actions are implemented to prevent occurrence (fire
protectibn features) or mitigate its consequences (e.g., timely
manual actions)

17
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Summary of Industry Views of
the Regulatory History of Post-

Fire Safe Shutdown Circuit
A.,alysis Issues

NRC Post-Fire Saf: .hw-;own
Circuit Analysis Work.•hop

July23, 1998
NEt

I
Fire-Induced Circuit Failure
Issues
@ Carcuit failure modes (lnformation Notice

92-18)

s Multiple spunous actuattons

J
Evolution 
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Positions

• 1981 
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.;•,.
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Evolution of Industry Positions _ _____________

a 1961 Appendix R
9 G1. 81-12 interpretations
a '-91-96 Resolution of A.,erdix R issues for

some plants
v Regional workshiops. GL 95-01 draft
a G L 86- 10 ~ntcrprctai ions
9 Late 0s. e arly 90s Submittal ,approval
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Evolution of Industry Positions
* 1992: Infonnatic Notce92-1S

* 1992.1994: Licensee review of IN 92-18

* 1994-1996: GL $9-10 :nspcc*ions addressing IN
92-18

* !997

" N and N* C Imm on NKC tnd i'ndust, position
* Recentry. Inspections identifying multiple

spurious actuanons as a regulatory
concern

Utility Positions
" NEI siwvcyed utility positions on

" Resp~onseto IN 92. IS

" %Ntdinixipspunoia acailum

*Rccorurcrgde induM Ati~' ons

" More Owa 9! plants represented in su~rvey m-uilts

N E:
60.

IN 9? 4$8 F~aiure Modes
a Industry position stated in response to Question 3

;m May 30. 1997 NEI leiter
~.Po~bsition b nGL S 1. OQuest= 3I1

-vFp cW3~m Qq"Of 5.bo izum. anl pOmai
fU*IKVI 141109a itUM uWA bt mIISMtd CW as. Wte
cwosuttei ould be encg=4i at deapund by ww or
m=* f &e bost txikmmodez ThergSan. wslv--s cjt
fW omN ckw4 pwra wuld fad r~owg ew mc namwg.

eq~mbj da,b, b"AM ChuU fall cOen of loa

t4E I
i6.

J ________ ________-

____________ 2



IN 92-18 Failure Modes
a Most licensees believe IN 92.18 constituted a

fundamental change of NRC v:cws on circuit
fatlure modes
" Inforelation Notice not appropriate w~hicle (or

-- yv•)inr ch-Se in regtiq --rs

" Conflicted with licensm basms founded cn aMp€%ved
sae shutdown aal-yscs

" Conflied wah pemiow sGaff guidance
. r~int4$cr.C

SGeneric siadmu (GL W -0) NMCI

Multiple Spurious
Actuations

- Posituon based on GtL ~S- t0. uCpsots 5.3 10

-Pitt ritau oaf Seaton III L. of IOCFR30 Apmeode P-a loss
ot utae pow:r saiaabe assawned foafeet in any int, ams
coawimm: ith te foliovt mg stro"

IThe Safe Aulad ws capzh~ev ihmil sag bc s,4%-mi)
affectrd by any QM Wwtemes acohjrn or sipwu resuaioiw
bm a fict toaryplant area. and

b -v Wfe "iaownacaabday ashuld not be adverely
&Pl tedbys fLeC In ny plant wea *hick restuhain the -al of
Ainatomue fnart I ai al. iw) from tit Circuilt
itAWe ..a it area an conpuoiboc . h SM *Oat

incapu~a ~i~n roplmuz~ rm N E I
the tce. &d - 60.

Multiple Spurious Actuations
a Industry position Stated int response to Questions

1, 4, and 5 of Mlay 30, 1997 NEI letter 1
*The widdcdymgtguiarmnc (OL W10I. Questions, S 3 landý

5.3 101 "aut both the HIII. and III G ucas consistently
Theapdneis P4mne tiewrped to rmean

*Ahsiyze cootilwaene of qssaabie spunous amwumoo
Unllten got seq'aens=liy. sanuhneioustiy. of. na

Gascpe for bijbhto% prtuwat usnerfases. w-Iaec tfufrt or
'znAhaecwa Spurious mopeof ondAbdazi %Ahts Anaiyzed
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In Closing

" Further discussion of ditfenng industry and
regulatory interpretations not iikeli to resolve
these issues

= NRC staffThave tatker positive s:cps toward
gtncric resolution
" Circuit a3i13ais roILMon Plan
" This,*orksf~p

" Must focus regulatory and industry rsours on
real safety issues

41
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POST-FIRE SAFE SHUTDOWN
CIRCUIT ANALYSIS ISSUES

Steven West, Chief
Fire Protection Engineering Sec~ion
Office of Nuclear Reactor Regulation

July 23, 1998
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TYPES OF PROBLEMS

* MOV Mechanical Damage

* Associated Circuits

* Common Enclosure

* Fuse/Breaker Coordination

* Short Circuits

* Spurious Operations

0 Transfer and Isolation Capabilty

* High-Pressure/Low-Pressure Interfaces

0 Multiple High Impedance Faults

Slide 2



Background

* March 22. 1975
0 Fire was started in a penetration n the cable

spreading room by a cano:le used for leak cheeks

SFLo spread through the pinetrn lion separatink the
cahle spreading room from the reactor building

# Fire extlndqd 30 to 4C tool Into the reacto, building

and 2 to 5 feM In the cible sproading room

* Unit 1 was the most affected unit.

# Reactor level was maintained using I CRO pump.
the Condensate System. and 4 relief valves.

Background
Most (oses of electric power an equipntnt failures

occurred approximat,ly I hour Into the vvent
* Some power was restored after about 4i V12 hours.

j Ti-• relhef valves used to control pressure were lost
about 6 N~urs hito the event and ware ,setored
about 3 112 hours later

e Fire burned for approximately 7 V12 hours.: Torut oJn established after about 13 hours,

Shutdowltooling established at %r about 16 hours.

-A- ___________



Fire Impacts

• .Damapd *PVcoaxtiely 1iO0 tables ,14 salety
relatedl

SSmRW, and fumes evn, red the control room

* Power was ost -'- multIple control boards. Only I
Reactor MOV board wo.: available.

U

Circuit Failures

0 Spurious signals

- Low level Plowdown Permissive
- ECCS purmp running

- ADS Timer started

- Recirculation pumps ra.iback

- High reactor water lIrvel signal to feedpump
Control

Circuit Failures

0 Spurious Actuations
- ECCS Pumps started (RHR. CS. HPCI. atod RCIC)

3nd were trip•ed by the 4pratort

S'tCCS: .Impt restarted (RHR. CS. and I4PCI) and
were tripped by the operator
S Shutdown cooling MsOV may have changed state

a Random Indic.atng lights became ver) bright and
then went dim or out

* Spurious annunulators

fA
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Circuit Failures

vu*Mhitie kfSW*WfWhI Wcam hoqfubW
- Neuroin Monitovmg (2 311Vs wetre reskved w=

I - To-u W". lesksd pre"Sure (romp.
undhzadn meaome with ftmp. Instruw*enw

- $aim msC~o izvel and pinessurs
- Somt hedwatlu Slow. sze'am flow

, 8 4 I gs v t e m m . f r o m o p e r t i n

Circuit Failures

*Liopetrab:* enw~ntI1I Sivs and fedwaut pumps
I feIstf Valves

*Reactor Building C..cjed Cooling Water

$SGTS8
iDGC

.SBLC

Circuit Failures

'I. hea 4 mef velyti Weing Lsed to cor.to reactorr prnsresw failed. Solenoid valv zupp.yhig conWg
~ 1 ar hadfild. Personnel bfp,%%sad solenoild within

3 11 3Ihours of the fitluum



What Worked

WO w ROC awtostur~ and W.W"re water Wye!
fo~wn wreactwx cam even Ltoufh they had

e~osl tered rwke previcwsty. Folow"n
shlonby theoperator t"e coul~d not be

*Albut one OG etstuitd.
* Condensate and Condtisate booster pumps
* One CR0 puat9
a 4 re*t VA~tws were usied to reaUCe reactor pftssure

* h Conclusions

b~as -mtwi vol flow RM -bify ccont;%x0.ee vpmV

so"" frhmm wNi a) fint ama may be "SubftI ft bef YNA If :a:.rfIte.

low .aso" bspac (&-r cpam cmavy naua).
I M AOOeWOO ft ana"" We ow8 EMIL Ow"QMy COdiUM

s""It~A sfl"awloas whiCth Cia) be 0tWW* than acwsl
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SAFETY SIGNIFICANCE
OF MUL TIPLE SP URIO US SR V

OPERA TION
Vincent P. Bacanskas

Entergy Operations, Inc.

River Bend Station
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Y Sign ficance

Introduction

Safety significance of Postulated Fire Induced
simultaneous opening of 16 SRV's
- Probability of event

- Outside Control Room
- Inside Control Room

- Thermal/Hydraulic Analysis

- Cable Fire Testing
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6a bility Analysis

Fire Area C-6
• General area control building elevation 70'
* Fire ignition frequency
* Fire induced multiple SRV lift
* CDF contribution

6.9E-4/yr

3.12E- 10/yr

2.94E- I/yr

* Non-Risk Significant



ability Analysis

Main Control Room C-25
LI

" Fire ignition frequency
• Fire induced multiple SRV lift
• CDF Contribution

9.5E-3/yr

1.6E-7/yr

1.5E-8/yr
* Non-Risk Significant

I -



m allHydraulic Analysis

Plant Response

Three scenarios were evaluated
- Fire outside Main Control Room, Bounding
- Fire in Main Control Room, Mechanistic
- Fire in Main Control Room, Bounding



SEoi aal/Hydraulic Analysis

Fire Outside Main Control Room

* Assumes all 16 SRV's Lift
* Assumptions based on Safe Shutdown Analysis system

availability

- Reactor Scram (Level 3)

- Credit Div. I (RHR-A, LPCS)

* Operators can close SRV's from control room
4 Safe shutdown achieved and maintained

1



4al/HIjdraulic Analysis
Fire Inside Main Control Room - Mechanistic
* Assumes all 16 SRV's lift
* Mechaiaistic assumptions

- Automatic scram

- Automatic initiation of LPCS, LPCI
- MSIV's close on low pressure

* Operators evacuate and assume Div. I control from Remote
Shutdown Panel

• Results are essentially the same as for Fire Outside MCR
with multiple SRV lift



mal/Hydraulic Analysis

Fire Inside Main Control Room - Bounding
" Assumes all 16 SRV's lift
" Safe Shutdown Analysis assumptions

- Manual scram, evacuate control room
- Remote shutdown panel control

o No injection for 10 minutes

* RHR-A Only Injection



• i,

mal/Hydrauhlc Analvsis

Fire inside Main Control Room - Bounding
0 Steam cooling

* Limiting fault type event

* PCT less than 1500TF

• Well within IOCFR50.46 PCT limit of 2200TF
* No core damage

* Safe shutdown achieved and maintained



Significance

Conclusion
° Fire-Induced Opening of Multiple SRV's:

Low CDF of <3 .9E-8/yr

PCT <1 500 0F, therefore no core damage
For all scenarios evaluated, safe shutdown is achieved
and maintained

" Risk-Informed Conclusion

- Insignificant contribution to plant risk



CABLE FIRE TEST

I----- __________________________
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0 Cable Fire Testing

* Performed at independent testing laboratory
° Used Rosemount transmitters/trip units
° Four continuously monitored circuits

° Used IEEE STd. 3833-1974 Protocol with exceptions
° Fire testing at three heat rates

• Three tests at full heat rate
o One test at one-half and one test at one-third heat rate
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Cable FireTesting
Test Results
• For full heat rate (-70,000 BTU/HR)

- 12 of 12 circuits failed to shield in first few minutes of
test (< 5 minutes)

- Cable self-extinguished when flame was removed
One-half and one-third heat rate
- No shorts, no open circuits



Cable Fire Testing

Conclusions

* Conductor to Conductor Short DID NOT OCCUR
•- .anductor to Shield Only Failure Mode Observed

* Lower Heat Rates did not change failure mode

* Cable extinguished when burner was extinguished after 20
minute exposure



Presentation: NRC Worksh

L. Introduction
Name: Nicholas N. Rivera PE
Company: SPAD Engineering Company

Background:

BSEE electric machinery, power and controls. MS w
analysis. Electric Power and Instrumentation and Cor

Lop 7/23/98

rk on electric power system
itrol since 1962. Started in

1962 as a design engineer, high voltage switchyards. protective relaying and
control systems. Over past 32 yearz have investigated over 25 electric fires, many
of which involved arcing faults.

Inventor of U.S. Patent No. 4,658,322 Arcing Fault Detector. Apr. 14,1987. This
device is in use in all U.S. Navy ships having nuclear propulsion. Was Head of the
Nuclear Submarine Electrical Systems Branch of the Naval SEA Systems
Command. Thus, well recognized as a marine electrical engineer in tie U.S. and
Canada.

Have worked in the nuclear electric power generation industry since 1984. as
consultant to NRC performing plant audits and inspections and as contractor to
several nuclear plants.

2. Subject of the talk:

Electric fault analysis in .ac~ear plant cable-, ays ,ind s.stems ihoiving exposures
to fires and correlation with design basis calculations

Fault analysis conditions, high current faults and high imr .'dance faults

Conditions for self-sustaining arcing faults

Protective device performance under fault conditions caused bN exposure to fires.

10 CFR 50 Appendix R and NRC Generic L.etter 86- 10 on "Multiple High
Impedance Faults"



3. Fault Analysis - Background Information

Design basis calculations for circuit protection follow the ciiteria in IEEE Stds.
741, 141 and 242. IEEE 242 has most of the detailed criteria and is referenced by'
the other two standards.

The design basis criteria defined bounding conditions for postulating faults in all
circuits. This may include simultaneous faults supplied b) any source, where the
bounding condition is defined by the lowest impedance fault. Such fault will
absorb (hog) practically all of the short circuit capacity of the source, such that
other possible faults are effectively shunted out. Thus the circuit having the lowest
impedance (highest current) fault will be isolated first. Afiy other faulted circuits
will be isolated sequentially thereafter.

Two kinds of faults: CONTA"T (vice BOLTED) and ARCING (high impedance)

CONTACT fault current levels are always sufficiently high to activate the
protective device in the short range or instantaneous range.

High impedance faults, with some exceptions have current levels limited by
concentrated resistance at the faulted point. That resistance either becomes an arc
or degrades into a contact (Iow impedance, high current) fault level in a shot time
because fault energy will destroy most conductive materials.

Example: 20 amp. fault & 480 'Vac -'ill dissipate energy it 9.6 kW, I ph. or 16.6
kW, 3 ph.

Arcing faults. conditions to be self-sustaining. Some defined in IEEE Std.242-
1986.

Voltage threshold, must be above 277 volts, peak (from results of research
on arcing faults). Thus. self-sue.taining arcing faults cannot exist in 120 Vac.
2501'125 Vdc circuits.

High instantaneous energy deli', ery - fault power factor must be high. X'R
ratio must be above 4.

If X,"R ratio is lo',. there m ill not be enough circuit'capacit% to maintalir



fault voltage above the self-sustaining threshold. Small branch circuit ratios
have low X/R ratios and tend not to be the arcing type (Art. 14.6, p. 547)

Typically, minimum self-sustaining arcing fault current is 38% of the
circuit's maximum fault current (Art. 8.8.2.2, p. 363 and Art. 14.6, p. 547).
This is above the pickup level of the protective device.

X/R ratios of 250/125 Vdc circuits are very low. The battery represents a
resistive source impedance, which precludes self-sustaining arcing faults.
Battery chargers are current limited, resulting in a low fault energy source.

Resistance grounded systems (6.9 kV. 4.16 kV and 480 Vac) limit the
magnitude of ground fault currents (Art.7.2.4, p.276) and, thus, have verN
low X/R ratios to ground. This is evidenced by accelerated rates of decay
(Art. 8.4 1.4. p. 328) and prevention of overvoltages (Art. 7.2.4, p. 276).

4. Survey of X'R ratios of several nuclear power stations, based on short circuit
calculations done with AFAULT and ETAP:

480 Vac switchgear buses showed X/R ratios slightly above 2.5. less than
3.0

The largest 480 Vac feeder circuits to motor control centers and pressurizer

heaters showed X/R ratios of less than 2.5.

6.9 kV and 4. 16 kV circu:,i 'TR ratios were well above 4.0 (7.0 to 24.+).

5 Characteristics of protective devices when exposed to external heat sources.

The high thermal conductivity of copper or aluminum conductors in cables

exposed to fires will ipcrease the temperature rise of circuit protective de% ices.

Thermal-magnetic direct acting trip devices are rated for normal internal heat
dissipation in a 40' C ambient (ANSI C37.13). Conducted heat from external fire
exposures by cucuit conductors ma\ derate the trip devices.

Fused circuits ma\ be derated b\ conducted heat from external fire exposures b\
circuit conductors.
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Intermediate voltage (6.9 kV and 4.16 kV), open frame and molded case using
solid-state electronic overcurrent trip devices operated by' current transformers
will not be significantly affected by conducted heat from :ircuit fire exposures.

6. Conclusions:

Based on the above detailed definitions and survey information on the
characteristics of faults as found in standard criteria and experience, the existing
design basis of nuclear plants for electric fault analyses are sufficiently bounding
with respect to all credible fault conditions.

High impedance faults are not likely to be self-sustaining and will become
"CONTACT" faults in short order, thus resulting in fast, coordinated fault
clearing.

Self-sustaining arcing faults will not credibly exist in 480Vae, 120 Vac and
250/125 Vdc circuit-.

Self-sustaining arcing line-to-line faunts may exist in 4.16 and 6.9 kV circuits.
Arcing ground faults will not exist in resistance grounded circuits.

The above precludes the conditions for multiple high impedance faults as defined
in NRC Generic Letter 86-10.



J. E. Lechner

Nebraska Public Power District

Cooper Nuclear Station

Senior StLff Engineer- Fire
Protection

ASSUME NOTHING

X-Files

PERFORMANCE GOALS

. Plant response should be consistcnt with a
loss of normal AC powcr.

- No such thing as a Normal loss of AC
power.

- Somc'mhcrc bttwcen Stat.3n Black Out and
a LOOP.

I



ASSUME

" No Credit for Automatic Initiation of Help
Yous

• Automatic Initiation of Hun Yous
" No offsite power for Help Yous

" Offsite power available for Hurt Ycus

" Manual valves, pipmg. heat exchangers.
check valves unaffectcd by fire.

SPURIOUS OPERA TIOMS

Gcnerally Hurt Yous

One at a Time

The -Single Failurcs" of Appendix R
Analyses

Lasts as long as it takcs to regain positivc
control or clear the fault

I

CIRCUIT FAULTS

" Ground
" Open
" Imprcssed VoltagelCurrmt (Hot Short)



QUESTIONS

* Can more than one fault per conductor be
assumed?

- Within multiple conductor cables, how
many simultaneous faults and of what type
needs to be assumed?

* What about multiple cables in a raceway?

ASSUME

- Multiple Grounds - Eventually, all
conductors in all cables will groui.' :o the
raceway.

- Multiple Opcns - Eventually, all conductors
in all cables wi!l bum through or activate
c-rcuit isolatiordprotection devices.

ASSUME

The answer to Question 5.3 10 of Generic
Letter 86-10 is correct and only one worst
case spuneu. operation occurs at a tine.

* The nun'.mr of"hot shorts" necessa~y to get
the spunous operation you don't want. It
usually only takes oise.

3
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SUCCESS

" Safe Shutdown Performance Goals Met
" Manual Actions Specified for each potential

spurious operation

" AbiL.y to verform each manual action
within time limits specified by analyses

* Emergency Lighting and smoketfirc ,'rce
path for eacit manual action exists

NO SUCCESS

" No redundant path - provide "Alternative"
or "Dedicated" capability

" If you are close - An Exemption may be an

option.

1

CONCLUSIONS

" Assume Utilities know ho% to do Circuit
Analysis

" Let ,is know what the other assumptions
should be.

4
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"THE TRUTH IS OUT THERE"

X-Files
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A Technological Overview of
Associated Circuit Analysis

NRC Public Meeting
Bethesda, Maryland
July 23, 1998

Stephen Maloney
Devonrue LTD

smaloneydovonme.com
Colgyltht 1393 AN I7Uhbt tmeqved



Industry's Path to
Generic Letter 86-10

1 From 1982-1986, Nuclear Utility Fire Protection Group
(NUFPG) standardized safe shutdown analytical
assumptions, properties and methods.

NUFPG procedures are reflected in several Staff
guidance documents, including draft Generic Letter 85-
01 and Generic Letter 86-10.

I I recount GL 86-10 considerations -- focusing on the
compelling imperatives to simplify the analysis, and my
recollection of the multiple circuit failure issue.

Devonrue LTD



I Take the Blame

I If you were wondering where all this stuff came
from, I'll take the responsibility for everything
wrong, inconsistent and unclear in GL 86-10.

I This Was Bismarck's Sausage: I proposed topics
and positions to NUFPG members, reconciled
utility comments, negotiated language with my
counterpart at CRGR who took it back to NRR --
a lot of back and forth.

Devonrue LTD



Reactor Design and Construction
Practices Were Erratic At Best

I ""In the beginning, ... " original construction
provided minimal separation, and mostly at the
component level (e.g., pumps and valves).

I More so in 1975, but even today, electrical
circuit separation and isolation is problematic.

I Fires, floods, and high-energy pipe breaks (e.g.,
a drain pipe lets go in certain locations) can disable
redundant shutdown methods.

Devonrue LTD



Browns Ferry and the Aftermath

I Browns Ferry revealed the inadequacy. ofelectrical
isolation and physical separation methods and practices.

.I Industry , eviews performed in 1975-1980 often provided
a simplistic or inconsistent treatment of safe shutdown
functionality and associated circuit effects.

I By 1980, pummeled by UCS petitions, its resources
diverted to TMI, and facing a fast approaching deadline,
NRC codified- in Appendix R contemporary Staff
positions.

Devonrue LTD



The BTP 9.5.1 Era -o After the Fire

I Expanded equipment set to include support and
non-safety components

3 Reviewed power cable routing drawings and
applied measures in high congestion areas (The
Black Art of coatings, "shields," and auto suppression)

I Some instrumentation and control circuits were
evaluated under static conditions

I Analysis typically assumed stable plant, and
overlooked normally energized state or transient

Dovonrue LTD



Appendix R -- Adding Robustness

I Dynamic set of associated circuits -- contents vary
with fire damage propagation, component actuation,
system lineups, operatcr action, and fault isolation
methods.

I Dynamic safe shutdown scenarios and
equipment sets -- associated with fire location,
system parameters, operator action and scenario timing.

I Some validation of circuit routings and physical
separation -- but still an issue 18 years later.

Devonrue LTD



But, Robust Means Rising
Complexity-- at Nonlinear Rates

I The number of fire damage subsets is defined
specified by a "power set:"

SubsetNumber = 2"

I Example:
Appendix R maps 2 components in a fire area into 4
subsets: {No damage or "null set"}, {Comp-A
damaged}, {Comp-B damaged}, {Comp-A damaged,
Comp-B damaged}

Devonrue LTD



Complexity Is Nonlinear

I Tripling the component considered can result in
16 times as many combinations -- or more

V2A
PlA

VIA

V2B
PIB

VIB

Devonrue LTD



The Sigma Algebra

I Component States: Looking for the 15 success paths
among the 64 possible subsets for a 6-component set
I subset entirely damage free
6 subsets with a single component damaged
15 subsets with 2 components damaged (6 comply, 9
fail protection criteria)
20 subsets with 3 components damaqed (2 comply, 20
fail protection criteria)
22 subsets with 4 or more components damaged (all
result in loss of redundant trains)

Devonrue LTD



Adding Circuits Quickly Increases
Complexity to Unmanageable Levels

-fn -ý .

Equipment Combinations
(Operable and Failed)

4 0000

1000

100

10

1

1 2 3 4 5 6 7 8

Fire Area Component Number

9 10

Devonrue LTD



Sets Are Dynamic

I What You Have Changes --- As scenarios run-out,
some hot shutdown equipment become less relevant.

I What You Need Changes --- As scenarios run-out,
you need different equipment to control the plant.

I While Things Become More Integrated --- As
scenarios run-out, primary and support components
coalesce into essential clusters,

Devonrue LTD



Associated Circuits Effects

I Appendix R associated circuits can amplify the
number of circuits in the power set requiring
analysis and protection.

I More circuits means more complexity.

I Doubling unprotected/unmitigated associated
circuits can expand the safe shutdown damage
sets by orders of 10 or more.

Devonrue L TD



Other Ways to Add Complexity

I Instrumentation and control circuits (vs.. local indication)

I Support equipment (e.g., HVAC) (vs. portable systems)

I Multiple shutdown scenarios and paths (vs. simple trees)

I Centralized shutdown operations (vs. remote stations)
I EDGs as power source (vs. SBO/AAC DGs)

I In a crisis, a "lobotomized" plant can be easier to manage
than one that thinks it knows what's happening.

Devonrue LTD
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GL 86-10 Sought to Thin the Sets

I Filtering unnecessary subsets reduces the"noise" and simplifies shutdown analyses.

I Shutdown studies faced constraints -- cost of field
validation, number of potentially affected components,
changing design, limited pool of professionals qualified
to maintain and validate complex computer models,
steadily rising Appendix R budgets year after year.

Devonrue LTD



Remember: This Was 1984

I Appendix R implementations were at a critical
stage in 1984 -- Staff differing professional opinions
required resolution, compliance deadlines were fast
approaching, significant capital was already committed

I It was already 3-4 times longer than the 1980
Commissioners expected -- this had to end now!

I NUFPG was uniquely qualified to propose
standardized analytical methods.

Devonrue LTD



Set Pruning Concepts in GL 86-10

I Section 5.3 Safe Shutdown and Fire Damage
5.3.1 Circuit Failure Modes
5.3.2 "Hot Short" Duration
5.3.8 Short Circuit Coordination Studies

-. 5.3.10 Design Basis Plant Transients

I These and other sections restrict the number of
transition scenarios that might increase the
components driving runaway power set
mathematics

Devonrue LTD
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Did GL 86-10 Limit Spurious
Actuations to Just I "Event?"

.*~ .*~

I The Short Answer:

No

Devonrue LTD
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I Worst Case Event ... AT A TIME

I The longer answer:

(1) The GL repeatedly uses the phrase in the Q&A section
-- "one spurious actuation or signal."

(2) The single "non-mechanistic" spurious actuation is"non-mechanistic" -- merely fire-associated.

(3) The single signal is taken to its logical conclusion -- it
may cascade into multiple events, actuations, and
damage mechanisms -- it is not arbitrarily truncated.

Devonrue LTD



Final Thoughts

I Simplicity is central to low-cost Appendix R
compliance -- protect too much and power set
mathematics wrestle you to the ground.

I Complicated data management systems,
complex, shutdown scenarios, and intricate
analyseý are too often unstable, unmanageable,
and uneconomical for the real world -- not to
mention unnecessary and avoidable.

Devonrue LTD



Final Thoughts

I Think of, an Appendix R safe shutdown model as
a computer operating system -- it must be
maintained and updated continuously. Unless
you're Microsoft (or wanna-be), keep it simple.

I An Appendix R safe shutdown model was never
about how you prefer to fly the plane with a fire
-- but it is the ultimate way you might have to
fly it if fire takes out the hydraulics.

Devonrue LTD



Risk-Based Resolution of
Fire-Induced Circuit Failures

Ward Sproat
Director-Enginteing

PECO Nuclear

So NVhy Are We All Here?

" Are spurimus operations due to FICF's a
significant safety issue?

* Do we agree on how to analyze fc•r spurious
operations due to FICF's?

* Do you wo-nt to resolve this issue
expeditiously?

" Did EGM 98-002 get your attention?

Conditions Needed for FICF's

Ignition source

* High BTU. Tansicrt Combusnbkle
* Dirmct Impingemcrnt on C.blc
SSiignficant heat source for extended pcnod

of tuna.

I



How Likely are FICF's?

" Current Regulatory Interpretation
- Pmbability =l

" Qualitative Rsk Analysis
- Prcbiwility " IOE-9

flow Do We Resolve This Issue?

" Do Nothing?
" Testing Program?

" Circmuit-Unique Deterministic Analysis?
• Changc the reguation?

" Risk Based Analysis?

Recommended Course of Action

" Use FICF's as the pilot for Risk-Based
Approach to F ir Protection Regulation

" Use NEI FPWG as Industry focal point for
methodology devclopme.nt

" NRC to review several plant analyses
performed to NEI mthodology

" NRC to issue final resolution guidance
based on review )f submrttals

2

I.



Conclusion

• Let's get real about the risk this issu,
presents to our plants

* We need to spend our resources on issues
which improve system and component
reliability.

3
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0ý UNITED STATES
( lNUCLEAR REGULATORY COMMISSION

WASHINGTON. D.C. 2UE.4w.

'March II, 1997

Mr. Ralph E. Beedle
Senior Vice President and

Chief Nuclear Officer
Nuclear Energy Institute
1776 I Street, NW. Suite 400
Washington, DC 20006-3708

Dear Mr. Beedle:

I am responding to your letter of January 14, 1997. concerning U.S. Nuclear Regulatory
Commission (NRC) Information Notice (IN) 92-18. "Potential For Los, of Remote Shutdown
Capability During a Control Room Fire," February 28. 1992. As you are av,.', IN 92-18
addressed conditions, found and .3ported by several licensees, that could have resulted in
the loss of capability to achieve and maintain safe shutdown conditions in the event of a
controa room fire Specifically. the circuit legic associated with certain motor-operated valves.
when subjected to a single fire-induced hot short, could have resulted in a spunous
permissive signal The spurious signal ciuld have caused the valve to operate, bypassing
the protective features, and resulting in mechanical valve damage. Such fire-induced
damage could have impaired the capability tc shut down the plant and maintain it in a safe
shutdown condition.

During a public meeting on February 7 1997. the NRC staff discussed with you and other
representatives of the Nuclear Energy Institute (NEI) the questions and issues raised in your
letter During the meeting, the staff indicated that it agreed with your position that information
notices should not bo used to impose new requirements on licensees or to dispense new
staff positions or guidance The staff presented its positions regarding fire-induced hot shorts
and spurious signals and its position that the safety issue addressed in IN 92-18 (the
potential for fire-induced hot shorts to impair the capability to achieve and maintain safe
shutdown) is within the scope of the existing fire protection regulation. The staff also
explamned how the regulation and published staff positions and guidane support this pos'tion
and why its review and inspection oi the technical and safety issues addressed in IN 92-18
does not consttute a plant-specific backfit

During the meeting, the staff stated that it also agreed with your position that enforcement
actions s~hould not be taken against a licensee for failure to comply with information notices
Although specific enforcement actions were not discussed during the meeting, the staff
acknowledged that it had recently issued notices of violation to several licensees in response
to findings of post-fire safe shutdown deficiencies involving hot shorts In each case. the
enforcement act'ons were dependent on the circurrstances of the case and were taken
against a licensee for failure to comply with the applicable regulator, requirements. consistent
with established regulatory positions and not for failure to comply with an information notice

The staff treated your concerns in accordance with its procedures for managing backfits
After considenng the information you submitted in your letter the discussions with NEI and
!tcensee representatives dunng the meeting of February 7 1997 and re-evaluating the fire
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protection regLu1-tion and applicable staff positions and guidance the staff concluded thit its
position (that tht. technical issue addressed in IN 92-18 is with.n the scope of the existing fire
protection regulation) is justified On this basis, the staff has also concluded that its
continued review and inspection of fire protection issues, includinq such technical and safety
issues as those addressed in iN 92-18. is appropnate In addition, the staff is considenng
the need to take further action to ensure that licensees understand and comply with the
applicable regulatory requirements

With respect to erw~rT'ement actions, the staff will continue to enforce the Commission's
requirements in accord ince with the guidance of NUREG-1600. "General Statement of Policy
and Procedures for NRC Enforcement Actions." and the "NRC Enforcement Manual" As you
are aware licensees that question enforcement actions may contest them in accordance with
the procedures in 10 CFR Part 2. Subpart B Furthermore. licensees that believe a staff
position is a backfit with regard to its facilities may raise such clazm in accordance with
established NRC policies and procedures This includes submitting the claim in wnting to
either the Director of NRR or the Regional Administrator supervising the NRC employee who
issued the staff position in question with a copy to the NRC Executive Director for
Opera,,zns

The staff's response to the technical issues you raised in your letter are enclosed Because
you alleged in your letter that the staff was inappropnately backfitting new positions or
interpretations regarding fire-induced hot shorts and spunous signals. I have referred your
letter to the NRC Office of the Inspector General If you have questions about the staff
positions or IN 92-1B. please have your staff contact the NRC point of contact for fire
protection matters. Steven West. Chief. Fire Protection Engineenng Section Mr West can
be reached at 301-415-1220 If you disagree with the NRC staff positions, or you wish ,o
further your backfitting claim you can appeal to the NRC Executive Director for Operations

Sincerely. /

Samuel J Collins. Director

Office of Nuclear Reactor Regulatiorn

Enclosure As stated

cc w/encl See next page Prolect No 689

DISTRIBUTION See attached list

DOCUMENT NAME NE192_18 RSP Letter reviewed by STreby OGC
Comments incorporated

"See previous concurrence

To receive a cCpy of V$4 moXCn''t 'rdc.ate '- Pe •oo C - copy w.t',c.' a.ac,'•,tev'o• ,e E - coy wrt, anazr-e tenmoos.,e N c p,

OFFiCE NRRSPLB NRR LB NRRSPLB D DSSA NRR ADT NRIR
NAME 1PMadden" ISWest" , LBMarsh' GHolahan , AThadar'"
DATE 102/1 1197 1/-97 .9.. F0211 '1197' 02/20/97 102/2P/97i!

OFFICE UNRR D OE -D, " "U
NAME BCalure JLieberman' S11oI.,ns', 1 '
DATE 001131197 02/24/97 03/roI97 ' I

OFFICIAL REO corD 'C-__



NEI Project No. 689

cc: Mr. Ralph Beedle
Senior Vice President

and Chief Nuclear Officer
Nuclear Energy Institute
Suite 400
1776 I Street, NW
Washington, DC 20006-3708

Mr. Alex Marion, Director
Programs
Nuclear Energy Institute
Suite 400
1776 1 Street, NW
Washington, DC 20006-3708

Mr. Thomas Tipton, Vice President
Operations
Nuclear Energy Institute
Suite 400
1776 1 Street, NW
Washinton, DC 20006-3708

3r. Jim Davis, Director
Operations
Nuclear Energy institute
Suite 400
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Washington, DC 20006-3708

Ms. Lynnette Hendricks, Director
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Engineering
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Nuclear Safety and Regulatory Activities
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Westinghouse Electric Corporation
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BWR Owners' Group

NRC I NEI Workshop
July 23, 1998

* BWR Owners' Group has begun preparation of a safe shutdown
analysis guidance document to assist BWROG members in
performing Appendix R circuit analysis.

* The BWROG is in the process of developing position statements
and methodoiugy which will be discussed with the NRC staff
during deve!Cprment of the guidance document.

* The guidance document is currently scheduled for complet'on and
submittal to the NRC as a Licensing Topical Report at the end of
the 21 Quarter of 1099.

* The guidance document is aiso intended to assist BWROG
members in addressing future NRC correspondence (e.g., NRC
Generic Letter).

* The BWROG has communicated these plans with NEI and other
Owner's Groups and plans to continue this interface.

GBS-9S-4-Workshop 7-23 BWR Owners.doc



Post-Fire Safe Shutdown Circuit Analysis

NRC Workshop - July 23,1993

ISSUE: SPURIOUS OPERATION

Assume that the spurious start of an ECCS pump such as the RHR pump A in a boiling
water reactor is a concern. Furtlier, assume that the spurious start of this pump requires
three short circuits to occur on separate conductors. The separation analysis shows that
control cables associated with these conductors may be affected due to a common fire. Is
starting of the pump considered to be a valid spurious operation that needs to be
addressed?

One position is that each cable fault is considered to be one spurious signal and therefore
this situation is not evaluated as a valid spurious caeatzion concern, since orJy one
spurious operation/signal is considered for each fire scenario.

The alternative position is that multiple cable faults must be considered where they can
result in the spurious operation of a component or the initiation of a spurious signal (i.e.
LPSI initiation for a BWR) For all but high/low pressure interface valves, this excludes
propaly sequenced hot shorts on three phase A.C power cables and two hot shorts of the
proper polarity on ungrounded DC systems.

What is the NRC poaition on this?

2 Suppose :n the case of the above scenario, the pump start is due to the three cable
failures; and that tht' control cables associated with the sucton valve for the pump are in
the same fire area that causes the spurious start of the pump (This can be considered to
bt the second spurious operation as a result of this fire.)

In order to address th;s scenario

I) Does the analyst not pursue the issue since there is no need to consider more than
one spurious operation 9 or,

2) Does the analyst pursue the issue and require the control room operator to take
positive actions post-fire to secure the pump (i.e., stop) such that it does not start
or if it has started-, st, - ensure that the second spurious operation
(i e, the valve closure) will not destroy the pump

3) Is there a need to protect the circuits associated with the pump and the valve such
that spurious operation of the pump and tie valve do not oc•.ur simultuneously

Recognizing the interpretation provided in the Inspection Plan 64100 wherein pan it
states



Post-Fire Safe Shutdown Circuit Ana-ysis 2

NRC Workshop - July 23, 1998

"Licensees to analyze for any and all spurious actuations or failures where no
such spurious actuations or failures occur simultaneously,"

it would seem that #2 above should be the way this scenario is to be ed and
addressed.

What is the current NRC position on this?

3 Assume two valves in series (non High/Low pressure interface) that are normally closed
and are required to remain closed post-fire. Each valve has a separate control cable
located in the same fire area. If the control cables are internally shorted, these valves
may spuriously open post-fire.

1) Does the analyst pursue the issue since he/she does not need to consider more
than one spurious operation at a time? And therefore, only one valve may
spuriously open post-fire?

2) Doev the ana!yst consider spurious opening of both valves eventually? And
therefore, the need exists to take positive action to close one if practical, or to
disconnect the power feed to both valves if the control cables are affected d-.*- to
fire?

3) Does the analyst require protection of the control circuits associated with both
valves such that spurious operation of both valves does not occur simultaneously?

Again, recognizing the interpretation provided in Inspection Plan 64100, should #2 above

be the way this scen,•rio is analyzed and addressed?

What is the NRC position on thisN

ý.A
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Ledyard B. Mush
Branch Chief, Plant Systems Branch
Division of Systems Safety and Analysis
Office of Nuclear Reactor Regulation
Mai Stop 08DI
Washington. DC 20555

Re: Comments By The Fire 1'rotecti'a C0earinghouse (Clearinghouse) On
The Inues Dicutsed .%t The Nw.iar Regulatory Commissio:er's (NRC)
Workshop On Post-Fire Safe -,bmtdooz Circuit Analysis

Dear Nr.arsh:

This provides comments by the Fire Protection Clearinghouse (Cleannghouse) on the
issues discussed at the Nuclear Regulator> Commissioner's (NRC) workshop on post-fire saft
shutdown circuit analysis. The members of the C annghouse appreciate the opportunity to
participate irt the exchange of vicus on this issue. Although the Clearinghouse did not make a
presentatic-i at the workshop. ue understand !hat folilo% -up position papers, like this one, will be
considered by the NRC

As discussed in detail below, the Cleannghousc is heartened by the NRC's
willingness to consider risk in determsnirg how to proceed -:h fire protection requirements.
However, the Cearinghousc. is conc.-ned dtat the current reinterpretation of regulator> rcquiremients
is continuing without full attention to the disciplined processes ,,hidh are applicable to any ch..ngcs

in regulatory requireuients NRC reliance on historical cents at Browns Ferry. recollections of
participants in thx rulemaking process for 10 C.F.R 50.48 and Appendix R to Part 50. and on
overconservative in;crprctations of regulations b,. some licensees dozs not substitute for the rigor
of the procsses which are applicable to rcintetpretations of NRCP regulations. Of particular conccrn
in this regard is the N'RC's apparent unwillhngnt.ss to follo% clear Commission precedent on the
exclusion orincredible scenarios when determining regulator, comphance We hope that the \-(RC
will consider these factors in its follow up actions to the recent %%orkshop
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A review of tl.e statements by the workshop participants at the recent workshop
shows that many of the comments, questions, and observations substantially repeated the content of
prior interactions between the NRC and industry members. Under these circumstanccs. the
Clearinghouse applauds the NRC's efforts to move fo.r.ward b- focusing on the nsk sigruficance of
the potential challenges of fire-induced circuit failures. However, the Cleiannghouse is concerned
thaL the focus on risk without a concurrent foctis on the procedural processes which have been
adopted to assure the disciplined consideratiot, of such risk coutd lead to untoward results. Only if
the NRC's processes show that a regulatory response is -eeded to address those risks should the
agency consider taking a rcgvlatory rcsponse.

Recent experience suggests that current NRC initiatves on fire proirction
requirements lack a disciplined. scrutable process for considering risk. In place of a risk-based.
transparent process. NRC fire protection regulations and guidance are bcing reimerpreted selectively
to noA include new concerns These new concerns are not found in either the evaluations which
initially supported either the NRC's adoption of those regulatory requirements or their subsequent
interpretations. Evidence that new positions are being interpreted into the fire protect on
requirerments is provided by the circumstance that the need to consider two hot shorts under spxcific.
highly unlikely circumstances was rot included in Genenc Leter 86-10 but appears to have first
been discussed tit an internia NRC memorandum in 1988. Moreover. there is no agreed upon
methodology for analyzing any or all spurious operations. Ncr has any such methodology been
identified by the NRC

In addition to this rulemaking by reinterpretation, in some cases, imperfect
recollections by participants in the NRC's formulation of its requirements appear to be relied on to
justify new positions ' The inconsistencics c.'ong these recollections reinforces the need to subject
any new positions on the analysis of circuits in fire conditions to the discipline of either rulemaking
or a backfit analysis before those positions are adopted b. the NRC NRC adherence to these
processes is not optional but is required mn order to obtain a reasoned result.

The Clearinghouse also finds troubling the NRC *., persistent narkenng back to the
firc at Browns Ferry 'The lessons learned from that e cnt ha, e been extensively applied over the
twenty-threc years since it occurred Therefore. any evaluation of fire nrk today must start f-om rthe
baseline established by implemen:rg the regulatorý requirements hihch the NRC has adopted since
i975 Indeed. the N'RC itself has recently taken just such an approach in NUREO-1 552. Supplement
I The curcnt nsk of a Brovans Ferr% type situation im.ol ing penetration scal %%as found to be

* The Clcannghosc is paiiicularh scnsituic to the ". agancs of mcmor, because itc counsel
participated sutistantialk in the proceb-c• %%hich Id" to the adopxion of Appendv% R. tht: hitiatiot.
o'cr Appcndix R. and the adoption oi Gcner-c I, elerr. l",
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minimal because of the lesso)n learned that ,ater can be used to promptl;, extinguish an electrical
cable fire This and all of the other lessons that have been learned from Browns Ferry and applied
by all lic.ntisees need to be taken into account in any reference to Browns Ferry as a basis for taking
yet additional actions to furither enhance fire protection at nuclear power plants.

.As a legal and regulatory matter. the Clearinghouse also questiors NRC reliance or
the circumstance that certain licensees are in "compliance" with the NRC's latest vews on the intent
of cceran fire protection requlr-ments. The fact that a feu licenses may have interpreted
requircment:q as consistent with currTent NRC views does not impi, "hat these vicws accurately reflect
the scope of current regulations and regulator% guidance. License, -s" ariabiiy in the mterpreauons
of requirements is well-known That some licensees have interprcted requirements in a way that the
NRC now claims is corrct does not make thos, interpretations correct. Licensees have been known
to over-commit Moreovcr. differences in safety margins among licensees is well-known and has
been accepted as an unavoidable result of the substantial differences among plant designs.

The Cleannghouse believes thai some licensees' interpretations exceed current
regulatory requirements and reflect an ovcr-conscrvative approach to fire protectmon. Aside fiom the
fact that the NRC agroes with those exccss:•.c positions, there is no more basis for the NRC to rely
on those interpretations than, en the morc common, less cxpansivc interpretations of the same
requirements by a significant number of o•h.r licensees. The NRC must intcpret its rules on the
basis of the Corunssion's intentions -,when those rules- wcre adopted and not rcly on selected
licensee views

Finall%. a re' icv. of the histor% of N'RC regulator, philosophy, which was fully in
force when the fire protection requirements % %re dopted. shows that the Commission did not intend
hcensccs to consider the verx lov probabilit, events %,hich the NRC now expects licensees to
;nclude in their analyses for evaluating the effects of fires Although me fire protection rule is
deterministic and prcscnptive. it is o.-I% one of mar.. such detmcriinsuc and prescriptive N-RC rules
The fact that a rule is deterministic and prcscnptive does not mean (and never meant) that all
possible events needed to be analyzed "n order to zlcmonstrate compliance with that rule For
example. a cut off was adopted years ago ,. hen Class 9 accidcnts vere excluded from consideration
Since then. the Commission has consistcntli refused to consider lou probabilito events A specific
Commission application of this rcgulazor) philosaph%. .%htch has been ipheld in the courts. ii
pros ideo b% the itcensing of Diablo Can~on In tht. lccnstig proceeding for that plant. the
Commission cxphcttl% determined that there was to need to -onsiicr lo\\ probabiitti c4cnts That
Commission rcgu!atot> frarnework should be reatfirmed and applied to analkscs. of fire protection
requirements
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SUMMARY OF KEY MESSAGES EXPRESSED BY STAKEHOLDERS AT i'HE
WORKSHOP ON POST-FIRE SAFE-SHUTDOWJ CIRCUIT ANALYSIS

HELD ON JULY 23. 1998

Judgments of risk and safety significance are largely absent from the NRC's approach
to post-fire safe-shutdown circuit analysis, and an objective means of measuring the
safety significance of fire-induced circuit failure (FICF) issues wil, enhance resolution of
these issues Spurious actuation from FICFs is riot a isk-significant safety issue. One
speaker expressed the opinion that the existence of nuclear reactor plant conditions
severe enough to cause FICFs (ignition source, high heat release combustibles, direct
flame imp;rgement on cables for significant periods of time) is rare

Various industry representatives recommended a nsk-based approach to the fire
protection regulation. stating their belief in the capability of rnsk tools" to auigment
deterministic fire analyses It was stated that the establishment of a minimum core
damage frequency (CDF) "cutoff value would indicate when 'victory" cuuld be declared
with respect to circuit analysis fire safety Another industry representative made the
point that risk cons~derations are already implicit in the fire protection regulation and are
explicit in approved exemptions (e.g.. safety evaluation wordings such as 'the event has
a low probability') Some industry representatives suggested that licensees use
Regulatory Guide 1 174. 'An Approach for Using Probabilistic Risk Assessment in Risk-
Informed Decisions on Plant-Specific Changes to the Current Licensing Basis.' to
pnoritize circuit analysis related plant design changes. A concern was expressed that
the assumptions, bases, and specifications of any new nsk-oased approach to fire
protection may constitute a new licensing basis that is enforceable upon licensees.

3 The answer to Generic Letter (,GL) 86-10. Question 5.3.10. supports the position held by
some licensees that they need postulate only one spurious component actuation per fire
event per fire area.

4 Mechanistic motor-operated valve damage (inability of the valve stem to move) from
fire-induced control circuit failure as discussed in Information Notice 92-18 is a change
from the NRC's answer to GL 86-10. Question 5 3 1 . which refened to the analytical
consideration of 'all functional failure states"

5 Except for high-Rlow-pressure interface components, possible spunous Lctuations
shoula be analyzed one at a time. not sequentially or with cumulative effects .

6 The Brown's Ferry fire showed that cable jactket fires progress slowly so that some
systems within a fire-affected area may be available to mitigate a fire event, and that
even systems affected by a firs may be successfully used to mitigate a fire event The
Brown's Ferry fire experience also indicates that repairs (without procedures prepared in
advance) may be successful and that multiple spurm.ous signals may be gene.rated by a
fire but have a low safety impact (e g . the operator may mitigate their effects)



2

7 One speaker stated that he believes that multbpe high-umpedance faults (MHIFs) will
quickly become high-current (contact') faults, resulting in fast. coordinated fault
clearing

8 One workshop speaker stated that 'hot shor duration would be limited by conductor
grounding to cabie trays. or conductor burn- through, or the actvation of
isolation/protection devices. A number of industry representatives stated that.
realistically. circuit faults need not necessarily be assumed to be of long-term duration
Further. they stated their belief that there are conceivable situations in which reactor
plant circuit analysis sho-vs thaW time would separate bpunous openings of (for example)
high-/low-pressure interface valves in series, and that licunsees should be allowed to
take credit for such analyses. They continued by indicating that possibly some assumed
standard time between independent actuations could be identified and/or endorsed by
the NRC (even in the cases of control rooms or cable spreading rooms)

[Ouring a question a'nd answer session, the NRC staff stated that its use of the term
'simultaneous" in the post-,ire safe-shutdown circuit analysis context refers to overlap in
the durations of circuit faults and/or spurious actuations. and does not refer to circuit
faults and/or spurious actuations that are necessarily initiated at the same moment in
time Further. the staff sta:ed that any and all fire-induced spunious actuations or signals
resulting from a fire in a given area could occur, but their likelihood to occur
simultaneously (initating at the same moment of time) is low However. since it is not
possible tc predict when .3punous signals or actuations could occur. it is conseivative to
consider tnat mu!tiple spurious signa!s or actuatons may exist simultaneously Nhen
evaluating the functionality of a required safe shutdown component]

9 For any given fire area, there were questions regarding which analytical assumptions
are necessary for the number of faults per fire-affected ccnductor, the number of
conductors faulted simultaneotusly within a fire-affected multi-conductor cable the
number of simultaneous non-multi-conductor cable electncal conductor faults per fire.
the number of simultaneous spurious signals per fire. and the number of simultaneous
spunous component actuations per fire Questios were also raised about how
analytical assumptions should vary if the components at issue are part of
high-/low-pressure interfaces, or if there are differences in the electrical design
charactenstics of the subject circuits (e 9. three-phase ac motoi windings. ungrounded
dc circuits, or dc control circuitry)

10 One workshop speaker, who served as an industry representative dunng the
development of GL 86-10. stated thaht the Nuclear Utility Fire Protection Group
(NUFPG). with respect to GL 86-10. Section f 3 10. 'Circuit Failure Modes.'
Sect,on 5 3 2. "'Hot Short* Duration." Section 5 3 8. "Short Circuit Coordination Studies.*
and Section 5-3 10. ^Design-Basis Plant Transients,' intenoed only to provide
standardized analytical methods tc filter' numerous unnecessary equipment damage
sets and shutdown scenarios from the circuit analysis Also. this speaker stated that
there was no intent bv NUFPG to limit spunous actuations to just one 'event- per fire
And lastly he stated that there was recognition by NUFPG that a single signal should be
taken to its logical conclusion including component damage or m ,!tiple actuations
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11 Some attendees questioned whether there were test reports that specify the causes.
types and modes of circuit failures (MHIFs, three-phase tiot shorts, etc.) that can occur
in a reactor plant.

12 Numerous requests were made for the NRC to provide detailed circuit analysis
assumption and methodology guidance, and to clarify phrases such-. as *any and all. one
at a time.' which could have various interpretations (e.g., 'any and all combinations of
circuit faults acting ca one component at a time," or 'any and all circu•t faults are
considered, but only one fault is assumed to be in effect during any specific time
interval").

13 An industry representative asked whether post-fire safe-shutdown analyses need to
address and mitigate possible situations in which a protected safe-shutdown ccponent
may be out of service (e g.. ir, a Limiting Condition for Operation statement) at the time
of a postulated fire. which may damage the unprotected redundant component.

14 One participant stated that in light of the Thermo-Lag issue. it is essential that licensees
ensure that they have performed adequate circuit analyses

'p. ,3



ATTACHMENT 5

VERBAr;i LIST OF QUESTIONS, COMMENTS, OPINIONS, AND SUGGESTIONS
EXPRESSED BY STAKEHOLDERS AT THE WORKSHOP ON

POST-FIRE SAFE-SHUTDOWN CIRCUIT ANALYSIS
HELD ON JULY 23, 1998

[NRC CLARIFICATIONS BRACKETED]

Circuit Failure Numerical Credibilty

0 is there a general and arbitrary cutoff to the number of circuit faults or failures which
should be assumed per fire and/or per fire area?

* How many circuit failures must bo considered to occur simultaneously or sequentially
per spurious component actuation? 1. 2, 3. 1007

0 The issue of boundary isolation valves (two valves in senes) has changed from the

GL 86-10 era.

Circuit Failure Timin9. Duration, and SeauencinolSimutaneity

* Vv'hat is the rime between multiple spurious actuations as a fire progresses? This will
affect the time available to take positive actions in response to fire-induced failures.
How would one analyze areas such as the. cc itrol room, containing many thousands of
circuits faulting randomly, and in any combination?

* The NRC stated in its presentation that at Brown's Ferry a high number of circuit failures
occurred within a 'short" period of time. How soon did unexpected or unexplained
conditions occur, and how soon did fire suppression occur?

* The NRC stated that analysts need not consider spurious operations occurring
simult-v usly. but that they should consider multbple spu,-ous operations bein, in their
potenti,., p:oblem [problematil positions during the same time interval [failure states
overlapping in time. bi.t not uccurring simrIAt.aneously) In terms of pump damage, this
would mean [that] the analyst should consider and take action regarding spurious pump
run and [concurrent] spurious valve closure. Is this correct? [See Key Message #8 in
Attachment 4 for staff input on this important issue].

Ciicuit Fault NumercaltCombinatiorCredibility

" Do we lave to consider in our analysis a hot short (from one conductbrj ar•d a short to
ground (from another condutlor) simultaneously to energize a component7

* How are three normal fire-induced circuit failures matenaily different fro,... ,,t6ee 3-phase
circuit failures of the proper polarity?
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* What is the difference between a 3-phase ac circuit failure (which is basically three
conductors from one cabie connecting with 3 conductors from another cable (three hot
shorts), and three hot shorts on three separate cables tor three MOVs [motor-operated
valves]7 Similarly for ungrounded dc circuits Why the distinction for analysis?

* Do the special cases of 3-phase ac circuits and ungrounded dc circuits demonstrate
some general limitation on the type and number of circuit failures which are appropnate
to be considered?

0 For a non-high-/low-pressure interface multiple conductor cab!e expenencing hot shorts.
do we assume that any conductor in the cable can short to any other conductor in the
cable?

0 For an ungrounded dc circuit, do we assume [that] a post..va conductor shorts to one
unenergized conductor, while a negative conductor shorts to another urnenergized
conductor thereby energizing the circuit of the two previously unenergized conductors'

0 With r%.*pect to slide #16 cf the NIRC presentation, must we not consider two hot shorts
of the proper polarity (on ungrounded dc circuits) resulting from internal cable shorts?
This appears to be a change from GL 86-10. Please explain or justify.

0 Guidance on high-/low-pressure interfaces. The AEOD [Office for Analysis and
Evaluation of Operationa! Data] report on inibating event frequency indicates the
ISLOCA (interfacing systems loss-of-coolant accident] concern is overemphasized
Facts- low pressure pipe has an approximate factor cf safety of 3. For BWRs [boiling
water reactors)j, low-pressure ECCS [emergency core cooling system) pipe design
pressure is 450 psi Thus. the ultindte burst pressure !s less than 1200 psi Because
BWR operating pressure is approximateiy 1100 psi,. no pipe break will occur (although
pressure relief valves may lift. licensee an3lysis may show the relief flow rate will not
interfere with post-fire safe shutdown)

0 The NRC's two cases of hot short guidance are insufficient. What about multiple cable-
to-cable hot shorts on grounded ac control circuits? Do we assume 1. 2. or more? If a
hot short is required on the pnmary circuit and another hot short on the auxil~ary circuit.
both are required for .,punous actuation Isn't this another ;ow probability of occurrence
situation like the ungrounded dc hot short? The NRC should provide guidance on what
constitutes an incredible number of faults on grounded ac circuits To assume an
unlimited number of hot shorts on multi-conductor cables is not realisttc. It goes beyond
the credible occurrence of two ungrounded dc hot shorts of proper polarity A possible
solution would be to assume one hot short for each component's circuitry In the case
of multiple components spunously actuating because each has spunous cables in a
fire-affected area, an acceptable numencal limit should also be defined



3

Circuit Fault Characteristics Credibilit,

0 The prediction of i:-e-induced circuit faults should consider the effects of suppression.
smoke, and other ccmbustion products

* What is the data on correlating the degree of thermal exposure and the nature of false
instrument signals and/or indication readings?

0 Have the circuit failures postulated by the rule [Appendix R] been expenencec through
testing? If so. where and when? Is there a test report available for public review and
comment If licensees must provide technical basis, so shoud the NRC when
postulating nodes of circuit fai.ures. Has the NRC considered establishing an expert
panel of electrical technical experts to evaluate the technical validity of the NRC's
postulated circuit failure modes?

* No one has provided an actual example of a credible cable or conductor failure using

IEEE [Institute of Electrical and Electronics Engineers] 383 cable

Circuit Failure Sourious Actuations/Operations

* How many functionally related [simultaneous] spurious component actuations must be
considered (2. 3. 4. 5. or an infinite number)? Consider, for example, that significant
damage of a plant's electrical distribution system could occur from a certain set of DG
[diesel generator) auto starts and breaker closures. Is this a scenano which needs to be
considered?

0 if the IN 92-18 [Information Notice 92-18] issue of MOV failure i. valid from a control
pov'er circuit fai!ure perspective (which has happened in testing due to incorrect wnrngi.
then the issue is plausible, fits the current regulation, and the NRC should just issue a
paper with arn industry time for compliance to ensure safe shutdown, can be achieved.

0 The NRC staff needs to provide more detailed requirements for associated c.rcuit
analysis in the area of MOV daiage (limit switch/torque switch) due to a "smart short"
The staff has added new or p,eviously ill-defined asst'mptions Further. during FPFIs
[fire protection functional inspectionsl, the staff should not just note findings •n.:nst
plant-specific analyses Rather. the staff should offer "staff-acceptable c.Jlutions'
without violations or enforcement

CircJ1it Analysis Assumotions and ComDleteness

* For the phrase "Any at all. one at a brme with respect to a fire in a fire area, does this
mean -

For 2ach component with fire-affected cables any ano '11 combinations of circuit
I 11 are considered, but only fo: the spunous actuation of one component at a

time. or
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For each componenL any and all circuit faults are considered, but only qyo
!.ft fault at a tiM (r-,'aning that if multiple faults are required to cause an

actuation, the fault need not be considered)?

0 With respect to ECCS Syestemn automatic initiation logic, is the one hot short assumption
operative except for highriow pressure interfaces?

Multiple High-lmoeoance Faults (MHIFs)

* Based on Mr Rivera's talk. are multiple high-impedance (arcing) faults (end therefore
the tripping of major upstream circu. breaker devices) credible? How does the NRC
intend to re-address MHIF based on Mr. Rivera's talk?

Use of PRA [Probabilisfic Risk Assessment) /Risk Informatio2

" Is there a risk or safety significance cutoIf for fire initiation, fire spread, or fire damage
below which analysis is not necessary? How would such a cutoff be reconciled with the
deterministic teatures prescribed in 10 CFR (Part] 50. Apoendix R? There has to be a
CDF [core damage frequency] number that is so low that the consequences of the
accident are irrelevant.

" PRA approaches are currently being considered in the NFPA INational Fire Protection
Association] 805 process Have the likelihood of multiple high impedance fautts (MHKFs)
and 'three-phase hot shorts" been considered? Have these scenanos actualiy beei
experienced in indultry? If so, where and when?

" Safety significance must be : concern. However. the probability of occurrence must
also be applied to bring some conclusion or completeness to the analysis.

* Some industry representative seem to want to replace deterministic rules with PSA
[probabilistic safety assessment] or PRA numbers. It seerrs that they have a
disconnect between probability and severity.

* A staff comment that *even if probability is very low. if consequences are high you
should fix it suggests lack of understanding of cr..,lpeting issues that need attention at
commercial reactor pla.&fts If the regulation doesn't explicitly address low probability. it
should Continue the focus on safety cignificance versus literal compliance,

* If the staff is going to pursue the 'hot short' issue. it should be done through ftiensee
PSA analysis which is standardized plant to p.ant. followed by a sa/iety evaluation report
stating that licensee safety-signiificnce determinations are acceptable

* PSA seems to be a powerful tool It would be a shame if we were depnved of it to
resolve this issue
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Risk and Ugensirt Sa1sEn~forceaWbijit

S NWi tools to measure the safety significance (risk) of fire-induced circuit failures
encompass inspection finding highlighced configurations currently designated by the
NRC as *unacceptable.' as well as encompass problems reported by the flcensees
themseives?

* Would the assumptions, bases, and specifications used to establish proposed nsk-
based approach to the fire protection regulation constitute a new licensing basis
enforceable upon a licensee?

The Brown's Ferry Lessons

* Reactor plants no longer have physical chara:ternstics ef the 1975 Brown's Ferry plant
since today's plants maintain train separation, have fire-retardant seals and cable
jackets. and have cables enclosed in 1-hour and 3-hour fire bamers. Al,).
a Jministrative controls, fire brigade equipment, and training are better today. Given this,
•,hould we not move away from Browrn's Ferry (credit subsequent plant design and
procedur-, changes, such as timeliness of suppression with water) end determine what
is important now?

Aoe.ndix R and Techniical Soe2Cfications

0 Example- One EDG [emeger-cy diesel generator] is out for maintenance under a
limiting condition for operation A fire occurs, damaging the oher redundant EDG, and
a loss of offsite power occurs Therefore. an inadequate power supply exists for the
cor,-ict of the post-fire safe shutdown. Is this a situation which must be addressed by
licensees?
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