July 23, 1991

MEMORANDUM FOR: Car) Berlinger, Chief
Generic Communications Branch
Division of Operational Events Assessment

FROM: Conrad E. McCracken, Chief
Plant Systems Branch
Division of Systems Technology

SUBJECT: PROPOSED INFORMATION NOTICE ON THERMOLAG FIRC RETARDANT
MATERIAL

Enclosed is a proposed information notice concerning possible deficiencies
in fire barriers for safe shutdown components constructed of Thermolag, a
fire retardant material manufactured by Thermal Science, Inc. of St. Louis,
Missouri,

River Bend Station (RBS) began experiencing degradation of their Thermolag fire
barriers since about 1987. In order to resolve certain questions concerning the
fire retardant qualities of the Thermolag barriers as constructed at RBS, they
embarked on a full scale fire testing program in 1989. A Thermolag protected
tray did not survive one of the tests conducted for RBS by Southwest Research
Institute. This Information Notice describes that failure. Because of the
generic implications to both PWR and BWR plants, the Plant Systems Branch
believes the proposed information notice should be issued promptly to notify

other licensees of the problems.
Original signed by

Conrad E. McCracken, Chief
Plant Systems Branch
Division of Systems Technology

Enclosure:
Proposed Information
Notice
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

July , 1991

NRC INFORMATION NOTICE NO. S1- : FAILURE OF THERMOLAG FIRE BARRIER MATERIAL
TO PASS 3-HOUR FIRE ENDURANCE TEST

Addressees:

A1l holders of operating licenses or construction permits for nuclear power
reactors.

Purpose:
This information notice is intended to alert addressees to problems that could
result from use of Thermolag material to satisfy the electrical raceway fire
protection requirements for safe shutdown components specified in Section 111.6.2
of Appendix R to Part 50 of Title 10 of the Code of Federal Regulations (10 CFR
Part 50). It is expected that recipients will review the information for
applicability to their facilities and consider actions, as appropriate, to

avoid similar problems. However, suggestions contained in this information
notice do not constitute U.S. Nuclear Regulatory Commission (NRC) requirements;

therefore, no specific action or written response is required.

Description of Circumstances:

The Gulf States Utilities Company, the licensee for the River Bend Station

(RBS) submitted Licensee Event Reports (LERs) 87-005, 89-009, and 90-003 to the
NRC. The NRC staff reviewed test reports and associated documents regarding the
RBS electrical raceway fire barriers to determine if the problems identified\in

the LERs could affect other NRC licensees. The electrical raceway fire barrier



ods
meterial used at RBS is Thermolag, a product manufactured and supplied by
Thermal Science, Incorporated, (TS1), of St. Louis, Missouri. TSI provides

Thermolag in thicknesses rated as providing 1-hour and 3-hour protection.

The NRC staff identified two relevant fire test reports regarding the 3-hour
rated Thermolag material covering test configurations of the 30-inch aluminum
electrical cable tray. The first set of tests was performed in April 1989 at
the Chicago Construction Technologies Laboratory (CCTL) and documented in CCTL
Report 240056. RBS personnel witnessed this test, in which the Thermolag
material passed the 3-hour fire endurance test and the hose stream test. The
RBS personnel questioned the validity of the test since an additiona) layer of
what appeared to be trowel-grade Thermolag had been added to the entire bottom
surface of the test specimen. The NRC reviewed CCTL Report 240056 and found no
reference to an additional layer of Thermolag or consideration of additional

therma] protection that may have been added to the test specimen as a result,

The second test was performed in October 1989 at the Southwest Research
Institute (SwRI), SwRI Report 01-2702. This test showed high temperature
anomalies within 45 minutes in the center of the cable tray with castrophic
failure and collapse of the tray within 13 hours. The failure of this second
test raised questions regarding the validity of CCTL Test Report 240056

and of the Thermolag material when used to protect any 30-inch aluminum or

steel cable trays. The NRC staff has not reviewed other tested configurations

of TSI Thermolag.




Discussion:

The Gulf States Utilities Company has extensively used Thermolag to protect

raceways and components throughout RBS that are related to safe shutdown.

At Teast 40 NRC licensed facilities use Thermolag to construct fire barrier

assemblies with 3-hour and 1-hour ratings to enclose electrical raceways and

other safe shutdown components,

During routine walkdown inspections, RBS fire protection personnel began
noticing degradation of the Thermolag 1-hour and 3-hour rated fire barriers
in about 1987. The large number of observed deficiencies prompted the licensee

to expand these walkdown inspections to include all Thermolag barriers.

The subcontractor who installed the Thermolag fire barriers at RBS was

approved by TSI as a qualified installer. However, during the installation at
RBS, the subcontractor removed a factory-installed component of the Thermolag
called "Stress Skin." Stress skin is a wire mesh fabric component of Thermolag
built on one side of the 1-hour fire-rated board and both sides of the 3-hour
fire-rated board. This component is critical to the structural stability of

the product during fire exposure according to TSI.

The RBS fire protection personnel assumed that all barriers were degraded
because their staff had found that many sections of the inside layer of the
stress skin had been removed during initial installation at RBS. Additionally,
the licensee was concerned about Thermolag 1nsta1l§tions covering large cable
trays. The licensee uses Thermolag to protect 30-inch wide cable trays.

However, the largest cable trays known by RBS personnel to have been tested by

Lol
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TSI were 18 inches wide. The licensee questioned the validity of extrapolating
results from the 18 inch wide tray tests to its 30-inch wide trays. Therefore,
the licensee decided to conduct full scale fire tests using 30-inch wide trays

to validate the protection of these trays as installed.

In October 1989, SwRI tested two U-shaped 30-inch wide aluminum ladderback

cable trays and several other penetrations constructed in the same test slab.

One of the cable trays was enclosed in a 3-hour fire-rated barrier constructed

of Thermolag material in accordance with TSI's published installation instructions.
The other cable tray was enclosed in a 3-hour rated fire barrier constructed of

a different material in accordance with that manufacturer's published installation
instructions. RBS personnel constructed the twin cable tray fire barrier test

set up at the SwR] test facility.

The specimen was considered to have failed when the internal temperature
reached 400°F. A1l 44 thermocouples inside the Thermolag-protected tray
reached failure temperatures in times ranging from approximately 45 minutes to
85 minutes. Conductor-to-ground failure occurred in the power cable at 60
minutes. The Thermolag enclosure had totally disintegrated at 77 minutes, and
the cable tray collapsed at 82 minutes. None of the thermocouples in the tray
protected with the other fire retardant material registered temperature above
400°F and no electrical failure occurred in the cables in that tray over the

full 3-hour test.

The SwR] test results and the as-installed Thermolag configuration prompted RBS

to institute a 1-hour fire watch patrol in all areas that depend on Thermolag

barriers for protection of safe shutdown capability. The licensee is evaluating
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various repair procedures to resolve this problem at RBS. NRC Information
Notice 88-04, "Inadequate Qualification and Documentation of Fire Barrier
Penetration Seals," provides additional discussion and considerations regarding
qualification of installed fire barriers.

This information notice requires no specific action or written response, If
you have any questions about the information in this notice, please contact the
technical contact listed below or the appropriate Cffice of Nuclear Reactor
Regulation (NRR) project manager.

Charles E. Rossi, Director
Division of Operational Events Assessment
Office of Nuclear Reactor Regulation

Technical Contact: Ralph Architze)
301-492-0804

Attachment: List of Recently Issued NRC Information Notices

*Transmitted by dated

Document Name: INFO NOTICE - NOTLEY

SPLB:DST SPLB:DST SPLB:DST RVIB:DRIS
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various repair procedures to resolve this problem at RBS. NRC Information
Notice 88-04, "Inadequate Qualification and Documentation of Fire Barrier
Penetration Seals," provides additional discussion and considerations regarding
qualification of installed fire barriers.

This information notice requires no specific action or written response. If
you have any questions about the information in this notice, please contact the
technical contact listed below or the appropriate Office of Nuclear Reactor
Regulation (NRR) project manager.

Charies E. Rossi, Director
Division of Operational Events Assessment
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This information notice requires no specific action or written response. If
you have any questions about the information in this notice, please contact the
technical contact listed below or the appropriate NRR project manager.

Charles E. Rossi, Director
Division of Operational Events Assessment
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23 August 1991
M:. Frank Garrett
Arizona Public Services
P O Box 52034
Phoenix, Arizona 85072-2034
Subject: TSI's Response To The NRC Information Notice No. 9147

“Failure of THERMO-LAG Fire Barrier Material To Pass Fire
Endurance Test"

Dear Mr. Garrett:

We have reviewed the content of the above referenced Notice. As we understand,
the NRC is addressing the following:

@ Removal of Stress Skin from the THERMO-LAG 330 Prefabricated /Preshaped
Irems. The NRC, very correctly, condemned that action. In essence, the Notice
concludes that the removal of the Stress Skin from the prefabricated panels and
preshaped conduit sections substantially reduced the structural and fire
resistive properties of the THERMO-LAG 330 Fire Barrier System.

®)  Lack of documentation and qualification tests of THERMO-LAG applicable to
large cable trays. The Licensee questions the validity of extrapolating results
from small cable trays to 30 inch wide cable trays.

© A test failure involving the THERMO-LAG 330 Fire Barrier System, when
installed on 2 30 inch aluminum electrical cable tray, performed in October 1969
at Southwest Research Institute.

) Lack of documentation of qualification tests which demonstrate that
aluminum conduits penetrating the THERMO-LAG 330 Fire Barrier System
have been tested.

(¢) Lack of documentatios: and qualification tests for joint installations that
demonstrate that dry fitting methods are qualified.

The supplementary information presented herein should clarify these issues.

THERMAL SCIENCE, INC. « 2200 CASSENS DR. « ST. LOUIS, MO 63026 » (314) 349.1233
Tolex: 209901 (Answerbock: TS! UR) * Telecopier (314) 349.1207
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Removal of Stress Skin from the
yed Items

The Stress Skin element comprises a critical component of the THERMO-LAG
Prefabricated Panels and THERMO-LAC Preshaped Conduit Section Designs. In
essence, the Stress Skin is the skeleton of the System, and its removal greatly
reduces the physical properties (fire resistance, structural integrity, etc.).

Subsequent tests performed at the Fire Research Facilities of Thermal Science,
Inc. and Southwest Research Institute demonstrated that a substantial
reduction in the fire resistance capability of the THERMO-LAG 330
Prefabricated /Preshaped Fire Barrier System resulted from this action.

Tests on 30 inch Aluminum Cable Trays

Two successful full scale fire endurance tests on 30 inch wide aluminum ladder
back trays were conducted at the facilities of Construction Technology
Laboratories in Skokie, Illinois. The tests followed the prerequisites of ANI
Bulletin #5. ‘The performance of the tests was under total control of the test
laboratory. The manufacturing process was carefully recorded and monitored
by both TSI's Quality Assurance Department and Construction Technology
Laboratories.

The cable trays were protected with the THERMO-LAC 330 Prefabricated Panel
Fire Barrier Design.

The tests were performed in April and May, 1989. The cables were
Also, one bare copper wire was run in the entire length of each cable tray. The
data acquisition for both cable trays followed the same prerequisites.

The data acquisition was comprised of continuous temperature and electrical
integrity measurements. The electrical integrity measurements were
continuously monitored during both the ASTM E119 fire endurance test and
water hose stream exposure.
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Both test reports were published by Construction Technology Laboratories, Inc.
in October 1989, and are as follows: .

CTL Report No. 240056 £24-63

“Fire Test On Aluminum Ladder Back Cable Tray Protected By
THERMO-LAG Prefabricated Panels In A Steel Bulkhead
October 1989 - Revision 1"

v 4-
“Fire Test On Aluminum Ladder Back Cable Tray Protected By
THERMO-LA' _ Prefabricated Panels For Gulf States Utilities
October 1989 - Revision 1"

Complete copies of the test results, including pertinent QA documentation, are
svailable upon written request.

©) Southwest Research Institute Test

The referenced test was conducted at the facilities of SWRI in October 1989. TSI
does not have a copy of this test report. We did, however, receive a certain
amount of written and verbally transmitted information from GSU personnel
who were involved in the performance of the test TSl's personnel did not
‘participate in the installation of the THERMO-LAC Fire Barrier Materials to the
cable tray nor did they witness the actual test.

It is significant that two test articles, composed of dissimilar materials, were
installed on a common steel support. One of these entities was a 30 inch
aluminum cable tray protected with the THERMO-LAC 330 Fire Barrier System.
The other entity employed a “ceramic” material which, in accord with the
manufacturer's data, has a negative coefficient of thermal expansion. It shrinks
when heated. The THERMO-LAG protected cable tray and the “ceramic” entity
were in intimate contact with each other at the base comprised of a 4 inch
tubular support.

Further, it appeared that the THERMO-LAG material was installed on the steel
support using 18 gauge wire which was wrapped around the steel support itself
and anchored to the cable tray prior to the installation of the THERMO-LAG
material. )
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We believe that upon commencement of fire, the ceramic material started to
shrink and recede from its interface with THERMO-LAG, exposing the stee! of
the common support to the flames. This, in turn, promoted a very rapid rate of
heat transfer under the THERMO-LAG barrier and into the cable tray itself.

GSU personnel informed TSI that at approximately 42 minutes into the test, the
bottom of the tray support fell off and, st 47 minutes, the integrity of the system
was lost.

The initia] separation of THERMO-LAG segments from the tubular steel and
their subsequent drop from the bottom of the structural support, allowed for
direct contact of the steel with the flames and subsequent flame penetration
onto the exposed steel and into the cable tray. As a result, the aluminum tray,
resting on the tubular steel, was abnormally heated. The aluminum tray, for
practical purposes, was now void of thermal protection.

TSI's conclusion is that the manner in which the THERMO-LAG 330 Fire
Barrier System was installed at the cable tray/tubular steel support interface,
was a cause of the breach of the integrity of the thermal protective system.

TSI also observed that the three hour THERMO-LAG 330 Prefabricated Panel
was “V” grooved on the fireside, for convenience in forming contour surfaces
such as the transition section from vertical to horizontal. The THERMO-LAG
Stress Skin Type 330-69 was therefore cut, providing a gap in substantial excess
of 1/4 inch, probably more than 1 inch. That void was filled with the
THERMO-LAG 330-1 Subliming Trowel Crade Material. The Stress Skin, at this
separation, was not replaced. above method of installation is not
acceptable. In order to have a valid test, » continuous layer of THERMO-LAG
Stress Skin Type 330-69 is required.

For the foregoing reasons, it is TSI’s conclusion that the test performed on
October 26, 1989 at the facilities of Southwest Research Institute, was not a valid
test. ;
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@ Alymingm Conduits Penetrating the THERMO-LAC Fire Barrier System

Under a GSU contracted test program, one and three hour fire endurance and
water hose stream tests were performed on a 30 inch aluminum cable tray with
s 4 inch aluminum conduit penetrant - partially enclosed with the THERMO-
LAG 330 Fire Barrier System. These tests were successfully completed in
November and December 1990.

() Dry fitting joints, etc
These are not allowed under TSI procedures.

We hope that the foregoing comments will be helpful to you.
Yours truly,

//j%w/
Richard A. Lohman
Assistant to the President

RAL/mm
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THERMO-LAG 330-1 SUBLIMING COMPOUND
DATA SHEET

PRODUCT DESCRIPTION: THERMO-LAG 330-1 is a water based,
fireproofing, thermally activated,
cubliming and insulative coating.
When exposed to flame, the material
volatizes at fixed temperatures;
exhibits a small volume increase
through formation of a multi-cellular
matrix; absorbs and blocks heat to
protect th: substrate material.

TYPE: THERMO-LAG 330-1 Subliming Compound
COLOR : Antique White

FINISH: Textured

OUTSTANDING FEATURES: Ease of Application

Excellent exterior and interior durability
No flash point or fire hazard

Chemical Resistance

No asbestos

Rugged

COMPOSITION AND PHYSICAL PROPERTIES:

SOLVENTS WATER

Net Weight/gallon lbs/gal 10.5 £ 0.5

Non volatile 66 Min.

Flash Point None

Consistency Semi-solid, paste-like
Warranted Shelf Life 6 Months

Storage Conditions Above 32°F and Below 100°F

TS, INC. * 3260 BRAMNON AVE. * ST, LOUIS, MO. 63139 ¢ (314) 3522422 * Telex: 44.2384



THERMO-LAG 330-1 SUBLIMING COMPOUND
DATA SHEET CONTINUED

BASIC USE: THERMO-LAG 330-1 is applied to cable
trays, cable drop and junction box
assemblies, structural steel, supj.r:
structures, containment vessels, tank
cars, and other similiar entities.
THERMO-LAG 330-1 is apglicd to protect
the substrate against loss of structural
stength and accessing temperatures during
exposure to fire. Ome and multiple hour
fire ratings can be provided as determined
by test utilizing the AST™ E-119 time -
temperature environment, hydrocarbon or
chemical fire environments.

THERMO-LAG 330-1 Subliming Compound has
also been tested per ASTM EB4 Standards

by an independent testing laboratory
with the following results:

Flame Spread 5
Fuel Contributed 0
Smoke Developed 15

COATING THICKNESS: The coating thickness is a function of the
specific weight of the steel to be protected.
The heavier the steel, the thinner the coat-
ing required for a givnn fire endurance
tating. (Specific film thicknesses are
specified by the owner or his duly authorized
representative.)

PACKAGED : 55 gallon drums approximately 500 net 1lbs.
-LAG 330-1 Subliming Compcund is
cugplied in containers bzaring Underwriters
Laboratories labels.

STORAGE CONDITIONS: Store above 32°F and below 100°F.
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THERMO-LAG 330-1 SUBLIMING COMPOUND
DATA SHEET CONTINUED

a7
-

SURFACE PREPARATION: Surface must be clean, dry and free

from contaminants including oil,
grease and scale prior to application.

2. THERMO-LAG 351 Primer should be used
as and where required.

MIXING: Material should be stirred to & homogeneous
consistency prior to application.

TEMPERATURE /HUMIDITY : THERMO-LAG 330-1 Subliming Compound shall
be applied in conformance with good paint-
ing practices. The surface shall be dry,
above 40°F and below the dew point.

METHOD OF APPLICATION: May be applied by airless spray, air atomiz-
ing spray, brushing, rolling or caulking gun.

RECOMMENDED SPRAY

EQUIPMENT: For spray epplication direct from the
shipping container, air-ram (45:1 & 10:1
congrconian ratio) extrusion pump,
airless spray or air atomizing spray
equipment should be used.
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THERMO-LAG 350

TWO PART SPILL RESISTANCE TOPCOAT

PRODUCT DESCRIPTION:

PHYSICAL PROPERTIES:

Color:

Finish:

Solids by Volume:
Thecretical Coverage:
Mixing Ratio By Volume:
Net Weight Per Gallon:
Storage Temperature:

Shelf Life:

Flash Point:

Pot Life:

Surface Temperature:
Thinning:

DATA SHEET

THERMO-LAG 350 is a two part

spill resistant topcoat with a
formulation designed to provide
chemical and corrosion resistance to
protect against abrasion, moisture,
corrosive fumes and chemical contact.

White

Gloss

34.0 £ 1.02 Mixed

50 Sq. Ft Per Gallon

Part A - & To Part B - 1
10.93 = 0.20 1bs (Mixed)

Minimum - 35°F Maximum - 120°F
Protect from frcezing. In ceold
weather, store materials inside
above 60°F until use.

6 Months at recommended storage
temperatures.

Above 135°F

10 hours at 60°F
8 hours at 77°F
4 hours at 100°F

Minimum - 40°F Maximum - 120°F

Use clean water. For air spray thin
up to 10%; airless spray, brush
or roller, up to 51%.

TSI, INC. * 3260 BRANNON AVE. ¢ ST, LOUIS, MO. 63139 * (314) 3528422 ¢ Telex: 44-2384
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THERMO-LAG 350

TWO PART SPILL RESISTANCE TOPCOAT
DATA SHEET CONTINUED

CHEMICAL RESISTANCE:

FREQUENT CONTACT

Alkali Solutions
Alcohols

Aliphatic Hydrocarbons
Aromatic Hydrocarbons
Salt Solutiomns

BASIC USE:

PACKAGED:

OCCASIONAL CONTACT

Organic Acids
Mineral Acids

Fresh Water
Waste Wate:
Mineral Oil:s
Vegetable Oi.s Ketones

Especially formulated to provide
compatibility when used in the

THERMO-LAG 330-1 Subliming Material
System. THERMO-LAG 350 Two Part
water Based Spill Resistant Topcoat

provides excellent protection against

water flow, climatic variatioms,
chemical attack and physical abuse.
This material has been tested in
accord with ASTM EB4 Standards by
an independent testing laboratory
with the following results:

Flame Spread: 5

Fuel Contributec: 0
Smoke Developed: 0

$ Gallon Kits consisting of one

short filled 5 gallon pail of Part A

and a one gallon can of Part B.

Oxidizing Agents



THERMO-LAG 350
TWO PART SPILL RESISTANT TOPCOAT

DATA SHEET CONTINUED

SURFACE PREPARATION: The surface should be clean, free of
loose and forcign contaminants and
dry: at least 5 F above the dew point.

Moisture meter readings, using a
Delmho: st Moisture Meter, Model DP
must be taken and readings of 20 or
less m st be obtained prior to the
topcoat being applied.

MI¥ NG: Stir contents of Part A, making sure
no pigment remains on the bottom of
the pail Add Part B (1 gallon
contain«r) to Pa:rt A (5 gallon pail).
Mix with & power mixer until the two
components are thoroughly blended.

Do not use mixed material beyond pot
life limits.

METHOD OF APPLICATION: Application can be made by spray,
roller or brulhint. A criss/cross
application technique is recommended
to help achieve pin-hole free coverage.

APPLICATION EQUIPMENT:

Brush: Use Nylon or synethetic
bristle brushes.

Roll  zs: Use short nap synthetic rollers for
smooth surfaces.
Use long nap synethetic rollers for
rough surfaces.

3



THERMO-LAG 350
TWO PART SPILL RESISTANT TOPCOAT

DATA SHEET CONTINUED

APPLICATION EQUIPMENT:

For Air Spray:
Air Mat'l
Fluid Air Hose Hose Atomizing Pot
Gun_ Tip  Cap Ip_ _ID_ Pressure  Pressure
DeVilbiss E 2 or 5/16" 3/8" 75-100 10-20
MBC or JGA 78 or or psi psi
or equal 378" 1/2"
NOTE: Low ambient temperature applications or longer hoses
require higher pot pressure.
For Airless Sprav:
Material Hose Manifold
Tip Orifice Acomizing Pressure ID Filter
0.015" to 0.019" 2700-3000 psi 1/4" or 3/8" 60 mesh
NOTE: Use appropriate tip avd atomizing pressure for equipment,

applicator technique and weather conditions.

DRYING TIME AT 75°F: THERMO-LAG 350 Two Part Water Based
Spill Res. stant Topcoat dries to touch
in approxivately 1 hour; to handle in
approximately 5 hours. Allow to dry for
at least seven days before exposure to
{immersion service. Drying time will
vary on ambient temperatures and relative
humidity.

CLEAN UP: Clean all equipment immediately after
use with water, followed by a final
washing with xylol or No. & Thinner.

ok
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THERMO-LAG STRESS SKIN TYPE 330-69
DATA SHEET

PRODUCT DESCRIPTION: THERMO-LAG Stress Skin Type 330-69
is comprised of an open weave, self
stiffened ster]l mesh used to provide
an enclosure cver cables, cable trays,
and cable drops and provide an easily
accessible refurbishment of surfaces
which possess adequate characteristics
to receive the THERMO-LAG 530-1
Subliming Material System.

THERMO-LAG Stress Skin Type 330-69 is
inherently resistant to differential
thermal expansion, thermal stress,
flutter, vibration and other type of
loading - potentially resultant from
earthquake conditions.

PHYSICAL PROPERTIES: THERMO-LAG Stress Skin Type 330-69
shall be comprised of an open weave,
self stiffened steel mesh to meet
the following characteristics:

Strand Diameter: 0.019 Minimum
Mesh Size: 64 Minimum
Weight/Sq. Yd: 1.75 Minimum

Type ''V" Stiffeners dimensions:

Height: .29 2 0.04 Inches
base: .29 2 0.04 Inches
Distance Between: 6 £ 1 Inches
CHEMICAL PROPERTIES: THERMO-LAG Stress Skin Type 330-69

is chemically treated to provide
. reliable long lasting corrosion
' inhibiting properties.

TS, INC. * 3260 BRANNON AVE. * ST, LOUIS, MO. 63139 * (314) 352-8422 * Telex: 44-2384




THERMO-LAG STRESS SKIN TYPE 330-69
DATA SHEET CONTINUED

BASIC USE: THERMO-LAG Stress Skin Type 330-69
shall be installed in such a manner
as to provide a complete and continuous
wrap over sll areas to receive the
THERMO-LAG 330-1 Subliming Material
System, with the exception of junction
boxes and structural support entities.

SURFACE PREPARATION: Prior to use, the substrate should be
clean, free of loose dirt, grease and
other contaminants. No special surface
preparation is required.

METHOD OF APPLICATION: Best results are obtained if each
individual length of each individual
section does not exceed 10 feet.

Each section should overlap each pre-
ceding section by at least 6 inches or
fastened to the preceding and following
section by & flange facsimile having &
1 inch 1lip, minimum. Circumferentially,
two sections are preferred. The skin
shall be tight and all flung;u and butt
joints gropcrly fastened. e sections

should be secured to each other by using
approved mechanical fasteners. €
maximum distance between fasteners should
be 6 inches.
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THERMO-LAG 330-70 CONFORMABLE CERAHIC INSULATOR

PRODUCT DESCRIPTION:

PHYSICAL PROPERTIES:

Color:

*Continuous Use Limit:
Melting Point:

Fiber Diameter:

Specific Heat at
1093°C(2000°F) :

Specific CGravity:

TSI, INC. * 3260 BRANNON AVE

DATA SHEET

THERMO-LAG 330-70 Conformable Ceramic
Insulator is a light weight and
flexible ceramic blanket. It is
manufactured from long ceramic fibers.
There are no binders added to the
THERMO-LAG 330-70 Conformable Ceramic
Insulator. It is & highly efficient
material having low specific heat,
excellent resistance to thermal and
mechanical shock.

White
1260°C(2300°F)
1760°C(3200°F)
2-3 microns (mean)

1130 J/kg°C(.27 Btu/lb/°F)
2.73 g/em3
*The Continuous Use Limit is determined

by irreversible linear change criteria
not product melting point.

¢ ST. LOUIS, MO. 63139 © (314) 352.8422 * Telex: 44-2384



CHEMICAL PROPERTIES:

Aluminum Oxide:
Iron Oxide:
Magnesium Oxide:
Sodium Oxide:

Leachable Chlorides:

BASIC USE:

SURFACE PREPARATION:

METHOD OF APPLICATION:

THERMO-LAG 330-70 CONFORMABLE CERAMIC INSULATOR
DATA SHEET CONTINUED

48.0% Silicone Dioxide: 51.8%

0.04% Titanium Dioxide: 0.0022
0.012 Calcium Oxide: 0.022

0.12

Less Than 10 ppm

THERMO-LAG 330-70 Conformable Ceramic
Insulator is used for insulation en-
hancement of temperature sensitive
components and is dcligned to provide
equal compatibility, efficiency and
greater heat resistance when used in
concert with THERMO-LAG 330-1 Subliming
Material System.

No special surface preparation is required.

THERMO-LAG 330-70 Conformable Ceramic
Insulator shall be wrapped in such a

manner as to be complete and continuous
with no gaps or holes. When the application
of the THERMO-LAC Stress Skin e 330-69%
and THERMO-LAG 330-70 Conformable Ceramic
Insulator is complete, a "cacoon' effect
should be present.

THERMO-LAG 330-70 Conformable Ceramic
Insulator should be kept in its containers
sealed when not in use. Store off the ground.
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PRODUCT DESCRIPTION:

PHYSICAL PROPERTIES:

Color:

Finish:

Type:

Ounce/Sq. Yd.

Thickness (Inches):

*Tensile Strength /lbs/in):

Yern:

Knit:

Temperature of

Decomposition:
BASIC USE:

FIBERGLASS ARMORING
DATA SHEET

The Fiberglass Armoring is a
light w¢i¥ht. electrical glass .
armoring fabric for use with the
THERMO-LAG 330-1 Subliming
Material System.

White

Matte

g Type Fiberglass Fabric
1.0z 0.2
0.005 = 0.001
Warp: 75
Warp: 150-1/0
Weave Type

Fill:
Fill:

60
150-1/0

circa 1600°F

*Minimum average breaking strength
pounds per inch (ASTM Method 578-49).

The Fiberglnss Armoring is specially
provided Ior use in connection with
the THERMO-LAG 330-1 Subliming
Material System. It provides a
strong mechanical base or urmoring
as required for field application
for the intended use.

TS, INC. * 3260 BRANNON AVE. * ST. LOUIS, MO. 63139 * (J314) 3528422 * Telex: 44.2384
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GENERAL METHOD OF OPERATION

THERMO-LAG compounds provide a highly effective heat blocking
function, primarily through the mechanism of sublimation.
Upon exposure to heat, as the temperature of sublimation is
attained, a transition from the solid phase to & vapor phase
takes place. This is associasted with the absorption of
approximately 750 Btu's per pound. The sublimate vapors are
subjected to further energy absorbing reactions through
endothermic decomposition. The endothermic decompostion
reactions can absorb as much as 6000 Etu's per pound. During
pyrolysis of the binder system, a char layer is formed which
is made to expand by action of the sublimate gases.

Since the char layer is composed of small interconnecting cells
having a large surface area, it functions as an efficient heat
exchanger. With expansion of the char layer, the path followed
by the sublimate gases is lengthened and the time of contact
between the sublimate gases and the high temperature cellular
structure is increased.

The combined effects result in increased efficiency of the
endothermic decomposition mechanism. The ability of the char
layer to attain high temperatures further results in significant
re-radiation of energy and a reduced heat transfer coefficient.
The low conductivity of the light cellular char structure also
performs an insulative functiom.
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ENCINEEZRING TEST REPORT
G

OME ~ BOUR ASTH-E-119 PIRE SIMULATION FACILITY FIRZ
TEST POLLOWED 3Y A SHORT TEWM WATER BOSE STREEAM INPACT TEST
O A NOCLEAR FACTLITY CLASS 1E CARLE TRAY, CONDUITS AND AIR

DECP RASSTMRLY

1. peTRoCocTIOoN

T™he basic purposss of this Enginearing Test Report are to present and dis~
ouss the experimental results obtained from a ‘Coe-four' ASTH-E~119 Pire Test
and Water Bose Stresm Ispact Test oo & Thermo-lag 330-1 Subliming Coating Envelope
Systam for s Wuclear Plant Class 1R elsctrical circuits installed in a Ladder

Back Cable Tray and Alr Drop Assembly.

Acocording to the manufacturer (T8I, Imc.), all of the fire and water bose
tremm tested Thermo-lag 330~-1 Subliming Costing Eovelops Systes materials were
manufactured snd produced in strict sccordance with all of the applicable Quality
Contrel and Quality Assurance Requirements presented in Appendix '}’ to BTP-9.5-1,
ERC Supplemental Guidance, Buclear Plant FPire Protection Punctional Responsibilities,

Mnisistretive Controls and Quality Assurance (see Reference '1°).

Moo, sccording to the mamufacturer of the Thermo-lag 330~ Subliming Coating
Exvelope System (TSI, Inc.), the Bovelope Syrtem utilized for the testing as re-
ported berein was prepared in strict complissce with the Application Procedures
as presented in Exhihit *1° to this Buginesring Test Raport. |

The Buclesr Plant Class 1 B Cable Trey, Conduit and Adir Drop hssambly success—

OXMENCE &nd st taria

Epecifed in the applicable sections ef ANI/NOERP Standard FPire Endurance Test
Nethod to Qualify s Protective for Class IE Electrical Circuits amd the Wuclear




(3~ *0407-M301-16~-1 023

11. TEST PROCEDURES
The Test Procedures involved in the Test Program reported herein specified

the use of 'Specific' Procedures for the One~Hour Pire Test, tha Water Hose Stresm
Test and the Cable Tray Assembly Electrical Circuitry Continuity Tests. Bach of
these three (1) separate Test Procedures are sumsarized in the following sub-
sections. !
A. One-Hour Pire Test:

The Fire Testing Procedures are specified in Paragraph 3.4.1 of ANI/MALRP
Standard Pire Endurance Test Mathod to Qualify & Protective Envelope for Class
1E Electrical Circuits (see Exhibit 2 to this report). Basically this one+hour
Pizre Test is # one hour exposure to the temperature~time curve of ASTM-E-119-76
(ANSI Aﬁ.l). Por sase of reference, Figure 1 presents this ASTH-E~119-76 Time-
Temparature Curve for the exposure paricd of interest.

As shown in Pigure 1, the Test Set-Up Internal Alr Temperature starts et
the prevailing ambient air temperature (Test Rocm Tempersture), reaches & tasngr-
erature of about 1000 7 after five (5) minutes, & temperature of about 1550 °p
after 30 minutes and & temperaturs of 1700 F after one-hour. Based upon widely
sccepted crtieria, this wariation in the time-temperature curve alsc means a
variation in the Incident Heat Flux upon any ‘Target' exposed to the this time-
tsmperature relationship. It is commonly accepted that the One-Hour ASTH-E~119
Test Method produces & 'Time Averasged Incident Beat Plux' of about 24,500
m/ﬂ-ﬁz for one-hour's exposure, 34,500 m/hr-tt’ for two hours exposure,
and 42,000 m/hr-n’ for three bours exposure, &s is shown in Figure 2. It
is also important to note, for subsequent experimental data analyses, that in
the ASTH-E~119 Test Method about 20 parcent of the heat transfer is by con-
veaction and about 80 percent is by radiation. Thus, the actual amount of the
80 percent radiant hest that will be 'absorbed’' by the ‘Target' is strongly
depandent upon the Target's Radiation View Factor, the spectral emissive
properties of the matural gss flames and the spectral reflactance propertiss

of the Thermo-Lag 330-1 Subliming Coating Envelope System external surface.

B. Yater Hose Stream Test:

The Water Aose Stream Test Procedures are specified in Paragraph 3.4.2 of
ANI/MAERP Standard Pire Endurance Test Method to Qualify a Protective Envelope

-.:-

Wesson anp Assocates, INc
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INCIDENT HEAT FLUX - Thousands of 3TU/HR-FT2

FIGURE 2; ASTM ~E -~119 TEST METHOD FIRE TEST SET-UP INCIDENT HEAT FLUX LEVEL AS A FUNCTION

OF FIRE DURATION/EXPOSURE TIME
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for Class 1F Electrical Circuits (see Exhibit 2 to this geport) . This Exhibit
;nnul the use of ‘one’ of 'three' specific Test Procedurus. In the Water Hose
Stresx Test reported harein, the Test Procedures specifiec by Paragraph 3.4.2 (3)
was utilized. This procadures is as follows:

“The stream shall be deliversd through & 14 inch nozzle set at a discharge

angle of 15° with o rozzle pressure of 75 pei and a minimus discharge of

75 gpa with the tip of the notile & maximm of 10 feet from the system.®
This procedure also requires that the hose stream be applied (to the system) for
s minimm of 24 minutes.

C. Electrical Circui Continuity Tests:

Paragraph 3.5 of ANI/MAERP Standard Pire Endurance Test Method to Qualify
& FProtective Envelope for Class 1P Electrical Circuits (see Exhibit 2 to this
report) requires the following Criteria be meet for the one~hour Pire Test:

3.5 The tests shall be constituted a failure if any of the following

occur

1. Circuits fail or fault during the fire test as required in Test
1 (ASTH-E~-119-76 one-hour exposure test) or fall during the hoss
stream tast.”

Thus, mdmrmkdmtcuatumuumumolymmc
sufficient nusber of elwctrical circuits in the Test Specimen to detect failure
eircuit to circuit (conductor to conductor short circuits); circuit to system
(conductor continuity); and circuit to ground (short cireuits, conductors to
m).m:cm.uummmummuq. Conduit and Alx
Drop Test Assembly would be & very arducus, if not impractical, task. Theare-
fore, selectsd cables in the Test Specimen Cable Tray Assambly wers instru-
manted to monitor sach of the following three parsmetars: f
I.Mecbln.mmmmmmlmhhmhnlpcmmhhay

Assambly was connected to a short circuit detsction circuit as shown in
Pigure 3-A.
2. Two cables, as identified in C.) above, was also connected to a continuity
monitoring circuit as shown in Pigure 3-B.
3.1-»:»1“.uuuutuuc.xm.mmm.mm:eu-
cuit detection circuit as shown in Pigure 3-C.
This procedure gives & total of six (6) instrumented cables in the Test Specimen
Cable Tray Assembly for momitroing of cable integritvy during both the one-hour
Fire Test and the subsequent Water Hose Stream Test.
.

Wessow anp Associares, Inc
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: A. Preparation of Test Specimen protective Envelope:

Suggested Test Specimen layouts are presented in ANL/WMAERP Standard Pire
Endurance Test fethod to Qualify & Protective Envelope for Class 1E Electrical
Circuits (see Exhibit 2 to this report). In this section of the Test Report, we
will sumsarize the manufacturer's preparetion of the Cable Tray, Conduit and
Alr Drop Assembly Thermo-Lag 330-1 Subliming Coating Envalops Systam.

As explained in detail im Exhibit 1 to this report, the protective envalope
consists of ‘clam shell arrangement’ which fits all-arcund the Test Specimen
m.uaymxy.mmmuuuummuwm.
Stress Skin Type 330-69, & 0.625 inch wet (0.469 inch ary, 25 percent shrinkage
in airless sprayed wet Thermo-Lag 330-1 coating) covering of Thermo-lag 330-1
Subliming Coating material, & cutar covering of light weight Fiberglass Cloth
Armoring and & thin top coat of Tharmo-lag 330-1 Sublising Costing satarial of
sufficient thickness to just cover the Pibarglass Amoring. The detall pre-
paration and Thermo-Lag 330-1 Subliming Coating meterial Application Procedures
mmmzdumuxum-m.nmwemmuma
the Tharmo-Lag 330-1 Subliming Coating Envelope System, pricr to installstice
arcunt the Test Specimen Cable Tray Assembly is shown in Pigure 4.

B. Test Specimen Physical Details:
u-mnrmns.mmmmn-yu-owum

wide by ¢k inch high Ladder Back rlectrical Cable Tray fahricated in the form
of & U-Band, with the dimensions being 36 inches long by 32 inches high. A

single cable ‘air drop’ is also incorporeted in the Test Specimsn. A total of
27 cables are installed in the Test Specimen Cable Tray Assembly (see Table I
for individual electrical cable indemtificatiocm).

Pigure 6 presents a photograph of the Test Specioes Cable Tray Assembly
with ths Thermo-Lag 330-1 Subliming Coating Envelope System installed on all
mdmmxoquummam'mccp' cable. Pigure
6 also shows the leads of the thermocouples installed within the Test Specimen
Cable Tray Assembly for monitoring of various items during the one~hour Fire
Tast. A photograph of the completed Test Specimen, mountad for insertiom into
the TSI ASTM-E-119 Pirs Simulstion Pacility is presentad is Pigure 7. In this
photograph, the 'air drop' cable has had the Thermo-lag 330-1 Subliaming Coating

Envalope System added to the air drop cable.
., .

Wesson anp AssociaTes, INc




| 3-1J407-M301~ 16~ 1

NOTE: THERMO-LAG STRESS SK TYPE 330-69 1S PLACED NEXT TC CABLE TRA:
I

(NOMN=-FIRE EXPOSED S

THERMO=-LAG STHI

SKIN TYPE 3 30=(

THERMO-LAG 11310=]

SUBLIMING COATIN

FIGURE 4: TYPICAL SAMPLE OF THERMO-LAG 330-1 SUBLIMINC COATING ENVELOTL
SYSTEM FOR CABLE TRAY PROTECTION UBEFORE INSTALLATION ARMUNI
CABLE TRAY

Wessox AND AssociaTES, INc.
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Outside of wire

® on
A On Interior Skin Surface
@ In Chamber (Tray Alr Temp.)

FIGURE 5: SCHEMATIC TLILUSTRATION OF THE TEST SPECIMEN CABLE TRAY ASSEMBLY BEFORE
INSTALIATION OF THE THERMO-LAG 330-1 SUBLIMING COATING ENVELOPE SYSTEM
(FOR CLARITY, ALL CAMLES ARE NOT SHOWN)

e



TABLE I
TDENTIFICATION OF CABLES IN CABLE TRAY AND AIR DROP ASSEMBLY
TEST SPECIMEN

ELECTRICAL CABLE IDENTIFICATION
3C ~ W023.5 ADD7530 - ADD 7438

3C - GAME ITT TYPE ¥ 90°C P122 -~ WSHA
W

2C - ¥W-121 .0000078 -~ 0000228
-

2C - GAWE PR MAGENT CRANE CABLE
-

85:5(5655"*'“‘“““@&

12C ~ W=045-15 07054 - 07004
19

1C Tize 12C Cables
10 ze 3 Cables
TOTAL: 27 noqtrtul Cables in Ladder Back Cable Tray

-10-
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V-

L TEST SPECIMEN CABLE TRAY

WURE

v

WITH THE THERMO~LAG 330-1
COATINC ENVEIOPE SYSTEM
INSTALLED ON THE "U“
I'ORTICN ONLY

\

\

% LEG SUPPORTS-NOT
YET THERMALLY PFrOTECTED

\—'AIF DROF CABLE~-NOT YET
THERMALLY PROTECTED

TEST THERMOCOUPLE LEADS

PHOTOGRPAH OF THE TEST SPECIMEN CABLE TRAY

A 30 )
33 4

COATING ENVELOPE SYSTEM

INSTALLED EXCEPT FOR

“ll=

ASSEMBLY WITH THE

THERMO=-LAG
THE AIR DROP CABLE
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- TSI ASTM~E-1.9 FIRE
SINULATION FACILITY

TEST SPECIMEN CABLE TRAY AND AIR DROP
ASSEMBLY READY FOR INSERTION INTO
TEST FACILITY FOR THE (i~ 4OUR FIRE
TEST

FI1GUKE 7: PHOTOGRAPH OF TEST SPECIMEN CABLE TRAY ANl AIR DROP ASSEMBLE FULLY
: PROTECTED WITH THE THERMO-LAG 330-1 SUBLIMING COATING ENVELOPE SYSTEM

\WessoN AND ASSOCIATES, INC.
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™ C. Verification of Subliming Coating Envelope Trickness:

Using & sharp point 'penetration type” metallic gauge, the Author verified
that the Thermo-lag 330-1 Subliming Coating Envelope System varied in thickness
(dry film thickness) from & low of 0.460 inche: to & high of 0.475 inches. This
is well within the commercially accepted ary ‘fils thickness meaurements of + §
percent of the nominal thickness for airless spraying techniques. In the spscific
case of the Test Speciment, the ‘nominal dry film thickness' should be 0.469
inches for & ‘wet film thickness' of 0.625 inches.

The Author alsc verified that the cured surface of the Thermo-lag 330-1
Subliming Coating Envelope System bad not cracked, spalled or flaked and that
it appeared to be a conventional finish for this type fireproofing material.

IV. TEST INSTROMENTATION

A

C.

Wessox anp AssociaTes, Inc

The Test Instrumentation consisted of the following:

Twelve (12) Chromel/Alumc]l Thermocouples for measurement of cable surface
temperatures, Ladder Back Cable Tray inter! - surface temperature and Cable
Tray smbient air temperature peresth the /rotective anvelope. The lecations

“of the thermocouples are shown schesatically in Pigure 8. Table 1] presents

& listing of the tamperature Beasurement for sach of the twelve (12) Test
Tharmocouples.

Six (6) Chromel/Alumal Thermocouples were used for air teaperature messure-
ments inside the TSI ASTM-E-119 Pire Sisulation Pacility.

The twelve Test Specimen Thermouple readings were recorded on & Boneywell-Brown
Klectronic Chart Type Recorder. This recorder has an sutomatic coléd reference
incorporated in the recorder pechaniss. Exhibit 3 presents a copy of the
original tempersture readings for these thermocouples. Pigurs $ presents &
comparison of the ASTH-E-119 Test Method required Time-Temperature Curve with
the '‘maxism thersocouple reading’ and the overall aversge of the thearmocouple
mummumnnmmammhnruxuq.nm.m
actual ASTN-E-119 Fire Simulstion Pacility Time-Temparsature cuive very slightly

exceeds the requiremants of the ASTH-E-119 Test Method.
Por manusl control of the ASTM-E-119 Fire Simulation Fac!'ity time-temparatur:

relat onship two Omejs Digital Temperatursy Recorders, Model 175 and 179, ware
alse used. A manual reading was taken every five (5) minutes from these visual
Recorders for use in the ASTM-E-119 Fire Simulation Facility temperature control




THERMOCOUPLE LOCATION

@ On Outside of wire
A On Interior 3kin Surface
B In Chamber (Tray Alr Temp.)

FICURE 8: LOCATION OF TEST TEERMOCOUPLES IN THE CABLE TRAY AND AIR DROP TESY
ASSEMBLY

(FOR CLARITY, ALL CABLES ARE NOT SHOWN)

-lb=
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TABLE II
LOCATION OF TEST THERMOCOUPLES

THERMCCOUPLE LOCATION
3C - W023.5 ADD?7530 - ADD7438 Electrical Cabls
2C < oAN6 PR Magent Crane Cable
2C - ¥-121 0000078 - 0000228 Electrical Cable
12C - W=023-5 ADD7530 - ADD7438 Electrical Cable
3C - W023.5 ADD7530 ~ ADD7438 Electrical Cable
3C - W023.5 ADD 7510 = ADD7438 Electric:l Cable
3C - BAN6 ITT TYPE 90°C P122 - MSHA Electrical Cable
3C - W023.5 ADF7530 ~ ADD7438 Electrical Cable
Cable Tray Interior Alr Temparature
3¢ -~ W023.5 ADD7530 -~ ADD7438 Alr Drop Electrical Cable
Ladder Back Cable Tray Interior Surface Temperature
¢ ~ W023.5 ADD7530 - ADD7438 Adr Drop Electrical Cable

-

s ES

BOTT: SEX PIGURE 8 POR PHYSICAL LOCATION OF TEST TEERMOCOUFLES

-1’-
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Figure 9a presents & photograph of the Cable Tray and Air Drop Test Assembly
thermocouple, cable intergrity monitoring and temperature measurement recording
arrangement with the Test Specimen in place in the TSI ASTM-E~1l9 Fire Simulae-
tion Pacility during the course of the one-hour Fire Test.

V. PIRE TEST OBSERVATIONS

|

Wesson anp Associates, INc

Details of the Fire Test:

The Pire Test required by Exhibit 2 to this report, was sonducted on 6 August
19681. The Fire Test was started at 12:70 PM and was concluded 1t 1:25 PM. The
sctual Pire Test Duration was One-Hour o3 Five (5) Minuti: with exposure to
the ASTM-E-119 Test Methnd Time-Temperature relationship in the TSI ASTM-E-119
Pire Simulation Pacility. |

The twelve (12) thermocouples used for the various electrical cable, tray
surface and tray air temperature Reasuraments were recorded once every 3 minutes
(15 seconds between individual thermocouple readings).

The Author sade the following visual cbservations during the courss of the Fire

Test:

1. The temperaturs recorders, charts and visual, were checked not less than
once every five minutes.

2. After spproximately 30-minutes of fire exposure, & slight yellowish smoke
cbserved to be esceping from around the upper horizontal leg entry of m'
Test Cable Tray Assembly. The location of the escaping smoke and the color
of the smoke indicates that some decomposition was occurring in electrical
cable coverings. Howevar, & survey of All of the electrical cable temparatures
being measured would indicate that the cable coverings are ‘below’' the
expected decomposition tempersture. It was temporarily concluded, based upon
existing cable integrity and lack of short circuits as well as the cable
covering temperature measurements, that if the yellowish smcke was due to
cable decomposition, then it must be occurring from some cable in direct con~
tact with the Ladder Back Cable Tray metallic surface near the upper leg
connection to the ASTM-E-119 Pire Simulation Facility front face.

3. After 45 minutes of fire exposure, slight ‘crecking’ was cbserved in the
Thermo-Lag 330-1 Subliming Coating Envelope Systes “CHAR FORMATION®" on the
air drop envelope and the upper horizontal leg envelope. These observations
ware made through the viewing windows of the Test Pacility. Such cracking in
the char formation is normal and has besn repeatedly cbsarved by the Author
in other Thermo-lLag 330-1 Subliming Coating fire tests on Plates, Beams, etc.

]%=
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ASTM=-E~119 FIRE
SIMULATION °

PACILITY

CABLE INTEGRITY
MONITORING
PANEL

ELECTRICAL CABLE
LEADS

THERMOCOUPLE LEADS
HONEYWELL~BROWN

TEMPERATURE
RECORDER «

VIGURE 9a® PHOTIRAPH OF TEST CABLE TRAY AND AIR DROP ASSEMBLY AND TEST
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ﬁm char formation cracking usually ocscurs long after sublismation of t.ho
coating and is felt to ba due to continued heating of the char and the re-
sultant expansion of the char, & pormally expected sequence of events.
rigure 10 presents a photograph of the Cable Tray Test Specimen after the
removal from the ASTM-E-119 Pire Simulstion Pacility. The char formation
eracking, or checking, can be cbserved in the outer areas of the Tharmo-
1ag 330-1 Subliming Costing Envelope. Howarver, it is important to note that
the depth of this cracking or checking is limited to the char. This cracking
c.wummummmﬂlulmrhycldm
envelope system, as well be shown latar in this report.

Details of the Water Hose Stresm Test:

Due to the previously noted Test Paguirements for a 1§ inch fire hose for
conducting the Water Hose Stresm Test, arrangsments were made with the City

of St. lLouis, WD Pire Department for the use of one of their Class "A" Pire

Pumpers for conducting the required test. Pigure 1l presents a photograph of

the Pire Apparatus used for the ¥ater Bose Stream Tests on the Cable Tray and

and Air Drop Assembly following the ane hour Pire Test in the TSI ASTM-E-119

Pire Simulation Pacility (Pigure 10 presants a photograph of this Test Specimen

being takon ocutside the TSI Bulldings for this water hose tast)
m:holaecloult:n-!'ut.urqutrdbymazenm.m.m

following conditions were used: .

1. Pump discharge setting: 90 paig

2. 100 feet of 14 inch diametar fire hose with a 1§ inch Akron Brass Adjustable
strasm nozzle. Nozzle set at 15 degrees angle for the test with the noszle
operator (& Fire Department employse) set &t 10 feet from the Fire Exposed
Test Specimen.

3. T™he pump discharge setting, the 100 feet of 14 inch diameter fire hose and
the 14 inch diamster discharge nozzle resulted in a water flow rate and
stream angle which exceeds the ainimum requirements of the Water Bose Stress
“ast (required water flow rate is only 75 GPN, tae actual test watar flow
'ty wvas close to 95 GMN) .

Visual Observations Made During the Water Hose Stream Test:
1. The Water Hose Streas Test was conducted on 7 Rugust 1981. The actual water
stream impact test was started at 2:30 PM and wvas stopped at 2:33 PH. The

Water Stresm Test duration was ) minutes, as compared to the required 2% minute

minisos . sl
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CRACKING IN CHAR FORMATION e

FIGURE 10: PHOTOGRAPH OF CABLE TRAY AND AIR DROP TEST ASSEMBLY AFTER
¢5-MINUTES OF EXPOSURE TO THE TSI ASTM=E~119 FIRE SIMULATION

FACILITY
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1250 GPM, CLASS "A" PUMPER: 500 GALLON WATER BOOSTER TANK

F1GURE 11: PHOTOGRAPH OF CLASS "A™ 1250 GPM WATER PUMPER USED FOR THE WATER
HOSE STREAM TEST ON THE FIRE EXPOSED

CABLE TRAY TEST SPECIMIN
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2. The 15 degree dispersed water stream did not have any ‘material’ effect
upon the physical integrity of the Thermo-lag 330-1 Subliming Coating
. Envelope System or its char formation. In fact to dislodge the char formation,
it was necessary to usze 2 high velocity solid cone straight stream water hose
pettern. Although this solid cone water stream did dislodge some of the char
formation, it did not adversely affect the unsublimed coating layers.

V. JESULTS OF PIRE TEST

hocording to the requirements of Exhibit 2 to this report, the Pass-Fail Criteria
for the Pire Test is as follows:
*3.4.2 Hose Streas Test - Immedistely following Test I (the one-hour Pire Test),
accessible surfaces of the Protective Envelope shall be subjected to one
of the following hose stream tasts. The hose streas shall be applied for
e minisum of 24 minutes, without de-energizing the circuits. .....
3.5 The tasts shall be constituted a fallure if any of the following occur:
1. Circuits fail or fault during the fire test as required in Test I
or fail during the hose stream test.”
On the basis of this cable integrity, as shown by the Pigure 3 Monitoring Circuits,
She Cable Trev, Conduits and ALr Drop Test Assembly PASSED all of the One Hour
Pire Test Requirements. Bowever, to provide additional tast data for interpretation
of the test results, a number of cabls surface temperature Beasurements sust also
be recored and reported in the Tast Report. The ‘usual' temperature limits associated
with cable surface temperatures are &s follows:
1. 400 °r for cable ir the cable tray.
2. 700 °r for cables in the air drops.
As previously stated, Exhibit ! presents a copy of the actual BEoneywell Chart
vecordings for sll twalve (12) tharmocouples used in the Pire Test. Pigures 12,
13 and 14 present plots of the msasured electrical cablu surface temparatures in
the Ladder Back Cable Tray. As shown, & maximum electrical cable surface tamperature
of 315 °7 was recorded after a one hour exposure time to the TSI ASTH-E-119 Pire
Simulation Pacility enviromment. At the end of one hour's sxposure to this fire
envirorment, the electrical cable surface temperatures, for the cables in the
cable tray, rangod from & low of 190 P to a high of 315 °F, well balow the
commonly used mar "um electrical cable surface tamperature of 400 °r for cables
installed in cable trays.
.22~
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RESPONSE CHARACTER-

FIGURE 14

TSI ASTM-E-119 FIRE SIMULATION FACILITY: ONE HOUR FIRE TEST ON THERMO-LACG 330-1 SUBLIMING

COATING ENVELOPE SYSTEM FOR A CABLE TRAY-CONDUITS AND AIR DROP ASSEMBLY:

ISTICS OF ELECTRICAL CABLE SURFACE COVERINGS

© © © TEST DATA POINTS FROM TEMPERATURE RECORDER
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VII.

VIIx.

Wesson anp Associates, Inc

rigure 15 presents the Time-Tamperaturs measurements for the electrical cable
installed in the 'Alr Drop' portion of the Test Specimen. As shown, at the end
of the one~hour fire exposure, the cable surface temperature was recorded as
450 °7, wall below the commonly accepted limitation of 700 °F for electrical
cables in air drops. The Time-Temperature measurements for the surface temperaturs
of the lLadder Back Cable Tray (measurement made in the upper leg of the Test
Speciman as is shown in Pigure 8) and the air temperature inside the upper leg
of the Test Specimen (see Pigure 8) are presented in Pigure 16. As shown, the
end of one-hour's fire exposure, the Ladder Back Cable Tray rsached a metal surface
mnmo!“o%udnmmuununbwt 315°rjmmnm

electrical cables. . , S
RESULTS OF WATER BOSE STREAM TEST

Pigures 17 and 18 present photographs of tha 1} inch dismetr water hose streas
baing applied to the fire tested Cable Tray, Conduits and Alr Drop Test Assembly .
As shown, the water streasm has & high impact upon the fire tested Test Specimen
mh.tmunmnt&mmmnmmntuohstlmhn. This
bumm“luputddi‘mnouamumhnspxumum
criteria presented in Exhibit 2 to this report (ANI/MAERP Requirements).

Pigure 19 presents a close-up of the Cable integrity Monitoring Panel ismediately
following 3J-minutes of water hose stream application to the fire tested Cable Tray,
Conduits and Air Drop Test Assembly. AS shown by the lighted bulb and the two nome
lightad bulbe, electrical circuit continuity was maintained throughout the fire
tast and water hose stream test and that no faults, or short circuits occurred
during eithar tests. This means that the Test Specimen meets the specified Cable
Integrity Requiremants upecified in Exhibit 2 to this report (ANI/MAERP Require-
ments for Class 1E Electrical Circuit Protective Enclosures). |

CONCLUSIONS ARD OBSERVATIONS

Based upon the tests results and experimental data presented harein, as well as
detail visual inspections of the Cable Tray, Conduits and Air Drop Test Assembly
before the start of testing and after both the One Hour FPire Test and the Water
Hose Stream Test, the following Conclusions and Obsarvations are presented for
congidaration and evlauation purposes:

1. Based upon the requirements for maintaining cable circuit integrity, as specified
-26-
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14 Inch Diameter Akron Brass 15 Dispersed Water Stream
Adjustable Stream Pattern

water Discharge Nozzle

lou=teet of 1 Incn Diameter
ity Hosa Separation Distance between wWater
Hose Line Nozzle and Test Specimen
Equals the Required 10-Feet
V1OUKE 17: PHOTOGRAPH OF WATER STREAM BEING APPLIED TO THE CABLE TRAY,

~ONDUITS AND AIK DROP ASSEMELY AFTER EXPOSURE TO THE ONE HOUR
F1KE TDST WITH A 1Y% INCH DIAMETER HOSE LINE FROM A CLASS A
1250 GPM PUMFER TRUCK

\Wessox AND ASSOCIATES, INC.
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OFF THE CONTACT OF THE 1'. INCH DIAMETER
PERSED WATER STREAM WITH THE CABLE TRAY,
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CONDUIT AND

15 DEGREE ANGLE
AIR DROP




NOTES: 1. THE LIGHTED "BULB" 1§ THE "CIRCUIT TO SYSTEM * MONITORING CHANNEL
(LIGHTED MEANS CABLE INTEGRITY)

2. The NON-LIGHTED Bulbs are for the "Circuit to Circuit” and "Circuit
to Ground" Mconitoring Channels. A LIGHTED BULB here means the
presence of a fault or short.

FIGUKE 19: CLOSE-UP OF ENERGIZED CABLE INTEGRITY MONITORING CIRCUIT DISPLAY
PANEL IMMEDIALTELY FOLLOWING THE WATER HOSE TEST ON A FIRE TESTED
CABELE TKAY, TONDUITS AND AIR DROP ASSEMBLY

“ll=

\WVESSON AND ASSOCIATES, INC.



in Paragraphs 3.4.1, 3.4.2 (3) and 3.5 (1) of ANI/MAERP Standard Fire Endurance

Test Method to Qualify A Protective Envelope for Class 1F Blesctrical Circuits
(sae Exhibit 2 to this report), the TSI Cable Tray, Conduits and Alr Drop Thermo-
Lag 330-1 Subliming Coatinj System PASSES both the Pire Test and the Water Rose
Streas Test Requirements i all sorectes.

2. The recorded cable surface temperature msasurements at the conclusion of tie One-
Bour Fire Test shows that the electrical cable surface temperature are well below
u-'cnly accepted industrial standard limitations.

3. A Post Fire Test and Water Bose Stream Ispingement Test detail visual inspection
of the Cable Tray, Conduits and Alr Drop Test Assembly showed the following:

&. Pigure 20 presants & photograph of the TSI Cable Tray, Muit,- and Alx Drop
Test Specimen immediately following the One Bour Pire Test and the Water Eose
Strean Impingement Test. Figure 21 presents the same Test Specimen with por-
tions of the Thermo-laj 330~1 Subliming Coating Envelope System removed from
the cable tray assembly. As shown, in Pigure 21 ‘one' of the electrical cables
in direct contact with the metal cable tray under want & slight decomposition
mmunumuu.mzm.m.mumzumnunm
Mnmm:mmuumtmumamemomym
after about 30 minutes of fire exposure. Cutting open the cable jackst
bubbled ares showed WO damsge to the cables themselves, in so far as heat
or fire dasage is concerned.

b. Pigure zzmm.mmozmhwwm-coummm-m
330-1 Subliming Coating Envelope System after the One Bour Pire Test and
the Hater Hose Stream Test (2 #0lid cone water discharge from 10 feet was alee
used on this portion of the protective covering). As shown, the Tharmo-lag
no—xmu-mcuuqmmmxymummuymhm
original 0.469 dry film thickness end has not been damaged by the Water Hose
Stress Test. No actusl messurements were made of the wnsublimted thickness.
Essentially all of the dry fils thickness was sublimed along the upper leg of
the test speciman. Since the air tempersture around the test specimen and the
measured thickness of the protacted envelope were essentially the sams, the
differences in convection hesting would account for the unsublimed coating.

€. Pigure 23 shows & Jection of electrical cable baing removed from the Test
Specinmen for a detall inspection of the interior cables. Pigure 24 shows the
actual physical condition of the cabling inside the section of removed cable.
As far as a visual inspection is concerned, NO damage at all resulted to any

-32-
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FIGURE 20: PHOTOGRPAH OF THE THERMO-LAG 230-1 SUBLIMING COATING ENVELOPE
SYSTEM PROTECTED CABLE TRAY, CONDUITS AND AIR DROP TEST ASSEMBLY
FOLLOWING THE ONE HOUR FIRE TEST AND WATER HOSE STREAM TEST

\Wrsson AND ASSOCIATES, INC.



BUHKMLING OF CABLE
SURFACE COVERING
(CABLE IN DIRECT
CONTACT WITH CABLE
TRAY METAL SURFACE)

FIGURE 21: PHOTOGRPAH OF THE TSI CABLE TiAY, CONDUITS AND AIR DROP TEST
SPECIMEN WITH PORTIONS OF THE PROTECTIVE COVERING REMOVED

WessoN AND ASSOCIATES, INC.



UNSUBLIMED THERMO-LAG 330~-1 MATERIAL
THERMO-LAG STRESS SKIN TYPE 330-6€9
‘e ELECTRICAL CABLE BUNDLE

LADDER BACK CABLE TRAY STRUCTURE

THERMO-LAG 330-1 SUBLIMING COATING ENVELOPE SYSTEM
APTER THE ONE HOUR FIRE TEST AND WATER HOSE STREAM TEST

FIGURE 22: PHOTOGRPAH OF THE INTERIOR SURFACE OF THE CABLE TRAY, CONDUIT AND
AIR DROP TEST SPECIMEN THERMO-LAG 330-1 SUBLIMING COATING ENVELOPE
SYSTEM APTER THE ONE HOUR FIRE TEST AND WATER HOSE STREAM TEST

38e
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FICURE 23: PHOTOGPPAH OF A SECTION OF ELECTRICAL CABLE BEING REMOVED FROM A CABLE
BUNDLE IN THE TSI CABLE TRAY, CONDUIT AND AIR DROP TEST SPECIMEN AFTER
A ONE HOUR FIRE TEST AND A WATER HOSE STREAM IMPINGEMENT TEST

\WEssoN AND ASSOCIATES, INC.



13=,0407-M301~-16-1 o8

FIGURE 24: PHOTOGRPAH OF THE INTERIOR OF AN ELECTRICAL CABLE IN THE TSI CABLE
TRAY, CONDUITS AND AIR DROP TEST SPECIMEN AFPTER THE ONE HOUR FIRE
TEST AND WATEK HOSE STREAM IMPINGEMENT TEST

\WWEssoN AND ASSOCIATES, INC.



of the individual wires or cables. Even the paper lining on the cable cover~
ing was NOT scorched or burnt.

4. On the basis of the Cable Integrity Monitoring Requirements and the detail
visusl inspection of the Test Specimen after the One Hour Fire Test and the
Water Hose Stream Test, it can be safely concluded that the Thermo-Lag 330-1
Subliming Coating Envelope System, &8 tested and reported upon herein, more
than meets all the specified performance Criteria and will provide more than
the required One Hour of thermal protection ageinst an ASTH-E~119 Test Method
fire enviromment (actual test period was 65 minutes) .

IX. REFERENCES
1. TSI Nuclear Quality Assurance Program Manual and TSI Quality Operating Pro-
cedures Manual (Copy No. 014 to Dr. HE. R. Wesson, Wesson and Associates, Inc.,
P. O. Box 1082, Norman, OK 73070: rransmittal date of 7 August 1981).

Report Prepared By:
pr. Harold R. Wesson, PE
state of Oklahoma Registration No. 8561, 19 June 1970
state of Texas Registration No. 17430, 17 April 1959
President
WESSON AND ASSOCIATES, INC.
P. O. BOX NO. 1082
NORMAN, OK 73070

P Lelamarse)
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" EXHIBIT 1 *

SEF SECTION FOR A COMPLETE

TSI TECHNICAL NOTE 80181

THERMO-LAG 330-1
SUBLIMING COATING ENVELOPE SYSTEM

APPLICATION PROCEDURES
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ANI/MAERP STANDARD FIRE ENDURANCE TEST METHOD TO QUALIFY
A PROTECTIVE ENVELOPE FOR CLASS 1E ELECTRICAL CIRCUITS

1.0 INTRODUCTION

The ANI/MAERP "Basic Fire Protection Guidelines” (April, 1876) recommend

. that redundant safety circuits be cut-off from each other by standard fire
walls and floors (Item I, E-6). It has been our experience, that in new
designs, this feature 1s "buiflt-in". However, for operating plants, and
some plants nearing completion, the provision of standard, .-ted, fire
barriers may not be practical. When this conaition exists, the options are
to relocate the vital circuit to ancther fire area, or protect them in place.
*Protecting-in-place” is defined as the ability to maintain the circuit's
function during & standard exposure fire by use of a Protective Envelope.

In an effort to provide, for {nsurance purposes only, a reasonable and re-
liable means cf "protecting-in-place” these vital circuits, without limiting
our Insureds to conventional methods, and giving them the option of using
products/materials not normally seen in this type of application, we have
developed this test method. In thiy manner evaluations of different products/
materials can be made, using a standard test approach. '

In developing this Standard Test Method, the need to maintain circuit iateg-
rity during a standard "temperature-time" fire exposure was the prime con-
sideration. In addition, the ability of the Protective Envelope to contain
an internal fire exposure, was alsc considered important.

It should be emphasized that this .tandard Test Method in no way decreases
our requirements for fixed automatic fire suppression systems nor will it be
considered the equivalent of rated fire barriers, where .equ."ed. Its intent
is to provide a means for “protecting-in-place” redundant cable systems in
existing plants, or unusual situations in new designs.

Tre bachorge Suts 245 / 270 Fomgion vene / Fomegion Commeient 06GI2 / Q00677 - 7586 ® frg, Dagr. (03677-7715 / TLX N 643029



2.1 SCOPE & PURPOSE
2.1

3.0

z.z

The purpose of this test 1s to qualify for {nsurance purposss @
Protective Envelooe for Redundant Class 1E Cables in Nuclear Power
ants when jocated in the same re area is defined
ls.tﬁit portion of a building that 1s encompassed by rated fire walls,
ceilings and floors.) The maintenance of circuit integrity in these

Class 1E safety circufts during a postulated fire is of prime importance.
"The intent of this Test Method 1s to establish a protective envelope that

maintains circuit integrity for safety circuits when:

---Redundant safety circuits, Tocated in the same fire area, are exposed
to a fire outside of the cable system, or

~-=Redundant safety circuits, located in the same fire area, are
exposed by & fire originating in an adjacent “protected-in-place”
cable system, or

---Redundant safety circuits, located in the same fire area, are
subjected to mechanical impact damage as simulated by a hose
stream, or other impast test.

ACCEPTANCE CRITERIA

ANY/MAERP Acceptance will be based on the completion and review of all
of the following:

3.1 Successful passage of fire tests, as outlined in Section 3.4 of this test

3.2

3.3

method, and submitta) of necessary test documentation as prepared by &
recognized testing labtoratory or consultant.

A Quality Control/Quality Assurance Program for the system/design
should be submitted for review. Complete details covering installation
procedures, physical characteristics, identification methods, sample
sorms for third party sign-off, etc. should be included.

The QC/QA Program is considered an integral part of the acceptance
process and variations between the UC/QA Program for the test and the
program developed for the actual installation will not be acceptable.

A1l materials and components in the completed system, with the excep-
tion of the cable, shall be rated as non-combustible {.e., Flame Spread,
Fuel Contributed, and Smoke Developed ratings of 25 or less.

Materials or components that are combustible or hazardous during the
installation phase, shculd have 2 material hazard analysis performed
with procedures developed for quantities on hand, storage practices,
and precautions to be taken during installation.

-
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SUGGESTED TEST LAYOUT « TEST METHOD 1
EXPOSURE FIRE TEST

* CABLE PROTECTIVE ENVELOPE (Note 1,

/ \ }IRE sTOP

[ ~_FIRE STOP

VERTICAL RUN P

|

FRONT VIEW END VIEW
(NO SCALE)

NOTE 1: TWO PROTECTIVE ENVELOPES TO BE TESTED. ONE LOADED TD MAXIMUM (40%)
DESIGN AND ONE LIGHTLY LOADED. (ONE LAYER).

SUFFICIENT CIRCUITS TO BE MONITORED TO DETECT FAILURE; CIRCUIT TO
CIRCUIT, CIRCUIT TO SYSTEM, OR CIRCUIT TO GROUND.

VARIOUS TYPES OF CABLE; SUCH AS POWER, CONTROL AND INSTRUMENTATION.
CABLE SHOULD NOT EXTEND MORE THAN THREE FEET OUTSIDE THE TEST OVEN.

DUE TO FURNACE DESTGN, IT MAY BE NECESSARY TO ENTER AND EXIT THE
FURNACE ON THE TOP OR THE SIDE.
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SUGGESTED TEST LAYOUT - TEST METHOD 2
INTERNAL FIRE TEST

(OPEN AT BOTH ENDS)

NOTE 1:

NOTE 2:

‘. X

COTTON WASTE SHALL BE PLACED OVER THE ENTIRE TOP SURFACE
OF THE TEST SYSTEM AND A SAMPLE SYSTEM € INCHES IELOU
THE TEST SYSTEM.

THE CABLES USED IN THE TEST SHALL li REPRESENTATIVE OF
THE CABLE USED AT THE SITE. LOADINGS SHOULD BE 20% FILL
WITH RANDOM LAY.

THE CABLES IN THE TRAY SHALL BE IGNITED USING THE "OIL
SOAKED BURLAP* MCTHOD AS OUTLINED IN IEEE/ICC/WE 12-32,
DATED 6/27/73, OR OTHER ACCEPTABLE "FLAME SOURCE",
DEPENDING ON DESIGN AND OPERATING CONDITIONS OF THE
COATING. THE FLAME SOURCE SHALL BE LOCATED AT THE MID-
POINT OF THE CABLE SYSTEM, THE INTENT BEING TO PROVIDE
AN I1GNITION/FLAME SOURCE THAT IS DeSIGNED TO LAST APPROXI-
MATELY 20 MINUTES AND ACTIVATE THE PROTECTIVE ENVELOPE.

OBSERVATIONS AND THERMOCOUPLE READINGS SHALL BE MAINTAINED
FOR OPE(E HOUR FROM THE PO!NT OF IGNITION OF THE “FLAME
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3.4 The Cable P, *sctive Envelope shall be exposed to the foHowin? fire
endurance ar nose stream tests. Test configuration and detai s should
be submittea for review and comment prior to test.

3.4.1 Test I - Exposure Fire - The Protective Envelope shall be exposed
to the sﬁﬁari temperatyre~time curve found in ASTM E-119.76
(ANSI A2.1) for a minimm of one hour. Sketch /'  outlines a
suggested test configuration. ‘

3.4.2 Hose Stream Test - Immediately following.‘rut I, accessible sur-

o aces o rotective Envelope shall subjected to one of the
following hose stream tests. The hose stream shall be applied
for a minimum of 2 1/2 minutes, without de-energizing *he circudts. -
PROPER SAFETY PRECAUTIONS SHALL BE EXERCISED. One of the follow-
ing tests shall be used:

1. The stream shall be delivered through & 2 1/2 inch
national standard playpipe equipped with 1 1/8 inch
tip, nozzle pressire of 30 psf, located 20 “eet from

: the system, ‘

or

2. The stream shall be delfvered through a 1 1/2 inch
nozzle set at a discharge angle of 30° with a nozzle
pressure of 75 psf and a linim-discurgc of 75 gpm
with the tip of the nozzle a maximm of 5 ft. from
the system.

or

3. The stream shall be delivered through & 1 1/2 {nch
nozzle set at a discharge angle of 15° with a nozzle
pressure of 75 ps! and 2 minimum discharge of 75 gpm
with the tip of the nozzle a maximum of 10 ft. from
the system, ,

NOTE: #1 1s the preferred test.

3.4.3 Test Il - Internal Fire « For systems/designs that require heat
activate ective Envelope, the system shall also be
subjected to Test II - Internal Fire. Sketch #2 outlines “
suggested test configuration.

3;4.4 Cable Construction & Test Detafls
\

3.4.4.1 Cables shall be energized for circuit monitoring
during Test Met 1. For the purpose of this test
r:?od. “energized” means sufficient current to monitor
aflure,



Cable constructions shall be representative of cable
used at the site. Cable tray loadings shall be in acc-
ordance with suggested test layouts.

In both test methods, cable tray construction shall be
representative of actual site conditions, where applicable.

Ceble system supports shall be those currently found in
nuclear power plants and follow accepted installation
procedures. Care should be exercised in using only
supports that are necessary for the test. Supports that
ere used for the Protective Envelope shall be part of the
final installed design.

Thermocouples shall be located strategically on the
surface and at one foot intervals in the cable system
and temperatures recorde’ throughout the test.

Fire stops or breaks, 1f used, shall be acceptable to
American Nuclear Insurers. Faflure of the fire stop

or break shall not necessarily constitute a faflure of the
the Protective Envelope. .

f
The tests shall be (onstituted a faflure 1f any of the following occur:

1. Circuits fafl or fault during the fire test as required
in Test I or fail during the hose stream test.

2. Cotton waste in Test II gnites during the test period.
The minimum fire endurance rating acceptable for Test I shall be one
hour. If longer ratings are desired, they shall be in one hour
increments, such as 2 hr. and 3 hr, ratings.
FINAL ACCEPTANCE
Prior to any installation at plants insured by American Nuclear Insurers,

or Mutual Atomic Energy Reinsurance Pool, complete plans outlining system
to be installed, location, etc. shall be submitted for review and acceptance.

JULY, 1879
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Log # TXX-89737
File # 10110

909.5
Ref. # 10CFR50.55(e)

il

TELECTRIC

October 12, 1989

Villiam J. Cahill, Jr.

Executive Vice President

U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D. C. 20555

SUBJECT: COMANCHE PEAK STEAM ELECTRIC STATION (CPSES)
DOCKET NOS. 50-445 /iC 50-446
SITE FABRICATED THERMO-LAG PANELS
SDAR: CP-89-025 (FINAL REPORT)

Gentlemen:

On September 15, 1989, TU Electric verbally notified the NRC of a deficiency
that it had identified involving inadequacies in site fabricated one hour fire
barrier thermo-lag panels. After further evaluation, we have conciuded this

deficiency is reportable pursuant to 10CFR50.55(e). The required information
follows. :

Description

Site fabricated thermo-lag panels have localized dry film thickness (DFT) of
less than the 1/2" requirement of the design specification. This deficiency

impacts approximately 2,000 square feet of thermo-lag installed in the plant
and 11,000 square feet in the warehouse.

Additionally, during the removal of site fabricated panels from the plant,
panels were observed which violated the requirements of the installation
specification. Thermo-lag panels were less than 1/2" thick in areas of seams,
joints, edges and bolting. Also, some panels removed were found to have been
modified to accommodate protrusions without compensating for the reduced

material thickness. This problem impacts approximately 12,000 square feet of
installed thermo-lag.

The causes of these deficiencies are attributed to an inadequate onsite
fabrication process for the site fabricated thermo-lag, failure to identify
deficiencies in the site fabricated panels, failure.to comply with
installation specifications in certain applications, and failure to detect the
nonconforming finish conditions. The failure to detect nonconforming
conditions was attributed to inadequate change/revision to the specification
and the corresponding inspection criteria.

§7/00Q00H5 . -

o
/i g[
400 North Olive Siree: LB 8] Dalias, Texas 75201 { b’
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The generic implications of the deficiency extend to the adequacy of one hour
barrier thermo-lag fabricated and/or installed in accordance with the CPSES
specification.

Safety Significance

The design and installation specification and procedures were found to be
inadequate to assure the required one hour fire-barrier. Had these
deficiencies remained uncorrected, the potential existed that a fire could
have breached the barrier and adversely affected the ability to safely

shutdown the plant; therefore, the deficiencies are reportable pursuant to
10CFR50.55(e).

r i jon

A corrective action request has been initiated to track this deficiency and
ensure that it is corrected and that the thermo-lag is installed in accordance
with the appropriate specifications. Corrective and preventive action has
been outlined as described below.

A nonconformance report (NCR) was initiated to require incpection of the site .
fabricated thermo-lag panels in the warehouse. Many of these panels were
found to be sub-standard or suspect. To prevent the use of these site
fabricated thermo-lag panels, this NCR has been dispositioned to scrap the
site fabricated panels stored in the warehouse.

A design change authorization has been issued to revise the design and
installation specification to eliminate the fabrication of thermo-lag panels

on-site, to recognize only vendor fabricated panels, and to clarify inspection
requirements.

Site fabricated thermo-lag panels installed in the plant prior to

September 6, 1989, are being jidentified by engineering inspection. Thermo-1ag
determined by these inspections to be site fabricated will be ramoved and
scrapped. Panels which cannot be identified as vendor fabricated (acceptable)

or site fabricated (unacceptable) are being treated as site fabricated panels
and will be removed and scrapped.

In addition to the removal and scrapping of site fabricated thermo-lag,
installed vendor supplied panels will be inspected 1g assure that there are no
improper modifications to accommodate surface protrusions and to assure that
the 1/2" criteria was not violated in the areas of seams, joints, edges and
bolting. Deficient installations will be repaired or removed and scrapped.
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Formal re-training sessions have been provided to craft by qualified vendor
perscnnel to prevent recurrence.

Completion schedule of rework for Unit 1 will be prior to Unit 1 fuel load.
Thermo-1ag has not been installed in Unit 2, hence rework for Unit 2 is not
required.

Sincerely,

William J. Cdhill, Jr.
JTB/vid

¢ - Mr. R. D. Martin, Region IV
Resident Inspectors, CPSES (3)

-~
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Report to
THERMAL SCIENCE, INC.

2200 Cassens Drive
St. Louis, MO 63026

FIRE TEST ON ALUMINUM LADDER
BACK CABLE TRAY PROTECTED BY
THERMO-LAG PREFABRICATED PANELS

by

G. Russell Hall

Submitted by
CONSTRUCTION TECHNOLOGY LABORATORIES, INC.
5420 01d Orchard Road
Skokie, 111inots 60077

November 1989
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FIRE TEST ON ALUMINUM LADDER BACK CA TRAY PROTECTED
BY THERMO-LAG PREFABRICATED PANELS

by

G. Russell Hall+

INTRODUCTION

At the request of Thermal Science, Inc. (TSI) and as authorized by
Purchase Order 6652, Construction Technology Laboratories, Inc. (CTL)
performed fire and hose stream tests on an electrical protective envelope
system containing an aluminum ladder back cable tray all supplied by Thermal
Science Inc.

The objective of the test was to develop fire test data on the performance
of THERMO-LAG 330-1 Prefabricated Panels comprising the electrical protective
envelope system for a 30-inch wide aluminum ladder back cable tray with one
layer of vartous cable conductors. Although other systems were tested
simultaneously, they are proprietary and are not covered in this report.

The electrical protective envelope system was supported by a
213-1/2x131x12-1n. thick concrete slab. Cable tray construction, cable
installation, cable instrumentation, and protective envelope system
installation were performed by TSI personnel. CTL personnel witnessed the
fnstallation of the THERMO-LAG Prefabricated Panels comprising the protective
envelope system. CTL provided the concrete test slab and performed the fire
and hose stream testing.

Fire and hose stream tests were performed at the fire and thermal testing

facilities of CTL on May 5, 1989. The concrete slab supporting the electrical

"Materials Technologist, Fire/Thermal Technology Section, Conmstruction
Technology Laboratories, Inc., 5420 01d Orchard Road, Skokie, 111inols 60077.

ole

Construction Technology Laboratories, Inc.




protective envelope system was subjected to a 3-hr fire exposure in accordance

with provisions of ASTM Designation: E119, *Standard Method of Fire

Tests of Building Construction and Materitals,®(1)* and ANI's Bulletin #5,(79)
"ANI/MAERP Standard Fire Endurance Test Method to Qualify a Protective
Envelope for Class 1E Electrical Circuits.*(2) A copy of ANI's
Bulletin #5(79) 1s provided in Appendix A. Immediately after fire testing,
the test assembly was removed from the floor furnace and subjected to a hose
stream test in accordance with ASTM Designation: E119 and ANI's
Bulletin #5(79). The electrical circuitry was checked for integrity, as
outlined in Paragraph 3.5 of ANI's Bulletin #5(79) before, during, and after

fire endurance testing, as well as before and after the water hose stream test.

SUMMARY OF RESULTS

The test assembly containing the protective envelope system was subjected
to a 3-hr fire test and subsequent water hose stream test. Before, during and
after the fire test, as well as before and after water hose stream tests, the
electrical protective envelope system was monitored for integrity of
electrical circuits. The following are significant test results:

: §° The protective envelope system remained in place during the 3-hr fire

exposure.

2. Circult integrity was maintained by the protective envelope system.

Circuit integrity was tested at the following stages:
(1) Before fire testing

(Y1) During fire testing

(111) After fire testing and before hose stream testing

(1v) After hose stream testing

*Numbers in parentheses designate references at end of report.

" .
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3. The average of all cable temperatures measured during the 3-hr fire

exposure was 271°F.

4. The maximum cable temperature measured during the 3-hr fire exposure

was 331°F by Thermocouple No. 45.

- TEST ASSEMBLY

A concrete test slab was designed by CTL personne) for testing in a
horizontal position in CTL's floor furnace, as shown in Figs. 1 through 3.

Installation of block-outs and reinforcing steel rebar was provided dy CTL
personnel. i

Concrete used for the test slab was obtaincy from a local ready-mix
supplier. It was a six-bag normal weight concrete mix using a carbonate
coarse aggregate.

Air content, unit welight, and slump of fresh concrete were determined
during casting. Cylinders were cast for determination of compressive strength
of hardened concrete at seven days. Properties of fresh concrete .and seven

day compressive strength of hardened concrete are presented in Table.l

| i
TABLE 1 2 WEASURED PROPERTI '.'*‘
bate of Bsting  zyoses 2
Air Content (%) © 5.8 -~
Unit Weight (pcf) 147.3
Slump (in.) 3-3/4
Avg. Compressive Strength .-
(pst) at 7 Days 3960 B
s
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Fig. 1 Concrete Slab Layout
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Fig. 2 View of Formwork and Reinforcing Steel (240056 - 2/24/89)

Fig. 3 Close-up View of Blockouts and Reinforcing Steel (240056 - 2/24/89)
A
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After consolidation of concrete with internal vibrators, the slab surface
was screeded and finished by CTL personnel. The slab was cured in the form
under damp burlap for 7 days. After 7 days, forms were stripped and the slab
placed inside the floor furnace. The slab was dried at 400-450°F for 10 days
to remove free moisture.

The completed electrical protective envelope system was delivered to CTL
from TSI's facilities for installation. The electrical protective envelope
system was installated by 1Sl personnel with construction ass1stancé provided
by CTL personnel. Fire barrier penetration materials used to f411 void areas
after installation of the electrical protective envelope system were installed

by TSI personnel and are not considered as part of the test assembly.

CABLE TRAY
A 30-1n. wide aluminum ladder back cable tray was used in the performance
of this test program. The cable tray was supplied by Gulf States Utilities.
TS1 personne) installed the THERMO-LAG prefabricated Panels on the aluminum

ladder back cable tray.

L

& 2
: A . Ea e - %
Cable Conductors . Z ) i
- N " - o Bnme . N
cable conductors were imstalled by TSI personnel. The Tength g! the cable
. i . - TET R

conductors was reported to be 16 ft 7 in. The conductors were bfézurcd by TSI
from Melville B. Hall, Inc., 3001 Spruce St., St. Louls, MO 63103, Data on
cable conductors were reported as follows:

1. Power Cables 300 mCw ps

2. Control Cables $2-1/conductor _
3. Instrumentation Cables #14-2/conductor

4. Bare Copper Cable
(Temperature Reference) #6-7/strand
e
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Quality control documentation, including a schematic showing the location of

the cables within the test assembly, are in Appendix C.

INSTALLATION OF THERMO-LAG PRCFABRICATED PANELS

The following section provides information concerning the installation of
THERMO-LAG Prefabricated Panels used to complete the electrical protective
envelope system.

After instrumentation of the cable conductors was completed,
representatives of TSI installed the electrical protective envelope system.
The installation was performed on April 19 & 20, 1989 at TSI's facilities in

St. Louds, MO. The installation was witnessed by CTL personnel. The

electrical protective envelope system consisted of THERMO-LAG Prefabricated
Panels. Thickness ranged from a 1 in. minimum to a 1-1/2 in. maximum. Panels
were cut to size and attached to the aluminum ladder back cable tray by means
of stainless steel bands, as shown in Figs. 4 through 7. The installation was
performed in accordance with applicable procedures outlined in Sections II and
IV of TSl's Technical Note, Revision vV, entitled: “THERMO-LAG 330 Fire
Barrier System Installation Procedures Manual, Power Generating Plant
Applications.® A copy of the procedure is included in Appendix B. Also
included in Appendix B 1s a 1isting of materials used in the electrical
protective envelope system, their sizes, location, instrumentation, quality
control records, and qualification certificates for TSI personnel who

installed the system.

INSTALLATION OF CABLE TRAY WITH PROTECTIVE ENVELOPE SYSTEM
After installation of the THERMO-LAG Prefabricated Panel electrical

protective envelope system and transportation to CTL's fire and thermal test

iy
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Fig.

5

Fig. 4 Outside Edge Section Being Positioned

Prefabricated Thermo-Lag Panels Being Positioned and
Secured by Statiless Steel Banding

8-
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Fig. 6 F111ing in Edges and Joints with Thermo-Lag Trowel Grade Material

-

o e o

Fig. 7 Completed Thermo-Lag Protective Envelope System

.9-
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facilities were completed, TSI personnel attached the test article with

Unistrut secticns to the bottom (exposed side) of the (concrete) test
assembly, as shown in Fig. 8. The Unistrut support sections were protected
with the THERMO-LAG Prefabricated Panels. Support on the unexposed side was
provided by bolting horizontal 3x3-in. angle with feet to the cable tray and
bolting the feet of the support angle to the concrete test slab.

After instailation of the protective envelo, system was complete, a 3-hr
fire barrier system was installed to protect openings through the concrete
test slab at the cable tray protective envelope. Installation was performed
in accordance with procedures outlined in TS['s Technical Note 20684, Revision
vV, Section ¥I. Figure 9 shows the protective fire barrier interface and

exposed side of the completed test assembly.

TEST EQUIPMENT AND PROCEDURES

The following sections briefly describe equipment and procedures used to
conduct the fire and hose stream tests on the test assembly containing the

electrical protective envelope system.

Furnace

The test assembly was subjected to a 3-hr fire exposure in the floor
furnace at CTL's Fire/Thermal Technology Laboratory. This furnace tests
specimens in a horizontal position. The approximate area of fire exposure was
214x132 in.

Furnace atmosphere temperatures were monitored by nine Type K

Chromel/Alume) protected thermocouples, located 12 in. below the exposed face

-10-
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Fig. 8 Exposed Side Unistrut Support Sections Prior
to Installation of Thermo-Lag Protection

Fig. 9 View of Completed Installation

-11-
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of the concrete test assembly and the test article. The fire exposure was
monitored by these nine thermocouples. The time/temperature relationsnip
followed that prescribed by ASTM Designatien: E119. The furnace temperatures
recorded during the test are tabulated in Appendix C.

Furnace atmosphere pressure was maintained close to ambient laboratory air
pressure or slightly negative (-0.01 to -0.08 in. of water). For this test,

the average pressure was -0.03 in. of water.

Specimen Instrumentation

Fifty (50) thermocouples were used for measuring the temperatures on the

test article at locations shown in Appendix C. Location of thermocouples are

detatled in Appendix C. Appendix D contains calibration certificates for

equipment and personne)l qualifications

Acquisitien

Furnace atmosphere ainé specimen temperatures were monttored at 5 minute
intervals throughout the 3-hr fire 4est. The automated data acquisition
system consisted of a N’l’itt»'actlrd HP34455A digital vo%tl!tcr and & series
of HP3495A data scannors; :;;n d;fi‘;;q;;;?fioo s,stli cantro\ler was an
HP9BASE desk top computer. Calibration certificates for test equipment are

provided in Appendix D.

lectrical Circult Integrity Test
Cable integrity was monitored before, during, and after the fire mndurance
test, and before and after the water hose stream testing. Paragraph 3.5 of

ANI's Bulletin #5(79) requires that circuits contained in a test article do

12
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not de-energize during exposure to the fire endurance or hose stream test.

Circuits were tested, as applicable, to detect fatlure; circuit to circuit
(conductor to conductor short circuits), circuit to system (conductor
continuity), and circult to ground (conductor to ground). Schematic diigrams

of these monitoring circuits are shown in Figs. 10 and 11.

Hose Stream Test

A hose stream test was conducted at the conclusion of the fire test. Hose
stream test procedures followed those described in ASTM Designation:  E119 and
'n ANI's Bulletin #5(79). Equipment and procedures for the test are as
follows: E

A 30 pst solid stream of water is delivered from 2 distance of 20 ft
(minus 1 ft from the 20 ft for each 10* of variation) through a

2-1/2-1n.-d\ameter hose equipped with a National Standard Playpipe
with a 1-1/8-1n.-diameter discharge tip. The stream was delivered

over an expused area of 214x132 in. for 4 min 56 sec at a distance of
33 7%,

TEST RESULTS
The electrical protective envelope system was subjected to a 3-hr fire
exposure on May 5, 1989. "y =
A listing of furnace atmosphere temperatures 15 gtven ihh_lbﬂl&;l £
variation of measured f"u_rn;_;:: _:_c'weuturu from the ;tan;;f;"“ﬁ;%‘lutﬂy
0.12% hased on comparison of total area under the t1nn/tonpoéaturo‘turve.
This is within the 5% varilation permitted by ASTM Designation: E118. The

average furnace draft pressure was -0.03 in. of water.

-13-
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Fig. 10 Schematic Diagram For Cable Integrity Monitoring Circuits
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Fig. 11 Cable Integrity Monitoring Circuits
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A Tist of test article thermocouple Lemperatures recorded during the 3-hr
fire test are given in Appendix C.

After the 3-hr fire exposure, the test article was tested for circuit
integrity. The test article passed circuit integrity testing.

At the conclusion of the 3-hr fire test, the test assembly was removed
from the furnace in preparation for the hose stream test as shown in Figs. 12
through 14. The test assembly was expcsed to ASIM Designation: EV119 and
ANI's hose stream test for a period of 4 minutes and 56 seconds. Following
the hose stream test, the test article was again checked for circuilt

integrity. The test article passed the circult integrity testing.

LABORATORY RESPON TY
Construction Technology Laboratories, Inc. was not finvolved in the
fabrication of the cable tray, cable conductors, cable insirumentation, and
test article instaliation. Personnel of CTL make no Jjudgment of the
sultability of the materials or systems for particular end-point uses.
Acceptance of the test results for gu'dance in field installation s the

prerogative of the authority having jurisdiction.

-16-
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View of Test Assembly Being Removed from Furnace
(Cable Tray on left Hand Side) (240056 - 5/5/89)

.
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Fig. 13 Test Assembly Completely Removed from Furnace

Fig. 14 Test Assembly Placed on Turn-up Pedstals Prior to Hose
Stream Test (Cable Tray on Right Hand Side) (240056 -
5/5/89)

-18-
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AHT/VAE®® STINCARD FIRE ENOURANCE TEST METHCO TO QUAL:FY
A PROTECTIVE ENVELOPE FOR CLASS 1E ELECTRICAL Clacylt

INTACOUCTION

The ANI/MALRP *Rasic Fire Protection Suicelines® (Apri), 1876) recomrend

that recuncant safety circuits be cut-of? from esch other by standarg fire
valls and floors (item I, €-6). It has been our wxperfence, that 1n new
desfgns, this feasure 13 “butlit-1n®, HNowever, for opersting plants, and
some plants nearing completion, the provision of standard, rated, firg
barrfers miy not be practical, When this conditfon exists, the options are
to relocate the vita) circuit to another fire ares, or protect then in place.
‘Protezting-‘n.2'aca’ 15 defined a3 the ed111ty to maintain the circyit's
funciion during & stancard exposure fire by vse of @ Protecsive Envelops.

In an effort to previde, for Insurance pursosas only, 4 ressonadle and ree
THadle mesns of “protecting-in-place” these vita) circyits, without 1iaiting
our Insureds to corventiond] methods, and giving them the option of using
products/materfals aot normally seen fa this type of aoplication, we Mve
developes this test method. In this manner eviluations of different products/
saterfals can be made, using & standard tast approsch.

in developing this Standard Test Method, the need to maintain circuit integ-
rity during & stindard “temperature-tinme® fire exposure wvas the prioe cone
giceration, In adeition, the ability of the Protective Envelooe to contain
en Internal fire exdcsure, wis 2130 considered fmportant,

It should be emphis’zed that this Standard Test Mathod 1n no way decreases
our requirenents for fixed automatic fire suppression systems sor will 18 be
considered the ecuivilent of rated fire barriers, where required,  Its intent
i to provide & seins for “protecting-in-place” redundint cable systess in
eisting plants, or unusual situations 1a new designs.



P

[ SR S—)

L]
.-

2.2

The purdose of thfs tast 1y to evalify for tasurance Prposes ¢

Protestive Eavelose for Resyncant Class 1€ Cadles 1h Wwelgur Power
213 wheh TOCates '\n the same Tire ares. Fe dres 13 defThes

4 ALt porsion of 4 Wilding that 13 gncompassed by rated fire wally,

crflings ang floors.) The mafatensnce of circuit Iategrity fa these

Class 1F sataty ctreafts during o postulated fire 15 of prime importance.

The fnteat of thfs Test Methos 15 te estad) (s bopratestive envelcpe trg
Raiatatng clreyit Intesrity for safety circutts whea:

e-Reduncant zafety cireufts, located 1n the same f're ires, are exzese!
to 4 fire outsice of the cadle system, or

se-ReduUrCunt safety clrcu'ts. Yocated {n the same fire area, are

Lposes by & fire origini.ing 1a an adlacent ‘pratected-tn-place”
cidble systen, or

--Redundant safaty circuits, Yocated 1n the fame fire ares, are
sublected to mechanical fopact dimage as siaulated by a hose
sirean, or other fmpact test,

3.0 ACCETANCE CRITERIA

ANI/MATY Accestance will be Based on the completion ind review of 3!l
of the following:

3.0

3.2

3.3

fuczessfyl passage of fire tests, as outlined In Seztfon 3.4 of thfs tes:
rethod, and submitty) of Recessary tast documentation as prepared by @
recognized testing ladoratory or consultant.

R Quality Control/Quality Assurance Program for the system/design
stovld be submitted for review. Complate detafls covering fnsta)lation
procedures, physica!l characteristics, fdentification sethods, sisple
foras for third party s1gn-off, etc. should be includes.

The QC/QA Program 1s considered i Integral part of the acceptance
Pracess and varfations between the OC/QA Program for the test and the
program developed for the actual fastallation will met be acceptable.

AlT materfals and components 1a the completed system, with the exces-
tion of the cadle, shall de rated &5 non-combustidle f1.e., Flame Spresd,
Fuel Contriduted, and Seote Develooed retings of 29 or less.

Materials or components that are combustible or hazardous during the
installation phase, should have 2 saterfal M2ard analysis perforeed
with procecures developed for auantities on hnd, storage practices,
nC precavtions to be taten during installatton,



A he Catin Protactive Eavelope shal) Be e1posed 12 the “ollowt fire
OACUFINCE 4 hote stree= tasts. Tess configuration and detatis shoule
be submitier for review 4ng corment grior to tess.

3.4, Test o« Casosure Plry o The Proteciive Eavelooe shell De 0200507
10 the SLancre Lenperature-L'se curve found 1n ASTH £-119.7¢
(MST A2.1) for o minfeum of one hour. Sketch § | out!ines &
juscested test configuration,

2.4.2 Kose Stresm Test o Immedfately following Test !, accessidle sure
faces of the Protective Eaveloce shall Be subjectes to one of the
follewing hese stresm tests. The hose stream shall be applies
for @ n'a‘mem of 2 1/2 minutes, without de-energizing the circuits.
PrCPER SAFETY PRECAUTIONS SaMLL BE EXERCISED. One of the follow.
ing tests shal De vses:

1. The streem shal) be delfvered through o 2 1/2 Inch
netional stancard playpipe equipeed with 1 1/8 fnch
tip, no2zle pressure of 30 psf, located 20 feet from
the system,

or

2. The stream shall be delivered through ¢ 1 1/2 Inch
nozzle set at 4 discharge angle of 30" with 4 nozzle
pressure of 7% pst and 2 afniowm 41:¢\arlc of 75 gpm
with the tip of the noz2'le 4 maxinum of 3 ft. from
the system,

or

3. The stream shall be delfivered through a 1 1/2 fnch
norzle set at o discharge angle of 15 with & nozzle
pressure of 7% psi and 4 ainimue discharge of 795 ¢pm
with the tip of the nozzle ¢ maxiowm of 10 ft. from
the system,

NOTE: 41 1s the preferred test,

3.4.3 Test I1 « Internal Firg « For systens/designs that require hest
to 4ctiivate the Protective Cavelops, the system shall also be
subjected to Test 1! « Intarna) Fire. Sheatch £2 outlines @
Sucgested test sonfiguration,

3.4.4 Cadle Construction § Test Detatls
.60 Cadles shal) be energized for circuit monftoring

éuring Tast Method 1. For the purpose of this test

Bethod, “energized” means sufficient current to monitor
fatlyre,
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eroance with sugoessed tast ilyédi:." .

3460 1 Beth test sethods, cadle tray constraction sMl) be
representative of actval site conditions, where epplicadle.

3..6.0 Cable system supports shal) be those currently found {n
nuelear power plants end follow accepted Installation
procedures. Care should be exercised 1n vsing only
SUDPOrts thet are necessiry for the test. Supports thet
dre uses for the Protective Envelope shall Be part of the
fina) fnstalled design.,

3.5 Thernocouples shall Be located strategfcally on the
surface and 4t one foot Intervals 1n the cadle syste
Ind temperatures recsrded throughout the test,

3646 Fire stops or breaks, 1f ysed, shal) be dcceptable to
Anerfcan Nuclear Insurers. Faflyre of the fire stop
or break shall not necessarily constitute o failure of the
the Protective Eavelope.

3.5 The tests shall be constituted a faflure 1f any of the following eccur:

1o Clreufts fad) or fault during the fire test as required
inTest | or faf) during the hose stream test,

2. Cotton waste In Test 1] fgnites during the test perfod.
3.6 The minfmum fire endurance rating acceptable for Test 1 shall be one
hour. If Tenger ratings are desired, they shall be n one hour
Increments, such as 2 he. and 3 hr, ratings.
FINAL ACCEPTANCE
Prior to any fnstallatfon at plants fnsured by American Ruclesr lnsyrers,

or Mutual Atemic Enesgy Refnsurince Pool, complete plans outlining systen
to be nstalled, Tocation, etc. shal) be sulmitted for review and dcceptance,

JAY, 1979



SUGSESTED TEST LAYOUT o TE5T MITHOD )
EXPOSURE FIRE TEST

CABLE PROTECTIVE ENVELOFE (Note 1,

i muu

RTICAL RUN P

5 ”
e AL ZONC AL AUN

FRONT ¥1EW £XO VIEW
(%0 seaLs)

NOTE 1: TWO PROTECTIVE CNVELOPES T0 BE TESTED. ONE LOADED 10 MAXIMUX (40%)
DESIGN AND ONE LIGMTLY LOADED. (ONE LAYER),

SUFFICIENT CIRCUITS 70 8€ MONITORED TO DETECT FAILURE; CIRCUIT TO
CINCUIT, CIRCUTT TO SYSTEM, OR CIRCUIT TO GROUND.

YARIOUS TYPES OF CABLE; SUCH AS POWER, CONTROL AMD INSTRUMENTATION.
CABLE SHOULD MOT EXTE%D MORE THAN THRES FEET OUTSIDE TWE TEST OVEN.

NOTE 2: DU TO FURNACE OESIGN, 1T WAY 8 RECISSARY 10 EXTER AXD EXIT THE
FURNACE O THE TOP OR THE SI0K.



SUGSESTED TEST LAYOUT « TEET METHOD 2
INTERNAL FIRE YEST

A A A O e K Wk D oy QT4

COTTON (CPEN AT BOTH EXDS) CABLE PROTECTIVE ENVELCFE
WASTE

F
¢ Cotgn o K Il Ol 3 v e By N WL i

I< ¢ F. 4.]

NOTE 1: COTTON WASTE SMALL BE PLACED OVER THE ENTIRE TOP SURFACE

OF THE TEST SYSTEW AND A SAMPLE SYSTEM 6 INCMES BELOM
THE TEST SYSTEM,

NOTE 2: THE CABLES USED IN THE TEST SHALL BE REPRESENTATIVE OF

THE CABLE USED AT THE SITE. LOADINGS SHOWLD BE 20% FILL
WITH RANDOM LAY,

THE CABLES IN THE TRAY SWALL BE IGNITED USING THE *OIL
SOAKED BURLAP® METHOD AS OUTLINED IN IEEE/ICC/WS 12-32,
BATED 6/27/73, OR OTHER ACCEPTABLE *FLAME SOURCE®,
DEPENDING ON DESIGN AND OPERATING CONDITIONS OF TME
COATING. THE FLAME SOURCE SMALL BE LOCATED AT TXE WID-
POINT OF THE CABLE SYSTEX. THE INTENT BEING TO PROVIDE
AN TGNITION/TLAME SOURCE THAT 1S DESIGNED TO LAST APPROXI-
FATELY 20 KINUTES AND ACTIVATE THE PROTECTIVE ENVELOPE.

OBSERYATIONS AND THERMOCOUPLE READINGS SWALL BC MAINTAINED
;&lﬂ?;! HOUR FROM THE POINT OF 1GNITION OF THE “FLAXE
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CERTIFICATE OF QUALIFICATION
FANACER OF QUALITY CONTROL

BEN EVANS

The Individus) Yieted sdove {s hereby certified by 751, Inc., as being
qQualified to perform the duties of & Level 11 Quality Control inspector
in the company plant and st the client's jobsite, by virtue of "on the
Job" training and experience.

This certificate s valid untd) revoked.

- (it sk A Fokprsn

Richard A. Lohman
Manager of Quality Assurance

Date Signed: & 3o L2

TSLOINC. & 2260 BRANNON AVE, ¢ 1. LOUIS. MO. 63139 & (314) 3528422 * Telex. 44 2384



LR, LA ER, L L) R S, K 5
N m%mmy.ﬁmmm%.f
SR i i SC S s B o s e '_7'.-'.-_-,-;,-‘

-
' ' . '
. = L A

f THIS WILL CERTIFY THAT f
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. RICHARD A. LOHMAN (DATE)
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Tix No, 44-2384
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TSI TECHNICAL NOTE 20684

THERMO-LAC 330 FIRE BARRIER SYSTEM
INSTALLATION PROCEDURES MANUAL

POWER GENERATING PLANT APPLICATIONS

SECTION 11

THERMO~LAC 330 FIRZ BARRIER SYSTEMS
FOR PROTECTION OF CABLE TRAYS



TSI TECHNICAL NOTE 20684
SECTION 11X
THERMO-LAGC 330 FIRE BARRIER SYSTEMS

FQR PROTECTION OF CABLE TRAYS

The three ()) basic designs of the THERMO-LAG 330 FPire Barrier System, used to
provide thermal protection for cable trays installed in pover genersting
plants, are:

....... Prefabricated Panel "Ready Access” Design 2t 484
....... Direct Spray Over Stress Skio Design sesens
r— Direct Spray~Ou Design o5 59 9%

The material compooents of the first two (2) designs consist of THERMO-LAC
Stress Skin Type 130-69 and THERMO-LAC 330-1 Subliming Matarial. The only
difference between these two (2) designs is that the Prefabricated Panel Ready
Access Design is prefabricated at the factery and the Direct Spray Over Stress
Skin Desigo is fleld sprayed at the jobsite.

The Direct Spray-Ou Design is comprised of THERMO-LAG 330-1 Subliming Material
vhich 12 also sprayed at the jobsite and but doas not include the THERMO-LAC
Stress Skin Type 1330-69.

The following paragraphe set forth the sequentis] stepe involved in {nstalling
these three (3) designs.

I1-1



10

Cut & plece of material large erough to form the top section from &
one hour fire rated Prefabricated Panel. The width of tha top section
shall be equal te the base, plus both flanges of the tray, plus the
thickness of each of the two (2) sides of the bottom rectangular
section.

Mount the rectangular shaped bottom section on the cable tray using
18 ga. minioum stainless steel tie wires or 0.5" x 0.020" minizum
stainless steel banding material as shown in Figures I11-1, I1-2 and
11-3, folloving this page. The recommended maximum spacing betwveen
the cie vires shall not exceed 12 inches,

Attach the flat top section with the stress skin side on the {oeide
to the installed bottom section using 18 ga. minimum stainless steel
tie wire or 0.5" x 0.020" miniwum banding materisl st & maxioum
recomsended spacing of 12 inch intervals as shown in Figures II-4 and
11-5.

Attach additional top and bottom sections to previously i{nstalled
sections by butt joining them together at their ends.

OR AS AN OPTION

Cut individual pieces having either butted or miter cut edges large
enough to forw the bottow, sides and top section from & one hour fire
rated Prefabricated Panel.

Mount the bottow, side #nd top pleces on the cable tray using 18 ga.
minimum stainless steel tie wire or 0.5" z 0.020" sinimum stainless

steel banding materisl. The recommended maximum spacing between the
tie wvires shall not exceed tvelve (12) inches.

Attach additional top, side and bottow pleces to previously fnstalled
pieces by butt joining them together at their ende.

Complete the instsllation by filiing in the edges and joints with
THERMO-LAGC 130-1 Subliming Trowsl Grade Material.

11-3



1.2 Installation of the Three Hour Ready Access Fire Barrier Design

3:2.3 Using three hour fire rated Prefabricated Panel, form and mount a
three hour ready sccess fire barrier onto cable trays following
the procedures previously described in Steps i.l.1 through 1.1.10.

AS AN OPTION - OR FOR UPGRADING A ONE HOUR TO A THREE HOUR FIRE BARRIER SYSTEM

1:2.2 As an option to Step 1.2.1, or for upgrading & previocusly installed
one hour fire rated system to & three hour fire rated system by the
use of one hour fire rated Prefabricated Panels, form and mount the
first layer of the fire berrier on the cable tray fellowing che
procedures described in Steps 1.1.1 through 1.1.10.

1.2.3 Following the procedures describad io Steps 1.1.1 through 1.1.10,
sount & second one hour fire rated Fire Barrier layer over the first
layer previously installed in Step 1.2.2. This second layer shall be
formed and mounted in such a manner that the THERMO-LAC Stress Skis
Type 330-69 is on the outside.

11-9
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TSI TECHNICAL NOTE 20684

SECTION V1
THERMO-LAC 330 FIREZ BARRIER SYSTEMS

FOR INTERFACES

The three (J)) basic designs of the THERMO-LAC 330 Fire Barrier System, used to
provide thormal protection for cable trays, conduit and instrument tubing
interfaces w.th penetration seals, valls, ceilings and other racevays installed
in powcr generating plants, are:

....... Prefabricated Panel Design shssee
Direct Trowel-On Design
....... 330-660 Flexi-Blanket Thermal Barrier Design ......

The material components of the first design are compriced of THERMO-LAC Stress
Skin Type 130-69 and THERMO-LAC 330-1 Subliming Material which are
prefabricated into panels at the factory.

The Direct Trowel-On Design is comprised of THERMO-LAG 3301 Subliiming Trowsl
Grade Material which is troweled on at the jobeite.

The material components of the THERMO-LAGC 330-660 Flexi-Blacket Thermal Barrier
Design are comprised of & heat blocking thermal catalizer, reinforced ou both
sides with & low density fiberglass cloth.



The following paragraphs set forth the sequential steps involved {n installing
these three ()) designs,

1.0 INSTALLATION OF ONE OR THREE HOUR INTERFACES BZTWEEN A CABLE
TRAY, CONDUIT, INSTRUMENT TUBING, AND A PENETRATION SEAL

DESIGN METHOD 1

1.1 Cut and forw a box shaped and flanged section from & one or three hour
fire rated Prefabricated Panel as shown fn Figures VI-1l, VI-2 and
VI-}., The winimum height of the flange shall be sufficient to cover
the vall opening and accommodate approved fasteners.

1.2 Mount the four (4) sided and flanged section, using approved
fasteners, installed at & saximum of 12 inch {ntervals, and & minimum
of two (2) approved fasteners per flange sinimum, to fasten the
section to the concrete vail, and 18 ga. micimum stainless steel tie
vires or 0.5" x 0.020" minfoum stainless steel banding material,
installed at a maxioum of 12 inch iotervals, to securs the four (&)
sided section to the cable tray, conduit or instrument tube.

3.3 Apply sufficisot amounts of the THERMO-LAG 330-]1 Subliming Trowel
Grade Material to cover the bolt heads and to fill ia the ends of
the installed interfaca.

DESICN METHOD NO, 2

1.6 Cut and form a box shaped and flanged section from a sheet of
THERMO-LAG Strese Skis Type 130-69.

83 Mount the four (4) sided and flanged section on the entity using
18 go. minioum stsinless steel tie wires or approved fasteners to
fasten the assembly together, and approved fasteners to fasten the
section te the concrste wall,

1.6 Apply & costing of THERMO-LAC 330-1 Subliming Trowel Crade Material,
in 2 minimum dry fila thickness of 0,500 {nches for ose hour
protection and 1.00 inches for three bour protection to the Strese
Skin saction using @ trowel.

vi-2
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T - Temperature Reference
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TEST ARTICLE 2

~ALIDAINID LADDEE RACK CARLY TRAY (A6C-30-144)

PROTECTED BY THERMO-LAC 330- PREFABRICATED

3 HOUR DESICN,

2 ELBOWS (ALC-30V-190-12) .

e "=A4&:&=-4_¢___WF
. E. EVANS = QUALITY CONTROL ACER

ITEM

KO, TYPE

DESCRIPTION

FUNCTION

AREA N7

REMARX S

] Ceneric

2 Ceneric

3 Ceneric

& Generic

300 MCM

Triangle TWC INCS

NA 300 MCM Type

THHN or THWN or
Casoline, 041 Resistant
1IMIW or AWM 132]

or AWM 14/13 W/

600 Volt CS use ( UL )

12/7¢

Royal Electric SDS/TC
SUN/RES, Direct Burial
Type TC 12/7C Type THHN
CDRS 600 volt ( UL )

14/2¢

Royal Electric SDT/TC
SUN/RES, Direct Burial
Type TC 14/2C Type THHN
or THWN  CDRS

600 volr (UL ).

#6 Bare Copper Wire

#6/3C XLPE - Insulsted

4

$ X 0.51%

24 X 0.307

195 X .086

1 X .024

kX .750

31.083 In

CABLES PURCHASED FROM:
Melville B. Hall, Inc.
3001 Spruce Street

$t. Louis, MO 63103
TSI P. 0. 6654

CABLES ORCINATING FROM:
Bechtel
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330-1 FREFARKICTED FANELS FILM COATING THICKFNESS
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330-1 FREFARKICTED PANELE FILM COATING THICKFNESS
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RICEIVING RECORD

RECEIVED TROM: ; we mowk: _ Z0¢/
COMPANY : W DATE: Z‘%Efff?

ADDRESS : ?.0. WO:
arvsmm: Coldroe, Koy . w:

. 4090/ )
DESCRIPTION: L~ RAW BATERIAL RETURNED GOODS
IF RETURNED GOODS:

PROJECT WO: LOCATION:
FREIGHT BILL NO: PREPAID COLLECT
PRODUCT CODE NO. OF PACKACES FET QUANTITY L0T WWBER

TOTAL WO. OF PKGS. _,[___&d«mu m- Lg__ﬂtxoss | r—

ANY DAMAGE TO CONTAINERS: __ YES _‘_/lo

1S BILL OF LADINC ATTACHED:
1S PACKAGING LIST ATTACHED: yes

DID CERTIFICATE OF CONFORMANCE ACCOMPANY SEIPMENT: t/ £S
L~ xS

RECEIVED BY:
“{See reverse side for wore details)
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RAY FATERLAL

~ QUALITY CONTAOL RIPOAY
sy &-16-EF

THERMO-LAC STRESS SKIN

RAN MATERIAL SHEET

ST
Cocg FOOLA

330-69 ~4

PROCEDURE

OSSR SLLIYICATION
Strand Diameter 0.018" Min,
v t/Square Yard A-23 1.74 1bs. Min.
Mesh Size A-26& 60 Min.
ALCYPTEDS l/ RLTICTEDS
SICRATURES M DATEY f’/d iy

p
o’

QUALITY CONTAOL STAMP AFYIXIDS um.__é/é &
MICLYALS MASTIR FILE DisTaiaCTION
X3 LNVINTORY LONTRAOL SU7ERVISOR

WMANACIR OF QUALITY CONTROL
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NATIONAL-STANDARD COMPANY ————,

WOVEN PRODDULCTS PLANT CORBIN, KENTUCKY
Tolophoue Carbim 038-314)

ez B 5 = 1)

CERTIFIED TEST REPORT

TO  Thermal Science, Inc.
2200 Cassens Drive
St. Louis, MO 63026

Gentlemen:
‘hu-udwnﬂrwmwumﬁnnnmlo-wl.ﬁhtm.d»’ 15'730
[ 190 uh - ¢36 ¢ ‘.& 319’000 "o & :8 ”|27 c,;.'l 276.

LY vHOt .G.lv'. St. iatertr’ Wige Cioth. slppee ™ I'. 0. Ko 6159 . ened 5/19/88 -

weatnenses ASTM-A-740

CHEMICAL ANALYSIS.
HEAT NO  (warp) 64452
(Filler)
LOTNO  (Warp) oS00

(¢ V11 o

- Mn P s S Cr Ni Mo Cu
K& | 071 .34 1 008020 T l l I
Tarp | | | | { | ! ! '
* 2inc plus wire cloth will weigh min. of 1.75 1lbs. per square yard
Vap | | | | | [ : | | | | |
filler | 1 ] ! . v ’
FHYSICAL ANALYSIS:
Average U. T § (Warp) _}_1_9_'._0_99._.. p. s i
Filler) T
Aversge Elong -10 m Ga (Warp) <
(Filler) 5
@ M. Leasmo o
(imspecior)
STATL OF KENTUCKY
COUNTY OF KNOX
ot crad and swery o T 11 .,‘A‘fgée .Mb”rﬂn‘ﬂh‘h”ﬂnlﬂ’-!m

. -

WI““M.‘OM.‘..”“’.‘.‘&""

%&M w. \)\"M'NL.L.—E‘L_“L)

Kotury Public
My commission expires 12/10/91.

cfrfﬁ 05l &




APPENDIX €

construction technology laboratories. inc.



2400%6 - TS1 - @%-05/89
FURNACE ATHMOSPHERE TEWPERATURE <(DEC. F)

o =
TEST TINME, FURMACE ASTH EL1Y VARIARTION FRO®
MriMin TEWP, TERP, A3TH TERP,
¥ F i

—
0:e8 210 €8 142
0:0% 1110 1008 110
R: 10 1360 1388 | 6@
8:1% 1392 1399 -7
e:20 1454 1462 -8
9:29% 1811 1518 1
e:3e0 15680 1558 i@
0:38 1594 1584 10
9:490 16380 1613 1?
0:e8 1697 1638 19
0:%90 1669 1661 @
0:39% 1687 1681 3
1:00 1706 1760 6
1:09 1722 1718 4
1:10 1744 1738 6
1:18 1799 1758 §
i120 1761 1768 -4
1:29% 1761 1779 -18
1:30 1772 1792 -20
1:39% 1792 1884 -9
1549 1802 18198 -13
1:48% 1814 1826 -12
1:%0 1828 1838 -10
1:98 1834 1843 -9
2:09 1847 1858 -3
2:18 1863 1862 1
2:20 1863 1879 -8
2:30 16869 18889 ~19
2:40 1681 19500 -19
2:%0 1894 1912 -18
3:00 1903 192% -29

Rie e

RREA UNDER CURVE= 294361 DEC. F-MINUTES
AREAR UNDER RSTM E!19 CURVE= 294608 DEC. F-MINUTES
VARIATION FROM ASTM CURVEw 96,1229 X

construction lechnology laboreiortes
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UNSHIELDED THERAOCOUPLE LOCATION PACE 1 OF §

FIRE TEST ON ALUMINUM LADDER BACKX CABLE TRA
(A6C=30-144) PROTECTED BY THERMO-LAC PRE-

TEST MO 2 DESCRIPTION: PASRICATED PANELS. 3 ROUR DESICN
2 ILBOWS (ALC-30V-190-12)
DURATION: 1 HOUR OX1ENTATION: _
CONDUCTOR: Ohromel)/Alume) ™PL: CG-20-KK $12E: 120
BTRAND: Solid
DATE: S APRIL 1989 OHECKED BY:

3. E. Evens - Quality Contro)l Manager

TEST ARTICLE 2

THERMOCOUPLE CABLE DIRECTIOR DISTANCE COMMENTS
C7¢ Mo
TC 1 1) 300MCM Down Left Leg | 39%" From Left | ~-ccccccccccccccccas
Cable End
TC 2 Nz 300MCM Down Left Leg | 53" From Left 134" Below TC |
Cable End
C 3 f“> 300MCM Down Left Leg | 63%" From Left 104" Below TC 2
Cable End
TC 4 () 300MCM Across Flat 76" Frow Left 124" Right of TC 3
Area Cable End
C S (V5f) 300MCM Across Flat 88%" From Left 12%" Right of TC &
: Area {Cable End
1 6 (4e) | 300McM  |Across Flat  |1014" From Left | 13" Right of TC 5
Area Cable End
L {9 617) 300MCH Across Flat 114" From Left 124" Right of TC 6
Area Cable End
TC 8 éii) 300MCH Across Flat 126" From Left 12" Right of TC 7
Area Cable End
9 (23) 300MCM Up Right Leg |137%" From Left | 11%" Above TC 8
Cable End
TC 10 (&"> 300MCM Up Right Leg ]149%" From Left | 12" Above TC 9
Cable End
1c1l Hs) | 300MoM Up Right Leg 161" From Left | 114" Above TC 10
*ablc End

ACTUAL T. C. BOCATION 1-5§8" FROM MARKED [FRONT EDCE OF TIA+ TOWARD CENTER,




UNSHIELDED THIMRAOCOUPLE LOCATION PACE 2 OF §

FIRE TEST ON ALUMINUM LADDER BACK CABLE TRAY
(AGC-30-144) PROTECTED BY THERMO-LAC PRE-

TEST MO: 2 DLSCRIPTION: FABRICATED PANTLS. 3 BOUR DESICK
2 ELBOWS (ALC-30V-190-12)

DURATION: 3 HOUR ORI ENTATION: _

CONDUCTOR: Ohromel/Alume) TYPL: GGC-20-KX $I12L: 020

BTRAND: Solid

DATE: S APRIL 1989 ounexed 3 Bl e

. E. Evans = Quality Control Manasger

TEST ARTICLE 2

TRERMOCOUPLE CABLE DIRECTION DISTANCE COMMERTS
eTe Ms.
TC 12 Ge) 12/7 Down Left Leg | 39" From Left | ~-e-eeccccscsccscess
Cable End
13 @7 12/7  |pown Left Leg | 524" From Left | 134" Below TC 12
Cable End
¢ 14 Q%) 12/7  |pown Lefr Leg | 64%" From Left | 12" Below TC 13
Cable End
TC 15 @,} 12/7 Across Flat 76%" From Left 12" Right of TC l&
Ares Cable End
TC 16 [§) 12/7 Across Flat 89" From Left 12%" Right of TC 15
At ea Cable End
1y (51 12/7 Across Flat 102" From Left | 13" Right of TC 16
ATes Cable End
TC 18 (jz,) 12/7 ross Flat 114%" From Left | 12%" Right of TC 17
rea Cable End
TC 19 (j;) 127 ross Flat 125%" From Left | 11" RIght of TC 1B
res Cable End
TC 20 (E‘/) 127 p Right Leg 137%" From Left | 12" Above TC 19
Cable End
€ (s) 12/ o Right Leg |143-3/4" From | 12k" Above TC 20
Left Cable End
TC 22 G() 1277 p Right Leg 162%" From Left | 124" Above TC 2]
Cable End
ACTUAL T, C. rDCATION 6-3]4" FROM MARKED |FRONT EDGE OF 714L TOWARD CENTER.



UNSHIELDED THERAOCOUPLE LOCATION

PACE 3 OF 5

PIRE TEST ON ALUMINUM LADDER BACK CABLE TRA
(A6C-30-164) PROTECTED BY THERMD-LAC FRE-

3 ROUR DESICN

TEST MO: DESCRIPTION: FABRICATED PANELS .
2 ELBOWS (ALC-30V-190-12)
PURATION: 3 _HOUR ORIENTATION: -3
CONDUCTOR: Chromel/Alumel TYPE: GC-20-KX S$IZE: 020
BTRAND: $o114
DATE: S APRIL 1989 OHECKED BY:
3. E. Ivans = Quality Contrel Manager
TEST ARTICLE 2
+AERMOCOUPLE CABLE DIRECTION DI1STANCE COMMENTS
CTi A%,
TC 23  @&7) 14/2 Down Left Leg 40" Prom Left | ===cececsecsccccesces
Cable End
TC 24 (Gy) 14/2 Down Left Leg |52%" Prom Left 12%" Below TC 23
Cable End
TC 25  (89) 14/2 Down Left Leg |63%" From Left | 11" Below TC 24
Cable End
TC 26 (9,) 14/2 Across Flat 75" Across Plat | 11%" Right of TC 25
Area Area
77T 27 (’,) 14/2 Across Flat 87" Across Flat 12" Right of TC 26
J Area Area
28 (92 14/2 Across Flat 101" Across Flat | 14" Rlght of TC 27
Area Ares
1c29 (22) 14/2 Across Flat  [113" Across Flat | 12" Right of TC 28
Area Area
¢ 30 (3v) 14/2 Up Right Leg |1264" Across Flat| 114" Right of TC 29
Ares
€ (9¢) 14/2 Up Right Leg 135" Up Right 10%" Above TC 30
Leg
TC 32 C"\ 14/2 Up Right Leg |149" Up Right 14" Above TC 3!
fee
€ 33 (#7) 14/2 F-m" Up Right | 124" Above TC 32
eg
ACTUAL T. G LOCATION 23-5/8" FROM HAFL+D FRONT EDCE OF FRAY TOWARD CENTER.




UNSHIELDLD TRIRNOCOUPLE LOCATION

TIST WO: .
DURATION: 3 _HOUR
CONDUCTOR: Chrowel/Alume)
BTRAND: $ol1d
DATE: S APRIL 1989

TEST ARTICLE 2

PACE & OF 5

FIRE TEST ON ALUMINUM LADDER BACK CABLE TR
(A6C=30-1464) PROTECTED BY THERMO-LAC FPRE-

DLSCRIPTION: PABRICATED PANELS.

3 NOUR DESICN

ORIENTATION:

2 ELIONS (ALC-30V-190-12)

™rL:

GC-20-KK

$12L:

OWECKED BY:

020

“9. K. Evans = Quality Control Managers

THERMOCOUPLE CABLE DIRECTIC DISTANCE COMMENTS
CTeL Mo

TC 34 @) Bare Down Left Leg |40 Froe Left | ==-ee-eccccccccccces
6 Copper Cable End

TC 35 &y) Bare Down Left Leg |53%" Froe Left 134" Below TC 34
6 Copper JCublc End

TC 36 (109 Bare Down Left Leg J66" From Left 124" Below TC 35
6 Copper able End

T 37 éo /> Bare Across Flat 77-3/4" From Left] 11-3/4" Right of TC 2
6 Copper Area able End

TC 38 (”") Bare Across Flat 0-3/4" From Left]| 13" Right of TC 37
6 Copper Area ‘ able End

4

®» (ﬁ”) Bare cross Flat 1 04" From Left 134" Right of TC 38
6 Copper ATea Cable End

TC 40 L"") Bare cross Flat 117%" From Left | 13" Right of TC 39
6 Copper Tea Cable End

TC 41 C"f) Bare cross Flat 129-3/4" From 12&™ Right of TC 40
6 Copper rea Left Cable End

TC 62 (84) Bare o Right Leg | 1¢1%" From Left | 114" Above TC 41
6 Copper Cable End

TC &3 U‘ 7) Bare &'p Right Leg 153-3/4" From 12%" Above TC 42
6 Copper Left Cable End

TC 4é (_,,‘j Bare }»p Right Leg 165-3/4" From 12" Above TC 43
6 Copper Left Cadble End

ACTUAL T. C. JCATION 27%" FROM MARKED nTr EDCE OF TRAY T§WARD CENTER.



Unin)

CLDED THIRMOCOUPLE LOCATION PACE 5 OF 5

FIRZ TEST ON ALUMINUM LADDER BACK CABLE TRA
(A6C=30-144) PROTECTED BY THERMO-LAC PRE-

2
TEST RO: DLSCRIPTION: PABRICATED PANELS. 3 HOUR DESICN
2 ELBOWS (ALC-30V-190-12)
DURATION: 3 HOUR ORIENTATION: .
CONDUCTOR: Chromel /Alumel ™PE: GC-20-KK $12L: 020
BTRAND: Soltd
DATE: 5 APRIL 1989 ORECKED BY: /j}%_a 2
3. E. Evans - Quality Control Manager
TEST ARTICLE 2
THERMOCOUPLE CARLE DIRECTION DISTANCE COMMENTS
CTL N,
TC ) (Les) Rung 7 Down Left Leg | 37" From Tray | ====-eee-cecccccocces
Top
TC 3 (_,,,) Rung 10 Down L2ft Leg | 50" From Tray 13" Below TC 1
Top
T®€ ¢ (v%) Rung 12 Down Left Leg | 76" From Tray 26" Below TC 3
Top
[ {
€2 (ie) Rung 6 Right Leg Down|31" From Tray | ==----secsccccscec=s
Too
TC 4 C,,;) Rung % Kight Leg Down 57" From Tray 26" Below TC 2
Top
TC 6 ge) Rung 11 Right Leg Down|73%" From Tray 16%" Below TC &
Top
R. C.s LOCATED ft CENTER OF THE RUNCS.




2400%6 ~ 7S] - ©%-0%5-/89
TEMP, READINGCS (DEGC. F.)

TEST TIME, T/C NO.

Hetmin “1 12 43 . 4% “
— Q) (a) (2 &) &) L)
2: 00 68 67 68 68 38 €6
3:0% €8 €8 68 €8 58 €8
31e 68 €8 £8 68 58 63
318 68 1) €8 68 59 68
3:20 €9 €9 69 €9 ’1 70
2:2% 7@ 71 71 71 *3 73
3:30 72 74 74 74 77 77
3:3% 76 79 7?7 77 33 82
340 8@ et 82 82 39 69
3:48 8% 89 87 87 39 9%
3:30 9e 9¢ 93 93 191 182
3:%% 98 189 1@ 100 197 189
L) 182 189 107 187 19 116
1:0% 109 108 117 116 124 122
1110 117 12% 128 128 133 127
1:18 12¢ 129 137 138 144 132
1120 129 139 143 148 192 138
1:29 133 147 149 191 150 144
1:30 126 182 153 187 157 150
1:3% 129 162 159 162 174 158
|:40@ 143 158 164 168 130 167
1149 147 1790 171 174 137 176
1183 154 169 177 182 13% 184
1199 160 182 104 190 223 192
200 166 186 191 200 213 201
210 177 198 209 220 218 219
2120 189 211 229 238 2%3 239
2130 202 238 249 299 273 260
2:40 222 258 270 276 29 282
2:%8 241 277 287 293 399 304
3: 00 2%8 29% 389 31 i 327

construction technology laborstories inc



2400%6 - TSI

- e5-83%-/89

TEMP. RERDINGS (DEC. F.»
TEST TIME, T/C NO.
HetMin e 48 49 5@ 2
- Q) ) I Tasy G Tamy
). 00 68 67 (1] 68 ? ?
):08 £8 (1] 68 €8 € L
3:10 €8 €8 68 €8 8 8
19 €8 68 71 €9 - B
3. 20 7@ €9 76 72 1 e
3:2% 72 71 83 7? 3 4
3:30 76 74 8s 82 € 8
3:39 el 79 96 se 2 3
148 87 8% 183 98 “ )
3:49% 93 90 118 186 ' 3
3:%e 99 96 117 113 e ]
3:98 108 103 124 129 7 )
1:00 112 199 134 127 S 2
1:08 118 114 139 133 € @
1118 123 119 149% 137 3 4
15119 128 124 191 143 3 <
1: 20 133 129 18?7 148 i 2
§128 138 139 163 -1 ) ? ?
1:30 143 141 17e 199 2 ?
1:39% 148 147 179 166 s 3
1:40 159 83 188 172 ? 9
1:49 164 160 197 179 9 S
1:95@ 172 16?7 207 186 3 2
1:98 189 174 217 192 g %]
.00 188 181 22% 199 3 8
2110 26 196 248 214 ? “
2: 29 229 213 272 229 2 1
2138 24% 232 294 244 "] 9
2:489 264 2%8 3l 269 ' 4
2:%580 284 269 329 278 € ?
308 g4 287 348 297 € ?

constructicn technology laboratores. inc



2400%6 - 181 - 85-0%-89%
TEMP, READINCS (DEGC. F.)

TIST TIME, T/C NO.

WetMIn 73 74 78 76 ?? 78
i ) o) 4. g G3) ()
y:00 67 67 67 67 67 67
2:09 67 67 67 67 34 67
210 (34 67 67 67 67 67
318 €8 67 67 67 58 67
2:20 €9 68 67 68 69 66
3129 72 71 69 69 71 i)
3:30 7? 78 73 72 74 73
3:3% | 81 78 4 78 ??
3:40 86 86 B4 79 31 82
2:4% 91 91 89 84 36 87
3:99 96 9% 92 8¢ " 92
2:8% 191 100 96 9¢ 37 98
100 106 104 100 99 193 194
1:0% 110 108 104 103 109 11e
1:1@ 118 112 198 109 114 116
18148 119 116 112 114 120 122
1128 124 120 116 118 129 129
1:29 130 129 120 122 138 134
1:30 136 129 123 126 134 140
{238 143 134 126 138 139 148
1140 149 138 129 134 144 151
{149 156 143 132 139 149 187
1:%50 162 148 134 144 194 163
1:98 169 154 138 149 160 168
2:00 178 160 142 188 169 17?7
2108 186 169 146 159 172 183
2110 199 17? 151 167 183 200
2118 203 189 158 178 299 211
2120 213 194 169 183 207 216
2:29 221 203 173 193 213 224
2130 238 212 180 201 220 238
2:39 239 221 188 209 220 238
2:40 247 230 196 216 238 248
2148 287 228 204 223 244 2%3
2:%50 269 247 213 220 293 262
2:98% 274 2%6 221 233 261 271
1 60 282 264 229 238 269 279

construction technology laboralories



2420%6 - TS1 - @3/0%-/89
TEMP. READINGS (DEG. F.)

TIST TIME, 1/C NO,

HeiMin 79 T 81 82 a3 84
S (15) (/¢) (r2) ié) (1) [#ETN)]
3:00 67 €? 67 67 67 (%4
3:89% 67 67 67 67 67 67
2:10 67 67 67 67 67 67
2118 1 6? 68 (34 34 68
3:20 7@ 69 69 (1] %8 €9
3:29% 73 71 73 71 7@ 73
2:30 76 74 78 74 73 77
3:39% 8@ ’e 83 79 76 82
3: 480 CY ge 92 8% 31 87
3:4% 89 89 99 92 36 92
3:90 9 96 186 97 91 97
9:98 182 182 113 104 37 103
1:80 109 189 119 11e 182 108
1:89 116 119 129 116 128 113
111@ 122 121 131 122 112 118
1:19 129 128 138 129 118 124
1:20 136 139 148 138 12¢ 130
1:29 143 143 192 161 1 136
130 147 150 199 148 13?7 142
1139 194 198 166 194 143 147
(140 160 167 174 161 19 193
1:49 167 173 182 169 156 199
-1 179 1898 194 176 163 166
1:99 182 194 199 184 169 172
2:908 198 208 208 192 176 179
2:88 206 213 1?7 289 133 186
2110 222 22% 226 209 191 193
218 237 241 236 217 1986 280
2:20 243 ri-14 249 226 296 208
2:29 258 262 258 238 214 216
2:30 298 268 263 244 222 224
2: 38 269 274 274 2%3 230 231
2,489 266 281 284 262 238 239
2:49 27% 291 294 271 246 246
2:9%0 282 381 383 279 293 293
2198 291 318 313 288 261 268
j: e 299 319 323 29?7 268 267

construction technology lsboratories



240056 - 181 - '5-0%/89
TEMP, READINCS (DEG. F.)

TSt TIME, T/C NO.

HetMin T 13 87 88 39 98
. @) (22) F3vE Ley) s )
300 67 67 67 67 34 67
2:0% 67 (34 67 67 '3 67
218 67 €7 67 67 67 67
318 67 €7 67 68 58 68
2120 €9 . 68 68 71 59 7e
3:29 71 ’e 7@ 7S 72 72
3: 38 74 74 71 78 4] 7¢
3139 79 78 7?7 g1 79 e
A48 8¢ 82 €3 83 32 s
248 89 86 87 90 a7 89
2:%0 94 89 Se 96 32 9%
2:99% (1) 9 96 108 38 1e1
1) 109 183 181 113 104 187
1109 110 106 106 119 11e 113
1110 118 111 111 12% 117 119
1118 120 118 118 131 124 129
1120 128 119 118 138 129 132
1:2% 131 123 122 138 133 137
1130 136 127 126 136 136 142
1138 161 132 129 140 140 147
148 147 136 133 142 144 183
148 152 140 137 148 149 158
1158 187 148 142 158 154 164
1188 162 148 148 187 168 171
2:00 167 181 193 162 166 176
2108 173 188 189 164 173 188
2110 178 158 158 167 131 194
2118 184 163 162 172 199 204
2120 191 168 168 182 198 211
2:2% 198 173 171 192 208 218
2130 209 178 178 201 212 22%
2:3% 214 184 189 209 220 233
2140 222 199 191 220 210 242
2148 FE T 19% 197 238 242 2%3
2:%0 239 202 20¢ 239 292 263
2:98 2648 209 211 247 264 278
)18 2%8 216 216 233 272 281

construction technology lsboralories



2400%¢ - 1S] - @3-0%5/809
TEMP. READINCS (DEC. F.)

TEST TIME, T/C NO.

HeiMin 91 92 93 94 £l 96
. 22) Lo6) (L)) Cse) (7)) (1%
y:e0 67 67 6/ 67 67 67
3: 8% 67 67 67 67 &7 67
310 67 67 67 67 67 67
3:1% 69 £6 €8 €9 %8 68
3:20 71 71 €9 72 74 7@
329 76 & 73 79 4] 73
3:30 e 8e ?? 8o 3@ 77
3:38 87 eé 83 g 34 81
3:480 92 92 89 (1] 38 (1]
B: 49 99 99 96 93 3 89
3:980 186 109 1e2 96 k14 94
3:99% 111 112 109 109 194 99
1 11?7 118 118 118 198 164
1:08 124 124 1208 113 112 198
13189 138 131 128 117 116 113
1318 137 137 131 128 119 118
1:2@ 144 143 136 124 124 122
1129 191 149 142 12?7 127 126
1:30 187 188 147 131 132 130
1:38 163 161 193 136 136 134
1140 172 168 1958 139 148 138
1:49 180 174 164 144 164 142
1190 188 181 178 148 148 146
1198 196 188 178 181 151 150
2:00 206 199 1?79 15¢ 198 18?7
2:08% 216 202 184 158 161 164
2:10 227 z2e8 188 162 156 171
219 239 216 193 166 171 17?7
2: 28 249 223 199 171 17?7 182
2:29 2%8 230 204 177 193¢ 187
2: 380 268 237 211 183 191 192
2:38 278 243 217 190 178 198
2:48@ 288 254 224 198 298 2084
2:48% e 262 232 288 216 212
2:%8 30 g 240 213 228 220
2198 318 279 247 221 23¢ 228
iee 322 288 2%3 228 242 236

construction technology leborsiories



248056 - 181 - 85-0%5/99
TEMP, RERDINCS (DEC. F.)

TIST TIME, Y7 MO,

HeiMin 97 98 99 100 101 182
i, (43 (3%) (37 (262 (222 (as)
3.:08 67 67 (%4 67 67 67
3:09% 67 67 €7 6?7 67 67
J:1@ 67 67 67 67 6?7 67
19 €7 67 €€ (Y] 58 68
3:20 (1) €8 €9 €9 59 7e
3:2% 7® 78 72 72 72 73
3:30 73 72 7% (4] ?? 79
9:39% ?? 79 81 ee 34 8%
3140 82 8é 87 86 e 91
d:e8 87 91 94 92 37 9?7
3:%0 9@ 93 99 98 191 1e1
31998 94 102 187 169 188 iee
1:080 1ee 167 113 112 114 120
1:8% 106 112 118 116 118 124
1i10 112 11?7 123 121 122 127
1:1% | 116 121 127 128 126 132
1:20 128 128 132 130 129 138
1:29 126 129 139 134 134 143
1138 129 132 139 137 138 148
1:3% 133 136 143 143 143 196
1148 138 139 147 149 148 169
1:49 142 143 191 154 19¢ i7e
1:%0 146 148 187 161 161 176
1:88 149 194 164 167 169 186
2:080 150 159 169 174 178 192
2:09 190 162 173 180 172 203
2: 10 181 166 176 189 178 214
2:18 183 169 176 167 139 214
2128 198 174 168 196 293 229
2: 2% 163 161 196 208 21?7 234
2:39 168 188 289 213 227 242
2:3% 172 194 217 224 237 2%2
2:48 i76 281 226 233 248 262
2149 181 207 234 242 2%4 278
2:950 166 214 242 2%2 266 289
2:938 192 221 2%1 263 gy 296
1:00 197 230 260 273 291 k1 14

construction technology leborsicries



2400%6 ~ 751 - @5-0%5-/89
TEWMP, RERDINGS (DEC, F,)

TISY TIME, T/C NO.

HeiMin 103 104 103 106 197 188
—— JELY! (ve) (s7) [ya) Les) (ve)
j:ee 67 (%4 67 6?7 67 67
0% (%4 67 6?7 67 4 €7
B:10 67 67 67 67 a? 67
LRS- 1 (1] €8 €e 1 1
d: 20 71 €9 e 7e ’e €9
2:2% 76 72 74 4] 74 74
3:30 81l ?? 1) 8! 79 e
9:38 113 Be 8% -1 i4 8%
1: 40 92 9@ 89 98 R B9
1:4% 98 96 94 94 34 92
3:%59 183 1814 97 9?7 6 9
.98 111 110 106 104 180 181
(] 1] 117 118 110 189 186 106
1189 122 118 113 112 110 ie9
111@ 127 123 118 118 118 114
1319 132 128 122 120 119 11?7
1:20 137 133 126 12¢ 123 121
1:29 143 137 131 128 12?7 124
1138 149 142 139 131 131 127
1:39 188 147 138 139 138 131
140 161 192 143 136 139 139
1:49 168 15?7 147 142 144 138
11958 174 162 192 146 149 142
1198 181 166 187 192 158 146
2:00 188 178 163 159 163 191
2:09% 198 178 170 166 173 15?7
2: 10 282 181 176 174 130 161
2118 2i0 186 183 181 137 169
2:20 F3Y ) 193 198 190 198 1?72
2129 226 200 198 199 292 181
238 238 207 209 207 99 189
2138 243 214 212 219 217 196
2:49 231 223 220 224 22% 20
2:49% 261 230 228 232 234 211
2:%50 269 239 23% 241 242 218
2:98% 270 249 244 249 258 226
jtee 290 294 292 258 2%8 233

construction technology laborwtories



24808%6 - TS] - 0%-0%5-/09

TEMP. REAMDINCS (DEC, F.)
— -
TIST TINE, T/C NO.
HeiMin 189 i1e 111 112 1 |
— ) L2) (3 (D)
3:00 67 67 (44 67 € &
J: 8% &7 67 (4 67 8 9
J:10 67 67 (%4 67 @ e
3:189 (1] (1 (1 €9 1 2
3:20 71 71 i 72 3 $
d:29 74 14- 74 76 € Ll
d:30 79 79 78 81 9 2
3:3% 8% B4 83 87 9 ~
A 40 89 9e ee 92 . 9
249 9¢ 96 ¢ 96 184 ig!
3:%0 98 el 99 184 ] E ige
3:99 188 1 106 111 149 187
1100 113 111 112 118 1§8 g8
1:8% 118 117 118 123 1§ g8
1510 123 122 123 127 186 i 1
1218 127 127 129 132 1ge 189
1:20 131 132 124 137 181 i1B7
1:29 138 137 141 14] 186 g2
1:380 138 141 146 147 189 1
1:38 142 146 183 152 1§ H &)
11480 146 181 199 18?7 1% ig!
1:49% 150 196 16S 162 Q7 i 19
1:50 188 161 172 168 18 pe
1:88 160 166 179 172 1g9 i 4
2:00 163 171 198 177 1§ 2
2:89% 169 17?7 198 181 183 ?
110 1?77 181 207 186 1 @
219 188 189 219 193 187 S
2120 281 169 234 199 189 ]
2: 2% 213 193 246 206 1 B S
2:38 223 199 2%2 213 g3 [
2: 38 231 206 261 221 1B B
2140 242 213 267 229 187 9
2:4% %2 22 276 238 1ge «
2:950 254 229 289 248 1§ 9
2:98% 258 237 293 257 181 €
j:ee 263 244 k] J 263 g4 2

construction technology leboreiories
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TS1 SUPPLIED EQUIPMENT
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u Certificate of Conformance

L« Job Mo, 6539450 Customer Industrial Measurement Co,
P.0. No. 3367 -neC Itea(s): One (1)
Part No., Code or Description PW0129, G/G~20~-KX
Quantity: 1,060 Ft.: 23 Spocle

THIS IS TO CERTIFY THAT THE MATERIALS AND/OR PARTS FURNISHED ON THE SUBJECT
PURCHASE ORDER COMPLY WITH THE TERMS AND SPECIFICATIONS CONTAINED THEREIN,

BY: m E3 Kohler - QC Supervisor

QUALITY CONTROL DEPT.

DATE: 3 / 13, 89

TE-250-1
THERMO ELECTRIC Saddle Brook, New Jersey 07662




CTL SUPPLIED EQUIPMENT

construction technology laboratories inc.



CSO$ 2613-11644 001 Traceability Yumber

ship to!

custaomer reference!

CONSTRULTION TECHNGLOGY LABORATNRIES ES 04l aQA

product:
420 OLD ORCHARD ROAD 3a55nR
CxDxlE IL 60072

mainframe/system:

Certificate of Calibration

This certifies that the above item was calibrated by this facility and completed
on the indicated date in accordance with applicable Hewlen - Packurd
procedures. At the time of calibration the dem met its published operating
specifications.

Dhis certifies thar the above item was calibrated in compliance with
* Military Standard Calibration Systems Requirements” (MIL-STD-45662)
and applicable Hewlert- Packard procedures. At the time of calibration, the
item met s published operating specifications.

Hewlert- Packard calibration measwremests @v taceeble ® National
Standards, © the exiest allowed by the National Buress of Standards’
calibration facilities, or ® the calibration faciliries of other Narional
Laboratories. Whem mo National or Internationsl Standerds exis,
traceabiliry will be w0 Hewlert- Packard Corporate Standards.

Temperatwre: -2 - **C  Rel. Humidity: o4 % Calibration Dase:

Loty

ser 14 .8

L 1022:'0.‘4"‘

ser 8 &

01,02/989

HEWLETE-PACKARD ;Kwuvv



HP J4SSA TEST REPORY

RO # 1 261311644001
SER 0 ¢+ 1622R00460
DATE + ®1 FED 09

Segment No, 1, Test pirfurmed - PRLSED

INITIAL SEGMENT
1. SAFETY CHMECK
POWER CORD RESISTANCES

KOT LINE Y0 CHASSIS

EXPECTED MRERASURED
TESY VOLTRCE (MOHN) (MOHN)
181.93 ", 2.99 .79

GROUND LINE 70 CHASSIS

EXPECTED MEASUKED
(OWMS) (QOWmS)
“C |,.000 e.918

2. UUT WP-1) ADDRESS CHECK
WP-1D ADDRE:S
.....-;;-....

3, SPECIFICATIONS USED

€ sonth spec:F1cati1ons we uied 1n the following test sepents,

D D R -

Segnent Mo, 2. Test performed - PASSED !

HP=10 & DISPLAY ChHECKS
1. CHECK USING TEST  FUNCYION
EXPECTYED REASURED

e 0

2. WP-1D CONTROL CMECK



FUKCTIOM OPERATES LARF

AdEmEPeN - . . . RePEE -- P R

REMOTE YES c00d
TALK YES Go0Y
LISTEN vYES (4] ]
L1 1) YES c00D
DATA READY (KGS) Yes c00b
PINARY PROGRAM YES 00D

3, MAINFRAME CONTROL CHECK

CONTROL PUSHBUTTON INDICHTOR
CONTROL NPEKRTES LAMP LAMP
pr wOLTS g% L0o0D (Ale]
RC wOLTS YE> GuUnLd cood
FARLY RC VOLT: 1 ¥ DIV LU0D
2 MIKE wimMi €% LONDd Goob
4 WIKE xOmNMS €3 ¢oobd LO0D
TEST YES LOoD MR
SCALE YEs 000 L00D
% ERROR YES 00D coop
MATH OFF YES G000y N/R
CONTROL PUSHBUTTON
CONTROL OPERRYES LANP
- | (€3 3008
i €% oD
1@ (€% %000
1ee (€3 w0NOb
ik YES 009
Y 1 €3 (A4} ]
AUTO YES woed
INTERNAL TE$ (A
EXTERNAL YES Go0d
MOL D/ MANUAL €S L0000
AUTO CAL YES Good
MIGH RESOLN €3 (A
ENTER ¥ €S 2000
ENTER & ¥ 2000
CONTROL INDICATOR
CONTROL OPERATES LARP
INPUT SELECY vES (A

.--..--.-c-...o --------- --——-— .--...-o.-.-..---...---c --------

Sequent No. 3. Tesi perforned = PRSSED !

pCY ACCURACY CHECK

yury WIGH E<PECTED KEASURED PEVIRTION A
RANGE RESOLN (v ) (v OO (v $
ik v OF F “wwe.%e “W20.909 é.90
ik v oM 28,289 493,98 -9.00%
ik v QF F 189,99 199,99 9.90
1k ¥ ow 198,998 39,9%9 -9, 004

190 Vv QFF 139, 299 189,999 ). 000



‘v
ieo
89
e
e
1 ]
e
10
i@

8.1
1k
1k
Ik
ik

108

190

100

189

109

109
1@
ie
19
1@
1@
i@

e e e - -

Segment No,

CACACCACLCELCEILEALELCEAELELCELELCELCELCELCELEAELEELELEELEEELCELCLCLCLCLCLCCLCL L =

ACY ACCURACY CHECK

1. ALY ACCURACY CHECK

Y

RANGE

wh YR. 000 €9,.9999 ~9.900)
oFF 16,0080 19,0880 0.600
oM 1¢.0008 %.99%% -9.0001
OFF 19,0000 19,0008 6.0000
oM 19.00000 19.00006 0.0808¢
OFF $.0080 S.0800 $.0006
oM J.00800 3.0008) 9.0000)
OFF 1.8008 0.999% -9.0801
oK i.e0000 1.000080 @.20000
ufFF 1,20009 1. eee00 . .20208
On 1.029089 1.800812 3,000012
OFF 6. %6000 w. %0869 3. eooed
o B, Soan0n SR 0un04 oL Avanbe
UFF . 100 o. 1aden 0. 060
ON O, 1vede) 0. %353 -, Buanel
UbF 6.10860Y e, 1ol UG LB
OFF LTV 453,39 e.91
ON -%09.9099 439,992 2.0073
OFF ~180.08% -99.99 0.0l
L] 108,902 =99.99% 2.98)
OFF ~198.000 ~39.99%9 9.201
oM -100.6028 ~99,999? 0.0003
OFF ~-%9.000 -%9.000 e.008
OM -%¢.0000 ~4%,999% 9.0061
OFF 108,000 ~9.9%999 6.08!
OM ~19.0009 -19. 0000 0.2000
OFF “19.990¢ 19,9001 ~9,998)
oM “19.90082 =19, 3¢e006 ~9.49008¢4
OFF -%.0000 -9.9080 9.2000
ON -9.00000 -5.9080) ~8.2098987
OFF -1.9e08 -1.9000 @.9000
N ~1.008098 -9.9999 d.00801
OFF -1.00008 ~1.08002 ~-9.8%0802
Om -1.980820800 ~1.900017 -9,0000:17
OFF “9,%0000 -9.%0001 ~9.00001
on -9, 990000 -9.%000180 -3.902910
QFF ~9.19908 -%, 190801 -9.00080!)
On 9. 199099 9. 190083 ~9,02000)
UFF -9, 1040909 9. 19984 ~d. 300094
4, Test perforsed - PASSER !
TRUE RMS AC CONVERTER
INPUY EXPECTED MEASURED DEVIATION
FREQUENCY (v AC) (Y AC )
RCY Fumction
W M2 1. 90009 1.08812 d.8091)
e w3 1.80898 1.0980¢ 4.90804
19 kMg 1.80000 1.40012 d.980912
«¥ kW2 1.30099 1.ue@." d.90829

- . -
€« < < <

#.00%)
9.002
$.0012
8.0809
0.€0082
.000%
8.00043
8.0002
8.00011
B.20819
0. 29989899
®.ouende
T G
CRUT UM
L0081 d
DRVET L
0. 0%
D.8%3
.92
8.813
8.9011
0.0183
e.00¢6
8.00%3
8.002
0.0013
8.9809
. 000813
39,8008
0.00804)
9.90002
9.00911)
0.9%0019
2.00009%
9. 00006
3.9090%0
9.90002
d.000014
9.0080%51

TOLERANCE
Cove W)

9.09129
9.98129
9.98120
3. 30129
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1@
19
e
e
10
ie
1@
10
18
16
18
1@
1@
1@
1@
1@
1@
1@
100
1ee
160
189
199
ik
Ik
1k

CACCCACCLCELCELCAEELEACEACELULCEECELEALCECLCCLCCCKL L

- e e e e e e e

18
16
e
ié
18
18
1o
e
10
19
ie
8@
100
1o
169
ik
1k

CCCELCLCELCLCLLCLCLCLCLCCCLCCCCCCCLCCKL

IRE J
e
e

ie
Jee

100
30

T
’

168
e

119
%0
Ll

19
00
i@
0
188
28
189
9

Jee
19
?
0

188

1e

%9

LT )

1
Sée
!

|
19
.9
‘e

108

1e

%0

e

i

%9
18
N ]

100

jee

i ]

KM
Mz
kMy
MMz
L}
Wz
kMg
kM2
M2
M2
W2
M2
M2
kM2
kM2
hM2
M2
kM2
kM2
kM2
L
MMz
L}
W2
kM2
kM2
kMg
M2
L}
kM2

L}
bz
kMg
kM2
kM2
kM2
kM2
kM2
L

N2
kMg
kM2
kM2
kM2
kM2
kW2
kM2
kM
kM2
LUF

L}
kM2
kN2
L1}

LM
kM

ZERD QFFSET CMECK

uury
RANGE

E<PECTED
(v AC)

|.eeeed
1.00000
1.00800
1.60800
S.0800
9.0000
S.0008
Y. 0000
10,0800
19,8900
19,0060
18,3889
Iv Bban
1@, 4820
18.0ee8d
19.¢0080
18,0800
10,0289
9.c00080
9.0d80
2. 0800
9.00080
160,000
199,300
100,000
199,000
180,000
19080, 80
190806, ¢00
1908. 60

FAST ACV

1.09900
1.9#9600
1,098,020
1.00080
1.900080
1.00008
1. eRe0e
1, ev300
1.68908
19. 0000
19,0000
19,9690
10,2000
18. 9000
18,9000
16,2000
9.0000
9. 006
9.0000
9. 0000
189,000
199,400
100,080
1909. 300
1209, 00
1909. 00

Func

MEASURED
(v RC)

1.80206
0.99974
$.99619
1.02400
S.002)
$.0012
$. 0029
S.0600
10.00823
10.00€3
10.0911
10.0017
12,001 .
16.80.4
le.8087317%
18.0034
10.091%
9.99%¢
9.82:4
7.0399
3.8774
9.372¢
1890.02¢
100.821)
106,027
100.838
180.027
1008.29
1006, 31!
1008.¢9

tion

1.00808¢
1.0000%
1.00822
1.0001%
8. 29991
1.8028)
8.99971
8.99817
1.82400
19,6086
19,9089
10.9819
10.86833
19.9036
16.90012
9.99%1
9. 0222
9.0297
9.8774
9.372¢
190,821
198.02¢6
196.037
19€.0822
19089, 20
1900, 58

9.0020¢
~8.0002¢
“8.08181
§.02400
0.602)
$.0013
0.662¢
§.0000
@.0023
0.0008
8.0011
R.06612
0.0213
©.0024
b.003)
n.ea34
e.e21%
~9.8943
0.08224
e.05080
0.80774
8.372¢
9.02¢6
8.621
.027
8.e38
0.022
9.2%
$.31
0.450

0.36000
0.00009
.90022
0.08019
~8. 00040
9.90293
-9, 00929
~9.90133
§.02400
0. 9906
6.90089
0.6019
$.6033
0.0038
e.M2
~8.0049
9.6222
§.9297
0.8774¢
$.372¢
e.021
.02¢
0.037
6.822
6.29
.58

8.82400
0.02400
9.05700
#.095000
0.00%
.00
0.00%
8430
8128
.01280
L8100
@129
Blen
.81¢e
.8lle
.B12H
L9712
.99
L2199
2198
9.5198
8.917¢
8.120
@.120
8.120
e.120
€.730
3.00
3.0
3.08

DT PLLTTDOOES

8.00129
.8012¢
9.90120
0.007%
9.00730
8.902400
0.082400
0.95708
9. 09000
$.812¢
$.0120
e.0120
0.0128
e.0120
$.6730
e.8730
9.219%
0.219
#.519¢
0.9%17¢
6.120
8.120
6.12¢
.73
3.00
.60



Al 4
160 v =
ik v LT

Viviae

e.129
1.28

¢.90) )
.l.“
8.12

Segment Mo, S,

Test performed ~ FPHSSED

OMMMETER ACCURALY CHECK

274 WIRE
b OMM

--------

s 80N > N LR R a ann

sanwNn

MWIGH
FESOLM

OF F
OF F

OFF
ON
OFF
ON

OFF
OM
OFF
oW

nFF
ON
QF F
ow

OFF
L]
OFF

OFF
oM
OFF
on

EAFECTED

fh(mHM)

0.1 kOHM

¥, 100082
0.1900803

I kOHN Range

1.00007
1.000873
1.008897
1.,90897)

MEARSLURED
VLK

........

9.190004
@.lé0002

i.08010
1.80007%
i.80003
1.08087%

L9 EQHE Range

19,0000
19.00077
19,0008
10.000877

196 LOMM

199,001
199, 2003
199,981
196. 9088

19.908)
19,9002¢
19.0003
19,0026

Range

190, 001
190.8919
199. 906
198, 0900

1988 kCHM Range

9%.97

999.97%

999.97

999.970

99%.99
199,977
1800.91
999.97¢

19 KCHR Range

18017.3
18017. 9
18917.3
19917,30

10015.9
19814, 46
10016.8
19619. 99

DEVIATION
ALY

---------

9.000001
-9. 080001

8.9000983
0. 908000
0.08001
8.900003

-0.0008
~9.80057
-9.0003
~9. 0083}

.000
8.0807
0.08%
-6.0086

-9.02
$.007
8.84
8. 0086

TOLERANCE
Co ek OKM -

.........

2.300411
@.00001)

6.080046
. 200448
0.92006
8.900046

0.0013
e.00111
0.0009
0.00071

6.907
0.9831
9. 007
0.90047

.19
8.146
.19
8.146

10.9
160.06
1.8
10.06

R L b R R R R R R R TEsATsSTsUTasE .-~ L R -

STANDARDS USED:



Gordon Company
4710 Kenosra St Boz S0C
Richmond 1inois 60071

CERTIFICATE OF CALIBRATION Aori| &2 1987
For: Comrstruction Techno logy P.C.: ESO03i0A
Gordon Order W C4B3CIC - Cat. ®: 1409-56
items Ca' brated: T/Cs ) ANE, Tyoe: K
NES Cert. T/C: kP 23564638, KN 2304218 Lot &: 8P /P
Standards Inst: Floke BS4L0A DMM Inse Bv: arh
Nominal  Actual St [tew
[tem Cal, Cal. sVolt sVolit Fahrenheit
"o Tems . Tewp. Reading Reading Decerture
i 800 803.61 17.638 17.616 0.2%
eoC  1202.%51 27.084 1\ .73
1900  1906.17 % .05C 3%.101 2.0
1700 1701.68 B 38.500 3.%
1900 1900.89 2. Yok 2.7 .27

///4.,

Oua ity Tochn.c-.n

Cai brated n accoOrdance with AE™ E-T20, E-JX0) and IPTS 68.

“eworore 1'% 4 300"

“eear %073 00€°

Teer "2.282°7



A\ U L
~ construction technology laboratories, Inc.

420 00 Orcnare Roag Skonw nor 600771030 « Prone 312968 7500
fewes 9102401569 CTL SKO « Easywnn 62200170 + Fachmie 312965 65¢:

lssue Date: 8/1/88

THIS 1S TO CERTIFY THAT

-.Gene B, _Hal)

KAS BEEN EVALUATED AND 1S CONSIDERED QUALIFIED TO
PERFORM THE SPECIFIED ASSIGNED TASKS OF

Leve) |11 Instrusentation Specialist
OAS Operation
Thersocouple Installation

Level 1]l Fire Test Specialist
Furnace Operation
ASTHM E119 ASTH E 814
| EEE 634 U1 1479
AN] Fire Test Method

Coast Guard Departaent of Transportation
Sub Part 92.07
Structural Fire Protection

Level | Construction Techaician
Concrete Placing

Stee) Placing
Kondestructive Field Testing (Pachoseter)

IN CONPLIANCE WITH
CTL Quality Assurance Procedure 22

end ANS] N45.2.6

CERTIFICATION no:j@-" IR, [ TET SRR
CTL LEVEL 111 '-*[4»

- - - . o oA - W v ——— - -—-—

QA COORDINATOR (0. %f— 3[3]88

Branch Offices 26 ANGELES - SEATTLE  TACTMA * DALLAS « "ALLAMASSEE



UNITED STATES

*- %
& * NLCLEAR REGULATORY COMMISSION
R } WASHINGTON, D. C. 20855
<

%l..'C‘ DEC "l '989

In Reply Refer To:
Dockets: 50-445/89-71
50-446/89-71

Mr. W. J. Cahill, Jr.

Executive Vice President

TU Electric

400 North Olive Street, Lock Box 81
Dallas, Texas 75201

Dear Mr. Cahill:

This refers to the inspection conducted by Mr. R. M. Latta and NRC
consultants during the period October 4 through November 7, 1989, of
activities authorized by NRC Construction Permits CPPR-126 and
CPPR-127 for the Comanche Peak Steam Electric Station, Units 1

and 2, and to the discussion of our findings with you and members of
your staff at the conclusion of the inspection.

"~ The enclosed copy of our inspection report identifies areas examined
: during the inspection. Within these areas, the inspection consisted

of selective examination of procedures and representative records,

interviews with personnel, and observations by the inspectors.

During this inspection, it was found that certain of your activities
were in violation of NRC requirements, as specified in the enclosed
Notice of Vicolation. A written response to these violations is
required.

In accordance with 10 CFR 2.790 of the Commission's regulations, a
copy of this letter, the enclosures, and Your response to this
letter will be placed in the NRC Public Document Roam.

The responses directed by this letter and the accompanying Notice
are not subject to the clearance procedures of the Office of
Management and Budget as required by the Paperwork Reduction A-t of
1980, PL 96-511.




DEC - 1883

J. Cahill, Jr. -2=-

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

Sincerely,

R F U armiek

R. F. Warnick, Assistant Director
for Inspection Programs

Comanche Peak Project Division

Office of Nuclear Reactor Regulation

Enclosures:
Appendix A - Notice of Violation
Appendix B - Inspection Report 50-445/89-71; 50-446/89~71

cc w/enclosures:
See next page
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w.: J. Cahill, Jr.

cc w/enclosure:

Roger D. Walker

Manager, Nuclear Licensing

TU Electric

Skyway Tower

400 North Olive Street, L.B. 81
Dallas, TX 75201

Juanita Ellis
President - CASE

1426 South Polk Street
Dallas, TX 75224

Texas Radiation Control
Program Director

Texas Department of Health

1100 West 49th Street

Austin, Texas 78756

GDS Associates, Inc.
1850 Parkway Place, Suite 720
Marietta, GA 30067-8237

Honorable Gecrge Crump
County Judge
Glen Rose, Texas 76043

Ms. Billie Pirner Garde, Esq.
Robinson, Robinson, et al.
103 East College Avenue
Appleton, WI 54911

Regional Administrator, Region IV
U.S. Nuclear Regulatory Commission

611 Ryan Plaza Drive, Suite 1000
Arlington, Texas 76011

wWilliam A. Burchette, Esq.
Counsel for Tex-La Electric
Cooperative of Texas

Heron, Burchette, Ruckert & Rothwell

1025 Thomas Jefferson St., Nw
wWashington, DC 20007

DEC -1 1983

TU Electric

c/o Bethesda Licensing

3 Metro Center, Suite 610
Bethesda, Maryland 20814

E. F. Ottney
P. 0. Box 1777
Glen Rose, Texas 76043

Jack R. Newman
Newman & Heoltzinger
1615 L Street, Nw
Suite 1000
washington, DC 20036

George R. Bynog

Program Mgr./Chief Inspector
Texas Dept. of Labor & Standards
Boiler Division

P.O. Box 12157, Capitol Station
Austin, Texas 78711



APPENDIX A
NOTICE OF VIOLATION

TU Electric Docket: 50-445/89-71

Comanche Peak Steam Electric Station Permit: CPPR-126
Unit 1, Glen Rose, Texas

During an NRC inspection conducted on Octcber 4 through November 7,
1989, violations of NRC requirements were identified. 1In accordance
with the "General Statement of Policy and Procedure for NRC
Enforcement Actions," 10 CFR Part 2, Appendix C (1989), the
viclations are listed below:

A. Criterion V of Appendix B to 10 CFR Part 50 as implemented by
Section 5.0 ot the TU Electric Quality Assurance Manual
requires that activities affecting quality shall be prescribed
by and accomplished in accordance with documented instructions,

procedures, or drawings.

Paragraph 9.3.1 of TU Electric's Specification 2323~-MS-38H, .
Revision 2, requires that "Thermo-lag 330-1 (site prefabricated
sections) dry film thickness shall be 1/2 inch to 3/4 inch."

Contrary to the above, the required dimensional inspections to
insure a minimum dry film thickness of 1/2-inch minimum to
3/4~inch maximum were inadeguately performed in that deficient
site-fabrizated thermolag was inspected, accepted, and issued
toc construction by the applicant's Quality Control (QC)
organization.

This is a Severity Level IV viclation (Supplement II)
(445/8971-V=01). ,

B. Criterion XVI of Appendix B to 10 CFR Part 50 as implemented by
Section 16 of the TU Electric Quality Assurance Manual requires
that in the case of significant conditions adverse to quality,
the identification and corrective measures shall assure that
the cause of the condition is determined and corrective action
taken to preclude repetition.

——re.
Contrary to the above, the applicant's response to the
reportable deficiency documented as SDAR CP-89-025, involving
defective site-fabricated thermolag, was determined to be
inadequate. Specifically, the generic implications associated
with a QC program which failed to detect a significant
deficiency were not adequately addressed and the response did
not provide adeguate assurance that the cause of this condition

8912080031 891201
ana‘ OCK 05000445
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was properly determined and corrected. The response did not
address the broadness issue in what other areas or
disciplines had QC issued potential defective material?

This is a Severity Level IV violation (Supplement I1I)
(445/8971~v-02).

Pursuant to the provisions of 10 CFR 2.201, TU Electric is hereby
required to submit a written statement or explanation to the U. S.
Nuclear Regulatory Commission, ATTN: Document Control Desk,
Washington, DC, 20555, with a copy to the Assistant Director for
Inspection Programs, Comanche Peak Project Division, Office of
Nuclear Reactor Regulation, within 30 days of the date of the letter
transmitting this Notice. This reply should be clearly marked as a
"Reply to a Notice of Violation" and should include for each
violation: (1) the reason for the violation, if admitted, (2) the
corrective steps that have been taken and the results achieved,

(2) the corrective steps that will be taken to avoid further
violations, and (4) the date when full compliance will be achieved.
If an adegquate reply is nct received within the time specified in
this Notice, an order may be issued to show cause why the license
should not be modified, suspended, or revoked or why such other
action as may be proper shcould not be taken. Where good cause is
shown, consideration will be given to extending the response time.

FOR THE NUCLEAR REGULATORY COMMISSION

RF L) armuck

Dated at Comanche Peak Site
*his lst day of December 1989
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In Reply Refer To:
Dockets: 50-445/89-71
50-446/89-71

Mr. Ww. J. Cahill, Jr.

Executive Vice President

TU Electric

400 North Olive Street, Lock Box 81
Dallas, Texas 75201

Dear Mr. Cahill:

This refers to the inspection conducted by Mr. R. M. Latta and NRC
consultants during the period October 4 through November 7, 1985, of
activities authorized by NRC Construction Permits CPPR-126 and
CPPR-127 for the Comanche Peak Steam Electric Station, Units 1

and 2, and to the discussion of our findings with you and members of
your staff at the conclusion of the inspection.

The enclosed copy of our inspection report identifies areas examined
during the inspection. W.thin these areas, the inspection consisted
of selective examination of procedures and representative records,
interviews with personnel, and observations by the inspectors.

During this inspection, it was found that certain of your activities
were in violation of NRC requirements, as specified in the enclosed
Notice of Violation. A written response to these violations is
required.

In accordance with 10 CFR 2.790 of the Commission's regulations, a
copy of this letter, the enclosures, and your response to this
letter will be placed in the NRC Public Document Room.

The responses directed by this letter and the accompanying Notice
are not subject to the clearance procedures of the Office of
Management and Budget as required by the Paperwork Reduction Act of
1980, PL 96~511.

-~
R
CFPD:NRR CPPD:NRR AD:CPPD:NRR
RLatta:ww HLivermore Rwarnick
12/ /{99 12/ !lef 12/1 /89 ; /
e, i
s 'S /7;;& <
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¢ ‘\MC\\‘Q > 'l\ | Y
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Should you have any questicns concerning this inspection, we will be
pleased to discuss them with you.

Sincerely,

ORIGTMAL SIONID BY R F. WARNTIZEZ

R. F. warnick, Assistant Director
for Inspection Programs

Comanche Peak Project Division

Office of Nuclear Reactor Regulation

Enclosures:
Appendix A - Notice of Violation
Appendix B - Inspection Report 50-445/89-71; 50-446/89-71

cc w/enclosures:
See next page



APPENDIX B
U. §. NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION

NRC Inspection Report: 50-445/89-71 Permits: CPPR-126

50-446/89-71 CPPR-127

Dockets: 50-445 Construction Permit
50-446 Expiration Dates:

Unit 1: August 1, 1991
Unit 2: August 1, 1992

Applicant: TU Electric
Skyway Tower
400 North Olive Street
Lock Box 81
Dallas, Texas 75201

Facility Name: Comanche Peak Steam Electric Station (CPSES),
Units 1 & 2

Inspection At: Comanche Peak Site, Glen Rose, Texas

‘nspection Conducted: October 4 through November 7, 1989

Inspector: Af%;//’h;7é6r%( /e £

R. M. Latta, Resident Inspector Date
(Electrical) (paragraphs 2, 3, 4, 5, 6, 7 and 8)

Consultants: W. D. Richins, Parameter (paragraph 6)
J. L. Taylor, Parameter (paragraphs 2. 3, 4, 5,
and 7)
—ry,
Reviewed by: /& /é ﬁf AMAAMLNZ it-\-9
. H. Livermore, Lead Senior Inspector Date




Inspection Summary:
Inspection Conducted: October 4 through November 7 1989 (Report
50-445/89-71; 50-446/89-71)

Are%s Inspected: Unannounced, resident safety inspection of the
applicant's actions on follow-up to viclations/deviations,

10 CFR 50.55(e) deficiencies identified by the applicant, allegation
follow up, electrical components and systems, safety-related
mechanical components, and general plant area tours.

Results: Within the areas inspected, a weakness was identified in
the applicant's procurement program in that it failed to provide
adequate receipt inspection criteria for vendor procured thermolag
material (paragraph 3.i). Additionally, during this inspection
period, two viclations were identified which involved the
applicant's response to SDAR CP-89-25, "Site Fabricated Thermo-lag
Material." The first viclation concerned the applicant's failure to
follow procedures during the dry film thickness measurements of site
fabricated thermolag in that defective material was inspected and
accepted by the applicant's QC organization (paragraph 3.i). The
second violation involved the applicant's failure to properly
identify the required corrective measures associated with defective
site fabricated thermolag in that the identification of the cause of
the condition adverse to quality, the generic implications, and the
establishment of measures to preclude repetition were not adeguately '
addressed in the response provided in TU Electric's letter TXX-89737
(paragraph 3.1i).
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DETAILS

b I Persons Contacted

.M.
*J.
*D.

*J.
*J.
.o.
*M.

*H’
*A.
*W.
'Ha

*W.
*C.

*B.
*R.
*G.

*D.
*N.
*J.

*C.
*S.
*J.
*B.
*J.
*W.
*T.

*J.
*c.
*R.

*J.
*0.
7.
*s.
*J.
.SO
*W.

5.

*A.
*J.
*R.

Axelrad, Newman and Holtzinger

L. Barker, Manager, ISEG, TU Electric

P. Barry, Senior, Manager, Engineering, Stcocne and Webster
Engineering Corporation (SWEC)

W. Beck, Vice President, Nuclear Engineering, TU Electric

E. Bentham, President, The Bentham Group, Inc.

Bhatty, Issue Interface Coordinator, TU Electric

R. Blevins, Manager of Nuclear Operations Support,
TU Electric

D. Bruner, Senior Vice President, TU Electric

R. Buhl, IAG

J. Cahill, Executive Vice President, Nuclear, TU Electric

M. Carmichael, Senior Quality Assurance (QA( Program
Manager, CECO

G. Counsil, Vice Chairman, Nuclear, TU Electric

G. Creamer, Manager, Unit 1 Completions Engineering,
TU Electric

S. Dacko, Licensing Engineer, TU Electric

J. Daly, Manager, Startup, TU Electric

G. Davis, Nuclear Operations Inspection Report Item
Coordinator, TU Electric

E. Deviney, Deputy Director, QA, TU Electric

M. Eifert, Chief Engineer EA, SWEC

C. Finneran, Jr., Manager, Civil Engineering,
TU Electric

A. Fonseca, Deputy Director, CECO

P. Frantz, Newman and Holtzinger

L. French, lndependent Advisory Group

P. Garde, Attorney, CASE

Greene, Site Licensing, TU Electric

G. Guldemond, Manager of Site Licensing, TU Electric

L. Heatherly, licensing Compliance Engineer,
TU Electric

C. Hicks, Licensing Compliance Manager, TU Electric

B. Hogg, Chief Manager, TU Electric

T. Jenkins, Manager, Unit 1 Operations Support Engineering,
TU Electr;c

J. Kelley, Plant Manager, TU Electric

W. Lowe, Director of Engineering, TU Electric

W. Madden, Mechanical Engineering Manager, TU Electric

G. McBee, NRC Interface, TU Electric e,

W. Muffett, Manager of Project Engineering, TU Electric

S. Palmer, Project Manager, TU Electric

0. Porter, Operations Support Engineering, TU Electric

Raysircar, Deputy Director/Senior Engineer Mannqer CECO

B. Scott, Vice President, Nuclear Operations, TU Electric

C. Smith, Plant 0perations Staff, TU Electric

L. Spence, TU/QA Senior Advisor, TU Electric
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Streeter, Director, QA, TU Electric

Terry, Manager of Projects, TU Electric

Walker, Manager of Nuclear Licensing, TU Electric
woods, Assistant Project Engineer, SWEC/CECO

The NRC inspectors also interviewed other applicant employees
during this inspection period.

*Denotes personnel present at the November 7, 1989, exit
meeting.

Follow-up on Viclations/Deviations (92702)

a.

(Closed) Violation (EAB86-09, Appendix A.I.B.l): Failure
to satisfy the minimum separation requirements of IEEE
Standards. This violation involved the applicant's
failure to properly translate IEEE standard requirements
to instructions and drawings, as well as several examples
of electrical separation deficiencies which were not in
accordance with the contrelling drawings.

The applicant performed Issue-Specific Acticn Plan

(ISAP) I.b.1, among others, to address this issue.
Subsequent NRC staff evaluations of the ISAPs were
reported as satisfactory in SSER 20, Appendix A. Addi-
tionally, as reported in previous NRC Inspection Reports,
the Post-Construction Hardware Validation Program (PCHVP)
which included Field Verification Method (FVM)-088 was
reviewed and determined to be acceptable. The NRC
inspectors also followed the implementation aspects of the
separation portion of FVM-088 as previously documented in
NRC Inspection Reports 50-445/89-15, 50-446/89~-15;
50-445/89-22, 50-446/89-22; and 50-445/89-49, 50-446/89-49
and determined that it was acceptable.

The NRC inspector subseguently examined a sample of 4 out
of approximately 70 equipment panels and determined that:
proper inspections had been performed; nonconformance
reports (NCRs) had been initiated where reguired; and that
these NCRs had been properly closed. The panels selected
for review were CPl-EPSWEA-02-02, CPl-ECDPPC-03,
CP1-ECPRCB-06, and CP1-ECPRLV-17. Based on the above
reviews and inspection activities, the NRC inspector
concluded thac the applicant had taken adeguate corrective
action to prevent reoccurrence. Therefore, this violation
is closed.

(Closed) Violation (445/8964-V-01): Bypassing hold point.
This viclation occurred when a Quality Control (QC) hold

point was bypassed and & section of electrical cable tray
was welded prior to a QC inspecticn of the lifted cables.
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In response to this viclatiocn, the applicant issued

NCR B89-9245, Revisicon 0, to document the missed held point
and to verify that no cable damage resulted from the
welding. Also, the persornnel involved were counseled, a
memorandum to all craft personnel was issued by the
electrical craft manager, and additional craft training
was conducted. Eased on the above actions, this viclation
is closed.

(Closed) Deviation (445/8964-D-02): Missed commitment
date for Class 1lE meter replacement. This deviation
occurred when the Class 1lE Unit 1 diesel generator watt
meters were replaced subsequent to Hot Functional Testing
(HFT) rather than prior to HFT as committed to in

TU Electric's letter TXX-88294 dated March 25, 1988B.

The applicant's response to this deviaticon stated that
this occurrence was the result of an error in the manual
transcription of data to a new commitment tracking system
(CTS) database. The applicant's corrective actions
included enhancing the procedures regarding the use cf the

Based on the above corrective actions delineated in

TU Electric's letter TXX-89743 dated October 26, 1989, the
NRC inspector determined that adegquate measures had been
implemented to ccrrect the process which allowed this

lor,_ on 10 CFR Part 50.55(e) Deficiencies Identified by the

2.
CTS and review of the CTS database.
deviation. Therefore, this item is closed.

ACt] Pa

Applicant (92700)

a.

(Closed ~ Unit 1 only) Construction Deficiency

(SDAR CP-86-03): "Sealing of Class 1lE Devices." This
deficiency initially addressad an apparent failure to
install Class 1lE limit switches in accordance with the
manufacturer's requirements concerning both the applica-
tion of gqualified conduit thread sealant and the torquing
of cenduit threads. Subsegquently, the scope of this
construction deficiency was expanded to include a poten-
tial design deficiency involving the failure to include
the required electrical conduit seal assemblies (ECSAs) in
the applicable Specification 2323-ES-100. ECSAs are
necessary tc preserve the environmental qualification of
the equipment when located in a harsh-environment.

In response to this issue, the applicant reviewed
Installation Procedure EEI-2]1 as well as 20 construction
travellers and concluded that the initial aspect of the
deficiency was not substantiated in that both the thread
sealant and the torque requirements were addressed during
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the installation of limit switches. Corrective Action
Request (CAR)-048 was initiated to address the second
aspect of this deficiency and it included the following
corrective actions: clarification between the specific
project engineering requirements and the generically
applied manufacturer's instructions, revision of Specifi-
cation 2323-ES-28 to include all 1E devices reguiring
gualificatitn, and the revision of Electrical Specifi-
cation 2323-ES-100 to identify devices by tvpe when ECSAs
are required and to list their inspection requirements.
Additicnally, the NRC inspector determined that certain
aspects of this deficiency were addressed by the Correc-
tive Action Program (CAP).

Based on a review of the actions implemented by CAR-048,

the revision of Electrical Specification 2323-ES-100 and

the evaluation of the associated design change authoriza-
tions (DCAs) and NCRs, the NRC inspector determined that

the applicant's actions regarding Unit 1 activities were

acceptable. Therefore, this SDAR is closed.

(Closed - Unit 1 only) Construction Deficiency

(SDAR CP-86-40): “"Application of Non-Qualified Agastat
Relays." The applicant verbally reported this deficiency
on May 20, 1986. It involved the procurement and use of
nongqualified Agastat relays in Class 1lE applications.

The reportability analysis and the associated corrective
actions were reported by TU Electric letter TXX-6017 dated
October 10, 1986. As stated in this correspondence, the
corrective actions included: revising the vendor designed
equipment drawings to require the use of pregualified
components, the revision of the applicable procurement
procedures, the updating of the nuclear operations
defective items list (NODIL), and the replacement of the
nonqualified relays.

The NRC inspector reviewed the NODIL, Revision 7;
Procurement Procedure WHS-002, Revision 11, as well as
various DCAs which replaced the existing relays with "E"
prefix types; and NCR PE-87-606, Revision 0, which
implemented the subject DCAs. The NRC inspector alsc
randomly inspected 4 out of approximately 14 affected
cabinets and determined that the relays involved were the
correct "E" prefix types. -,

Based on the above reviews and inspections, the NRC
inspector determined that the applicant's actions for

Unit 1 were acceptable; however, pending the implementa-
tion of corrective actions for Unit 2, this SDAR is closed
for Unit 1 only.
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iClosed, Unit 1 only) Construction Deficiency

(SDAR CP-B6-68): "Weather Protection for Class 1lE
Components:" Specifically, this deficiency inveolved rust
and water observed inside the exposed Class lE terminal
boxes.

The applicant's corrective actions as delineated in

TU Electric's letter TXX-BB607 dated August 11, 1988,
included the clarification of Electrical Specification
2323-ES-100 pertaining to outdoor conduits/junction boxes
sealing requirements, the performance of walkdowns in
accordance with FVM-089, and the issuance of 6 NCRs. The
implementation aspects of FVM-089 have been previously
inspected and accepted as documented in NRC Inspection
Reports 50-445/8B-38, 50-446/88-32; 50-445/88-53,
50-446/88-49; 50-445/89-36, 50-446/89-36; 50-445/89-15,
50-446/89-15, and 50-445/89-28, 50-446/82-28. The NRC
inspector also reviewed the pertinent changes to
Specification 2323-ES-100 and the 6 NCRs associated with

this issue.

Based on the above documentation reviews and inspections
of selected Class 1lE terminal boxes, the NRC inspectecr
determined that the applicant's corrective actions
appeared to have been adequately implemented for Unit 1.
However, in that no work has been performed on Unit 2,
this SDAR is closed for Unit 1 eonly.

(Closed - Unit 1 only) Construction Deficiency (SDAR
CP-88-09): "Electrical Penetration Overload Protection."
As reported by the applicant, this significant deficiency
involved the potential overloading and lack of backup
protection devices for electrical penetrations. This
deficiency involved the following three subjects: backup
protection incomplete or nonexistent, protection devices
uncoordinated with penetration conductor ratings, and
momentary short-circuit currents of module conductors
exceeding the penetration ratings.

The NRC inspector determined that the applicant's
corrective action included the incorporation of the
penetration protection design criteria in the Design Basis
Document (DBD)-EE-062. Additiocnally, compliance with the
appliceble design criteria has been addressed by the
implementation of hardware changes inveldving the rerouting
of cables, the paralleling of penetration conductors, the
resetting of protective relays, and the replacement or
addition of relays. The NRC inspector reviewed DBD-EE-062
and the portions of calculation 16345-EE(B)-~048 which were
related to this issue. The NRC inspector also reviewed a
sample of the approximately 32 DCA packages including
DCAs 71741, 75070, 78248, and 85145 which implemented
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corrective actions. No discrepancies were identified
during this review process.

The NRC inspector alsco conducted inspections of the work
associated with DCAs 71741 and 85145 and determined that
the specified hardware changes appeared complete.

Based on the above reviews and inspection activities, the
NRC inspector determined that the programs and procedures
in effect appear to adequately control the corrective
actions pertaining to the identified penetration overload
protection issues for Unit 1. This SDAR is considered
closed for Unit 1 only.

(Closed) Construction Deficiency (SDAR CP-88-35): "MATE
Program." Specifically, this SDAR involved deficiencies
in the applicant's calibration procedures and inadeguate/
inaccurate calibration standards which could have rendered
the accuracy of measuring and test eguipment (M&TE)
indeterminate.

In response to these issues, CAR 88-029 and several NCRs
were initiated to address the deficiencies which
originated in the Brown & Root (B&R) calibration facility
on site. Among other actions, the CAR discontinued B&R
calibration facility activities, checked/recalibrated
standards and transferred them to the applicant's calibra-
tion facility, and evaluated thu effects of calibration
standard inaccuracies on plant hardware acceptance tests.

In order to evaluate the applicant's actions regarding
this issue, the NRC inspector reviewed the results of
CAR BB-29 and Procedure STA-60B, "Control cf MATE," as
well as several specific MATE calibration procedures and
the completed dispositions of 4 out of approximately

5C NCRs. Additionally, the NRC inspector interviewed
selected facility personnel and cbserved various activi-
ties at the current calibration facility, including the
conduct of specific MATE calibrations.

As a result of the above reviews and inspection related
activities, the NRC inspector concluded that the appli-
cant's determination ¢f nonreportability was acceptable
in that no hardware changes or invalidated tests resulted
from the completed NCRs. The NRC inspector determined
that, although some minor issues involving nonprocedur-
alized administrative handling of MATE records existed,
they did not adversely impact the results of the MLTE
calibration program.
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Based on the above reviews and inspection efforts, the NRC
inspector determined that the applicant's actions in
response to this deficiency were adequate. Therefore,
this SDAR is closed.

(Closed - Unit 1 only) Censtruction Deficiency

(SDAR CP-88-41): "w-2 Tvpe Cell Switches." Subseguent to
the issuance of NRC Information Notice 87-61 and its
associated supplement dated May 3, 1988, the applicant
notified the NRC of a deficiency invelving Westinghouse
circuit breaker wW-2 type cell switches on December 2,
1988.

The applicant's response to this reportable deficiency
included the replacement of four deficient switches which
were found during the performance of inspections directed
by NCR 88-15325, the initiation of DCA B5927 to replace
W-2 switches, and implementation of Maintenance Proce-
dure MSE-P0O-6002 which directed the inspection of cell
switches at half the Westinghouse recommended interval.

Based on review of the above documentation and program-
matic evaluations, the NRC inspector determined that the
applicant's actions in response to this issue were
acceptable. Therefore, this SDAR is closed.

(Closed) Construction Deficiency (SDAR CP-89-03):
"Gamma~-Metrics Neutron Flux Monitoring." This reportable
deficiency involved Gamma-Metrics supplied cable assem-

lies which are used for post-accident neutron flux
monitoring. In particular, Gamma-Metrics issued a 10 CFR
Part 21 ncotification that identified potential leaks at
the threads/solder connections of the neutron flux monitor
—zable assemblies. As stated in TU Electric's final
response to this issue contained in their letter TXX-89643
dated September 1, 1989, the applicant had received four
2f the subject cable assemblies from Gamma-Matrices.

The NRC inspector reviewed the documentation associated
with this deficiency including the identifying correspond-
ence from Gamma-Metrics to TU Electric dated February 22
and May 10, 1988, and to the Office of Inspection and
Enforcement dated February 19, 1988. The NRC inspector
also reviewed NCR 88-19400, Revision 0, which documented
the potential deficiency invelving thewmsoldered joints on
the neutron flux monitors and which directed the return of
these devices to the vendor for repair in accordance with
CPSES purchase order 665-70037. The subject cable assem-
blies were subsequently returned to the site and were
installed by the vendor for Unit 1. The Unit 2 cable
assemblies were similarly repaired and placed in storage
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in the applicant's warehouse. Concurrently, five of the
detector assemblies (one spare) were returned to Gamma-
Metrics for inspection, testing, and rework. The correc-
tive actions associated with the Unit 1 assemblies have
beer. implemented as committed to by TU Electric in their
response to this issue, and the Unit 2 detector assemblies
will be corrected prior to Unit 2 'fuel load.

Based on the above documentation reviews, the NRC
inspector determined that the applicant's corrective
actions regarding this reportable occurrence were
acceptable. This SDAR is closed for Units 1 and 2.

{(Closed - Unit 1 only) Construction Deficiency

(SDAR CP-89-21): "Limitorque MOV Spring Packs." The
applicant reported a deficiency involving configuration of
limitorgue actuator spring packs which was subseguently
determined to be reportable. In particular, the model

No. 60-600-0022~1 spring packs which were being replaced
had only 11 of the 12 Belleville washers required for
proper operating characteristics and the replacement model
No. 0301-113 spring packs had apparently been supplied
with improper Belleville washer configurations and missing
locknut setscrews. Based on communications with
Limitorgue, the applicant was able to cobtain sufficient
information to cerrectly configure the new spring packs.
Further investigation by the NRC inspector revealed that
the applicant had questioned Limitorgue regarding the
possible Part 21 action regarding the misconfiqured spring
packs originally provided. Limitorque informed the
applicant that the "-0022" spring packs had been changed
+o model "-0044," and that there was no safety signifi-
cance associated with this modification in that the torque
characteristic of the "-0044" pack was essentially the
same as the "~-0022" pack consegquently, nec Part 21 action
was contemplated.

2s specified in the applicant's closeout documentation,
the corrective actions included the inspection of all
safety-related MOVs utilizing the "-0022" pack, the
inspection of at least one of each type of spring pack in
all cther safety-related MOVs, and the incorporation of
baseline spring pack configuration data verified by
Limitorque, into the appropriate maintenance procedures.
In addition, torgue switch setting and.pperational testing
of safety-related MOVs are continuing in response to NRC
IE Bulletin 85-03.

The NRC inspector reviewed NCRs 89-7483, 6320, 6321,

and 2361 involving MOV spring packs. Additionally, the
NRC inspector witnessed the complete configuration testing
zf the spring pack for 1EV-4286 on work order C89-12527.
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This testing included parts measurement, configuration
documentation, and load profiling. During this process,
it was cbserved that QOC was present for the required
portions of the test and no discrepancies were identified.

Based on these reviews and inspection activities, the NRC
inspector determined that the applicant's response to the
deficiency was adeguate. In addition, the NRC inspector
will continue to fcllow-up MOV testing and the results of
these activities will be documented in & future NRC
inspection report as part of NRC IE Bulletin 85-03
closure. Therefore, this SDAR is closed for Unit 1 only.

(Open) Construction Deficiency (SDAR CP-85-25): "“Site
Fabricated "hermo~Lag Panels." This issue concerned site-
fabricated chermolag panels which were inspected and
accepted by the applicant's QC organization. The panels
were inspected for a 1/2-inch minimum dry £film thickness
(DFT) and were subsequently determined to be less than the
specified dimension. As stated in the applicant's
response to this reportable condition in TU Electric's
letter TXX-89737 dated Octcober 12, 1989, this material
defiziency impacted approximately 2,000 square feet of
thermolag that was installed on cable trays and conduits
in Unit 1 and approximately 11,000 sguare feet of material
that was in the applicant's warehouse. Also, during the F
removal of site-fabricated panels from Unit 1, it was
determined that some installed configurations were in
disagreement with the Installation Specification
2323-MS-38H, Revision 2, "Cable Raceway Fire Barrier
Materials." Specifically, certain thermolag panels were
identified as having less than the required 1/2-inch
thickness in the areas of seams, joints, edges, and bolted
joints. Additiconally, some of the removed panels had been
modified to accommodate extended configuration geometries
without proper compensation for the reduced material
thickness. This issue affected an additional estimated
12,000 square feet of installed thermolag. As stated in
the applicant's final response to this deficiency, had
this condition remained uncorrected, the potential existed
that a fire could have breached the barrier and adversely
affected the ability to safely shut down the plant.

In order to evaluate this issue, the NRC inspector
reviewed the associated documentatiom=ncluding NCRs
89-8519, B89-9313, and 89-09314; Construction Hold Notice
Form 572; Procedure ECC 10.07, "Application of Fire
Protection Materials"; Procedure NQA 3.09-1.07, "Inspec~-
tion of Fire Protection Cable Raceway and Structural
Steel"; CAR 89-009; Specification 2323-MS-38H, "Cable
Raceway Fire Barrier Materials"; and the subject material.



These reviews indicated that the applicant's initial
corrective actions as prescribed by the above mentioned
NCRs included the scrapping of the defective (site~-
fabricated thermolag) panels in the warehouse. Also, the
guestionable configurations installed on cable trays and
conduits in the plant were removed and were replaced with
thermolag purchased from an approved vendor (Thermal
Science, Inc.). Additiocnally, the NRC inspector conducted
evaluations of work in progress in both the Safeguards and
the Auxiliary buildings during the removal of defective
thermolag and the subsequent replacement process where
vendor supplied material was utilized. These efforts were
generally conducted in accordance with the installation
specification with the except.on of the deficient condi-
tions documented on NCR 89-11142, Revision 1. This NCR
identified discrepancies associated with the vendor
supplied (prefabricated sheets) cof thermolag which were
determined to have variations in thickness ranging from
3/8 inch to 1 1/4 inch.

The NRC inspector reviewed the applicant's technical
disposition of NCR B89-11142, Revision 1, and determined
that although the basis for accepting the reported
condition appeared adequate in that this condition was
determined by the supplier to not be detrimental to the
fire resistant response of the panel, this anomaly could
have been avoided had the applicant not deleted its site
QOC inspection requirements for the thickness attribute
from Verification Plan €9-2082. Based on discussions with
members of the applicant's QA and QC staff, it was deter~
mined that these inspection criteria were deleted from the
receipt inspection verification plans by Procurement
Engineering (Change Order 6C33604). This action was
reportedly the result of the supplier's status (with no
rastrictions) on TU Electric's approved vendor list.

This decision by the applicant's Procurement Engineering

rganization was apparently made in the absence of histor-
ical information relative to thermolag discrepancies. The
applicant's failure to provide adequate receipt inspection
criteria for the vendor procured thermolag material, which
could have detected this deficient condition and averted
the potential for significant rework, is identified as a
weakness within the procurement program.

-,

The NRC inspector alsc examined the process whereby
site~-fabricated thermolag which did not comply with the
required dry film thickness (DFT) had been inspected and
accepted by the applicant's QC staff. This examination
revealed that the material in question had been inspected
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under the auspices cof Procedure QI-QP-11.20-1 which was in
effect from October 1982 through December 1986. Although
this procedure underwent several revisions during this
+ime frame, the requirement to verify a DFT of 1/2-inch
minimum was continuously mandated during the preapplica-
tion inspection process. Additiocnally, the contrnlling
Specification 2323-MS-38H, Revision 2, "Cable Raceway Fire
Barrier Materials," stated, in part, that Thermolag 330-1
(site prefabricated sections) shall have a dry film
thickness of 1/2 inch to 3/4 inch.

2s delineated in NCR 89-8519, the deficiency in the DFT
involving the site-fabricated thermolag was identified on
July 28, 1989, This NCR indicated that several panels
were examined by engineering personnel and all boards
selected were determined to exhibit a DFT measurement of
less than the required 1/2-inch minimum. As described by
representatives of the applicant's QC organization during
a meeting with members of the NRC Resident Inspector's
staff on October 26, 1989, the reported condition was
potentially attributable to fabrication techniques util-
ized by the applicant during the manufacturing of thermo-
lag panels on site which did not provide for a proper cure
time prior to DFT measurements. Thus, subsequent to DFT
measurements, the site-fabricated panels "settled" produc-
ing the nonconforming condition. As described by the :
applicant during the referenced meeting, the recommended
cure time for these panels was approximately 20 days;
however, this consideration was not factored into the
inspection verification plan and no mechanism existed tc
detect this defect following the fabrication DPFT
inspections.

Based on the NRC inspector's review of the associated
documentation, system inspections, and the results of
several meetings with representatives of the applicant's
QA/QC and licensing organizations, it was determined that
the dimensional inspections regquired by the applicant's
Materials Specification 2323-MS-38H, Revision 2, and by
Inspection Procedure QI~QP-11.20-1 to insure a minimum DFT
cf 1/2-inch minimum to 3/4-inch maximum were inadequate
and were not properly performed to insure that the
specified inspection criteria were maintained.

This example of failure to follow proocedures during
QC inspections performed on deficient site-fabricated
thermoclag material is identified as a viclation
(445/8971-V-01).

Additionally, during the assessment cof SDAR CP-89-25, the
NRC inspector identified several guesticnable issues
soncerning the applicant's response to this event. 1In
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particular, the documented actions relative to this
reportable deficiency contained, in part, in CAR 89-09,
neglected tc address the inadegquate inspection tech-
nigues/criteria which allowed the deficient site-
fabricated thermolag matezial to be inspected and accepted
for installation without detection. As stated in this
CAR, the actions to preclude recurrence simply concluded
that site-fabricated thermolag panels would not be used
for future applications. Furthermcre, the generic
implications stated in the CAR were inadequately addressed
in that the conclusion indicated that there were no
generic implications. This conclusion ignored the
ramifications implicit in a QC program which failed to
detect a significant deficiency.

The applicant's final response to the issue, contained in
TU Electric's letter TXX-89737, failed to adeguately
identify the cause of this significant condition adverse
to quality in that the conditions which allowed the
deficient site-fabricated material to be inspected,
accepted by QC, and subsequently installed were not
adequately addressed. No specificity was provided in this
response to provide assurance that the cause of the
condition had been properly determined or that the
corrective actions to prevent reoccurrence were adeguate.

Cellectively these deficiencies in the applicant's
response to this event which represented a significant
condition adverse to gquality are identified as a violation
(445/8971-V-02): failure to assure that the cause of the
condition is determined and corrective action is taken to
preclude repetition.

4. Allegation Follow-up (99014)

a’

(Closed) Allegation (OSP-89-A-86): This allegation
involved the termination of a worker subseguent to the
incorrect cutting of safety-related wires associated with
the heating, ventilation, and air-conditioning (HVAC)
system. The alleger stated his concerns to members of the
NRC Resident Inspector's office at Comanche Peak on
September 14, 1989.

The alleger stated that he had been formerly employed as a
journeyman electrician by an onsite cemstractor, but that
he had been terminated on or about August 15, 1589. The
alleger went on to state that immediately preceding his
termination he had been performing safety-related work
(Train A) on the 852 foot level in the Safeguards build-
ing, room 150, when he was directed by his foreman to cut
specific wires in a pull box. The alleger alsc stated
that the work was being performed in accordance with a DCA
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(unspecified) which was associated with the repair of an
electrical seal that was out of service in the room. The
alleger stated that an electrical QC inspector was present
below the work area, and that after confirming with his
foreman which wires were to be cut, he completed the
action by severing the conductors. Subsequent to this
activity, the alleger was advised by the QC inspector that
he had cut the wrong conductors and that an NCR was being
written.

The alleger stated that he had been specifically directed
by his foreman to accomplish this activity and that the
punitive action taken against him was unfair. The alleger
also stated that he had provided his concerns to SAFETEAM.
The NRC inspector asked the alleger if there were any
other witnesses to this event or if the QC inspector could
corroborate his statements regarding the verbal directions
rovided to the alleger by his foreman. The alleger
stated that there were no other witnesses and that the QC
inspector could not substantiate his statements. Subse-
guent to the alleger's identification of this issue, the
NRC inspector conducted a field walkdown of the associated
equipment including junction box JB11Al11330 and conduit
C14021429. These components were the subject of
NCR 89~-8417, Revision 3, which stated, in part, that due
to a craft error, cable E0146318 had been cut in JB1A11330 °
rather than at the condulet as required in Revision 2 of
this NCR.

The NRC inspector also examined the SAFETEAM files
concerning this issue including Corporate Security's
investigation which appeared to have been thorough in that
all persons involved including the alleger, his foreman,
the general foreman, the QC inspector involved in
identifying and reporting this condition, and a fellow
worker who was assigned to this work activity were
interviewed. As stated in this report, the alleger's
assertion that he had been unfairly terminated for viola-
ting procedures in that he was following his foreman's
instructions was not supported by the investigation.
Corporate Security's investigation concluded that this
individual was dismissed for negligence.

Although the termination of this individual appears
unnecessarily harsh, given that the teehnical disposition
of NCR 89-8417, Revision 3, concluded that the cutting of
cable E0146318 at JB1A11330 had no impact on the disposi-
tion of the subject NCR, the statements from the indivi-
duals interviewed indicated that the alleger was instruct-
ed to cut the cable inside the condulet, and then pull
them from the junction box. The NRC inspector also
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examined the findings of the Termination Review Committee
which reviewed this case and affirmed the recommendation
for termination on August 15, 1989.

Based on the above reviews, discussions with the
applicant's SAFETEAM and Corporate Security personnel; and
related inspection activities, thé NRC inspector deter-
mined that the alleger had incorrectly cut safety-related
wires associated with the HVAC system at junction box
JB11A11330 and that his assertion that he was only follow-
ing the instructions of his foreman could not be substan-
tiated. However, given the minimal effect of this appar-
ent miscommunication between an electrical foreman and an
electrician on the system work being performed, the
termination action appears to be extreme.

b. (Closed) Allegation (OSP-89-A-69): Directed procedure
viclations and SAFETEAM conflict of interest. This
allegation involved the circumventing of M&TE procedures
at the direction of a group leader and the associated
inability to communicate these concerns to SAFETEAM in
that the group leader's spouse was employved at SAFETEAM.
The NRC inspector reviewed the M&TE facility, the
governing procedures, and in-process calibrations as part
of the closure process for SDAR CP-88-~35 (see para-
graph 3.e of this report). As noted in the closure of
this item, minor weaknesses were noted in the M&TE program
but no additional allegations or evidence of deliberate
procedure violations were identified by the NRC insrector.
A review of SAFETEAM records revealed no additional
concern specifically regarding the subject group leader;
however, a previous concern, No. 11630, did inveolve the
apparent conflict of interest resulting from the SAFETEAM
member /M&TE group leader relationship. The NRC inspector
determined that the applicant had addressed this potential
conflict by implementation of policy constraints which
specified that the subject SAFETEAM member invelved would
remove themselves from any concern related to the group
leader or CPSES operations in general. However, the NRC
inspector's investigation indicates that the current
allegation supports the perception by plant personnel that
there is a conflict which could impede the free flow of
information to SAFETEAM. 1In that the NRC inspector was
unable to substantiate the procedural violation aspects of
this allegation, this item is considergd closed.

No violations or deviations were identified.

Electrical Components and Systems (51053, 51063, 52053)

During this reporting period, the NRC inspectors performed
direct inspections of work performance to determine if the
technical requirements contained in the applicant's Final
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Safety Analysis Report (FSAR) for safety-related electrical
systems and components had been adeguately translated into
applicable drawings, procedures, and instructions. Addition-
ally, the NRC inspectors evaluated the applicant's work control
program to determine if the specified documents and procedures
were of sufficient detail to provide adequate work performance
and control. '

As part of the inspection requirements for IE Bulletin 85-03,
the NRC inspector observed dynamic motor operated valve testing
(MOVAT) of 1HV-2493A, auxiliary feedwater isclation valve. The
valve performed properly on closing and opening against an
operating differential pressure of approximately 1515 psig.
Review of the valve signature data revealed no discrepancies of
torgues, motor current, etc.

The NRC inspector alsc observed work in prugress for package
ECE-89-01073, "Tag Maintained Space Cables During Train A
Qutage 89-091." The NRC inspector determined that this work
was being performed in accordance with DCA 77139 and work order
CB89-0013439 at the 480v motor control center MCC XEBl~2. The
NRC inspector observed that the labels identifying "maintained
space" cables were being properly affixed where cables were not
already identified. The NRC inspector's review of the package
and work process did not reveal any discrepancies and it was
observed that a QC representative was present at the job site
for the performance of specified witness points.

Within the instrumentation area, the NRC inspector observed the
installation of 1PT-3616 in accordance with work package
SWP-2-5714. This work also involved the implementation of

DCAs 89836 and 84502 and work packages 1LT-3615 A and B in
response to NRC Generic Letter 88-17 regarding reactor cooclant
level monitering during mid-loop operations. Additionally, the
NRC inspector observed installation of conduit supports
invelving conduit C14036219. During the conduct of these
activities, no discrepancies were identified by the NRC
inspector.

No viclations or deviations were identified.

Safety-Related Components, Mechanical (50071, 50073)

Reverse Flow Testing of Borg-wWarner Check Valves

i,
As a follow-up to the events which identified multiple failures
of Borg-wWarner check valves in the auxiliary feedwater system,
previously documented in NRC Inspection Reports 50-445/89-30,
50-446/89-30; and 50-445/89-64, 50-445/89~-64, the NRC inspector
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witnessed the reverse flow leak testing of the following
Borg-Warner check valves:

1AF=-057 3" pressure seal Procedure EGT-328A
1AF-083 4" pressure seal Procedure EGT-328A
1AF-093 4" pressure seal Procedure EGT-328A
1AF~-167 8" bolted bonnet Procedure EGT-165

The NRC inspector determined that the test personnel involved
appeared knowledgeable and that they efficiently performed the
required evaluations. All reverse flow tests witnessed had
satisfactory results and no discrepancies were identified
during either the performance or the documentation phase of
this program.

The reverse flow testing of the 80 Unit 1 Borg-Warner check
valves is approximately 65% complete. The NRC inspector
previously reviewed the applicant's program and procedures for
testing the operability of Borg-Warnmer check valves and
witnessed two additional tests as documented in NRC Inspection
Report 50-445/89-73; 50-446/89-73. Due to differences in
system configuration, the availability of drain and test
valves, etc., diverse methods are employed to test the subject
valves. These methods include the following configuration
options:

Test Method No. of
System Valves
Demin Water Pressure Test 37
System pressure 9
Radiograph Test 26
10 CFR 50, Appendix J, Local Leak Rate Test 6
Air Pressure Test _2
Total 80

The NRC inspector has reviewed the film records from several
radiograph tests and determined that they were of good quality
and provided a definitive test methodology.

To date, four valves have regquired rework following their
initial failure to pass the reverse flow leak test. The root
cause and ¢torrective action for these valves is summarized
below:

.
Valve 1AF-0083 (valve body/bonnet) was rotatively misaligned
and the disc-stud was bent. A new disc~-stud assembly was
installed, the valve internals were reinstalled, and the
reverse flow leak testing was satisfactory.

Valve 1CA-0016 exhibited excessive seat leakage. The swing arm
and bushing were replaced and the valve was blue checked. The
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valve internals were reinstalled and the subseguent reverse
flow leak testing was satisfactory.

Valve 1AF-0057 exhibited unacceptable valve body/bonnet
rotational misalignment and incorrect bonnet elevation. The
valve was disassembled and supplemental measurements were
taken, the valve intermals were reinstalled using the new
height specification, and the valve was successfully tested in
the reverse flow direction.

Valve 1SW-0048 was determined to have an excessively long swing
arm bushing. The bushing length was reduced by 0.08" and
replaced in the disk-stud assembly. The valve internals were
reinstalled and the valve was successfully tested in the
reverse flow direction.

In conjunction with the above documented activities, the
applicant has revised the Borg-wWarner check valve reassembly
procedure and designed a specialized set of tools to allow for
the establishment of more precise rotational alignment of the
bonnet to the valve body. The NRC inspector witnessed a
demonstration of the new tools and technigque in the mechanical
maintenance shop and the reassembly of valve 1AF-045 in the
plant. The NRC inspector concluded that the new procedure will
enhance the rotational alignment between the valve bonnet and
body.

During the latter portion of this reporting period,
approximately 13 Borg-warner check valves in the auxiliary
feedwater and feedwater systems were identified by the
applicant as having excessive body to bonnet external leakage.
These valves are presently being disassembled, honed to remove
scratches in the valve body throat and piovide better sealing
surfaces, reassembled, and leak tested. NRC inspection of
these activities will be continued.

No viclations or deviations were identified.

Plant Tours (5106€63)

The NRC inspectors conducted routine plant tours during this
inspection period which included evaluation of work in progress
as well as completed work to determine if activities involving
safety-related electrical systems and components including
electrical cable were being contrclled and™ accomplished in
accordance with regulatory requirements, industry standards,
and the applicant's procedures.

No violations or deviations were identified.
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Exit Meeting (30703)

An exit meeting was conducted November 7 1989, with the
applicant's representatives identified in paragraph 1 of this
report. No written material was provided to the applicant by
the inspectors during this reporting period. The applicant did
not identify as proprietary any of the materials provided to or
reviewed by the inspectors during this inspection. During this
meeting, the NRC inspectors summarized the scope and findings
of the inspection.
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RBG- 32073
File Nos. G9.5, 69.25.1.4

V.5, Nuclear Re ulatory Commission
Document Control Desk
Washington, D.C. 20858

Gentlemen:

River Bend Station . unit
Docket No. 50.4%58

Please #ing enclosed a ravision to the Informationa] Report
reoarding a recent test of Thermo-Lag fire barrier material which
'S used et Rivar Beng Station. The 1n1214) report was originglly
Lransmitted on December 20, 1989. Thig report 1s being submitted
to provide information resarding our ongoing investigatinn of
this matter and interin actions taken,
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ref J. E. Booker
-~ Manager<River Bene Oversignt
River Bend Nuclear Group
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Mr, Walt Paulison
U.S. Nuclear Regulatory Commission
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V.S, Nuclear R Wlatory Commission
Document Contro! Desk
Washington, D.C. 20858

Gentlemen:

River Bend Station . Unit 1
¥ Docket No. 50458

Please #ind enclosed a revision to the Informetional Repor+

reoerding a recent test of Thermo-Lag fire barrier miteria] which

'S used et River Bene Station. The 1nft1al report was originaliy

Lransmittec on December 20, 1989. This report 15 being submitted /
to provide information regarding our ongoing investigation of

this matter and interin ections taken,

Sincerely,
ref J. E. Booker
=~ Manager<River Bend Overgignt
River Bend Nucleer Broup
™ s
JEB/TFP MG MC/py

ce: U.S, Muclear Regulatory Commission
611 Ryan Plaza Drive, Suite 1000
Arlington, TX 76011

NRC Resident Inspector
P.0. Box 1081
St. Francisville, LA 70778

Mr. Walt Pauison

U.S, Nuclear Regulatory Commission
11885 Rockville Pike
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REPORTED CONDITION

At aporaxi-etely 1100 hours on 10/28/P8, with tne urit i Operatipng !
Conditipn Lo A probler was reported v 2 test of vlent-specifie Appsnety B
“1re barriers as gescriped herein, Since tne rCsults of Lhis test placec
‘10 cuestion the cuelification o Thermoelag firg barrier meterie?,
Conditicn Keport (CR) B9-1144 wes f1it1atgs which deteilec the areps in the
plant protectod by these fire barriers. A1) of these areas, with the
exception nf the Piping tunnels and the uoper elevetions of the reactor
hutlding, wore being coversd dy Preexisting firewateh patrols. As a
conservetive precaution, the Other areds wore added to the firewatch routes
SaTIsfying the action statement of section 3/4.7.7 0t the plant Tecanica!
Specificetions,

This concition 15 currently delermines not to be reportadle pursuant to
10CFRS0.73 because the test resylts are fndeterminate and thus the impact
on installed Kiver Bend Station (RBS) cquipment {s urknown, 1f the
évaluation determines that RES equipment has deer tnopereble due to
inacdeouate fime barriers eporopriate reperting requirements will pe
Gvaivated end satisfieg,

INVESTIGAT 10N

The fire bervier test was conducted to verify barrie: performance anc to
COMDare the three hour rated fire barrier products of v competing
marufacturers. Ong material used in the test, Thermosleag, produced by
Thermal Science, Inc. i the materiel typically used at River Bend Stetign
for one and three hour Apoendix R fire barriers, The other materia) was
undergo ry fnitia) Gualification testing and s not currently fn use at
RIS. Stendard gite instellation procedures were used to 1astall the
Thermo-Lag material on the test apparatus. Boeh materials were applied and
inspected by Gulf States Utilities (GSU) personnel on fdentical 39 inch
wide aluminum cable trays. Both barrier materials were 8130 used to
protect the tube steel SUpPort underneath the treys, coming into contact
near the midnoint of the suppert. Testing was performed in ACCONdANcE with
the American Nuclear Tnsurers test standarg, fncluding monitoring of
eircuit integrity,

During the performmance of the test, 1t wag ncticed thet thermocouples
ingide the Thermnelag tray enclosure were vIperiencing abnormally high
temperatures 1n one ares, At epnroximately &1 minutes into the test, the
Thermo-Lag covering the bottom of the support 711 off, €xposing the stee)
support. Ag the test continued, temperatures {nside the cadble tray
enclosure continued to fncrease. with & loss of circuit integrity at 47
minutes,

As & result of GS/'s ongning investigation some generic 15sues have been
rtveclfd during @ recent conference with the vendor, Therme’ Science, Inc,
s follows:

1. Use of Aluminum Conduft « No testing has been performed 10 evaluste the
effect of duit penvtrating the protective envelope. The

typical "B fnch rule? where Thermo-Leg covering 11mits heat transfer
"“’/”//gur’tgjponi Y or may not be sufficient,
o>

i
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{i‘,wvv~’}, qugs!for.;‘Tr*x~avp¥+t!tTOn 13 not typical at Rive

B8V win cortirue to evaluate the test resuits and will provide an vpdateg
K\\N\rsggrt by March 31, 1990,

SAFETY ASSFSSMENT r\/

MRe-P5-1991

11102 FROM  NRC REGION ¢

2. Jnints 1n Protective Envelrpes Twe methrss #or sealing Joirts are
Shown 1n the TSI fngzallation menual. Ong metnoe involves cneting
boarg butt cdges prinr to installation, called ‘crebuttering”, The
seconc mettod allows a'1 boerd materiel to
covered with trowe) gracde materizi once ir th
“skin coating”, Tris second methuc, althoyug
m3tue . hes not besn testec,

* Tinal position, caller
h senctioned 1n the 78]

d. S1ze of Tested Configurations « Urtil the mose recent test serves
Lunducted with CSU, the maximum size o+ berrier tested g adparently a
12 1neh wide cable tray. However, enclosures of myeh larger sirey org
typically used ot River Bend Station, based on extrapolation of dats

from tests ur 12 fnck wige trays. The effect on barrier performance
€ue tO this larger size in urknown ,

resuits of the testing performed on the Th

ermo=Lag barrier cortinye te
tudied

verdor, Therme! Science, Inc. The influence of
J¥yint on the overa!]l resyltx nt the fire test 4
r Bend Station.
Evaluat on of the test will continue until the results are attribyted to
either test article censtruction or tegt performance, At thet time, the

applicadility of the results to the barriers installed at RES will be
determined,

CORRECTIVE ACTIOW

e —— e et

In eddition to corservatively satis?ying the firewatches spec ifige by the
Bction statement of Technica) Speci€ication 3/4.7.7, Gsy Engineering has
svecifiec when stationery or 30 minyte roving firewatches will pe posted
for inoperative ?ire suppression systems or fire detecticn zones in safety
related arcas of the plant which util1ze Thermo-Lag fire barriers. Use of
either a stetfonary or 30 minute roviag firewatch 95 justified as the
Irepection frequency exrmmds the wOrst c2se barrier rating. Thig action
conservatively excecds the current Technical Specification reguirenents for

“ire suppressicn end detection systems. The procedure governing contro’ of
transient coibustidies has besn revised to require thot g1l comhustidble
11quids brought fnto the POwer block remair in the POSEREEION OF the worker
until they are removed from the butlding. As an alternetive to removy
from the building. small amounts of Yiguids mAy be stored 1n the flammadle
storege lockers in the plant. -

Ar material in

a1

Fire safety was and 15 an integre? part of the gesign of RBS.
beqging in the seluction of the cadle used, which 1
resistive. (Electrical cable insulation forms the majority of the fixed
fire Toed in the plant), Fipe detection systems cover the entire power
block, giving early warning of fires. Fire suppression Systems are
provided in areas such as cedle chases and diese! rooms with large
‘nncentrations of combustidles. The Various buildings ere subdivided into
ciscrete Tirm areas, viidlly by concrete walls ang floors. This 'defense
in depth' philesophy is crefted to getect fires in the #erly stages,
cortein “ires 1n one area and provide contro) ang extinguishment,

This process
IEEE rated ang fire
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TMm»LIg barriers form & wmgl) fraction of the

barriers total number of fipe

Dased ur the tnterim actions implemented. the 74 i
fedtures ot RBS and the pererally fow com s d"'g?n

combustible loagt i
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March 8 , 1990
RBG- 32467
File Nos. G9.5, 69,25.1.3

U. §. Nuclear Regulatory Commission
Document Control Desk
washington, D. C. 20555

Gentlemen:

River Bend Station - Unit 1
Docket No. 50-458

Please find enclosed Licensee Event Report No. 90-003 for River Bend
Station - Unit 1. This report is being submitted pursuant to 10CFRS0.73.

Sincerely,

-‘\i ‘
W. H. Odell

Manager-River Bend Oversight
River Bend Nuclear Group

=) o
WHO/TFP/PDG GW/JHM/MAS : jg

cc: U. 5. Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 100
Arlington, TX 76011

NRC Resident Inspector

P. 0. Box 1051

St. Francisville, LA 70775
INPO Records Center

1100 Circle 75 Parkway
Atlanta, GA 30339-3064
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During the performance of Surveillance Test Procedure STP-000-3602 on
02/06/90 through 02/08/90 wi‘h the unit in Operational Condition 1
(full power), it was found that several minor deficiencies existed in
the Thermo-Lag fire barrier envelopes redundant safe shutdown
circuits, These deficiencies consisted of smal) holes, cracks and
unfilled seams in the Thermo-lLag material. A fire watch had already
been established in areas utilizing Thermo-Lag as a fire barrier.

G5U 1is currently working with the vendor to resolve the identified
discrepancies which occurred during construction and the deficient
Thermo-Lag barriers,

A supplemental response to this LER and the information report dated
01/09/90 will be submitted to the NRC by 07/15/90.

The combination of the cable Jacket opropertees, the control of
transient combustibles, the use of suppression systems in the plant,
and the minor nature of the defects in the barriers provides assurance
that plant safety and the health and safety of the public has not been
Jeopardized.
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REPORTED_CONDITION
During the performance of Surveillance Test Procedure STP-000-3602 on
02/06/90 through 02/08/9C with the unit in Operational Condition 1
(full power), it was found that several minor deficiencies existed in
the Thermo-Lag fire barrier envelopes redundant safe shutdown
circuits. These deficiencies consisted of small holes, cracks and
unfilled seams in the Thermo-Lag material. Condition reports (CR)
90-0094, 90-0095, 90-0101, and 90-0106 were initiated to evaluate the
conditions according to 10CFR50, Appendix R, fire barrier
requirements, Since these deficiencies rendered the fire barrier
inoperable and the unfilled seams existed since construction, this
event 1is reportable pursuant to 10CFRS50.73(a)(2)(i)(B) as a condition
prohibited by Technica] Specifications. A fire watch had already been
established 1in areas wutilizing Thermo-Lag as a fire barrier, thus
Technical Specification Section 3/4.7.7 action statement requirements
had already been fulfilled.

INVESTIGATION
Thermo-Lag fire barriers have been under review at River Bend Station
since late 1989. Potential discrepancies between the installation,
manual of Thermal Science Incorporated (TSI) ’‘a GSU subcontractor
during construction) and the actual site installation practices, and
discrepancies between TSI installation manual and the qualification
fire test results were discovered at that time, Due to these issues,
the fire barriers were indeterminate for operability and firewatches
were established for all areas utilizing Thermo-lLag as a fire barrier.
An information report was submitted to the NRC 01/09/90 concerning
this subject,

The performance of STP-000-3602 was intended to identify conditions in
fire barriers where normal wear and tear had caused damage to the
barriers, The small holes and miscellaneous cracks that were
identified during the performance of the STP fall into this category.
Normally a fire watch would be established and the holes and cracks
would be repaired. However, the wunfilled seams in the Thermo-Lag
installations that were identified during the performance of the STP
are a condition that must have existed from the time of initial
construction and are not in accordance with either the vendors
installation manual or normal site practices. In accordance with the
vendor manual, the seams between boards of a Thegmo-Lag were to be
prebuttered with a trowel grade material and then joined:; or
alternatively dry fitted together with trowel grade material then
applied to the joint, In either case, the seams were to have been
grouted with the trowel grade material and they were not. The
preexisting firewatches satisfy the action statement of section
3/4.7.7 of the Technical Specifications. Eight fire areas were
identified by the condition reports as having Thermo-Lag barriers
exhibiting the unfilled seams. A brief description of each area
follows.,
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Fire area C2A is the southeast cable chase at elevation 70 feet of the
control building (*NA*). Fire area C2C is in the same cable chase but
located at elevation 115 feet, These areas have safety related
cabling feeding through up to the termination <cabinets in the main
control room. The areas have sprinkler suppression systems (*KP*) on
the cable trays, which comprise the exposed fixed combustible 1in the

areas. Area C(C6 1is adjacent to area C2A on the west side. The area
contains safety related air accumulators as well as safety vrelated
cabling. The exposed cables 1in cable trays comprising the exposed

fixed combustible 1in the area, are protected by a sprinkler
suppression system,.

Fire area AB2/72 1is Jlocated 1in the auxiliary building (*NF*) at
elevation 95 feet in the southeast corner of the building. The area
contains safety related instruments, piping and safety related cables.

The cabling, which makes wup the fixed combustible in the area,
represents a fire Jloading of 1.0 hour. Fire area AB7 is the "D"
tunnel located at elevation 70 feet on the south end of the auxiliar

building. Safety related piping a&nd motor operated valves (MOV

(*FCV*) are located in the area in addition to the safety related
cabling. The cable trays and the MOVs are protected by a water deluge
sprinkler system (*KP*), ;

Fire FB1/Z1 is located at elevation 70 feet of the fuel ©building
(*ND*), The area contains fuel pool <cooling piping (*DA*) and
equipment, reactor plant component cooling water piping (*CC*) and
MOVs as well as safety related cabling. The crescent area, near the
reactor building shield wall (*NH*), contains the major portion of the
cable trays in the area. The cable trays represent a fire loading of
2] minutes and are the fixed combustible in the area. Fire areas FB3
and FB4 are the charcoal filter rooms located at elevation 148 feet of
the fuel building. The ventilation system charcoal filters and fans
are centained in the area. All cabling i1s routed in conduit in these
areas. The charcoal filters are the fixed combustidle for this area.
They are protected by manually actuated water spray systems. The
charcoal in each area is a fire loading of 45 and 46 minutes
respectively for areas FB3 and FB4,

Fire area PT1 1is the pipe tunnel at elevation 70 feet which extends
from the standby cooling tower (*CTW*) to the fuel building. The area
contains piping, MOVs. and instrumentation in addition to the safety
related cabling. The cable trays are the only <fdixed combustible in
the area and are protected by a sprinkler suppression system. The
cable trays represent a fire loading of 29 minutes,

In addition to the informational report submitted on 01/09/90, LERs
87-005 and 89-009 were reviewed for similarity., This is the first
time unfilled seams have been identified.
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CORRECTIVE ACTION

GSU is currently working with the vendor to resolve the identified
discrepancies which occurred during construction and the deficient
Thermo-Lag barriers.

The corrective action to be taken to repair deficiencies identified by
the STP in the Thermo-Lag barriers will be dependent on the extent of
the overall Thermo-Lag problems identified (and yet to be identified)
at River Bend and the resolution of those problems., A supplemental
response to this LER and the information report dated 01/09/9C will be
submitted to the NRC by 07/15/90.

SAFETY ASSESSMENT

e e —

The primary fixed combustible at River Bend in the safety related
areas is cable jacketing on the electrical cables. The type of cable
used at River Bend has been shown through testing to resist ignition
and when the 1ignition/heat source i35 vremoved, the cable self
extinguishes. Transient combustibles are controlled through
administrative means to limit the amounts brought into any given area
of the plant. The charcoal filter rooms of the fuel building are the,
only areas that require any appreciable amount of combustibles to be
brought 1into the area, This happens infrequently during changing of
the charcoal in the filters.

The combination of the <cable jacket properties, the control of
transient combustibles, the use of suppression systems in the plant,
and the minor nature of the defects in the barriers provides assurance
that plant safety and the health and safety of the public has not been
jeopardized.

NOTE: Energy Industry ldentification System Codes are identified in
the text as (*XX*),
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July 12, 1990
RBG- 33190
File Nos. G9.5, G9.25.1.3

U. 8. Nuclear Regulatorv Camission
Document Control Desk
Washington, D. C. 20555

Gentlemen:

River Bend Station - Unit 1
Docket No. 50-458

Please find enclosed Revision 1 to Licensee Event Report No.
90-003 for River Bend Station - Unit 1. This revision is
submitted to provide the cwrrent status of issues concerrung
Thermo-Lag fire barriers at River Bend Station.

Sincerely,

m

Manager-Oversight
River Bend Nuclear Group

cc: U, S. Nuclear Regulatory Canmission
611 Ryan Plaza Drive, Suite 1000
Arlington, TX 76011

NRC Resident Inspector
Post Office Box 1051
St. Francisville, LA 70775

INPO Records Center —
1100 Circle 75 Parkway
Atlanta, GA 30339-3064
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COMPLETE ONE LINE FOR BACH COMPONMENT PAILURE DESCRIBED IN THis REPORT (12

02/06/90 through
(full power), it
the Thermo~Lag
circuits. These
unfilleé seams
been established

02/08/90 with the unit in Operational Condition 1
was found that several minor deficiencies existed in

fire barrier envelopes redundant safe shutdown
deficiencies consisted of small holes, cracks and
in the Thermo-Lag material. A fire watch had already
in areas utilizing Thermo-Lzg as a fire barrier.

GSU is currently working with the vencdor to resolve the identified
discrepancies which occurred during construction and the deficient
Thermo-Lag barriers. Fire tests are planned to confirm acceptability
of as installed barriers in the plant and develop repair methods where
necessary,

A supplemental response to this LER and the informat®en report dated
01/09/90 will be submitted to the NRC by 01/31/91.
The combination of the cable Jjacket properties, the control of

transient combustibles, the use of suppression systems in the plant,
and the minor nature of the defects in the barriers provides assurance
that plant safetv and the health and safety of the public has not been
jeopardized.
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REPORTED CONDITION

During the performance of Surveillance Test Procedure STP-000-3602 on
02/06/90 through 02/08/90 with the unit in Operational Condition 1
(full power), it was found that several minor deficiencies e isted in
the Thermo-Lag fire barrier envelopes redundant safe shutdown
circuits. These deficliencies consisted of small holes, cracks and
unfilled seams in the Thermo-Lag material. Condition reports (CR)
90-0094, 90-0095, 90-0101, and 90-0106 were initiated to evaluate the
conditions according to 10CFR50, Appendix R, fire barrier
regquirements, Since these deficiencies rendered the fire barrier
inoperable and the unfilled seams existed since construction, this
event is reportable pursuant to 10CFR50.73(a) (2) (i) (B) as a condition
prohibited by Technical Specifications. A fire watch had already been
established in areas utilizing Thermo-Lag as a fire barrier, thus
Technical Specification Section 3/4.7.7 action statement reguirements
had already been fulfilled.

INVESTIGATION

Thermo-Lag fire barriers have been under review at River Bsnd Station
since late 1989. Potential discrepancies between the installation
manual of Thermal Science Incorporated (TSI) (a GSU subcontractor
during construction) and the actual site installation practices, and
discrepancies between TSI installation manual and the qualification
fire test results were discovered at that time. Due to these issues,
the fire barriers were indeterminate for operability and firewatches
were established for all areas utilizing Thermo-Lag as a fire barrier.
An information report was submitted to the NRC 01/09/90 concerning
th's subject.

The performance of STP-000-3602 was intended to identify conditions in
fire barriers where normal wear and tear had caused damage to the
barriurs. The small holes and miscellaneous cracks that were
identified during the performance of the STP fall into this category.
Normally a fire watch would be established and the holes and cracks
would be repaired. However, the unfilled seams in the Thermo-lLag
installations that were identified during the performance of the STP
are a condition that must have existed from the time of initial
construction and are not in accordance with either the vendors
installation manual or normal site practices. 1In accordance with the
vendor manual, the seams between boards of a Thermo= ag were to be
prebuttered with a trowel grade material and then joined; or
alternatively dry fitted together with trowel grade material then
applied to the joint, In either case, the seams were to have been
grouted with the trowel grade material and they were no:.. The
preexisting firewatches satisfv the action statement of iection
3/4.7.7 of the Technical Specifications. Eight fire areas were
identified by the condition reports as having Thermo~-Lag barri:rs
exhibiting the unfilled seams. A brief description of each area
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Fire area C2A is the southeast cable chase at elevation 70 feet of the
control building (*NA*). Fire area C2C is in the same cable chase but
located at elevation 115 feet. These areas have safety related
cabling feeding through up to the termination cabinets in the main
control room. The areas have sprinkler suppression systems (*KP*) on
the cable travs, which comprise the exposed fixed combustible in the
areas, Area C6 is adjacent to area C2A on the west side. The area
contains safety related air accumulators as well as safety related
cabling. The exposed cables in cable trays comprising the exposed
fixed combustible in the area, are protected by a sprinkler
suppression svstem.

Fire area AB2/22 1is located in the auxiliary building (*NF*) at
elevation 95 feet in the southeast corner of the building. The area
contains safety srelated instruments, piping and safety related cables.
The cabling, which makes up the fixed combustible in the area,
represents a fire loading of 1.0 hour. Fire area AB7 is the "D"
tunnel located at elevation 70 feet on the south end of the auxiliary
building. Safety related piping and motor operated valves (MOV)
(*FCV*) are located in the area in addition to the safety related
cabling., The cable trays and the MOVs are protected by a water deluge
sprinkler system (*KP*).

Fire FB1/71 is located at elevation 70 feet of the fuel building
(*ND*). The area contains fuel pool cooling piping (*DA*) and
equipment, reactor plant component cooling water piping (*CC*) and
MOVs as well as safety related cabling. The crescent area, near the
reactor building shield wall (*NH*), contains the maior portion of the
cahble travs in the area. The cable trays represent a fire loading of
21 minutes and are the fixed combustible in the area. Fire areas FB3
and FB4 are the charcoal filter rooms located at elevation 148 feet of
the fuel building. The ventilation system charcoal filters and fans
are contained in the area. All cabling is routed in conduit in these
areas. The charcoal filters are the fixed combustible for this area.
They are protected by manually actuated water spray systems. The
charcoal in each area is a fire loading of 45 and 46 minutes
respectively for areas FB3 and FB4.

Fire area PT1 is the pipe tunnel at elevation 70 feet which extends
from the standby cooling tower (*CTW*) to the fuel building. The area
contains piping, MOVs, and instrumentation in addition to the safety
related cabling. The cable trays are the only fixed combustible in
the area and are protected by a sprinkler suppression system. The
cable trays represent a fire loading of 29 minutes.

In addition to the informationai report submitted on 01/0%9/90, LERs
87-005 and B89-009 were reviewed for similarity. This is the first
time unfilled seams have been identified.
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CORRECTIVE ACTION

GSU is currently working with the vendor to resolve the identified
discrepancies which occurred during construction and the deficient
Thermo-Lag barriers. It has beer determined that fire tests will be
required to fully qgualify the Thermo-Lag as it is installed in the
plant. A two stage testing procedure is planned. The first stage
will consist of duplicating the installation process that was used in
the plant for barriers on conduit, cable tray, supports, and
enclosures. Each item will be tested in both a one hour barrier
configuration and a three hour barrier configuration. The second
stage will consist of additional testing to determine acceptable
repair methods for those items that do not meet the requirements of
the first stage tests,

The corrective action to be taken to repair deficiencies identified by
the STP in the Thermo-Lag barriers will be dependent on the results of
the testing that is to be performed. A supplemental responsé to this
LER and the information report dated 01/09/90 will be submitted to the
NRC by 01/31/91. |

SAFETY ASSESSMENT

The primary fixed combustible at River Bend in the safety related
areas is cable jacketing on the electrical cables. The type of cable
used at River Bend has been shown through testing to resist ignition
and when the ignition/heat source is removed, the cable self
extinguishes. Transient combustibles are controlled through
administrative means to limit the amounts brought into any given area
of the plant. The charcoal filter rooms of the fuel building are the
only areas that require any appreciable amount of combustibles to be
brought into the area. This happens infregquently during changing of
the charcoal in the filters.

The combination of the cable jacket properties, the <ontrol of
transient combustibles, the use of suppression systems in the plant,
and the minor nature of the defects in the barriers provides assurance
that plant safety and the health and safety of the public has not been
jeopardized.

NOTE: Energy Industry ldentification System Codes are identified in
the text as (*XX*),
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log # TXX-90255
File # 909.5
Ref. # 10CFRS0.48

July 13, 1990

U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

SUBJECT: COMANCHE PEAK STEAM ELECTRIC STATION (CPSES)
DOCKET NO. 50-445
THERMO-LAG PREFABRICATED PANELS

Gentlemen:

On Thursday, July 5, 1990, in a teleconference with NRC Region IV personnel
and the Site Resident Inspector, TU Electric committed to provide the basis
for implementation of THERMO-LAG fire barrier material acceptance criteria as
revised in October of 1989. The criteria were revised and implemented after
minor deviations from our original material acceptance criteria were
identified. The following information regarding the revised acceptance
criteria is submitted.

To understand the relative sensitivity of THERMO-LAG to configuration
variations, a review of the behavior of THERMO-LAG under fire conditions is
useful. THERMO-LAG is a passive barrier system until it is exposed to the
heat flux of a fire. On exposure to the heat flux at the surface of the
barrier, the following mechanisms are activated:

- An inorganic salt is contained within an organic binder that contains
glass fiber reinforcement. This salt undergoes sublimation, which occurs
at a constant temperature, absorbing heat and leaving behind a char layer
through which sublimed gases must transpire. :

The sublimed gases encounter a sufficient residence time in the char layer
to undergo endothermic decomposition and disassociation before injection
into the surface boundary layer.

The mass transfer of the sublimed gases carries heat to the surface
boundary layer.

- The charred surface re-radiates heat energy away ¥Fom the system.
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THERMO-LAG does not work solely as an insulating material where thickness
governs material effectiveness. THERMO-LAG behavior under fire conditions is
dependent on the mass (density) of the THERMO-LAG and minor configuration
(thickness) differences in the THERMO-LAG are not significant. Material that
is compressed from normal fabrication thicknesses retains the mass of
sublimation salts eguivalent to normal fabricated THERMO-LAG.

Thermal Science, Inc.’s (TSI) Quality Assurance/Quality Control program
requires that each THERMO-LAG prefabricated pane] be subjected to detailed QC
thickness measurements to verify minimum 1/2 inch material thickness prior to
acceptance. TSI’s QC procedures require that the entire surface be visually
scanned and a minimum of 18 preselected locations on each panel be measured to
verify required panel thickness. Measurements are made with devices which are
tested to verify their accuracy. These tests are performed at a prescribed
frequency. Only panels which meet the criteria of the TSI QC procedure are
shipped. This panel fabrication and inspection methodology has remained
essentially unchanged since TSI began production of prefabricated panels in
the early 1980s.

TSI randomly selected THERMO-LAG prefabricated panels for use in fire tests
conducted to qualify the product (including fabrication and inspection
processes) from panels accepted by QC in accordance with TSI’'s QA program.
Fire tests involving 200 or more randomly selected panels manufactured and
inspected under identical requirements have resulted in no failures of the
THERMO-LAG Fire Barrier System.

The fabrication and inspection methodologies employed by TSI assure a
qualified product; however, minor variations in panel thickness not associated
with the specific preselected inspection points may occur. Such minor
variations would have occurred in any of the panels subjected to the fire
testing performed by 1SI. Thus, the fire testing demonstrates that the panels
are qualified even with minor variations in the panel thickness.

Subsequent to TU Electric’s initial supplier qualification audit of TSI's QA
Program in 1981, a number of additional audits and surveillances have been
conducted to verify TSI's continued compliance with procurement documents,
During late 1989, TU Electric maintained source (shop) inspection at TSI's
facilities over extended periods to monitor the performance of TSI’s QC
inspection efforts and performed independent inspections of completed panels.
These audits and surveillances have established that TSI has satisfactorily
implemented the approved QA program requirements. —,
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The QC inspections by TSI provide the basis for determining that THERMO-LAG
shipped to CPSES complies with the TSI and TU Electric acceptance criteria,
including acceptance criteria on thickness. In addition to the QC inspections
performed by TSI, CPSES performs receipt inspections.

Minor deviations from TU Electric’s QC receipt inspection criteria contained
in Specification 2323-MS-38H, Appendix A, regarding minimum thickness of
THERMO-LAG prefabricated panels were identified during receipt of material at
CPSES in October 1989. These deviations were evaluated by TU Electric and
TSI. In many instances of localized thickness reductions, areas of the panels
were apparently compressed during handlin, and or shipment of the material.

In other instances localized thickness reductions apparently resulted from
the fabrication process.

To address localized areas of thickness reduction of panels supplied to

TU Electric in October 1989, a tolerance for the 1/2 inch minimum panel
thickness was developed. TSI provided a quantified tolerance that allowed
deviations up to minus 1/8 inch from the 1/2 inch minimum fcr no more than 2%
of the entire surface area of the panel. This tolerance is similar to
Underwriters’ Laboratories tolerance for sprayed-on fire barriers. The basis
for reduced panel thickness tolerance included :

1) Localized areas of compressed THERMO-LAG material did not represent an
actual reduction in the amount of subliming material available for fire
response; therefore, initial fire test results were not compromised.

2) Minor localized areas of reduced panel thickness resulting from the
fabrication process were not unanticipated. The random selection of
THERMO-LAG panels for fire testing and acceptable fire test results have
established that minor thickness variations of this nature do not have an
adverse effect on the THERMO-LAG Fire Barrier System and do not compromise
initial fire test results.

Based on the above and TSI's responsibility for certification of the product
as a one hour fire barrier, the tolerance as defined by TSI was included in
TU Electric’s receipt inspection criteria. However, in attempting to
implement this criteria it was determined that the area measurement (e.g., 2%
of surface area) was not practical at receipt inspection. Therefore,

TU Electric receipt inspection criteria based on panel weight were developed
in conjunction with TS1’s recommendation. In additionT¥ Electric still
requires inspection for damage due to shipping and handling. This does not
change the performance criteria required of TSI to provide a one hour fire
rated material to TU Electric, nor does it affect 1SI1’s responsibility to
ég;g;ct and accept THERMO-LAG for the requisite thickness prior to shipment to
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TU Electric’s weight measurement in conjunction with the controls and
manufacturer’s inspections implemented by TSI and the visual receipt
inspections to identify any shipping damage performed at receipt of maierial
provide assurance that the THERMO-LAG prefabricated panels meet applicable
fire test qualification requirements.

Sincerely,

*

gkl ALY
William J. Cahill, Jr.
JDS/DEN/daj
¢ - Mr. R, D. Martin, Region IV

Resident Inspectors, CPSES (3)
Mr. J. H. Wilson, NRR



JUL 20 1990
In Reply Refer To:

Dockets: 50-44%
50-446

TU Electric

ATTN: W, J. Cahill, Jr., Executive
Vice President, Nuclear

Skyway Tower

400 Morth Olive, L.B. 8)

Dallas, Texas 75201

Gentlemen:

Thank you for your letter of July 13, 1990, in response to our July 5, 1990,
telephone request regarding the acceptability of THERMO-LAG fire barrier
material, which is installed at Comanche Peak Steam Electric Station (CPSES),
Unit 1.,

In your letter you concluded that current receipt inspection acceptance criteria,
although modified from the original acceptance criteria, continues to ensure

that THERMO-LAG 1s acceptable as instalied. Your conclusion is based, in part,
on letters from the vendor, Thermal Science, Inc. (TSI), to TU Electric, dated
November 21 and 22, 1989, which certify that THERMO-LAG, as installed, is an
edequate one hour *ire barrier at CPSES Unit 1. We have reviewed the referenced
correspondence and have no further questions at this time.

Sincerely,
Onginal Signed By:
Samuel J. Coiling

Samuel J. Collius, Director
Division of Reactor Projects

cc:

TU Electric

ATTN: Roger D. Walker, Manager,
Nuclear Licensing

Skyway Tower

400 North Olive Street, L.B. 81

Dailas, Texas 75201

Juanita Ellis

President - CASE S—
1426 South Polk Street

Dallas, Texas 75224
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TU Electric

GDS Associates, Inc.

Suite 720

1850 Parkway Place

Marietta, Georgia 30067-8237

Billie Pirner Garde, Eso.
Robinson, Robinson, et. al.
103 East College Avenue
Appleton, Misconsin 54911

TU Electric

Bethesda Licensing

3 Metro Center, Suite 610
Dethesda, Maryland 20E14

Heron, Burchette, Ruckert, & Rothwell

ATTN: William A. Burchette, Esq.

Counsel for Tex-La Electric
Cooperative of Texas

1025 Themas Jefferson St., N.W.

Washington, D.C. 20007

E. F. Ottney
P.0. Box 1777
Glen Rose, Texas 76043

lewman & Holtzinger, P.C,
ATTN: Jack R. Newman, Esq.
1615 L. Street, N.W.

Suite 1000

Washington, D.C. 20036

Texas Department of Labor & Standards

ATTN: G. R. Bynog, Program Manager/
Chief Inspector

Boiler Division

P.0. Box 12157, Capitol Station

Austin, Texas 78711

Honorable George Crump
County Judge
Glen Rose, Texas 76043

Texas Radiation Control Program Director

1100 West 49th Street
Austin, Texas 7B756



TU Electric

bee to DMB (1E01)
bcc distrib. by R.V:

R. D. Martin

DRP

Section Chief (DRP/B)
DRSS-FRPS

MIS System

RIV Files

J. Singh

W. Seidle

Resident Inspector (2)
DRS

Project Engineer (DRP/B)
Lisa Shea, RM/ALF

RSTS Operator



UNITED STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

August 6, 1991

NRC INFORMATION NOTICE NO. 91-47: FAILURE OF THERMO-LAG FIRE BARRIER MATERIAL
TO PASS FIRE ENDURANCE TEST

Addressees:

All holders of operating licenses or construction permits for nuclear power
reactors.

Purpose:

This information notice is intended to alert addressees to problems that could

result from the use of or improper installation of THERMO-LAG material to

satisfy the electrical raceway fire protection requirements for safe shutdown
components specified in Section III1.G.2 of Appendix R to Part 50 of Title 10

of the Code of Federal Fegulations (10 CFR Part 50). It is expected that

recipients will review the information for applicability to their facilities

and consider actions, as appropriate, to avoid similar problems. However,
suggestions contained in this information notice do not constitute any new

Nuclear Regulatory Commission (NRC) requirements; therefore, no specific ‘
action or written response is required.

Description of Circumstances:

The Gulf Stazes Utilities Company, the licensee for the River Bend Station
(RBS), submitted Licensee Event Reports (LERs) 87-005, 89-009, $0-003, and an
Informaticaal Report to the NRC concerning deficiencies identified in fire
barriers. The NRC staff reviewed test report information and associated
document.s regarding the RBS electrical raceway fire barriers to determine if
the problems identified in the LERs and Informational Report could affect
other NRC licensees. The electrical raceway fire barrier material used at RRS
is THERMO-LAG, a product manufactured and supplied by Thermal Science,
Incorporated, (TSI), of St. Louis, Missouri. TSI provides THERMO-LAG for
1vhour and 3-hour rated fire barriers.

A 3-hour fire endurance test of a 30-inch aluminum electrical cable tray was
performed in October 1989 at the Southwest Research Institute (SwRl) for Gulf
States Utilities Company. In this test, a THERMO-LAG envelope system failed
resulting in high temperatures inside the cable tray envelope and loss of
circuit integrity within approximately 60 rinutes. Catastrophic failure and
collapse of the tray occurred within 1 1/2 hours. The failure of this test
raised concerns regarding the adequacy of THERMO-LAG cable tray enclosures
protecting 30-inch wide cable trays.

\
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Discussion:

NRC requirements and guidelines for fire barriers are contained in various
documents, including Appendix R to 10 CFR 50, Generic Letter 86-10,
"Implementation of Fire Protection Requirements", and NUREG-0800, "Standard
Review Plan." The extent to which these requirements or guidelines are applic-
able to a specific plant depends on plant age, commitments established by the
licensee in developing the fire protection plan, the staff safety evaluation
reports (SERs) and supplements, and the license conditions pertaining to fire
protection. Fire barrier wrap material is designed to provide reasonable
assurance that the effects of a fire are limited to one division of a safe
shutdown related system while another division will remain free of fire damage .

The Gulf States Utilities Company uses THERMO-LAG to protect raceways and
components throughout RBS that are related to safe shutdown. In addition, at
least 40 NRC licensed facilities use THERMO-LAG to comstruct fire barrier
assemblies with 3-hour and l-hour ratings to enclose electrical raceway and
other safe shutdown components.

During routine walkdown inspections in early 1987, RBS fire protection perscnnel
identified degradation of the THERMO-LAG l-hour and 3-hour rated barriers.
During repairs to correct the deficiencies discovered during the walkdowns, the
licensee found that the fire barriers had not been installed in accordance with
the manufacturer's specifications. The large number of observed deficiencies
prompted the licensee to expand these walkdown inspections to include all
THERMO-LAG fire barriers. Hourly fire watches were posted in all affected
safety-related areas pending completion of all inspections and correction of
any deficiencies found. The licensee attributed the deficiencies to failure of
the subcontractor installation and quality control inspection program.

During maintenance activities in early 1989, the licensee found additional
deficiencies indicating an apparent deficiency in the installation and quality
control inspection program. The subcontractor who installed the THERMO-LAG
fire barriers at RBS was approved by TSI as a qualified installer. However,
during the installation at RBS, the subcontractor removed the factory-installed
components of the THERMO-LAG called "stress skin" and structural ribbing. The
stress skin component, a wire mesh, is critical to the structural integrity of
the fire product during fire exposure. The RBS fire protection personnel
considered that all barriers were degraded because of the many sections of the
inside layer of the stress skin that had been removed during initial installa-
tion at RBS.

The discrepancies identified between the manufacturer's installation manual,
actual site installation manual and qualification fire tests resulted in the
licensee conducting additional fire endurance testing. In October 1989, SwRI
tested a U-shaped 30-inch wide aluminum ladder back cable tray enclosed in a
3~hour fire-rated barrier constructed of THERMO-LAG material. RBS personnel
constructed the cable tray protective envelope in accordance with the
manufacturer's published installation instructions.
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During the 3-hour fire endurance test, all thermocouples inside the THERMO-LAG
protected tray reached failure temperatures (>325°F) in times ranging from
approximately 45 minutes to 80 minutes. Conductor-tp-ground failure occurred
in the power cable at 60 minutes. The THERMO-LAG enclosure disintegrated at
77 minutes, and the cable tray collapsed at 82 minutes. The SwRI test results
on the as-designed THERMO-LAG configuration prompted RBS to institute 2 fire
watch patrol in all areas that depend on THERMO-LAG barriers for protection of

safe shutdown capability.

Additional deficiencies, such as small holes, cracks and unfilled seams, were
found in the THERMO-LAG material during walkdowns conducted in early 19990.

The licensee conducted additional testing of as-installed barriers in November
and December 1990. Certain l-hour and 3-hour cable tray and conduit envelope
tests failed. The envelopes were upgraded and tests of the upgraded barriers
passed with the exception of the 3-hour cable tray envelope. Final resolution
of the 3-hour envelope may include replacing existing fire wrap materials with
fully qualified fire wrap, repairing and then qualifying in-plant fire wrap
assemblies by supplemental fire tests, or rerouting the cables into acceptable
enclosures.

Additionally, other fire barrier wrap design and installation concerns have
been reported by RBS that indicate the possibility that NRC requirements for
fire protection were not being met in all aspects. The type of concerns
identified to date include the following:

1. Lack of documentation of qualification tests which demonmstrate that
aluminum conduits penetrating the THERMO-LAG protective eavelope have
been tested.

2. Lack of documentation of qualification tests for different joint
installations that demonstrate that varying fitup methods (i.e., dry
fitting) are quzlified.

3, Lack of documentation of qualification tests of THERMO-LAG installations
applicable to large cable trays. The licensee questioned the validity of
extrapolating results from small cable tray tests to its 30-inch wide
trays.

The NRC is particularly interested in obtaining information on fire barriers
that have been found with deficiencies similar to those described in this
potice. Documentation, in as much detail as practicable, of any such
deficiencies discovered, especially in cases where a fire barrier may have
been improperly installed or tested is important. Licensees may communicate
the availability of information of this type by telephone to the NRC technical
contact listed below. Information Notice No. BB-04, "Inadequate Qualification
and Documentation of Fire Barrier Penetration Seals," provides additional
discussion and considerations regarding qualification of installed fire
barriers.
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This information notice requires no specific action or written response. If
you have any questions about the information in this notice, please contact

the technical contact listed below or the appropriate Office of Nuclear
Reactor Regulation (NRR) project manager.

Charles E. golzg, Director ;

Division of Operaticnal Events Assessment
Office of Nuclear Reactor Regulation

Technical Contact: Ralph Architzel, NRR
301-452-0804

Attachment: List of Recently Issued NRC Information Notices
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LIST OF RECENTLY ISSUED
NRC INFORMATION NOTICES

Information Date of

Notice No. Subject Issuance Issued to

89-56, Questionable Certification 07/19/91 All holders of OLs or CPs

Supp. 2 of Material Supplied to for nucicir power reactors.
the Defense Department by
Nuclear Suppliers

91-46 Degradation of Emergency 07/18/91 All holders of OLs or CPs
Diesel Generator Fuel 0il for nuclear power reactors.
Delivery Systems

91-45 Possible Malfunction of 07/05/91 All holders of OLs or CPs
Westinghouse ARD, BFD, and for nuclear power reactors.
NBFD Relays, and A200 DC
and DPC 250 Magnetic Con-
tactors

91-44 Improper Control of 07/08/91 All nuclear fuel facilities.
Chemicals in Nuclear Fuel
Fabrication

91-43 Recent Incidents Involving 07/05/91 Al]l holders of OLs or CPs
Rapid Increases in Primary- for pressurized-water
to-Secondary Leak Rate reactors (PWRs).

91-42 Plant Outage Events 06/27/91 All holders of OLs or CPs
Involving Poor Coordina- for nuclear power reactors.
tion Between Operations
and Maintenance Personnel
During Valve Testing and
Manipulations

91-41 Potential Problems with 06/27/91 All holders of OLs or CPs
The Use of Freeze Seals for nuclear power reactors.

88-63, High Radiation Hazards 06/25/91 All holders of OLs or CPs

Supp. 2 from Irradiated Incore for nuclear power reactors,

Dotectors and Cables

research reactors, and
test reactors.

0L = Opersting License
CP = Construction Permit
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September 10, 1991

Mr. Rubin Feldman
Thermal Science, Inc.
2200 Cassens Drive
St. Louis, MO 63026

Dear Mr, Feldman:

The NRC recently became aware of the failure of a Thermo-Lag pratective
envelope during a three hour fire endurance test performed in Uctober 1989 at
the Southwest Research Institute (SWRI) for River Bend Station. Due to the
large number of plants which use Thermo-Lag to meet our regulations found in
10 CFR 50 Appendix R, we are concerned with the potential implications of this
test data. We have conducted an initia) review of activities at River Bend
Station and have concerns regarding the ability of Thermo-Lag to perform as 2
fire rated barrier.

Following our review of the documents provided by River Bend Station, and
other available information concerning Thermo-Lag, we have developed a nuroer
of technica) questions concerning the Thermo-Lag material and installation and
test procedures. In order to resolve our concerns regarding the adequacy of
the Thermo-Lag fire barriers, we request that you provide responses to the
attached questions. Your prompt response would be appreciated.

If you require further clarification of the attached questions, please call me
at 301-492-1272.

Sincerely,

Originel signec by
Prack J, M.rozlia

Frank J. Miraglia. Deputy Director
0ffice of Nuclear Reactor Regulation

Enclosure:
As stated
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Enclosure

d-Hour Fire Rated Barriers

List all components required to construct a Thermo-
Lag fire barrier system with a2 1-hour fire resistance
rating? Jdentify and discuss any deviations from the
gspecified components, e.g., the installation of
additional components or the deletion of components,
allowed by TSI installation procedures. Are there any
optional components?

What are the minimum wet and dry film thicknesses of
Thermo-lag required to achieve the 1-hour fire
resistance rating?

What are the Thermo-lLag thickness tolerances allowed
(minimum and maximum) by TSI procedures to obtain the
l~hour fire resistance rating?

With respect to support systems for l-hour fire rated
Thermo-Lag barriers, e.g., cable tray supports, what
specific support protection is required by TSI to
ensure the l-hour fire rating of the system?

What are ampacity deratings for 1~hour fire rated
Thermo~-lag fire barrier systems?

A-Hour Fire Rated Barriers

List all components required to construct a Thermo-
Lag fire barrier system with & 3~hour fire resistance
rating? 1Identify and discuss any deviations from the
specified components, e.g., the installation of
additional components or the deletion of components,
ellowed by TSI installation procedures. Are there any
optional components?

What are the minimum wet and dry file thicknesses of
Thermo-lLag required to achieve the 3-hour fire
resistance rating?

What are the Thermo-Lag thickness tolerances allowed
(minimur and maximum) by TSI procedures to obtain the
3=hour fire resistance rating?

With respect to support systems for 3-hour fire rated
Thermo~-Lag barriers, e.g., cable tray supports, what
specific support protection is regquired by TSI to
ensure the J-hour fire rating of the systen?

What are ampacity deratings for 3-hour fire rated
Thermo-Lag fire barrier systems?

1



General

How do Therm>-lLag fire barrier systems achieve fire
performance and endurance properties. Discuss all
applicable mechanisms, e.g., chemical, physical, and
mechanical.

Discuss whether or not the selection of fire barrier
components is dependent on the system to be protected
or any other factor. For example, does cable tray
size, material of construction, or cable loading
influence the choice of components?

Have changes been made to Thermo-lag fire barrier
materials, including changes in the formulation. of
Thermo-lag, since the original develcpment of the
systex?

Are there any differences in the formulations of the
different Thermo~-lag coatings, i.e., factory
manufactured prefabricated panels and preshaped itens,
spray, brush, roll, trowel, and caulking materials.

Describe how the prefabricated panels and preformed
shapes are panufactured. What are the differences
between the materials used for the prefabricated
products end the spray-on application materials?

What cure time is needed for the prefabricated panels
and preformed shapes to be considered a rated fire
barrier?

What cure time is needed for the field applied Thermo~-
Lag subliming coatings (spray, brush, roll, trowel, and
caulking materials) to be considered a rated fire
barrier?

A review of fire endurance test reports held by River
Bend Station, ITL Reports 82-11-80 and 82-11-81,
indicate that Thermo-Lag 330~1 cure accelerator mixture
wvas applied to the test articles. Discuss the
properties and uses of the cure accelerator mixture.
Discuss how this material affects cure time and
identify whether or not this wmaterial has been
purchased by any licensee of a domestic nuclear power
reactors for use in a fire rated barrier.

Provide the specifications for Stress Skin Type 330~
69 and any other stress skins used to construct Thermo-
Lag fire barrier systems. Icdentify any changes to
these specifications since the development of the
Thermo-lag fire barrier systen.

.



11. FIEE BARRIER SYSTEM INSTALLATION AND INCPECTION

A. List and provide copies of all TSI installation and quality
contrel procedures for the use of Thermo-lLag fire barrier
systems by the commercial nuclear power reactor industry,
including related docunments such as Technical Notes, issued
by TSI since the developnent of the Thermo-lag fire barrier
system. Include procedures that address protection of
support systems, e€.g., cable tray supports.

B. Of the procedures listed above, identify those that are
currently in effect and discuss any changes from the
original procedures and the current procedures.

-8 Identify the training and experience requirements for the
installation of Thermo-lag fire barrier systems. Discuss
TSI's role in training and certifying installers. Provide
the training syllabus wused in training Thermo-lag
installers.

D. Identify the training and experience reguirements for
quality contrel inspection of Thermo-lag fire barrier
systems. Discuss TSI's role in training and certif{ying
guality contrel inspectors. Provide the training syllabus
followed in training Thermo-lLag inspectors.

E. Describe how material thickness is verified during field
application of subliming coating by direct spray, brushing,
relling, troweling, and caulking.

111. FIRE BAERIER QUALIFICATION
A. FKire Endurance Tests

. With respect to fire resistance ratings, what standards
and test methods has TSI used to gualify Thermo-lag
fire barrier systems for use in nuclear power reactors
to meet NRC requirements and guidelines? What specific
acceptance criteria have been applied?

2. Identify all reports (testing laboratory, test report
number, date of test, title of test, summary of test
results) that document fire endurance test results that
are or have been used by TSI to substantiste the fire
endurance and ampacity derating perforumance of Thermo~-
Lag fire barrier systems provided for use in nuclear
pover reactors to meet NRC requirements and guidance.
Include test reports that substantiate protection
regquirements for support systems, e.g., cable tray
supports.



3. What are the flame spread, fuel contributed, and smoke
developed ratings for Thermo-lag fire barrier systens.
Provide test results that substantiate the ratings.

B. Anpacity Derating Tests

1. With respect to ampacity derating, what standards and
test methods has TSI used to gualify Thermo-Lag fire
barrier systens for use in nuclear powver reactors to
meet NRC requirements and guidelines? What specific
acceptance criteria have been applied?

2. Identify all reports (testing laboratory, test report
nunber, date of test, title of test, summary of test
results) that document ampacity derating test results
that are or have been used by TSI to substantiate the
ampacity derating performance of Thermo-lag fire
barrier systems provided for use in nuclear power
reactors to meet NRC requirements and guidance.

IV. PLANT SPECIFIC APPLICATIONS

A. What domestic nuclear powver plants use Thermo-~lag fire
barrier systems?

B. The NRC first approved the Thermo-lag fire barrier systenm
in 1981 for use at Comanche Peak as & l-hour fire rated
barrier. The approved configuration included fiberglass
armoring. When was this component deleted from the fire
barrier design? Why is this component no longer used?

c. Our understanding of the corrective action to be taken at
River Bend Station is to upgrade the existing Thermo-lag
fire barrier sgystems by the additiocn of a 1/4-inch layer of
Thermc-lLag and stress skin. What is the impact of this
upgrade or. aspacity derating?

V.  AUGUST 23, 1991 LETTER FROM TSI TO LICENSEES

A. The following statements are made in the subject letter:
*"The Thermo-lag Stress £kin Type 1330-69 was therefore cut,
providing a gap in substantial excess of 1/4 inch, probably
more than 1 inch. That void was filled with the Thermo-
Lag 330-1 Subliming Trowel Grade Material. The Stress Skin,
&t this separation, was not replaced. The above method of
installation 4is not acceptable.” Explain why this
installation method is not acceptable. Provide references
to TSI procedures that address allowable gap sizes,
replacenent of stress skin at the gaps, and subliming
coating thickness requirements at joints and gaps.



TSI installation procedures appear to aliow fitting of
prefabricated panel sections followed by application of
trovel grade material to openings at joints. It is our
understanding that butt and miter joints are tight fitting,
which prevents the trowel grade materiazl from penetrating
the joints during its application. Some licensees,
therefore, refer to this installation method as “dry
fitting." However, the subject letter states that dry
fitting is not allowed under TSI procedure. Explain why TSI
does not consider the above installation method to be dry
fitting.



September 10, 1991

Mr. Rubin Feldman
Therma! Science, Inc.
2200 Cassens Drive
St. Louis, MO 63026

Dear Mr, Feldman:

The NRC recently became aware of the failure of a Thermo-lLag pr2tective
envelope during a three hour fire endurance test performed in Lotober 1989 at
the Southwest Research Institute (SWRI) for River Bend Station, Due to the
large number of plants which use Thermo-Lag to meet our regulations found in
10 CFR 50 Appendix R, we are concerned with the potential implications of this
test data. We have conducted an initia) review of activities at River Bend
Station and have concerns regarding the ability of Thermo-Lag to perform as @
fire rated barrier,

Following our review of the documents provided by River Bend Station, and
other available information concerning Thermo-Lag, we have developed a number
of technical questions concerning the Thermo-Lag material and installation anc
test procedures. In order to resolve our concerns regarding the adequacy of
the Thermo-Lag fire barriers, we request that you provide responses to the
attached questions. Your prompt response would be appreciated.

1f you require further clarification of the attached questions, please call me
at 301-492-1272.

Sincerely,

Originel cignei bty
Frazk J. M.=sz1:a

Frank J. Mira?lia. Deputy Director
Office of Nuclear Reactor Regulation

Enclosure:
As stated
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Enclosure

A-Hour Fire Rated Barriers

List all components required to construct a Thermo-
Lag fire barrier system with a l1-hour fire resistance
rating? Identify and discuss any deviations fron the
specified components, e.g., the installation of
additional components cr the deletion ©of components,
allowed by TSI installation procedures. Are there any
optional components?

What are the minimum wet and dry film thicknesses of
Thermo~Lag regquired to achieve the 1-hour fire
resistance rating?

What are the Thermo~Lag thickness tolerances allowed
(minimum and maximum) by TSI procedures to obtain the
l-hour fire resistance rating?

With respect to support systems for l-hour fire rated
Thermo-lag barriers, e.g., cable tray supports, what
specific support protection is regquired by TSI to
ensure the l-hour fire rating of the systen?

What are ampacity deratings for 1l-hour fire rated
Thermo-lag fire barrier systems?

2-Hour Fire Rated Barriers

List all components required to construct a Thermo-
lLag fire barrier system with a 3~hour fire resistance
riuting? Identify and discuss any deviations from the
specified components, e.g., the installation of
additional components or the deletion of components,
allowed by TSI installation procedures. Are there any
opticnal components?

What are the minimum wet and dry film thicknesses of
Thermo-lag reguired to achieve the 3-hour fire
resistance rating?

What are the Thermo-lLag thickness tclerances allowed
(minimum and maximum) by TSI procedures to obtain the
3~hour fire resistance rating?

With respect to support systems for 3-hour fire rated
Thermo~Lag barriers, e.g., cable tray supports, what
specific support protection is reguired by TSI to
ensure the 3-hour fire rating of the systen?

What are ampacity deratings for 3-hour fire rated
Thermo-lag fire barrier systems?

1
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general

How do Thermo-lLag fire barrier systems achieve fire
performance and endurance properties. Discuss all
applicable mechanisms, e.g., chemical, physical, and
mechanical. '

Discuss whether or not the selection of fire barrier
components is dependent on the systenm to be protected
or any other factor. For example, does cable tray
size, material of construction, or cable loading
influence the choice of components?

Have changes been made to Thermo-lag fire barrier
materials, including changes in the formulation. of
Thermo-lag, since the original development of the
system?

Are there any differences in the formulations of the
different Thermo~lag coatings, 1.8, factory
manufactured prefabricated panels and preshaped itens,
spray, brush, roll, trowel, and caulking materials.

Describe how the prefabricated panels and preformed
shapes are manufactured. What are the differences
between the materizis used for the prefabricated
products and the spray-on application materials?

What cure time is needed for the prefabricated panels
and preformed shapes to be considered a rated fire
barrier?

Wrat cure time is needed for the field applied Thermo-
Lag subliming coatings (spray, brush, roll, trowvel, and
caulking materials) to be considered a rated fire
barrier?

A reviev of fire endurance test reports held by River
Bend Station, ITL Reports B82-11-80 and 82-11-81,
indicate that Thermo-Lag 330~1 cure accelerator mixture
vas applied to the test articles. Discuss the
properties and uses of the cure accelerator mixture.
Discues how this material affects cure time and
identify whether or not this material has been
purchased by any licensee of a2 domestic nuclear power
reactors for use in a fire rated barrier.

Provide the specifications for Stress Skin Pype 330-
69 and any other stress skins used to construct Thermo-
Lag fire barrier systems. Identify any changes to
these specificetions since the development of the
Thermo-lag fire barrier systen.

2



11. [EIRE BARRIER SYSTEM INSTALLATION AND INSPECTION

A. List and provide copies of all TSI installation and quality
control procedures for the use of Thermo-lLag fire barrier
systems by the commercial nuclear power reactor industry,
including related documents such as Technical Notes, issued
by TSI since the development of the Thermo-~lLag fire barrier
systemn. Include procedures that address protection of
support systems, e.g., cable tray supports.

B. 0f the procedures listed above, identify those that are
currently in effect and discuss any c’.anges i.rom the
original procedures and the current procedures.

s Identify the training and experience requirements for the
installation of Thermo-lag fire barrier systems. Discuss
TS1's role in training and certifying installers. Provide
the training syllabus wused in training Thermo-lag
installers.

D. Identify the training and experience requirements for
quality control inspection of Thermo-Lag fire barrier
systems. Discuss TSI's role in training and certifying
guality control inspectors. Provide the training syllabus
followed in training Thermo-lLag inspectors.

E. Describe how material thickness is verified during field
application of subliming coating by direct spray, brushing,
rolling, troweling, and caulking.

I11. FIRE BARRIER QUALIIICATION
A. Fire Endurance Tests

1. With respect to fire resistance ratings, what standards
and test methods has TS used to qualify Thermo~lag
fire barrier systems for use in nuclear powver reactors
to meet NRC requirements and guidelines? What specific
acceptance criteria have been applied?

2. Identify all reports (testing laboratory, test report
number, date of test, title of test, summary of test
results) that document fire endurance test results that
are or have been used by TSI to substantiate the fire
@ndurance and ampacity derating performance of Thermo-
lLag fire barrier systems provided for use in nuclear
pover reactors to meet NRC requirements and cuidance.
Include test reports that substantiate protection
regquirements for support systems, e.g., cable tray
supports.



Iv.

I What are the flame spread, fuel contributed, and smoke
developed ratings for Thermo-Lag fire barrier systenms.
Provide test results that substantiate the ratings.

B. Ampacity Derating Tests

3. With respect to ampacity derating, what standards and
test methods has TSI used to qualify Thermo-lag fire
barrier systems for use in nuclear power reactors to
meet NRC reqguirements and guidelines? What specific
acceptance criteria have been applied?

2. ldentify all reports (testing laboratory, test report
number, date of test, title of test, summary of test
results) that document ampacity derating test results
that are or have been used by TSI to substantiate the
ampacity derating performance of Thermo-lag fire
barrier systems provided for use in nuclear powver
reactors to meet NRC requirements and guidance.

PLANT SPECIFIC APPLICATIONS

A. What domestic nuclear power plants use Thermo-~Lag fire
ba.rier systems?

B. The NRC first approved the Thermo-lag fire barrier systen
in 1981 for use at Comanche Peak &s a 1l-hour fire rated
barrier. The approved configuration included fiberglass
armoring. When was this component deleted from the fire
barrier design? Why is this component no longer used?

e, Our understanding of the corrective action to be tukern at

River Bend Station is to upgrade the existing Thermo-lag
fire barrier systems by the addition of a 1/4-inch layer of
Thermo~Lag and stress skin. What is the impact of this
upgrade on ampacity derating?

AVGUST 23, A991 LETTER FROM TSI TO LICENSEES

The following statements are made in the subject letter:
"The Thermo~lag Stress Skin Type 330-69 was therefore cut,
providing a gap in substantial excess of 1/4 inch, probably
more than 1 inch. That void was filled with the Thermo-
Laj 330~1 Subliming Trowel Grade Material. The Stress Skin,
at this separaticon, was not replaced. The above method of
installation 4is not acceptable.” Explain why this
installation method is not acceptable. Provide references
to TSI procedures that address allowable gap sizes,
replacenment of stress skin at the gaps, and subliming
coating thickness reguirements at joints and gaps.



TSI installation procedures appear to allow fitting of
prefabricated panel sections followed by application of
trowel grade material to openings at joints. It is our
understanding that butt and miter joints are tight fitting,
wvhich prevents the trowel grade material from penetrating
the Jjoints during its application. Some licensees,
therefore, refer to this installation method as "dry
fitting."” However, the subject letter states that dry
fitting is not sllowed under TSI procedure. Explain why TSI
does not consider the above installation method to be dry
fitting.



September 18, 1991

Mr. Rubin Feldman
Thermal Science, Inc.
2200 Cassens Drive
St. Louis, MO 63026

Dear Mr. Feldman:

As we discussed on September 17, 1991, your written response to my

September 10, 1991 letter is expected to be provided to me by Federal Express
October 7, 1991. In addition, we scheduled a meeting at NRC Headquarters for
Thursday, October 17, 1991 at 10:00 a.m. to discuss your response and related
technical issues.

1f you require additional information, please call me at 301-492-1272.
Sincerely,

(3 ip.ntl signed by
e o Kirslia

Frank J, Miraglia, Deputy Director
0ffice of Nuclear Reactor Regulation
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