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Exr:évnvs SUMMARY

Many U.S. Nuclear Regulatory Commission (NRC) hcensees use the Thermo-Lag 330-1
(Thermo-Lag) fire barrier system to meet the NRC's requirements for the protection of safe
shutdown equipment. In response to industry operating experience and allegations regarding
the use of Thermo-Lag, the Director of the Office of Nuclear Reactor Regulation (NRR)
established a special review team to determine -whether or not the operaling experience and

- allegations had generic applicability and to. assess the safety significance of any identified
concemns. The purpose of this report is to document the results of the review completed by
the special review team. '

The special review team reviewed the NRC's requirements and guidance regarding fire
barriers; reviewed docket informaticn for six operating reactors and information provided

voluntarily by three licensees; reviewed vendor supplied documentation and fire endurance .
. and ampacity derating test reports; and visited five operating reactors.

Based On its review, the specnal revnew tum concluded lhat

!

:;Thc fire resistance. muugs and the ampacuy dcraung factors for the Thermo— L
~-Lag 330-1 ﬁre bamer system are mdctcrmmatc . , o

Somc lxcensecs havc not‘adequately tcvnewed and cvaluated lhc ﬁte endurancc te_sx '
results and the ampagity derating test results’ ‘used a the licensing basis for their -
'mcrmo-ug;bamers to. detcrmmc the validity ‘of the tests and thc apphcab:hty of the

prowded in Generic Leﬁer 86 10 "lmplememanon of Fire Protection chuxrcmcnts “
April 24, 1986.

. Some licensees used inadequate or incomplete installation procedures duning the
construction of their Thermo-Lag barriers.

fety Signifi

Although the special review team considers the fire resistance ratings of the Thermo-lLag fire
barners indeterminate. there 1s evidence that the barmiers will provide some level of fire

| protection. In addition, most fire areas have low fuel loads. controlled ignition sources, and
are equipped with other passive and active fire protection features to alert and assist plant
operators in the event of a fire. Therefore, the review team considers the relative safety .

. significance of the fire bamer concerns 1o be low. :

Ampacity derating calculauions based 'on nonconservative dcranng'l‘acmrs could result in the
installation of undersized cables and raceway overfilling. This could cause higher than




Py
2

+ B
-
-
~
1
LN
B
MRS S

design operating temperatures within the raceways thereby recucing the design life of the -
cables. Design changes may be required to extend cable life and to restore safety margins.
The special review team did not identify any immediate public health and safety concemns
regarding the ampacity derating issues, but recommends that the licensees and the NRC staff
assess the safety significance of any plant-specific ampacity derating issuss that are identified
during follow up reviews of the generic concerns. '

- Recommendations
Based on its findings regarding the use of Thermo-Lag fire barriers by the commercial

-nuclear power industry and the relative safety significance of the findings, the special review
team recommended to the Director, NRR, that the NRC:

° Advise industry of the staff’s concems regarding Thermo-Lag fire barriers through
Lo the Nuclar Utnhm Management and Resources Councnl (NUMARC),

-‘fProv:de the mdusn'y with the mulu ofthe team'’s plam site visits and the spec:ﬁc )
eoneanszand techmal issues regardmg Thermo-hg that ‘were :dcnuﬁed by lhc

ts review. The team discussed the technical and safety concerns it ndenuﬁed while
performing its special review assignment. The team provided a draft generic letter to
attendees of the meeting. The draft generic letter was placed in the NRC public document
room with the team’s meeting minutes.'

The review team'’s trip reports were placed in the NRC public document room on
March 18, 1992.2 This report documents additional technical 1ssues and concerns identified
by the review team while performing its review assignment

! Memorandum from F.J. Miraglia, NRR, to T.E. Murley, NRR, "Minutes - Meeling
Between the Special Review Team for the Review of Thermo—Lag Fire Barrier Performance
and NUMARC," February 13, 1992.

chtter from A. 'I'hadam NRR to A. Manon NUMARC March 18 1992
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The special review team has satisfied its charter and has transferred the remaining activities

to the NRR line organization. These activities include, for example, finalizing the generic

letter proposed by the special review team, working with NUMARC and industry to resolve
. generic technical and safety issues, and reviewing corrective action plans for resolving any .
plant-specific issues. '
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BACKGROUND

The Thermo-Lag 330-1 (Thermo-Lag) fire barrier systemn is available from its manufacturer
and supplier, Thermal Science, Incorporated (TSI, the vendor), St. Louis, Missouri, with fire
resistance ratings of 1 hour and 3 hours. The NRC licensees use Thermo-Lag fire barriers to
satisfy the NRC'’s requirements and guidance for protecting safe shutdown equipment from
fire and to achieve physical independence of electric systems.

L Establishment of Special Review Team

Gulf States Utilities (GSU), the licensee for River Bend Station (RBS), informed the NRC of

Thermo-Lag fire barrier installation problems’ and of the failure of an "as-designed” '
- Thermo-Lag fire barrier duﬁng a 3-hour fire endurance test conducted by the Southwest
- Research Institute (SWRI).* Later, GSU reported additional discrepancies in the installation

- of Thermo-Lag fire barriers at RBS.® In addition, in February 1991, the NRC received -

allegations that Thermo-Lag fire barriers may not provide an adequate fire barrier. During
May 1991, the staff visited RBS to review with GSU the circumstances surrounding the
fanedfutmandmemmllanondlscnpancm mmfffoundﬂmuwmultsofmeSwm L
ﬁmmdumtennised concerns regardmg thcabnhty of’l'hermo-lag toprovxdea ﬁm

“For exampk a Nonhcm Stafu Power engmeer mformed the spectal review team that oaiy “

¥ GSU Licensee Event Report (LER) 89-009, “Inadequate Thermo-lag Covenings as
B ' FlreBamerPerTS 7.7.7.a," April 17, 1989. '

‘ Letters from.! E. Booker, GSU, to U.S. NRC, December 20, 1989 and
January 9, 1990

. * GSU LER 90-003, "Inadequate Thermo-Lag Fire Barrier Envelopes. Surroundmg Safe

Shutdown Circuits Per T.S. 3/4.7.7," March 8, 1990 and Rev. 1, July 12, 1990, Rev. 2,

February 4, 1991, and Rev. 3, June 28, 1991; and GSU LER 91-008, “Lack of Fire Wrap -
- - Inadequate Fire Barrier Caused by lnconsnslcncy in Design Bases Documentation, ®

May lS 1991.

| ¢ Appendxx VII 10 letter from R. Feldman TSI. o F.I. Mxragha NRR,
OctoberS 1991




two conduits are ptmected with Thermo-Lag fire barriers a* Monticello. Conversely, Texas .
Utilities Electric Company (TU) has installed more than 20,000 square feet of Thermo-Lag
in Comanche Peak Steam Electric Station (CPSES), Unit 1.

While conducting its special review assignment, the team identified 49 test reports that
document the results of fire endurance tests conducted to determine or evaluate the fire
resistance of Thermo-Lag fire barriers installed on electrical raceways. These tests, which
were performed by various sponsors between February 1981, and December 1990, are
identified in Attachment 2. Of these 49 fire tests, the team found that the NRC staff
reviewed four fire endurance test reports for Thermo-Lag fire barriers during plant licensing
activities. These licensing reviews are discussed below.

ﬁie-TheﬁrstﬁmendummemofaTlumlagﬁrcbamerdm:hemﬁmncwedwasa
- “1-hour fire endurance test conducted by SwRI for CPSES in September 1981, Based onits . -

. .evaluation of the SwRI test report, the staff concluded that the TSI mtcnal/systcmcouldbe e
usedwmuwmqmmmmoprpendxmelOCPRPanSOandwas, thenfore. e

‘mal982 Aﬂammﬁmumwofmmwmbammn
' ; of,xtsimennontomt!_wCPSEStmnttswchniwm”

that thesamulated test differed from the ASTM E119 test mcthod in several areas, such as
the accuracy of the furnace temperature control and the type and the number of
thermocouples used for measuring test specimen temperatures. The staff also found that the

7 SWRI Report 03-6491, “Fire Qualification Test of a ‘Protective Envelope Systcm."'
0ct'ober 27, 1981.

' Letter from R.L. 'I‘edesco NRR, to R.J. Gray, Texas Utihties Genemtmg Company,
December 1, 1981. :

® Letter from N.W. Curtis, PP&L, 10 A. Schwencer, NRR, February 9, 1982,

. 10 | etter from N.W. Curtis, PP&L, to A. Schwencer, NRR, May, 12, 1982, and TSI
Technical Note 8232-1, "Engineering Test Report - One Hour ASTM E-119 Fire Simulation
Facility Fire Test Followed by a Short Term Water Hose Stream Impact Test on a Class 1E

, _Cablc Tray and Alr Drop Assembly," June 1981 -




application procedure used for the test specimen was not clearly specified and that the test
. results did not provide adequate assurance that the proposed cable wrap was tested in the as-
installed configuration. Finally, the staff was concerned that adequate quality assurance
procedures were not followed in the preparation of the test assembly, during the conduct of
the test, and during the preparation of the test report. On these bases, the staff concluded
that the test was :ot performed in accordance with American Society for Testing and
Materials (ASTM) Standard E119, "Standard for Fire Resistance of Building Materials,” and,
therefore, was not acceptable.! Later, PP&L submitted a report for a 1-hour fire
endurance test conducted at SWRI for PP&L to justify the proposed design change.'? This
SwRI test showed that conduits protected by the proposed method provided a 1-hour fire
rating. However, the cable tray and air drop barriers failed to meet the temperature rise
acceptance criteria. The staff accepted this test for conduit fire barriers at SSES, but not for
cable trays or air drops."

. - The fourth repon involving Thermo-Lag fire barriers that was reviewed by the staff was 2’
" 3-hour fire endurance test submitted by Washington Public Power Supply System (WPPSS)
~for Washington Nuclear Project, Unit 2 (WNP2).'* " The staff found this test, which was
~conducted by TSI at its test famlny, an acceptablc basns for mstallmg 'm:nno-ug ﬁre
bamers at WNP2 i -5 e , ‘

revmmfoundﬂmd\ethreeﬁmtestmponsthaxwenmptedbylhes&ff
documented tests of specimens assembled using the vendor's direct spray application method.
er, with the exception of SSES, Umtlmdhuugedapphcahomat\\mn the review .

id not find any field installations cqnstmctedmmgmeduectspnymemod
friers i 1 are _stmctedofprefnbnwed

' U.S. NRC, "Safety Evaluation Report Related to the Operation of Susquehanna Steam
Electric Station, Units | and 2," NUREG-0776, Supplement 3, July 1982, pg 9-1.

12 Letter from N.W. Curtis, PP&L, to A. Schwencer, NRR, August 25, 1982 and SwRI
Report 01-7163, "Qualification Fire Test of a Protective Envelope System.” August 1982.

" U.S. NRC, "Safety Evaluation Report Related to the Operation of Susquehanna Steam
Electric Station, Units 1 and 2, NUREG-0776, Supplement 4, November 1982, pg 9-2.

' ITL Report 82-5_-3558, "Three-Hour Fire Endurance Tests on Therﬁx&lag 330-1
; Subliming Coating Envelope System for WPPSS Nuclear Projects.” July 1982.

3 U.S. NRC, "Safety Evaluation Report Related to the Operation of WPPSS Nuclear
- Project No 2," NUREG-0<592 Supplcmem 3, May 198'4 pg 9- ? .




While conducting its review, the special review team found that both the NRC and industry
have addressed prior concerns regarding fire barrier testing and installation. Examples of
these concerns are discussed below. :

In SECY 83-269, "Fire Protection Rule for Future Plants,” July §, 1983, the staff informed
the Commission of generic issues arising from its review of almost 600 requests for
exemptions from the requirements of Appendix R to 10 CFR Part S0. These issues included
problems encountered with the testing and installation of fire rated cable wraps. The staff
reported that although the materials performed adequately in laboratory test furnaces, field
installations introduced uncertainties due to variations in the training and abilities of
installation personnel. The staff considered these uncertainties to be of marginal safety
significance. The staff also reported that some facilities had installed fire barriers without a
‘basis for their fire rating such as an Underwriters Laboratories, Incorporated (UL) listing or . .
testing conducted by a nationally recognized testing laboratory for the configurations installed .
 the plant. . The NRC informed the industry of these problems in Office of Inspection and
forcement (OIE) Information Notice (IN) 84-09, "Lessons Learned From NRC Inspections
Fire Protection. Safe Shutdown’ Systems (10 CER 50, Appendix R),” February 13, 1984.
The IN. stated: . “At some of the facilities- inspected, fire barriers were installed without basls
ﬂwuﬁmmnn;(wchuUthnngotmngconducwdbyaMuliymw i
ting hbomtmy for. the eonﬁguranm mstalled in' the plant). . Fire barriers.i nsulled lo eet,-'f
n . endix R.must have such-a rating.. -

or 3-hour fire barrizr because the licensee applied the material improperly and in untested
configurations. Preliminary results of tests conducted by the licensee indicate that the 1-hour .
application may provide a 32 to S0-minute fire rating. The 3-hour apphcauon may provide
150 to. 160-minute fire rating.” The licensee resolved this issue by removing and replacing
some of the fire barriers and by qualifying others by fire endurance tests conducted at TSI.
Finally, in March 1991, as part of a scheduled annual inspection, the licensee for WNP2
found two deficiencies with a Thermo-Lag fire barrier protecting a safety-related cable
tray.'® The licensee attributed the defects--inadequate Thermo-Lag thickness on the side rail

16 Inspection Report 50-397/86-05, April 2, 1986.
17 Inspection Report 50-397/87-02, Apnl 17, 1987.

'* WPPSS LER 91—004 “Inadequate Fire Protecuon (Thenno-Lag) of Division I Safe
- Shutdown Cab'les‘DAue to Inadequate lnstallanqn and lnspecm_)n April 28, _199,1



of the cable tray and an incomplete transition between a prefabricated Thermo-Lag panel and
a Thermo-Lag spray application--to installation ¢rrors and inadequate inspection practices.

In another example of a plant specific problem, CPSES originally built its Thermo-Lag fire
barriers using panels that had been site-fabricated by the CPSES constructor. Subsequently,
the licensee identified deficiencies in the thicknesses of these panels during inspections of the
installed fire barriers.' The licensee removed about 12,000 square feet of the site-
fabricated Thermo-Lag panels and replaced them with panels manufactured by the vendor.

Although not directly related to the Thermo-Lag fire barrier issues, the special review team
. noted that the NRC recently addressed similar concerns regarding penetration seal design,
qualification testing, and documentation. The team found that the opcrating experience
discussed in the information notices issued regarding these concems’™ provided insights into
the implementation of the NRC's requirements and guidance for the protection of safe

. _shutdown capabxhty and quahﬁmnon ﬁrc testmg :

:.f"jthle conductmg nts mvnew ass:gnmem the specxal review tmm revnewed nine test rcpons o
that documem the mults of tests conducted to determine xhe ampacuy derating factors for

: -F, an 82355-1’1) The review team also t‘ound that an ampacuty-
detatmg test conducwd at SwRI yxelded ampamty derating factor of 37 perccm for a 1-hour
barrier. .

~ The special review team also found that the staff and the licensees have previously addressed
concerns regarding ampacity derating. For example, in 1986, NRC inspected the Minnesota

' Letter from W.J. Cahill, TU Electric. to U.S. NRC. October 12, 1989.

* IN 88-04, "Inadequate Qualification and Documentanion of Fire Barrier Penetration
Seals,” February 5. 1988; IN 88-04, Supplement 1. "Inadequate Qualification and A
Documentation of Fire Barrier Penetration Seals,” August 9, 1988; nd IN 88-5¢6, "Potential
‘Problems with Silicone Foam Fire Barrier Penetration Seals,” Augusl s 1988

2 UL PrOJeC( 86NK23826, File R6802, "Special Services Investigation of Ampacny
Deratings for Power Cables in Steel Conduits and in Open Ladder Cable Trays with Field-
Apphed Enclosures . Januarv 27 -1987. B . _ A




Mining and Manufacturing Company (3M), Saint Paul, Minnesota,” to review the
circumstances surrounding concerns identified during an NRC inspection at Fort Calhoun
Station.” The NRC concerns were: (1) Omaha Public Power District (OPPD), the

licensee for Fort Calhoun Station, did not verify the validity of the ampucity derating values
supplied to them by 3M, and (2) OPPD or other NRC licensees could misinterpret the
derating values because of the way they were presented by 3M. Afier the vendor inspection,
3M informed its nuclear customers that its ampacity derating information should be used only
to assess the general impact of 3° "« fire protective envelope systems with respect to
ampacity derating and that ampa critical situations must be evaluated by performing
actual tests.

2 Inspection. Report 99901038/85-01, March 11, 1986

P Inspecta Report 50-285/85-22, December 13, 1985, -~




" NRC REQUIREMENTS AND GUIDANCE

While conducting its review, the special review team reviewed the NRC's requirements and
guidance regarding fire barriers and ampacity derating, and the documents that provide the
bases for the requirements and guidance. The following discussions provide an overview of
the current reguirements and guidance regarding fire barriers. They do not contain any new
requirements o7 staff positions.

Fire Protecticn

Federal Regiszer, Volume 45, Number 105, "Fire Protection Program for Nuclear Power
Plants Operating Prior to January 1, 1979, May 29, 1980, and Generic Letter (GL) 86-10,
"Implementation of Fire Protection Requirements,” April 24, 1986, contain detailed

, discussions of the NRC's fire protection requirements and guidance. (The NRC's

B requirements and guidelines for fire barriers are contained in a variety of NRC documents.
The extent to which these requirements and guidelines apply to a specific plant depends on

_plant age, licensee commitments, the NRC safety evaluation reports and supplemcnts for.the
piant. and me ﬁm proiectxon hccnse condmons ) .

Geneta!D&ugaCmenon(GDC)El "Fueprotecuon, oprpendnxA Generachs:gn
Criteria for Nuclear Power Plants,” to Title 10 of the U.S. Code of Federal Regulations, Pant .. - -
50 (10 CFR Part 50) states that structures, systems, and components important to safety shall»
bedmgnedudlou!ed to minimize, consistent with other safety requirements, the ~ = -
probabmty and effect of fires and explosions. - ‘The licensees rely ontheir fire protection
, ) sazisfy GDC. ,3 ‘*'Foilowmga mqor ﬁre at the Bmwns Ferry Nuclear Station on

"By early 1980, most operating plants had implemented most of the guidelines in BTP APCSB
9.5-1 or Appendix A to BTP APCSB 9.5-1. However, several licensees refused to adopt
staff guidance related to several specific generic.issues. On May 29, 1980, the NRC
published a proposed rule for nuciear power plant fire protection, Section $0.48, "Fire
protection,” (i0 CFR 50.48) and Appendix R to 10 CFR Pant S0, "Fire Protection Program
for Nuclear Power Facilities Operating Prior 1o January 1. 1979." which proposed minimum

# U.S. NRC, "Reéommendations Related 1o Browns Ferry Fire." NUREG-0500. -
February 197¢ . - ~ '

10



requirements for the unresolved issues.” On February 17, 1981, 10 CFR 50.48 and
Appendix R to, IOCFRPanSObemmceffectwe“

Section 50.48 requires that each nuclear power plant licensed to opemte before

January 1, 1979, meet the requirements of Section II1.G, “Fire protection of safe shutdown
capability,” of Appendix R to 10 CFR Part 50 even if the NRC had previously approved
alternative fire protection features in these areas. In a separate action the Commission
required that all plants to receive their operating license after January 1, 1979, also satisfy
specific requirements of Appendix R to 10 CFR Pan 50, including Section I11.G.

The objective of Section II1.G of Appendix R is to ensure that at least one means of
achieving and maintaining safe shutdown conditions will remain available during and after
any postulated fire in the plant. Licensees can satisfy Section 1I1.G by separaiing one safe

- shutdown train from its redundant train with fire-rated barmiers. The fire resistance rating
required of the barrier, either 1 hour or 3 hours, depends on the other fire protection features
provided in the fire area. Many NRC licensees use raceway protective envelopes, such as
Thermo-Lag fire barriers, to satisfy thc separaum reqmremems of Secuon lll G of '
Appmdxxk&olOCPRPanSO RO o

“The NRC has prowded gmdznce for :mplemenung its ﬁne promuon reqmrcmems thmugh s
- regulatory guides, standard review plans, branch technical positions, and generic letters. -
*BTP Chemical Engineering Branch (CMEB) 9.5-1, "Guidelines for Fire Protection For S
Nuclear Power Plants,” July .1981, included the acceptance criteria identified in a number of - -
these documents,: mcludmgAppendnx R to 10 CFR Part 50. :BTP CMEB 9.5-1 states: 'Thss; :
documem,_supplemu Regulatory Guide 1.75in detennunng the fire pmtecuon for o

oni rdin rrie d\a! ,ete:compxled by. the Nuclear Utility
ip” '(NUF.PG)‘ifollomng a February | 1984, industry seminar.at which
“over 90 pemnt “of the nuclear utilities were represented.

Following a Commission meeting on the status of Appendix R implementation of
May 30, 1984, the Executive Director for Operations (EDO) directed NRR to establish a fire
protection policy steering committee (FPPSC) to review fire protection issues to assure

B U. S. NRC, "Fire Protection Program for Nuclear Power Plants Operaung Pror to
January 1, 1979," Federal Register, Vol. 45, No. 105, May 29, 1980, pp. 36082-36090.

** U. S. NRC, -"Flre Protection Program for Operating Nuclear Power Plants,” Federal
Register, Vol 45, No. 225, November 19, 1980, pp. 76602-76616. ' . '

- 77 A group formed in 1980 to participate in fire protection mattcrs and composed of 27
nuclear utilities. ' .

Ty



consistent levels of fire protection safety at all plants.” One of the issues reviewed by the
FPPSC was the adequacy of the NRC guidance to the industry. In its final report,” the
FPPSC concluded that the NRC had provided adequate technical guidance to the industry,
but that there were areas where confusion could arise. The FPPSC concluded that new
guidance was not needed and recommended that the existing guidance be brought together in
one generic letter and that the Standard Review Plan, technical specifications, and licenses be
made consistent. Following comment by the program offices and the regions, the EDO
directed in December 1984, that the FPPSC report be issued to the utilities and to the public
for comment.”® Comments were received from individual utilities, NUFPG, and
consultants. The FPPSC updated its recommendations to reflect resolution of the
comments,” the recommendations were reviewed and approved by the Committee for the
Review of Generic Requirements (CRGR),*? and the EDO recommended to the Commission
that the generic letter proposed by the FPPSC be issued.” The Commission accepted the
EDO's recommendation on March 7, 1986.> The generic letter proposed by the FPPSC
was issued as Generic Letter 86-10, "Implementation of Fire Protection Requirements,” on
April 24, 1986. The detailed guidance provided to the utilities by the staff dunng the
_regional workshops was appended to GL 86—10

" - The special review team found the outcome of this review of the NRC’s fire prowcnon ’
- .. requirements and guidance significant to0 its own review effort for a number of reasons.

. .First, the staff had completed a thorough review of the NRC"s fire protection requirements -
‘and guidance with Commission involvement and approval; second, the review concluded that
~-the NRC had provided adequate technical guidance to the industry; third, the staff umformly
sdlssemmated.m ‘mwmuanons of thc requxrements and gmdame o the mdustry, founh the

‘GL: » "Fire Protection Steering Commitiee Report,”: ,
NRC 'Avallabxllty of NRC Fire Protection Policy Steering Committee Report for
Comment,” Federal Register, Vol. 50, No. 10, January 15, 1985, pp. 2056-2057.

% Memorandum from R.H. Vollmer, FPPSC, to H.R. Denton, NRR, May 3, 1985.

2 August 20, 1985 memorandum from V. Stello to W.J. Dircks forwarding Minutes of
CRGR Meeting 78 of July 8, 1985 and August 21, 1985 memorandum from V. Stello to
W.J. Dircks forwarding Minutes of CRGR Meeting 79 of July 24, 1985,

 Memorandum from W.J. Dircks to the Commussioners (SECY -85-306), "Staff
Recommendations Regarding the Implementation of Appcndlx R to 10 CFR 50,7
September 15, 1985. :

* Memorandum from S.J. Chilk, Secretary, to V. Stello, Jr Amn; E l)()
March 7, 1986. ‘



staff solxcned comments from the pubhc and the mdustry and lmly. the staff received only
one editorial comment on its acocptanoe criteria for fire bamcrs.” which it incorporated
into GL 86-10.%

ﬁ n » Q l‘iﬂ Io

The NRC provided its technical basis for requiring 3-hour fire barriers in the Federal
Register notice that issued 10 CFR 50.4R and Appendix R to 10 CFR Part 50. The NRC
stated that although nuclear power plants have low fire loads, the potential consequences of
fire are serious. Therefore, 3 hours was selected as the minimum fire resistance rating for
- fire barriers used to separate redundant safe shutdown systems. Where plant conditions
preclude the installation of a 3-hour fire barrier, the NRC considers a 1-hour fire barrier with
automatic fire detection and suppression systems to be equivalent to a 3-hour fire barrier.
Therefore, fire barriers relied upon to protect shutdown systems need to have a fire _
resistance rating of either 1 hour or 3 hours. The NRC also noted that fire barriers are rated
for fire resistance by being exposed to the standard test fire defined by ASTM E119,
. *Standard for Fire Resistance of Building Materials.” BTP APCSB 9.5-1 and Appendix A to
.BTP APCSB 9.5-1 reference NFPA Standard 251" and define fire rating as: “the endurance
~period of 3 fire barrier or structure; it defines the period of resistance to a standard fire
_exposumbetmemefmtcnualpmmmbemmxsobsewed S

‘lnGL86-10 mmcmmndmmnufmhmnmpnmcnmm
‘documentation needed to verify the fire barrier ratings, and the evaluation of deviations -
between tested configurations and field installations. GLS&lomuﬂwmﬁmmssm.
) ofmch'fmmnsadmnusfyme‘m@smqmmmcnmﬂmwbedmrmmbya"

| erally
tempcratum is 75 °F at the beginning of a fire test. The resulting 325 °F cold side.
temperature criterion is used because the raceway fire barriers function to preserve the

% SECY-85-306, Enclosure 9, "Steering Committee Resolution of Comments on the
Recommendations of the Fire Protection Policy Steering: Committee (50FR20‘6
Jan. 15 1985; GL 85-01)." '

» Secuon 3.2, "Fire Barmer Qualification,” of Enclosure 2 to GL 86-10, Apn’i 24' 1986.

37 Nanona] Fire Protection Association (NFPA) Standard 251, *Standard Methods of Flre
Tests of Building Construction and Malenals is identical to ASTM E119 and is referenced
- in some NRC guidance documents. - :

13



integrity of the cables and keep them free of fire damage. GL 86-10 stated that cables that
begin to degrade at 450 °F will be free of fire damage at 325 °F.

GL 86-10 also stated that to verify the fire resistance rating of the fire barrier, the licensees
- should have the design description of the barrier and the report that documented that a test
assembly passed a standard fire endurance test. According to the test standard, the test
assembly should represent materials, method of assembly, dimensions, and configuration for
which a fire resistance rating is desired. Construction variations may substantially change

the performance characteristics of the assembly. Therefore, to ensure that the fire barriers
can provide the level of fire protection required, the licensees should either install barriers
that replicate the configurations that were tested or justify that fire barriers that deviate from -
the tested configurations provide an equivalent level of protection. In Section 3.2.2,
*Deviations from Tested Configurations,® of Enclosure 2 to GL 86-10, the staff identified
five criteria that should be met by the licensees where exact replication of rested
configurations for cable tray and conduit barriers cannot be achieved in the field. The
criteria addressed the continuity of the barrier material, the thickness of the barrier, the
- nature of the support assembly, the end use of the fire barrier, and the review of the
" configurations by a qualified fire protection engineer. Section C, *Documentation Reqmred o
to Demonstrate Compliance,” of GL 86-10 discussed the evaluations, anddlesuppomng ’
mlculanons needed lo deumsmte complmce w:th Appendm R.

GDC'I‘I Electnc power syuems, oprpendu A to IOCFR Pan 50 states: 'The nfety
function for each {electric power] system shall be to provide sufficient capacity and cagahnhty
””’““‘"‘”‘“‘“Wmmﬂm"whmm GDC"* bmm deme

ection systems meet’ the teqmremems et fmh in: tbe;lnsnmte of
ineery (lF.EE)Standard' 'Cntenafm?mteet:onSystemsfor_,
Nuclear’ Power Genemmg Stanons. ‘(IEEE-279). Section 4.3 of IEEE-279 identifies the
requirement for derating of components.

BTP APCSB 9.5-1 and Appendix A to BTP APCSB 9.5-1 state: "Possible cable derating
owing to use of [fire retardant coatings] must be considered during design.” In addition,
‘Section 8.3.1, "A-C Power Systems (Onsite),” of NUREG-0800, "Standard Review Plan,”
Revision 2, July 1981, states: °"PSB (Power Systems Branch) will review cable derating and
raceway fill to ensure compliance with accepted industry practices.”

Conclusion
In the review team’s judgehént, the staff 'proQided adequate technical guidance regafd-ing fire

barriers to the industry and took appropriate actions. such as holding meetings and issuing
information notices and genenc letters, where confusion could anse. The team found,
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however, that the guidance may not have been implemented by the licensees in a way that
the staff intended, as evidenced by the continuing history of fire barrier problems.

§
1
i
]
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- SPECIAL REVIEW TEAM ACTIVITIES, CONCERNS, AND TECHNICAL ISSUES
Scape of Review

The special review team focused on the followmg generic safety issues regardmg the use of
Thermo-Lag barriers by the industry:

e Will Thermo-Lag fire barriers provide a rated fire barrier when installed in
accordance with the tested configurations and the vendor’s installation procedures?

¢ Have the licensees evaluated the fire endurance and ampacity derating test results used
as the licensing basis for Thermo-Lag barriers to determine the validity of the tests
and the applicability of the test results to the plant designs?

. Have the licensees evaluated the Thermo-Lag barrier configurations installed in their
plants to ensure that they meet the applicable NRC requirements and guidance?

”'Have thc hcenseu mstal!ed tbar ‘mcnno-Lag fire barriers ptopcrly”

-Haveﬂxehcenwumad therevusedampacxty deranng factors- for'l‘henno-ug .
!hatwereprovxddby!hevendm"codetcrmmewhctherornottheymapplmble

* Mailgram from R. Feldman, TSI, to U. S. NRC, October 2, 1986.

» Memorandum from L.R. Phsoo and K.S. West, NRR to F.J. eragha NRR,
October 31, 1991.

| .
- - - % Memorandum from L.R. Plisco and K.W. West, NRR to F.J. Miraglia, NRR
'~ December 24, 1991.

“ Memorandum from L.R. Pllsco and K.S. West, NRR to F.J. Mnragha NRR,
December 11, 1991.

. 42 Memorandum from L.R. Plisco and K S. West, NRR to F.J. Mxragha NRR
December 18, 1991.




and the Callaway Plant® to review licensee fire barrier procurement and installation
specifications and procedures, and to observe designs and field installations of Thermo-Lag
 fire barriers. (The review team's trip reports were placed in the NRC’s public document
room on March 18, 1992.4) =

.

During its review, the special review team developed questions regarding Thermo-Lag fire
barrier components and materials, barrier installation methods, and fire endurance and
ampacity derating test procedures and results which it submitted to the vendor.*® The
vendor answered the questions, “ and, on October 17, 1991, met with the staff to discuss its
response and other technical issues ansmg during the review.”’ Following the meeting, the
review team issued follow-up questions,* which the vendor also answered.*

Yendor Inspection of TSI

The special review team requested a vendor inspection of TSI and assisted the vendor A

" inspectors prepare for the inspection and develop the inspection plan. The vendor inspection,

“which was conducted December 16 through 20, 1991, consisted of an examination of =

procedures and records, interviews with personnel, and observations by the inspectors. The

-xnspecm found that the vendor's QA program (1) did not specify a requirement for . -

- measuring the minimum thickness and maximunmi weight of prefabricated panels and conduit
secuonsmd&)d:d not specify adequatecommlsover fire endurance tests. The inspectors - -

/10 A. Marion, NUMARC, March 18, 1992.

“ Letters from F.J. Miraglia, NRR, to R. Feldman, TSI, September 10, 1991 (Accession
Number 9203180415) and September 18, 1991 (Accession Number 9203180424)

o " % Letters from R. Feldman, TSI, to F.J. eragha NRR, September 12, 1991 and
| October S, 1991.

4 Official Transcript of Proceedings, 'Mceung with Thermal Science. Inc., to Discuss
Issues Involving Thermo-ug 330," October 17, -1991. (Accession Number 970’050305 )

* Letters from F.J. Miraglia, NRR to R. Feldman, TSI, October 31, 1991 (Accession
‘ Numbers 9’03180429 and 9203190253).

“® Letters from R. Feldman, TSI, to F.J. Mxragha NRR, November 8, 1991,
."November 12, 1991, and December 3, 1991. - A R
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vendor of specimens consmx:wd by thc vendor. The inspection report was issued
March 26, 1992% with two Notices of Nonconformance.

Instaliation Problems

The special review team reviewed the RBS operating experience and SwRI Draft Report
01-2702, "Threz-Hour Qualification Test on Two Protective Envelope Systems for Class 1E
Electrical Circuits and Five Penetration Seals,” May 1991. The team then prepared

IN 91-47, “Failure of Thermo-Lag Fire Barrier Material To Pass Fire Endurance Test,”
which was issued by the NRC on August 6, 1991. This information notice alerted NRC

licensees to a number of Thermo-Lag fire barrier design and installation deficiencies
identified by GSU at RBS.

While reviewing IN 91-47, the Cleveland Electric llluminating Company (CEI), the licensee

for PNPP, found discrepancies in the installation of Thermo-Lag fire barriers that could

adversely affect the safe shutdown capability at PNPP. Specifically, CEI found that the

. distances between mechanical fasteners exceeded the vendor's recommendations.” On
November 19, 1991, mmbersofﬂlespemlmv:cwtammdeNPPtorevwwmenm

wxﬂlCEIandobserveﬁleu-bmlt'memo-Lagﬁmtmm” - ;

Dunng the vmt w PNPP and the four olher plams, the m:n xdenuﬁed a number of Thermo-
Lag fire barrier installation problens and concems. ‘In addition, during the meeting of
‘October 17, 1991, lhevmdormfonnedtheNRCthmusmsnllmonpmedumdnd not
-include several installation’ :steps and precautions because the information was presented
;dunn;tbecmiﬁmonmnmg” ‘On December 6, 1991, NRR issued IN 91-79, . -
Deficiencies in:the Procedures for: !nmlhn; mmug Fire Barrier Materials,” to mform

ﬂ\eNRChcenwofﬁwohmed ms!allauonpmblems | mmems.tallanpn-lssuesare

Attachment 2 (those shown in bold typeface were reviewed). The team’s technical assistance.

% Inspection Report 99901226/91-01, issued March 26, 1992.

St CEI LER 91-020, "Cable Tray Race\&ays Found to be Impaired as a Fire Barrier
Adversely Affecting Safe Shutdown Requirements,” November 19, 1991,

2 Memorandum from L.R. Plisco and K S. West, NRR, to F.J. Mxragha NRR
December 18, 1991. : :

53 Official Transcript of Proceedings, "Meeting with Thermal Science. Inc.. to Discuss
Issues Involving Thermo-Lag 330," October 17, 1991, pp. 155-159.

18




B contractor, National Institute of Standards and Technology (NIST), provided technical input
to the team’s review of seven of the test reports.

The review team identified concerns regarding compliance with NRC requirements and
guidance, compliance with ASTM E119, and adherence to good engineering practice. The
team's specific concerns involved test procedures, test facilities, test equipment and
personnel, methods of assembly, quality assurance, and acceptance criteria. Based on its
- reviews of the test reports, the team concluded that many of the tests did not meet NRC
' : requirements and guidance and, therefore, may not provide adequate technical bases for
>, | establishing the fire resistance ratings of Thermo-Lag fire barnm

In addition, the team is concerned that for the test reports it reviewed, theptocess used to
determine the fire resistance ratings of the Thermo-Lag fire barriers deviated from good
engineering practices. ASTM E119 fire endurance tests conducted to determine the fire
- resistance rating of an assembly differ from other types of qualification tests. For example,
the fire barrier assembly does not come manufactured from the vendor (such as a fire door
. assembly), nor is it a matter of assembling component parts together in the field. Instead,
shlledcnftspemnnel have 10 be instructed and trained how to construct a rated assembly
using a variety of component-parts for a range of conﬁgummns The fire resistance of the
.assembly can be affected by changing material thickness, joining and sealing methods, R
fastener spacing, fastener location, and a myriad ‘of other construction details. Therefore, for ..
assemblies requiring a "rated dwgn, {testing laboratories clearly document the design to be
qualified. - This documentation shows the geometry (configuration) and the component -
pam, specxﬁ@n oonstmcuon damls ‘such as munmum mumnems, lmans of .

On October 26, 1989, SwRI performed a 3-hour fire endurance test of a cable wray and
support protected by a Thermo-Lag fire barrier for GSU.*® The test report shows that the
tray failed on temperature rise within 60 minutes and collapsed in less than 90 minutes. The
failure of this test raised concerns regarding the adequacy of Thermo-Lag cable tray
enclosures and led to the issuance of IN 91-47. (The staff is currently working with GSU-to
have this SWRI fire test report placed in the NRC pubhc document room.) :

* The most widely-used compilation of rated designs in the United States is the Fire
- Resistance Directory, UL, Northbrook lllinois. This document contains numerous examples
of rated design sheets.

. % SwRI Draft Report 01- "702 “Three-Hour Quahﬁcauon Test on Two Protective
Envelope Systems for Class |E Electrical Circuits and Five Penetration Seals,” May 1991.
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AﬁerlNQl-ﬂwasmued the vendor, in letters to licensee ﬁreyrotecnonmgmeas"and
the NRC,” stated that the October 1989, SwRI fire endurance test was not a valid test
because of installation deficiencies. The vendor believes that the Thermo-Lag-protected test
assembly failed and collapsed because the seam at the interface of the Thermo-Lag and
Promat interface, which covered the cable tray support, separated under fire exposure and
allowed fire gases to enter the interior of the cable tray.

The test assembly consisted of two 30-inch-wide aluminum ladder back cable trays spaced
about 4 1/2-feet apart and supported by a U-shaped tube steel support. Each tray began 12
inches above the surface of a concrete test slab, extended downward through the slab to a
90° bend, continued horizontally for 44 inches to another 90° bend, and extended upward
through the slab for 12 inches. The bottom of the horizontal section of each tray was 36
inches below the inside surface of the slab. A common support was anchored to the
underside of the test slab and supported both trays at the bottoms of the trays. Each cable
-tray was filled with about 12 percent cable fill, with a single No. 8 AWG bare copper wire
mstalledmmecemerofthctray :

" One of the cable trays was protected by Thermo-Lag 330-1 prefabricated panels, The other
f:tny was protected by Pmmat-L board. The honmmal segment and 18 mghes of lhe vertical

The review team also discussed the test failure with the vendor during the October 17, 1991
meeting. The vendor informed the review team that it had received test data and
photographs of the test specimen from GSU, but that it had not observed the test specimen,
did not witness the test, and had not reviewed the test report. During the meeting, the
vendor informed the staff that the test failed within a matter of minutes because the dissimilar

% | etter from R.A. Lohman, TSI, to F. Garrelt Arizona Public Power, er al,
: August 23, 1991. -

" Letter from R. Feldman, TSI, to F.J. Miraglia, NRR, October S, 1991.
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ﬁmbamcrmalenalsmgﬂwableuay supponscpamedundcrﬁrecxposure thereby
allowing flames to enter the cable tray.**

The review team performed an independent evaluation of SwRI Draft Report 01-2702. NIST
provided technical input to the team. The review team reviewed the temperatures recorded
at locations on the bare copper wire adjacent to thermocouple (TC) 82 (located inside the
Thermo-Lag-protected tray on the bare copper conductor in the horizontal portion of the
tray), as well as temperatures along the horizontal support between the insulation interface
and the center of the cable tray.

Temperatures recorded at points along the copper wire adjacent to TC 82 (TC 81 and TC 83)
do not show evidence of impinging furnace gases before or at the time of excess temperature
at TC 82. Although it is possible that a narrow jet of furnace gases entered the cable tray
and struck TC 82 but not TC 83, which was closer to the interface of the Thermo-Lag and
Promat fire barrier matenals, the more plausible explanation of the temperature recorded
during the test is that the Thermo-Lag material enclosing the tray failed in the area of TC 82
.mdcpendem of any fallure at the mterfwe of the matemls

jThe revxew tum mluded that the vendor's explamhon of the test failure is posszble '
However, based on its interviews with GSU and the vendor, and its independent review of
memtreponandthethamocoupletempemmredm the team concluded that the SwRI test .-
specimen failed duemahlmeofﬂnmmo—ugmaalmloﬁnguwable tray, '
independent of any . failure of the material protecting the tray support. This finding = -
contributed to the review team *s conclusion that the fire resistance ratings for ﬂxermo-ug
are mdemmmm Addmonﬂ qualification testing issues and concerns that reinforced this

ITL Tests - Commeon Concerns

The review team is concemed that ITL may not have the skills or technical expertise needed
to perform ASTM E119 fire endurance tests. The team found, for example, that although
ITL is listed in the ASTM-published dxrectory of U.S. wsung laboratonies,*” ITL does not
identify expemsc m fire endurance testing in its listing.

% Official Transcript of Proceedmgs "Meeting with Thermal Science, Inc., to Discuss "
Issues Invulving Thermo-Lag 330,° October 17, 1991, pp. 159-167. :

¥ Directory of Testing Laboratories, »l991 edition, ASTM, Philadelphia, PA.
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The ITL test reports indicate that the tests were controlled and supervised by ITL, but the
team found that ITL. may not have participated in the preparation or approval of the test :
plans, the design or construction (including inspection) of the test specimens, the installation

“of the thermocouples, or the operation of the test equipment, which is located at the vendor's

facility. ITL’s role appears to have been limited to witnessing data acquisition. During the

 December 1991 vendor inspection of TSI, an ITL representative that was involved with |

several of the fire endurance tests informed the vendor inspectors that he did not compare the 3
test specimens’ dimensions against the test plans or the daily work sheets, and did not review b
calibration records for the test instrumentation. The ITL representative stated that his role in
the tests ended when the raw test data (thermocouple temperature strip charts) were
collected. The inspectors found that the vendor drafted and prepared the test reports,
including the raw data, for ITL's signature. The ITL representative informed the vendor
inspectors that his review of the test reports prepared by the vendor was minimal and did not
include comparisons of the reported data against the acquired raw data. (Detailed discussion
of ITL’s role in the TSI fire endurance tests that were presented as ITL tests are included in

- Section 3.7, "Qualification Type Testing,” and Section 3.8, “Industrial Testing Laboratory
. Role, of NRC lnspecuon Repon 99001226191-01 whlch was nssued on March 26, 1992.)

% l'l'L dxd not speclfy whether of not the thermocouple assembhw or the placemem of the
- furnace thermocouples met the requirements of ASTM E119, Section 4, "Fumnace

Thermocouples,” -of ASTM ‘E119 specifies that fumace thermocouples use No. 18 gage - o

Chromel-Alumel wires and that they be enclosed in standard weight iron, steel, or lnoonel o
pe,orﬂmdwybevenﬁedtohaveﬂwsameummnmtasdoth&smdard

thermocouples. ' Section 4 also spec:ﬁu the guidelines for the locations of fumacc

thermocouples. - ITL ref«md to using shielded Chromel/Alumel thermocouples for

momtonngfumwmpmmm Thenmew tum_nscmcemedmanwuseofmconecx

“Sutfaces of Floors, Roofs, Walls, and Partitions,” of ASTM E119 provide requlrements’ for
~ the construction and location of the thermocouples used to monitor the test specimen

temperatures. Errors could ai se if the thermocouples were shielded or too thick.

In addition, the ITL test reports typically state that "thermocouples were used to measure the
cable surface temperatures.” GL 86-10 (Enclosure 2, page 8) states that "transmission of
heat through the barrier shall not have been such as to raise the temperature on its unexposed
surface more that 250 °F above its initial temperature.” The review team is concerned that
the method used by ITL to measure test specimen temperatures does not appear to meet
either ASTM E119 or the guidance in GL 86- lO ' -

.-_lt appea:s that ITL has mnsmterpreted the ASTM E119 standdrd time temperature curve. In

addition, the requirements of Section 5.3 of ASTM E119 are mcorrecdy summarized in the -
ITL test reports. This section requires not that the temperature be between the standard
curve and 10 percent below as stated in the ITL reports but, rather, that the area under the

22




time-temperature curve be as close as possible to the standard, within prcscnbed symmetric
plus-or-minus Ii nits. :

The ITL reports rcviewed by the review team do not make the test data corrections specified
in ASTM E119. Section 6, "Report of Results,” of ASTM E119 describes a mandatory
correction for fire endurance tests of 30 minutes or over and Section 6.4 gives an equation
that is used to adjust the time to failure positively or negatively, depending on whether the
furnace temperatures were excessive or insufficient.

The ITL reports document fire endurance tests of fire barrier test specimens that are atypical
of the installed configurations observed by the review team. The configuration of each cable
tray test specimen reviewed by the tcam was a tight U-shaped assembly laid on its side. The
assemblies were cantilevered from the front face of the furnace and inclined downward. The
far end of each assembly, near the bend of the "U,"” was supported by a knife-edge type of
support that appeared to be resting on the fumace floor. (Reference, for example, Figure S,

~ "General Arrangement of a Test Article in the Test Fumnace,® of ITL Report 87-5-77,
_Revision 1, June 29, 1987.) This test assembly configuration is atypml of the

specmnsdxdndtmeetSecﬂon‘llofAS‘l‘M E119, whxchmthat'memtspecam
shallf be tmly mpmemanveof thc" eonstmction for: whxch classxﬁuhon is desxred =

speci
which classxﬁut:on is desired as ‘o materials, workmanship, and details such as dimensions
- of parts." Therefore, in the review team’s judgement, tests of representative cable tray sizes
and configurations should have been conducted to determine the fire resistance ratings for the
range of possible field configurations.

The ITL reports do not include dimensioned dréwings of the test specimeng. Section X3.3,

“Description of Test Assembly,” of ASTM E119 provides guidance on the reporting of the
description of the test assemblies. The sole test assembly descriptions provided by ITL are
thermocouple location drawings and, in some cases, photographs.
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ITL Tests - Test-Specific Concerns

In addition to the aforementioned common concemns, which the review team found with all of
. the ITL reports it reviewed, the team found test specific concerns. Examples of these
concerns are presented below.

e

ITL Report 82-3-2.% This report presented the results obtained from a 3-hour fire
endurance test of the Thermo-Lag fire wall system. The test assembly consisted of a 3 foot
“by 3 foot section of expanded metal protected on both sides by Thermo-Lag material and
stress skin. Section 14, “Size of Sample,® of ASTM E119 specifies that for walls, the area
exposed to fire shall be not less than 100 square feet with neither dimension less than 9 feet.
The specimen tested by the vendor does not meet the ASTM criteria for walls and, thcreforc,
gk does not meet NRC guidance.

R .
AETRCEIRT M ety

L he e
T

it

-11-8¢° -11-81.% The vendor informed the review team

during the October 17, 1991, meeting that the cure time for the Thermo-Lag 330-1 material
. i3 30 days.® The team found that some of the specnmcns tested under these two tests did
“not cure for 30 days prior to the tests. For example, the On-Site Applied Chronological Log
Sheets for Report 82-11-80 indicated that a finish coating of Thermo-Lag 330-1 was applied
10 Test Specimen 2G on August 24, 1982. The test was conducted 16 days lateron
September 9, 1982, - 'Finish coatings applied to Test Speclmcns 4and 6 also cnmd for only
24:M2$days.mpecnv' y,beforemenrmu e .

%enlofﬂneqnc:mst«tedmtheselwoﬂlm‘ﬂsouwdacun accelemor l'l'L '.‘

“ ITL Report 82-3-2, "Three Hour ASTM EII9 Fire Endurance Test to Qualify the
Thermo-Lag 330 Conformable Three Hour Stress Skin Fire Wall System as a Nuclear Fire
Wall,” Revision 1, March 1982.

“ ITL Report 82-11-80, "One Hour Fire Endurance Tes s Conducted on Test Articles
‘Containing "Generic’ Cables Protected with the Thermo—lzg 330-1 Subliming Coating
Envelope System,® November 1982.

. ITL Report 82-11-81, "Three Hour Fire Endurance Tests Conducted on Test Articles
-Containing 'Generic’ Cables Protected with the Thermo—lag 330-1 Subliming Coaung
Envelope System,” November 1982. :

€ Official Transcript of Proceedings, "Meeting with Thermal Science, Inc., to Discuss
Issues Involving Thermo-Lag 330," October 17, 1991, pg S1.

e T R e )
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phomgnphonpae”oﬁhurepon(ﬁgumlﬁB)showswlmappw'stosbowﬂnslxmg
technique. Appendix 9 of this test report states that the materials were installed in
accordance with TSI's Nuclear QA Manual and QC Operating Procedures Manual.
However, these documents (Appendix I, Section 4, of the test report) do not specify this
assemblymethod

- % One of the objectives of this test (page 4) was to demonstrate that
the use of 12 mch spacing of mechanical ties comprised of either stainless steel tie wires or
stainless banding will perform satisfactorily. Page 1 of the report stated that the tie wires
and banding were installed alternately at 12 inch intervals. It is the review team’s judgcmcm
that a successful test of this configuration would demonstrate that the altemnating
configuration performs satisfactorily, but would not prove that either wires or bands could be
used to fasten the panel sections.

In the team’s view, to meet the stated test objective, either two complete tests should have
been conducted or, as a minimum, one entire half of the test assembly should have been

- equipped with wires ties and the other half with bands. In addition, the team did not ﬁnd
' thxs fas!emng t_'nemod (altemaung_ bands a_nd uc w_nm) uscd at any of the ﬁvc plants lt

Anotheroh;mveofm.'l'en 84-12-!8! wutodemonsmte maunooo unistrut that
‘penetrates & Thermo-Lag fire barrier will not degrade the barrier if-the unistrut is protected

m‘ﬂmmmmmwadimnceofwimhafmwmtofmmminwm

‘enclosure. Anmch!mgﬂlofunistmtwawcldedmonesideoﬂbeablctmy. With the -
excepmn ‘of & four inch stub, the unistrut 'was protected within the Thermo-Lag cable tray

barrier. - It is the review ‘team’s judgement that this arrangement ‘was nonconservative. i

i mdpcedﬂ\csurfweamawhb!e; j‘hwtransfermmthewm :In‘the opinion o

the tcw" ‘ »lhedmpoﬂhe_testspmm configuration m,,mupmenuuve ofa
Arrier penetration and was not ‘suitable for the

ugust 23, 1991, letter to licensee fire protection engineers, the vendor stated that

Construction Technology Laboratories, Incorporated (CTL) Reports 240056 824-63,

Revision 1, and 240056-824 824-59, Revision l “ documented successful full scale fire

“ ITL Report 84-12-181, "Three Hour Fire Endurance Test Conducted.on a Ladder
Cable Tray with a P1000 Unistrut Attachment and Transition Section Protected with the
Therm&Lag 330 Fire Barnier System,"” Rcvnsnon 2. June 1985 ‘

¢ CTL Repon 240056 824-63, Revxs:on 1. *Fire Test on Aluminum Ladder Back Tray
Protected by Thermo-Lag Prefabncated Panels in a Sieel Bulkhead,” October 1989.

% CTL Report 240056-824 824-59, Revision |. "Fire Test on Aluminum Ladder Back
Cable Tray Protected by Thenno—Lag Prefabncated Panels for Gulf States Uulities,”
October 1989. .

25




L3P T e Y s

‘endurance tests of 30-inch wide aluminum cable trays. The vendor provided these two CTL

test reports and CTL Report 240056-824 824-77,9 which documents a third test of a -
30-inch wide cable tray fire barrier, to the special review team during the October 17, 1991
meeting.* The review team reviewed these three tests and identified the concerns discussed
below. (NIST provided input to the team’s review of CTL Reports 240056-824 824-63,
Revision 1, and 240056-824 824-59, Revision 1.)

The method for determining the thicknesses of the barrier materials is not reported. The
hand-written log sheets in the report appendices indicate that the vendor made the
measurements. It does not appear that CTL verified the barrier thicknesses. It also appears
that the discussions of thicknesses of the Thermo-Lag materials were revised. For example,
CTL Report 240056 824-63 (page 6) states: “The electrical protect.ve envelope system
consisted of 1-in. minimum thickness (measured thickness 1-1/2 in.) THERMO-LAG
Prefabricated Panels.” Rcvision 1 to the report (page 6) states: “Their thickness was 1 in.

‘ and 1- 1/2 in. maximum.® Neither description is consistent with the measured thicknesses

usedtoconstmctthetestspec:mcnswasalsonotreponéd

The reports lack a “visual observation® section as mqmred by Section 46.4 of ASTM El 19.

It is standard practice when conducting ASTM E119 fire endurance tests for a technician to

continuously monitor the visual condition of the test specimen. Anything that happens to the

- specimen is indicated on the observations sheet. - Such observations can include, for example:

the ime when the specimen started to smoke, sections of specimen falling into the furnace,

o C'I'L'chort‘ 240056-824 824-77, "Fire Test on Aluminum Ladder Back Cable Tray

" Protected by Thermo-Lag Prefabnicated Panels,” November 1989.

® Official Transcript of Proceedmgs "Meeung with Thermal Science, Inc., to Discuss

R Issues Involving Thermo-Lag 330 Octeder 17, 1991 Anachmcms 3 4, and 5
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and similar events. This mformanon provndu insights regarding the nature of the specimen’s
performance.

The reports indicate that the test specimen fire barriers were constructed in accordance with
; TSI Technical Note 20684, "Thermo-Lag 330 Fire Barrier System Installation Procedures
, Manual Power Generating Plant Applications,” (Tech Note 20684). However, construction
: of the specimens appears to have deviated from the methods specified in Tech Note 20684 in
a direction that would enhance the fire performance of the test assemblies. For example, the
Daily Work Sheets included with the reports indicate that “stainless steel bands... made use
of comer L angles.” These pieces are not specified in Tech Note 20684. In addition, Tech
Note 20684, Section II, Paragraph 1.1.4 specifies a-maximum spacing of 12 inches. The
distances between the bands is not explicitly reported in the bodies of the test reports.
However, photographs included with the reports indicate that band spacing may have been
less than 12 inches. The Daily Work Sheets state that “stainless steel banding was used
~ within two inches on both sides of all seams,” and that spacing is 12 inches maximum and a
minimum of 6 inches. The Daily Work Sheets also indicate that "stress skin was used across
- . the seams.” 'I'Imeinmllationdetailsarenotspeciﬁed in Tech Note 20684, and are not
' 3‘;;~‘;.“'typnml of thc neld mstallanons observed by the revnew team dunng its plam site visits,

" Moreover, me m repom do not mclude any dlscussnons of these deviations from the :
vendor’s installation mmedum, including their probable effect on the fire performance the
test ‘assemblies. - The review team believes that these construction deviations are actually
r'deslgn mprovements that may- have enhanced the ﬁre performance of lhe test assemblm

‘ large ‘other’ 'cﬂm.honmmlbammmachxevc." '
ppendix R- sqmaum. As prcvzously discussed, the review team found that the test
documented in this test report was not conducted in accordance with ASTM E119 and,
therefore, does not meet NRC guidance for fire barriers. The review team did not find any
\ ASTM EI119 fire endurance test that were conducted on walls or large enclosures. However,
a number of sites visited by the review team have walls and large enclosures constructed of
Thermo—lag panels.

Methods of Assembly

Dunng its site visits, the review team learned that several hcensees for example, GSU and
Union Electric Company, used ITL Reports 82 11-80 and 8" 11-81 as lhe technical bases for

# Official’ Transcript of Procwdmgs "Mekting with Thermal Science, Inc., to Discuss
Issues lnvolvmg ﬁem&Lag 330, October 17, 1991 Attachment 6. :
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“that weré ‘ot spec:ﬁed in t.he vendor s installation procedures (Tech Note 20684). “As
“discussed in the previous section, the review team believes that these additional details may

installing Thermo-Lag fire barriers in its plants to meet NRC requirements. The application
methods reported for the test specimens tested in these two tests included direct application
techniques such as brushing and spraying trowel grade Thermo-Lag material directly onto
stress skin that had been formed around the raceway. However, these licensees have

- installed Thermo-Lag fire barriers constructed of prefabricated panels and preshaped conduit

sections. The direct application of trowel grade material differs from the prefabricated panel

~ application most notably in that the barriers applied using direct application methods do not

have joints. The barriers constructed of panel and conduit sections do have joints. In the
review team's judgement, the use of direct application test results to support prefabricated
panel configurations does not meet ASTM E119 criteria that the test specimen be
representative of the construction for which a fire raung 1s desired, and, therefore, does not
meet NRC guidelines.

The test specimens tested in ITL Reports 82-11-80 and 82-11-81 used a cure accelerator.
However, the licensees did not use this matenal during the construction of their Thermo-Lag
fire barriers, and did not evaluate the differences between the as-built and the tested

'conﬁgumuons

~, ‘The review team is conccmed that other hcensees have used these ITL tests as its techmm]
. bases for installing Thermo-Lag fire barriers. The review team believes that this shows that
~some licensees may not have adequately rcvxewed the fire. endurancc tcst results to dctermmc
_a-thclr apphcablhty o the plant desngns " A :

Dunng us plam site vnsns, the rcwew tam observed cable trays up"'m, 36 mches wnde ,
rotecxed thh ﬂ\emo-ug fire: b‘arr_xersﬂ Howcvgr. of the 49 fire tests xdenuﬁed by the -

have improved the fire performance of the CTL test specimens.

Following the CTL tests, the vendor issued new procedures for instaling Thermo-lag fire

~ barriers on aluminum cable trays. These procedures” include some of the assembly details

employed for the CTL test specimens that are not specified in Tech Note 20684, including
the-installation of stainless steel bands within 2 inches of all joints. (1e wires do not appear to
be an option) and the wrapping of butt jomnts with stress skin and trowel grade Thermo- Lag
matenal. :

g TSI Technical Note 20684 AL, "Thermo-lag 330 Fire Barner System Installation

- Procedures for Aluminum Cable Trays - Power Generating Apphcations,” Ovtober 1989,
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The review team is concemned that these details specified in Tech Note 20684-AL may be
needed to ensure the integrity of the fire barrier because of the width of the cable tray, not
because the tray is made of aluminum. If, if fact, the fire barrier construction details
specified in Tech Note 20684-AL are needed to ensure the integrity of fire barriers on wider
‘trays, regardless of tray material, then the fire barriers installed by the licensees without
these construction features may not provide the level of fire resistance intended by the
licensees.

18-Inch Rule.

To prevent heat transfer into the fire barrier that could damage protected components, the
vendor’s generic installation procedure recommends that all penetrations. into the fire barrier
system be fire protected to the same level of fire resistance as the raceway for a distance of
18 inches, minimum, as measured from the outer surface of the fire barrier, covering all
continuous paths.” This is commonly referred to this as “the 18-inch rule.” :

.. The review team is concerned that TTL Report 84-12-181, "Three Hour Fire Endurance Test
“ Conducted on a Ladder Cable Tray with a P1000 unistrut Attachment and Transition Section
" Protected with the Thermo-Lag 330 fire Barrier System,® Revision 2, June 1985, is bem;
“used by licensees as the technical basis for the 18-inch rule. ‘As previously discussed, the
~.team believes that the design of the test specimen conﬁgurauon was not representative of
typical fire barrier penctrations and, therefore, was not suitable for demonstrating that heat -
,wou!d not be. uansferred into typical barrier.envelopes through penetrations protected for

* 7 TSI, *Thermo-Lag 330 Fire Barrier System Installation Procedures Manual, Power |
Generating Plant Applications,” TSI Technical Note 20684, Revision V, November 1985,
pg. I-9.

™ TSI Technical Note 11171, "Engineering Report on Ampacity Test for 600 Volt Power
Cables Installed in a Five Foot Length of Two Inch Conduit Protected with Thermo-Lag
330-1 Subliming Coating Envelope System,” November 1981.

™ UL Test 86NK23826, "Special Services Investigation of A 'npacity' Ratings for Power
Cables in Steel Conduits and in Open Ladder Cable Trays with Field Applied Enclosures,*®
January 21, 1987

™ ITL Report 82-5- 355F Ampacny Deratmg Test for 1000 Volt Power Cables in a
Ladder Cable Tray Protected With a Three Hour Rated Design of Thermo-Lag 330-1
Subliming Coating Envelope System,” July 1982.
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1031 percmt"’ for 3-hour barriers. In addition, ampacity de:ating tests of Thcrmo-l.ag
" materials conducted for 3M™ found the ampacity derating to be 37 percent for a 1-hour

Thermo-Lag fire barrie;. The review team noted similar inconsistencies in the ampacity
derating factors for 'I‘hcnno-l.ag conduit fire barriers.

'By Mailgram of October 2, 1986, the vendor informed the NRC of the results of ampacity

derating tests performed at the UL. The ampacity derating factors obtained from the UL
tests (UL Project 86NK23826, File R6802, January 1987) exceeded those previously reported
by the vendor (for example, ITL Reports 82-355-C, 82-355-F, and 82-355-F1). The vendor
informed the NRC that the UL test results were sent to its customers,

During its plant site visits, the licensees for CPSES and PNPP informed the review team that
it had received the vendor’s Mailgram and had considered the new ampacity derating
information into the plant designs. However, several licensees, for example, GSU and
WPPSS, informed the review team that it had no record of having received the Mailgram.

"' Therefore, some licensees that use Thermo-Lag fire barriers (for fire protection and for
- elacmal scpanhon) have not determined if the demtmg factors denved from the UL test

,,,,,,,

gn
addmonal able deratmg wnhout adversely effewng cable performancc

The revicw team identified ampacity derating as a generic concem. The review team is

‘concerned about the inconsistencies in the derating test results and that some licensees have

not adequately reviewed the ampacity derating test results to determine the validity of the
tests and the applicability of the test results to their plant designs.

s SwRI Project 01-8818-208/209-a, "Ampacity Derating of Fire Protected Cables in
Cable Trays Using a One- Hour Subliming, Rigid Board Provuded by 3M, Incorporated,”
August 11, 1986.

. IPCEA-NEMA Standard Publication entitled "Ampacmcs - Cables in Open top Cable ‘
Trays,” (IPCEA Publication P- 54-440 Second Ediuon; NEMA Pubhcanon WC 51- l975)

. 30



SAFETY SIGNIFICANCE
Fire Protection

The licensees use the defens~in-depth concept of echelons of safety systems to achieve the
high degree of safety required for nuclear power plants. This concept is also applicable to
nuclear power plant fire safety. The defense-in-depth principle applied to the fire protection
program is aimed at achieving an adequate balance in preventing fires from starting,

detecting and suppressing fires quickly to limit damage, and designing plant safety systems so
that a fire that starts in spite of the fire prevention program will not prevent essential plant
safety functions from being performed. No one of these echelons can be perfect or complete
by itse!f, but each echelon should meet certain minimum requicements. However,
strengwemng any one echelon can compensate in some measure for weaknesses, known or
unknow,. in the others.

In the Federal Register notice that issued the proposed Appendix R to 10 CFR Part 50,”
- the NRC stated: "The phenomenon of fire is believed to be sufficiently well understood to

-permit evaluation of existing and potential fire hazards and probable extent of damage should "'
fire occur. - Such evaluations are useful in amssmg the possible consequences of firein a . o

ven area. ‘However, the phenomenon of fire is so unpredictable in occurrence and

~development that measures to prevent unacceptable consequences may not be omitted on the

Jbasis of. low probab:hty of occurrence. The. mn_nimum ﬁre pro:ectxon requnremenn for -

; automatic fire detection and suppression systems. ~ Also,
fire fighting capability should be provided throughout the plant to limit the extent of fire
damage. The licensees determine the adequacy of fire protection for plant safety systems and
areas by analysis of the effects of the postulated fire relative to maintaining the ability to
safely shut down the plant and minimize radioactive releases to the environment in the event
of a fire. : :

The varniables used to evaluate the level of fire protection needed in a given fire area include:

~ e Fire louding and fire hazards.

7 U. S. NRC, "Fire Protection Program for Nuclear Power Plants Operating Prior to
January 1, 1979," Federal Register, Vol. 45, No. 105, May 29, 1980, pp. 36082-36090.
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Automatic ﬁle detection and suppression capability.

-l.ayout and conﬁgnmnons of safety trains.

Rchance on ﬁre barriers including, the quahty of the materials and system, and the
quality of the installation.

Fire area constmcnon (walls floor, ceiling, dimensions, volume, ventilation, and
congestion). : :

. Location and type of manual fire fighting equxpment and aoms:bllxty for manual fire
fighting.

° Potential disabling effects of ﬁnﬁ suppression s}stcms on shutdown capability.

o Av;jlability of oxygen (for example, inerted containment).

eqmvalent NRC gmdance), beause reduced defense-m-depth may have been appmved based
on the assumption that the installed fire barriers would perform as intended. The following
configurations are ranked from the most safety significant to least safety significant. (These
are general rankings. The true safety significance of any particular configuration is also
dependant on the nature of the protected equipment and its relative importance to safety.
Factoring in this aspect would require licensee input and a case-by-case analysis.)

e  Exemption from Section I1.G.2.c of Appendix R. When one train of a system
required to achieve safe shutdown is separated from its redundant train by a 1-hour
fire rated barrier and automatic fire detection and suppression capabilities are
installed, Section 111.G.2.c of Appendix R is met. If the licensee has been granted an
exemption from the requirement to provide automatic detection and suppression
systems, the ability to achieve safe shutdown is largely dependent on the ability of the
1-hour fire barrier to maintain the protected train free of fire damage. If the fire

3
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K g fu ' '
* temperature curve—the standard time-temperature curve—-for the duration of the fire rating

barrier cannot provide this level of protection, safe shutdown capability may be
adversely affected.

° Exemption from Section II1.G.2.a of Appendix R. When one train of a system

- required to achieve safe shutdown is separated from its redundant train by a 3-hour

fire rated barrier, Section II1.G.2.2 of Appendix R is satisfied. Automatic fire
detection and suppression capabilities are not required. Therefore, the ability to
achxeveafeshutdownnsdependmtonthe}houtﬁrebamcrtomamtamoncumn
free of fire damage.

The technical bases for approving this type of exemption may have included fire test
results that, in combination with a fire hazards analysis, demonstrated reasonable
assurance that safe shutdown could be .chieved if a fire barrier of less than 3-hours
fire resistance is installed. If the fire test results are not valid, then the fire hazards
analysis would not be valid and the level of fire protection needed to protect safe
shutdown capability may not be prowded

"f"ExempnmfromSecuonnGZcoprpenduR Whauonetmnofasystcm -
required to achieve safe shutdown is separated from its redundant train by a 1-hour
ﬁmmtedbamerandammmncfmdmmandsuwmsyswmmmmned
Section IT1.G.2.c of Appendix R is met. - If the licensee has been granted an ‘
exemption from the requirement to provide cither automatic fire detection or -
mppmonsystem,theabﬂuytoachxevesafeshutdwn udeymdeutonacmnmof

severity follows atime vatym;
required. The NRC has conservatively selected 3-hours as the minimum fire resistance

" - rating for fire barriers used to separate redundant safe shutdown systems. (1-hour barriers

with automatic fire detection and suppression systems are considered equivalent to 3-hour
barriers.) The fire test standard maximizes fire severity by subjecting the barrier to a fire of

“rapid temperature rise in a confined space that totally engulfs the test specimen.. In an actual

fire situation, the fire resistance required of a barrier depends on the expected severity of the
fire to which it may be exposed. Typical nuclear plant fire loads are not great enough to
produce a fire approaching the severity of a test fire. In addition, an actual nuclear power
plant fire would have a much slower temperature rise than the test fire. In large open
volumes, such as most nuclear plant fire areas, a fully developed fire may occur in one pan .
of the area, but it is not probable that the entire volume (fire area) would flashover. Unless

- a fire reaches this stage, it is not likely to present a credible challenge to any nuclear power -
plant fire barrier. Although the fire resistance ratings of the Thermo-Lag fire barniers are
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considered indeterminate, the special review team believes the barriers will provide some
level of fire protection. In addition, most plant areas have controlled ignition sources, which
helps reduce the occurrences of fires and are equipped with other passive and active fire

o protection features, and are continuously occupied by plant operators, security, and other

- personnel, which contributes to early fire detection and suppression activities.

Ampacity Dersting

Cables enclosed in electrical raceways are derated using the ampacity derating factors for the
materials surrounding the cables, for example, cable trays, conduits, or duct banks, to ensure
| that systems provide sufficient capacity and capability to perform their intended safety
| functions. Cables enclosed in raceways protected by fire barrier materials require additional
3 derating because of the insulating effect of the fire barrier materials. Cable derating
calculations that are based on inaccurate or nonconservative derating factors could result in
the installation of undersized cables and raceway overfilling. This could cause higher than
design operating temperatures within the raceways thereby reducing the expected design li.e
of the cables. In extreme cases, cable jacket insulation failures could occur. Therefore, -
. undersized safety-related cables reduce plant safety margins. If inaccurate or '
" nonconservative derating factors are used by the licensees for the electrical systemdemgn
" basis, design changes could be required to extend cable life and to restore safety margins. -
... The special review team did not idenﬁfy any immediate public health and safety concerns
regarding the ampacity derating issues during its review. The review team recommends that

;amefollowmgmswweoftbegmclm :
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the licensees and the NRC staff assess the safety significance of any plant-specnﬁc issues that i

“f

)
.
R
3

)

.
K.
-




"CONCLUSIONS

The special review team found the following regarding the use of Thermo-Lag by the
ficensees:

L The fire resistance ratings and the ampacity derating factors for the
Thermo-Lag 330-1 fire barrier system are indeterminate.

° Some licensees have not adequately reviewed and evaluated the fire endurance
test results and the ampacity derating test results used as the licensing basis for
their Thermo-Lag fire barriers to determine the validity of the iests and the
applicability of the test results to their plant designs.

- U Some licensees have not adequately reviewed the Thermo-Lag fire barriers

" installed in their plants to ensure that they meet NRC requirements and
‘guidance, such as that provided in Generic Letter 86-10, 'lmplementauon of

- Fuc Protectxm Reqmrcmcnts Apnl 24, 1986.

Some heenseu used madequate or mcomplete mstallauon procedum dunng
,v.fcawconsmnonofumrmmo-lngamers




RECOMMENDATIONS

Based on its findings regarding the use of Thermo-Lag fire barriers by the commercial
nuclear power industry and the relative safety significance of the findings, the special review
team recommended to the Director, NRR, that the NRC:

° Advise industry of the staff’s concerns regarding Thermo-Lag fire barriers through
the Nuclear Utilities Management and Resources Council,

° Provide the industry with the results of the team’s plant site visits and the specific
concerns and technical issues regarding Thermo-Lag barriers that were identified by v
the review team, !

° Issue a generic letter that discusses the concerns and requires the licensees to provide
information needed by the staff to verify compliance with the NRC's requirements,
and

.~ ‘Review the licensees’ corrective action plans for resolving any plant-speclﬁc Thermo-
' Lag ﬁre bama dwgn, evaluanon, and mstallauon issues.




Susquehanna History and Documentation Reviewed by Special Rewcw'l'mm :

- APPENDIX A

LIST OF ATTACHMENTS

Nuclear Power Plants Identified by TSI as Using Thermo-Lag 330-1 Fire Barriers.
Fire Endurance Test Reports Involving Thermo-Lag 330-1 Fire Barrier Systems.
Ampacity Derating Test Reports Involving Thermo-Lag 330-1 Fire Barrier Systems.
River Bend History and Documentation Reviewed by Special Review Team.
Comanche Peak History and Documentation Reviewed by Special Review Team.

WNP2 History and Documentation Reviewed by Special Review Team.
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APPENDIX B
ACRONYMS AND INTTIALISMS

Minnesota Mining and Manufacturing Company

American Nuclear Insurers

Auxiliary and Power Conversion Systems Branch
Arizona Public Service

ASTM American Society for Testing and Matcnals

BTP Branch Technical Position
CEl Cleveland Electric Hiuminating Company .
- CFR U.S. Code of Federal Regulations

CMEB . Chemical Engineering Branch S
‘Cmmnc!iePeakStamEhctncStamn

Heating, ventilation, and air conditioning

{EEE Institute of Electrica! and Electronics Engineers
IN Information Notice -

IPCEA Insulated Power Cable Engineers Association
IR Inspection Report

ITL . Industrial Testing uboratory lncorporated
NEMA National Electrical Manufacturers Assoaauon
NFPA Nauonal Fire Protection Association

NIST . National Institute of Standards and Technology
NRC U. S. Nuclear Regulatory Commission

NRR Uffice of Nuclear Reactor Regulation
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NUFPG  Nuclear Utility Fire Protection Group
NUMARC Nuclear Utilities Management and Resources Council

OIE ~ Office of Inspection and Enforcement
OPPD Omaha Public Power District

PNPP Perry Nuclear Power Plant
PP&L Pennsylvania Power & Light Company

PSB Power Systems Branch
QA Quality Assurance
QC Quality Contro}

" RBS River Bend Station

Scnence Applications lntemanoml Corporauon




ATTACHMENT |

c L NUCLEAR POWER PLANTS IDENTIFIED BY TSI
o ' AS USING THERMO-LAG 330-1 FIRE BARRIERS'

Arkansas Nuclear One Hatch San Onofre
: Beaver Valley Indian Point Sequoyah
- Braidwood LaSalle Shearon Harris
Browns Ferry - Limerick Shoreham
Brunswick Maine Yankee South Texas
Byron Milistone Summer
Callaway Nine Mile Point Surry
Clinton North Anna Susquehanna
‘Comanche Peak Oyster Creek Three Mile Island _ _
- D.C.Cook = . - Palisades 3 - Tnjan
Cooper - ‘ - Palo Verde . . Tuckey Point ' : - L LS
- .Crystal River . ... PeachBottom - . - Vermon' Yankee
. -Davis-Besse ' . Pery .. . Nogtle
.~ Diablo Canyon . Prairie Istand = -
: "Duane Amold - . . Rancho Seco
Fermi - ‘- .. RiverBend
- Grand Guif . .- 7St Lucie -

kit
‘,
b
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! Appendix VIII to letter from R. Feldman, TSI, to F.J. Miraglia, NRR, B
October 5, 1991. : : ' I




ATTACHMENT 2

FIRE ENDURANCE TEST REPORTS INVOLVING
THERMO-LAG 330-1 FIRE BARRIER SYSTEMS

This attachment lists the fire endurance test reports involving Thermo-Lag 330-1 fire barrier
systems that were identified by the special review team. The reports shown in bold typeface
were reviewed by the review team.

IEST DATE REPORT
February 13, 1981, June 6, 1981, These tests were included with TSI Technical

G - and June 7, 1981 Note 90181, August 1981
i, (1-hr cable trays and conduits)

~ April 27, 1981 TSI Technical Note 8275-1, June 181
L. o (-broondut for SSES) |

" 'Apr28,1961 . TSI Technical Note 8232-1, June 1931 and
S T TR Rew 1, Jume 1982 |
- -hr cable ray for SSES)

SwRI Report 036491, October 27, 1981 o
hr cable tray and conduits for CPSES)

Juoe 18-28, 1982 T I Report 82-5-388B, July 1962
(3-hr cable trays for WNP2) .

August 10, 1982 SwRI Report 01-7163, August 1982
’ (1-hr cable tray and conduit submitted to NRC by
PP&L)

September 9-28, 1982 ITL Report 82-11-80, November 1982
’ (5 "generic” tests, 1-hr cable trays.and conduits)

September 10 - o ITL Report 82-11-81, November 1982
October 12, 1982 : . (5 “genenc” tests, 3-hr cable trays and conduits) -




#

nep e

i

ITL Report 82-11-240
. (1-hr conduit for WNP2)

ITL Report 82-11-241, November 1982 -
(1-hr conduit) . .

ITL Report 83-5-472A, July 1983
(1-hr cable tray)

June 7, 1983 " ITL Report 83-5-472, Rev. 1, September 1983
' _ (1-hr cable tray)

ITL Report 84-6-109
" ITL Report 84-12-181, Rev. 2, June 198§

- (3-hr cable tray w/unistrut attachment pm(ected
for 18 inches from bamcr penetrauon) '

(Flex-conduit and cable tray)

June 1985 - ITL Report 85-4-377, Rev. 1
(1-hr conduit)

June 1985 ITL Report 85-3-314
(1-hr conduit with Flexi-blanket)

: June 1985 | ITL Report 85-6-283
(3-hr conduit with Flexi-blanket)

January 1986 o " ITL.Report 86-1-143
' ~ (I-hr conduit)




March 10-17, 1986

June 13, 1986

August 19, 1986

August 1986

September 17, 1986

April 1, 1987

April 13, 1987

J

3M Test 8642 and 86-43, March 21, 1986
(1-hr side-by-side baseline test w/3m Interam)

3M Test 86-73 (P)-10), undated
(1-hr combined Interam/Thermo-Lag side-by-side
and interface tests)

3M Test 86-92 (PJ-16) (Twin Cites Testing
#414186-1119), October 1986

(3-hr Interam/Thermo-Lag interface test for
WPPSS)

ITL Report 86-8-207
(1 hr conduit)

3M Test 86-102 (PJ-21), undated

. (1-hr Interam/Thermo-Lag sxd&by-sxdc and
~. mterﬁce tests)

" Bisco Report w-zxs September 28, 1986
- (-he smaltscale)

. 3M Test 86-112 (PJ-24), October 1986

(1-hr lnwmn/'meuno-l.ag mtetfaoe m) :

'cn Report. mnwa.m Janm 1987 -

(l-hr condun)

ITL Report §7-3-605, April 1987
(3-hr conduits, WNP2 in-situ low pressure
extrusion application technique)

ITL Report 87-4-3, April 1987
(1-hr conduits, WNP2 in-situ low pressure
extrusion application technique)

Warnock-Hersey International Report

WHI-495-PSV-0543, undated
(1-hr boxed conduit penetrated by pipe for APS).
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May 7, 1987 ITL Report 87-5-76, June 1987
. _ (Repeat of 3M Test 86-92, 3-hr Interam/Thermo-

Lag interface test)
May 7, 1987ITL Report 87-5-77, (1-hr cable tray w/unistrut protected for 9 inches
3 Rev. 1, June 1987 from barrier penetration)
March 9, 1988 Raw data from ITL test, no test report

prepared (3-hr cable tray, RBS "as-installed”)

A July 30, 1988 ITL Report 88-07-8982, September 29, 1988
- (3-hr cable tray, RBS "as-installed”)

April 14, 1989 ' CTL Report 240056-824/824-63,
' : September 1989 and Rev. 1, October 1989
(3-hr Al cable tray)

. CTL Report 240056-824/824-59, Augus 1989
- - and Rev. 1, October 1989
* (3-hr Al cable tray)

CTL Report 200056-824/824.75,
\Iovember 1989 (3-hr cable tray)

C'I'L Report 24(!!56-824!824—77
“'November 1989 (3~hr Al able tny)

SwRI nepm 01- . May 1991 'm:nl nram
(3-hrAlablemy forGSU)' '




ATTACHMENT 3

AMPACITY DERATING TEST REPORTS INVOLVING
THERMO-LAG 330-1 FIRE BARRIER SYSTEMS

This attachment lists the ampacity derating test reports involving Thcnno;l.Ag 330-1 fire
barrier systems that were reviewed by the special review team.

These tests were conducted by ITL, TSI, UL, and SwR!. The table includes the test report
number, date of test report, description of the test, and the ampacity derating factors reported
in the report. A consensus ampacity derating test standard does not exist. Therefore, the
results of the individual tests should not be compared without a detailed review of the test
article eonﬁgurauon

. DERATING
'14" steel cable tray

600 volt power cable -
210" -.#00 AWG 0.562° D

1485’ #08 AWG 0.286" D .
870' #04 AWG 0.377° D 16.86
300° #2/0 AWG 0.617° D 17.68

ITL 82-5-35SF  07/82 3-hr ladder back tray | -

1000 volt power cable - A |
1485’ #8 AWG 0.286" D 1615
870" #4 AWG 0.377" D 16.86

300° #2/0 AWG 0.617" D 17.68




ITL 84-3-275A

ITL 84-10-5

SwRI Project
01-8818-208/209%
(3M PJ-19)

SwRI Project
01-8818-208/209¢
(3M PJ-19)

03/84

10/84

10/86

o087

o087

TEST DESCRIPTION

3-hr ladder back tray

1000 volt power cables
1485" #8 AWG 0.286" D
870' #4 AWG 0.377" D
300’ #2/0 AWG 0.617" D

3-hr 2° steel conduit
600 volt power cable
21' #00 AWG 0.562" D

1-hr 24" steel ladder back
tray
#6 AWG 0.75" D

1-hr 4° steel conduit
#6 AWG 0.75° D

1-hr 24" ladder back tray
3-hr 24" ladder back tray
2000 volt power cable
2980 #6 AWG 1" D

1-hr 4" steel conduit
3-hr 4" steel conduit

294’ #6 AWG 1" D

DERATING
EATTOR (%)

20.55
19.24
20.07

9.72

37.4

.27

28.04
31.15




ATTACHMENT 4
RIVER BEND HISTORY AND DOCUMENTATION

REVIEWED BY SPECIAL REVIEW TEAM
(Docket No. 50-458)

June 30, 1982 GSU submitted comparison of fire protection program to Appendix R
with FSAR amendment.

April 6, 1983 Draft SER on fire protection. Safe shutdown and fire barriers

remained open items.
May 1984 Safety Evaluation Report (NUREG-0989) issued. Safe shutdown still
: under review. Page 9-42 stated that all cable trays are steel

COI‘IS(!'UC!IOII

“TSI letter to Stone md Webster prov:ded l-hour, 3-hour, amp&xty
vdcmung. and sclsrmc quahﬁm .nfo'vnauon

' '»anrst’purchase order for 'l'Sl fmm GSU

Onsite audit of ﬁm‘m by NRR.. l’-’me bmer " wap | mstallanon B

iject choﬂ 01 8305—04% July 1985 and
Promatec Report (,'I‘P 1092a, October 31, 1985. (According to
Promatec Report CTP-1092b, GSU concluded that this test provided
conclusive evidence that Thermo-Lag protection is not required to
mainiain flex conduit integrity.)

June 20, 1985 June 18, 1985 test rerun without Thermo-lag. Reference SwRI Project
' Report 01-8305-040c, August 1985 and Promalec Report CTP-1092b,
November 1, 1985.

July 26, 1985 GSU_submined SwRI Report 01-83054)405. June 1985 to NRC to
Justify Appendix R deviation for aluminum conduit seals.
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August 1985 'SSER 3 issued. Deviation granted for sealing inside aluminum conduits
based on SwRI test report submitted to NRC on July 26, 1985. Also
granted deviation on delay of installation of fire wrap on spent fuel
cooling system and service water.

February 23, 1987 Condition Report 87-0236 initiated following review of
. February 3 1987, surveillance test results. Sixty percent of the
barriers failed the acceptance criteria. This CR supcrseded by
CR 87-0236A.

- March 12, 1987 Condition Report 87-0236A initiated. Identified specific cxamples of
deficient fire barriers. Cracks, wear conditions, unsealed joints,
unprotected supports, and 18 inch criteria not met. Breakdown of
vendor QC inspection program identified as root cause.

March 25, 1987 ‘LER 87-005 submitted by GSU. Described fire barrier deficiencies,
R - . .. including incomplete construction, found during surveillance test

- procedure. -‘Hourly fire watch patrols established in accordance wlth
Tech Spec 3/4 2.2 GSU commmad o make 100 pemem vnsual

Lag panels during installation. This resulted in gaps in stress skin
where ribs were cut.

July 13, 1987 Condition Report 87-0745 initiated. Inspections required by

, CR 87-0236A and LER 87-005 found stress skin and ribs removed

: - T from fire barmers. During discussions with GSU, TSI stated ‘that
removal would have lmle or no effect

< July 24, 1987 GSU issued purchase order (7-'ON-72055-) to TSI to conduct 3-hour fire
' endurance tests with stress skin removed. E

3 - August 20, 1987 TSI prepared engmeenng test plan for 3-hour fire endurance test for |
G - o |  GSU. I -
i S

frailt
E
[




Jsnuary 6, 1988 Condition Report 88-0012 initiated. During installation of additional
~ cables, control building cable tray found to have stress skin and ribs

January 19, 1988 GSU letter to TSI asked for confirmation that use of 1-hour Thermo-
' Lag panel is acceptable with ribs and stress skin removed. (GSU
referenced CR 88-0012.)

- ' January 22, 1988 TSI letter to GSU submitted ITL Report 82-11-241 (direct spray
' application on conduit) and ITL Report 83-5-472A (direct spray, etc. to
Al . ' cable tray) to justify instaliation of 1-hour barriers without stress skin.

, ~ February 1, 1988 GSUpmvidedcommmtsontm;;lanio'l‘Sl. GSU stated that
acceptance criteria should be 325 °F above ambient. (NRC criteria is
250 °F above ambient.)

. Interim disposition prepared by GSU for CR 88-0012. Stated that as-
-~ ‘installed” 1-hour barriers were "qualified for use as is” based on 'ISI'
knwy 22 1988 letter. See August 29, 1990

m'm’mmmpmfm}mm

ﬂl'm-bGSUpmvidd'RéwuonlmTSl test phn foreommem

3-hour fire test conducted or ;s-mmned eonﬁguranon(lzmm,
seel tray -m:hnqndnbs-removed)a‘l'suorcsu ‘Test .
._,M'ofeonmlofmefumaee Cimuitmwgritylon-
minut Notearepondufeea"jéuowem,

April 21,1988 Intemal GSU memo addressed results of March 1988 fire protection
program audit. The effectiveness of fire barrier inspection surveillance
test procedure (STP) was questioned (pg 8). LER 88-009 is

refcmced
June 22, 1988 Revision 11 to TSI test plan for 3-our test.
iy C Juy22, 1988 CR 88-0594 initiaied.
,** | © o July 29,.1988 _ 3-hour fire test conducted on "as-installed” conﬁgurau'dn (l2-incﬁ wide

steel tray, stress skin and ribs removed) at TSI for GSU. Test
. specimen failed on temperature, circuit integrity, and structurally.
' Reference ITL Report 88-07-5982, September 29, 1988.
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" July 29, 1988 Condition Reports 88-0607 and 88-0608 initiated. Addressed 3-hour
test failure at TSL.

October 11, 1988 TSI letter to GSU transmitted final test report ITL 88-07-5982,
: September 29, 1988. 325 °F exceeded at 90 minutes, circuit integrity
failed at 115 minutes.

December 12, 1988 SwR1 letter to GSU transmitted Addendum 1 to proposal for 3-hour fire
endurance tests of as-mstalled' and proposed “repaired”
configurations.

January 1989 ‘GSU initiated test program with SwRI to qualify “as-installed” Thenno—
o Lag fire barriers.

February 3, 1989  GSU letter informed TSI of plans to conduct fire tests at SWRI dunng
- "~ March 1989 and provided copy of SwRI test plan.

TS lener to GSU discussed devclopmental tests of proposed dwgn :
modifications conducted at TSI and tests scheduled for April 1989 at
CTL TSloﬂ'emdwexchangenew}hourpanelsforusedRBS
__andstxtedthatmaSlewmﬂdnotbecosteﬁecnve _
] acknowledged * "prerequisites of government regulatory agencies,”
butsmedlhax'mmpermre mremmtsarenotrmquuedandmfor

"April 7, 1989 TSI letter to GSU provided details of upcoming (May. 5, 1989) tests at

CTL.

April 14, 1989 3-hour fire test conducted at CTL un 30-incii wide aluminum cable
) tray. Test passed. Rig constructed by TSI. CTL wntnessed installation.
Reference CTL Report 824-63 and Revision 1.

April '17, 1989 LER 89—009 submitted to NRC describing removal of ribs and stress

“skin from 1-hour Thermo-Lag fire barriers during construction. Fire
watches established. 100 percent inspection planned..
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May S, 1989

Summer 1989
August 1989
October 12, 1989
October 13, 1989
October 23, 1989

October 26, 1989

Omber%, 1989

October 31, 1989

November 8, 1989

November 9, 1989

3-hour fire endurance tests conducted at CTL on “as-designed” 30-inch
wide aluminum cable trays. GSU witnessed initial construction of
article at TSI. Test passed. However, GSU questioned application of
extra coating on test article by TSI, which GSU could not reproduce.
Reference CTL Reports 824-59 and 824-77.

Additional questions raised by GSU on original qualification of
Thermo-Lag.

GSU re-established test program with SwRI.

RBS QC issued memo describing construction of 1-hour and 3-hour fire
barrier test assemblies for October 1989 tests at SWRI. 1-hour barrier
had ribs and stress skin removed, 3-hour barrier was "as-designed.”®

GSU letter invited TSI to inspect cable tray test assemblies prior to
October 26, 1989 fire endurance tests at SwRI.

TSI letter informed GSU that they could not inspect test articles at
SwRI.

3-hour fire test of 30-inch wide "as-designed* aluminum cable tray
conducted at SWRI. Promat and Thermo-Lag tested. GSU constructed
test articles. Thermo-lag failed at steel support and tray radius in less
than one hour. (Final report not issued as of April 1992.)

1-hour fire test at SWRI, DmmmtvﬁlwkbNRCmﬂ'u
of March 1992.

‘MMD—H«M Wmd&m
fire rated material fails to meet requirements of 10CFRS0 Appendix
R." All 1-hour and 3-hour Thermo-Lag barriers considered inadequate.

TSI letter to GSU transmitted CTL Report 824-59 (05/05/89 test) and
CTL Report 824-63 (04/14/89 test). Stated thickness of panels was
1.250 inch +/- 0.250. Enclosed Tech Note 20684, Revision V with
addendum (Tech Note 20684-AL) for aluminum cable trays.

TSI met with GSU to review SwRI test results.
GSU letter informed TSI of October 26, 1989 test results at SWRI and

asked for evaluation. Letter states that thermocouple data for 1-hour
and 3-hour SwRI tests were previously submitted to TSI.
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.,Novembew 1989

November 10, 1989'

" November 14, 1989

November 17, 1989

December 7, 1989

Decembc:? 1989

January 11, 1990

TSI letter to GSU discussed test results. TSI claimed that Thcrmo-
Lag/Promat interface and incorrect installation (gap widths, stress skin
separation) caused the October 1989 SwRI test failure. TSI concluded
that test was not valid.

GSU memorandum summarized November 10, 1989 meeting at RBS
with TSI to discuss test failures. GSU memo stated that Part 21
reportability was being evaluated.

TSI letter to GSU confirmed plan for plant walkdowns by TSI.

GSU letter to TSI prowded constmcnon details of fire barriers installed
at RBS for TSI review. o

- GSU met with TSI at RBS to discuss corrective actions for

CR 89-1144.

"‘I'Sl leuet to GSU dxscussed upgnda and quahﬁcauon tutmg

watch status. October 1989 SwRI test results still under evaluation by
GSU. Committed to update report by March 31, 1990.

GSU letter to TSI stated that October 26, 1989 test failure would have

- occurred on tray without barrier mlerface problem. Also questioned

January 26, 1990

February 7, 1990

gap widths and joint sealing.

NRC safe shutdown inspection. (90-02) at RBS. Violation identified ?
concerning FHA requirement-not implemented by procedure.

Condition Report 90-0095 initiated. Thermo-Lag fire barriers in pipe

tunnel found to have surface cracks on visual inspection. Fire watches

established. Cracks to be patched.

46




February 8, 1990

March 8, 1990

March 9, 1990
March 19, 1990
April 1990 -

T Jllly lzslm e

Tuly 17, 1990

September 10, 1990
November 19, 1990

December 18, 1990

“LER 90-003 Rev. 1 submitted to NRC. Stated that i-hour and 3-hour o
fire tests are planned to (1) n.lnate as mstalled' barners and S

removed ‘for 1-hour ratmg : :Refmnbe TSI’s January 22, 1988
letter.

Condition Reports 90-0101 and 90-0106 initiated. During surveillance

inspection, deficiencies (small holes, cracks and unfilled seams) were
found in Thermo-Lag fire barriers.

LER 90-003 submitted. Stated that surveillances conducted in February
identified barrier deficiencies. References CRs 90-0094, 90-0095, 90-
0101, and 90-0106. Committed to supplemental response to this LER
and the January 9, 1990 Informational Report by July 15, 1990.

GSU met with TSI at RBS to discuss tests required to qualify “as-
installed® barriers and potential repairs and upgrades.

TSI telecopied preliminary test procedure for November 1990 and

' December 1990 tests to GSU for comment. (No copy.)

Test plan completed by TSI.

2) develop repmr methods

'SU |ssued purchase orde. 99'(;‘1-'70456)' to 13! to conduct 1-hour and -

SU ’and TS! a.gregd'on schednle for oonstmcnon and testing (for |
ber 1990 and Decembcr 1990 m at TSI) :

,f,wnh ¥ibs and stress skin -

GSU QC inspector arrived at TSI facilities to examine and monitor
installation of test articles for 11/90 and 12/90 tests at TSI.

1-hour and 3-hour fire test program started at TSI facilities on "as-
installed® and "upgraded” barrier configurations.

Testing completed at TSI. 1-hour and 3-hour "as-installed” conduits

and cable trays failed. Some "upgrades” (addition of 1/4-inch thick _
panels) passed based on GSU acceptance criteria. However, the 3-hour
cable tray upgrade failed.
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April 26, 1991

May 1§, 1991

ITL letter to GSU summarizing results of November 1990 and
December l990tcstsperfonned by ITL at TSI lab.

LER 90-003 Rev. 2 submitted to NRC. Discussed ITL/TSI November
and December 1990 fire tests. "As-installed” 1-hour and 3-hour tests
failed. Additional 1-hour and 3-hour tests of “upgraded® configurations

-passed (according to GSU criteria) except for 3-hour cable tray.

Internal RBS memo provided mformauon necessary to evaluate methods
for installing fire barriers.

LER 91-008 submitted to NRC. Fire wrap was not installed on
electrical cables per the FHA since plant startup. Found in response to
review of FHA by contractor following up January 1990 NRC
inspection. Corrective action not yet determined. References NRC
Inspection Report 50-458/90-02.

. SWRI letter to GSU transmitted draft final report 01-2702 for
‘-October 26 1985 3-hour. ‘ﬁre m to GSU for commcm. TR

GSU letter to kal:prowded eomments on Sle Repon 01 2702

TR RS TS
:

T

"
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ATTACHMENT 5

COMANCHE PEAK HISTORY AND DOCUMENTATION

September 17, 1981

October 27, 1981

~October 29, 1981

- November 16, 1981

“November 18, 1981

" September 6, 1988

September 15, 1989

October 12, 1989

October 26, 1989

REVIEWED BY SPECIAL REVIEW TEAM
(Docket No. 50-445)

One hour fire endurance test conducted at SWRI. Test assembly built
b:s TSI. ANI standard used. 18" cable trays. Passed based on circuit
integrity. Highest cable surface temperature 260 °F. Air drop reached
554 °F.

Test report SWRI Project 03-6491, "Fire Qualification Test of a
Protective Envelope System.” :

“Copy of SwRI test report hand delivered to NRC.

NRC memoram_llum. from_lohnston to Tedesco approying S'w_Rl.umu !

uuer'fmm TU (Schmidt) to NRC ('redmo) conﬁnmng that tepon
was hand delivered on October 29, 1981, and requesting NRC to

Technical Evaluation Report for CPSES fire protection program
(SAIC). '

TU verbally notified NRC concerning 5S0.55¢ on Thermo-Lag.

TU letter to' NRC issuing 10CFR50.55e on site fabricated Thermo-Lag.
panels. Site fabricated Thermo-Lag panels were found with localized
dry film thickness of less than 1/2 inch. Also seams and joints were
found less than 1/2 inch.

TSI letter to TU staung that locahwd thlckness variations to 3/8 mch
are acccptable for less than 2% of the panel.
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November 3, 1989 TSI letter to TU stating that localized thickness variations are
acceptable for conduits.

December 1, 1989 NRC Inspection Report 89-71 which discusses Thermo-Lag thickness
issue.

January 3-30, 1990 NRC Inspection 90-05 conducted. Reviewed Thermo-Lag allegations
associated with receipt inspections.

May 17, 1990 Civil Penalty issued concerning Thermo-Lag.

June 1, 1990 TU response to Civil Penalty.

July 13, 1990 TU letter to Region IV discussing acceptance criteria for Thermo-Lag
panels.

July 20, 1990 Region IV letter to TU acknowledging July 13, 1990, letter.

(The special review team reviewed additional documents at the CPSES site during its
November 1991 site visit that are not listed here.)




ATTACHMENT 6

WNP2 HISTORY AND DOCUMENTATION
REVIEWED BY SPECIAL REVIEW TEAM
(Docket No. 50-397)

December 28, 1981 Letter from WPPSS to NRC summarizing telecon of
December 11, 1981 between NRC, WNP2, Bechtel, and Burns & Roe
on 3-hour barriers.

May 17-28, 1982  1-hour fire endurance test conducted at TSI. ITL Report 82-5-355A.
' Temperature reached 325F, however TSI indicated acceptance of
~ barrier because no loss of circuit integrity occurred.

June 18-25, 1982  3-hour fire endurance test conducted at TSI. ITL Report 82-5-355B.
» "~ According to report, all configurations passed circuit integrity and
_ temperature

o | WNP2 letter concernmg fuc endurame mnng

2. wm' submitted ITL Repon §2-5-355A for NRC review. Results of .
"'metevwwwennotfonmllyuansnmtedtoWNPz " .

”_em’wmmdNRConmmpondm

" December 27, 1982 Draft SER on fire protection.

April 26, 1983 Revision II to TSI Engineering Test Plan for direct spray on cable tray.
May 1983 SSER #3 issued for WNP2. Page 9-3 approved the 3-hour TSL
' Thermo-Lag as fire rated barrier. States that material is capable of
limiting temperature rise to not more than 250 °F above ambient.
June 7, 1983 ITL Test 83-5-472 conducted for 1-hour direct application method.

January 17, 1984  Draft SSER on fire protection.
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‘March 3-7, 1986 Fire protection inspection (86-05). Unresolved items identified
conceming protection of cable tray supports, intervening combustibles
not covered, and unwrapped cable trays.

April 15, 1986 Enforcement Conference on fire protection.

May 9, 1986 Letter to RV from WNP2 responding to enforcement conference on
Thermo-lag installation on supports. States problem was judgmental
error.

July 29, 1986 WNP?2 letter revising commitment to correct cable tray support

protection to be completed in August 1986.

August 19, 1986 3-hour fire endurance test of 3M/TSI interface conducted at 3M. TSI
failed 325 °F. Installed by certified installers.

Séptcniber 23, 19_86 Revision I to TSI Engmeermg 'l'est Plan for 3-hour "In- sltu' test of
* WNP2 determ med that dable demungalculauons 'for service water d;d S
- ‘_ ~ not consider routing in duct banks (LER 86-003). Further review. = . -
.. identified Thermo-lag not taken into account. 315 perccnt deranng ‘

, 2;.;3M lettm' 0 WPPSS enclosmg mc"repon for 3M/'I‘Sl mterface m ‘

" "3-hour fire endurance test of 2° condult thh ’Ihenno-l.ag applied by
extrusion. Conduit failed temperature and circuit continuity.

Apnl 1, 1987 1-hour fire endurance test of 4" conduit with Thermo-Lag épplied by
extrusion.
April 13, 1987 WNP2 submittal of Fire Protection Re-evaluation. Discusses Thermo-

lag fire barrier adequacy. States that fire tests to be conducted by April
1987 of untested configurations. Also states ampacity issued closed,
but discusses 9.4 percent and 17.7 percent derating.

May 7, 1987 - 3M/TSI interface conducted by TSI for WNP2.
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June 6-10. 1988 . Fire protection inspection (88-16) Closes intervening anbh : R
. '_muebasedon‘I'SIlawr o : - S

February 14, 1990 SAIC technical evaluation report on WNP2 re-evaluation of fire
' protection program.

March 28, 1991 Application deficiencies noted on Thermo-lag barriers. Inadequate
_— thickness and incomplete transition from spray to board. ' 3

August 23, 1991 Letter to J. Kittler from TSI responding to Information Notice 91-47.

o (The special review team reviewed addmonaldocunmtsauthNstnedunng its
' ‘November 1991 site visit that are not listed hen: )




, ATTACHMENT 7
- SUSQUEHANNA HISTORY AND DOCUMENTATION
REVIEWED BY SPECIAL REVIEW TEAM
| (Docket No. 50-387)
. March 25, 1981 Meeting between NRC staff and PP&L to discuss fire protection issues.
March 26, 1981 SER input, with several open items, including the battery room.

" March 26, 1981 Licensee leiter committing to install 2-hour fire rated ceiling and 2-hour
enclosure in battery room.

April 15, 1981 SSER with only open item being alternate shutdown system.

June 19, 1981 - Licensee informed NRC of testing of Quelcor cable wmp in July 1981.

mseeletter submitted two test repons for cable wrap Menal

proposed e wrap was previously accepted based on
independent laboratory test data . . . The applicant verbally stated that
the manufacturer’s recommended installation procedure had not been
followed when the cable wrap was installed. We do not accept the
material as a 1-hour fire barrier when installed diffe-ently."

May 12, 1982 Licensee provided TSI Technical -Reports 8232-1 and 8275-1
(June 1981) and Bechtel installation procedures.

June 9, 1982 Licensee provided 'i'SI letter, June 3, 1982, in response 1o NRC

questions on tests submitted on May 12, 1982. TSI report "revised” to
correct some noted errors.

7-1



i} Pl T <. ~ . i R X A

, : " SSER stating that TSI tests submitted by PP&L were not performed in

T - accordanui with adequate QA procedures and therefore not acceptable.

‘ ' ' The application procedure was also not clearly specified. Problems -

‘ were noted vith the accuracy of the fumace temperature control and

. : thermocouples. The licensee should conduct an ASTM E-119 test at "an

" ‘ approved testing laboratory,” or install automatic fire extinguishing

system.

July 6, 1982 . Licensee committed to perform a 1-hour test of TSI material using the
Comanche Peak test procedure. Material to be installed per PP&L

& : procedures submitted on May 12, 1982.

July 23, 1982 Licensee submitted copy of Test Specification.

R -'Aughst 25, 1982 Licensee submitted test report from SWRI. Test oonducted on
o August 10, 1982.

August 31, 1982 -




