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MEMORANDUM FOR: A. Bert Davis, Regional Administrator

FROM: H. J. Miller, Director, Division of Reactor
Safety
SUBJECT: PERRY NUCLEAR POWER PLANT - FIRE PROTECTION

PROGRAM CONCERNS (AITS 92-0013)

We reviewed the memorandum to you dated January 10, 1992, from
Frank J. Miraglia, NRR, and plan to take the following actions:

sSummary of Issues

1.

While performing the plant walkdown inspections, the task
force observed a split in a Thermo-Lag fire barrier on a
conduit at the 638~foot elevation of the control conplex
division 1 cable spreading room. This split was the full
depth of a joint between preshaped conduit sections. This
damage appeared to have been caused by individuals stepping
on the conduit. On December 17, 1991, the licensee informed
the task force that it had issued a work order to repair the
conduit fire barrier. Fire watches have been established in
the cable spreading room because of the banding strap
spacing deviations reported in LER 91-020 of November 4,
1991. The licensee informed the task force that the split
will be repaired when the banding strap spacing is improved.

Action

A fire protection inspection will be conducted early in 1993
which will include the following:

a. Observe a sample of Thermo-Lag barriers on cable trays
and conduits including the conduit at the 638-foot
elevation previously identified.

b. Review completed Thermo-Lag fire barrier surveillances
for cable trays and conduits to determine if there is a
significant number of degraded installations.

C. Evaluate corrective action measures if there are a
significant number of damaged or degraded
installations.
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2. The licensee purchases fhermo-Lag as a commercial grade
material. The licensee does not impose 10 CFR Part 21 or 10
CFR Appendix B requirements on Thermal Sciences,
Incorporated (TSI, the vendor). The licensee does not
conduct source inspections at the vendor's site, but
conducts annual qguality assurance (QA) audits. Instead of
conducting the annual QA audit, the licensee may obtain the
results of an annual audit performed by another licensee and
assess those results for applicability to its QA program.

In this case, if the licensee finds that the third party
audit satisfies its requirements, it does not conduct an
independent audit of the vendors's program that year.

Action

In discussion with Steve West (one of the individuals who
identified this concern), he indicated that this was
background information and that the information identified
in the paragraph below is the actual concern.

3. The task force found that the licensee included the
temperature strip charts in the receipt inspection file but
did not check the temperature data against inspection
acceptance criteria or record the data in the receipt
inspection report. The licensee stated that this was a flaw
in its receipt inspection procedures and that it would
revise the procedures to ensure that the temperature limits
are included in the future receipt inspections of the
trowel- grade material. The task force found this response
acceptable.

Action

A fire protection inspection will be conducted early in 1993
which will include the focllowing:

a. Determine the technical significance of the temperature
limitations. If a safety problem exists, determine
what the licensee has done or plans to do to correct
it.

b. Verify that temperature limits are included in the
revised receipt inspections (Thermo~Lag trowel grade
material) procedures.

Postponing our followup actions until 1993 is consistent with our
assessment of the significanrce of these issues.




A. Bert Davis 3 FEB 7 1992

Should you have any questions regarding this watter, please
contact Mr. Jeff Holmes of my staff on Ext. 594.
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H. J. Miller, Director
Division of Reactor Safety

cc: J. Zwolinski, NRR
B. Grimes, NRR
L. Plisco, NRR
5. West, NRR



MAR 27 1992

Docket No. 50-458
License No. NPF-47

Gulf States Utilities
ATTN: James C. Deddens
Senior Vice President (RBNG)
P.0. Box 220
St. Francisville, Louisiana 70775

Gentlemen:
SUBJECT INSPECTION REPORT NO. 50-458/92-04

This refers to the inspection conducted by Messrs. A. Singh, and M. E. Murphy
of this office and M. T. Widmann of the Office of Nuclear Reactor Regulation
and T. Storey of Science Applications International Corporation (SAIC), during
the period January 27-31 and March 10, 1992, of activities authorized by NRC
Operating License NPF-47 for River Bend Station, and to discussion of our
findings with you and the members pf your staff at the conclusion of the on-

site portion of the inspection on January 31 and by telephone conversation on
March 10, 1992.

Areas examined during the inspection are identified in the report. These
included the review of application and installation of Thermo-Lag fire
barrier, assessment of the fire barrier protection program, compliance with

requirements of Appendix R to 10 CFR Part 50, and followup of previously
identified items.

Within the scope of the inspection, no violations or deviations were
identified.

Two unresolved items are identified in paragraphs 4.2.6 and 5.1.7 of the
enclosed inspection report.

We have also examined actions you have taken with regard to previously
identified inspection findings. The status of these items is identified in
paragraph 2 of the enclosed report.

You are requested to provide a written response to the unresolved items
identified in the report within 30 days of the date of this letter as agreed
to in our telephone conversation of March 10, 1992. Your response should
specifically address the action you have taken or planned regarding each of
the issues included in the unresolved items. This should include a schedule
for completion of all actions required to assure compliafi®® with 10 CFR

Part 50, Appendix R. For the original Thermo-lag installations, a discussion
of the original basis for qualification should be included in your response.
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In accordance with 10 CFR Part 2.790 of the NRC's "Rules of Practice," a copy
of this letter and its enclosures will be placed in the NRC Public Document
Room.

Should you have any questions concerning this inspection, we will be pleased
to discuss them with you.

Sieﬁerely,_

ot Y - - Jy:

Thomas P.

A. Bill Beach, Director
Division of Reactor Projects

Enclosure:
Appendix - NRC Inspection Report
50-458/92-04 w/Attachment

cc w/enclosure:

Gulf States Utilities

ATTN: J. E. Booker, Manager-
Nuclear Industry Relations

P.0. Box 295i

Beaumont, Texas 77704

Winston & Strawn

ATTN: Mark J. Wetterhahn, Esq.
1471 L Street, N.W.

Washington, D.C. 20005-3502

Gulf States Utilities

ATTN: Les England, Director
Nuclear Licensing

P.0. Box 220

St. Francisville, Louisiana 70775

Mr. J. David McNeill, 111

William G. Davis, Esq.

Department of Justice

Attorney General’s Office

P.0. Box 94095

Baton Rouge, Louisiana 70804-9095

H. Anne Plettinger
3456 Villa Rose Drive
Baton Rouge, Louisiana 70806

President of West Feliciana

Police Jury

P.0. Box 1921

St. Francisville, Louisiana 70775
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Cajun Electric Power Coop. Inc.
ATTN: Philip G. Harris

10719 Airline Highway

P.0. Box 15540

Baton Rouge, Louisiana 70895

Glenn Miller, Administrator
Radiation Protection Division

P.0. Box 82135

Baton Rouge, Louisiana 70884-2135

bcc to DMB (1E01)
bce distrib. by RIV:

R. D. Martin

DRP ‘
Lisa Shea, RM/ALF

DRSS-RPEPS

P;oject Engineer (DRP/C)

DRS

Senior Resident Inspector, Fort Calhoun
A. Singh
J. Gagliardo

Resident Inspector

Section Chief (DRP/C)

MIS System

RSTS Operator

RIV File

Senior Resident Inspector, Cooper
M. Murphy

M. T. Widmann, NRR

T. A. Storey, Consultant
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Cajun Electric Power Coop. Inc.
ATTN: Philip G. Harris

10719 Airline Highway

P.0. Box 15540

Baton Rouge, Louisiana 70895

Glenn Miller, Administrator
Radiation Protection Division

P.0. Box 82135

Baton Rouge, Louisiana 70884-2135

bcc to DMB (IEO1)

" bee distrib. by RIV:

R. D. Martin

DRP

Lisa Shea, RM/ALF
DRSS-RPEPS

Project Engineer (DRP/C)
DRS

Senior Pesident Inspector, Fort Calhoun
A. Singh
J. Gagliardo

Resident Inspector

Section Chief (DRP/C)

MIS System

RSTS Operator

RIV File

Senior Resident Inspector, Cooper
M. Murphy

M. T. Widmann, NRR

T. A. Storey, Consultant




APPENDIX

U.S. NUCLEAR REGULATORY COMMISSION
REGION IV

NRC Inspection Report: 50-458/92-04
Operating License: NPF-47
Docket: 50-458
Licensee: Gulf States Utilities (GSU)

P.0. Box 220

St. Francisville, Louisiana 70775
Facility Name: River Bend Station (RBS)
Inspection At: St. Francisville, Louisiana

Inspection Conducted: January 27-31 and March 10, 1992

Inspectors: A. Singh, Reactor Inspector, Test Programs Section, Division of
Reactor Safety (Lead Inspector)

M. £. Murphy, Reactor Inspector, Test Programs Section, Division
of Reactor Safety

Accompanying
Personnel: M. T. Widmann, Reactor Systems Engineer
Office of Nuclear Reactor Regulation (NRR)

T. A. Storey, Fire Protection Engineer
Science Application International Corporation

Approved: w [(L 3-2792
J agTiardo Section Chief, Tést Programs Date

Section, Division of Reactor Safety

Inspection Summary
Inspection Conducted January 27-3]1 and March 10, 1992 rt 50-458/92-04)

Areas Inspected: Review of application and installation of Thermo-Lag fire
barrier, assessment of the fire barrier protection prugram, compliance with
requirements of Appendix R to 10 CFR Part 50, and licensee action on
previously identified inspection findings.

Results: The inspection verified that the licensee had maintained an hourly
or continuous fire watch as appropriate when the Thermo-Lag fire barriers were
clared inoperable. Two major unresolved items were identified as a result
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of the inspection. The first unresolved item (paragraph 4.2.6), involves the
acceptability of the licensee’s basis for the initial determination of the
adequacy of Thermo-Lag applications and installation, including the adequacy
and timeliness of corrective actions. The second unresolved item

(paragraph 5.1.7) involves the adequacy and timeliness of the licensee’s past
and future corrective actions associated with the identification and
correction of Appendix R technical noncompliance issues.

No violations or deviations were identified.



1.  PERSONS CONTACTED

#*D. Andrews, Director, Nuclear Training

*L. Ballard, Supervisor, Contract Services

#*7. Crouse, Manager Administration

#*M. Cumbest, Senior Fire Protection Engineer

*J. Deddens, Senior Vice President

*B. Ellis, Fire Protection Coordinator

*L. England, Director, Nuclear Licensing

*W. Fountain, Senior Quality Assurance (QA) Engineer
*P. Graham, Plant Manager

#*J. Hamilton, Director, Design Engineering

#*T. Hoffman, Supervisor, Civil/Structural Design

*R. Kerar, Fire Protection Engineer

#*D. Lorfing, Supervisor, Nuclear Licensing
#*J. Maher, Nuclear Licensing Engineer

*]1. KMalik, Operations QA Supervisor

— *D. McCarter, Director, Loss Prevention

*J. McQuirter, Licensing Engineer
#*W. Odell, Manager, Oversight

*J. Pruitt, Manager, Business Systems

*F. Richter, QA Engineer

*M. Sankovich, Manager, En$1neer1ng

*J. Schippert, Assistant Plant Manager, Operations
*J. Spivey,Jr. Senior QA Engineer/Audit Coordinator
#*K. Suhrke, General Manager, Engineering & Administration
*D. Thomas, Director, Administration Services

CAJUN ELECTRIC COOPERATIVE

*W. Curran, Site Representative
NRC
*E. Ford, Senior Resident Inspector

*). Gagliardo, Section Chief, Test Program Section —
*D. Loveless, Resident Inspector

*Denotes those attending the inspection debrief conducted on January 31, 1992.
#Denotes those participating in the inspection telephone exit on March 10,
1992.




2. BACKGROUND INFORMATION

During the week of January 22-26, 1990, an inspection was conducted at River
Bend Station (RBS) to verify the fire protection program compliance, and from
that inspection a notice of violation was ‘ssued for the lack of a complete
fire hazard analysis at RBS. The inspect.»n was documented in NRC Inspection
Report 50-458/90-02. NRC subsequently ‘ssueu Information Notice 91-47,
"Failure of Thermo-Lag Fire Barrier Material to Pass Fire Endurance Test,"
which identified problems that could result from the use of or improper
installation and application of Thermo-Lag material utilized to satisfy the
requirements of Appendix R to 10 CFR Part 50. In October 1991, the NRR staff
visited the RBS in order to collect additional infrrmation related to the
generic use of Thermo-lLag material. During the 172 _taff’s visit, they
identified issues concerning the application, qua *rication, and confngurat1on
of Thermo-Lag used at RBS, these issues are discussed in paragraph 4 of this
report. To followup these issues, NRC Region IV conducted an inspection and
also evaluated the licensee’s corrective action and response to NRC Inspection
Report 50-458/90-02, Appendix R compliance issues as discussed in paragraph §
of this report.

3. LICENSEE ACTION ON PREVIOUSLY IDENTIFIED INSPECTION FINDINGS (92701,
82702)

(OPEN) Violation 458/9002-02: Failure to fully imp _ement the fire protection
program approved by the NRC.

The licensee's letters dated May 18 and September 18, 1990, in response to
this violation stated that the corrective actions would be completed by
January 15, 199]1. However, by letter dated March 12, 1991, the licensee
requested an extension to complete all corrective actions by the end of
January 1992. During the time of this inspection they asked for another
extension to complete the actions. The NRC will respond to the latest
extension request after review of the licensee’s revised corrective action
schedule provided in letter dated February 7, 1992. Gulf States Utilities
(GSU) had retained a contractor to review the fire hazard analysis. The
independent review by the contractor identified 106 discrepancies associated
with Appendix R. One hundred discrepancies had been resoived. The remaining
6 were being evaluated by the contractor and are discussed in the paragraph 5
of this report. This violation will remain open until corrective actions have
been completed by the licensee and reviewed by the NRC.

(CLOSED) Unresolved Item (458/9128-01): Use of acceptaﬁ??'criterig for

barrier qualification tests that were not consistent with the acceptance
criteria contained in Generic Letter 86-10.

This item is considered closed. The issues for the unresolved item have been
incorporated into Unresolved Item 458/9204-01 as stated in the paragraph 4.2.6
of this report.
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(CLOSED) Unresolved Item (458/9128-02): Three installed fire barrier

configurations containing unprotected structural steel which did not appear to
comply with the requirements of Appendix R to 10 CFR Part 50.

This item is considered closed. The issues for this unresolved item have been
incorporated into Unresolved Item 458/9204-01 listed in paragraph 4.2.6 of
this report.

(CLOSED) Unresolved Item (458/9128-03): Reportability of Thermo-lLag
installation deficiencies.

This item invoived a concern that additional or supplemental licensee event
reports (LERs) were not submitted for nonconforming fire barrier conditions
discovered after submittal of LER 87-005. The licensee had discovered new
deficiencies which were not addressed in the LER 87-005 and this resulted in
the issuance of LER 89-009 in April 1989. To address further developments
involving Thermo-Lag, the license€ submitted an "Informational Report® to the
NRC in December 1989. A revision to this report was issued in January 1990.
Continued evolution in the problems associated with Thermo-Lag resulted in the
issue of LER 90-03 in March 1990. This LER has had three revisions, July
1990, February 1991, and June 1991. The inspec*ors review indicated that
Ticensee’s handling of the reportability on Thermo-Lag issues is no longer a
concern. This unresolved item is closed.

4. FIRE PROTECTION/PREVENTION PROGRAM (64704)
4.1 Program Review and Implementation

The purpc-e of this inspection was to review the application and installation
of Theimo-Lag fire barriers, to review the status of the fire protection
program’s compliance with requirements of Appendix R to 10 CFR Part 50 at RBS,
and to address unresolved items. This inspection did not address the Thermo-
Lag material, but cnly ils installation and application. The inspectors
reviewed the licensee’s procedures, which constitute the approved fire
protection program, pre-fire strategy training records, and administrative
procedures on fire barrier inspection:. The procedures and the other
documents reviewed are listed in the Attachment. Additionally, condition
reports were reviewed which documented maintenance work activities on fire
protection systems.

The inspectors toured accessible areas of the plant site_fp observe general
area conditions, work activities in progress, and the visual condition of the
fire protection system and equipment. Items inspected included the exterior
condition, the installed configurations, and the compliance with the
manufacturers recommended installation procedures in the plant for the Thermo-
Lag fire barrier material. The inspection also included a #alkdown of the
fire suppression and detection systems throughout the plant.

Housekeeping conditions were generally satisfactory with the exception of a
few noted items of miscellaneous debris found during the walkdown of the



plant. The licensee took appropriate corrective actions to clean up the
areas.

4.2 Fire Barrier Protection/Thermo-Lag

During this inspection, the inspectors reviewed the application, installation,
and removal of Thermo-lLag at RBS and the findings are discussed below.

4.2.1 Thermo-Lag Removal

During this inspection, the inspectors noted that Thermo-Lag had been removed
in a number of plant locations around junction boxes, conduit seals, and wall
penetrations. The licensee stated that the Thermo-Lag had been removed in
order to inspect internal conduit seals and wall penetrations. The inspector
found that all of the material had been removed prior to July 1991. Since
then, there appeared to have been no effort on the part of the licensee to
replace the material. The inspectors were concerned that even though there
have been questions raised regarding the performance of the Thermo-lLag
material, failure to restore a purposely degraded fire barrier reduces the
level of protection from that previously provided. This is of particular
conc:rn when the separation of closely spaced redundant trains of cables are
invoived.

The penetration and conduit seal inspections that required removal of Thermo-
Lag fire barrier material had been documented by the licensee as part of their
maintenance work package system. The documentation was designed to ensure
that when the reinstallation of Thermo-Lag material began, all inspection
points would be covered with the fire barrier material. Replacing the Thermo-
Lag fire barrier material had been complicated by the lack of an approved
reinstallation procedure. The licensee’s initial schedule to complete
reinstallation of the Thermo-Lag material removed from the seals and
penetrations was December 1993. After further discussions with the
inspectors, licensee representatives committed to commence immediate actions
to reinstall the Thermo-L::. Although there was no approved procedure, the
licensee representatives stated that the Thermo-Lag material would be
reinstalled or modified if necessary, at a later date using an approved
procedure. The licensee had declared all Thermo-Lag barriers as being
inoperable, and had estabTished fire watches for compensatory measures in
accordance with the RBS Technical Specifications (TS).

4.2.2 Structural Integrity of Thermo-Lag Installation ___

During walkdowns of fire suppression equipment and Thermo-Lag fire barrier
material, it was noted that several inadvertent actuations of the fire
protection svstems had caused damage to the material. The structural
integrity of Thermo-Lag assemblies was found to be questionable because of
apparent defects in the installed configurations throughout the plant. The
fire suppression deluge system in both "F" and "G" tunnels had water supplied
to pipes and sprinkler heads located between the cable trays and internal to
the Thermo-Lag enclosures. Sprinkler heads were also located outside of the



enclosures on the cable trays. A water spray sys.em was also installed above
the "G" tunnel floor/ceiling assembly. If the f re system was actuated in the
“F" or "G" tunnel enclosures or above the "G" tu.nél floor/ceiling assembly,
the water would soften the Thermo-lLag and the weight of the water would cause
failure of the barriers. Although drains were provided at the ends of "F" and
"G" tunnel enclosures, the current design configuration did not appear to
remove all water internally in the event of an inadvertent actuation of the
fire suppression system. The inspectors noted visible damage to a portion of
Thermo-Lag fire barrier material in "F" tunnel during the inspection. The
Ticensee was apparently unaware that the condition existed prior to the
inspection and was not able to identify the source of water damage. Other
incidents of water damaged Thermo-Lag had been recorded and documented by tte
licensee. For example, Nonconformance Report 85-NR-053600 dated October 29,
1985, recorded damage to Thermo-Lag in the "G" tunnel caused by inadvertent
actuation of the fire suppression system. The licensee’s documents, stated
that "TSI panels appear to be deteriorated due to bulging, cracking and
peeling." It was also noted that' the inadvertent operation of the fire
suppression system had caused the seams of the Thermo-lLag barriers to
separate.

4.2.3 Qualification Testing of Installed Configurations

The inspectors identified concerns with fire rating qualification testing of
several existing fire barrier enclosures at RBS. A fire barrier assembly is
considered qualified when an equivalent configuration has successfully passed
a fire test in accordance with ASTM E119, usually performed at an independent
testing laboratory. The configurations of concern included a floor/ceiling
assembly in the stairwell of "G" tunnel, vault enclosures in "F" and "G"
tunnels, and an instrument rack enclosure on the (+)98 foot elevation. A1l of
these configurations were considered rated enclosures by the licersee in order
to meet separation requirements in 10 CFR Part 50, Appendix R. in =Zdition,
for the assemblies that had passed previous fire tests, none of the tests,

had simulated the fire suppression system being activated both internal and
external to the fire barrier enclosure as installed in "F" and "G" tunnels.
The inspectors questioned licensee representatives on the qualification
testing of this assembly as installed. No documentation of tests or any
engineering evaluation could be provided by the licensee representatives
during the inspection.

The licensee had qualified a Thermo-Lag barrier in the "G" tunnel near the
service water system. The barrier was a large horizon floor/ceiling
configuration (approximately 10X12 feet) installed in a stairwell between the
67-foot elevation (Fire Area PHl) and the B0 foot elevation (Fire Area PT1)
near the service water system in "G" tunnel. The qualification testing of
this fire barrier enclosure was questioned as to its rating by the inspectors.
The horizontal barrier configuration separates two divisions of safety-related
cable trays. Licensee representatives stated that an accepted and successful
test configuration for an 18" cable tray was used to simulate this large
floor/ceiling installation, and the 4X6X150-foot cable tray enclosures in "F"
and "G" tunnels and the 4X6X6-foot instrument rack enclosure on the (+)98 foot



elevation. Licensee representatives provided the inspectors with a
preliminary test report, which contained information on a test of a Thermo-Lag
enclosure. No details of the dimensions of the test assembly could be found
in the preliminary report. The licensee representatives stated that the test
assembly measured approximately 24X24X30 inches. Additionally, the licensee
representatives were unable to provide an engineering evaluation demonstrating
that a small scale design could be effectively extrapolated to the sizes that
exist in the plant. By accepting the horizontal floor/ceiling configuration
as an "enclosure,” the licensee had only considered that a fire was probable
from one side. The floor/ceiling assembly had been constructed of Thermo-Lag
material bolted to the underside of a unistrut support structure. The
unistrut was exposed on the top side. The i‘nspectors have reviewed this
configuration and concluded that the fire rating qualification test of an
"enclosure" did not accurately reflect the as installed horizontal
floor/ceiling configuration. The inspectors considered the horizontal
floor/ceiling configuration equivalent to a fire area boundary which could be
exposed to a fire on either side. ' There was no assurance that the exposed
structural steel unistruts would not fail and jeopardize the integrity of the
floor/ceiling assembly. In addition, the extrapolation of test data by the
licensee to accept the assemblies in "F" and "G" tunnels and the instrument
rack on (+)98 foot elevation, as qualified configurations were not supported
by the test data provided in the licensee’s preliminary report. Further, the
licensee could not provide any engineering evaluations that would indicate
acceptance of fire barrier qualification for the assemblies in the "F" and "G"
tunnels and the instrument rack enclosure.

.

§.2.4 Electrical Cable Ampacity Derating

The inspectors found that the licensee may have used non-conservative derating
factors for electrical cable ampacity in cable trays protected by Thermo-lLag
material. The derating factors presently used by the licensee are documented
in calculation E-218 and were provided by Thermal Science, Incorporated (TSI)
to Stone and Webster in an August 9, 1984, letter.

During the October 1991 visit, NRR representatives questioned the licensee
about an Underwriters Laboratories (UL) test report that was supposedly
circulated by TSI to all users of Thermo-Lag. Licensee representatives stated
that they had never received an official letter from TSI declaring their
original ampacity dercting factors in error. Subsequent to learning of the UL
report, the licensee initiated an Engineering Evaluation and Assistance
Request (EEAR 91-C-0115) to document the engineering revigw of the report.

The review by the licensee of the UL report raised questions regarding
applicability of the test report to RBS. This evaluation had not been
completed at the time of the intpection, but the licensez had compired the UL
tested configuration to the installed configuration at RBS and with the TSI
tested configuration. The Ticensee had reviewed about 10 percent of the cable
installations and found some potential problems. None of these problems were
found by the licensee to affect safe operation of the plant.
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4.2.5 Fire Test Acceptance Criteria

The inspectors were concerned about the fire test criteria used by the
licensee for fire barrier testing. The criteria used deviates from the NRC
criteria stipulated in Generic Letter 86-10, which stipulates that
transmission of heat through the barrier, "shall not have been such as to
raise the temperature on its unexposed surface more than 250° F above its
initial temperature.” In February 1988, the licensee in commenting on a test
plan submitted by TSI, stated that the acceptance criteria should be 325°F
above ambient. Generic Letter 86-10, however, stipulates that the acceptance
criteria should be 250°F above ambient, with an average ambient of 75°F being
an acceptable norm.

The licensee’s position on this issue was given in an internal memorandum from
V. R. Hamilton to D. N. Lorfing, dated November 2z, 1991, File Code No.
G15.4.1, which stated: .

"Electrical cables run inside one and three hour Appendix R fire
barriers at River Bend Station have passed the flame test in

IEEE 383-1974. Degradation of the insulation used on IEEE 383 rated
cable does not begin until jacket temperatures reach 450 degrees F to
650 degrees F. The criteria of 325 degrees F plus ambient assures that
cable jacket temperatures do not reach these levels. The maximum
ambient temperature for any fire test related to River Bend Station has
been less than 90 degrees F, therefore; the criteria of 325 degrees F
plus ambient assures that temperatures are sufficiently below the
temperatures where jacket degradation begins. From the aspect of
elevated temperature, this assures that cables are maintained free of
fire damage in accordance with Appendix R, Section III.G requirements.

*Although this variation from Generic Letter 86-10 guidance is not
explicitly addressed and accepted by the NRC in the SER, Design
Engineering believes it is implicitly accepted. Penetrations are an
integral part of the barriers and NRC guidance in BTP CMEB 9.5-1 Section
5.a.3 requires penetrations to be sealed or closed to provide a fire
resistance rating at least equal to that required of the barrier itself.
Based on this, the criteria for cold side temperature would be the same
for fire barriers and penetration seals. USAR Section 9B.4.13
specifically identifies the cold side temperature criteria of 325
degrees F above ambient used fur penetrations seals. Also, the NRC
specifically reviewed and accepted in SSER-3, Sectian 9.5.1.4 River Bend
Station test reports for internal conduit seals which used ANI/MAERP
criteria (325 degrees F plus ambient) for cold side temperature
criteria. Based on the above, NRC acceptance of this 325 degrees F plus
ambient criteria is implied."
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The licensee’'s position on this matter was not approved by NRC during the
inspection and will require further NRC review.

4.2.6 Thermo-Lag Conclusion

The acceptability of the licensee’s basis for the initial determination of the
adequacy of Thermo-Lag application, installation, and qualification testing at
RBS remains an unresolved item pending the licensee’s response to the specific
items identified above in paragraphs 4.2.1 through 4.2.5 and future inspection
as appropriate (Unresolved Item 458/9204-01). The adequacy and timeliness of
the licensee’s corrective actions will also be assessed along with any
potential future enforcement action by NRC.

5. REVIEW OF OTHER LICENS NTIF APPENDIX R ISSUES

During this inspection, the inspectors also reviewed the licensee identified
Appendix R issues found as a result of corrective actions in response to NRC
Inspection Report 50-458/90-02. These issues were related to the licensee’s
compliance with 10 CFR Part 50, Appendix R, for technical concerns other than
Thermo-Lag applications which are discussed above in paragraph 4 of this
report.

5.1 Appendix R Issues

During this inspection, the inspectors discussed with the licensee the status
of their response to NRC Inspection Report 90-02. Licensee representatives
stated that a contractor was reviewing all Appendix R issues in response to
MRC Inspection Report 50-458/90-02. During the review, 106 Appendix R
deficiencies were identified by the licensee’s contractor. One hundred items
had already been resolved. The 6 remaining items had been addressed in
condition reports (CR) and/or Licensee Event Reporis (LER). These significant
Appendix R issues are discussed below.

5.1.1 Electrical Separation for Spent Fuel Pool

Spent fuel pool equipment required for cooling were identified in LER-91-008,
Supplement 1, as not being separated electrically from the control room, which
in the event of a fire could result in the loss of spent fuel pool cooling.
Upon discovery of this condition, immediate actions were taken by the licensee
and administrative procedures for handling heat loads at existing conditions
were implemented. S—

§.1.2 Lack of Automatic Control of Dampers in Fuel Building

Normal ventilation for the spent fuel pool cooling pump depends on three
dampers within the area of the fuel building. Manual operator action is
required to close the dampers in the event of a fire because of the lack of
automatic controls on the dampers. The licensee had written a condition
report to address this issue, and had taken compensatory measures by placing a
continuous fire watch in the area of concern. The licensee had conducted an




engineering evaluation of fire damper scenarios, which determined that the
licensee would have sufficient time (approximately 4-5 hours) to send an
operator into the area to realign the dampers in the event of a fire. Because
there was no fire detection in the area, a continuous fire watch was being
maintained.

5.1.3 Twenty Foot Separation In Reactor Building

Separation criteria in the reactor building was identified as an Appendix R
issue that had not been previously analyzed correctly. The licensee had
completed a 20 foot horizonta)l separation analysis using a sphere instead of
20 foot horizontal separation criteria as stated in 10 CFR Part 50,

Appendix R, Section II1.G. In accordance with Appendix R requirements, but
the Ticensee was to separate cables and equipment and associated non-safety
circuits of redundant trains by a horizontal distance of more than 20 feet
with no intervening combustibles or fire hazards. Upon completion of an
evaluation by the licensee, it was determined that they did noi meet the
20-foot separation criteria with no intervening combustibles. The licensee
had written a condition report to address this issue and established an hourly
fire watch as a compensatory measure in accordance with TS requirements.

5.1.4 Lack of Fire Hazard Analysis

The review of the Appendix R issues by the licensee’s contractor had
determined that no fire hazard analysis review could be found for a portion of
the "D" tunnel in the electrical cable room. The lack of a documented fire
hazard analysis is significant because of the existence of safety equipment
cables being routed through the "D" tunnel. At the time of this inspection, a
preliminary analysis had been completed by the licensee’s contractor, but had
not been approved.

5.1.5 Breaker/Fuse Coordination Study

This issue, identified by the licensee, was the absence of a breaker/fuse
coordination analysis as part of the associated circuit analyses required by
Appendix R. The licensee's contractor was developing the breaker/fuse
coordination analysis and a single source document to enhance the control of
breaker/fuse ccordination for the control of 125VDC/120VAC circuits.

5.1.6 Lack of High Impedance Fault Analysis

o,
This issue, also identified by the licensee, involved the absence of
documentation for a multiple high impedance fault analysis, or compensatory
procedures for operator actions. The significance of this concern is that an
inadvertent trip of safe shutdown equipment could result from the fire induced
circuit damage of the associated circuits, therefore, potentially affecting
safe shutdown systems. A high impedance fault analysis or compensatory
procedures is part of associated circuit analysis required by Appendix R, and
is further addressed in the guidance provided in Generic Letter (GL) 86-10. A
contractor had been retained by the licensee to develop the required analysis



or the appropriate procedures. No compietion date for the analysis was
provided to the inspectors at the time of the inspection.

5.1.7 Conclusion - Appendix R Issues

The adequacy and timeliness of the licensee’s past and future corrective
actions associated with the identification and correction of these remaining
Appendix R technical noncompliance issues remains an unresolved item pending
the licensee’s response to the items in paragraphs 5.1.1 through 5.1.6 and
future inspection as appropriate (Unresolved Item 458/9204-02).

5.2 Management Oversight of the Fire Protection Area

During the course of the inspection, the inspectors primarily interfaced with
plant engineering personnel. It was not evident during this inspection that
any individual or organization had overall responsibility for the fire
protection program. The many examples of fire protection weaknesses and
inadequacies documented in this repcrt demonstrate an apparent lack of
management attention to the fire protection program at River Bend Station.

6. EXIT MEETINGS

An interim exit briefing was held on January 31, 1992, with the personnel
indicated in paragraph 1 of this report. At this briefing, the scope of the
inspection and the findings were summarized. The licensee did not identify as
proprietary any of the information provided to or reviewed by the inspectors.
A telephone exit interview was held on March 10, 1992, with the persons
indicated in paragraph 1. During this meeting, NRC representatives reiterated
the findings and the unresolved items associated with those findings. The
licensee representatives were advised that a 30-day response would be
requested for each of the unresolved items documented in the report and they
agreed to respond.

—a—r,
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1.0 PURPOSE

W
7
-
i
1
. |

The purpose of this engineering report is 0 define the mezhodology, design inputs. assumptions,
acceptance criteria, and results of the review relauve to accepuabulity of the Thermo-Lag Fire Barmers

Systems Design ar CPSES.

FINaT

20 SCOPE

= AZown

The scope of this engineering report includes all Thermo-Lag Fire Barrier Systems installed at CPSES.
This includes both raceways and structural fire barriers.

ST

NOT™ ECMMOasi1o T8, -
<

3.0  DFSCRIPTION

The TSI Thermo-Lag Fire Barner Systems are a composite of various mazerials used to protect essential
safe shutdown commodities from the adverse affects of a fire. Thermo-Lag principaliy is used & CPSES
to provide a one hour fire barrier between redundant trains of fire safe shutdown equipment. In this use,
the material is installed as a protecuve envelope around an essental commodi » Such as a raceway,
Juncuon box, or pull box which contains safe shutdown cables. In these applications, the TSI material

15 used to preciude fire-induced damage to the cables thereby preserving safe shutdown functions.
T'hcrmo-ugndwum«:pmmsmusw.wmmmsmuuimzmy.mdmpwm
eollnpuoflﬁnbm:rvmchwmnddlowuspwofm&n. In very limuted applications, Thermo-
Luisdwundwcoumdhaﬂeominﬁubmmwpmmﬁnmmgmmmd
Igrutng an object on the opposite side thereby spreading the fire.

4.0  DEFINITIONS

Fire Barrier System an enciosure or wrap which separates/protects the items in the
endumﬁommesumundh;c-mmmofaﬁn.

S A2

=

Sfuu/'

~ THAT (:',Lh

[ <

*

Crovancne 1 a0 Teic

W)

Fire Rated a commodity which has been tested and assigned a fire endurance
raung io hours i accordance with ASTM E119.

Thermo-Lag & trademark for a line of subliming fire resistive compounds
manufactured by Thermal Science Inc. (TSI) that are used to
protect various commodities such as racewsys (cables) and

structural steel from the effects of a fire.
ANI1 American Nuclear [nsurers
TSI Thermal Science Inc.
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50  ASSUMPTIONS

Thermo-L.ag is installed in accordance with Specification CPSES-M-2032, 2323-MS-38H, 2323-A5-47,
and details shown on M1-1701 and M2-1701. The assumption is based on the following:

l. The QC requirements of the specifications

2. The level of installstion detail in the specifications

3 The training of craft and QC personnel by TSI represenatives using TSI training mamuals
6.0  LICENSING BASIS
Appeuiix A to Branch Technical Position 9.5-1 provides NRC guidance for fire protection &t nuclear

power facilities. Specific guidance relative to the design of fire burriers and CPSES commitments are
provided in the FSAR as described below.

6.1 FSAR 9.5.1.5.2 - Structural Construction Elements

"Where these assemblies sre designased as fire barriers (i.e., 1-bour, 2-hour, or 3-hour fire ratings), the
construction is in accordance with & U.L. listed design, a uniform building code design, a specific fire
test by & nationally recognized laboratory, or as described in Section 9.5.1.6.1 * .

6.2  FSAR 9.5.1.5.5 - Elecr-ical Cable and Cable Tray Design Characteristics _ ,7‘
wHaT TeES THS mean

"Outside the Containment Builaings, where cable trays ini ing related to both redundant trains

of equipmesnt required to bring the plant to a hot standby and where both trains are located in

the same fire ares, and are not separsted by a negligible combustible horizontal distance of greater than

or equal to 20 f, and are not comprised of |-bour fire rated cable, one train of cabling will be protecrsd

by at least & |-hour rated fire barrier.*

6.3 FSAR9.5.16.1

/0 APCSB 9.5-1 - Appendix A
7
v e Dla 1) A 1-hour fire barrier or |-bour fire rated cable for one sex of

" required fire safe shutdown cabling.
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6.4 Ceneric Lenter 86-10

* 3.2 Eire Bamer Oualification

¢ 3.2.1 Acceprance Criteria

QUESTION

Recently the Staff bas applied a 325°F cold side temperature criterion to its evaluation of the
mcepnbﬂityofl-houund%honrﬁnbmublenyvmpa. This criterion is not in Branch
Technical Positon (BTP) APCSB 9.5-1, Appendix A as an acceptance criterion for fire barrier
cablemywnpsmunmconmmdin:\ppmnn. ltmmmpost-AppemuR
guidance. What 1s the origin of this criterion and why is it applicable to electrical cabies where
insulatuon degradation does not begin unul jackes temperarures reach 450°F to 650°F”

RESPONSE

Fire barriers relied uponmpmmmumownnlandmmwmmenqum of 1.G.2
need to have a fire ratung of either one or three hours. § 50.48 references BTP APCSB 9.5-1,
where the fire protecuon definitions are found. Fire raung is defined:

'FmRm;-mcendmpcbdofaﬁnbm«m;udeﬁmmepcmdof
reummetoamndardﬁreupo:unbeforetheﬁmcrmcdpummbehnioruobmod(ue
NFPA 251)."

snpmmmbnofmmmm'Mnmhmbmsuchummume
m«moanWmnmm‘meww.' The
mbimmwummohﬁnmmuyhmso'FandDO'F. It is
generally recognized that 75°F represents an acceptable norm. The resulting 325°F cold side
emperature <O1d 3ide EMBEFsure)orit 'ummmmmmmqmmme
. erf\mcn’ontopmhaﬂ.ﬁnofﬁndmp. It is clear that cable that begins
o degrade az 450°F is free of fire damage a1 325°F.

During the Appendix A review, licensees began tw propose fire barriers w enclose cabie trays,
conduit, fuel lines, coolam lines, etc. Industry did not have standard rating tests for such
components or for electrical, piping, or bus duct penetrations. The NRC issued staff position
§!ving acceptance criteria for electrical penetration tests. n«mmmmmomy
lemperature on the unexposed side of the barrier in excess of 325°F. In the past, manufacturers
designed their own qualification tests. Nuclear Insurers and the Institute of Electrical and
Electronic Engineers have issued tests for some of these components. These tests usually exposed
mecomponemmmeASTME-lwumewm.hndlhnddiﬂumncwpunce
crieria. Conduit and cable tray enclosure materials accepted by the NRC as |-hour barrier prior
to Appendix R (e.g. some Kaowool and 3IM maserials) and already installed by the licensee need
not be replaced even though they may not have met the 325°F criteria. However, for newly
idenufied conduit and cable trays requiring such wrapping new material which meets the 325°F
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criterion should be used, or justification should be provided for use of material which does oot
meet the 325°F criterion. This may be based on an analysis demonstrating that the maximum
recorded temperature is sufficiently below the cable insulation ignition temperature.

¢ 3.2.2 Deviations from Tested Configurations Q oA T e
y \M(%’\’ (v o TETEC
QUESTION / or ™HE B
Due to obstructions and supporws! it is often impossible to achieve exact duplication of the
specific tested configurstion of the i-hour fire barriers which are to be placed around either
conduits or cable treys. For each specific instance where exact replication of a previously tested
configuration is not and cannot be achieved, is an exemption necessary in order o avoid a
citation for a violation?

RESPONSE

No. Where exact replication of a tested configuration cannot be achieved, the field installation
should meet all of the following crieria:

1. The continuity of the fire barrier material is maintained.

2. The thickness of the barrier is maintained. i | |
, 8 mmdmmmblyhmmhwdmwnﬁmn. .
4 The spplication or "ead use” of the fire barrier 4s unchanged from the tested

configuration. For exampls. the use of & cable gfy barrier w protect a cable tray
which differs in configuration from those tha: were tested would be acceptable.
However, the use of structural steei fire proofing to protect a cable tray sssembly

may not be sccaptable.

s. The configurstion has been reviewed by s qualified fire proteciion engineer and
found o provide &n equivalent level of protection.
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70 METHODOLOGY

At CPSES, Thermo-Lag was installed in many different configurations. It is peither practucal mor
Decessary to test each one of these unique configurations o substantiaze their fire ratung. Tesung was
performed on a select number of representative configurations which would allow the extrapolation of
the results w the balance of the configuratons.

The evaluation of the fire/derating tests t support installation details at CPSES was performed by
personnel qualified in accordance with GL 86-10. This engineering repor documents the evaluation.

The evaluation consisted of a review of 1) fire barrier systems selection and installation and 2) ampacity
deraung.

The evaluation was performed using the following methodology.

7.1 Fire Barrier Systems Review

The fire barrier system systems review was composed of the following aztributes:
7.1.1 Review of the Applicable Standards

A review of the various standards (Refereaces 10.1 to 10.3) was done to determine the
accepuance crueria for an acceptable fire test.

7.1.2 Fire Endurance Test Review

Each fire endurance test (Referecce 10.12.1 to 10.12.9) was reviewed w0 determine its
acceptability and |imutation with respect to CPSES installations.

7.1.3  Inswallation Specification Review
The Specifications (Reference 10.14.1 to 10.14.3) were reviewed to ensure that the CPSES
installation criteria met the criteria for installation in the fire tests (e.g., the way the TSI material
was installed in the fire test is the way the material is installed ar CPSES).

7.1.4 Installation Details Review

The installation details (M1-1701 and M2-1701) were reviewed to ensure that the CPSES
installation details met the installed configurations in the TSI Technical Note 20684, Revision V
(Reference 10.13.1) and, if required, provided engineering basis.

The TSI Technical Note was also reviewed against the fire tests.
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Installar " u Sc._..ule Review

The Installation Schedules (M1-1700 ..d M2-1700) were reviewed to determine ¢ the
commodities protected (size and configurations) are enveloped by the fire test and, if required,
provide engineer “g basis.

Design Change Document Review

"he design change documents were reviewed to ensure that aoy unique configurations were
reviewed against tested configurations ind justification provided where required.

Iustallation Procedures .eview

The instailation ;rocedures (Referenc: 10.18.. 1 10.18.3) were reviewed to ensure that the
CPSES specification criteria and TSi iechnical notes were met.

Ampacity Dera_ng Factors

This is a discussion of how dersting factors were derived and utilized at CPSES.
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80  ANALYSIS LD S

8.1  Review of Standards N © p‘;"‘g e NE &,

‘ -119 / s P g g Ol
8.1.1 Review of ASTM E-11] L ek Ve % Vps\“,‘y/

during the test conditions imposed by this stndard. /The standsrd was pot specifically developed for

tesung of cable raceway barrers and as such does DOt comtauwn provisions which address the integriry of
the circuit. This was recognized in later ANI guidelines (Reference 10.3.] and 10.3.2).

-2
The general provisions of this standard considered applicable to Thermo-Lag testing are: h

1. memuupmwmmmm. 5:
v

- 3 Themspccmshwbempmm«of:hemmnmueonﬁm. >é=‘u

/“‘Ném&‘“ S Nem™ Witwi) THE TBouads OF NZL Coires. d
3. ;mwoanadsmmdmmmd)Mimm
250°F above smbiem (Note: t.thRChumambina?S‘menmmm

limit is 325°F).

4 Thenmblymdluwmmmodmemwmmcpmmofﬂmorbmzm
(exciuding structural steel)

S. mmwmmmeMMmﬁMMpmm
of flame, hot gases or water.

6. Fmswmm.thewmump«meonm:urﬁaofmm:wlnmum
low'Fornoomwmm;above 1200°F.

Buadonmemiewof&hmndnﬂ.hksyhmlhﬁabowmwumcﬂm:wm
reviewing the test reports.

8.1.2 Review of NFPA 251

mnsnnwwmncmmwwlouqumm NFPA
251 bamiouofASTME-lwmmmcpmmm“pplmthPSEsismewne.

8.1.3 Review of ANI Acceptance Test

ANI Bulletin No. 5, "ANIMAERP Standard Fire Endurance Test Method to Qualify 2 Protective
EuvelopeforcmslEWW'MIO.B.Z)ththof&:
endnrm(ﬁm)mubﬂiryofdmicdciminmmnnmmwimidupronm'vewvelopedunng
the fire test conditions.
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, "Ma, M= The general provisions of this standard are considered applicable to Thermo-Lag testing and are the same
g as the ASTM E-119 test procedure with the following addition:
w S : T : e -
o P8 All circuits are o be monitored to detect failure; circuit-to-Circuit, circuit-to system, and circuit-
Pl 7,%’1 to-ground.
/ w

p
e o ﬁa"’(ﬁmz "Test [I Loternal Fire® of ANI Bulletin No. § is not applicable to the TSI material).
Gt oo 8
;Jnv‘" ‘_48'51); Fire Endurance Tests Review

9"

! %mmumwmmwmmmlmww.uamdmm
e Sections 8.2.1 through 8.2.9.

ITL Report No. 82-11-80 (Reference 10.12.1)
ITL Report No. §2-11-241 (Reference 10.12.2)
ITL Report No. 83-5472A (Reference 10.12.3)
ITL Report No. 84-5-387 (Reference 10.12.4)
ITL Report No. 85-2-382 (Reference 10.12.9)
ITL Report No. 85-4-377 (Refer=-2e 10.12.6)
ITL Report No. 85-5-314 (Reference 10.12.7)
ITL Report No. 87-5-77 (Reference 10.12.8)

SWRI Projca:No. 01-6763-302 (Reference 10.12.9)

With the erception of ITL Report No. 84-5-387 and SWRI Project No. 01-6763-302, the fire endurance
tests were used to qualify the TSI Thermo-Lag 330 1-hour protective envelope designs and details as
described in TSI Technical Nots 20684, Rev. V (Reference 10.13.1). Specific comments and deficiencies
related to each fire endurance test are discussed in Sections 8.2.1 through 8.2.9; however, some generic
comments and deficiencies common o most of the fire endurance tests are discussed below.

[n general, the fire endurance tests neither contain sufficient details of the construction methods used for
the test arncle, nor commain sufficient details of the materials used to protect the test article, and do not
coman dimensioned drswings. Normally, only the maximum snd aversge thermocouple readings are
provided with the test report. The recordings of all thermocouple ratings are not included with the test
report. The fire endurance tests for cable protective envelopes reference the TSI Nuciear QA Program
Manual and Quality Contral Operating Procedures Manual (NQAPM/QCOPM) for methods of
installarion. The CPSES specifications, details, and procedures employed TSI Techaical Note 20684,
Rev. V (Reference 10.13.1) for guidsnce. Based on a comparison of the TSI-NQAPM/QCOPM to the
TSI Techzical Nov; (to be performed later), it is expectad that the comparison should resolve the noted
EeDenc comments.

8.2.1 ITL Report No. 82-11-80
The fire endurance test documented in ITL Report No. 82-11-80 (Reference 10.12.1) was conducted in

the laboratory facilities of TSI between September 9, 1982 and September 28, 1982. ITL Report No.
82-11-80 was spproved by Indurtrial Testing Laboratories (ITL) in November 1982.

0TS . Bo7
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The fire endurance test. hose stream test and electnical circuit MOMIONNg test was performed e
requirements of Amencan Nuclear Lasurers (ANT) Bulletin No. § (Reference 10.3.2), dated July, 1579
and were accepted for wnsurance purposes” by ANI in November, 1985,

8.2.1.1 Tesl Amgles
The test arucies consisted of the following raceways and cables
* Test Arucle No |

Test Article No. | was a 6" x 6" solid bouom cable tray sectuon loaded with a
100 percent cable fill (40 percent of cross secuonal area). The cable fill consusted of
8 power cables, 98 conwol cables, and 16 wsTumentanon cables. A S in. square tube
was anached o the side of the cable tray to sunulste & cable tray support.

. Test Arucle No. 2

Test Article 2 was 8 6" x 6" s0lid bottom cable tray secuon filled with a single layer of
cables. The cable fill copsisted of 2 power cables, 9 coowol cables, and
4 nstrumenanon cables.

. Test Arncle Nos. 3 and § (combined)

Test Article No. 3 was 2 12" x 4° ladder cable tray section loaded with 2 100 percent
cable fill (40 percem of cross secuonal ares). The cable fill consisted of 12 power
cables, 19 comrol cables and 130 instrumentanon cables.

An au drop identified as Test Articie No. 5 was incorpormed ot the design of Test
Arncle No. 3.

. Test Arucle No. 4

Test Arucle No. 4 was a 12° x 4° ladder<ype cable tray section filled with a single layer
of cables. The cable fill consisted of S power cables, 14 control cables, and
14 instrumentanon cables.

. Test Arucle No. 6

Test Artcle No. 6 was & 4 in. diameter condutt loaded with & 100 percem cable fill
(40 percens of cross-secnonal ares). The cable fill consisied of 6 power cables, 8 conr
cables. and 3 instrumentation cabler. A condulet and pullbox were Wncorporated nto U
4 in. diameter conduit design.

8.2.1.2 TSI Thermo-Lag Prowctive Exvelope Muenialy and Eaclosurss

The following Thermo-Lag 330-1 sublumung coanng eavelope system products were used o this test

Tegrg

Tg

\E-‘
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Thermo-Lag Stress Skun 330-69

This matenal provides srong mechanical base for the Thermo-Lag 330-1 Sublimung
Coaung. It 1s an open weave, V" suffened steel mesh baving 2 0.017 in. munimum
srand diameter, 56 munuwum mesh size and a weight per square yard of | 75 pounds
mumum.

Thermo-Lag 330-1 Subliming Coating

This material provides the required level of fire resistance. It is a water based,
sublumung, thermally acuvated fire resisuve coaung which volatilizes ar fixed
temperatures - exhbibits & volume increase through the formation of a multi-cellular
m.mdblocbhmmpromthcwbmemuowhuubapplm.

Thermo-Lag 330-70 Conformable Ceramuc Blanket (Used on Air Drop-Test Arucle
No. §, only)

This material hudmmmonnhmnxofwmtuvemmpomm
is designed o provide equal compatibility, efficiency, and gresier heat resistance when
used in concert with Thermo-Lag 330-1 Subliming Coating. It is a lightweight, flexible
ceramuc blanket mamufactured from long ceramuc fibers.

Thermo-Lag Cure Accelerstor

This is &« noncombustible material which when mixed with the THERMO-LAG 330-1
sulmgamwmmunqpmmumuymxmgmm
resisuve properties of the material. The mixture was applied to the test arucles. by
means of caulking and troweling, to seal and cover the edges, bun joints, flanges and
other surfaces, ard o effect the sumulated repair pach area, thus, demonstraung the
feasibility of accelermad set-up ume.

The test articles were protected by the following TSI Thermo-Lag protective envelope enclosures:

A layer of Thermo-Lag Stress Skin Type 330-69

A 0.500 in. minimmm (<0.00, +0.125 in.) dry film thickness of THERMO-LAG 330-1
Sublimiag Cosning

Bun joints, edges, flanges and the simulated repair patched ares on Test Article Nos. 3
and 5 Combined were filled in with the Thermo-Lag 330-1/Cure Accelerstor Mixture to
dmmh»ﬂhﬁumwmmdmmmmmw requured set

up ume.

[o additon w the above, the air drop utilized 2 layer of THERMO-LAG 330-70
Conformable Ceramic Blanket and an additional layer of THERMO-LAG Stress Skin

Type 330-69.
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. Several alternate application methods were used to install the Thermo-Lag 330-1
Subliming Coating Envelope System to the test articles. These methods wncluded direct
spray, brushing, rolling, woweling, caulking, and Thermo-Lag Prefabricated Panels,
which werenntothenquindsiumdshtpemddﬁndmudmtmdebyw
of fasteners.

. A tapered circular secton, approximately 4-in. in diameter, was cut through the fully
cured protective eavelope of Test Article Nos. 3 and 5§ Combined, to effect & *simulated”
repair. Thispad:vummmov-dmdimulledinthemtomucnonbymmgn
to the test article with wire fasteners. Theopenmumndthcrqmpmwmmu
in with the TRERMO-LAG 330-1/Cure Acrelerator mixture using roweling and caulking
methods.

Please note that ITL 82-11-80 Section 8.1 identifies this simulated repair patch on Test Article No. 4.

However, Section 7.2 and Figures 13A through |3E support that the sumulated repair was made on Test
Artcie Nos. 3 and § (Combined).

8.2.1.3 ASTM E119 Standard Time Temrerature

TbrThamo—h;pruvdopumdmaﬂduwmupoudmﬁuMﬂmmm
curve of ASTM E119, 1976 (revised to ASTM E119, 1981) for a minimum of one hour.

8.2.1.4 mu.ﬁnm.zmm

Themxximumnndwable:urfmmpemmbicvdforuchmuﬁdemluudbdow.
. Test Article No. |

mmmnbhmhawchiwdfmeMddeNo. | was 232°F with
mlvmwnéomoflv'i

. Test Article No. 2

The maximum cable surface temperature achieved for Test Article No. 2 was 288°F with
40 averige tempersture &t 60 minutes of 210°F,

o Test Article Nos. 3 and 5§ (Combined)

mmabhsmmnmwforTmAmmNm.Smds
(Combined) wes 180°F with an average temperature at 60 minutes of 131 °F,

. Test Article No. 4

The maximum cable surface temperature achieved for Test Article No. 4 was 282°F with
an sverage temperzure &t 60 minutes of 202°F.



ER-ME 067
Rev. 0
Page 14 of 104

© Test Artcle No. 6

The maximum cable surface temperature achieved for Test Article No. 6 was 148°F with
an average temperzture at 60 munutes of 96°F .

£.2.1.5 Hose Seam Test
Follwingﬁcupomﬂn,thoﬂum“pm@nmdmnﬂmuﬁdummb}“ma
2-1:’2mimmhoumunuﬂizin;azmin.dhmuﬁonlsmdudpuypipeoqmppd with 2

1-1/8 in. nozzle. wazlcpmmwuqudwmwmmwminmbym
ANI Bulletin No. 5 (July, 1979) requirements. The nozzie distance from the test article was maintained

&t & maximum of 20 feet.

8.2.1.6 Eleczucal Clroun Monioring Text

At no time during the fire endurance test or the hose stream test did the electrical circuit monitoring
system idenufy a loss of contimuiry of any of the monitored curcuits.

8.2.1.7 Reficiencies or Comments

° Appendices | through I'V are not included with the test report and thus will be
reviewed later.

. See generic comments in Section §.2.
8.2.2 ITL Report No. 82-11-241
The fire endurance test documented in ITL Report No. 82-11-241 (Reference 10.12.2) was conducted in
the laboratory facilities of TSI on October 22, 1982. ITL Report Ne. 82-11-241 was approved by
Industrial Testing Laboratories (ITL) oo November 1982,
TheﬁummhoummnddeMNUnmmm
requirements of American Nuclesr Insurers (ANT) Bulletin No. § (Reference 10.3.2), dated July, 1979
and were "accepted for insurance purposes” by ANI in November, 1985,
8.2.2.1 Test Atticies
The test articies consisted of the following racewsy and cables:

. Test Article No. 7G

Test Article No. 7G was a 4 in. diameter conduit with s cable fill that consisted of
6 power cables, 3 instrumentation cables, and 3 control cables. A condulet and pull box
were incorporated into the 4 .. diameter conduit design.
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The following Thermo-Lag 330-1 subliming coating eavelope system products were used in this test:

mummmnmmmmmmmmumummmn
berween steel substrates and the Thermo-Lag 330-1 Subliming Coating, or between
previously primed sisel surfaces and the Thermo-Lag 330-1 Subliming Coating.

This material provides the required level of fire resistance. It is & water based,
sublinin;,dwmﬂlyaaivmdﬁnmmwuvollﬂiunﬁm
w.uhibinavolumwmmefnmﬁonohmuwlulum
Mblubhwmpmmmsmmmmuwwunhmlu.

Ihermo-Lag 330-70 Conformable Ceramic Blanks:
nuwuwbrmm:ﬂmdwmwmmm
bduindwpmﬂnquﬂwnpﬂbﬂky.eﬂkﬁ:yumummm
used in concert with Thermo-Lag 330-1 Subliming Coating. This material was used to
Mhmﬂdc'smmmmﬁmmmmmaﬁﬁomcMug
within the test arucle. As noted above, this material is also rated as pon-combustible.
It is a light weight, ﬂcxiblemicblmhmﬁmndﬁomlcngmﬁbm.

The test articles were protected by the following TSI Thermo-Lag protective envelope enclosures:

8223

A 0.002 in. minimum (<0.000, +0.001 in.) dry film coating thickness of Thermo-Lag
351-2 Primer applied directly to the steel surface of the conduit section by direct spray-on
design methods.

A €.500 in. minimum (<0.000, +0.125 in.) dry film thickness of the Thermo-Lag 330-1
Sublimin;Comuppli-dtompnmdwmofmmmbyduuspuy-on
design methods.

mmmumnmmmspmqpunmmuwomm

with procedures set forth in Section 3.2.18 of TSI's Technical Note 80181, Revision {1,
dated December 1981 (Refereace 10.13.3).

ASTM ELL9 Standard Time Temperature

mnmu(pmmajwwvdopumdmuuduwmwmmmdmmn
curve of ASTM E119, 1976 (revised to ASTM E119, 1981) for a minimum of one hour.
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§.2.2.4 Cable Surface Temperamures
The maximum and average cable surface tempersrure achieved for each test article is listed below.
Test Arucie No. 7G

The maxitaum cable surface temperature achieved for Test Article No. 7G was 315°F
with an sverage tempersture &t 60 minutes of 181°F,

Hose Stream Test
Following the exposure fire, the Thermo-Lag protective envelopes and test articles were subjected to 3
2-1/2 mimute hose streamn test utilizing a 2-1/2 in. diameter national standard playpipe equipped with a
1-1/8 in. nozzie. The nozzie pressure was equal to or exceeded the minimum 30 psi as required by the
ANI Bulletin No. § (July, 1979) requirements. The nozzie distance from the test article was maintained
at 3 maxumum of 20 feet.

8.2.2.6 Electrical Cirenit Monitoring Test

Al no time during the fire endursnce test or the hose stream test did the electrical circuit monitoring
system iientify any shorts, shorts to ground, or open circuits (loss of contimuity) on any of the monitored
ciruns.

8227 Leficiencies or Commens
. Appendices | through IV were not included in the test report and thus will be reviewed later.
. See generic comments in Section 8.2.

8.2.3 [ITL Report No. 83-54T72A

The fire eudurance test documented in ITL. Report No. 83-5-472A (Reference 10.12.3) was conducted
in the labormory facilities of TSI on June 1, 1983, ITL Report No. §3-5472A was approved by
Industrial Testing Laborstories (TTL) in July 1983,

The fire endurznce test, hose stremn test and electrical circuit monitoring test was performed to the
requirements of American Nuclear Insurers (ANT) Bulletin No. 5 (Reference 10.3.2), datad July 1979,
and were “acceptad for insurance purposes” by ANI in November 1985,
8.23.1 Test Acticles
The test articles consisted on the follow ~g racewsys and cables:

. Test Article No. 1014A

Test Article No. 1014A was constructed from a 12" x 4" ladder-type cable tray that was
modified by the addition of steel plazes. The steel plates were added to Test Article No
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1014A 1 sumulate a solid bottom cable tray (3 sections) as well as a ladder-type cable
tray (3 sections).

A ol of sixty-one (61) power and control, and instrumentation cable were installed in
the test arucle. Twenty-two (22) of these cables comprised a sungle laver of cables that
ran throughout the eotire test assembly. The remainung cabies created & 100 percem of
capxuyloadm;(dopumofmumwm)inthnwpwfof!bemunde.
mmmmmmwmmmmmmwwmm
the midpoint of the lwdcgmmdncnonbeforemhn;a 180 degree bend and

exitung through the top tray opening.

The following Thermo-Lag 330-1 subliming coating envelope systern products were used in this test:

Thermo-Lag 330-1 Subliming Coating

This material provides the required level of fire resistance. It is a warer-based,
subliming, thermally activated fire resistive coating which volatilizes at fixed
temperatures, exhibits a volurme increase through the formation of a multi-cellular marrix,
andblocbhmwpronamuub:mmmndmvhunumpmd.

Thermo-Lag Stress Skin Type 33069 (Used in Thermo-Lag Prefabricated Panels Only
for the Purpose of this Test) -

This material provides a strong mechanical base of the Thermo-Lag 330-1 Subliming

Coating. It is an open wea v "V" stiffened stee! mesh having a 0.017 in. minimum

stnndd'mnan.%mm:mm:wwmyudoflﬁpom.
o

nmLuCunAaalm(Optionm

This is » noncombustible material which when mixed with the Thermo-Lag 330-1
Sulm;Codn;wmnndmmemupmwmuvmyM(meﬁn
resistive properties of the marerial. The mixture was applied to the test artcle by means
ofmﬂhn;mdmdiumuﬂmdcovuthdm.bm)om.ﬂangulndomer
m.wdmmhmmukyof&wcndww.

The test articles were protected by the following TSI Thermo-Lag protective envelope enclosures:

A 1-bour fire rated design of the Thermo-Lag 330-1 Subliming Coating material was
applied by direct spraying, rolling and troweling methods to the Class 1E Electrical
Cabies installed in the test article and to the sides and bottom of the test article. One-
hour fire rated Thermo-Lag Fire Barriers were installed for a Jistance of approximately
two (2) feet from the ends of both the upper and lower borizontal legs of the test article.
These fire barriers were constructed from & Thermo-Lag Prefabricated Panel, having a
dry film thickness of 0.500 in. of the Thermo-Lag 330-1 Subliming Coanzy.



ER-ME-067
Rev. 0
Page 18 of 104

’ The transition from the fire barrier to the Thermo-Lag protected Class |E Electrical
Cables was accomplished by means of a tapered section of Thermo-Lag 330-1 Subliming
Costing. The mummum dry film thickness of this tapered section was 5/8 in. + 1/8 in.
at all points covering the opening between the fire barrier and the protected electrical
cables.

. The Thermo-Lag 330-1 Subliming Coating was spplied in a dry film thickness of /8 in.
+ 1/8 in. in accordance with procedures set forth in TSI's Techmical Note 80181,
Revision [V, dated June 1983 (Reference 10.13.4).

§.2.3.3 ASTM E119 Standard Time Temperamure

The Thermo-Lag protective envelopes and test articles were exposed to the standard time temperature
curve of ASTM E119, 1976 (revised to ASTM E119, 198]) for a minimum of one hour.

8.23.4 Cable Surface TemperAiuces
The minimum and sverage cable surface temperature achieved for each test article is listed below:
. Test Articie No. 1014A

The maximmum cable surface tempersture achieved overall for Test Article No. 1014A
was 199°F with sn average tempersture at 69 minutes of 144°F,

For the solid botom cable tray section, the maximum cable surface temperature achieved
was 199°F with an average tempersture &t 69 mioutes of 153°F.

For the laddertype cable tray sections, the maximum cable surface temperature achieved
was 170°F with an average temperature &t 69 minutes of 137°F.

8235 Hose Strexm Tex

Following the exposure fire, the Thermo-Lag protective envelopes and test articies were subjected to a
2-1/2 minute hose stream teet utilizing & 2-1/2 in. diameter national standsrd playpipe equipped with &
1-1/8 in. nozzie. The nozme dressure was equal to or exceede bhe minimum 30 psi as required by the
ANI Bulletin No. § (July 1979) requirements. The nozzie distance from the test article was maintaine:

at a2 maximum of 20 £

8.2.3.6 Elecrical Cirenit Monitoring Test

At no time during the fire endurance test or the hose stream test did the electrical circuit monitoring
system identify any shorts, shorts to ground, or open circuits (loss of continuity) on any of the monitored
823.7 DReficiencies or Commenn

See generic comments in Section 8.2.
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8.2.4 [TL Report No. 84-5-387

The fire endurance test documentad in [TL Report No. 84-5-387 (Reference 10.12.4) was conducwed in
the laborawory facilities of TSI on May 25, 1984. [TL Report No. 84-5-387, Revision No. | was
approved by Industnal Testung Laboratories (TTL) in June 198S.

ﬂeﬁnmdmmmdhoammforhpmﬂonﬁnmpmvmmmdmm
requirements of American Nuclear Lusurers (ANT) Bulletin No. 7 (Reference 10.3.3), dated Februa-v
1876. No ANI acceprance form was provided with this fire test.

8241

8.24.2

Eire Wall, Penerazion Ovenings and Penetrants

Fire Wall
A4'x4'ﬁnwdlmmblywumdincommhmpmm. It was
constructed of a 3-in. thick coocrete slab. To impart it with & I-hour fire resistive

capability, a | in. thick sheet of "M" board (Babcock/Wilcox) was amtached. The "M*
board did not cover the penetrations.

Penetration Openings

Mpmnmpwmmvuhmm'mandmdindvuuwlyon
the centeriine of the test assembly.

The uppermost opening was spproximately 4 in. in diameter, with its centeriine located
approximately 6-3/4 in. or 7 in. from the top of the test assembly.

The middle opening measured approximately 8 in. high x 12 in. wide with its centerline
located approximately 18 in. or 25 in. from the top of the test assembly.

The bottom opening measured spproximately 10 1. high by 10 in - wide with its
cemteriine located approximately 12 in. from the bottom of the test assembly.

Penetrants
A group of 4 cables was installed in the uppermost opening.

A 4 in. conduit was installed in the middie opening. Fifty-one power, control, and
instrumentation cables were routed in the 4 in. conduir.

A 6" x 6" solid bottom cable tray was installed in the bottom opening. One hundred
twenty<two power, control, and instrumentation cables were routed in the 6" x 6 cable

tray.

a1 Fire Ston § (aeerials sod Desi

The following Thermo-Lag 330 penetration fire stop system products were used in this test:



Therm. 330 One-Hour Fire '3 Prefabricated Panel

This matenial is installed &s a transion section between the penetration item and the ares
surrounding the opening in the fire ratec vall, floor or ceiling. In addition, 2 section of
this mas~al is cut and cor >ure 0 fit and is then insertad as a fire stop between the
penetrz  article and the witat  “ably opening. The 1-b ir Thermo-Lag Prefabricated
Panel .. .50 of an inner layer of Thermo-Lag Streas Skin Type 330-65, applied with
a minimum dry film thickness of 0.0J5 in. of the Thermo-Lag 330-1 Subliming Material.

T.zrmo-Lag ?" "1 Subliming Material

numawwmmmmmmnmmm
pe <wauion opeaing. It is a water based, subliming, termally activated fire :.
coaung which volatilizes & fixed temperatures, mmmawlmwwm
formanon of & multi-cellular matrix while blocking beat @ protect the substrate material
©o which it is spplied. The Thermo-Lag 330-1 Subliming Material is applied by
spraving  olling end  mechods, and is used in the fabrication of Thermo-Lo, 330
Pr bricaed Panels.

Thermo-Lag Stress Skin Type 330-65

This maerial provides the strong me asnical baze for the Thermo-Lag 330-1 Subliming
Muerial. Itis mprised of an open wesve, self stiffened steel mesh. This marenial i
used in the fabr.cation of Thermo-Lag 330 Prefabricsted Panels and as a dammung board
for the application of the Thermo-Lag 33.-1 Subliming Material.

The penetration openings were protectad by the following TSI Thermo-Lag 330 penetration fire stop

system designs.

A 1-hour fire-- ated design of the Thermo-* ag 300 Penetration Fire Stop System was used to seal the open
areas remuning m the top, middle, and - 'm openings of the test assembly, after the installation of the
cables and raceways. The 1-bow fire rz ' desi™ consisted of:

wops

A section -Hour Fire-Rated Thermo-Lag 330 Prefabricated Panel was cv* and
contoure: mt and then was insertad as a fire s:0p between the penetration an. the
penstratue opeming. Th:-mo-Lag 330-1 Subliming Mmerial was used to caulk the
openings hetween the Prefsbricatec Panel inserts and the penetranion openings.

Thermo-Lag 330 |-Hour Fire-Rate’ Prefabricated Panel sectic=® were ~ut and ins.alled
& @ ARSIGON section becween the ~netration ... the area swrounding the penetrstion
opening, extending 18 in. into the anticipated fire zone.

mstalled .. the 4-in. diameter conduit and the 6" x 6" solid bottom cable tray by filling

L ids wit oproximately 3 in. or the Thermo-Lag 330 | Sublir  Material.
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§.2.4.3 ASTM E119 Standard Time Temperamure

ﬁenmugpmmonﬁnmpsmwmupoudwmwmmmof
ASTM E119, 1982 for a minimum of 1 hour.

8244 Cold Side Temperatires

Themximudwmldsidcmmmddfmuﬁpmﬁouﬁnmpmlmad
below:

. Upper Penetration Fire Stop

mmmumwmmmmmﬁnmm
138°F with an average temperature &t 60 minutes of 126°F.

. Middle Peneration Fire Stop

mmmmmmhmmmﬂnmm
182°F with an sverage temperature &t 60 mimutes of 168°F.

. Lower Penetration Fire Stop

mmmldndcwwtmubwpmﬁonﬁrvmpwn
128°F with an sverage temperature a1 60 mimes of 132°F.

8.2.45 Hose Stream Text

Follom;mcmmﬂn,mwmmmmwuﬁd-wmmbjmma
2-1R mmuhmmmuﬁluhgaz-lnhdmwmupmmmmwml
1-1/8 in. nozzie. mmqum»mmmmmpsmmumbym

ANU/MAERP requirements. The nozzie distance from the test article was maintsined &t 8 maximum of
20 ft.

82456 Reficiencies or Comments
. This fire test is not spplicable to CPSES.
. The penetration fire stop design is not incorporated into the CPSES standard details.
. mmmwwcmumuwmmmmnnm.
. nhﬁnmvnmm“lem.mm.meﬁmdepicn'ngme

fire stop calls out 3-bour materials and components. This appears to be an error on the
drawing and should not impact the resuits.
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8.2.5 [ITL Report No. 85-2-382

The fire endurance test documented in [TL Report No. 85-2-382 (Reference 10.12.5) was conducted in
the laboratory facilities of TSI on February 21, 1985. ITL Report No. 85-2-382 was approved by
Industrial Testing Laboratories (TTL) in February 1985.

The fire endurance test, hose stream test and electrical circuit monitoring test was performed to the
requirements of American Nuclear Insurers (ANT) Bulletin No. 5§ (Reference 10.3.2), dated July 1979,
and were “accepted for insurance purposes” by ANI in November 1985.

8.2.5.1 Test Amicles
The test articles consisted of the following racewsys snd cables.

The test article consisted of a 4-in. diamexer conduit loaded with 16 power, contol, and instrumentation
cables. A condulet and junction box were incorporated into the 4-in. conduit design. An air drop
consisting of § conwrol and instumentation cables were routed between the condulet and junction box.
The 5 air drop cables were actually part of the original 16 cables instailed in the 4-in. conduit. A unistrut
was also incorporated into the é-in. conduit design.

8.2.5.2 TSI Therme-Lag Protective Eavelope Materials snd Enclosures
The following Thermo-Lag 330660 flexi-blanket and bulk products were used in this test:
¢ Thermo-Lag 330-660 Flexi-Blanket Thermal Barrier

This material provides the required level of fire resistance. It is subliming high
temperature, hest blocking, flexible, thermal barrier. It is reinforced on both sides with
a low density, fiberglass cloth, further implementad by & heat blocking thermal catalyzer.

- Thermo-Lag 330-660 Bulk Grade Material

This material provides the required level of fire resistance. It is a water-based,
subliming, thermally-acti-atad fire resistive costing which volstilizes a fixed
temperstures, exhibits a volume increase through the formation of a multi-cellular matrix,
and blocks beat to protect the substrate material o which it is applied. This material was
used in a paste-like consistency suitable for troweling snd caulking purposes.

The test articies were prowctad by the following TSI Thermo-Lag protective eavelope enclosures:

. A 1-bour fire-ratad design of the Thermo-Lag 330-660 Flexi-Blanket Thermal Barrier
was installed in two (2) 0.250 in. nominal layers on the 4-in. diameter electrical conduit
section with & junction box and condulet srtached, and to the air drop cable group. Each
layer was spural wrap spplied to the top one-half of the conduit section and both layers
were circular wrap applied to the bottom one-half of the conduit section, the condulex,
the junction box, and the unistrut section.

00708 . 807
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. Circular Wrap

Ea:m::vnppcduy«vumuuuwmarwoa)m.ovcllppm;edponmc
circumference. mﬁmcmmuycwnmmmmmmmmw
§A. minimum stainless steel tie wires, fastened at 12 in. intervals. The second circular
wrappoduyerwucmammmoum.mommmmmnhﬁmhyumpmm
foruov«tmwhnhmjom;udiﬁowbwmuhm. The second layer was
mxummmmumﬁmuycmnwmmmmmmwu
with Thermo-Lag Fire Resistant Adhesive, and fastened ar 12-in. imervals with 0.5" x
0.020" munimum stainless steel banding material.

+ Spiral Wrap
mmwmmuwumz-mmmmmwdwmme
Thermo-Lag Fire Resistant Adhesive. The second Layer was instalied in the same manner
uthcﬁmllycb\nwnhmaincdonofﬂwdpmm. Each layer was
secured at 12-in. wwuno.rxo.ozommmmmm;m.

. Caulking Seams and Openings

W3MMMMMU&M¢MMWMW@
the test assembly.

° Flared Transition Section

NMWMMMbyﬂmmﬂdoBmmm:
mthliamMof&dm&lwnﬂuﬁuﬁmw@
the concrete access door.

. Caulking Seams and Openings

Msmm&mm-uuummmmmwpm
the tes: asserubly.

8.2.5.3 ASTM E119 Standard Time Temperamure

mnmmmmumm-mwmummw
curve of ASTM E119, 1976 (revisad to ASTM E119, 1981) for a minimum of one hour.

8.2.5.4 Cable Serface Tempersmures
The minimum and average cable surface temperature achieved for each test article is listed below:
. Conduit Section
The maximum cable surface tempersture recorded in the conduit section of the test article
was 163°F with an sverage temperature at 60 minutes of 137°F.
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° Air Drop Section

The maximum cable surface temperature recorded in the air drop section of the test
arucle was 200°F with an average temmpersmure at 60 minutes of 195°F.

. Unistrut Section

The maximum cabie surface tempersture recorded in the unistrut section of the test article
was 231°F with an average temperature st 60 minutes of 218°F.

. Condulet Section

The maximum cable surface temperature recorded in the condulet section of the conduit
was 141°F. Note: Ounly one thermocouple was used to monitor tempersture in the
condulet.

. Junction Box Section

The maximum cable surface tempersture recorded in the junction box section of the
conduit was 163°F. Note: Only one thermocouple was used to monitor tempersture in
the junction box.

8.2.5.5 Hose Stream Test

Following the exposure fire, the Thermo-Lag protective envelopes and test articles were subjected &
2-1/2 minute hose stream test utilizing a 2-1/2 in. diameter national standard plsypipe equipped with a
1-1/8 in. nozzie. The nozzle pressure was equal to or exceeded the minimurm 30 psi as required by the
ANT Bulletin No. 5 (July 1979) requirements. The nozzle distance from the test article was maintained

at & maximum of 20 f.

8.2.5.6 Elecmcal Cirmun Monizoring Test

At no time during the fire endurance test or the hose stream test did the electrical circuit monitoring
system identify any shorws, shorts to ground, or open circuits (loss of continuiry) on any of the monitored

8257 Deficienciss or Comments

. Although this fire test is similar to designs used at CPSES, the band spacing (12 inches on center)
and flexi-blanket spiral wrap differ from CPSES standard detzils. CPSES band spacing is more
conservative &t 6 inches on center maximum and the CPSES flexiblanket designs utilize the
circular or blankes wrap.

. In lieu of the band spacing, this fire test did demonstrate that (2) 0.25 in. layers of “blanket-
wrapped” flexiblanket could adequately protect 2 conduit, junction box, and condulet and could
maintain 1) circuit imegrity, and 2) cable surface temperatures below 325°F.
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. See generic comments in Section §.2.
8.2.6 [ITL Report No. 85-5-314

The fire endurance test documented in [TL Report No. 85-5-314 (Reference 10.12.7) was conducted in
the lsboratory facilities of TSI on May 21, 985. ITL Report No. 85-5-314 was approved by Industrial
Testing Laboratories (TTL) in June 198S.

mmmmhoummnddwmmmutwup«fomdwm
requirements of American Nuciesr Insurers (ANI) Bulletin No. § (Reference 10.3.2), dated Juiy 1979,
and were “acceptad for insurance purposes” by ANI in November 1985

8.2.6.1 Test Amticles
Themu&l.wnﬁmdofhbﬂcﬁummdabh:
® mmMMn.mmmmmwm.mtm

instrumentanon cables. Ammmmmmmmlm
conduit design. Mm&wmanbl-mmnnutheeomm
junction box. A P1000 unistrut was also incorporated into the 4-in. conduit design.

8262 me

£

mwnwwmwsmmmummmwm 330-1 subliming
coating system products were used in this test:

. Thermo-Lag 330-660 Flexi-Blanket Thermsl Barrier

This material provides the required level of fire resistance. It is subliming high
tempersture, hest blocking, flexible, thermal barrier. It is reinforced on both sides with
amm.wmmmwby.uumwmm.
mmumhma)ommumcmxmanmm.

. Thermo-Lag 330-660 Bulk Grade Material

This is & water-based, mm.wuywﬁnmﬁwmwhich
vdﬂh-cﬁndw.uhibiunvolmwmmm«a
mﬂdmmmulochhwmpmmnmmnmiumwhunu
spplied. mmumu.wuﬂmmmmumnwmm
caulking purposes.

. Thermo-Lag 330-1 Subliming Material

This is & water-based, subliming, thermally activated fire resistive coating which
wlﬁlimnﬂxndw.nhibbawlmmmmtnmmhof
m&«ummmbmhnnwmmmm»wuunu
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applied. This r .enal is used in a paste-like consistency suitable for troweling and
caulking purposes.

The test articies were protected by the following TSI Thermo-Lag protective eavelope enclosures:

8.2.6.3

A l-bour fire-rated design of the Thermo-Lag 330660 Flexi-Blanket Thermal Barrier
was installed in two (2) 0.250 in. nominal layers on the test assembly. All lgyers were
secured at six (6) in. intervals using |8 ga. munimum stainiess steel tie wires or 0.5" x
0.020" minmonun stainiess steel banding material. The Thermo-Lag 330-660 Bulk Grade
Material was used to csulk or rowel all seams, as required.

Flared Transition Section

Two (2) 0.250 in. nominal thickness layers of the Thermo-Lag 330-660 Flexi-Blanket
Material were used to provide a flared transition section between the bulkhead of the
furnace and the conduit test assembly. This transition was accomplished by
circumferentially wrapping the conduit for & distance of at least 2 in. and flaring w the
furnsce bulkhead s least 2 in. All joints were caulked with the Thermo-Lag 330-660
Bulk Grade Material in the minimum required dry film thickness of 0.500 in.

Thermo-Lag Fire Stop

A fire stop comprised of Thermo-Lag 330-1 Subliming Trowel Grade Material wa
inserted in the entry and exit openings of the test article for a minimum of § in. into the
conduit. Those sections of the conduit and their protruding cables located on the no-fire
side of the test assembly were wrapped with 2 in. of ceramic blanket to minimize any
major heat transfer with the ambient laborstory environment.

ASTM ELL9 Standacd Time Temperaure

The Thermo-Lag protective envalopes and test articies were exposed to the standard tme tempersture
curve of ASTM E119, 1976 (revised o ASTM E119, 1981) for 2 minimum of one hour.

£264

Cable Surface Temperatures

The minimum and sverage cable surface tempersture achieved for esch test article is listed below:

Conduit Section

The maximum cable surface tempersrure recorded in the conduit section of the test articie
was 149°F with an sverage temperature at 60 minutes of 117°F.

Air Drop Section

The msxir = csble surface temperature recorded in the air drop section of the test
article was 270°F with an saversge tempernture &t 60 minutes of 167°F.
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- Unistrut Section

The maximum cable surface temperature recorded in the unistrut section of the test grucle

was 341°F ar 60 minutes. Noavmewwupmmmemtmm
the unistrut even though four thermocoupies were installed to mMOnItor temperature on the
unustrut.

. Conduiet Section

mmmlesmwmmmmem:m«mmm
was 157°F. Note: Only one thermocouple was used o monitor tempe ‘gure 1o the
condulet.

8.265 Hose Stream Test

Follwmwmﬁmmnmmpmuedwm”ndmuﬁdumeMma
2-1/2 minute hose sueam test utilizing a 2-1/2 in. dnmmwmdcdpuypipeqmppdvmu
1-1/8 in. nozzie. mmemvuMmmmumwuiumwm
ANI Bulletin No. 5 (July 1979) requirements. mmmmmmm“m
at 2 maamum of 20 ft,

8.26.6 Elecmical Circuit Moniroring Test

Mmﬁmdmﬂhﬁudmmmmmummdu&odmmnmmﬁu
system ideaufy any shorts, shommpomd.oropncixmﬁﬂouofcouﬁmﬁy)onmyofmemmm

8.2.6.7 Reficiencies or Comments

. mﬂnmpmwnhnottyphdofCPSESu-mhdcondiﬁom. This fire stop is
WMWLMBWIMhMMWMWWM. CPSES will
incorporaie a fire stop design in the upcoming fire test.

nhmwdmbwmmm-mwxdumw”abuwmumm
were recorded inside the junction box. m«m:dmuwmablemmpponCPSESjuncuon
bo'c designs (i.e., ITL Report No. 85-2-382, Section 8.2.5).

mmmwmwumuduaﬁnbmwmanAmuapmdmg
mmbc.Nmnwoful?ofwhuhmmmnS'F NRC limut.
SinaC?SESdo.nmmabluinumsmthuhnmpmblm.

See generic comments in Section 8.2.
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£.2.7 ITL Report No. 854-377

The fire endurance test documented in [TL Report No 854-377 (Reference 10.12.6) was conducted in
the laboratory facilities of TSI on April 15, 1985. ITL Report No. 854-377, Revision No. | was
approved by Industrial Testing Laboratories (TTL) in June 1985.

The fire endurance test, hose stream test, and electrical circuit monitoring test was performed to the
requirements of American Nuclear Insurers (ANT) Bulletic No. 5 (Refereace 10.3.2), dated July, 1979.

No ANI acceptance form was provided with this fire test.
8.2.7.1 Test Anicles
The test articles consisted of the followins, racewsys and cables:

. The cest article corsisted of & 4 in. diameter aluminum conduit that was filled with
10 cables. A condulet was incorporated into the 4 in. conc . design.

. An air ¢vop routed in & 3/4 in. fluid type flex conduit and & P1000 unistrut was also

82.7.2 I5] Therme-Lag Protecrive Eavelope Materials snd Enclosuces

The following Thermo-Lag 330-600 Flexi-Blanket and Bulk Grade System products and Thermo
Lag 330-1 Subliming Costing System products were used in this test:

. Thermo-Lag 330660 Flexi-Blanket Thermal Barrier

This material provides the required level uf fire resistance. It is a subliming, high
temperature, hest blocking, flexible, thermal barrier. It is reinforced on both sides with
a low density, fibergiass cloth, further implementad by & bext blocking thermal catalyzer.
This material was applied to the tast article in two layers, each 0.250 in.

. Thermo-Lag 330-660 Bulk Grade Material

This is 2 water based, subliming, thermally sctivated fire resistive coating which vulatizes
st fixed tesnperstures, exhibits & volume increase through the formation of a multi-cellular
matrix, and blocks beat o protect the subsime material to which it is applied. This
material was used in a paste-like consistency suitsble for troweling and caulking
purposes .

. Thermo-Lag Preshaped Conduit Sections
This msterial - comprised of an initial layer of the Thermo-Lag Stress Skin

Type 33069, & '=d with 2 minimum dry film thickness of 0.500 in. of the Thermo-
Lag 330-1 Subliming Matenial to provide |-hour's fire resistive enhancement.
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Thermo-Lag 330-1 Subliming Material

This is a water based, subliming, thermally acuvated fire resistive coating which
volatilizes at fixed temperatures, exhibits a volume increase through the formation of
multi-celluler mamix, and blocks hest o protect the substrate material to which it is
applied. This material is used in a paste-like consistency suitabie for toweling and
Cauliung purposes.

The test articles were protected by the following TSI Thermo-Lag protecuve envelope enclosures.

A 1-bour fire-rated design of the Thermo-Lag 330 Fire Barrier Systemn Materials was installed on the test
assembly as follows:

Two (2) 0.250 in. minimum wraps of the Thermo-Lag 330-660 Flexi-Blanket Thermal
Barner Matenal was MldonwpmnmndymmofMHn. diameter
aluminum conduit test secuon, wmmmmmwnm nomunal

Two G)O.MhMmo‘hT&m—m3MH‘-Blmw
Barrier Material was installed on spproxumately one-balf of the 3/4 in. fluid type flex
conduit test section, mmmwfbaumby.mummmmof
mwmwammum A minimum dry film thickness of
O.SNuofmwu;BM&ukGrmMmuudmwmm
where the two designs were joined.

Two (2) 0.250 in. miniemum dry film thickness layers of the Thermo-Lag 330660
Flexi-Blanket Thermal Barrier Material were installed on the conduiet and the P1000

: mmummmumumsmam@m
Material,

mnﬁ-had&mdulmthmdkmmmmmm;
material (o.s'xo.o:o'nmmm)mmnu.umpmmmnmu;
330-660 Bulk Material, in the required dry film thickness.

Thermo-Lag 330660 Flexi-Blanket Thermal Barrier Material and the Thermo-Lag
W&M&Sﬁomwmmdm&emuﬁdeumpmnmmly $1X(6) in.
mmmmwummmmmnm:o.rxo.m'
minirmum stainiess steel banding material.
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. A fire stop comprised of Thermo-Lag 330-1 Subliming Trowel Grade Material ~as
inserted in the entry and exit opeaings nf the test article, for a minimum distancs ;i § in.
o the conduit.

8.2.7.3 ASTM E119 Standard Time Temperamure

The Thermo-Lag protective exveiopes and test articles were exposed to the standard time temperature
curve of ASTM E119, 1976 (revised to ASTM E119, 1981) for a minimum of one hour.

8.2.74 Cable Surface Temperaures
The maximum and average cable surface tempersture achieved for each test article is listed telow:
. Aluminum Conduit Section

The maximum cable surface tempersture recorded for the aluminum conduit section was
115°F with an sverage temperature &t 60 minutes of 103°F.

. Condulet Section

The maximum cable surface temperature recorded for the condulet section of the conduit
was |119°F with an sverage temperature at 60 minutes of 119°F.

. Fluid Type Flex Conduit

The maximum cable surface tempersture recorded for the fluid type flex conduit was
292°F with an gverage tempersture &t 60 minutes of 236°F.

“ P1000 Unistrut

The maximum surface tempersture recorded for the P1000 Unistrut was 455°F with an
average tempersture st 60 minutes of 380°F.

8.2.7.5 Hose Stream Test

Foliowing the exposure fire, the Thermo-Lag protactive envelopes and test articles were subjectad to &
2 172 mimute bose stream test utiliziag @ 2-1/2 in. diameter national standard plzypipe equipped with a
1-1/8 in. nozzie. The nozzie pressure was equal to or exceeded the minimum 30 psi as required by the
ANI Bulletin No. § (July, 1979) requirements. The nozzie distance from the test article was maintained
&t & maximum of 20 ft.

8.2.7.6 Elecrical Cireuit Monitoring Test

At no time during the fire endurance test or the hose stream test did the electrical circuit monitoring
system idenufy any shorts, shorts o ground or open circuits (loss of continuity) on any of the monitored
circuits.

U708 907
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8.2.7.7 Reficiencies or Comments

. munnmsmonmtadhmmwumtadaaﬁnbmcnclosmudwna
procruding member and exceeded the maxumum temperature of 325 °F (unustrut reached
455°F) as umposed by NRC. Furthermore, it is evident from this test that consideration
should be given tw fire tesung Flexi-Blanket to SUpPPOTT Its use &3 an allowable fire barrier

material for wrapping protruding items.
Note: No fire test exists to support using Flexi-Blanket on 2 protruding item,
8.2.8 [TL Report No. 87-5-77

The fire endurance test documentad in [TL Report No. 87-5-77 (Reference 10.12.8) was conducted in
the laboratory facilities of TSI on May 7, 985. ITL Report No. 87-5-77 was approved by Industrial
Testing Laboratories (TTL) on October 13, 1987.

mﬁnmmm:umumddmdmkmmﬁumwup«fomumm
requirements of American Nuclear Insurers (ANT) Bulletin No. § (Reference 10.3.2), dated July 1979.
No ANI acceptance forms were provided with this fire test.

8.2.8.1 Test Ammcles
The test articles consisted of the following racewsys and cables:

. Thetuum’clccomisdonuﬂ"x"laddc-typecablcnyuvuﬂuadwitha
power and instrumentation cables. A P1000 unistrut was weided to one side of the cable
tray. The P1000 unistrut had cross-sectional dimensions of 1-5/8° x 1-5/8", weight per
sq ft of circa 3.51 Ib and an overall length of 21-3/4 in.

8.2.8.2 NWMM

The following Thermo-Lag 330-1 subliming material eavelope system products were used in this test:
B Thermo-Lag Stress Skin Type 33069

MMMamuWMMhMWSWl Subliming
Material. It is an open weave, self-stiffened steel mesh, having 2 0.017 in. minimum
nnnddhm-u.ﬁmmwsiuandnwimpcsqydofl.ﬁlb.mum.
mm“mmm&bﬁmnofmnmmawmmpm;.

. Thermo-Lag 33C-1 Subliming Material

This material provides the required level of fire resiscance. It is a water-based,
subliming, thermally activated, fire resistive coating which volstilizes at fixed
temperazures, exhibits & volume increase through the formazion of & multi-cellular matrix,
Mblxhhumpmmmbsmmuidmwhuhumlu. [n addition to this
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ma .bein: sdtofa _atethe "hermo-Lag 330 Prefa ..ted Panels, it is also used
in  owel graue consistency to trowel and caulk areas where required.

“hermo-Lag 330 Prefabricated Panels

The Thermo-Lag 30 Prefabricated Panels were comprised on an initial layer of the
Thermo-Lag Stress Skir  2e 330-69, 2 munimum dry film thickness of 0.500 in. of the
Thermo-Lag 330-1 Sublimung Material, az.. an outer layer o1 the Thermo-Lag 5. :ss Skin
Type 330-65.

The test articies were protectec  the following TSI Thermo-Lag protective eavelope enclosures:

8283
The The

A 1-hour fire-rated design of the Thermo-Lag 330 Fire Barrier Systemn was insta  on
the ladder-type cable r  section of the test assemoly using & Prefabriczied Panel neady
Access Design o -ompietel” enclose that portion of the cable tray located on the fire side
of the furna-e access door. Prefabricated Panel .ections were also usec  enclose the
unistrut st ament for & distance of 9 in. from its intersection with the cable tray and o
construct the flared transition design used to join the upper and the lower legs f the
prot: ad cable tray to the furnace access door at its upper and lower penetrstion
junc:. a.

The Prefabricated Panels were fabricated fr. - Thermo-Lag Stress Skin Tvpe 33049 and
Thermo-Lag 330-1 Subliming material.

The i~ -allation of the Prefabricz.ad Panel Ready Access Design was accomplished by
cuttic., the number of pisces requrec o form the fire barrier from 0.500 in. munimum
dry film thickness Thermo-Lag Pr. . “cated Pancls and then mo ~"ing the sectons o
the cable tray using 0.5° x 0.07 aimum nless steel bz g material. The
stainiess stoel banding material wa. .- at the uuarface of the caoie tray and the upper
wall opening, and then & ' 2-in. ma . zoum intervals along the cabl- tray. The installation
of the Pretadricated Panel Sections on the unistrut attachment was accompiished in e
Same MaNDEr eXcept tat the stainless steel banding m: -l was placed at approximately
2-172 it  mervals. The joints and edges of the inscalled Prefabricated Panels we.
caulked - Thermo-Lag 330-1 Sublimi- - Trowel Grade Materials.

The installation of the flared traneition designs was ued by cutting pieces from a
0.500 in. minimum dry film thickr.. . Thermo-Lag Pre:ioncated Panel and then forming
each piece into a flanged section t - making & 90 degree bend along its centeriine. The
flanged sections were then sttached to the furnace access door using two machine boits
per flanged section.

ASTN C119 5. dacd Time Temp. I8

LAg protective eavelopes and test art...cs were ex: sed to the standard time temperature

curve of ..5TM E119, 1976 (revised to ASTM E119, 198]) for & minimum of | hour.
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8284 Cable Surface Temperatures
The maxumum and average cable surface temperature achieved for each test article is listad below:
. Cable Tray Section

The maximum cable surface temperature recorded for the cable tray section was 165.6°F
with an average temperature at 60 minutes of 133.5°F,

. Unistrut/Cable Tray Imerface
The maximum recorded temperature at the unistrut/cable tray imterface was 119 9°F

8285 Hose Stream Test

Following the exposure fire, the Thermo-Lag protective eavelops and test articles were subjectad to a 2-
172 minute hose stream test utilizing a 2-1/2 in. diameter nauonal standard playpipe equipped with a |-
1/8 in. nozzie. Thenoaiepmurevuequuworwmemmwpsiuuquindbyme
ANI Bulletn No. 5 (July 1979) requirements. The nozzle distance from the test article was maintained
at & maxumum of 20 fi.

8286 Elecrrical Clrcuit Monitoring Test

Atmdmdmmefmmmormmmmdidm«mudmnmm;

system idenufy any shorts, shorts to ground, or open circuits (loss of contiguity) on any of the monitored
circuits.

.
8.2.8.7 Deficiencies or Comments A S
AT 2% M
\9 J
Promuding liem Protection Wil g1t g’

T'Slﬁundnrmmﬂlﬂ-&ﬂmvidd&ebunform9in:hnneuxmnﬂyinuuuCPSESfor
protecting protruding items. Protruding items are required to be protected with fire barrier materials to
prevent heat from being conducted along the protruding item inmto & protective envelope. Fire endurance
mm.n-s-‘nhhoﬁynmﬂocmmupmiduaupm;-epmdmmm.
Mmam&.mwmh(&g..unhmmdmpl.conduin)mmhmnwmﬁuly
enclosed by a protective envelope. The protruding item included as part of ITL 87-5-77 was a P-1000
Unistrut antached to & cable tray. The unistrut was "L" shaped and measured approximately 21-3/4 in.
long. This unistrut was protected 9 in. from the cable tray protective eavelope by .500 inch mirimum | |
arymmmmn-m-u.mmmendpusuwnmmwmmmwmo.sin.x(!
0.020 in. stainiess steel bands. The stainless steel bands were placed at approximately 2-1/2 in. intervals. '
In addition all joints, seams and gaps were sealed with Thermo-Lag 330-1 trowel grade subliming
coating. This installation was unique in that;

1) The Thermo-Lag 330 Prefabricated Panels were comprised on an initial layer of the
Thermo-Lag Stress Skin Type 33069, a minimum dry film thickness of 0.500 inches of
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the Thermo-Lag 330-1 Subliming Matenal, and an outer layer of the Thermo-Lag Stress
Skin Type 330-65.

2) The fire test reduced the previous protruding item distance from 18 in. 10 9 in.

S'mocmuprotmdmgmuhonlymndeonﬁhumononmemwpponm9 in. rule, it is our
concern that the Unit | and Unit 2 specifications and installation details do not resemble the testad

configuration.

The CPSES Unit | and Unit 2 specifications and instalistion details for protruding items; 1) do not
specify an additional outer layer of Thermo-Lag 330-69 stress skin over the Thermo-Lag 330
prefabricated panel, 2) do allow the use of Thermo-Lag 330-660 Flexiblanket which bas not been tesied
in any configuration other than a full protective eavelope (i.e., no exposed steel or combustibles), and
3) do not reflect the 2-1/2 in. stainless steel band spacing interval specified in the tested configuration.
Additiona testing is recommendad to support the CPSES design, however it is believed that the CPSES
design is adequaze.

8.2.9 SWRI Project No. 01-6763-002

A five test of irradisted samples of Thermo-Lag 330-1 was conductad by Southwest Research Instiute
(SWRI) for TSI. The total exposure dose to the sumples was 2.12 x 10° rads. A fire test was performed
on one irradissd sample and one nonirradiated sample. Cold side ternperstures were recorded during
the 1-hour fire test and it was determined that there was no difference in the fire resistive properties o,
the irradiated sample versus the nonirradiated sample.

The maximum cold side surface temperature recorded of the uradisted sample at 60 minutes was 345°F.

The maximum cold side surface temperature recorded of the nonirradiated sample at 60 minutes was
422°F.

The purpose - ‘he fire test of irradisted sampies of Thermo-Lag 330-1 was to demonstrate that the fire
resistive properties of the Thermo-Lag pansis would not be degraded after exposure to radiation. The
test results did indicate the fire resistive properties actually incressed following radiation exposure.
Although this fire test did not represent a typical instalistion detail, the results should be applicable to all
installation details that incorporate Thermo-Lag 330-1 unto the design that may be subjected to a radiation
exposure.

There is s concern, however, that the cold side surface temperstures, recorded for both the irradiated and

non-irradisted sampiles, exceeded the maximum temperature of 325°F. This concern will require further
review that will be performed later,

e
.

e“( ~ 7
-

A~



8.3 Specification Review

8.3.1 Specification CPSES-M-2032, Rev. | (Reference 10.14.2), "Procuremen: and Lnstallation of Fire
Barner and Fireproofing Material*

This specification is applicable to installation in Unit 2 and common areas with respect o Unit 2 work
only.

This specification was reviewed against TSI Technical Note 20684, Rev. V (Reference 10.13.1). See
Appendix A.| for a summary of this review.

This review was limited to Thermo-Lag installation on cable racewsy. Radiant Energy Shield (RES)
lostallanion 1s outside of the scope of © . report. Also, mnmﬁcmonuinmepmofbam;mmd
for structural stee! fireproofing. . nerefore the review of this specification for structural steel fireproofing
will be performed later.

numﬁmnmmmmmmmmmuwmummmm
TSI requirements. This specification is more restrictive and provides a higher level of detail than TSI's
Technical Notes. This specification incorporates requirements which enhance the installstion.

Minor discrepancies wmfoundwhichnqumaddinom!dwn, but do not impact the design
basis (see Appendix A-1 for more detail).

8.3.2 Specification 2323-MS-38A, Rev. 2, including DCA 77269, Rev. 3 (Reference 10.14.1), “Cable
Racewsy Fire Barrier Materials®

The specification is applicable to installation for Unit 1, and Unit 2 after completion.

The specification was reviewed against TSI Technical Note 20684, Revision V (Reference 10.13.1). See
Appendix A.2 for 2 summary of this review.

of the scope of this report.

This specification incorporates the requirements of the Technical
ahi;hulwdofdnﬂmduddiﬁondnqummemwbid:
instaliation.

Minor discrepancies were found which require additional documentation, but do not impact the design
basis (see Appendix A-2 for more detail).

8.3.3 Specification 2323-AS-47, Rev. 3 (Reference 10.14.3), "Fireproofing of Structural Steel*
This specification is applicable to installation for Unit 1, and Unit 2 after completion.

The specification was reviewed against Underwriters’ Laboratories, [nc. (UL) Fire Resistance Directory,
specifically detail X-611.
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This review was lumited o Thermo-Lag installation. Other fireproofing materials are outside the scope
of this report.

This specification incorporates the requirements of the UL directory. [n fact, this specification provides
additional requirements which will ensure an adequate Thermo-Lag installation.

Section 4.1 allows the use of prefabricated paneis to be inserted in the trowel-grade material. This
installation appears to be acceptable; bom.mdmnﬁonuhnmsupponmjsd-@ An
Engineering Evalustion will be provided (later) as part of this report.

8.4  Instllation Details Review
8.4.1 Comparison of CPSES Installation Schedules to the TSI Technical Note

The installation details shown on CPSES lnstallation Schedules M1-1701 and M2 1701 (References
10.15.2 and 10.15.4) were reviewed against the installation details shown in TSI Technical Note 20684,

Revision V (Reference 10.13.1). See Appendices A.l and A.2 for & summary of this review.
8.4.2 Comparison of Fire Endurance Tests o TSI Details

lnnn-'d.MmMUWhMFhWTm(mml.z)muwy
correlated to a specific fire barrier protective envelope detail as contained and described in TSI Technical
Note 20684, Revision \ Reference 10.13.1). Descriptions of the test arucies are lacking in specific
Mmmmmmm.ummmmmon,
dimeasions, and techniques. This section provides a comparison of each test article described in the fire
mmw&M@ﬂ:Wh&ﬁleumsmmdﬂn.
only.

nhwmmumwmmmmhuymmmmudmnﬂWmm
exactly replicated in the TSI Technical Note installation details.
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8.4.2.1 TTL Report No. 82-11-80

A comparison of the test articles contained in [TL Report No. 82-11-80 to the details contained in TSI
Technical Note 20684 Rev. V are shown below in Table 8.4.2-1.

Iable8.42:]

TSI TSI
RACEWAY TYPE/  METHOD OF SECT FIG.

IESTSECTION  APPLICATION NO.  NO. COMMENTS

Cable Tray Prefab Panel O-1.1 O-1to Ladder type and solid
a-s bottom cable tray
Direct Spray o-2.1 06 to Ladder type and solid
Over Stress Skin 0-8 bottom cable tray
Direct Spray 0-2.3 09 wo Ladder type and solid
Over Stress Skin O.il bottom cable tray
Direct Spray-On [-3.0 N/A Ladder type and soiid
or Trowel-On boom cable tray
Conduit, Junction Prefab Panel V-1.1.7 IV, Conduit not specifically
Box and Condulet Iv-3 addressed
Direct Spray IV-2.19 N/A
Over Stress Skin
Direct Spray-On  [V-3.1 N/A
or Trowel On
Air Drop Stress Skin, m-2.3 m-3
Conf. Blanket,
Direct Spray-On
or Trowel-On
Support Prefab Panel V-1.1 V-1
Direct Spray-On ~ V-2.1 N/A
or Trowel-On



£4.2.2 ITL Report " 5. 82-11-241
A comparison of the test articles contained in ITL Report No. 82-11-241 to the details contained in TSI

Technical Note 20684 Rev. V are shown below in Table §.4.2-2.

RACEWAY TYPE/
IEST SECTION

Conduit

Junction Box

Condulet

Table 8,422
TSI TSI
METHOD OF SECT  FIG.
APPLICATION NOQ, NQ.
Direct Spray-On ~ II-3.1  N/A
Direct Spray-On ~ IV-3.1  N/A
Direct Spray-On ~ IV-3.1  N/A

COMMENTS
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8.4.2.3 ITL Report No. 83-5472A

A comparison of the test articies contained in ITL Report No. 83-5472A to the details comained in TSI
Techaucal Notz 20684 Rev. V are shown below in Table 8.4.2-3.

Table £.4.2-3

TSI TSI
RACEWAY TYPE/ METHOD OF SECT FIG.

Cable Tray Prefabricsted Panel  1-1.1 [-1w Ladder type and solid
o-s botom cable tray
Direct Spray Over 0-2.1 06t Ladder rype and solid
Stress Skin -8 bottom cable tray
Direct Spray Over 0-2.3 o9 w Ladder type and solid
Stress Skin g-11 bottom cable tray
Direct Spray-On 0-3.0 N/A Ladder type and solid
bottom cable tray
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2.4 [TL Report No. 84-5-387

A comparison of the test articies contained in [TL Report No. 84-5-387 to the details contained in TSI
Technical Note 20684 Rev. V are shown below in Table 8.4.2-4.

Table 8424

TSI TSI
RACEWAY TYPEZ METHOD OF  SECT FIG.

IESTSECTION  ARPLICATION NO,  NQ. COMMENTS

Fire Swp zabpnd None None Not used at CPSES
trowel-on
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A comparison of the test articles contained in ITL Report No. 85-2-382 to the details contained in TSI

Techmcal Note 20684 Rev. V are shown below in Table 8.4.2-5.

Table 8425
TSI TSI

RACEWAY TYPE/ METHOD OF SECT FIG.
IEST SECTION APPLICATION NO, NO, COMMENTS
Conduit Flexiblanket-Blanket Wrap [I14.1 -5

Flexiblanket-Spiral Wrap M43 N/A
Junction Box Flexiblanket-Blanket Wrap V4.1 N/A
Condules Flexiblanket-Blanket Wrap V4] N/A
Air Drop Flexiblanket-Blanket Wrap  [I14.1 -5
Unistrut Flexiblanket-Blanket Wrap  V-3.1 V-1

Flexiblanket-Blanket Wrap  [[14.1 m-5

NOTE: mmnmmwmmumnnmnmemummm

wrap identified in the TSI Techpica] Note.



§.4.2.6 ITL Report No. 854-377
A comparison of the test articles contained in [TL Report No. 854-377 to the details contained in TSI

Technical Note 20684 Rev. V are shown below in Table 8.4.2-6.

Table 8426
TSI TSI
RACEWAY TYPE/ METHOD OF SECT FIG.
IEST SECTION APPLICATION NOQ, NO,
Conduit Preshaped Conduit Section  [I-1.1 m-1
Flexiblanket-Blanket Wrap [[I4.1 m-s
Condulet Flexiblanket-Blanket Wrap [V4.1 N/A
Flex Conduit/Air Preshaped Conduit Section  [I-1.1 m-1
Drop
Flexiblanket-Blanket Wrap  1I-4.1 m-s
Unistrut Flexiblanket-Blanket Wrap  V-3.1 V-1
Flexiblanket-Spiral Wrap V3.3 N/A
Flexiblanket-Blanket Wrap [ 4.1 m-S
Flexiblsuket-Spiral Wrap 4.3 N/A

ER-ME-067
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COMMENTS

NOTE: Test does not indicate circuisar (blanket) wrap or spiral wrap except circulsr wrap is specified
= transition between flexiblanket and preshaped conduit section. A review of Figure 6 in the
test report indicates flexiblanket is blanket wrapped sround all test sections except unistrut.
Unistrut flexiblanket wrap is indeterminable thus assumed both methods were used.

00708 . 507
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A comryaison of the test articles contained in ITL Report No. 85-3-314 to the detals contzined in TSI

Technical ivote 20684 Rev. V are shown below in Table 8.4.2.7.

TSI
FIG.

NQO.  NO.  COMMENTS

Table 8.4.2:7
TSI
RACEWAY TYPE/ METHOD OF SECT
IEST SECTION APPLICATION
Condunt Flexiblanket-Blankst Wrap [II4.1 m-$
Flexiblanket-Spiral Wrap [1-4.3 N/A
Junction Box Flexiblanket-Blanket Wrap V4.1 N/A
Flexiblanket-Spiral Wrap V4.3 N/A
Condulex Flexiblanket-Blanket Wrap V4.1 N/A
Flexiblanket-Spiral Wrap V4.3 N/A
Air Drop Flexiblanket-Blanket Wrap  [TI-4.1 -5
Unistrut Flexiblankst-Blanket Wrap  V-3.1 V-1
Flexiblanket-Blanket Wrap  [114.1 -

NOTE: Unable t determine if flexiblankes wrap is circular (blankes) or spiral.



8.4.2.8 ITL Report No. 87-

A companson of the test articies contaned in [T. zport ** 87-5-77 to the details contained in TSI

Technical Note 20684 RV are shown below 1n Table 8
Iabie 8, -8

TSI TS
RACEWAY TYPEf METHODOF  SECT  FIC.
TEST SECTION APPLICAT"Y NQ.  NO,

C.ole Tray Prefab Panels O-1.1  D-lto
0-$
Unisorut Prefr' anel Vil Vel

8.4.2.9 SWRI Project No. 016763002

The test -~ :les contained in SWRI “roject 016763002 do not resemble any installation detail

contained .o TSI Technic: Jote 2066« Rev.
8.43 Compz-isono .l Details to Fi- Endurance Tests

Table §.4.3-1, below, provide & cross reference cc' -parison betw-~

Tecnnical Note and the Fire : durance Tests.

Table 8.43-1
TSI Technica! Note TSI Technical Note
Secnion Nos, Eigure Nos,
O-1.1 O-1 w 0O-§
L:l 06w O-f
0-2.3 O9ew™ .|

0-3.0 N/A

ER-ME 067
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TSI Technical .ote does not
reference outer layer of stress skin

TSI Technical Note does not
reference outer lsyer of stress skin

82-11-80
83-54T2A
87-5-77

82-11-80
83-54T2A

82-11-80
83-54T2A

82-11-80
83-54T2A

¢ details contained in the TSI
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TSI Technical Note TSI Technical Note
m-1.1 m-1 85-4-377
m-2.3 m-3 82-11-80
m-3.1 N/A 82-11-241
m-4.1 m-5 85-2-382
85-4-377
85-5-314
4.3 N/A 85-2-382
85-4-377
85-5-314
IV-1.1.7 V-2 and V-3 82-11-80
v-2.1.9 N/A 82-11-80
IV-3.1 N/A £2-11-80
82-11-241
V4.1 N/A 85-2-382
85-4-377
8§5-5-314
V4.3 N/A 85-5-314
V-1.1 V-1 £2-1!.80
87-5-77
v-2.1 N/A £2-11-80
V-3.1 V-1 85-2-382
85-4-377
V-3.3 N/A 85-4-377
85-4-314

8.5 Installstion Schedule Ry iew

The installation schedules M1-1700 and M2-1700 were reviewed to deermine if the commodities
protected (size and configurstions) are eaveloped by the fire test data.

A summary of the review on M2-1700 is provided in Appendix B. M1-1700 was only compared agaiust
M2-1700 for differences. The limited review of M1-1700 demonstrated no significant differences from
M2-1700.

There are two major areas where the Fire Test do not adequately support the CPSES installations. These
are |) conduits smaller than 4 in. (CPSES goes down to 3/4 in.) and cable trays larger than 12 in. x 4 in.
(CPSES goes to 36 in. x 6 in. with tee sections). See Appendix C for an Engineering Evaluation of these
nontested configurations.
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This lamter concern extends to muitiple raceways in a common enclosure. The concern with multiple
racewsys is that the size of the enclosure extends well beyond tested configurations. This is & structural
concern similar to large trays as addressed in Appendix C. It is believed, that based on the installstions
requirements, that this is not a problem at CPSES; however, documentation is required to justify these
configuranons on & case-by-case basis. Due to the schedule restraints, this justification will be performed
subsequent to augmented testng and will be incorporated into this report.

8.&
8.6.1

8.6.1.1

Design Change Document Review
Review of Design Changes Posted Against Specification 2323-MS-38H

A review has been performed on the DCAs, DCNs, and NCRs that have been posted against
specification 2323-MS-38H. These DCAs, DCNg, and NCRs have been tabulated with a brief

description in Appendices D.1, D.2, and D.3.

This review has generated a oumber of concerns pertaining to design changes specifically
related to {) reductions in the 9 in. rule, 2) wrapping pipe interferences with non-qualified
materials and 3) installation of juncuon box covers with dry joints and turnbuckle type banding
designs.

Reduction in the 9 [n. Rule

Eight DCAs were specirica!ly written to reduce the cable tray support Thermo-Lag protectior
requirements from 9 in. to 5 in. (or 6 in.) as justified by calculation ME-CA-0000-2062, Rev.
0. These DCAs are listad below:

DCA 91906 DCA 92665
DCA 92341 DCA 92813
DCA 92610 DCA 92977
DCA 92613 DCA 93093

Calculation ME-CA -0000-2062 established the minimum Thermo-Lag requirements for supports
and other members that are in thermal contact with cable trays. Calculation ME-CA-0000-2062
provided specific guidelines to be followed in reducing the required Thermo-Lag coverage.
These guidelines sre contained in the conciusion sectios of the calculstion.

The specific concern lies with the fact that the guidelines of calculstion ME-CA -0000-2062 may
not have been applied comsistencly for the eight DCAs. The guidelines for cable tray sizes,
cable tray fill, and the location of the nearest cable to the cable tray side rail were not siways
specified in the DCAs. Ouly two of the DCAs (DCA 91906 and DCA 92665) invoked the
requirements of specification 2323-ES-100 to move cables away from the side rails of the cable

tray.
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The following recommendanions soould be considered regarding the reduction (o the 9 1o, rule:

For those DCAs tha did not wnvoke the requirements of specification 2323-ES-100. work
orders and other documents snould be reviewed o ensure tha the stallanon meers the
guidelines as jusnfied 1o calcuanon ME -CA-O000-2062 Rev 0 or should be docutneses(
o an Enguneening Evaluation, if required, 0 be provided Lates.

) A detaled procedure should be uncluded 1o he specificanon providiog the necessary
guidelines o be umplemented and used whenever & reduction in Thermo-Lag coverage

13 requestad.
Pipe lmerferences

A review of the DCAs postea agaunst specification 2323-MS-38H has aiso revealed & sumber
of casss where TSI Thermo-Lag 330-70 cerazuc blanket was used © wrap pipes thas userfered
with the proper installanon of an essenual raceway 3 protactive etrveiope. These prpes were not
o physical contact with the easential racewsy however the pipe's locaton 0 respect to the
racewsy was less than the thickness of a Thermo-Lag prefabncstad pansl. Vanous wstalishon
methods were used in applymng the ceramuc blanks wrap. Some wmstallstions specified &
maxunum band spacing of 10 in. on center while others specified & maxumum band spacing of
6 in. oo conter. There sppears to have been DO consutency 1 the mehods employed to wstall
or spacify the cersmuc blanket wrap. The ceramuc blanks wrap i po< qualified by fire test for
this application nor is it discussed in the masufscturer’s insmllston procedure for this
applicanon.

Several of the DCAs raviewed invoked calculsnon ME-CA-0000-0990 R/O as jusuficanon for
the ceramuc blankes wrap by companng the ceramic blanket wrap to mazenal used o radiam
energy shield installations. The affectad DCAs are listed below.

DCA 86194  DCA 89857
DCA 91146 DCA 92791

Furthermore, each essential racewsy's protsctve eavelope bad to be modified ar the pount of
unerface wrth the wterfering pipe.

One partcular deviation has been identified on DCA 89857 where & 10 in. condenser vacuum
line 1 locased wutun 1/8 i of an essenual conduit. This 1/8 . gap was filled by a fille of
Thermo-iag 330-1 sublimung matenal which per a vendor letter ¥ equivale 0 2 |2 munute
fire raumg. The concarn with this astallstion s whether or not pipe movemen: bas been
adequately sddressed. This wstallation should be reviewed o determune if potenual rework or
an enguneenng evaluanon 18 required.
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The foilowing recommendanons should be considered when i pipes |SCaUOD LoterTeres with the
proper \ASWAlALOD Of an essenual racewav s prowecuve enveiope

! Specific guideiines sbould be weluded 1o the specifications or deta drawungs address
pIpe LOteTTe: Cunl These guidelnes should wnclude a determunauon of pipe temperasures
and pipe mOVemsnt.

3y lastructoas should be provided to easure 2 consistent method Or APProach o wrapping
or protecung the wterfering item

Dry Joua/Dry Fimogy

Detayl Mo 8-1 as shown oo CPSES Drawung M2-1701, Sh. 08, Rev. CP-1 was developed from
CPSES Unit No. | DCN No. 687 Rev. 10. This referenced DON was 2 00 ume devisnoo ©
specificanos 23123-MS-38H © allow wsalianon of & removable cover for Uait | junction box
JBIS-942. The remmovable cover wii nstalied using ASTM 304 staniess swel Dewires tha
were double stranded through & 1/4 . X 4 . ASTM 304 stanless steel turnbuckle. The

mMWUumwwxMymuMuﬂm“M.
mmwvumﬁcdlymmNRCh!omnonNmN-‘?MNoﬂmu
mwnnm-um.miwmm. The ‘dry-frenung’
m«wmmncwmmmydiﬂmmnmmmm
used &t CPSES for this DON. mﬂcmhmmumfya'dry-ﬁnu'ua
mwwpmmmmmmmmm;om, Neither the
'm-ﬂm‘muMmmmaammn. The enginsenng
buu!ordnrmnbhmupmuoomwumm)om(mzm
mnmnvnmvdlsnlmdfdumcuﬂnmamugmnﬂnwby
subl UMaton and PArtaAl IBIRITHICEDCE . The DON references & TSI leer thal 18 anached W e
DCN but 18 pot included 1 the copy of the DCN provided.

The following recommendanons should be considered regarding Detad 8-1

. Smmmwwluonvnmuﬁloumm.wi-lmouldnot
uwuadupmofmwnmmmferUnanvnmouumofme

derall requires englosering APProval.

. As Eagineering Evalusuo: should be wrigen or rework may be required o jusufy Wis
nov-wstad configursnon.

Review of Design Changes Posted Agunst Drawing M1-1701

A review has been performed on the DCAs wat bave been postad agaunst drawiog M1-1701
These DCAs bave bees tabulated with a brief description o Appeadix D 4

This review bas idenufied 3 oumber of concerns specifically reigad to common enclosures
These commot enciosure concerns wil be addressed in an eagineering evAlUALOD The
engineening eVAUADCD. powever, requires Liput from e upcomuing Wide Tray fire test
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8.7 Review of Installation and QC Procedures

8.7.1 Review of CQP-CV-107, Rev. 0 (Reference 10.18.2), "Application of Fire Barmer and
Fireproofing Materials*

This procedure uapphublemmsmmnmUnnzandcommonmwimrupcawUnthortouJy.

This procedure was reviewed tganst specification CPSES-M-2032 (Reference 10.14.2) and Installation
Details M2-1701 (Reference 10.15.4). This procedure was aiso reviewed against TSI Technical Note
20684, Rev. V (Refervace 10.13.1).

Thummwulimmdml'hcmo-u;muﬁiomonublelndmonty. The reason for this
limited review is tha ' wayShhM(RES)mnlMonbmidethempeofworkm
specification. CPSES-M-ZMZBM:WMMMMW; therefore, the review of
this procedure wita respect for structural steel fireproofing will be done Lazer.

nummmmmmmmmmmmmmmumummm
with the specification requirements. Some minor recommendstions are listed below . These would only
bcnhmwhpma&mmdmbmmhmww.

Recommendasions
Sccdoné.4.3.6-Limnnmof'V'thapadt&ﬂum‘ﬁbnommmn'l'in.tommthnthe
dhmmﬂmmnm&epom:bawhceu@gofﬂnmmm.

Section 6.4.3.8 - State thar the preferred method of mechanical fastening is using the banding materials.

Section 6.4.4 - Add statement that this section (6.4.4) is limited to fill-in work ¢.§., filling seams, joints,
nps.andcnchmmocmminmummofpre&bmpmmanddoanotnpplymme
msWImonofmdeuanMe.g..Mammplumdmp'mtrowel
grade. mmumam“mammm«m.

Scawm6.42:ﬁ6.6mummnu&¢monmmmminmned
prior w eaclosing the item. Mbammmmndmompmpcinlem.

8.7.2  Review of CP-CPM-10.3
Duemdmmﬂabﬂhy.mmmm&ammuml installation procedure is no
longerinuu.chhdomwunotmiendmdmedstobemiewdmmmuml'sinsmhuon

8.7.3  Review of NQA 3.09-1.07, Rev. 3 (Reference 10.18.1), "Inspection of Fire Protection to Cable
Racewsy and Structural Steel®

Thhpmadunbmlomincﬂta.b\nwsucdwpmvidemdmonmimpmonofl?m:1
installations.
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This procedure was reviewed against Specification 2323-MS-38H (Reference 10.14.1) and 2323-AS<47
(Reference 10.14.3).

This procedure basically provided the appropriate forms to document inspection of the TSI instailanons.
The procedure referred back to the appropriaze QC aurbutes in Specifications 2323-MS-38H and
2323.A5-47. Based on the level of detailed signoff required, this procedure provided adequae
docu: -gtation to ensure that the Thermo-l 3 instalied in Unit | conformed to the specification

requirements.
88 Ampacity Derating Factors

The NRC in Draft Generic Letter 92-XX (Reference 10.10) raised the concern about ampacity derating
factors that the aumbers used may not be conservauve. This is based on fact tha the as-built

configurations msy not be representative of the tested configurauons.

As stated in DBD-EE-052, "Cable Philosophy and Sizing Criteria,” cable ampacity deraung factors for
Thermo-Lag racewsys at CPSES Units | and 2 are as follows:

1. 31 percent for single trays enciosed with Thermo-Lag spplied aguinst ICEA P-534-440
*Cables in Random Filled Trays" (factors taken from UL Report R6802

(Reference 10.11.4)).

¢ 5 ZOWthmmmmmhipwm.mlum
ICEA P-46-426 “Power Cable Ampacines for Conduits in Air® (factors determined by
SWEC calculation 16345/6-EE(B)-004 (Reference 10.16.3)).

3. 7.5 percem ‘or single conduit enclosed with shell design Thermo-Lag (factor based on
review of 721 Report No. 111781 for 1-in. conduit (Reference 10.11.1)).

4. Other specific cable ampacity derating factors for free eir wrapped cables (factors
determined by SWEC calculstion 16345-EE(B)-140 (Reference 16.4)).

Varistions in configuration in the fisld that differ from the spproved guidelines are documentad in the
Design Change documents which allow the configurztions. The engineering basis for eact design change
documents the fact that the derxting factors are not impacted (example of this is DCA-87 MO0, Rev. 1).

Concerns raised by the subject generic letter regarding the appropriate cable ampacity factor for Thermo-
Lag 330-1 fire barrier systems on power cable are as follows:

[SSUEL

CONCERN: ﬁlpmﬂddmmdnwlhmu&admmdmﬁyd«nhgbmnfmndouﬂ
tray ranging from 12.5 percemt for |-hour barriers tc 20.55 percest for three-bour barriers. On
October . 986, TSI informed its customers and the NRC that, while performing tests at Underwriter’s
Laborato:- UL) facility, TSI found that the ampacity derating factors for Thermo-Lag were greater than
previous tests indicated.
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The UL tested ampacity deraung factor ranged from 28 percent for |-hour barriers w 31 percent for 3-
hour barmers. However, TSI stated tha: the test resulits may not be comparable to previous test results
since the test procedure and configurations were different.

Testung conducted at Southwest Research Insutute (sWRJ) (by TSI competitors), as reported by the NRC,
found the ampacity deraung at 37 percent for & |-hour barrier.

mmcumwmalmmummmmmmnmmmmnmmu
i tray with Thermo-Lag.

RISCUSSION: mmmmmmcswﬂmmmmmmmm
Report. mmphﬂowpbymmddiﬂumutnblymmmm. Since the test
phuo:ophyuadbymuwmmmlmMMapmeon'Amm
Deratng of Fire Protected Cables,” SWEC utilizes the cable derating factor for power gy consistent
with the results of the UL report.

mu.wympwmuummmmmummmhunw
Electric Code. The test results from SWRI have not been made available o SWEC. Note: Pxt Madden
MOwMMhMM(SWOMMMMhmmhM
and bas ot supplied SWEC with a copy.

CONCERN: mmmmmmwmmmmma.sm)mm
significantly from the UL Report (0 percea).

the conduit mmmmmnmu;ﬁnwymmmmmnm
transfer. Hom.bthl-hmwhdnﬁlmamnmmmuwwnm
mwmummmmmummmm. Accordingly,
SV owwmmmmuwhmmmnsmmmwumw
Thoino Lag.

00708 a7
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RISCUSSION OF JSSUES PREVIOUSLY RAISED BY TURSWEC IN 1986-1987

[SSUE2

CONCERN: The thermal resistance of Thermo-Lag, as determined in an ambient test environment of
40*C versus & normal plant ambient environment of 50°C, was used in calculating the ampacity of cables.
The concern was that this may result in & less conservative ampacity raung.

RISCUSSION: SWEC provided an analysis for using the thermal resistance of Thermo-Lag, applicable
for an ambiem environment of 40°C, in calculating the ampacity of ca. =3 in an ambient eavironment
of S0°C. The analysis showed that use of the 40°C thermal resistance factor resuits in a more

conservative ampacity deraring factor, and therefore is acceptable.

ISSUE ¢

CONCERN: Thermo-Lag |-hour installstion procedures at CPSES require & thickness of 0.500 in. with
a wierance of 0.250 in. The concern was that \his installation may require additionsl dersting factors.

DISCUSSION: SWEC used the results of the UL test for the 1-in. thick product.

BSUEJS

CONCERN: No cable ampacity testing was submitted for box design Thermo-Lag on conduit. The
concern was that cables installed in these configurations may not have proper ampacity razings applied.

RISCUSSION: Unit | installation procedure CP-CPM-10.3 permitted the conduit to be boxed cut with
Thermo-Lag, which may produce an sir gap between the Thermo-Lag and the conduit resulting in an
expected higher derating factor. SWEC analyzed this condition in calculation 16345/6-EE(B)-004, and
concluded that a 20 percem derating factor be applied agains: the ICEA P46-426 cable ampaciry standard
for singie conduit encinsed with Thermo-Lag.

[SSUES

CONCERN: Noubhm&hymgwambmm-dforw[i;on&nmdmpuble. The
concern was that cables instalied in this configuration may not have proper smpacity ratngs applied.

RISCUSSION: Calculstion 16345-EE(B)-140 calculates the ampacity of free air cables which are wrapped
with the flexible version of Thermo-Lag (330-660). Instead of calculating & derating factor, a specific
ampacity is developed.

Based on the discussion sbove and review of the existing documentation (Reference 10.11.1 through
10.11.4) adequste documentation and engineering basis is available to support the numbers used.
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9.0 CONCLUSIONS

Based on the review of the documemation, Thermo-Lag Fire Barrier Systems are adequately designed and
installed ar CPSES. However, documentanon is lacking o support the design.

lnordawrmovemsedeﬁcmudimmaremummumd. These fire tests should consist
of a least two tests. Ou.almm%h.xGh.wi&ammmmnMdMa
ﬁnmp(ml)mﬂeofﬂ!wugsmlcovdgnde.mdnmismforaprouudingm. The
om«mwdbemdlcondnm.bwonabuﬁll.bothlin.and:i/ﬁn.eondum:houmbemdud-d
mhhmwﬂawduﬁwndjuncﬂonboxhwmmmmum

vmmumomnamwwmvmmm“mwmmmmmmm
e applicable review of each document.

Thefvouowmgu:ionimmnnopnnmnmmdwﬂlbedommmmiﬁowmm
or documentation is received or completed:

1. A comparison is required of the TSI-NQAPM/QCOPM to the TSI Technical Note (see
Section §.2).

2. Appendices | o IV of ITL Report No. 82-11-80 require review (see Section 8.2.1.7).
3. Appendices | © IV of ITL Report No. 82-11-241 require review (see Section 8.2.2.7).
4. Fire stop design requires fire testing (see Section 8.2.4.6).

5. :rgt;u’d)in;imﬁn. design incorporating flexiblanket requires fire testng (see Section

6. Protuding item 9 in. dnipincorponnn.fhmu;pufnbﬁemdpmfoqumﬁn
tesung (see Section §.2.8.7).

7. &Mivﬂmm»wmmo{pﬂﬁbﬁandpmh inserted in
trowel grade for structural sweel fireproofing (see Section 8.3.3).

8. Cnmndmfnrnﬂﬁphmwmnquinjudﬁcﬁon(uesmom 8.5 and
8.6.2).

9. &m—msmmmummjmmmmmmvom“
reduction in the 9 in. rule (see Section 8.6.1.1).

10. Engineering Evaluation or rework may be required for cemain protective envelope
installations that inciuded pipe imerferences (see Section 8.6.1.2).

11. Encin-uingivdnlﬁonormorkmy be required to justify the dry joint junction box
installation (see Section 8.6.1.3).



12.

13.

14.

15.

16.
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Several enhancements to the installation and QC procedures may be required to ensure
that Thermo-Lag 13 installed in accordance with the installation specification (see Section
8.7.1).

CP-CPM-10.3 requires review to validate Unit | installations (see Section 8.7.2).

Documents are required to justify using chemical solvents for 351-2 Primer (see
Appendix A.1, Section VIII and Appendix A.2, Section VIII).

Documents are required to justify 350 Top Coat applicstions following & reduced cure
time (see Appendix A.2, Section VIII and Appendix A.2, Section VIII).

Small conduits and large trays require additional iesting (see Appendix C).
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ANI Bulletin No. 7, 'ANUMAERPSMMMMFinTmofC&bIcMPipe
Penetrstion Fire Stops

Appendix A w© BTP 9.5-1, NRC Supplemental Guidance Nuclear Plamt Fire Protection
Functional Responsibilities Administrative Controls and Quality Assurgoce®

Federal Register/Volume 45 No. 225/Wednesdsy, November 19, 1980 Fire Protection
Program for Opersing Nuclear Power Plants 10 CFR, Pant 50, Appendix R

CPSES Final Safery Analysis Report, Section 9.5. |
NRC Generic Letter 86-10 “Lmpiementation of Fire Protection Requirements * 4/24/86

NRC INFORMATION NOTICE 91-79 *Deficiencies in the Procadures for Installing Thermo-
Lag Fire Barmier Materials,” 12/6/91

NRC INFORMATION NOTICE 9147 *Failure of Thermo-Lag Fire Barrier Materials to Pass
Fire Endurance Test," 8/6/9]

NUMARCL&'HRMM-MWF&!BM'MMNRCDM
Generic Lewer 92-XX: "Thermo-Lag Fire Barners," March 6, 1992

Thermal Science, Inc. (TSI) Cabie Ampacity Test

TSI Technical Note 111781, datsd November 1981, "Engineering Report on Ampaciry Test
for 600 Voit Power Cables Installed in a Five Foot Leagth of Two Inch Conduit Protected

with Thermo-Lag 330-1 Subliming Costing Eavelope System*

Industrial Testing Laboratories, Inc. (TTL) Report No. 82-355-F-1, Revision |, dated January
1985, "Ampacity Test for 600 Volt Power Cables in an Open Top Cable Tray Protectad by
the Thermo-Lag 330-1 Subliming Coaung Envelope System*
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10.11 4

10.12
10.12.1

10.12.2

10.1..3

i0.12.4

i .5

10.12.6

10.12.7

10.12.8

10.12.9

[TL Report 0. 83-8-183, dz ugust (¥83, "Am .acity Deratir 18 70°C, ©°°C. a
90°C. “>r 1000 Volt Power » 1o a Ladder Cable Tray Assex.  Protected w2 g One-
Hour Fire Rated Design of the Thermo-Lag 330 Fire Barner System

writer  sorawries, [nc. (UL) Lemer to TSI, dated January 21, 19°° for Prject
23826, . R6B02, "Specia; srvice Investigation of Ampacity Ratigs for Power
Canies in Sten  _onduits and in Open-Ladder Cable trays with Field-Applied Enciosures”

The -2 Science, Inc. (TS]) Fire Endurance Tests

Industrial Testing Laboratories, Inc. (ITL) Report No. 82-11-80, dated November 1982, *O-
Hour! Endurance Tests Conduc «d on Test Articles Contamning *Generic® Cables Protected
with Tucrmo-Lag 330-! Subliming Coating Envelope System*

ITL Repor. No. 82-11-241, dazed November 1982, *One-Hour Fi- Endurance Tess
Cor.~ zted on the Therm -Lag 330-1 Sublimung Coating Syswem Applied vy the Direct Spray-
Ot esign © 4-Inch Diamerer Standard Elect -2/ Condunt Containing Generic Cables”

ITL Report No. 83-5472A, dated July 1983  me-Hour Fire Endurance Test aducted on
the T'hcno-h;”OSuNinquthicSymApplhdbyDinaSpnytu,muin;. and
Troweling Methods w Class LE Electrical Cables Installed in 2 Modified Ladder Cable Tray
Test Article”

ITL Report No. 84-5-387, Revision |, ed June 1985, "One-Hour Fire End.ance Test
Conductad n Vanous Configurancas of e Ther  _ag 330 Penetracion Fire Stop Syswem*

ITL Report No. 85-2-382, dated February 1985 "“me-Hour Fire Endurance Test Conducted
on Air Drop Cables and s Unistrut Section Connr  -d to a 4-Inch Diameter Standard Electrical
Conduit Protec od with the Thermo-Lag 330-66. Flexi-Blanket Thermal Barrier”

ITL Report No. 85-377, Revision |, dated June 1985, "One-Hour Fire Endurance Test
Conducted or: ¢ V.ch Diameter Aluminum Conduit Test Assembly with & Condulet, an Air
Drop Cable L>waliad t & 3/4 Inch Fluid Type Flex Conduit avd s P1000 Unistrut Protected
with the Thermo-Lag 30 Fire Burrier System: Mesigns®

ITL Report No. 85-5-314. dated June 1985, *One-Horr Fire Endursnce Test Conducted on
# 4-Inch Dismrecer Condu:. Protected with the Thermo-Lag 330-66( Flexi-Blanket System”

ITL Report No. §7-5-77, Revision 2, dated O“~ober 3 1987, *One-Hour Fire Enduranc Test
Conducted on & Ladd> Cable Tray with s F 00 Ur.strut Atachmens with the Therna H
330 Fire Barrier Systam”

Southwest | earch "nstitute (SWRI) Project * ' 01-6741-302 Final Report, dated December
2, 1981 "Fue Res  ce of Irradiated Ther g3 °
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Thermal Scieace, Inc. (TST) Installation Procedures

TSI Technical Note 20684, Revision V, dated November 1985, "Thermo-Lag Fire Barrier
System Installation Procedures Manual Power Generaung Plam Applications

TSI Technical Structural Steel (Later)

TSI Technical Note 80181, Revision [O,"Thermo-Lag 330-1 Subliming Coating Envelope
System Application Procedures,” dated December 1981,

TSI Technical Note 80181, Revision IV, "Thermo-Lag 330-1 Subliming Coating Fire Barrier
System Application Procedures,” dated June 1983,

CPSES Specifications
CPSES Unit No. | Specification No. 2323-MS-38H, "Cable Racewsy Fire Barriers®

CPSES Unit No. 2 Specification No. CPSES-M-2032, *Procurement and Installation of Fire
Barner and Fireproofing Materials®

CPSES Unit | and 2 Specification No. 2323-AS47, *Fireproofing of Structural Steel®
CPSES Drawings '

CPSES Unit | Drawing No. M1-1700, *Thermo-Lag and RES Scheduie*

CPSES Unit | Drawing No. M1-1701, Sheets 1-7, *Thermo-Lag Typical Details*
CPSES Unit 2 Drawing No. M2-1700, *Unit 2 Thermo-Lag Report*

CPSES Unit 2 Drawing No. M2-1701, Sheets 1-15, *Thermo-Lag typical Decails*
CPSES Calculations

CPSES Unit | and 2 Calculation No. ME-CA -0000-006S, "Thermo-Lag Primary Protruding
Member [nstllation Requirements*

CPSES Unit | and 2 Calculation No. ME-CA-000"-2062, *Heat Transfer Analysis of Cable
Tray Suppors o Determine Thermo-Lag Reo.rements*

CPSES Unit | and 2 Calculation | .345/G-EE(B'-004 Rev. 0" Cable Ampacity Derating
Factors for Conduits Boxad in wir’ Thermo-Lag (TSI Product)*

CPSES Unit | and 2 Calculatior; No. 16345-EE(B)-140 Rev. 1, *Ampacity of Power Cable
Wrapped with Thermo-Lag 33660 Installed i3 Free Air Drop*



CPSES Unit | and 2 Calculation No. 16343/G-EE (B)-142, Rev. 2." Thermo-Lag Tray
[oterface Analysis”

CPSES Design Basis Document

DBD-EE-052 "Cable Philosophy and Sizing Criteria,” Rev. 3

CP2ES Procedures

10.18.1 NEO Quality Assurance Deparunent Procedure No. NQA 3.09-1.07, *Inspection of Fire
Protection to Cable Racewsy and Structural Steel® (CPSES Uniz 1)

10.18.2 CPSES Construction/Quality Procedure No. CQP-CV-107, *Application of Fire Barrier and
Fireproofing Materials® (CPSES Unit 2 and Common)
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A. General Description Describes NA
T-L Material
B. Fire Barnier Design Describes § basic | 3.1
designs of T-L
330
I. T-L Prefab.Panel Design Defines rating 3.2
&. Composition and thickness, and
b.Installarion details installation
requiremencs
0. T-L Preshaped Conduit Design Defines rating 3.2
a.Composition and thickness and
b.Instailation degails installstion
regquirements
[I. Direct Spray Over Stress Skin Defines rating 32
Design and thickness,and
a.Composttion installation
b.Installation details requirements
IV Direct Spray On Design Defines rating 3.2
2.Composition and thickness,and
b.Installation details installation
requirements
V. T-L 330660 Flexi Blanket Defines rating 32
Thermal Blankst Design and thickness and
a.Composition installstion
b.Instaliation details requirements
C.Matenal Components Describes 32,33
material used in
T-L 330 Fire
Barrier




TSI Section No. or Dwg.No.

Appendix A |

Addressed in

Specification in
Section No.

D.Recommendations-Primary Requires 1.2.15; 1.27 Spec.req.is 9*
Racewsy Supports and All struct.steel to be versus TSI 18°,
Penetrsuions Into the T-L 330 Fire protected min Justified by
Barrier 18" from fire calculation ME-

barrier CA-0000-0965 .
E.Preapplication Practices Contractor to be | 3.2

qualified by TSI
F.Safety Precautions Conform to

OSHA
G.Delivery Defines delivery | 4.2

:

H.Storage Defines storage 4.2

conditions and

temp.
section [l T-L Fire Barrier System | Provides detailed | 3.3
for Cable Trays instr.and

———

sequence
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| .Prefab Panel Ready Access 33
Design for Cable Trays
Fig.0-1 Solid Bottom
Tray Miter Cur
Fig.l-2 Ladder Tray M2-1701 ShS Wire a2.t0 ladder
Butted Cut Det.5-2 and diff. from spec.
Skl Det11-3 req.removal &
holes patch
Fig.I-3 Ladder Tray M2-1701 Shil Installstion aid
Scored One Detll4 only does not
Piece impact design
Fig.ll+4 Solid Bottom M1-1701 ShS basis
Scored Ome Det.5-1 and
Piece Shll Detl1-$§
Fig.O-5 Ladder Tray
Scored One
Piece
2.Direct Spray Over Stress Skin Stress Skin
Design for Cable Trays Prep.Det. with
Figll-6 Figll-7 Figll-8 Mech. Fasteners | Not used
Figh-9 Figll-10,Figl-11 As Above but
using s.3. wire
or banding Not used
Section I T-L 330 Fire Barrier Provides detsiled | 3.3
System For Protection of instr.and
Conduit,Cables Drops and lastr. installstion
Tubing sequence
1.Preshaped Cond. Section Design 33
Fig.IO-1
Preshaped Cond. | M2-1701Ské
Fig.Mm-2 Ler Dexd-|
Cond. Adjacent to | M2-1701She
Concr. Wall Det4-3
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_—
TSI Sectica Nc - Dwg.No.
Specification in
Section No.
2.Direct Spray Over Stress Skin 33
Design
Fig.[I-3 Direct Spray Not usea
Over Stress Skin
Fig.lll4 As Above but 3
Hr. Det. Not used
3.Direct Sprzy-On Design 33
4. T-L 330-660 Flexi-Blanket i3
Therm. Barrier
Fig.[0-5 T-L 330660 M2-1701Sh4
Inst.Det. 1-Hr. Deté-2
As Above but 3
Fig.[l-6 Hr. NA
Section [V T-L 330 Fire Barrier for | Provides detailed | 3.3
Protect. of Junction Boxes,Pull instr.and
Boxes and Condulets installation
sequence
|.Prefabricated Panel Design M2-17018h2
Fig.IV-1 Prefad Panel for | De-3 Tie wires shown
Surf, Mountsd remaining
Jurct Boxes /penetrating fire
Fig.IV-2 As Above but barnier
not surface
mounted Acceptable based
Fig.IV-3 As Above but for | M2-1701Shé on TSI details [I-
condulets Detf. 1 1,2,and 3
2.Direct Spray Over Stress Skin 33
3.Direct Spray or Trowel Appl. 33
4 T-L Flexi Blanket 3.3 I
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TSI Section Ne. or Dwg No. Subject A fddreases by C onmerimesy
Specification in
Sectiom No.
Section V T-L Fire Barrier System Provides detailed | 3.3
for Structural Supports, Hangers and instr.and
Fire Dampers instal'stion
sequence
! Prefabricared Panel Design
Fig. V-1 Detail for Struct. | M2-17018h1
Steel Detl-1,-2,-3, 4
Fig.V-2 Deuil for Fire Not used
Damper
2.Direct Spray or Trowel Appl. 33
y 3.T-L 330660 Flexi Blanket 33
Section VI T-L 330 Fire Barrier for Provides desailed | 3.3
Interfaces instr. and
b installation
sequence
1.Installation of | or 3 Hour Fire Installation 33
Barrier for Interfaces between Cable sequence for
Tray,Conduit loser. Tubing and prefab. or
Penetr. Seal costing over
stress skin
method
Fig.V1-1 T-L F.B. M2-1701 SHSA
racewsy DetS5-4
Interfacing
w/penetr .seal
172%-1hr.
Fig.V1-2 As sbove but 1°- | NA
3hr.
Fig.V1-3 As Above bt .| NA
2x1/2*-3hr,

(0705 807
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2.Inswllation of | or 3 hr. Self- Installation
supporung Lote-race berween sequence for
Conduit or Instr. Tub. and wall or | prefab. or
Ceiling coaung over
stress skin or
flexi blankes
method
Fig. V14 Self-support.
sys.of Not used
pref.paneis 1/2°
Fig.V1-§ As above but |* | Not used
3.nsiallation of | or 3 hr. Self- Provides detailed | 3.3
supportung Interface between Cable | instr.and
Tray and Conduit installstion
£
Fig.V1-6 Typical cable
tray and cable Not used
interface
Section VII T-L Fire Barner 33
Coating Application
! T-L 351-2 Primer Application 33 |
2.7-L 330-1 Spray Application 33 |
3.T-L 330 Trowel Application 33 |
4.T-L 330660 Trowel Application 33 i
5.T-L 350 Two Part Spillresistant 33 I
Top Cost
6.Dry Film Thickness Measurement 33
7.Repair Procedures 3.2
8 " ible Replacement 3.2
9.Post Applicstion Procedures 3.3

~



TSI Section No. or Dwg No.

aectuon VIO
A Technical Documentarion

T-L 330-1 Data Sheet

T-L 730-69 Stress Skin Data Sheet

T-L 351-2 Primer Data Sheet

Spec.lists 351 and
chem. solvents;
Manual lists 35]-
2 and water as 3
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Addresssd in
Specification in
Section No.
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Comments

T-L 350 Spill Resistant Top Coat
Data Sheet

Specifies 28 days
or less than 20
reading on
molsture meter
for curing of
330-1 before top
cost appl.

32.72,33.72

TSI temp. & least
5°F above dew
point spec does
not list this req.;
spec. solution
req.10% by
volume, TSI max
5% for roller
appl. 10% for
spray.

Cure time for
330-1 in 3.3.7.2
specified as 14
days Or less than
100 on moist
meter. In 3.2.7.2
only 24 hrs
specified.

Top coat not part
of Fire Barmier
System.
Documentation of
acceptability will
be provided.

T-L 330-70 Ceramic Insulstor Data
Shee:

T-L Prefab.Panel Dats Shes

T-L Preshaped Cond.Section Data
Sheex

T-L 330-660 Flexi Blanket Bulk
Material Data Sheet

B.Recommended List of Instr. Tools

C.Recommended List of Spray
Equipmem

D.Recommended Onsite Quality
Control Procedures
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B. Fire Barrier Design Describes § basic | 2.2.1
designs of T-L
330
L. T-L Prefab Panel Design Defines rating 2.6.2;2.7.2
4. Composition &nd thickness, and
b Installstion details installazion
requirements
0. T-L Preshaped Conduit Design Defines rating 2.6.2;2.7 /
a.Composition and thickness, and
b.Installatior details instailation
requirements
. Direct Spray Over Stress Skin Defines rating 2.7
Design and thickness and
s.Composition installation
b.Installation details requirements f
IV. Direct Spray On Design Defines rating 2.7
2. Composimion and thickness and
b.Installsnon decails installstion
requiraments
V. T-L 330-660 Flexi Blankst Defines rating - & §
Thermal Blankst Design and thickness and
4. Composition installstion
b.Installstion details requirements
C.Msterial Components Describes App.A Secr 2
material used in
T-L 330 Fire
Barri
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['S1 Section No. or Dwy No. ubje Addressed in Coomments
Specification in
D Recommendations-Primary Rec 4 1.3.24; 1.3.25; Spec.req.is ©*
" way St oorts and All st sel to ¢ 1.3.26; 1.3.28 versus TS/
srations (mo the T-L 330 Fire pr .dmin Jusr ed b
. qer 1f  mfire calculanc
b CA-0000-.
E . Prespplicerion Practices C atractorto be | 2.7
q.Jified by TSI
F.safety Precautions Confor=.
- |
( elivery Defines delivery | App.A Sect4.2 q
requirements B
H.Storage Defines storage 1.3.17, 2.2.5
conditions and App.A Sectl
temp.
| section [I. T-L Fire Barrier Systemn | Provides detailod | Section 2.2.1;
for Cable Trays instr.and 2.6, 2.7
installatior
sequence




TSI Section No. or Dwy.No.
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| .Prefab. Panel Ready Access 2.6;2.7
Design for Cable Trays
Fig.O-1 Solid Bottom
Tray Miter Cut
H Fig.0-2 Ladder Tray M1-1701 Shs Wire ant.to ladder
Burtted Cut Det.5-2 diff. from spec.
j req.removal &
holes patch
[nstallation aid
only does not
Fig.O-3 Ladder Tray impact dosign
Scored One basis.
Piece
Fig.04 Solid Bottom MI1-1701 ShS
Scored One Det.5-1
Piece
Fig.O-§ Ladder Tray
Scored One
Piece
2.Direct Spray Over Stress Skin
Design for Cable Trays
Figll6,Figll-7 Figll-8 Stress Skin Not used
Prep.Det. with
Mech. Fasteners
Figl-9 Fig-10,Figh-11 As Above but
using s.s. wire Not used
or banding
wection [l T-L 330 Fire Barrier Provides detailed | 2.6; 2.7
System For Prowsction of instr and
Conduit, Cables Drops and Instr. installation
Tubing sequence
|.Preshaped Cond.Section Design 2.7
Fig.[-1 Preshaped M1-1701Sh4
Cond.Det. Det10
Fig.Ill-2 Cond.Adjacent to | M1-1701Sh4
Coner Wall Pet12




TSI Section No. or Dwyg.No.

2.Direct Spray Over Stress Skin 2.7
Design
Fig.II-3 Direct Spray Not used
Over Stress Skin
Fig.[l-4 As Above but 3
Hr. Det. Not used
3.Direct Spray-On Design 2.7
4.T-L 330-660 Flexi-Blanket 2.7
Therm. Barrier
Fig.II-§ T-L 330-660 MI1-1701Sh4
Inst. Det. | -Hr. Detl!
Fig.1m-6 As Above but 3
Hr. NA
Section [V T-L 330 Fire Barrier for Provides detailed | 2.7
Protect. of Junction Boxes, Pull inszr . and
Boxes and Conduless installstion
sequence
| . Prefabricated Panel Design
Fig.IV-1 Prefab Panel for | M1-1701Sh2 Tie wires shown
Surf. Mounted De2-3 remaining/
Junct Boxes penetrating fire
Fig.IV-2 As Above but barrier.
not surface Acceptable based
mounted on TSI details [I-
Fig.IvV-3 As Above but for | M1-1701Shé I, 2, and 3.
conduless Det6. ]
2.Direct Spray Over Stress Skin 2.7
3.Direct Spray or Trowel Appl. 2.7
4 T-L Flexi Blanket 2.7
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TSI Section Ne. or Dwy Ne. Subject Addressed in Coommenta
Specification in
Sectiom Ne.
Section V T-L Fire Barrier System Provides detailed | 2.7
for Structural Supports, Hangers and | instr.and
Fire Dampers insualistion
sequence
| .Prefabricated Panel Design
Fig.V-1 Detail for Struct. | M1-1701Sh1
Steel Deti-1,1-4.1
Fig.v-2 Detail for Fire Not used
Damper J
| 2.Direcx Spray or Trowel Appl. 2.7
3.T-L 330660 Flexi Blanket 2.7
Section V1 T-L 330 Fire Barrier for | Provides detailed | 2.7
Interfaces instr.and
v
soguence !
I Installasion of 1 or 3 Hour Fire | Installation 2.7, 2.8 '
Barrier for Interfaces between Cable | sequence for
Tray,Conduit, Instr. Tubing and prefab. or
Penetr. Seal coating over
stress skin
mechod
Fig.VI-1 T-L F.B. M1-1701 SH5A
racewsy DecS4
merfacing
w/penetr seal
172°-1hr.
Fig.V1-2 As sbove but 1°- | NA
3hbr,
Fig.V1-3 As Above but NA
2x1/2" = 3hr,

o0ves. BoY
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q TS) Section No. or Dwyg . No. Subject Addressed i Commments
Specification in
Section Ne.
i 2.Instaliation of 1 or 3 hr. Self- [nstallation
ﬁ supporung Interface berween sequence for
Conduit or Instr. Tub. and wall or | prefab. or
Ceiling coaung over
stress skin or
flexi blanket
method
Fig.Vi4 Self-support. Not used
sys.of
pref.panels 1/2*
Fig. V1-5 As above but |* | Not used
3.Installation of | or 3 hr. Self- Provides detailed | 2.7
supporung lmerface between Cable | instr.and
Tray and Conduit installation
sequence
Fig. Vi< Typical cable Not used
tray and cable
interface
Secuon VI T-L Fire Barrier 2.7
Coating Application
1.T-L 351-2 Primer Application 2.7
2.T-L 330-1 Spray Application 2.7
3.T-L 330 Trowel Application 2.7
4.T-L 330-660 Trowel Application 2.7
5.T-L 350 Two Part Spillresistant 2.7
Top Comt
6.Dry Film Thickness Measurement 2.7
7.Repair Procedures 2.9
8.Cable Replacement 2.9
9.Post Application Procedures 2.10

Section VII
A. Technical Documentation
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Coomments

T-L 330-1 Data Sheet

Wire and banding
listed as steei not
s.3. Section 3

requires 5.3, steel

acceptable as-is

T-L 33069 Stress Skin Data Sheet

T-L 351-2 Primer Data Sheet

2.6.3; App.A
Secté

Spec.lists 351 and
chem. solvents;
Manual lists 351-
2 and water as 2
solvent

Primer is not pant
of Fire Barrier
System and
therefore does not
impact design
basis.
Documents o be
provided later.

T-L 350 Spill Resistams Top Com
Data Sheet

2.7.14,2.6.3

TSI temp. a: least
5°F above dew
point spec does
oot list this req.;
spec. solution
req.10% by
volume, TSI max
5% for roller
appl. 10% for

spray

Top coat not part
of Fire Barrier
System and ,
therefore does not
impact design
basis.
Documentation to
be provided later
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TSI Section No. or Dwg.No. Subject Addressed in C ounmeny
Specification in
Section No.
T-L 330-70 Ceramic Insulator Data
Sheez H
T-L Prefab.Panel Data Sheet
T-L Preshaped Cond.Section Data .
Sheet
T-L 330660 Flexi Blanket Bulk App.A Sect
Material Data Sheet

B.Recommended List of Instr. Tools

C.Recommended List of Spray
Equipment

00703 RO7



THERMO-LAG INSTALLATION REVIEW MATRIX

APPENDIX B

COMMODITY  ICOMOUIT Y4 |[CONDUITX4 = [CONDUITIIN  [CONDIUT t IN CONDUIT 1 IN
CONTROL INSTRUMENT POWER CONTROL INSTRUMENT
FILL 30 % FILL28 % FILL 36% FiLL 30-40% FILL 35 %

M2-1701 4-12345 |4-12345 4-12345 fe-12345 412345 -
DETAIL NO. 4-67.86-12 [4-87.6-1.2 4-67,6-1,2 4-6,7.8-12 4-67,6-1,2
TESTED ~INO NO NO INO NO '
CORFIGURATION e = CpalW S L
TEST N/A N/A N/A N/A 4l N/A T
ACCEPTABLE | = — i I s -1 T R L
ACCEPTED TESTDATA |[TEST DATA TEST DATA TEST DATA TESTDATA
ENGINEERING EVALUATED |EVALUATED EVALUATED EVALUATED EVALUATED
EVALUATION FOR SIZE FOR SIZE FOR SIZE FOR SIZE FOR SIZE

el ~_ |ACCEPTABLE |ACCEPTABLE ACCEPTABLE ATCEPTABLE ACCEPTABLE
DERATING N/A N/A 7.50R 20 % N/A N/A o
FACTOR BY

CALCULATION/
METHOD TEST
y . juL.ReBO2 o
TESTING 1 1 1 1
CATEGOFIIES
KEY 1=TESTING REQUIRED TO SUPPORT POSITION
2-ENGINEERING EVALUATION BASED ON ITEM 1 ING

3= ENGINEERING EVALUATION BASED ON PRESE,.. (ESTS

P S

ER-ME-067
Rev. O
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CONDUIT 1 1/2
POWER
FILL9 %

NN

4-1,2345
4-6,7.6-12

|TEST DATA

EVALUATED
FOR SIZE

|accepTaBLE

1750R20%

BY
CALCULATION/
TEST

UL. R6802

nN
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[commoniTY  JconDuiT 1 172 jconDuIT 1112 CONDUIT 2 IN CONDUIT 2 IN CONDUIT 2 IN CONDUIT 31N
CONTROL INSTRUMENT POWER CONTROL INSTRUMENT POWER
FiLL 29-48 % FILL 26-35 % FILL 9-28% FILL 13-32 % FILL 4-54 % FILL B - 35 %
M2-1701 4-1,2345 4-1,2345 4-12345 4-12345 4-1,2345 4-12345
Hoenut NO. 487,212 4-8,7,6-1,2 4-6,7,6-12 4-6.7,6-12 4-6,7,6-12 4-6.7.6-1.2
TESTED MO | (Y7%) NO NO tuo - Ino
|CONFIGURATION 7
TEST [N/ N/A N/A N/A N/A O NIA
ACCEPTABLE n .
ACCEPTED TEST DATA TEST DATA TEST DATA TEST DATA TESTDATA  |TESTDATA
Leucmzemm; EVALUATED EVALUATED EVALUATED EVALUATED EVALUATED EVALUATED
EVALUATION FOR SIZE FOR SIZE FOR SIZE FOR SIZE FOR SIZE FOR SI7E
ACCEPTABLE ACCEPTABLE ACCEPTABLE ACCEPTABLE ACCEPTABLE ACCEPTABLE
DERATING N/A N/A 7.50R 20 % N/A N/A | 750R20%
.FACTOH BY BY
CALCULATION/ CALCULATION/
ME THOD TEST TEST
- UL. R68B02 - —___ |YL Ré802
TESTING 2
CATEGORIES




THERMO-LAG INSTALLATION REVIEW MATRIX

COMMODITY
¢

M2-1701

DETAIL NO.

ICONDUIT 3N

CONTROL
FILL4A0 %

INSTRUMENT
FHL12-54%

APPENDIX 8

CONDUIT 3 IN

CONDUIT 4 IN
POWER

FILL9 -40%
b

CONDUIT 4 IN
CONTROL
FILL34-38%

 4-12345
4-87,6-12

‘-‘ -203" ns
4-6,7,6-1.2

4-1.2345
4-6,7,6-1.2

4-12345
4-6,7,6-1.2

1412345

CONDUIT 4 IN
INSTRUMENT
FILL 22 -51 %

4-6,7,6-12

TESTED
CONFIGURATION

NO

NO

YES
ITL. 84-5-387

YES
TL. 84-5-387

YES
ITL. 84-5-387

ACCEPTED
ENGINEERING
EVALUATION

N/A

YES

YES

TEST DATA
EVALUATED
FOR SIZE
ACCEPTABLE

ATESTDATA

EVALUATED
FOR SIZE
ACCEPTABLE

DERATING
FACTOR

METHOD

TESTING
CATEGORIES

N/A

N/A

7T50R20%
BY

CALCULATION/

TEST

UL. R6802

NIA

ER-ME-067
Rev. 0
Page 77 of 14

Jconpuir s

POWER
FILL 13 - 26 %

4-12345
1-6.7.6-1,2

TEST DATA
EVALUATED
FOR SIZE
ACCEPTABLE

750R 20 %
1y
CALCULATION!
TEST

UL A6B02




THEAMO-LAG INSTALLATION REVIEW MATRIX APPENDIX B
COMMODITY CONDUIT 5 IN CONDUIT 5 IN TRAY 12X 4 TRAY 12X 4 TRAY 12X 4
CONTROL [INSTRUMENT [Powen [conTROL INSTRUMENT
FILL33 - 41 % FILL32-51% FILL 45-107 % FILL 22 - 30 FILL3-48%
M2-1701 4-1,2345 4-1,2345 5-1,2,3.3.1 §-1.23.3.1 5-1,2331
DETAIL NO. 4-6.7,6-1,2 4-6.7,6-12
TESTED NO NO YES YES YES -
CONFIGURATION liTL. 87-5-77 ITL. 87-5-77 ITL.87-5-77
TEST N/A N/A YES YES YES o
ACCEPTABLE .
ACCEPTED TESTDAIA TEST DATA N/A N/A N/A .
ENGINEERING EVALUATED EVALUATED
EVALUATION FOR SIZE FOR SIZE
ACCEPTABLE ACCEPTABLE T,
|DERATING /A IN/A 3% NIA N/A -
FACTOR BY
CALCULATION/
METHOD TESTING
P ITL 82-335-F-1 7
TESTING NIA N/A N/A
CATEGORIES

ER-Mi 067

Rev 0

Page 78 of 11
TRAY 18 x 4
POWER
FILL 42-135%

5-1.2.3.31

NO
NIA
TEST DATA
EV: LUATED
FOR SIZE

8y
CALCULATION/
TESTING

1T 82-335-F -1




THER!  _AG INSTALLATION REVIEW MA ; HIX APPE! X B :'“*'(:: 067
ev.
' -') [ 48 t"
OMMODITY TRAY 1B X 4 TRAY 18 X 4 TRAY 18 X 6 TRAY 18 X 6 TR* " 24X4 Xxa
CONTROL INSTRUMENT POWER |CONTROL POV. . il CONIHOL
‘139% FILLS - 65 % FHergn, FILL9 % FILL 11 -52 9% FILl 11 -539%
M2-1701 5 i3 5-1,..431 5-1,2,3.3.1 5-1,.2,3.31 5-1,2.3.3.1 5-1,2331
IDETAIL NO.
TESTED NO NO ND NO iNO oo
|CONFIGURATION " & -
i _ i
TEST HNIA N\ NP INIA T N/A
ACCEPTABLE i ol - -
ACCEPTYED TEST DATA TEST DATA TESTDATA TEST DATA fEST DA TEST N e
FHIGINEERING EVALUATED EVALUATED EVALUATED EVALUATED EVA' ; f
EVALUATION FOR SIZE FOR °E FOR SIZE FOR SIZE FOR LIZE FO W ZE
ACCEPTABLE ACCEPTABLE ACCEPTABLE ACCEPTABLE ACCEPTABLE  |ACCEPTABLE
DERATING ) N/A 7M1 % N/A 31 % N/A
FACTOR '\ 4 8y
CALCUL ATION/ ct ATION/
' THOD TESTING TLL NG
ITL.82-335-F-1 mL82-33s-F1 |
TESTING 2
CATLLORIES



THERMO-LAG INSTALLATION REVIEW MATRIX APPENDIX B
léoim(')f)fi’tv [TRAY 24 X 4 TRAY 24 X 6 [TRaY 30 X 4 TRAY 30X 6 TRAY30 X6
INSTRUMENT CONTROL POWER CONTORL INSTRUMENT
) FILL 1 -43% FILL 15 - 55 % FILL 20 - 120 % FILL 21 - 44 % FILL 21 %
b
M2-1701 5-1,233.1 5-1,2,33.1 5-1,23.31 5-1,23,31 5-1,2331
DETAIL NO
TESTED NO INO NO NO NO
CONFIGURATION R
TEST ym N/A N/A N/A N/A .
ACCEPTABLE ERL
ACCEPTED TEST DATA TEST DATA TEST DATA TEST DATA TESTDATA
ENGINEERING EVALUATED EVALUATED EVALUATED EVALUATED EVALUATED
EVALUATION FOR SIZE FOR SIZE FOR SIZE FOR SIZE FOR SIZE
~ |accepraBiLE ACCEPTABLE ACCEPTABLE ACCEPTABLE  |ACCEPTABLE
DERATING N/A N/A 31 % N/A N/A
FACTOR BY .
CALCULATION/
ME THOD TESTING
V ITL.82-335-F-1
TESTING 1
CATEGORIES

R ML 067
Rev 0O |
Page 80 of 101 i
TRAY 36 X6
CONTROL
FILL6 %

- 15-1.2331

N/A

TEST DATA
EVALUATED
FOR SIZE
ACCEPTANI E

nea




THERAMO-LAG INSTALLATION REVIEW MATRIX APPENDIX B ';"'“: 067
. cVv.
Page 81 of 104
1coaiuoonv TRAY 36 X 8 AIR DROPS PULLIJUNCTION TWO TRAYS TWO CONDUITS  |ELEC BOXES
INSTRUMENT VARIOUS BOXES IN COMMON IN COMMON IN COMMON
IFL 8% VARIOUS ENCLOSURE ENCLOSURE ENCLOSURE
M2-1701 5-1,2,3.3.1 3-1.1.1,1.2221 2-23 IniA N/A a0
NETAIL NO. 3-345
TESTED NO YES PARTIAL NO INO ~INO =5
CONFIGURATION IiTL. 84-5-387 ITL. 84-5-387 y LT
TEST A YES YES N/A IN/A N ]
ACCEPTABLE \ o i
|
ACCEPTED TEST DATA TEST DATA TEST DATA TEST DATA TESTDATA
ENGINEERING EVALUATED |EVALUATED EVALUATED EVALUATED EVALUATED
EVALUATION FOR SIZE FOR CONFIGURE. |FOR CONFIGURE. |FOR CONFIGURE. |FOR CONFIGURE
ACCEPTABLE ACCEPTABLE ACCEPTABLE ACCEPTABLE ACCEPTABLE
DERATING INIA VARIOUS VARIOUS VARIOUS VARIOUS VARIOUS
FACTOR B8Y JUSTIFICATION JUSTIFICATION JUSTIFICATION JUSTIFICATION
CALCULATION IN DCA IN DCA IN DCA IN DCA |
METHOD 16345-EE(B)-140 [ENGINEERING GASI |ENGINEERING BAS! [ENGINEERING BAS! |ENGINEERING BAS
TESTING 1 [NA 3 a3l [
CATEGORIES




THERAMO-LAG INSTALLATION REVIEW MATRIX

[coOMMODITY STRUCTURAL
STEEL
VARIOUS
M2-1701 N/A
Aoerm NO.
TESTED PARTIAL
CONFIGURATION  {UL. X611
TEST YES
ACCEPTABLE
ACCEPTED TEST DATA
ENGINEERING EVALUATED
EVALUATION FOR CONFIGURE.
e ACCEPTABLE
DERATING 7Y
FACTOR
ME THOD
TESTING
CATEGORIES

APPENDIX B

ER ME 067
Rev 0
Page 82 of 104
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APPENDIX C

Eugineering Evaluation
of
Generic Non-Tested Configuration
for
Raceways

The=e are basically two Non-Tested Generic Configurations at CPSES. They are; 1) smail conduits (with
diaaeters ranging in size from 3/4 in to 3 in and 2) large cable trays (with widths ranging from 18 in to
36 in).

A.  Small Conduiss

There are fundamentally two types of failure modes of fire barriers protecting racewsys. One failure
mode is that the thermal properties of the fire barrier material are not adequate t0 limit raceway
temperatures and thus cable temperatures below 2 predetermined maximum value (NRC references
325°F). The other failure mode is lack of fire barrier integrity, that is the fire barrier does not remain
intact during the fire scenario (e.g., the joints or seams open up).

For small conduits, the issue is & thermal properties problem. Ounly 4 in. and larger conduits have been
tested with Thermo- Lag fire barrier systems. For conduits (round fire barner), smaller diameter conduits
present the worst case thermally. This is predicated by the fact that the wall thickness of the conduit get
thinner as the conduit diameter decreases (reducing the mass) and the weight of material (W) to heated
perimeter (D) razio decreases as the conduit gets smaller (3/4 in.; W/D = ,10; and 4 in.; W/D= 54).
As the "W/D" ratio decreases for a given thermal resistance, interns! temnperatures will increase. (Ref
5).

[ order to determine the effect of the reduction in conduit size, three fire models (thermal models) were
used. One was a hest lump model and the other two were fini's element nonsteadv state heat ransfer
models. Though the results betwesn the 3 models varied greadly, the results for various size conduits
within each model varied less than 15 percenmt. Based on a reviyw of the Fire Tests, a small 3/4 in.
conduit could reach 350°F. However, the NRC in generic .etter 86-10 stated that with adequate
justification higher tempersatures would be acceptable. Based on the types of cable used at C'SES (TEEE-
383 qualified cable, the resuits of the fire endurance tests, and Refs. 6 and 7), temperstures as bigh as
400°F would be acceptable. The acceptability is based on the fact that circuit integrity can be maintained
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l Discussion of Fire Models

a) Heat Lump Model

The heat lump model was taken from Ref. 2 and is as follows:

Whara
T, = temperature rise in the steel (°F)
D - heated perimeter (ft) = » d; d = outer I.D. of conduit
w - weight of conduit (steel only) per linear foot
C - steel specific heat (Baw/1b*F) use .12 Ba/lbm-F Ref. 2
C - specif - heat of Thermo-Lag (Buvibm °F) use 2.3 discussed later
P s density of Thermo-Lag (Imb/ft®) use 78 per Ref. |
y - fire temperature (°F)
Where Tr = C. logic (0.133t + 1)+ T.
o B 620 °F per Ref. |
t - time elapsed in sec
7 - original ambient temperature 75°F used per Ref. 8
A o steel tempersture °F
k, - thermal conductivity of Thermo-Lag (Buw/ft-s °F) (discussed later)
b - nkm«wmmam.swxz-.mumm.
at -

time step in (sec)

Bymgmumnmumm.mingsndlﬁmixrm.mwofmesml
can be deternined. The three variables which greatly effect the results of the model and are not constant
are; the specific heas (C.), density (P) and thermal conductivity (k) of Thermo-Lag. Thermo-Lag is 4
subliming material which sublimes sround 37S°F. The physical changes that take place have cot had
sufﬁciemdmcoﬂnandmpmid:dnﬂddmonhphymﬂdzm. For this analysis, a C of 2.3
Br/lbm°F was used based on Ref. |. This C is an rpproximation of the heat capacity during
sublimation. Adntyofﬂlbwa‘wuud,MhmdmnynN‘F.Mammeondxmwry
of .03 was used. Normally kb = .1, however .03 was used to account for charring.

This model was run oo S in., 4 in., 3 in., 2 in., | in. and 3/4 in. conduits. As can be seen in Figure
C-1, the effect of conduit size, only has & small impact on temperature.

This model was also run on 4 in. and 3/4 in conduits varying the k and C.. The results showed that
varying these parameters only slightly, varied the results significantly, but that the difference in
temperature due to conduit size remained around 10 percent berween the 4 in. and 3/4 in.
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b) Finite Element Models

The two finite element models basically use the same approach except one was normalized to a flat plate
model while the other used a circular model. The basic format of the equations used are 23 follows Ref.

“

aAT_ = |A

z at
[Euli.lv-]

k
fm-m]

Where oT, = change in materic] temperature
k. = thermal conguctivity of naterials
il = specific heat of materials
P. = density of matenal
A = grea of matenal
b, = thickness of material
at = time increment
T, = outside surfsce temperature
T, = inside surface tempersture

By making up a series of small elements (using the above equation), & model of the Thermo-Lagged
conduits was made. To model the fire conditions, the following was done to the model.

The flame temperature was modsled using the following equation to simmlate the ASTM E-119 Time -
Temperature curve.

T, = Cilogl00.133t+ 1)+ T, Ref. 2
T, = fire tempersture °K
oA = 620 constant Ref. 2

t = time (sec) lapsed time
T. = ambient tempersture, S35°K = 75°F ambiemt

The thermy/ heat transfer for convective and radiative beat transfer was modeled by replacing .:: with
a; where o = ar + ac. or is the radiative component and equals 1. 714 x 10* x E, x (T4 - T,*4)/ (T, -
T)

where T, = Fire Tempersture
T, = surface Temperature of materiais
E, = flame emissivity this was varied between .7 and | and shown to have insignificant
impact on the results.

oc is the convective heat transfer component, which was kept constant at 6.0 Baw/hr-f**F. This sim..ates
an air velocity of 1320 fpm which is larger than the air movement in any ASTM E-119 furnace.
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Ca for the steel was modeled using the following equation from Ref. |,

oh = 100322 + 35075 10°xT) + (9.383 x 10* x T)
S = specific hea of steel
T, = temperature of steel

k, for the steel was modeled using the following equation from Ref. 1.

k, = 05305-2.23x10°xT) + (1.186 x 10° x D
k, = thermal conductivity of steel

C, for the Thermo-Lag was modeled using the following equations based on Ref. 1.
e = 3for T, < 350°F
= 08x (T -350) + .3for T, = 350°F To 375°F

G
o =23-.08x (T -375) for T, = 375°F w 400°F
G = 3 for T, > 400°F

Where

C = specific heat of Thermo-Lag
T. = temperxture of Thermo-Lag

The variation between 350°F and 400°F is to represent the impact of subliming on the model.
k, for Thermo-Lag was modeled using the . “owing equations based on Ref. 1.

k = | for T, < 350°F
k = 0] for T, 2 350°F

Where
k -wm«wm

'nmwam»mmmmumwmmmmofmmnu
during subliming and the charring effect.

These models were also runon § in, 4 in, 3 in, 2 in. | in and 3/4 in conduits. Even though the results
diﬁeedneﬂybuvmhmmddsmmvmgofpm.mzdiﬂemin:heeffectofsm
remained about the same.

Therefore, meumpmnofmmcconduinmbeapmmbelbovcdmofuinaonduit. but
will be within acceptable limits. Mmddswmmnmmdnthemiﬁvityofme raceway nternal
lemperature o racewsy size using existing test data. Based on these results minimai risk exists in
proceeding with the Unit 2 installations w* ¢ ninal justification will be based upon augmented testing.
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B)  Lage Trays

Unlike the ‘mall conduits, the large trays are 2 barrier integrity (structural) concern, insiead of a thermal
concern. This integrity concern is based on the ~supported leagth of TSI material.

At CPSES, in accordance with the installation specifications, for trays 24 in and over, additional steel
banding is required. This additional banding provides an increase in support for the Thermo-Lag. In
addition, for the tops of trays, the V" in the Thermo-Lag is installed perpendicular to the tray, this also
increases the structural integrity of the fire barrier.

Based on these additional installation requirements at CF _ES, the fire barrier around, large trays will
mammmcwypmvidm;mnquhﬁlwdofpmucdon.

These conclusions will be augmented by additional testing as noted in Section 9 .
References

1. CPSES calculation ME-CA-0000-2062 Rev. 0.

- & The SFPE Handbook of Fire Protection Engineering.

3. NBS Report PB - 284-517 "A Numerical Procedure for Calculating Temperature in
Hollow Structures Exposed to Fire.” by ULF Wickstrom.

4 Heat Transfer by Frank M. White
s Underwriters Labs "Fire Resistance Directory” ed 1987.

6. U.S. Depsrtment Transporution Report No. UMTA-MA.06-0025-79-1, Volume I
"Electrical Insulation Fire Characteristics.”

7. EPR! Report No. NP-1675 “ Assessment of Exposure Fire Hazards to Cable Trays.”
8 NRC Generic Letter 86-10 *Implementation of Fire Protection Requirements,® 4/24/86.
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DCA NO.
18569

78607

81340

81377

85011

86194

86764

86805

89857

89860

APPENDIX D.1

DCAs POSTED AGAINST SPECIFICATION 2323-MS-38H

REV NO.
0

DEVIATION

Fire protection envelope is seismically too rigid.
Install flexible fire barrier system. Add

specification section 3.8.5. Specification sections
3.6.8,3.6.9, 3.7.7 and 3.7.5 are not applicable

DFT for site fabricated Thermo-Lag Panels.

9° Rule. Final 1" of protruding items
(instrument lines) are covered by insulation.

9" Rule. Final 1* of protruding item is a
lamphead.

330660 flexiblankes thickness violation (3/8" vs.
1/2°) due to interference. Wrap is required to
limit combustibles only.

Ioterference. 4 chill water pipe interferes with
cable tray fire barrier enciosure. TSI prefab
panel inside tray. Pipe wrapped with TSI 330-70
ceramic blanket.

Interference. 6° chill water pipe interferes with
cable tray fire barrier enclosure. TSI prefab
panel inside tray. Pipe wrapped with TSI 330-70
ceramic blanket

9* Rule. Final portion of protruding item is
smoke detector

9" Rule. Final portion of protruding item is
smoke detector 004-18,

Interference. 10* condenser vacuum line
interferes with 4° conduit fire barrier enclosure.
(< 1/8%). TSI document (not included) stazes

178" fillet TSI 330-1 has a 12 min. fire rating.
Pipe wrapped with TSI 330-70 ceramic blanket.

Prefab panel with no stress skin installed between
interfaces. Prefab panel banded per 330-660
requirements. Siltemp installed in cable tray &t
stress skin/cable interface. Detail 144,
Common enclosure through wall sleeves (TWS),

ACCEPTANCE/
RESOLUTION

No impact on
Design Basis

DCA Engineering
Basis
DCA Eugineering
Basis

DCA Engineering
Basis

DCA Engineering
Basis

See Section 8.6.2

See Section 8.6.2

DCA Engineering
Basis
DCA Engineering
Basis
See Section 8.6.2

DCA Engineering



DCA NO.
<4

v1146

91906

92198

137

923580

92541

92588

96

Dt

REV NO.
3

APPENDIX D.! (Cont)

Thermo-Lagged. _side of pipe support H-CC-1-
EC-006-002-3 is not Thermo-Lagged.

ER-ME0A7

Rev. 0
Page 91 of 10#
ISTEL AGAST SPECIMiCATT ' 2323-M 18H
ACCEPTANCE/
DEVIATION RESOLUTION
iternaze detail o wrap nop-essential cable DCA Engineering
airdrops to reduce weight of Thermo-Lag Basis
cable tray.
Prefab panel w/o stress skin was used to cover See Section §.6.2
pipe support. TSI 330-70 ceramuc blanket was
used to provide wrap for 2" SW line. Invokes
requ.remens of calculation ME-CA-0000-0990
R/O to ju: v TSI 330-70 wrap.
5" Rule. lovokes calculation ME-CA-0000-. 62  See Section §.6.1
R/O for reducing coverage t0 5°. Detail 14-1,
lavokes requirements of 2323-ES-100 for m-ving
cable: .
Kellum grips, shims, and airdrops. Fire stop DCA Engineering
exceeds |1° protruding item limit in order w Basis
instali one fire stop only.
330-1 bulk used as av adhesive on cmbed ple* in  DCA Engineering
liew of mechanical fasieners. Details 12-1 2 Basis
12-1.1.
Interference. 4" DD line imerferes with two DCA Engineering
separate cable tray fire barriers (< 1/32" and Basis
<3/4%). At 1/32° interface install 330-660 and
install prefab panel w/o stress skin ir+ide tray.
At 3/4" imerface install prefab pane: - /o stress
skin.
" Rule. Iovokss calculstion ME-CA-0000-2062  See Section 8.6.1
KD for reducing coverag:  5*. Design utilizes
band-through mett oc sim. .. © that shown on
Detail 2-3. Does not invoke 2323-ES-100 for
moving cables.
330660 band spacing no. met. First and second  DCA Eng: -ring
lgyers of 330-660 will .verisp insteac of being Basis
offset.
Secondary interterence. 2° CC line througn pipe DCA Engineering
support is & seconc .-y inte: ‘srence &:. § not Basis



DCA NO.
92610

92613

92644

92665

92768

92791

92813

92831

92876

92935

92971

APPENDIX D.! (Comt)
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DCAs POSTED AGAINST SPECIFICATION 2323-MS-38H

REV NO.
0

DEVIATION

5" Rule. Invokes calculation ME-CA-0000-2062
R/O for reducing coverage to 5*. Does not
invoke 2323-ES-100 for moving cables.

5" Rule. Invokes calculation ME-CA-0000-2062

R/O for reducing coverage to 5*. Does not
invoke 2323-ES-100 for moving cables.

Fire stop. Deletes fire stop requirements for
conduits that begin and end in same area (Room
115A).

5" Rule. lovokes calculation ME-CA-0000-2062

R/O for reducing coverage to $*. Invokes 2323-
ES-100 for moving cables.

Reduction in overlap requirements for 330-660
and 330-1 interface from 3" min. to 1* min.
Reduction in overiap requirements for 330-660
and 330-1 interface from 3* min. to 1* min.
[nterference. 3" DD line is a secondary
interference. Pipe is wrapped with TSI 330-70
ceramic blanket. lovokes calc ME-CA-0000-990
R/O to justify wrap.

5* Rule. Invokes calculation ME-CA-0000-2062
R/O for reducing coverage w 5°. Does not
invoke 2323-ES-100 for moving cables.
Common enclosure-multiple trays and sirdrops
enciosed oy single fire barrier.

Reduction in overlap requirements for 330660
and 330-1 interface from 3" min. to 1/2" min.
330-1 bulk used as adhesive on embed plate in
lisu of mechanical fasteners. Detail 12-1 and 12-
1.4,

Fire stop. Reduction in depth requirements for
330-1 fire stop from 4"-5" to 11/16" min.

Reduction in overlap requirements for 330-660
and 330-1 interface from 3" mun. to 1/2* min.

ACCEPTANCE/
RESOLUTION

See Section 8.6.1

See Section 8.6.1

DCA Engineering

See Section 8.6.1

DCA Engineering
Basis

DCA
Basis

See Section 8.6.2

See Section 8.6.1

DCA Engineering
Basis
DCA Engineering
Basis

DCA Engineering
Basis

DCA Engineering
Basis



DCA NO.
92977

92988

93005

93093

93169

93240
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DCAs POSTED AGAINST SPECIFICATION 2323-MS-38H

REV NO.
0

DEVIATION

5" Rule. Invokes calculation ME-CA-0000-2062

R/O for reducing coverage to 5°. Does not
invoke 2323-ES-100 for moving cables.

Common Enclosure for air drops and conduits.
Air drops for C12006987 and C12004695 are
covered by prefab conduit w/o stress skin.
Reduction in overiap requirements for 330-660
and 330-1 imterface from 3" min. to 1/2* min.
S Rule. lovokes calculation ME-CA-0000-2062

R/O for reducing coverage to 5°. Does not
invoke 2323-ES-100 for moving cables.

Air drop is wrapped with 330-660 flexiblanket
completely through enclosure and continues to a
separate enciosure.

Stress Skin. 3 foot long piece of prefab panel
w/0 stress skin is installed on bottom of tray
T120ADO1.

ACCEPTANCE/
RESOLUTION

DCA Engineering
Basis

DCA Engineering
Basis

DCA Engineering
Basis

See Section 8.6.1

DCA Eagineering
Basis

DCA Engineering
Basis
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APPENDIX D.2
DCN’S POSTED AGAINST SPECIFICATION 2323-MS-38H
ACCEPTANCE/
DCN NO. REV NO. DEVIATION RESOLUTION
687 0 Dry-joint fizting for Junction Box Cover. See Section 8.6.3

Turnbuckle banding design.



NCR NO.

88-12990

89-03584

8903680

8905610

8905613

8908602

8908867

89-11534

89-11587

89-11600

89-11786

§9-00502

APPENDIX D3
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NCRS POSTED AGAINST SPECIFICATION 2323-MS-38H

REV NO.

1

DEVIATION
RES Installation. Non Thermo-Lag related.

Temperature. Thermo-Lag 330-1 subliming
material exceeded 100°F storage limit. Accept
per TSI letter of Apr 5 1989 and reiest

Flexiblankets and Prefab Conduit sectiors
damaged by water. TSI Telecon.

Flexiblanket exceed min/max thickness. TSI letter
dated Nov, 13, 1989,

COC for density requirements of 330-660.
Digital thermometer failed calibration; coating
applications.

DFT dimensions preshaped conduit sections
330-660 Flexi-blanke: exceeds max thickness
requirement.

DFT and density measurements for 330-660.
DFT and density measurements for 330-660.
No density stated oo COC.

Minimmun storage temperstures.

ACCEPTANCE/
RESOLUTION

NCR Engineering
Basis

NCR Engineering
Basis

NCR Engineering

Basis
NCR Engineering
Basis
NCR Engineering
Basis
NCR Engineering
Basis
NCR Engineering
Basis

NCR Engineering
Basis

NCR Engineering
Basis

NCR Engineering
Basis
NCR Engineering
Basis

NCR Engineering
Basis



RCANO, REVNQ,

079272

081380
081631

083340

083342

083356

083656

084505

084682

084863

084866

APPENDIX D.4

DCAs POSTED AGAINST DRAWINGS M1-1701

REVIATION

M1-1700-sdded notes 4A and 4B re: through wall
sleeves and protruding items. M1-1701 - added
detail 5-4 and 5-5 for Thermo-Lag/Bisco seal
interface (CT). Added detail 44 for Thermo-
Lag/Bisco seal interface (F1 conduit).
Qualification of Thermo-Lag penetrating a Bisco
blockout justified by TSI Test ITL 82-3-2 and
Spec 2323-MS-38F.

DCA not provided for review

and TWS. DCA:llonbmdd:roughMod
similar to Detail 2-3.

Common enclosure. Conduits.
Revised detail numbers for consistency.
Allows the use of Bisco fire swops (and specifies

products) in Thermo-Lag installations.
Common enclosure. LBDs for essential conduits.

Provides wrap detail for conduit and small bore
Pipe hanger.

Common enclosure. Essential conduit and
nonessential conduit.

Interference. Prefab (w/o stress skin) instalied
between pipe interference and bottom of esseatial
rRCewey.

ER-ME-067
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ACCEPTANCE/

DCA engineering
basis

N/A

DCA engineering
basis

DCA engineering
basis

DCA engineering
basis

DCA engineering
basis

DCA engineer.ag
basis
DCA engineering
basis
DCA engineering
basis
DCA engineering
basis
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DCAs POSTED AGAINST DRAWINGS M1-1701
ACCEPTANCE/
RCANO, REVNQ, REVIATION RESOLUTION
084871 1 [nterference. 4" Fire Protection Pipe interferes DCA engineering
with protective envelope for essential cable tray. basis
Include Pipe in enveiope and wrap as protruding
item.
085079 1 Interference. HVAC is in hard contact with DCA engineering
essentigl cable tray. Install (2) layers of 330660  basis
flexiblanket inside of trny at poimt of contact.
085683 1 Alternate detail provided for conduit/unistrut DCA engineering
arrangement. Created Detail 6.3. Anchor tie basis
wire used instead of mechanical fasteners,
086095 0 [nterference. Seismic angle interferes with DCA engineering
protective envelope for essential junction box. basis
Flat board used and Detail 2-3 band through
method was used.
086183 3 Provided details for protruding air drops that DCA engineering
penewrate & cable trays primary protective basis
eovelope. Reduces require protection from 9°-
11* to 4°-5". Detail 3-1, 3-1.1.1, 3-1.1.2, 3-2.1,
3-3, 34,
086802 1 9" Rule. Provided detail 7-4 for wrapping fire DCA engineering
detector as protruding item. basis
087040 1 Penetrstion Seal. Clarified ampacity concerns DCA engineering
with BISCO SF60/150 sea) material. Added basis
notes t©o M1-1701 Sh. 2 and 4.
087594 0 Interference. Sway strut and pipe clamp interfere DCA engineering
with protective eavelope install wion for essential  basis
cable tray. Sway strut transferred to DCA
87593. Pipe clamp protected by depressed box
design.
087918 DCA ot provided for review. N/A
08BSS3 0 9° rule. Protruding item coverage cannot meet DCA engineering
9" criteria when measured from outside the basis
protective enveiope. Measure from inside
eavelope.
088583 0 [oterference. Non-essential cable tray interferes DCA engineering
with protective etivelope for two essential cable basis

trays. Wrap non-essential tray.
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DCAs POSTED AGAINST DRAWINGS M1-1701
ACCEPTANCE/
RCANO. REVNO, REVIATION RESQOLUTION
088584 l Interference. Cable tray support prevents proper  DCA engineering
instalistion of ena cap. Tubing resoraint block basis
will not allow full 4" coverage of essential cable
trzy. Utilizes band-through method as shown on
Detail 2-3. Reduces end cap thickness
requirements,
088660 1 Interference. 2° SS pipe interferes with DCA engineering
wnstallation of essential cable tray protective basis
eavelope. Use Detail 12 to inciude 2" pipe in
protective envelope. Non-essenmial tray
(protruding item) invokes calculation ME-CA-
0000-2062 to wrap 5*.
089513 0 Cablc ray overfill and cables touch concreee DCA engineering
beam. Install protective envelope up to bottom of  basis
beam and band-through Thermo-Lag.
089750 DCA not provided for review. N/A
089751 DCA not provided for review. N/A
089855 0 Interference. Pipe hangers interfere with proper DCA engineering
installstion of protective egvelope for essential basis
cable tray. Install box design, depressed in cable
tray 0 avoid imterference.
Common Enclosure. Two trays and two DCA engineering
conduits. [nterference. Pipes interfere with basis
proper installation of essevsial cable tray
protective snvelope. Flexiblankst used inside try
& poimt of interference.
Imerference. Insulsted pipe imerferes with DCA engineering
proper installation of essential cable tray basis

protective eavelope. Nou:h;mhbpndnd
install flexiblanke: at interface. Install flat board
inside of rail.

DCA not provided for review. N/A
DCA not provided for review. N/A




RCANO, REV.NQ,

089993

090227

091026

091146

091235

091416

091631

091737

091738

091822

091822

091985

3

APPENDIX D 4 (Cont)

DCAs POSTED AGAINST DRAWINGS M1-1701

REVIATION
Interference. 2° pipe interferes with proper
installation of cable tray protective envelope.
Fire damper frame interferes with BISCO seal
installation. Cover pipe as protwruding item and
use M Board w support Thermo-Lag.
Common enclosure. Air drops and embedded
conduit sleeves.
Interference. Conduit and air drops interfere
with proper installation of cable tray protective
envelope. lostall '4 section of preshaped conduit
330-1 x imerface.
Uss of preshaped conduit section larger than
conduit size. Detail 4-1.1

DCA not provided for review.

Cable tray not protecied between nodes identified
on MI-1700 inswllation schedule due w air drop.
Essential cables are protected.
Loterferences and seal interface. Use common
enclosure.

Seal interface. Box in tray t concrete only.
Common enclosure. Multiple trays and TWS.

Common enciosure. Multiple trays, air drops
and TWSs.

Procruding item. Non-essential cable tray shares
common support with essential cable tray.
Flexiblanket used to wrap non-essential cables in
tay.

Seal imerface. Install sheet metal and bun
Thermo-Lag w concrete.

Proximity of essential condvits require detaii
modification.

ER-ME-067
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ACCEPTANCE/

DCA engineering
basis

DCA engineering
basis

basis

basis
N/A

DCA engineering
basis
DCA engineering
basis

DCA engineering
basis

DCA engineering
basis

DCA engineering
basis

DCA engineering
basis

DCA engineering
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092007

092134

092167

092168

092207

092212

092213

092214

092317

00708 . 807

0

APPENDIX D 4 (Cont)

DCAs POSTED AGAINST DRAWINGS M1-1701

REVIATION
Interference. I[nstrument tray (angle) prevents
proper installstion of protective envelope at cable

tray support. Wrap instrument tray (angle) for
28°.

Seal interface. Modify sheet metal installation.
Cable tray shims for interferences and overfill.

Loterference. [nstrument tbing support prevents
proper installation of essential cable tray

protecive envelope. Modify support and wrap
three sides.

Seal interface. Use Thermo-Lag panel flush with
concreze.

Common enciosure. Multiple cable trays.

Modify essential cable tray protective enclosure to
include air drop and ground cable.

Seal interface. Modify shest metal sleeve in ares
of air drop.

Common envelope. Multiple trays.
Alunnpm—lqaaignforpmucdn;mdmps.
Detail 7.5,

Alternate thermo-lag design for ground nut on
conduit. Detail 7.1.

Air drop and Kellum grip coverage. Flexiblanket
€nters prutecuve envelope.

Flex conduit/Rigid conduit interface. Detail 7.2

DCA not provided for review.
DCA oot provided for review.
DCA not provided for review.
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ACCEPTANCE/

DCA engineering
basis

DCA engineering
basis

DCA engineering
basis

DCA engineering
basis

N/A
N/A
N/A
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DCAs POSTED AGAINST DRAWINGS M1-1701
ACCEPTANCE/
RCANO, REVNO, REVIATION RESQLUTION
092383 0 Common enclosure and seal interface. Multiple DCA engineering
rays. - basis
092451 0 Butting Thermo-Lag to concrete su face. New DCA engineering
Detail. basis
092462 DCA not provided for review, N/A
092515 0 Cootnment penetration. Box as if protruding DCA eagineering
item. basis
092535 0 Overfill. Shim cable tray as required. DCA
basis
092536 0 [nterference. Grating support steel interferes with DCA engineering
essenual ¢ duit protective eavelope. Trim basis
grating support.
092537 0 Interference. rim Board. DCA engineering
basis
092545 1 [nterference. Wrap pipe as protruding item. DCA engineering
basis
092555 0 Common enclosure. Air Drops. DCA engineering
basis
092556 DCA not provided for review. N/A
092564 1 Common enclosure. Multiple conduits DCA engineering
Flexiblanket wrap. basis
092566 0 Provide thermo-lag box to include air drops. DCA engineering
basis
092583 0 Interference. DCA engineering
basis
092584 0 Interference. Pipe. DCA engineering
basis
092585 2 Overfill, DCA engineering
basis
092586 2 Air drop wrap too stiff to complete instalistion. DCA engineering
basis
092588 DCA not provided for review. N/A
092605 DCA not provided for review. N/A



RCANO, REVNO,

092611
092612

092615
092634
092642

092665
092684

092731

092732

092741

092744

092745

092755

092768
092771

APPENDIX D 4 (Com)

DCAs POSTED AGAINST DRAWINGS Mi-1701

REVIATION

DCA npot provided for review.
ldnﬁfyww:lnmlp-a'fydnu.

DCA not provided for review.
DCA not provided for review.

me‘mmmmd'monduy'
stee! member.

Cable tray overfill and concrete buz.

Air drops through penetration.
Grmabhhmmymvopm
Common enciosure.
Mmmmmm.
Common enciosure.

mmmmmnmm
conduit.

Add note for butting Thermo-Lag to M-Board.
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092772

092813
092838

092839

092841

092875
092876

9297
V93006

93008

X708 .07

BE: O,

APPENDIX D 4 ‘Cont)

DCAs POSTED AGAINST DRAWINGS M1-1701

REVIATTON

“ommos e:.iosure. Cable Trays and Junction
30X,

™A not r~wvided for revies .

Alternate banding detail for cable tray supports
Modify detsil to enciose con. .it LBDs wit* zero
clearance.

Interference. HVAC dust stiffener. Install 2
layers of 330-660 around cable tray &t interface.

Common enclosure. Air Dr s,

9" rule. Measure from cable tray t cable tray
instead of from ou ¢ protective envelope.
Imerference. 4" pipe interferes wit: “-oper
installation of essential cable tray protective
eavelope. Use flat board on side tail.
Loterference. 2° Pipe interferes with proper
installation of essential cable tray protective
euveiope. Remove de rail exvensions and u
flat bosra.

7" rule. Invokes caiculation ME-CA-0000-2062
for reducing coverage from 9°.

Overflll tray with side extensions. Use siltemp
before insulling ; otective eavelope.

DCA not provided for review.

DCA not provided for review.

ofill. Install siltemp over cables before
alling protective  velope. Band through side
o

DCA not provided for review.
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ACCEPTANCE/

RESOL™ ~ON
DCA e erng
basis

N/A

N/A
N/A

DCA engineering
basis

DCA engine ng
basis

DCA engin: . .ing
basis

N/A
N/A
DCA engineering
basis

N/A
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093010

093025

093041

093059

093096

093104

093108
093117

093130

093137

093148
093169
093193

093240

0

APPENDIX D .4 (Conr)

DCAs POSTED AGAINST DRAWINGS M1-1701

REVIATION

[merference. Steel framework interferes with
proper installation of cable tray protective
envelope. Use flat board.

9" rule. Request to measure direct thermal
conductve path from inside protactive eavelope.
Cable tray overfill. Request to install side rails
and siltemp to protect cables.

Detail o butt 330-660 to M-Board.

Common enciosure. Cable trays and air drops.
Used fisthoard.

Pmuuivcuvdopetmcominmm
DCA not provided for review.

Common enclosure, Cable tray, TWS, and
Jjuaction box.

N/A
N/A

N/A
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April 3, 1992

MEMORANDUM FOR: Frank J. Miraglia, Deputy Director, Office Nuclear Reactor

Regulation
FROM: A. Bert Davis, Regional Administrator, Region III
SUBJECT: CALLAWAY PLANT - THERMO-LAG CONCERNS

Your memorandum dated February 6, 1992, identified concerns pertaining to
missing test results and engineering analyses to support Thermo-lLag
installations at the Callaway Plant. From discussion with Loren Plisco of
your staff, we understand the problem of missing test results and analyses is
widespread. This is based upon additional site visits made since your
memorandum on Callaway. You have, therefore, concluded that this issue should
be addressed in a generic letter which is being prepared by the special NRR
team reviewing Thermo-lLag issues.

Accordingly, no further action on the issue will be taken with respect to
specific plants until issuance of the generic letter. Following issuance of
the generic letter, we will proceed with whatever inspections are required.
Currently, our next routine fire protection inspection at Callaway is planned
for February 1994,

We will address the second issue in your memorandum (licensee’'s inability to
locate a specific vendor supplied record) as part of a general inspection of
Callaway engineering and technical support activities now scheduled for July
1992.

Please contact Mr. H. J. Miller (FTS 388-5788) of my staff 1f you have any

questions on our response.
K ,
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A. Bert Davis
Regional Administrator

cc: J. IZwolinski, NRR
B. Grimes, NRR
L. Plisco, NRR . /A < /;/
S. West, NRR A A / J’LL/ < p
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