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UNITED STATES %1%
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

MEMORANDUM TO: L B. Marsh, Chief
Plant Systeins Branch
Office of Nuclear Reactor Regulation

FROM: K. Steven West, Chief e \i/
Fire Protection Engineering Section i
Plant Systems Branch
Office of Nuclear Reactor Regulation
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SUBJECT TRIP REPORT - TRIP TO UNDERWRITERS LABORATORIES,
INCORPORATED TO OBSERVE THREE HOUR FIRE TEST OF ONE
AND THREE HOUR VERSAWRAP RACEWAY FIRE BARRIER
SYSTEMS (TAC M82809)

During April 10 and 11, 1997 | visited to Underwriters Laboratories, Incorporated (UL),
Northbrook, lilinois, to observe a full-scale fire endurance test of 1- and 3-hour Versawrap fire
barmer systems. Attachment 1 is a list of individuals that observed or participated in the test

| interacted mostly with the individuals marked with asterisks

Transco Products, Incorporated (Transco) is developing Versawrap as a stand-alone fire
barmer or as an upgrade for such existing raceway fire barriers as Thermo-Lag 330-1 In
general, Versawrap barriers are installed (from the item to be protected outward) as
individual iayers of foil, water filed mylar tubes, fioer blankets, foil, and intumescent-coated
fiberglass cloth. The numbers and arrangements of the individue! barrier components are
dependent on the type of i‘em to be protected (e.g., raceway, cable, support, etc.) and the
desired fire rating. (Auachment 1 to a memorandum of April 15, 1997, from K.S. West to
L.B. Marsh describes the components of a typical Versawrap barrier and their general
arrangements.) Entergy Operations, Incorporated, is considering installing 1- and 3-hcur
Versawrap fire barners at Arkansas Nuclear One, Unit 1, and Northern States Power is
considering installing a 1-hcur Versawrap barrier at Prairie Island Nuclear Power Station

Attachment 2 is Transco Test Procedure TR-228, "Three Hour Fire Test of One and Three

Hour VERSAWRAP Raceway Fire Barrier Systems for Conduits and Cable Trays," /
Revision 2, February 7, 1997 The test was a single 3 hour fire exposure followed by a solid- ./,,
stream hose stream test that was intended to demonstrate the ability of both 1- and 3-hour / /
Versawrap fire barner systems (in the same test' to meet the acceptance criteria of Generic ”
Letter 86-10, Supp'erer* 1 (GL 86-10, S 1. l// L/
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The test specimen had been constructed and installed on the test furnace before | arrived at
UL. Therafore, ! 4id not observe fire barrier installation or thermocouple placement. The
overall test specimen consisted of a steel and concrete deck from which 18 individua! 1- and
3-hour test articles were suspended into UL's larye floor furnace. According to Kevin Hawks,
Transco, (1) Transco personnel installec the Versawrap fire barriers on the test articles in
accordance with Transco instructions and procedures, (2) the test articles were instrumented
in accordance with GL 86-10, S 1 (3) Transco quality control witnessed and documented test
specimen construction, (4) UL quality control also independently witnessed and documented
test specimen construction, (5) UL will prepare the fire test report. The test articles and the
conditions which they were intended to bound are described in Attachment 2. | made pen
and ink changes to Attachment 2 to reflect changes that Transco had made to the test
articles after it issued the test procedure. Attachment 3 shows the test article layout,
construction details, and thermocouple locations. The test articles, which did not contain
cable fill, were instrumented with 438 thermocoupies.

On the basis of my observations, it appeared that UL exposed the test specimen in
accordance witn the ASTM E-119 standard time-temperature curve for 3 hours. UL
programmed its data acquisition computers to electronically record the test article
thermocouple temperatures every two minutes. UL also printed the thermocouple
temperatures about every five minutes. UL will use the electronically recorded temperature
data to judge the fire endurance performance of the individual test articles. The printed
temperatures were provided for contemporaneous information during the test About midway
through the fire exposure, Transco noticed some apparently anomalous thermocouple
readings. For example, closel,-spaced thermocouples were reporting vastly different
temperatures. Upon examination, Transco found *hat the insulation had melted off of some
thermorouple wires that were running on top of and in direct contact with the steel test deck.
Apparently, at these points the thermocouples were measuring the temperature of the test
deck rather than the temperatures of the test articles. After UL and Transco placed insulating
blankets between the affected thermocouple wires and the steel test deck, the printed
temperatures returned (dropped) to what appeared to be a more normal range. Transco
indicated that UL would assess the impact of this event on the overall test results in its fire
test report

Assuming that the thermocouples were working properly and on the basis of the printed
temperatures at the end of about 61 minutes, it appeared that test articles A, B, C, D, L, O,
and R met the maximum single peint temperature rise acceptance criteria of GL 86-10, S 1,
for a 1-hour fire rating while test articles E and Q did not. Assuming that the thermocouples
were working properly and on the basis of the printed temperatures at the end of about

2 hours and 55 minutes (the temperatures at 3 hours were not printed), it also appeared that
test articles F. G, H, and | may meet the maximu'm single point temperature rise acceptance
criteria of GL 86-10, S 1, for a 3-hour fire rating. but test articles J, K. M, N, and P will not

Following the 3 hour fire exposure, UL subjected the test specimen to a solid hose stream
test for 2-1/2 minutes With the exception of test article P, most of the outer layers of
intumescent-coated fiberglass cloth, foil, and fiber blankets were knocked off of the bottom
and side surfaces of the test article fire barriers by the force of the hose stream. The barrer
on test article P remained intact and may not have been hit by the hose stream. In addition
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with the exception of test article B, a 30-inch wide steel cable tray with a 1-hour Versawrap
fire barrier, it appeared that at least the innermost layer of foil (the foil attached directly to the
raceway) remained intact during the hose stream test. For test article B, the foil on the
bottom surface of the tray was breached, apparently by the force of the solid hose stream.
GL 86-10, S 1, states, in part, that the fire endurance qualification test for fire barrier
materials are successful if “[tjhe cable tray, raceway, or component fire barrier system
remained intact during the fire exposure and water hose stream test without developing any
openings through which the cable tray, raceway, or component (e.g., cables) is visible.

On April 11, 1997 | observed Transco disassemble the fire barriers that remained on test
articles H and P after the fire and hose stream tests. For both of these proposed 3-hour fire
barrer designs, the inner layers of foil, water filled mylar tubes, and fiber blankets remained
largely intact. Many of these mylar tubes appeared to contain their original inventory of water
and those that had leaked contained some water. In addition, the ordinary adhesive-backed
strapping tape that was used to attach the tubes to the raceways was largely free of fire
damage.

One interesting part of the test was a test of a 12-inch by 12-inch by 8-inch thick silicone
foam penetration seal that was penetrated by a Y%-inch diameter steel conduit (test article N).
In addition to the normal fire resistant damming board, the seal assembly included an outer
layer of intumescent-coated fiberglass cloth (on the fire side). According to Mr. Hawks,
Transco considered this a "throw away" or research and development scoping test and did
not instrument the seal assembly with thermocouples 10 obtain unexposed side temperatures
After the 3-hour fire exposure and hose stream test, Transco disassembled the penetrations
seal. The seal assembly was intact. About 2 to 3 inches of the silicone foam material was
consumed during the fire exposure A full 5 to 6 inches of unreacted silicone foam matenal
remained.

UL will base its determinations on the thermal performance cf the test articles on its
observations during the fire endurance and hose stream tests, analyses of the electronically
recorded thermocouple data, and consideration of both the maximum single point
temperatures and the average unexposed side temperatures. Presumably, UL will also
consider the effects of the problems with the thermocouples that were experienced during the
test. Attachment 4 is UUL's record of test observations

Docket Nos.: 50-313, 50-282, and 50-306

Attachments: As stated
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Fire Endurance Test of Versawrap Fire Barrier

Underwriters Laboratories, Inc., Northbrook, lllinois
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SECTION 1.0

Transco Fire Test #TR-228 will be a single fire test conducted in accordance with the performance re yuisments
of NRC GL 86-10, Supplement 1 and the ASTM E-119 time/temperature curve. The purpose of this test is to
demonstrate the ability of both one and three hour VERSAWRAP raceway fire barrier systems (in tie same test)
to protect a variety of raceway conditions that are representative of those commonly found in nuclear power plants

Even though some of the barrier systems to be tested are only intended for one hour applications, they will be
subjected to the full three hour fire test. In these cases, the one hour barrier specimens will be considered to be
successful thermally if they meet the raceway temperature pass/fail criteria of GL 86-10 for the first hour of the
fire test. Aftcr the conclusion of the three hour fire test, both one and three hour specimens will be subjected to a

hose stream test in accordance with Section 7.0 of this procedure. Testing will be performed at Underwriters
Laboratories (Northbrook, [llinois).

The overall test specimen will consist of a metal and concrete deck from which a number of simulated conduit and
cable tray raceways will be suspended. The sizes and shapes of these raceways are intended to represent conditions
that bound equivalent or less severe raceway configurations in the field. These bounding conditions to be qualified
by this test are described below. The metal/concrete deck with its individual raceway specimens will be placed on
top of a large floor furnace where the raceways will be subjected to the three hour fire endurance test Immediately
afier the conclusion of the fire test, the deck and racew ay specimens are lifted as a single unit from the furnace and
will then be exposed to the hose stream test.

The raceway items to be tested and conditions they are intended to bound are as follows:

ITEM: DESCRIPTION:
“A” 2" x 2" Aluminum Solid-Back Cable Tray/Tube Track - This item is intended to bound one hour

VERSAWRAP installed on the smallest steel and/or aluminum cable tray (using aluminum as a worst case
condition) as well as bundled steel or aluminum conduit configurations. Since this is the smallest thermal
mass expected for cable tray applications (and therefore the most severe), this tray is intended to bound

. all larger steel and aluminum raceways. Because this is a one hour wrap, it is only required to meet the
thermal pass/fail requiremnents of GL 86-10 Supplement 1 for one hour whereas the hose stream test for
this specimen will be performed immcdiaily “fter the three hour fire test. This specimen will demonstrate
both honzontal and vertical raceway sections, a bend/corner, and a “Unistrut™ hanger thermal short
interface. This tray will be empty except for a ¥8 AWG bare copper cable and thermocouples. The empty
tray 1s used to simulate a worst case thermal mass condition for cable loading

“B" 30" x4" Steel Ladder-Back Cable Trav - This item is intended to bound one hour VERSA WRAP systems
installed on 30" x 4" (and all smaller sizes) of both aluminum and/gr steel cable travs (aluminum trays
sizes from 2" x 2" through 30" x 4" are bounded thermally by item "A" above) as well as bund!zd
conduits. This specimen will demonstrate both herizontal and vertical runs of raceway, a bend, and a
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“Unistrut™ hanger thermal short interface.  Thus tray will be empty except for a single #8 AWG bare
copper wire and thermocoup!izz. The empty tray is used to simulate a worst case thermal mass condition
for cable loading. The use of this large steel tray is also intended to bound aluminum raceways up to this
size for hose stream test qualifications of VERSAWRAP. This specimen will also demonstrate a “free-
cable airdrop™ and its connection to the raceway wrap

%" Diameter Rigid Steel Conduit - This item 1s intended to bound one hour VERSAWRAP systems
installed on the smallest size of conduit found in the field (the most severe thermal mass) The test
racewav assembly will be fabricated from standard . " diameter rigid steel conduit and - vill utilize a “U™-
shape to represent both vertical and horizontai «aceway runs. One comner of the “U-saape will consist
of a standard steel condulet and couplers while the opposite corner will be used to show the wrap installed
on a small radius bend. A conduit connector will also be installed on one of the vertical legs of specimen
to demonstrate the wrap installed over such typical hardware items. A “Unistrut” hanger will be connected
to the horizontal conduit section to demonstrate the impact of thermal shorts on small diameter conduit
raceways. This conduit will be empty except for a #8 AWG bare copper wire and thermocouples installed
according to Section 5.0 of this procedure.

4" hameter Rigid Steel Conduit - T+ **emr is intenued to demonstrate one hour VERSAWRAP systems
nstalled on large diameter conduits. The test raceway specimen will fabricated from standard 4" diameter
rigid steel conduit that will utihize a folded “S”-shape to represent both vertical and horizontal raceway
runs. One corner of the “S”-shape will consist of a standard steel condulet and couplers while the
horizontal leg of the raceway will be used to show the wrap installed on a large radius bend. A conduit
connector will also be installed on one end of the raceway to demonstrate the wrap installed over such
typical hardware items. A “Unistrut” hanger will be connected to the horizontal conduit section 10
demonstrate the impact of thermal shorts on lerge diameter conduit raceways. This conduit will be empty
except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
procedure.

. % Diameter Rigid Steel Conduit Near Concrete Barrier - This item is intended to bound one hour

VERSAWRAP systems mstalled on the smallest size of conduit found in the field (the most severe thermal
mass) locaid approximately %" from a vertical or horizontal concrete barrier. The test raceway assembly
will be fabricated from standard %" diameter rigid steel conduit that will use condulets at each end of the
specimen on the exposed side of the deck. A conduit connector will also be installed on the condwit. (No
hanger will be used in the test as hangers in the field would be wrapped in the same manrer as the condut -
the impact of the hanger thermal short in this particular case would be considered a less severe condition
as it would increase the thermal mass of the test raceway.) This conduit will be empty except for a #%
AWG bare copper wire and thermocouples installed according to Section 5.0 of this procedure
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e : . er Rigi onduit - This item 1s intended to

- PERSAWRAPWmms mstalledon’/"dmmwrcondmt (as the most severe thermal mass)
conncctcd to a “Unistrut” hanger thermal short that intersects with a second perpendicular hanger
approximately 6" from the conduit This second intersecting hanger will not be wrapped with
VERSAWRAP as a full length thermal short as shown in the other test specimens. The conduit will be
empty except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of
this procedure.

2" x 2" Aluminum Solid-Back Cable Tray ™ube Track -This item is intended to bound three hour
VERSAWRAP systems installed on the smallest stec: and/or aluminum cable tray (using aluminum as a
worst case condition) as well as bundled sateel or aluminum conduit configurations. Since this is the
smallest thermal mass expected for cable tray applications (and therefore the most severe), this tray is
intended to bound all larger steel and aluminum trays. This specimen will demonstrate both horizontal
and vertical runs of raceway, a bend/comer, and a “Unistrut” hanger thermal short interface. This tray will
be empty except for a #8 AWG bare copper wire and thermocouples. The empty tray is used to simulate
= worst case thermal mass condition for cable loading. This item will also demonstrate a wrap-to-concrete
interfuce to bound both one and three hour applications for small raceways.

30" x 4" Steel Ladder-Back Cable Tray - This item is intended to bound three hour VERSA WRAP systems
installed on 30" x 4" and all smaller sizes of both aluminum and steel cable tray (alvminum trays sizes
Srom 2" x 2" through 30" x 4" are bounded thermally by item “G" above) and bundled steel or aluminum
conduits. This specimen will demonstrate both honzontal and vertical runs of raceway, a bend, and a
“Unistrut” hanger ther mal short interface.  This tray will be empty except for a #8 AWG bare copper wire
and thermocouples. Tie empty tray i1s used to simulate a worst case thermal mass condition for cable
loading. The use of this large steel tray is also intended to bound aluminum trays up to this size for hose
stream test qualifications. This specimen will also demonstrate a “free-cable airdrop” and its connection
to the raceway wrap. The specimen will also demonstrate a wrap-to-concrete interface to bound both one
and three hour applications for both large tray and/or box wraps

r Rigid Steel Conduit - This item is intended to bound three hour VERS4WRAP systems
installed on the smallest size of conduit in the field (the most severe thermal mass). The test raceway
assembly will be fabricated from standard % " diameter rigid stecl conduit that will utilize a “U"-shape to
represent both vertical and horizontal raceway runs. One comer of the “U”-shape will consist of a
standard steel condul and couplers while the opposite corner will be used to show the wrap installed on
a small radius bend. A conduit connector will also be installed on one of the vertical legs of specimen tc
demonstrate the wrap installed over such typical hardware items. A “Unistrut™ hanger will be connecte
to the horizontal conduit section to demonstrate the impact of thermal shorts on small diameter c:;\:';:h.'.
raceways, This conduit will be empty ex.opt for a #8 AWG bare copper wire and thermocouples instalied
according to Section 5.0 of this procedure
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4" Diameter Rigid Steel Conduit - This item is intended to demonstrate three hour VERSA WRAP systems
installed on large diameter conduits. The test raceway assembly will be fabricated from standard 4"
diameter rigid steel conduit that will utilize a folded “S"-shape to represent both vertical and horizontal
raceway runs. One corner of the “S”-shape will consist of a standard steel condulet and couplers while
the horizontal leg of the raceway will be used to show the wrap installed on a large radius bend. A conduit
connector will also be installed on one end of the raceway to demonstrate the wrap instalied over such
typical hardware items. A “Unistrut” hanger will be connected to the horizontal conduit section to
demonstrate the impact of thermal shorts on large diameter conduit raceways. This conduit will be empty
except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this

proc=dure. The specimen will also demonstrate a vrap-to-concrete interface to bound both one and three
hour applications for large and small conduit wraps.

EVAL

%_ Diameter Rigid Steel Conduit Near Concrete Barrier - This item is intended to bound three hour
VERSAWRAP systems installed on the smallest size of conduit (the most severe thermal mass) found in
the field that is located approximately %" from a vertical or horizontal concrete barrier. The test raceway
assembly will be fabricated from standard % " diameter rigid steel conduit that will utilize condulets at
each end of the specimen. A conduit connector will also be installed on the conduit (No hanger will be
used in the test as hangers in the field would be wrapped in the same manner as the conduit - the impact
of the hanger thermal short in this particuiar case would be considered as a less severe condition as it
would incrzase the thermal mass of the test raceway ) This conduit will be empty except for a single #8
AWG bare copper wire and thermocouples installed according to Section 5.0 of this procedure.

one
Mmm%ﬂn&ﬂmm_ﬁmgﬂmu: % Diameter Rigid Steel Conduit - This item 1s intended
to bound ur VERSAWRAP systems installed on a %" diameter rigid steel conduit as the smallest

size of conduit found in the field (the most scvere thermal mass) connected to a hanger thermal short that
intersects with a second perpendicuiar hanger approximately 6" from the conduit. This second
intersecting hanger will not be wrapped as a full length thermal short as shown in the other test specimens

The conduit will be empty except for a #8 AWG bare copper wire and thermocouples installed according
to Section 5.0 of this procedwre.

1-3" Dizete- Steel Conduit emd=r-+Fhermovtae= Raceway Covered with Modified VERSAWRAP
- Thus ttem is intended to bound “modified” one hour VERSA WRAP systems installed on 1-%4" (and larger)
diameter conduits in the field The test raceway assembly will be fabricated from standard 1-4" diameter
ngid steel conduit that will utilize a “U”-shape to represent both vertical and horizontal raceway runs O:a:
corner of the *“L-shape will consist of a standard steel condulet and couplers while the opposite corne
will be used to show the wrap installed on a sr.".:n. radius bend Hrwrhm—'ﬁcrmtr‘hg?‘.!’mu*‘"*”
t orbagwiltbeused®d. A “Unistrut™ hanger will b
connccu.d to the horizontal conduit section to demonstrate the ¢ impact of thermal shorts on these racewa
tvpes. This conduit will be empty except for a #8 AWG bare copper wire and thermocouples ins!

5 -



TRANSCO PRODUCTS INC.
Transco Products Inc

Test Procedure #TR-228
Revision: 2

Date: February 7, 1997
Page: 7 of 13

according to Section 5.0 of this procedure

“N” “x12"x 12" x 16 Gauge Steel Box Attached to a %" Diameter Steel Conduit - This item is intended
to bound one hour VERSAWRAP conduit sysiems thet-iartase-withrroneour*Burmmtr vt Hraceway
bamiecsystem installed on the box.  The conduit will pass through a penetration seal to show wrap
terminations as such. The conduit and box will be empty except for a #8 AWG bare copper wire and
thcrmocoupla installed according to Section 5.0 of this procedure and Generic Letter 86-10, Supplement

X , , : " Dhameter St iduit - This item is intended
to bound one hour VERMWRA]’ systems mstallcd on bot.b “frec mr” Junction boxes and junction boxes
mounted to concrete barriers as well as mtcrsectmg conduit connections. The conduit and box will be
empty except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
procedure and Generic Letter 86-10, Supplement 1. The sizes of both simulated junction boxes were
chosen to represent worst case small thermal masses whereas field junction boxes with large surfaces
wouid he hounded by the 30" x 4" cable tray raceway included in this test.

“p Two 6" x 6" x 6" x ' ( Diameter Steel Conduit - This item is intended
to bound thr :¢ hour VERMWP sysu:ms mstalled on both “free-air” Junction boxes and junction boxes
mounted to concrete barriers as well as intersecting conduit connections. The conduit and box will be
empty except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
procedure and Generic Letter 86-10, Supplement 1. The sizes of both simulated junction boxes were
chosen to represent worst case small thermal masses whereas field junction boxes with large surfaces
would be bounded by the 30" x 4" cable tray raceway included in this test

o lumaint w it Wf’r
“Q"  3C-S00MCM Aluminum srmored Cable - This item is i to bound one hour VERSAWRAP systems

installed on a 3C-500MCM aluminum armored calfe as supplied by Northern States Power for their
Prairi: Island Nuclear Power Station. The 10" [munighum) span of cable will be temporarily supported by
about mid-span. During the test, the 11| bwemdmelt and will allow the wrapped cable to be
~~"unsupported for the remainder of the fire test. The intent here is to show that the wrap will still be
effective even if the cable suddenly becomes unsupported between hanger points (maximum distance as

M tested herein) in the field. (In the field, the cable is located in an aluminum tray suspended on stee!
o hangers. The utility wishes to evaluate the possibility of wrapping only the cable instead of the entire tras
. .)5(‘("" \e It is felt that if the aluminum tray is not wrapped, it will melt or be consumed during a fire thus leaving
&,S\A’. the cable unsupported except at points where the tray was suspended on steel hangers.)
ey
f\w\k‘a

e \% K' 5 e l.e - »‘f)'l_*ngg_;-l_,(,!’,_':_’ S"u:
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SECTION 2.0
TEST FURNACE:

The furnace to be used is Underwniters Laboratories’ stardard large floor furnace. The furnace shall be operated
in accordance with the requirements of ASTM E-119 iu the three hour fire test

SECTION 3.0
ITEMS TO BE PROTECTED:

The followir.g is a description of the items t: - usc 2 as racc way elements for the fire test:

(See Section 1.0, Synopsis for a general description of these items. Note: all steel trays and boxes will
be manufactured from 16 gauge steel while all conduit will be standard, rigid conduit. All “free-cable
air drops " will consist of single pieces of st~anded 8 AWG bare copper wire according to GL 86-10,
Supplement | requirements. All hangers will be fabricated from standard "Unistrut” type material
[hangers may be welded to the raceways for the test in lieu of using clips, straps, etc].)

An accurate description of specimen fabrication shall be included in the final test report (as verified by Transco
Products Inc. Quality Control). Hardware substitutions are permutted provided substitute material (etc ) does not
increase the heat mass of the specimen and are documented by Transco QC and UL.

CTION 4.0
FIRE BARRIER MATERIAL INSTALLATION:

The VERSAWRAP and Transco Products Inc. TCO-001 materials shall be installed by Transco Products Inc
personnel in accordance with the manufacturer's instruction and/or procedures If written instructions are nc
avatlable at the time o installation, then Transco Products Inc. QC personnel shall document/venify step-by-step
methods used for installation. Test installation records will be included as an appendix to the final test report
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Materials used for this test shall be purchased, received, and installed in accordance with latest approved revision
of Transco Products Inc's Quabity Assurance Program and applicable procedures.  All fire barrier envelope
installation will be witnessed by Transco Products Inc. Quality Control personne!. Material components (except
for tie wire and ceramic blanket) will be identified with the responsible QC's initials as each laver is installed.

Note: This test will be performed as a “Safety Related” quality program in accordance with the latest
approved revision of Transco Products Inc.’s Quality Assurance Manual (10CFR, Part 21 applies) with
the exception that all materials will be provided as “Q-Class” with Certificates of Conformances.

SECTION 5.0
THERMOCOUPLES:

A.) Fire Barrier Envelope:

The fire barmier envelope is considered all areas of the specimen on the exposed side of the test slab. For
these areas, thermocouples shall be mounted to the specimen to gather temperature data for the duration
of the fire test. At a mumimum, temperatures shall be documented at nominal two minute intervals for the

duration of the test. Thermocouple placement for the fire barrier envelope (quantity and locations) shall
be as specified in NRC GL 86-10 and Supplement 1 as follows:

".... Cable Trays - The temperature nise on the unexposed surface of a fire barrier system installed on a
cable tray shall be measured by placing the thermocouples every 152 mm (6 - inches) on the exterior
surface of each tray side rails between the cable tray side rail and the fire barrier material

. Internal raceway temperatures shall be measured by a stranded AWG 8 bare copper conductor routed on
the top of the cable tray rungs along the entire length and dowa the longitudinal center of the cable tray
run with thermocouples installed every 152 mm (6- inches) along the length of the copper conduc*~r
Thermocouples shall be placed immediately adjacent to all structural members, supports, and barrier
penetrations. .."(1)

*....Conduits - The temperature nise of the unexposed surface of a fire barrier svstem instalied on

a conduit should be measured by placing thermocouples every 152 mm [6 inches) on the exterior conduit
surface between the conduit and the unexposed surface of the fire barrier material. These thermocouples
should be attached to the exterior condu.: surface opposite of the test deck and closest to the furnace fire
source. The intemal raceway temperatures should be measured B a stranded AWG 8 bare
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conductor routed through the entire length of the conduit system with thermocouples installed every 152

mm [6 inches] along the length of the copper conductor Thermocouples should also be placed
immediately adjacent to all structural members, supports, and barrier penetrations..."'(1)

Free-Cable Air Drops Thermocouples will be installed on the stranded 8 AWG wire used for
demonstrating the “free-cable aw drop” every 152 mm [6 inches] in accordance with the same
requirements for monitoring internal conduit/cable tray temperatures.

(Note: In accordance with NRC GL 86-1C, Supplement | requirements, "for the thermocouples installed
on corduits, cal.le tray side rails, and bare copper conductors, a + 13 mm (+1/2 inch) installation
tolerance is acceptable” Hence, this tolerance shall be considered acceptabie for use in this test The
tolerance is considered to be from the point of individual thermocouple placement and not compounded
from one thermocouple to the next ( i.e., all thermocouples can not be 6 1/2" from each other but rather
must be +1/2" from the measured 6" [minimum] mark on the item being monitored )

Junction box thermocouples will be installed in accordance with the requirements of Generic Letter 86-
10, Supplement 1.

B.) Penetration Seal:

Thermocouple placement for the unexposed penetration seal surface (test item “N’") will comply with the
typical requirements of ASTM E814. As an optional method for protecting thermocouple tips, the
thermojunctions of each thermocouple may be embedded into the seal surface or seal surface/penctrating
meinber interface approximately Ye -4" below the seal surface (because of the nature of the seal matenal,
this placement can be performed at any time after the installation of the seal material). For this alternate
method, insulation pads for covering the thermocouple tips will not be used.

All specimen temperatures shall be monitored using thermocouples (with special limits of error equal or less than
1.1°C). Thermojunctions of all specimen thermocouples shall be electrically welded  All thermocouple wire shall
be supplied with certifications of purity, accuracy, and calibration.

Furnace atmospnere tuermocouples shall be placed 12" below the furnace deck/slab as well as 12" away from
represertative elements of the test specimen 2~cordance with ASTM E-119-88 requirements (not less than nune
[9] thermocouples will be used to monitor furnace atmosphere temperatures) Additional furnace atmosphere
thermocouples be employed around the specimen as it protrudes inte the fumace. These wall be placed at the
laboratories discretion to supplement ¢ ata acquisition in arcas where furnace atmosphere thermocouples can not
be mounted to satisfv ASTM E-119 re juirements because of the specimen’s configuration, ¢t cetera

The installation and location of each ur iquely identified thermocouple (for both the specimen and fumace) shz.
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be mapped and verified (measured) by Transco Products inc. Quality Control. Verification may be performed as
hand written notes and shall become part of the permanent records of the tesi. Also, all thermocouple certifications
shall also become a permanent record of the test.

" Generic Letter 86-10 and Supplement 1

SECTION 6.0
FIRE TEST:

The fire test shall be conducted in accordance with the ASTM E-119 ume/temperature curve (and temperature
tolerance) for a munimum of three (3) hours. As a munimum, temperature data provided by both furmace and
specimen thermocouples should be monitored and documented at nominal two (2) munute intervals. The laboratory
shall verify and document visual specimen performance and occurrences (i.e., smoke, et cetera) for the duration
of the test.

It 1s intent of the test to demonstrate as many dif.crent raceway configurations as possible. As such, several
raceway test specimens exhibit multiple features (i.¢ , the 3 hour large tray demonstrates the tray wrap, a “free- air”
cable and interface, a wrap-to-concrete interface, erc.). If one of these features fails thermally or during the hose
stream test, it is the intent of the test to then exclude that feature from the configuration being qualified. In the case
of the large tray for example, if the “free-air” cable or wrap-to-concrete interface fails for any reason, it 1s does not
cause the tray to fail provided the rest of the tray specimen meets the acceptance criteria of Generic Letter 86-10,
Suprlzment 1. Any failed portion of a specimen will then not be qualified by this test.

SECTION 7.0
HOSE STREAM TEST:

After the conclusiun of the three hour fire test, the fire barrier envelope specimen (along with the surrounding
penetration seal) shall be subjected to a minimum of one of the following hose stream tests (as identified in NRC
GL 80-10, Supplemsnt 1):

(a) "The stream applied at random to all exposed surfaces of the test specimen through a3 8 em ( 1~
' “.inch) fog nozzle set at a discharge angle of 30 degrees with a nozzle pressure of 517 kPa (7
psi) and a minimum discharge of 284 1pm (75gpm) with the tip of the nozzle at a maximum o!
1.5 meters (5 feet) from the test spacimen.  (Duration of the hose stream application - 5 minut
for both 1-hour and 3 -hour barriers),; or®
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"The stream applicd at random to all exposed surfaces of the test specimen through a 6.4 cm (2
¥2-inch) national standard playpipe with a 2.9 ¢m ( 1-1/8 -inch) orifice at a pressure of 207 kPa
(30psi) at a distance of 6.1 meters (20 feet) from the specimen, (Duration of the hose stream
application - 1 minute for a 1-hour barrier and 2 % minutes for a 3-hour barrier), or"?

“The stream applied at random to all exposed surfaces of the test specimen through 3 8 cm ( 1 %-
inch) fog nozzle set at a discharge angle of 15 degrees with a nozzle pressure of 517 kPa (75ps1)
and a minimum discharge of 284 1pm (75gpm) with the tip of the nozzle at a maxamum of 3
meters (10 feet) from the test specimen. (Duration of the hose stream application - 5 minutes for
both 1-hour and 3-hour barriers)."*

2 Genenc Letter 86-10 and Suppiement |

The responsible QC shall verify and document the type of hose stream, distance, time et cetera employed 1n each

hose stream test.
SECTION 8.0
TEST REPORT:
The laboratory performing the test shall provide a written report which accurateiy describes the foll: wing minimum
elements of the test:
1) Verification of specimen materials and dimensions used,
2) Verification of fire barrier envelope materials, dimensions, and iastaliation techniques
(procedures) used,
3) Venfication of general furnace construction/dimensions and locations of burner, thermovouples,
et cetera,
4) Verification of specimen thermocouple locations (along with copies of thermocouple material
certifications),
5) Verification of standards used for conducting fire test along with reccrd of both fumace
atmosphere and specimen temperature data acquired during test;
6.) Record of furnace pressure during fire test
7) Record of visual occurrences/obscrvations of fire and hose stream tests;
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9)
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Record of hose stream test(s);

Photographic records of specimen before fire barner envelope installation, after fire barmer
installation, and post fire/hose stream tests,

Post test observations including measurements of matenial loss/degradation, et cetera,
Certification of the report by the agency performing test; and,
Q records and notes from installation and test 7 an appendix to the report

Record of test items thermocouple temperature rcadings.

ALL TEST RECORDS, NOT ERTIFICATIONS BY THI
WILL BE LEGIBLE AND SUITABLE FOR REPRODUCTION.
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Test Time
Hr;Min;Se¢
0:0:5:00
0:0:6:15

0:08:22
0:09:40

0:12:56

0:15:07

0:19:21
0:20:03
0:31:23
0:37.36
U:41:43

0:52:57

1:10:26

D

Record of Test Observations

File No.: R18500
Project No.: 97NK4087
Date: April 10, 1997

Exposed (E) or
Unexposed (U)

Article
E.n.

N

G

Client: Transco Inc.
Recorded By: M. Izydorek
Page No. 1 of 2

Qbservation

All of the exposed material was charred and

black in coior.

The bottom piece of material (the cap) fell form

the article.

Flames were issuing from the sample.

Flames issued from the exposed surfaces of the

articles near the top of the exposed surface.

Smoke was issuing from the entire unexposed

surface with the heaviest amount from Article H.

A crack, running in a North-South direction had

developed at the West side of the article, the

crack was 1/8 in, deep.

Flames continued to issue from the exposcd

surface of the articles.

The surfaces were becoming beige in color.

There were gaps present between the banding

straps 2nc the bottom surface of the protection

material.

The surfaces were becoming white in color.

There was a slight separation in the material on

the bottom surface of the protection material,

A Westerly view of the article shows a | in.

separation near the West end on the bottom of

the article.

On the South end of the article at the interface of

the vertical and horizontal runs, there were two

1/4 in. wide openings in the protection matenal,

The arca described at 0:15:07 had opened to a

width of 2 in,

The opznings described at 1:10:26 had closed,

A “flap” of protection material, 3 x 4 in., was

hanging at the interface with the hanger.

Heavy black smoke accompanied by flames wis

issuing from the article at the center and at both
ends where it cntered the furnace chamber,
These flames were impinging on Article N.

Flames and black smoke issued from the top of



1:50:31

2:00:00
2:16:00

2:35:35

2:40:00
2:41:03
3:00:00

m

All

All

the sample.
An area of flames issued from the bottom of the

article at the interface with the support near the
center of the article.

No significant changes observed.

the West half of the article fell to the furnace
floor.

The heavy black smoke ceased. Gray smoke
issued from the center of the article at the
bottom. The smoke was issuing from a crack.
Slight changes in color had occurred

The crack described at 2:40:00 was 2 in. wide.
Fire test terminated.




L Marsh 3=

with the exception of test article B, a 30-inch wide steel cable tray with a 1-hour Versawrap
fire barrier, it appeared that at least the innermost layer of foil (the feoil attached directly to the
raceway) remained intact during the hose stream test. For test article B, the foil on the
bottom surface of the tray was breached, apparently by the force of the solid hose stream.
GL 86-10, S 1, states, in part, that the fire endurance qualification test for fire barrier
materials are successful if “[tjhe cable tray, raceway, or component fire barrier system
remained intact during the fire exposure and water hose stream test without developing any
openings through which the cable tray, raceway, or component (e g, cables) is visible.

On April 11, 1997, | observed .~ansco disassemble the fire barriers that remained on test
articles 11 and P after the fire anw. hose stream testc  For both of these proposed 3-hour fire
barrier designs, the inner layers of ioil, water filled mylar tubes, and fiber blankets remained
largely intact. Many of these mylar ubes appeared to contain their original inventory of water
and those that had leaked containe| some water. In addition, the ordinary adhesive-backed

strapping tape that was used to atiach the tubes to the raceways was largely free of fire
damage.

One interesting part of the test was a test of a 12-inch by 12-inch by 8-inch thick silicone
foam penetration seal that was penetrated by a %-inch diameter steel conduit (test article N).
In addition to the normal fire resistant damming board, the seal assembly included an outer
layer of intumescent-coated fiberglass cloth (on the fire side). According to Mr. Hawks,
Transco considered this @ “throw away" or research and development scoping test and did
not instrument the seal assembly with thermocouples to obtain unexposed side temperatures.
After the 3-hour fire exposure and hose stream test, Transco disassembled the penetrations
seal. The seal assembly was intact. About 2 to 3 inches of the silicone foam material was
consumed during the fire exposure. A full 5 to 6 inches of unreacted silicone foam material
rernained.

UL will base its determinations on the thermal performance of the test articles on its
observations during the fire endurance and hose stream tests, anaiy’.es oi the electronically
recorded thermocouple data, and “onsideration of both the maximurn single point
temperatures and the average unexpused side temperatures. Presumably, UL will also
consider the effects of the problems with the thermocouples that were experienced during the
test. Attachment 4 is UL's record of test observations

Docket Nos.. 50-213, 50-282, and 50-306

Attachments: As stated

DISTRIBUTION (w/atts):

Central File GHolahan SPLB Reading File
PUBLIC SWest BWetze!

Plan{ File 2 MSalley

Docket File . - | GKalman

Document Name: G\SECTIONC\WEST\WWRAPTST.DOC

SC'SPLBNRR
SWest (|
047 197 /| -

OFFICIAL RECORD COPY




UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20655-0001

May 9, 1997

MEMORANDUM TO: L B Marsh, Chief
Plant Systems Branch
Office of Nuclear Reactor Regulation

FROM: K. Steven West, Chief il )( r
Fire Protection Engineering Section | \/**
Plant Systems Branch /
Office of Nuclear Reactor Regulation

SUBJECT: TRIP REPORT - TRIP TO UNDERWRITERS LABORATORIES,
INCORPORATED TO OBSERVE THREE HOUR FIRE TEST OF ONE
AND THREE HOUR VERSAWRAP RACEWAY FIRE BARRIER
SYSTEMS (TAC M32809)

During Apnl 10 and 11, 1997, | visited to Underwriters Laboratories, Incorporated (UL),
Northbrook, lllinois, to observe a full-scale fire endurance test of 1- and 3-hour Versawrap fire
barrier systems. Attachment 1 is a list of individuals that observed or participated in the test

| interacted mostly with the individuals marked with asterisks

Transco Products, Incorporated (Transco) is developing Versawrap as a stand-alone fire
barner or as an upgrade for such existing raceway fire barmers as Thermo-Lag 330-1 In
general, Versawrap barriers are installed (from the item to be protected outward) as
individual layers of foil, water filled myliar tubes, fiber blankets, foil, and intumescent-coated
fiberglass cloth. The numbers and arrangements of the individual barrier components are
dependent on the type of item to be protected (e g . raceway, cable, support, etc.) and the
desired fire rating. (Attachment 1 to a memorandum of April 15, 1997, from K. S. West to
L.B. Marsh describes the components of a typical Versawrap barrier and their general
arrangements.) Entergy Operations, incorporated, is considering installing 1- and 3-hour
Versawrap fire barriers at Arkansas Nuclear One, Unit 1, and Northern States Power is
considering installing a 1-hour Versawrap barrier at Prairie Island Nuclear Power Station

Attachment 2 is Transco Test Procedure TR-228, "Three Hour Fire Test of One and Three
Hour VERSAWRAP Raceway Fire Barrier Systems for Conduits and Cable Trays "

Revision 2, February 7. 1997 The test was a single 3 hour fire exposure followed by a solid-
stream hose stream test that was intended to demonstrate the ability of both 1- and 3-hour
Versawrap fire barrier systems (in the same test) to meet ‘he acceptance criteria of Generic
Letter 86-10, Supplement 1 (GL 86-10, S 1)

CONTACT: K S West NRR
301-415-1220




L. Marsh 2.

The test specimen had been constructed and installed on the test furnace before | arrived at
UL Therefore, | did not observe fire barrier installation or thermocouple placement The
overall test specimen consisted of a steel and concrete deck from which 18 individual 1- and
3-hour test articles were suspended into UL's large floor furnace. According to Kevin Hawks,
Transco, (1) Transco personnel installed the Versawrap fire barriers on the test articles in
accordance with Transco instructions and procedures, (2) the test articles were instrumented
in accordance with GL 86-10, S 1 (3) Transco quality control witnessed and documented test
specimen construction, (4) UL quality control also independently witnessed and documented
test specimen construction, (5) UL will prepare the fire test report. The test articles and the
conditions which they were intended to bound are described in Attachment 2 | made pen
and ink changes to Attachment 2 to reflect changes that Transco had made to the test
articles after it issued the test procedure. Attachment 3 shows the test article layout,
construction details, and thermocouple locations. The test articles, which did not contain
cable fill, were instrumented with 438 thermocoupies

On the basis of my observations, it appeared that UL exposed the test specimen in
accordance with the ASTM E-119 standard time-temperature curve for 3 hours UL
programmed its data acquisition computers to electronically record the test article
thermocouple temperatures every two minutes. UL also printed the thermocouple
temperatures about every five minutes. UL will use the electronically recorded temperature
data to judge the fire endurance performance of the ind.vidual test articles. The printed
temperatures were provided for contemporaneous information during the test. About midway
through the fire exposure, Transco noticed some apparently anomalous thermocouple
readings. For example, closely-spaced thermocouples were reporting vastly different
temperatures. Upon examination, Transco found *hat the insulation had meited off of some
thermocouple wires that were running on top of and in direct contact with the steel test deck
Apparently, at these points the thermocouples were measuring the temperature of the test
deck rather than the temperatures cf the test articles. After UL and Transco placed insulating
blankets between the affected thermocouple wires and the steel test deck, the printed
temperatures returned (dropped) to what appeared to be a more normal range. Transco
indicated that UL would assess the impact of this event on the overall test results in its fire
test report

Assuming that the thermocouples were working properly and on the basis of the printed
temperatures at the end of about 61 minutes, it appeared that test articles A, B, C. D, L. O,
and R met the maximum single point temperature rise acceptance criteria of GL 86-10, S 1,
for a 1-hour fire rating while test articies E and Q did not Assuming that the thermocouples
were working properly and cn the basis of the printed temperatures at the end of about

2 hours and 55 minutes (the temperatures at 2 hours were not printed), it also appeared that
test articles F, G, H, and | may meet the maximum single point temperature rise acceptance
criteria of GL 86-10, S 1, for a 3-hour fire rating, Hut test articles J. K. M, N, and P will not

Following the 3 hour fire exposure, UL subjected the test specimen to a solid hose stream
test for 2-1/2 minutes. With the exception of test article P, most of the outer layers of
intumescent-coated fiberglass cloth. foil and fiber blankets were knocked off of the bottom
and side surfaces of the test article fire Jarriers by the force of the hose stream  The barrier

on test article P remained intact and nav 10t have peen hit by the hose stream. |n addition
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SECTION 1.0
SYNOPSIS:

Transco Fire Test #TR-228 will be a single fire test conducted in accordance with the performance requirements
of NRC GL 86-10, Supplement | and the ASTM E-119 time/temperature curve. The purpose of this test is to
demonstrate the ability of both one and three hour VERSAWRAP raceway fire barrier systems (in the same test)
to protect a vanety of raceway conditions that are representative of those commonly found in nuclear power plants
Even though some of the barrier systems to be tested are only intended for one hour applications, they will be
subjected to the full three hour fire test. In these cases, the one hour barrier specimens will be considered to be
successful thermally if they meet the raceway temparature pass/fail criteria of GL 86-10 for the first hour of the
fire test. After the conclusion of the three hour fire test, both one and three hour specimens will be subjected to a

hose stream test in accordance with Section 7.0 of this procedure Testing will be performed at Underwriters
Laboratories (Northbrook, Illinois).

The overall test specimen will consist of a metal and congrete deck from which a number of simul»-ed conduit and
cable tray raceways will be suspended. The sizes and shapes of these raceways are intended to represent conditions
that bound equivalent or less severe raceway configurations in the field These bounding conditions to be qualified
by this test are described below. The metal/concrete deck with its individual raceway specimens will be placed on
top of a large floor fumace where the raceways will be subjected to the three hour fire endurance test. Immediately
after the conclusion of the fire test, the deck and raceway specimens are lifted as a single unit from the furnace and
will then be exposed to the hose stream test.

The raceway items to be tested and conditions they are intended to bound are as follows:

ITEM: DESCR!T t1ON:
“A” 27 x 2" Aluminum Solid-Back Cable Trav/Tube Track - This item is intended to bound ore howr

VERSAWRAP installed on the smallest steel and/or aluminum cable tray (using aluminum as a worst case
condition) as well as bundled steel or alumunum conduit configurations. Since this is the smallest thermal
mass expected for cable tray applications (ard therefore the most severe), this tray is intended to bound

. all larger steel and aluminum raceways. Because this is a one hour wrap, it is only required to meet the
thermal pass/fail requirements of GL 86-10 Supplement 1 for one hour whereas the hose stream test for
this specimen will be performed immodiacly after the three hour fire test This specimen will demonstrate
both horizontal and vertical raceway section®, a bend/corner, and a “Unistrut™ hanger thermal short
interface. This tray wall be empty except for a #8 AWG bare copper cable and thermocouples. The empty
tray is used to simulate a worst cese thermal mass condition for cable loading

“B” 30" x 4" Steel Ladder-Back Cable Tray - This item 15 intended to bound one hour VERSAWRAP systems
nstalled on 30" x 4" (and all sr..ler sizes) of both aluminum and/or steel cable trays (aluminum tra;
sizes from 2" x 2" through 30" x 4" are bounded thermally by ttem "A" above) as well as bundled

conduits. This specimen will demonstrate both horizontal and vertical runs of raceway, a bend, and a
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“Unistrut” hanger thermal short interface. This tray will be empty except for a single #8 AWG bare
copper wire and thermocouples. The empty tray is used to simulate a worst case thermal mass condition
for cable loading. The use of this large steel tray is also intended to bound aluminum raceways up to this
size for hose stream test qualifications of VERSAWRAP. This specimen will also demonstrate a “free-
cablz airdrop” and its connection to the raceway wrap.

F VAL

it - This item is intended to bound one hour VERSAWRAP systems
installed on the smallest size of conduit found in the field (the most severe thermal mass) The test
raceway assembly will be fabricated from sta...ard *. " diameter rigid steel conduit and will utilize a “U’-
shape to represent both vertical and horizontal raceway runs  One comner of the “U"-shape will consist
of a standard steel condulet and couplers while the opposite corner will be used to show the wrap installed
on a small radius bend. A conduit connector will also be installed on one of the vertical legs of specimen
to demonstrate the wrap installed over such typical hardware items. A “Unistrut” hanger will be connected
to the horizontal conduit section to demonstrate the impact of thermal shorts on small diameter conduit
raceways. This condwit will be empty except for a #8 AWG bare copper wire and thermocouples installed
according to Section 5.0 of this procedure.

4" Diameter Rigid Steel Conduit - This item is intended to demonstrate one hour VERSAWRAP systems
installed on large diameter conduits. The test raceway specimen will fabricated from standard 4" diameter
rigid steel conduit that will utilize a folded “S”-shape to represent both vertical and horizontal raceway
runs. One corner of the “S"-shape will consist of & standard steel condulet and couplers while the
horizontal leg of the raceway will be used to show the wrap installed on a large radius bend A conduit
connector will also be installed on one end of the raceway to demonstrate the wrap installed over such
typical hardware items. A “Unistrut” hanger will be connected to the horizontal conduit section to
demonstrate the impact of thermal shorts on large diameter conduit raceways. This conduit will be empty
except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
procedure.

%" Diameter Rigid Steel Conduit Near Concrete Barrier - This item is intended to bound one hour
VERSAWRAP systems installed on the smaliest size of conduit found in the field (the most severe thermal
mass) locawd approximately %" from a vertical or horizontal concrete barrier. The test raceway assembly
will be fabricated from standard % " diameter rigid steel conduit that will use condulets at each end of the
specimen on the exposed side of the deck. A conduit connector wiil also be installed on the conduit. (No
hanger will be used in the test as hangers in the field would be wrapped in the same manner as the conduit -

as it would increase the thermal mass of the test raceway.) This conduit will be empty except for a #:
AWG bare copper wire and thermocouples installed according to Section 5.0 of this procedure
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ltiple Interses ustrut” Hangers and %" Diameter Rigid Steel Conduit - This item is intended to
bound-enethour VERSAWRAP systems installed on %" diameter conduit (as the most severe thermal mass)
connected to a “Unistrut” hanger thermal short that intersects with a second perpendicular hanger
approximately 6" from the conduit. This second iniersecting hanger will not be wrapped with
VERSAWRAP as a full length thermal short as shown in the other test specimens. The conduit will be

empty except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of
this procedure.

2" x 2" | id- o, ube Track -This item is intended to bound three hour
VERSAWRAP systems installed on the smallest steel and/or aluminum cable tray (using aluminum as a
worst case condition) as well as bundled sateel or aluminum conduit configurations. Since this is the
smallest thermal mass expecied for cable tray applications (and therefore the most severe), this tray is
intended to bound all larger steel and aluminum trays This specimen will demonstrate both horizontal
and vertical runs of raceway, a bend/comer, and a “Unistrut” hanger thermal short interface. This tray will
be empty except for a #8 AWG bare copper wire and thermocouples. The empty tray is used to simulate
a worst case thermal mass condiuon for cable loading. This item will also demonstrate a wrap-to-concrete
interface to bound both one and three hour applications for small raceways.

30" x 4" Steel Ladder-Back Cable Tray - This item is intended to bound three hour VERSAWRAP systems
installed on 30" x 4" and all smaller sizes of both aluminum and steel cable tray (aluminum trays sizes
JSrom 2" x 2" through 30" x 4" are bounded thermally by item “G "' above) and bundled steel or aluminum
conduits. This specimen will demonstrate both horizontal and vertical runs of raceway, a bend, and a
“Unistrut™ hanger thermal short interface.  This tray will be empty except for a #8 AWG bare copper wire
and thermocouples. The empty tray is used to simulate a worst case thermal mass condition for cable
loading The use of this large steel tray is also intended to bound aluminum trays wup to this size for hose
stream test qualifications. This specimen will also demonstrate a “free-cable airdrop™ and its connection
to the raceway wrap. The specimen will also demonstrate a wrap-to-concrete interface to bound both one
and three hour applications for both large tray and/or box wraps

%” Diameter Rigid Stecl Conduit - This item is intended to bound three hour VERSAWRAP systems

installed on the siallest size of conduit in the field (the most severe thermal mass). The test raceway
assembly will be fabricated from standard %" diameter rigid steel conduit that will utilize a “U”-shape to
represent both vertical and horizontal raceway runs. One comer of the “U”-shape will consist of @
standard steel condulet and couplers while the opposite corner will be used to show the wrap installed on
a small radius bend. A conduit connector will also be wnstalled on one of the vertical legs of specimen tc
demonstrate the wrap installed over such typical hardware items. A “Unistrut” hanger will be connected
to the horizontal conduit section to demonstrate the impact of thermal shorts on small diameter condui!

"

raceways. This conduit will be empty except for a #8 AWG bare copper wire and thermccoouples installed

according to Saction 5.0 of this procedure
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4" Diameter Rigid Steel Conduit - This item is intended to demonstrate three hour VERSA WRAP systems
installed on large diameter conduits. The test raceway assembly will be fabricated from standard 4"
ciameter rigid steel conduit that will utilize a folded “S™-shape to represent both vertical and horizontal
raceway runs. One corner of the “S”-shapre will consist of a standard steel condulet and couplers while
the horizontal leg of the raceway will be used to show the wrap installed on a large radius bend. A conduit
connector will also be installed on one end of the raceway to demonstrate the wrap installed over such
typical hardware items. A “Unistrut” hanger will be connected to the horizontal conduit section to
demonstrate the impact of thermal shorts on large diameter conduit raceways. This conduit will be empty
except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
proc*ure. The specimen will also demonstrate a wrap-to-concrete interface to bound both one and three
hour applications for large and small conduit wraps.

% Diameter Rigid Steel Conduit Near Concrete Barrier - This item is intended to bound three hour
VERSAWRAP systems installed on the smallest size of conduit (the most severe thermal mass) found in
the field that is located approximately %" from a vertical or horizontal concrete barrier. The test raceway
assembly will be fabricated from standard % " diameter rigid steel conduit that will utilize condulets at
each end of the specimen. A conduit connector will also be installed on the conduit (No hanger will be
used in the test as hangers in the field would e wrapped in the same manner as the conduit - the impa’
of the hanger thermal short in this particular case would be considered as a less severe condition as it
would increase the thermal mass of the test raceway ) This conduit will be empty except for a single #8
AWG bare copper wire and thermocouples installed according to Section 5.0 of this procedure.

N ' gers and %" Dian Rig X ut - This item 1s intended

VERSAWRAP sy installed on a %" diameter ngid steel conduit as the smallest
size of conduit found in the field (the most severe thermal mass) connected to a hanger thermal short that
intersects with a second perpendicular hanger approximately 6" from the conduit. This second
inte~secting hanger will not be wrapped as a full length thermal short as shown in the other test specimens
The conduit will be empty except for a #8 AWG bare copper wire and thermocouples installed according
to Section 5.0 of this procedure

-¥2 ' Diameter Steel C o oet-ae= R overed with Modified VERSAWRAP
- This item is intended to bound “modified” one hour VERSAWRAP systems installed on 1-%4" (and larger)

diameter conduits in the field. The test raceway assembly will be fabricated from standard 1-%4" diamets
rigid steel conduit that will utilize a “U"-shape to represent both vertical and horizontal raceway runs. One
corner of the “U”-shape will consist of a standard steel condulet and couplers while the opposite corner
will be used to show the wrap installed on a small radius bend. Freome-hour-Fhermo-tagmrerit-wr
. \ ce-Fhermostag-wiitbrosed). A “Unistrut” banger will b
connected to the horizontal conduit section to demonstrate the impact of thermal shorts on these racey
types. This conduit will be empty except fo- a #8 AWG bare copper wire and thermocouples installz:
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according to Section 5.0 of this procedure

12°x 12" x 12" x 16 Gauge Steel Box Attached to a % " Diameter Steel Conduit - This item is intended
to bound one hour VERSAWRAP conduit sysiems thetaniertace-wrth-rrometrourParmman#vtHHracerwsy
Samersystem installed on the box.  The conduit will pass through a penetration seal to show wrap
terminations as such. The conduit and box will be empty except for a #8 AWG bare copper wire and

lhcnnocouples installed according to Section 5.0 of this procedure and Generic Letter 86-10, Supplement

Two6"x6" : ' : it - This item is intended
to bound one hour VERSA WRAP s)stems msulled on both “free-mr junctmn boxes and junction boxes

mounted to concrete barriers as well as intersecting conduit connections. The conduit and box will be
empty except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
procedure and Generic Letter 86-10, Supplement 1. The sizes of both simulated junction boxes were
chosen to represent worst case small thermal masses whereas field junction boxes with large surfaces
would be bounded by the 30" x 4" cable tray raceway included in this test.

Two 6" x 6" x 6" x 16 Gaug : : ( ‘ Diamet; it - This item 1s intended
to bound three hour VER&!WIMP systcms mstal]ed on both “frec -aur’ juncuon boxes and junction boxes
mounted to concrete barniers as well as intersecting conduit connections. The conduit and box will be
empty except for a #8 AWG bare copper ware and thermocouples installed according to Section 5.0 of this
procedurs and Generic Letter 86-10, Supplerent 1. The sizes of both simulated junction boxes were
chosen to represent worst case small thermal masses whereas field junction boxes with large surfaces
would be bounded by the 30" x 4" cable tray raceway included in this test.

,,m.wnu.m hown :Bl

3C-500MCM Aluminum Armored Cable - This item is i to bound ane hour VERSAWRAP systems

nstalled on a 3C-500MCM aluminum armored capfe as supplied by Northern States Power for their
um) span of cable will be temporarily supported by
111 bwemdmelt and will allow the wrapped cable to be

about mid-span. During the test, the
~" unsupported for the remainder of the fire test. The intent here is to show that the wrap will still be

effective even if the cable suddenly becomes unsupported between hanger points (maximum distance as
tested herein) in the field (In the field, the cable is located in an aluminum tray suspended on steel
hangers. The utility wish2s to evaluate the possibility of wrapping only the cable instead of the entire tray
It 1s felt that if the aluminum tray is not wrapped, it will melt or be consumed during a fire thus leaving
the cable unsupported except at points where the tray was suspended on steel hangers )

A ')

s
*
LN

:,,,U\Q - Shruckuacy sl
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SECTION 2.0
TEST FURNACE:

The fumace to be used 1s Underwniters Laboratorie: " stars+ large floor furnace The furnace shall be operated
n accordance with the requiremems of ASTM E-119 for the three hour fire test

SECTION 3.0
ITEMS TO BE PROTECTED:

The following is a description of the items to be usea as raceway elements for the fire test:

(See Section 1.0, Synopsis for a general description of these items. Note: all steel trays and boxes will
be manufactured from 16 gauge steel while all conduit will be standard, rigid conduit. All “free-cable
air drops " will consist of single pieces of st~anded 8 AWG bare copper wire according to GL 86-10,
Supplement | requiremenis. All hangers will be fabricated from standard “Unistrut” type material
[hangers may be welded to the raceways for the test in lieu of using clips, straps, etc] )

An accurate descrniption of speci'nen fabrication shall be included in the final test report (as verified by Transco
Products Inc. Quality Control). Hardware substitutions are permitted provided substitute material (etc ) does not
mcrease the heat mass of the specimen and are documented by Transco QC and UL.

The VERSAWRAP and Transco Products Inc. TCO-001 materials shall be installed by Transco Products Inc
personrel in accordance with the manufacturer's instruction and’‘or procedures. If written instructions are not
available at the time of installation, then Transco Products Inc. QC personnel shall document/verify step-br-ste:

methods used for installation. Test installatior records will be included as an appendix to the final test report
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Matenals used for this test shall be purchased, received, and installed in accordance with latest approved revision
of Transco Products Inc.'s Quality Assurance Program and applicable procedures. All fire barrier envelope
installation will be witnessed by Transco Products Inc. Quality Control personnel. Material components (except
for tie wire and ceramic blanket) will be identified with the responsible QC's initials as each layer is installed

Note: This test will be performed as a “Safety Related” quality program in accordance with the latest
approved revisica of Transco Products Inc.’s Quality Assurance Manual (10CFR, Part 21 applies) with
the exception that all materials will be provided as “Q-Class” with Certificates of Conformances.

SECTION 5.0
THERMOCOUPLES:

A.) Fire Barrier Envelope:

The fire barmer envelope is considered all areas of the specimen on the exposed side of the test slab. For
these areas, thermocouples shal! be mounted to the specimen to gather temperature data for the duration
of the fire test. At a munimum, temperatures shall be documented at nominal two minute intervals for the

duration of the test. Thermocouple placement for the fire barrier envelope (quantity and locations) shall
be as specified in NRC GL 86-10 and Supplement 1 as follows:

".... Cable Trays - The temperature rise on the unexposed surface of a fire barrier system installed on a
cable tray shall be measured by placing the thermocouples every 152 mm (6 - inches) on the exterior
surface of each tray side rails between the cable tray side rail and the fire barrier material

- Internal raceway temperatures shall be measured by a stranded AWG 8 bare copper conductor routed on
the top of the cable tray rungs along the entire length and down the longitudinal center of the cable tray
run with thermocouples installed every 152 mm (6- inches) along the length of the copper conductor
Thermocouples shall be placed immediately adjacent to all structural members, supports, and barrier
penecrations. ..."(1)

“... Conduits - The temperature rise of the unexposed surface of a fire barrier system installed on

a conduit should be measured by placing thermocouples every 152 mm [6 inches) on the exterior conduit
surface between the conduit and the unexposed surface of the fire barner material. These thermocouple
should be attached to the exterior conduit surface opposite of the test deck and closest to t'.e fumace fire
source. The internal raceway temperatures should be measured by a stranded AWG 8 bare copper
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conductor routed through the entire length of the conduit system with thermocouples installed every 152
mm [6 inches] along the length of the copper conductor Thermocouples should also be placed
immediately adjacent to all structural members, supports, and barmer penetrations.. ."’(1)

Free-Cable Air Drops Thermocouples will be installed on the stranded 8 AWG wire used for
demonstrating the “free-cable air drop” every 152 mm [6 inches] in accordance with the same
requirements for monitoring internal conduit/cable tray temperatures.

(Note In accordance with NRC GL 86-1C, Suppiement | requirements, "for the thermocouples installed
on conduits, cable tray side rails, and bare copper conductors, a = 13 mm (+1/2 inch) instaliation
tolerance is acceptable”. Hence, this tolerance shall be considered acceptable for use in this test. The
tolerance is considered to be from the point of individual thermocouple placement and not compounded
Sfrom one thermocouple to the next (i.e, all thermocouples can not be 6 1/2" from each other but rather
must be +1/2" from the measured 6" [minimum] mark on the item being monitored.)

Junction box thermocouples will be installed in accordance with the requirements of Generic Letter 86-
10, Supplement 1

B.) Penetration Seal:

Thermocouple placement for the unexposed penetraticn seal surface (test item “N”) will comply with the
typical requirements of ASTM E814. As an optional method for protecung thermocouple tips, the
thermojunctions of each thermocouple may be embedded into the seal surface or seal surface/penetrating
member interface approximately s -'4" below the scal surface (because of the nature of the seal matenial,
this placement can be performed at any time after the installation of the seal material). For this alternate
method, insulation pads for covering the thermocouple tips will not be used.

All specimen temperatures shall be monitored using thermocouples (with special limits of error equal or less than
1 1°C) Thermojunctions of all specimen thermocouples shall be electrically welded. All thermocouple wire shall
be supplied with certifications of punty, accuracy, and calibration

Furnace atmosphere thermocouples shall be placed 12" below the furnace deck/slab as well as 12" away from
represertative elements of the test specimen e~cordance with ASTM E-119-88 requirements (not less than ~in~
[9] thermocouples will be used to monitor furnace atmosphere temperatures). Additional furnace atmosphere
thermocouples be employed around the specimen as it protrudes into the furnace. These will be placed at the
laboratories discretion to supplement data acquisition in areas where furnace atmosphere thermocouples can not
be mounted to satisfy ASTM E-119 requirements because of the specimen's configuration, et cetera

The installation and location of each uniquely identified thermocouple (for both the specimen and furnace) sha
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be mapped and verified (measured) by Transco Products Inc. Quality Control. Verification may be performed as
hand written notes and shall become part of the permanent records of the tesi. Also, all thermocouple certifications
shall also become a permanent record of the test.

" Generic Letter 86-10 and Supplement |

SECTION 6.0
FIRE TEST:

The fire test shall be conducted in accordance with the ASTM E-119 time/temperature curve (and temperature
tolerance) for a minimum of three (3) hours. As a munimum, temperature data provided by both furnace and
specimen thermocouples should be monitored and documented at nominal two (2) minute intervals. The laboratory

shall verify and document visual specimen performance and occurrences (i.e., smoke, et cetera) for the duration
of the test.

It is intent of the test to demonstrate as many different raceway configurations as possible. As such, several
raceway test specimens exhibit multiple features (i.e , the 3 hour large tray demonstrates the tray wrap, a “free- air”
cable and interface, a wrap-to-concrete interface, erc ) If one of these features fails thermally or during the hose
stream test, it is the intent of the test to then exclude that feature from the configuration being qualified In the case
of the large tray for example, if the “free-air” cable or wrap-to-concrete interface fails for any reason, it 1s does not
cause the tray to fail provided the rest of the trav specimen meets the acceptance criteria of Generic Letter 86-10,
Supplement 1 Any failed portion of a specimen will then not be qualified by this test.

SECTION 7.0
HOSE STREAM TEST:

After the conclusion of the three hour fire test, the fire barrier envelope specimen (along with the surrounding
penetration seal) shall be subjected to a mimmum of ore of the following hose stream tests (as identified in NRC
GL 80-10, Supplement 1)

(a) "The stream applied at random to all exposed surfaces of the test specimen througha 3.8 em ( 1-
1/2«inch) fog nozzle set at a discharge angle of 30 degrees with a nozzle pressure of 517 kPa (7
psi) and a minimum discharge of 284 1pm (73gpm) with the tip of the nozzle at a maximum of
1.5 meters (5 feet) from we test specimen.  (Duration of the hose stream application = 3 min
for both 1-hour and 3 -hour barniers), or
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“The stream applied at random to all exposed surfaces of the test specumen through a 6.4 cm (2
Ye-inch) national standard playpipe witha 2.9 cm ( 1-1/8 -inch) orifice at a pressure of 207 kPa
(30psi) at a distance of 6.1 meters (20 feet) from the specimen, (Duration of the hose stream
application - | minute for a !-hour barrier and 2 % n.nutes for a 3-hour barrer); or"

“The stream applied at random to all exposed surfaces of the test specimen through 3.8 cm ( 1 V3-
inch) fog nozzle set at a discharge angle of 15 degrees with a nozzle pressure of 517 kPa (75psi)
and a minimum discharge of 284 Ipm (75gpm) with the tip of the nozzle at a maximum of 3
meters (10 feet) from the test specimen. (Duration of the hose stream application - 5§ minutes for
both 1-hour and 3-hour barriers) "*

2 Genenc Letter 86-10 and Supplement |

The responsible QC shall verify and document the type of hose stream, distance. time et cetera employed in each

hose stream test.

SECTION 8.0

TEST REPORT:

The laboratory performing the test shall provide a written report which accurately describes the following munimum
elements of the test:

1)
2)

4)

5.)

6.)

Verification of specimen materials and dimensions used;

Verification of fire barrier envelope materials, dimensions, and installation techniques
(procedures) used,

Venification of general furnace construction/dimensions and locations of burner, thermocouples,
et cetera,

Verification of specimen theaniocouple locations (along with copies of thermocouple matenal
certifications),

Verification of standards used for conducting fire test along with record of both furnace
atmosphere and specimen temperature data acquired during test;

Record of furnace pressure during fire test,

Record of visual occurrences ‘observations of fire and hose stream tests:
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8) Record of hose stream test(s),

9) Photographic records of specimen before fire barmier envelope installation, after fire barrier
installation, and post fire/hose stream tests,

10.)  Post test observations including measurements of material loss/degradation, et cetera,
11.)  Certification of the report by the agency performing test, and,
12)  QC records and notes from installat’  and test as an appendix to the report.

13.)  Record of test items thermocouple temperature readings

ALL TEST RECORDS, NOTES, CERTIFICATIONS, REQUIRED BY THIS TEST
WILL BE LEGIBLE AND SUITABLE FOR REPRODUCTION.
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Record of Test Observations
File No.: R18500 Client: Transco Inc.
Project No.: 97NK4087 Recorded By: M. Izydorek
Date: April 10, 1997 Page No. 1 of 2
Exposed (E) or
Test Time  Unexposed (U)  Article
Hr;Min;Se¢ Surface E.o.. Qbservation
0:0:5:00 E All of the exposed material was charred and
black in color.
0:0:6:15 E N The bottom piece of material (the cap) fell form
the article.
0:08:22 E B Flames were issuing from the sample,
0:09:40 E All Flames 1ssued from the exposed surfaces of the
articles near the top of the exposed surface.
0:12:56 U All Smoke was issuing from the entire unexposed

surface with the heaviest amount from Article H.

0:15:07 E H A crack, running in a North-South direction had
developed at the West side of the zrticle. the
crack was 1/8 in. deep.

0:19:21 E B,F,C,M Flames continued to issue from the exposed
surface of the articles.

0:20:03 E All The surfaces were becoming beige in color.

0:31:23 E H There were gaps present between the banding
straps aa¢' the bottom surface of the protection
matenal.

0:37:36 E All The surfaces were becoming white in color.

0:41:43 E P There was a slight separation in the material on
the bottom surface of the protection material,

0:52:57 E H A Westerly view of the article shows a | in.
separation near the West end on the bottom of
the article.

1:10:26 E ] On the South end of the article at the interface of

the vertical and horizontal runs, there were two
1/4 in. wide openings in the protection materia!,

1:29:37 E H I'he area described at 0:15:07 had opened to a
width of 2 in.

1:30:17 E J The openings described at 1:10:26 had closed.

1:33:28 E G A “flap” of protection material, 3 x 4 in., was

hanging at the interface with the hanger.
1:35:18 E Q Heavy black smoke accompanied by flames was
issuing from the article at the center and at both
ends where 1t entered the furnace chamber.,
These flames were impinging on Article N
1:149:24 E 2 Flames and black smoke issued from the top of




1:50:31
2:00:00
2:16:00
2:35:35
2:40:00

2:41:03
3:00:00

nm

E&U

All

All

the sample,

An area of flames issued from the bottom of the
article at the interface with the support near the
center of the article.

No significant changes observed.

the West half of the article fell to the furnace
floor,

The heavy black smoke ceased. Gray smoke
issued from the center of the article at the
bottom. The smoke was issuing from a crack.
Slight changes in color had occurred

The crack described at 2:40:00 was 2 in. wide.
Fire test terminated.



L. Marsh 3.

with the exception of test article B, a 30-inch wide steel cable tray with a 1-hour Versawrap
fire barrier, it appeared that at least the innermost layer of foil (the foil attached directly to the
raceway) remained intact during the hose stream test. For test article B, the foil on the
bottom surface of the tray was breached, apparently oy the force of the solid hose stream.
GL 86-10, S 1, states, in part, that the fire endurance qualification test for fire barrier
materials are successful if "[tjhe cable tray, raceway, or component fire barrier system
remained intact during the fire exposure and water hose stream test without developing any
openings through which the cable tray, raceway, or component (e.g.. cables) is visible.

On April 11, 1997, | observed Transco disassemble the fire barriers that remained on test
articles H and P after the fire and hose stream tests. For both of these proposed 3-hour fire
barrier designs, the inner layers of foil, water filled mylar tubes, and fiber blankets remained
largely intact. Many of these mylar tubes appeared to contain their original inventory of water
and those that had leaked contained some water. In addition, the ordinary adhesive-backed
strapping tape that was used to attach the tubes to the raceways was largely free of fire
damage

One interesting part of the test was a test of a 12-inch by 12-inch by 8-inch thick silicone
foam penetration sez ‘hat was penetrated by a %-inch diameter steel conduit (test article N)
In addition to the normal fire resistant damming board, the seal assembly included an outer
layer of intumescent-coated fiberglass cioth (on the fire side) According to Mr. Hawks,
Transco considered this a "throw away" or research and development scoping test and did
not instrument the seal assembly with thermocouples to obtain unexposed side temperatures.
After the 3-hour fire exposure and hose stream test, Transco disassembled the penetrations
seal. The seal assembly was intact. About 2 to 3 inches of the silicone foam material was
consumed during the fire exposure. A full 5 to 6 inches of unreacted silicone foam material /
remained.

UL will base its determinations on the thermal performance of the test articles on its
observations during the fire endurance and hose stream tests, analyses of the electronically
recorded thermocouple data, and consideration of both the maximum single point
temperatures and the average unexposed side temperatures. Presumably, UL will also
consider the effects of the problems with the thermocouples that were experienced during the
test. Attachment 4 is UL's record of test observations

Docket Nos.. 50-313, 50-282, and 50-306
Attachments As stated
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001
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MEMORANDUM TO L B. Marsh, Chief
Plant Systems Branch
Office of Nuclear Reactor Regulation

FROM K. Steven West, Chief i {/
Fire Protection Engineering Section L
Plant Systems Branch
Office of Nuclear Reactor Regulatvon

lLl"

SUBJECT: TRIP REPORT - TRIP TO UNDERWRITERS LABORATORIES,
INCORPORATED TO OBSERVE THREE HOUR FIRE TEST OF ONE
AND THREE HOUR VERSAWRAP RACEWAY FIRE BARRIER
SYSTEMS (TAC M82809)

During April 10 and 11, 1997, | visited to Underwriters Laboratories, Incorporated (UL),
Northbrook, llinois, to observe a full-scale fire endurance test of 1- and 3-hour Versawrap fire
barrier systems. Attachment 1 is a list of individuals that observed or participated in the test

| interacted mostly with the individuals marked with asterisks.

Transco Products, Incorporated (Transco) is developing Versawrap as a stand-alone fire
barrier or as an upgrade for such existing raceway fire barriers as Thermo-Lag 330-1. In
general, Versawrap barriers are installed (from t e item to be protected outward) as
individual layers of foil, water filled myiar tubes, fiber blankets, foil, and intumescent-coated
fiberglass cloth. The numbers and arrangements of the individual barrier components are
dependent on the type of item to be protected (e g, raceway, cable, support, etc.) and the
desired fire rating. (Attachment 1 to a memorandum of April 15 1997, from K. S. West to
L. B. Marsh describes the components of a typical Versawrap barrier and their general
arrangements.) Entergy Operations, Incorporated, is considering installing 1- and 3-hour
Versawrap fire barriers at Arkansas Nuclear One, Unit 1, and Northern States Power is
considering installing a 1-hour Versawrap barrier at Prairie Island Nuclear Power Station

Attachment 2 is Transco Test Procedure TR-228 "Three Hour Fire Test of One and Three
Hour VERSAWRAP Raceway Fire Barrier Systems for Conduits and Cable Trays "

Revision 2, Fabruary 7, 1997 The test was a single 3 hour fire exposure followed by a solid-
stream hose stream test that was intended to demonstrate the ability of both 1- and 3-hour
Versawrap fire barrier systems (in the same test' to meet the acceptance critena of Generic
Letter 86-10, Supplement 1 (GL 86-10, S 1)

CONTACT K S. West NRR
301-415-1220



L Marsh -2-

The test specimen had been constructed and installed on the test furnace before | arnved at
UL Therefore, | did not observe fire barrier installation or thermocouple placement. The
overall test specimen consisted of 2 steel and concrete deck from which 18 individual 1- and
3-hour test articles were suspended into UL's large floor furnace. According to Kevin Hawks,
Transco, (1) Transco personnel installed the Versawrap fire barriers on the test articles in
accordance with Transco ‘nstructions and procedures, (2) the test articles were instrumented
in accordance with GL 86-10, S 1 (3) Transco quality control witnessed and documented test
specimen construction, (4) UL quality control also independently witnessed and documented
test specimen construction, (5) UL will prepare the fire test report. The test articles and the
conditions which they were intended to bound are described in Attachment 2. | made pen
and ink changes to Attachment 2 to reflect changes that Transco had made to the test
articles after it issued the test procedure. Attachment 3 shows the test article layout,
construction details, and thermocouple locations The test articles, which did not contain
cable fill. were instrumented with 438 thermocoupies

On the basis of my observations, it appeared that UL exposed the test specimen in
accordance with the ASTM E-119 standard time-temperature curve for 3 hours. UL
programmed its data acquisition computers to electronically record the test article
thermocouple temperatures every two minutes. UL also printed the thermocouple
temperatures about every five minutes. UL will use the electronically recorded temperature
data to judge the fire endurance performance of the individual test articles. The printed
temperatures were provided for contemporaneous information during the test. About midway
through the fire exposure, Transco noticed some apparently anomalous thermocouple
readings. For example, closely-spaced thermocouples were reporting vastly different
temperatures. Upon examination, Transco found *hat the insulation had melted off of some
th mocouple wires that were running on top of and in direct contact with the steel test deck
Apparently, at thzse points the thermocouples were measuring the temperature of the test
deck 1ather than the ternperatures of the test articles. After UL and Transco placed insulating
blankets between \he affected thermocouple wires and the steel test deck, the printed
temperatures returnea (dropped) to what appeared to be a more normal range. Transco
indicated that UL wouid assess the impact of this event on the overall test results in its fire
test report.

Assuming that the thermocouples were working properly and on the basis of the printed
temperatures at the end of about 61 minutes, it appeared that test articles A, B.C, D, L, O,
and R met the maximum single point temperature rise acceptance criteria of GL 86-10, S 1,
for a 1-hour fire rating while test articles E and Q did not. Assuming that the thermocouples
were working properly and on the basis of the printed temperatures at the end of about

2 hours and 55 minutes (the temperatures at 3 hours were not printed), it also appearr J that
test articies F. G, H, and | may meet the maximum single point temperature rise accaptance
criteria of GL 86-10, S 1, for a 3-hour fire rating, but test articles J, K. M, N, and P will not

Following the 3 hour fire exposure, UL subjected the test specimen to a solid hose stream
test for 2-1/2 minutes. With the exception of test article P, most of the outer layers of
intumescent-coated fiberglass cloth, foil, and fiber blankets were knocked off of the bottom
and side surfaces of the test article fire barriers by the force of the hose stream. The barrier
on test articie P remained intact and may not have been hit by the hose stream. In addition
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List of Observers and Participants
Fire Endurance Test of Versawrap Fire Barrier
Underwriters Laboratories, Inc , Northbrook, lliinois
April 10, 1997

K. Steven West
Robert Goss*
Kevin Hawks*
Greg Jaroz*
Sandra Bradford*

John Kmetz Transco Products, Inc.

Jeff Deminski Transco Products, Inc.

Gary Sharisky Transco Products, Inc.

Ed Johanson* Underwriters Laboratories, Inc.
Chris Johnson Und..wri'z-- Laboratories, Inc.
Michael Allen Boomgarden Underwriters Laboratories, Inc
Bill Joy Underwriters Laboratories, Inc.
Mark Pastor Underwriters Laboratories, Inc.
Herb Muller Underwriters Laboratories, Inc.
Mark |zydorek Underwriters Latoratories, Inc.
Sam Oolie No Fire Technologies

Ron Rispoli* Entergy Operations, Inc.
Woody Walker* Entergy Operations, Inc.

Tom Lillehei Northern States Power

Dan Langel Sargent and Lundy

U.S Nuclear Regulatory C~rmission

lransco Products, Inc.
Transco Products, Inc
Transco Products, Ir-.
Transco Products, Inc.
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Page: 1 of 13
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SECTION 1.0
SYNOPSIS:

Transco Fire Test #TR-228 will be a single fire test conducted in accordance with the performance requirements
of NRC GL 86-10, Supplement | and the ASTM E-119 time/temperature curve. The purpose of this test is to
demonstrate the ability of both one and three hour VERSAWRAP raceway fire barrier systems (in the same test)
to protect a variety of raceway conditions that are representative of those commonly found in nuclear power plants
Even though some of the barrier systems to be tested are only intended for one hour applications, they will be
subjected to the full three hour fire test. In these cases. the one hour barrier specimens will be considered to be
successful thermally if they meet the raceway temperature pass/fail criteria of GL 86-10 for the first hour of the
fire test. After the conclusion of the three hour fire test, both one and three hour specimens will be subjected to a

hose stream test in accordance with Section 7.0 of this procedure Testing will be performed at Underwriters
Laboratories (Northbrook, Illinois).

The overall test specimen will consist of a metal and concrete deck from which a number of simulated conduit and
cable tray raceways will be suspended. The sizes and shapes of these raceways are intended to represent conditions
that bound equivalent or less severe raceway configurations in the field These bounding conditions to be qualified
by this test are described below. The metal/concrete deck with its individual raceway specimens will be placed on
top of a large floor furnace where the raceways will be subjected to the three hour fire endurance test Immediately
after the conclusion of the fire test, the deck and raceway specimens are lifted as a single unit from the furnace and
will then be exposed to the hose stream test.

The raceway items to be tested and conditions they are intended to bound are as follows:

ITEM: DESCRIPTION:

“A" 2" x 2" Alum'num Solid-Back Cable Tray/Tube Track - This item is intended to bound one hour
VERSAWRAP vistalled on the smallest steel and/or aluminum cable tray (using aluminum as a worst case

concutior.) as well as bundled steel or aluminum conduit configurations. Since this is the smallest thermal
mass expected for cable tray applications (and therefore the most severe), this tray is intended to bound

. all larger steel and aluminum raceways. Because this is a one hour wrap, it is only required to meet the
thermal pass/fail requirements of GL 86-10 Supplement | for one hour whereas the hose stream test for
this specimen will be performed immcdia..!y alter the three hour fire test. This specimen will demonstrate
both horizontal and vertical raceway sections, a bend/corner, and a “Unistrut” hanger thermal short
interface. This tray will be empty except for a 48 AWG bare copper cable and thermocoupies. The empty
tray 1s used to simulate a worst case thermal mass condition for cable loading

30" x 4" Stee! Ladder-Back Cable Tray - This item s intended to bound one hour FERSAWT AP system
mstalled on 30" x 4" (and all smaller sizes) of both aluminun. and/or steel cable trays (alumizum ray
sizes from 2" x 2" through 30" x 4" are bounded thermally by irem "A" above) as well as bundled
conduits. This specimen will demonstrate both horizontal and vertical runs of raceway, a bend, and 2
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“Unistrut” hanger thermal short interface.  This tray will be empty except for a single #8 AWG bare
ccpper wire and thermocouples. The enpty tray is used to simulate a worst case thermal mass condition
for cable loading The use of this large steel tray is also intended to bound aluminum raceways up to this
size for hose stream test qualifications of VERSAWRAP  This specimen will also demonstrate a “free-
cable airdrop™ and its connection to the raceway wrap.

%" Diameter Rigid Steel Conduit - This item is intended to bound one hour VERSAWRAP systems
installed on the smallest size of conduit found in the field (the most severe thermal mass) The test
raceway assembly will be fabricated from st«~dard ?. " diameter rigid steel conduit and will utilize a “U”-
shape to represent both vertical and horizontal raceway runs. One corner of the “U”-shape will consist
of a standard steel condulet and couplers while the opposite corer will be used to show the wrap installed
on a smali radius bend A conduit connector will also be installed on one of the vertical legs of specimen
to demonstrate the wrap installed over such typical hardware items. A “Unistrut” hanger will be connected
to the horizontal conduit section to demonstrate the impact of thermal shorts on small diameter conduit

raceways. This conduit will be empty except for a #8 AWG bare copper wire and thermocouples installed
according to Section 5.0 of this procedure.

4" Diameter Rigid Steel Conduit - This item is intended to demonstrate one hour VERS4 WRAP systems
installed on large diameter conduits. The test raceway specimen will fabricated from standard 4" diameter
nigid steel conduit that will utilize a folded ““S”-shape to represent both vertical and horizontal raceway
runs. One corner of the “S"-shape will consist of a standard steel condulet and couplers while the
horizontal leg of the raceway will be used to show the wrap installed on a large radius bend. A conduit
connector will also be installed on one end of the raceway to demonstrate the wrap installed over such
typical hardware items. A “Unistrut” hanger will be connected to the horizontal conduit section to
demonstrate the impact of thermal shorts on large diameter conduit raceways. This conduit will be empty
except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
procedure.

- %" Diameter Rigid Steel Conduit Near Concrete Barrier - This item 1s intended to bound one hour

VERSAWRAP systems nstalled on the smailest size of conduit found in the field (the most severe thermal
mass) locaid approximately %" Lium a vertical or horizontal cc icrete barrier. The test raceway assembiy
will be fabricated from standard % " diameter rigid steel conduit that will use condulets at each end of the
specimen on the exposed side of the deck. A conduit connector Il also be installed on the condwit. (No
hanger will be used in the test as hangers in the ficld would be wrapped in the same manner as the conduit -
the impact of the hanger thermal short in this particular case would be considered a less severe condition
as it would increase the thermal mass of the test raceway.) This conduit will be empty except for a =%
AWG bare copper wire and thermocouples installed according to Section 5.0 of this procedure
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5 | 4" Dian Ri iduit - This item is intended to

- §! VERSAWRA.P systems mstalled on %" dxamct.er condmt (as the most severe thermal mass)
connected to a “Unistrut” hanger thermal short that intersects with a second perpendicular hanger
approximately 6" from the conduit. This second intersecting hanger will not be wrapped with
VERSAWRAP as a full length thermal short as shown in the other test specimens. The conduit will be
empty except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of
this procedure.

2" % 2% ! id-Back Cable Tra~ " ube Track -This item is intended to bound three hour
VEKSAWRAP systems installed on the smallest steel and/or aluminum cable tray (using aluminum as a
worst case condition) as well as bundled sateel or aluminum conduit configurations. Since this is the
smallest thermal mass expected for cable tray applications (and therefore the most severe), this tray is
intended to bound all larger steel and aluminum trays. This specimen will demonstrate both horizontal
and vertical runs of raceway, a bend/comner, and a “Unistrut” hanger thermal short interface. This tray will
be empty except for a #8 AWG bare copper wire and thermocouples. The empty tray is used to simulate
a worst case thermal mass condition for cable loading. This item will also demonstrate a wrap-to-concrete
nterface to bound both one and three hour applications for small raceways.

30" x 4" Steel Ladder-Back Cable Tray - This item 1s intended to bound three hour VERSA WRAP systems
installed on 30" x 4" and all smaller sizes of both aluminum and steel cable tray (aluminum trays sizes
Sfrom 2" x 2" through 30" x 4" are bounded thermally by item “G" above) and bundled steel or aluminum
conduits. This specimen will demonstrate both horizontal and vertical runs of raceway, a bend, and a
“Unustrut” hanger thermal short interface  This tray will be empty except for a #8 AWG bare copper wire
and thermocouples. The empty tray is used to simulate a worst case thermal mass condition for cable
loading The use of this large steel tray is also intended to bound aluminum trays up to this size for hose
stream test qualifications. This specimen will also demonstrate a “free-cable airdrop” and its connection
to the raceway wrap. The specimen will also demonstrate a wrap-to-concrete interface to bound both one
and three hour applications for both large tray and/or box wraps

) nduit - This item is intended to bound three hour VERSAWRAP systems
installed on the smallest size of conduit in .ae field (the most severe thermal mass). The test raceway
assembly will be fabricated from standard % " diameter rigid steel conduit that wall utilize a *“U-shape to
reprasent both vertical and horizontal raceway runs. One corner of the “U"-shape will consist of 2
standard steel condulet and couplers while the opposite corer will be used to show the wrap installed on
a small radius be..a. A conduit ccnnector will also be installed on one of the vertical legs of specimen to
demonstrate the wrap installed over such typical hardware items. A “Unistrut” hanger will be connectedd
to the horizontal conduit section to decmonstrate the impact of thermal shorts on small diameter conduit
raceways. This conduit will be empty except for a #8 AWG bare copper wire and thermocouples instalied
according to Section 5.0 of this procedure
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4" Diameter Rigid Steel Conduit - This item is intended to demonstrate three hour VERSAWRAP systems
installed on large diameter conduits. The test raceway assembly will be fabricated from standard 4"
diameter ngid steel conduit that will utilize a folded “S”-shape to represent both vertical and horizontal
raceway runs. One corner of the “S”-shape will consist of a standard steel condulet and couplers while
the horizontal leg of the raceway will be used to show the wrap installed on a large radius bend. A conduit
connector will also be installed on one end of the raceway to demonstrate the wrap instalied over such
typical hardware items. A “Unistrut” hanger will be connected to the horizontal conduit section to
demonstrate the impact of thermal shorts on large diameter conduit raceways. This conduit will be empty
except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
proc=Hure. The specimen will also demonstrate a wrap-to-concrete interface to bound both one and three
hour applications for large and small conduit wraps.

%" Di 181 it N I ier - This item is intended to bound three hour
VERSAWRAP systems mstalled on the smallest size of conduit (the most severe thermal mass) found in
the field that is located approximately %" from a vertical or horizontal concrete barrier. The test raceway
assembly will be fabricated from standard % " diameter rigid steel conduit that will utilize condulets at
each end of the specimen. A conduit connector will also be installed on the conduit (No hanger will be
used in the test as hangers in the field would be wrapped in the same manner as the conduit - the impact
of the hanger thermal short in this particular case would be considered as a less severe condition as it
would increase the thermal mass of the test raceway.) This conduit will be empty except for a single #8
AWG bare copper wire and thermocouples installed according to Section 5.0 of this procedure.

one

Mult ing “Unistrut” % Diameter Rigid Steel Conduit - This item is intended
to bound VERSAWRAP systems installed on a %" diameter ngid steel conduit as the smallest
size of conduit found in the field (the most severe thermal mass) connected to a hanger thermal short that
intersects with a second perpendicular hanger approximately 6" from the conduit. This second
intersecting hanger will not be wrapped as a full length thermal short as shown in the other test specimens.
The conduit will be empty except for a #8 AWG bare copper wire and thermocouples installed according
to Section 5.0 of this procedure

1-% Diameter Steel Conduit emd-Ft-4Fhesmowt-ee= Raceway Covered with Modified VERSAWRAP
- This item is intended to bound “modified” one hour VERSAWRAP systems installed on 1-4" (and larger)
diameter conduits in the field. The test raceway assembly wili be fabricated from standard 1-'4" dizm
nigid steel conduit that will utilize a “U”-shape to represent both vertical and horizontal raceway runs. One
comer of the “U"-shape will consist of a standard steel condulet and couplers while the opposite corner
will be used to show the w) rap installed on a small radius bend Wm%nﬂtﬂ’m*f*”
3 rermobag-wittborused). A “Unistrut” hange ;
cor‘r:cg;d to the horizontal conduit section “to demonstrate the impact of thermal shorts on these ra
tvpes. This conduit will be empty except for a #8 AWG bare copper wire and thermocouples v




TRANSCO PRODUCTS INC.

ltoﬂ

lGP!’

S uny

according to Section 5.0 of this procedure.

Transco Products Inc
Test Procedure #TR-228
Revision: 2

Date: February 7, 1997
Page 7of 13

basnecsystem installed on the box. The conduit will pass through a penetration seal to show wrap
terminations as such. The conduit and box will be empty except for a #8 AWG bare copper wire and
thcmm;ples installed according to Section 5.0 of this procedure and Generic Letter 86-10, Supplement

it - This item 1s intended

to bound one hour VERSAWRAP systcms mstallcd on both “free -air’ juncuon boxes and junction boxes
mounted to concrete barriers as well as um:rsectmg conduit connections. The conduit and box will be
empty except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
procedure and Generic Letter 86-10, Supplement 1. The sizes of both simulated junction boxes were
chosen to represent worst case small thermal masses whereas field junction boxes with large surfaces
would be bounded by the 30" x 4" cable tray raceway included in this test.

- This item 1s intended

to bound thn:e hour VERSAWRAP syswms mstallcd on both “ﬁec -air’ Juncuon boxes and junction boxes
mounted to concrete barriers as well as intersecting conduit connections. The conduit and box will be
empty except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
procedure and Generic Letter 86-10, Supplemer: 1. The sizes of both simulated junction boxes were
chosen to represent worst case small thermal masses vhereas field junction boxes with large surfaces

would be bounded by the 30"

3C-500MCM Aluminum Armored Cable - This item is |

x 4" cable tray raceway included in this test.

o luminimt hanger
to bound one hour VERSAWRAP systems

installed on a 3C-500MCM aluminum armored capfe as supplied by Northern States Power for their

. Praine Island Nuclear Power Station. The 10 (
about mid-span. Durning the test, the

um) span of cable will be temporarily supported by
1l bwemdmelt and will allow the wrapped cable to be

supported for the remainder of the fire t:st. The intent here 1s to show that the wrap will still be
effective even if the cable suddenly becomes unsupported between hanger points (maximum distance as
tested herein) in the field (In the field, the cable is located in an aluminum tray suspended on stee!
hangers. The utility wishes to evaluate the possibility of wrapping only the cable instead of the entire tray
It 1s felt that if the aluminum tray is no. wrapped, it will melt or be consumed during a fire thus leaving
the cable unsupported except at points where the trav was suspended on steel hangers )
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SECTION 2.0
TEST FURNACE:

The fumace to be used is Underwriters Laboratonie«” starard large floor furnace The furnace shall be operated
in accordance with the requirements of ASTM E-119 for the three hour fire test

SECTION 3.0
ITEMS TO BE PROTECTED:

The following is a description of the items to be usea as raceway elements for the fire test:

{Sec Section 1.0, Synopsis for o general description of these items. Note: all steel trays and boxes will
be manufactured from 16 gauge steel while all conduit will be standard, rigid conduit. All “'free-cable
air drops " will consist of single pieces of st~anded 8 AWG bare copper wire according to GL 86-10,
Supplement | requirements. All hangers will be fabricated from standard "“Unistrut"' type material
[hangers may be welded to the raceways for the test in lieu of using clips, straps, etc].)

An accurate description of specimen fabrication shall be included in the final test report (as verified by Transco

Products Inc. Quality Control). Hardware substitutions are permitted provided substitute material (etc.) does not
increase the heat mass of the specimen and are documented by Transco QC and UL.

SEC (iON4.0
FIRE BARRIER MATeKIAL iNSTALLATION:

The VERSAWRAP and Transco Products Inc. TCO-001 materials shall be installed by Transco Products Inc

persornel in accordance with the manufacturer's instruction and/or procedures. If written tnstructions are not

available at the time of installation, then Transco Products Inc. QU personne! shall document/venfy step-by-step
methods used for installation. Test installation records will be included as an appendix to the final test repor
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Matenials used for this test shall be purchased, received, and installed in accordance with latest approved revision
of Transco Products Inc's Quality Assurance Program and applicable procedures. Al fire barrier envelope
installation will be witnessed by Transco Products Inc. Quality Control personnel. Material components (except
for tie wire and ceramic blanket) will be identified with the responsible QC's initials as each layer 1s installed

Note: This test will be performed as a “Safety Re.ated” quality program in accordance with the latest
approved revision of Transco Products Inc.’s Quality Assurance Manual (10CFR, Part 21 applies) with
the exception that all materials will be provided as “Q-Class” with Certificates of Conformances.

SECTIONS.0
THERMOCOUPLES:

A.) Fire Barrier Envelope:

The fire bamier envelope is considered all areas of the specimen on the exposed side of the test siab. For
these areas, t.srmocouples shall be mounted (o the specimen to gather temperature data for the duration
of the fire test ..t a minimum, temperatures shall be documented at nominal two minute intervals for the
duration of the iest. Thermocouple placement for the fire barrier envelope (quantity and locations) shall
be as specified in NRC GL 86-10 and Supplement 1 as follows:

".... Cable Trays - The temperature rise on the unexposed surface of a fire barrier system installed on a
cable tray shall be measured by placing the thermocouples every 152 mm (6 - inches) on the exterior
surface of each tray side rails between the cable tray side rail and the fire barrier material

. Intemal raceway temperatures shall be measured by a stranded AWG 8 bare copper conducter routed on
the top of the cable tray rungs along the entire length and down the longitudinal center of the cable tray
run with thermocouples installed every 172 mm (6- inches) along the length of the copper conductor
Thermocouples shall be placed immediately adjacent to all structural members, supports, and barrier
penetrations. ..."(1)

“... Conduits - The temperaturz rise of the unexposed surface of a fire barrier system installed on

a conduit should be measured by placing thermocouples every 152 mm [6 inches] on the exterior conduit
surface berween the conduit and the unexposed surface of the fire barrier material  These thermocouple
should be attached to the exterior conduit surface opposite of the test deck and closest to the fumace fire
source. The internal raceway temperatures should be measured by a stranded AWG 8 bare coppar
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conductor routed through the entire length of the conduit system with thermocouples installed every 152
mm [6 inches] along the length of the copper conductor Thermocouples should also be placed
immediately adjacent to all structural members, supports, and barrier penetrations.... (1)

Free-Cable Air Drops: Thermocouples will be installed on the stranded 8 AWG wire used for
demonstrating the “free-cable air drop” every [52 mm [6 inches] in accordance with the same
requirements for monitoring internal conduit/cable tray temperatures.

(Note: In accordance with NRC GL 86-1C, Suppiement | requirements, "for the thermocouples installed
on conduits, cable tray side rails, and bar: cozper conductrs, a = 13 mm (x1/2 inch) installation
tolerance is acceptabl:". Hence, this tolerance shall be considered acceptable for use in this test. The
tolerance is considered to be from the point of individual thermocouple piacement and not compounded
JSfrom one thermocouple to the next (i.e., ali thermocouples can not be 6 1/2" from each other but rather
must be =1/2" from the measured 6" [minimum] mark on the item being monitored )

Junction box thermocouples will be installed in accordance with the requirements of Generic Letter 86-
10, Supplement 1.

B.) Penetration Seal:

Thermocouple placement for the unexposed penetration seal surface (test item “N™) will comply with the
typical requirements of ASTM E814. A: an optional method for protecting thermocouple tips, the
thermojunctions of each thermocouple may be embedded into the seal surface or seal surface/penetrating
membxr interface approximately Ve -/4" beiow the szal surface (because of the nature of the seal matenial,
this plecement can be performed at any time after the installation of the seul material). For this alternate
metliod, nsulation pads for covering the thermocouple tips will not be used.

All specimen temperatures shall be monitored using thermocouples (with special limits of error equal or less than
1 1°C). Thermojunctions of all specimen thermocouples shall be electricaily welded  All thermocouple wire shall
be supplied with certifications of purity, accuracy, and calibration.

Furnace atmosphere thermocouples shall be placed 12" below the furnace deck/slab as well as 12" away from
represertative elements of the test specimen 2~cordance with ASTM E-119-88 requirements (not less than nine
[9] thermocouples will be used to monitor furnace atmosphere temperatures) Additional furnace atmosphere
thermocouples be employed around the specimen as it protrudes into the furnace. Thesz will be placed at the
laboratories discretion to supplement data acquisition in areas where furnace atmosphere thermocouples can not
be mounted to satisfy ASTM E-119 requirements because of the speciman’s configuration, et cetera

The installation and location of each uniquely identified thermocouple (foi both the specimen and fumnace) shal
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be mapped and verified (measured) by Transco Products Inc. Quality Control. Verification may be performed as
hand written notes and shall become part of the permanent records of the tesi. Also, all thermocouple certifications
shall also become a permanent record of the test.

" Generic Letter 86-10 and Supplement |

SECTION 6.0
FIRE TEST:

The fire test shall be conducted in accordance with the ASTM E-119 time/temperature curve (and temperature
tolerance) for a munimum of three (3) hours. As a minimum, temperature data provided by both furnace and
specimen thermocouples should be momitored and documented at nominal two (2) minute intervals. The laboratory
shall verify and document visual specimen performance and occurrences (i.e., smoke, et cetera) for the duration
of the test.

It 1s intent of the test to demonstrate as many ditterent raceway configurations as possible. As such, several
raceway test specimens exnibit multiple features (i.e., the 3 hour large tray demonstrates the tray wrap, a “free- ar”
cable and interface, a wrap-to congcrete interface, etc.). If one of these features fails thermally or during the hose
stream test, it is the intent of the test to then exclude that feature from the configuration being qualified. In the case
of the large tray for example, if the “free-air” cable or wrap-to-concrete interface fails for any reason, it is does not
cause the tray to fail provided the rest of the tray specimen meets the acceptance criteria of Generic Letter 86-10,
Supplement 1. Any failed portion of a specimen will then not be qualified by this test.

N7.0
HOSE STREAM TEST:

After the conclusion of the three hour fire test, the fire barner envelope specimen (along with the surrounding
penetraiion seal) shall be subjected to a mimmum of one of the following hose stream tests (as identified in NRC
GL Bo-10, Supplement 1)

(a) "The stream applied at random to all exposed surfaces of the test specunen througha3 8 em ( -
1/2-inch) fog nozzle s2t at a discharge angle of 30 degrees with a nozzle pressure of $17 kPa (73
psi) and a minimum discha:ge of 284 1pm (75gpm) with the tip of the nozzle at a maximum of
1.5 meters (3 feet) fror the test specimen.  (Duration of the hose stream application - 3 minugss
for both 1-hour and 3 -hour barriers), or®
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“The stream applied at random to all exposed surfaces of the test specimen through a 6.4 cm (2
Ye-inch) national standard playpipe with a 2.9 cm ( 1-1/8 -inch) orifice at a pressure of 207 kPa
(30psi) at a distance of 6.1 meters (20 feet; from the specimen, (Duration of the hose stream
application - 1 minute for a |-hour barrier and 2 "4 minutes for a 3-hour barrier), or'"*

"The stream: applied at random to all exposed surfaces of the test specimen through 3 8 cm ( 1 Y-
nch) fog nozzle set at a discharge angle of 15 degrees with a nozzle pressure of 517 kPa (75psi)
and a minimum discharge of 284 1pm (75gpm) with the tip of the nozzle at « maximum of 3
meters (10 feet) from the test specimen. (Duration of the hose stream application - 5 minutes for
both 1-hour and 3-hour barriers) "

2 Genenc Letter 86-10 and Supplement |

The responsible QC shall verify and document the type of hose stream, distance, time et cetera emnloved in each
hose stream test.

SECTION 8.0
TEST REPORT;

The laboratory performing the test shall provide a written report which accurately describes the following minimum
elements of the test:

1) Verification of specimen materials and dimensions used;

2) Verification of fire barrier envelope materials, dimensions, and installation techniques
(procedures) used,

3) Venification of general furnace construction/dimensions and locations of burner, thermocouples,
et cetera,

Verification of specimen theiiuocouple locations (along with copies of thermocouple matenal
certifications),

Verification of standards used fo. conducting fire test along with record of both furnace
atmosphere and specimen temperati re data acquired during test;

Record of furnace pressure during fire test,

Record of visual occurrences/observations of fire and hosz stream tests




TRANSCO PRODUCTS INC.

Transco Products Inc
Test Procedure #TR-228
Revision: 2

Date: Fe*ruary 7, 1997
Page. 13 0of 13

8) Record of hose stream test(s),

9) Photographic records of specimen before fire barrier envelope installation, after fire barrier
installation, and post fire/hose stream tests;

10))  Post test observations including measurements of material loss/degradation, et cetera,
11.)  Certification of the report by the agency performing test; and,
12)  QC records and notes from installati~n and test as an appendix to the report.

13)  Record of test items thermocouple temperature readings.

ALL !E§! REC Q&Q + NOTES, CERTIFICATIONS, REQQ&Q BY THIS TEST
TABLE F
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Record of Test Observations
File No.: R18500 Client: Transco Inc.
Project No.: 97NK4(087 Recorded By: M. Izydorek
Date: April 10, 1997 Page No. 1 of 2
Exposed (E) or
Test Time  Unexpased (U)  Article
Hr;Min;Sec Surface En. Qbservation
0:0:5:00 E All of the exposed material was charred and
black in color.
0:0:6:15 E N The bottom piece of material (the cap) fell form
the article.
0:08:22 E B Flames were issuing from the sample.
0:02:40 E All Flames issued from the exposed surfaces of the
articles near the top of the exposed surface.
0:12:56 U All Smoke was issuing from the entire unexposed

surface with the heaviest amount from Article H.

0:15:07 E H A crack, running in a North-South direction had
developed at the West side of the article. the
crack was 1/8 in. deep.

0:19:21 E B,F,C,M Flames continued to issue from the exposed
surface of the articles.

0:20:03 E All The surfaces were becoming beige in color.

0:31:23 E H There were gaps present between the banding
straps anc the boitom surface of the protection
material.

0:37:36 E All The surfaces were becoming white in color.

0:41:43 E P There was a slight separation in the material on
the bottom surface of the protection material,

0:52:57 E H A Westerly view of the article shows a | in.
scparation near the West end on the bottom of
the article.

1:10:26 E ] On the South end of the article at the interface of
the vertical and horizontal runs, there were two
1/4 in. wide openings in the protection material.

1:29:37 E H The area described at 0:15:07 had opened to a
width of 2 in.

1:30:17 E J The openings described at 1:10:26 had closed.

1:33:28 E G A “flap” of protection material, 3 x 4 in., was
hanging at the interface with the hanger.

1:35:18 E Q Heavy black smoke accompanied by flames was

1ssuing from the article at the center and at both

ends where it entered the furnace chamber.

These flames were impinging on Article N
1:49:24 F B Flames and black smoke issued from the top of




1:50:31
2:00:00
2:16:00
2:35.35
2:40:00

2:41:03
3:00:00

E

All

All

All

the sample,
An area of flames issued from the bottom of the

article at the interface with the support near the
center of the article.
* significant changes observed.

West half of the article fell to the furnace
floor.
The heavy black smoke ceased. Gray smoke
issued from the center of the article at the
bottom. The smoke was issuing from a crack.
Slight changes in color had occurred
The crack described at 2:40:00 was 2 in. wide.
Fire test terminated,



L. Marsh i3

with the exception of test articie B, a 30-inch wide steel cable tray with a 1-hour Versawrap
fire barner, it appeared that at least the innermost layer of foil (the foil attached directly to the
raceway) remained intact during the hose stream test. For test article B, the foil on the
bottom surface of the tray was breached, apparently by the force of the solid hose stream
GL 86-10, S 1, states, in part, that the fire endurance qualification test for fire barrier
materials are successful if “(t}he cable tray, raceway, or component fire barrier system
remained intact during the fire exposure and water hose stream test without developing any
openings through which the cable tray, raceway, or component (e g , cabies) is visibie.

On April 11, 1997, | obs2rved Transco disassemble the fire barriers that remained on test
articles H and P after the fire and hose stream tests. For both of these proposed 3-hour fire
barrier designs, thu inner layers of foil, water filled mylar tubes, and fiber blankets remained
largely intact. Many of these mylar tubes appeared to contain their original inventory of water
and those that had leaked contained some water. In addition, the ordinary adhesive-backed

strapping tape that was used to attach the tubes to the raceways was largely free of fire
Jamage

One interesting part of the test was a test of a 12-inch by 12-inch by 8-inch thick silicone
foam penetration seal that was penetrated by a %-inch diameter stee! conduit (test article N)
In addition to the normal fire resistant damming board, the seal assembly included an outer
layer of intumescent-coated fiberglass cloth (on the fire side). According to Mr. Hawks,
Transco considered this a "throw away" or research and development scoping test and did
not instrument the seal assembly with thermocouples to obtain unexposed side temperatures
After the 3-hour fire exposure and hose stream test, Transco disassembled the penetrations
seal. The seal assemb . -as intact About 2 to 3 inches of the silicone foam material was

consumed during the fire :xposure. A full 5 to 6 inches of unreacted silicone foam material
remained.

UL will base its determinations on the thermal performance of the test articles on its
observations during the fire endurance and hose stream tests, analyses of the electronically
recorded thermocouple data, and consideration of both the maximum single point
temperatures and the average unexposed side temperatures. Presumably, UL will also
consider the effects of the problems with the thermocouples that were experienced during the
test. Attachment 4 is UL's record of test observations

Docket Nos : 50-313, 50-282, and 50-306
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20556-0001

MEMORANDUM TO: L B Marsh, Chief
Plant Systems Branch
Office of Nuclear Reactor Regulation

FROM. K. Steven West, Chief Cify { s
Fire Protection Engineering Section A
Plant Systems Branch /
Office of Nuclear Reactor Regulation
SUBJECT. TRIP REPORT - TRIP TO UNDERWRITERS LABORATORIE®,

INCORPORATED TO OBSERVE THREE HOUR FIRE TEST OF ONE
AND THREE HOUR VERSAWRAP RACEWAY FIRE BARRIER
SYSTEMS (TAC M82809)

During April 10 and 11, 1997 | visited to Underwriters Laboratories, Incorporated (UL),
Northbrook, llinois, to observe a full-scale fire endurance test of 1- and 3-hour Versawrap fire
barrer systems. Attachment 1 is a list of individuals that observed or participated in the test
| interacted mostly with the individuals marked with asterisks.

Transco Products, Incorporated (Transco) is developing Versawrap as a stand-alone fire
barrier or as an upgrade for such existing raceway fire barriers as Thermo-Lag 330-1. In
general, Versawrap barriers are installed (from (1e item to be protected outward) as
individual layers of foil, water filled mylar tubes, fiber blankets, foil, and intumescent-coated
fiberglass cloth The numbers and arrangements of the individual barrier components are
dependent on the type of item to be protected (e g.. raceway, cable, support, etc.) and the
desired fire rating. (Attachment 1 to a memorandum of April 15, 1997, from K.S. West to
L E Marsh describes the components of a typical Versawrap barrier and their general
arrangements ) Entergy Operations, Incorporated, is considering installing 1- and 3-hour
Versawrap fire barriers at Arkansas Nuclear One, Unit 1, and Northern States Power is
considering installing a 1-hour Versawrap barrier at Prairie Island Nuclear Power Station

Attachment 2 is Transco Test Procedure TR-228, "Three Hour Fire Test of One and Three
Hour VERSAWRAP Raceway Fire Barrier Systems for Conduits and Cable Trays,"

Revision 2 Feoruary 7 1997 The test was a single 3 hour fire exposure followed by a solid-
stream hose stream test that was intended to demonstrate the ability of both 1- and 3-hour
Versawrap fire barrier systems (in the same test to meet the acceptance criteria of Generic
Letter 86-10, Supplement 1 (GL 88-10 S 1)

CONTACT K S West, NRR
301-415-1220



L. Marsh e

The test specimen had been constructed and instalied on the test furnace before | arrived at
UL Therefore, | did not observe fire barrier installation or thermocouple placement The
overa st specimen consisted of a steel and concrete deck from which 18 individual 1- and
3-hour st articles were suspended into UL's large floor furnace According to Kevin Hawks.
Transc, ‘1) Transco personnel installed the Versawrap fire barriers on the test articles in
accorda @ with Transco instructions and procedures, (2) the test articles were instrumented
in accordance with GL 86-10, S 1 (3) Transco yuality control witnessed and documented test
specimen construction, (4) UL quality control also independently witnessed and documented
test specimen construction, (5) UL will prepare the fire test report. The test articles and the
conditions which they were intended to bound are described in Attachment 2 | made pen
and ink changes to Attachment 2 to reflect changes that Transco had made to the test
articles after it issued the test procedure Attachment 3 shows the test article layout,
construction details, and thermocouple locations. The test articles, which did not contain
cable fill, were instrumented with 438 thermocoupies.

On the basis of my observations. it appeared that L. exposed the test specimen in
accordance with the ASTM E-119 standard time-temperature curve for 3 hours. UL
programmed its data acquisition computers to electronically record the test article
thermocouple temperatures every two minutes. UL also printed the thermocouple
temperatures about every five minutes. UL will use the electronically recorded temperature
data to judge the fire endurance performance of the individual test articles. The printed
temparatures were provided for contemporaneous information during the test. About midway
through the fire exposure, Transco noticed some apparently anomalous thermocouple
readings. For example. closely-spaced thermocouples were reporting vastly differem
temperatures. Upon examination, Transce “~:nc *hat ti.2 insulation had melted off of some
thermocouple wires that were running on top of and in direct contact with the steel test deck
Apparently, at these points the thermocouples were measuring the temperature of the test
deck rather than the temperatures of the test articles After UL and Transco placed insulating
blankets . etween the affected thermocouple wires and the steel test deck, the printed
temperatur. s returned (dropped) to what appeared to be a more normal range. Transco
indicated tha: UL would assess the impact of this event on the overall test results in its fire
test report.

Assuming that the thermocouples were working properly and on the basis of the printed
temperatures at the end of about 61 minutes, it appeared that test articles A, B, C. D, L, O,
and R met the maximum single point temperature rise acceptance criteria of GL 86-10, S 1,
for a 1-hour fire rating while test articles E and C did not. Assuming that the thermocouples
were working properly and on the basis of the printed temperatures at the end of about

2 hours and 55 minutes (the temperatures at 3 hours were not printed), it also appeared that
test articles F, G. H, and | may meet the maximum single point temperature rise acceptance
criteria of GL 86-10, S 1, for a 3-hour fire rating. but test articles J. K. M. N, and P will not

Following the 3 hour fire exposure, UL subjected 1> test specimen to a solid hose stream
test for 2-1/2 minutes. With the exception of test articio P. most of the outer layers of
intumescent-coated fiberglass cloth, foil, and fiber blankats were knocked off of the bottom
and side surfaces of the test anticle fire barriers by the force of the hose stream The barrier
on test article P remained intact and may not have been hit by the hose stream. In addition



ATTACHMENT 1

List of Observers and Participants

Fire Endurance Test of Versawrap Fire Barrier
Underwriters Laboratories, Inc . Northbrook. lilinois

K. Steven West
Robert Goss*
Kevin Hawks*
Greg Jaroz*
Sandra Bradford*
John Kmetz

Jeff Deminski
Gary Sharisky
Ed Johanson*
Chris Jonnson
Michael Allen Boomgarden
Bill Joy

Mark Pastor
Herb Muller
Mark Izydorek
Sam Qolie

Ron Rispoli*
Woody Walker*
Tom Lillet.ei

Dan Langel

April 10, 1997

U.8 Nuclear Regulatory Com miss;ion
Transco Products, Inc.
Transco Products, inc.
Transco Products, inc
Transco Products, Inc.
Transco Products, Inc.
Transco Products, Inc.
Transco Products, Inc.
Underwriters Laboratories, Inc
Underwr’ 2rs Laboratones, Inc
Underwriters Laboratories, Inc.
Underwriters Laboratories, Inc.
Underwriters Laboratories, inc.
Underwriters Laboratories, Inc.
Underwriters Laboratories, Inc.
No Fire Technolngies

Entergy Operations, Inc.
Entergy Operations, Inc.
t.orthern States Power
Sargent and Lundy
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SECTION 1.0

SYNOPSIS:

Transco Fire Test #TR-228 will be a single fire test conducted in accordance with the performance requirements
of NRC " 36-10, Supplement 1 and the ASTM E-119 time/temperature curve. The purpose of this test is to
demons: ' the ability of both one and three hour VERSA WRAP raceway fire barrier systems (in the same test)
to protect a \anety of raceway conditions that are representative of those commoniy found in nuclear power plants
Even though some of the barrier systems to be tested are only intended for one hour applications, they will be
subjected to the ull three hour fire test. In these cases, the one hour barrier specimens will be considered to be
successful thermally if they meet the raceway tempcra*: . pass/fail sriteria of GL 86-10 for the first hour of the
fire test. After the conclusion of the thre= hour fire test, both one and three hour specumens will be subjected to a

hose stream test in accordance with Section 7.0 of this procedure. Testing will be performed at Underwriters
Laboratories (Northbrook, [llinois)

The overall test specimen will consist of a metal and concrete deck from which a number of simulated conduit and
cable tray raceways will be suspended. The sizes and shapes of these raceways are intended to represent conditions
that bound equivalent or less severe raceway configurations in the field. These bounding conditions to be qualified
by this test are described below. The metal/concrete deck with its individual raceway specimens will be placed on
top of a large floor furnace where the raceways w*'! be sbjected *o the three hour fire endurance test Immediately
after the conclusion of the fire test, the deck and raceway specimens are lifted as a single unit from the furnace and
will then be exposed to the hose stream test.

The raceway items to be tested and conditions they are intended to bound are as follows:

ITEM: DESCRIPTION:
"AT 27 x 2" Aluminum Solid-Back Cable Tray/Tube Track - This item is intended to bound one hour

VERSAWRAP installed on the smallest steel and/or aluminum cable tray (using aluminum as a worst case
condition) as well as bundled steel or aluminum conduit configurations. Since this is the smallest thermal
mass expected for cable tray applications (ar.d therefore the most severe), this tray is intended to bound
all larger steel and aluminum raceways. Because this is a one hour wrap, it is only required to meet the
thermal pass/fail requirements of GL 86-10 Supplement 1 for one hour whereas the hose stream test for
this specimen will be performed immicdiawly after the three hour fire test. This specimen will demonstrate
both horizontal and vertical raceway sections, a bend/comer, and a “Unistrut” hanger thermal short
interface. This tray will be empty cxce,.. for a #8 AWG bare copper zable and thermocouples. The empty
tray is used to simulate a worst case thermal mass condition for cable loading

0 -1
......

installed on 30" x 4" (and all smaller sizes) of both aluminum and/or steel cable trays (aluminum tra)

sizes from 2" x 2" through 30" x 4" are bounded thermally by item “A" above) as well as t
its, This specimen will demonstrate both herizontal and vertical runs of raceway, a bend, and o

iTa)
VL,
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“Unistrut” hanger thermal short interface  This tray will be empty except for a single #8 AWG bare
copper wire and thermocouples. The empty tray is used to simulate a worst case thermal mass condition
for cable loading The use of this large steel tray is also intended to bound aluminum raceways up to this
size for hose stream test qualifications of VERSAWRAP.  This specimen will also demonstrate a “free-
cable airdrop” and its connection to the raceway wrap.

%" Diameter Rigid Steel Conduit - This item is intended to bound one hour VERSAWRAP systems
installed on the smallest size of conduit found in the field (the most severe thermal mass) The test
raceway assembly will be febricated from standard %, Lameter rigid steel conduit and will utilize a “U™-
shape to represent both vertical and horizontal raceway runs. One comer of the “U"-shape will consist
of a standard steel condulet and couplers while the opposite corner will be used to show the wrap installed
on a small radius bend. A conduit connector will also be installed ov. one of the vertical legs of specimen
to demonstrate the wrap installed over such typical hardware items. A “Unistrut” hanger will be connected
to the horizontal conduit section to demonstrate the impact of thermal shorts on small diameter conduit
raceways. This conduit will be empty except for a #8 AWG bare copper wire and thermocoupies installed
according to Section 5.0 of this procedure.

4" Drameter Rigid Steel Conduit - This item 1s intended to demonstrate one hour VERSAWRAP systems
installed on large diameter conduits. The test raceway specimen will fabricated from standard 4" diameter
ngid steel conduit that will utilize a folded “S”-shape to represent both vertical and horizontal raceway
runs. One corner of the “S"-shape will consist of a standard steel condulet and couplers while the
horizontal leg of the raceway will be used to show the wrap installed on a large radius bend A conduit
connector will also be installed on one end of the raceway to demonstrate the wrap installed over such
typical hardware items. A “Unistrut” hanger will be connected to the horizontal conduit section to
demonstrate the impact of thermal shorts on large diameter conduit raceways. This conduit will be empty
except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this
procedure.

% Diameter Rigid Steel Conduit Near Concrete Barrier - This item is intended to bound one hour
VERSAWRAP systems installed on the smallest size of conduit found in the field (the most severe thermal

mass) locaid approximately %4 from a vertical or horizontal concrete barrier. The test raceway assembly
wili be fabricated from standard ¥ " diameter rigid steel conduit that will use condulets at each end of the
specimen on the exposed side of the deck. A condwit connector will also be installed on the conduit. (No
hanger will be used in the test as hangers in the field would be wrapped in the same manner as the conduit -
the impact of the hanger thermal short in this particular case would be considered a less severe condition
as it would increase the thermai mass of the test raceway.) This conduit will be empty except for a 48
AWG bare copper wire and thermocou: les installed according to Section 5.0 of this procedure
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1p! ing “Uristrut” and %" Diameter Rigid Steel Conduit - This item is intended to
bound VERSAWRAP systems ‘nstalled on %4” diameter conduit (as the most severe thermal mass)

connecgcd to a “Unistrut” hanger thermal short that intersects with a second perpendicular hanger
apprqxnmau:l_v 6" from the conduit. This second intersecting hanger will not be wrapped with
VERSAWRAP as a full length thermal short as shown in the other test specimens. The conduit wall be

empty except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of
this procedure

2" x 2" Aluminum Solid-Back Cable Tray "ube Track -This item is intended tc bound three hour
VERSAWRAP systems installed on the smallest steel and/or aluminum cable tray (using aluminum as a
worst case condition) as weil as bundled sateel or aluminum conduit configurations Since this is the
smallest thermal mass expected for cable tray applications (and therefore the most severe), this tray is
intended to bound all larger steel and alumunum trays. This specimen will demonstrate both horizontal
and vertical runs of raceway, a bend/comner, and a “Unistrut” hanger thermal short interface. This tray will
be empty except for a #8 AWG bare copper wire and thermocouples. The empty tray is used to simulate
a worst case thermal mass condition for cable loading. This item will also demonstrate a wrap-to-concrete
interface to bound both one and three hour applications for small raceways.

3C" x 4" Steel Ladder-Back Cable Tray - This item is intended to bound three hour VERSAWRAP systems
installed on 30" x 4" and all smaller sizes of both aluminum and steel cable tray (aluminum trays sizes
Sfrom 2" x 2" through 30" x 4" are bounded thermally by item “G" above) and bundled steel or aluminum
conduits. This specimen will demonstrate both horizontal and vertical runs of raceway, a bend, and a
“Unistrut™ hanger thermal short interface. This tray will be empty except for a #8 AWG bare copper wire
and thermocouples. The empty tray is used to simulate a worst case thermal mass condition for cable
loading. The use of this large steel tray is also intended to bound aluminum trays up to this size for hose
stream test qualifications. This specimen will also demonstrate a “free-cable airdrop™ and its connection
to the raceway wrap. The specimen will also demonstrate a wrap-to-concrete interface to bound both one
and three hour applications for both large tray and/or box wraps

¥ Ihameter Rigid Steel Conduit - This item 1s intended to bound three hour VERSAWRAP systems

installed on the smallest size of conduit in he field (the most severe thermal mass). The test raceway
assembly will be fabricated from standard ¥ " diameter rigid steel conduit that will utilize a “U"-shape to
represent both vertical and horizontal raceway runs. One corner of the “U-shape will consist of a
standard steel condulet and couplers while the opposite corner will be used to show the wrap installed on
a small radius bend. A conduit connector will also be installed on one of the vertical legs of specimen tc
demonstrate the wrap installed over such typical hardware items. A “Unistrut™ hanger will be connected
to the horizontal conduit section to demonstrate the impact of thermal shorts on small diameter condu:
raceways. This conduit will be empty except for a #8 AWG bare copper wire and thermocouples installed
according to Section 5.0 of this procedure
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4" Drameter Rigid Steel Cond it - Thus item is intended to demonstrate three hour ¥ERSAWRAP systems
installed on large diameter conduits. The test raceway assembly will be fabricated from standard 4"
diameter rigid steel conduit that will utilize a folded “S”-shape to represent both vertical and horizontal
raceway runs. One corner of the “S"-shape will consist of a standard steel condulet and couplers while
the horizontal leg of the raceway will be used to show the wrap installed on a lai ge radius bend. A conduit
connector will also be installed on one end of the raceway to demonstrate the wrap installed over such
typical hardware items. A “Unistrut” hanger will be connected to the horizontal conduit section to
demonstrate the impact of thermal shorts on large diameter conduit raceways. This conduit will be empty
except for a #8 AWG bare copper wire and thermocouples installed according to Section 5.0 of this

pro. fure The specimen will also demonstrate a wrap-to-concrete interface to bound both one and three
hour applications for large and small conduit wraps

b VAL

Conduit Near Concrete Barrier - This item is intended to bound three hour
VERSAWRAP systems installed on the smallest size of conduit (the most severe thermal mass) found in
the field that is located approximately %" from a vertical or horizontal concrete barrier. The test raceway
assembly will be fabricated from standard % " diameter rigid steel conduit that will utilize condulets at
each end of the specimen. A conduit connector will also be installed on the conduit (No hanger will be
used in the test as hangers in the field would! be wrappzd in the same manner as the conduit - the impact
of the hanger thermal short in this particular case would be considered as a less severe condition as it
would increase the thermal mass of the test raceway ) This conduit will be empty except for a single #8
AWG bare copper wire and thermocouples instalied according to Section 5.0 of this procedure.

erge istrut’ gers 2 iameter Rigi onduit - This item is intended
oot our VERSAWRAP s)ﬂcms mstallcd ona ‘/-" dmmetcr rigid steel conduit as the smallest
size of conduit found in the field (the most severe thermal mass) connected to a hanger thermal short that
intersects with a second perpendicular hanger approximately 6" from the condwit. This second
intersecting hanger will not be wrapped as a full length thermal short as shown in the other test specimens

The conduit wall be empty except for a #8 AWG bare copper wire and thermocouples installed according
to Section 5.0 of this procedure

1-%" v s ' ifie
- This item is intended to bound “modxﬁed one hour VERS4 WRAP systems mstalled on l '/x" ( and larger)
diameter conduits in the field The test raceway assembly will be fabricated from standard 1-%4" diameter
ngid steel conduit that will utilize a “U-shape to represent both vertical and horizontal raceway runs. One
corner of the “U"-shape will consist of a standard steel condulet and couplers while the opposite corner
will be used to s‘now the wrap mst.‘xllcd ona small radius bﬂnd =

. ; A "“Unistrut” hanger wil
connectad to the hon/onlal conduit section to d;monmratc an impact Ofu‘lmnal shorts on these racaywa
types. This conduit will be emnty except for a #8 AWG bare copper wire and thermocouples tnstalls
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according to Section 5.0 of this procedure

N 12" x 12" x 12" x 16 Gauge Steel Box Attached to a %" Diam onduit - This item 1s intended
to bound one hour mmm:mmmmwmm
basressystem installed on the box. The conduit will pass through a penetration seal to show wrap
terminations as such. The conduit and box will be empty except for a #8 AWG bare copper wire and
thermocouples installed according to Section 5.0 of this procedure and Generic Letter 86-10, Supplement
1

’ W X 10 LJauge Sieei DOXES Attached 1O & Diameter Stes ona -Thlsxtemlsmtcndcd
to bound one hour VERSAWRAP systems installed on hoth “free-air” junction boxes and Junction boxes
mounted to concrete barriers as well as intersecting conduit connections. The conduit and box will be
empty except for a #8 AWG bare copper wire and thermocouples installed according to Section 5 0 of this
procedure and Genenc Letter 86-10, Supplement 1. The sizes of both simulated junction boxes were
chosen to represent worst case small thermal masses whereas field junction boxes with large surfaces
would be bounded by the 30" x 4" cable tray raceway included in this test.

NP'I

0 O

6" x 16 Gauge Steel Boxes Attached to 2 Diameter Steel Conduit - This item 15 intended
to bound hour VERSAWRAP systems installed on both “free-air” junction boxes and junction boxes
mounted to concrete barners as well as intersecting conduit connections. The conduit and box will be
empty except for a #8 AWG bare copper wire 2~ thermocouples installed accordin- . Section 5.0 of this
procedure and Generic Letter 86-10, Supplement 1. The sizes of both simuli.  ,unction boxes were
chosen to represent worst case small thermal masses whereas field junction boxes with large surfaces
would be bounded by the 30" x 4" cable tray raceway included in this test.

o limarnt wird Wf(
Q" 3C-500MCM Aluminum Armored Cable - This item is 1 to bound one hour VERSAWRAP systems

installed on a 3C-500MCM aluminum armored capfe as supplhied by Northern States Power for their

. Prairie Island Nuclear Power Station. The 10’ (minighum) span of cable will be temporarily supported by
about mid-span. During the test, the 11| swemdmelt and will allow the wrapped cable to be
/uz::;portcd for the remainder of the fire test. The intent here is to show that the wrap will still be
effective even if the cable suddenly becomes unsupported between hanger points (maximum distance as

i
.

$

a tested herein) in the ficld. (In ths fi~'d, the cable is located in an aluminum tray suspended on stee!
%\\;\Mm X hangers. The utility wishes to evaluate the possibility of wrapping only the cable instead of (e entire tray
-\5\'1"" \e It is felt that if the aluminum tray is not wrapped, it will melt or be consumed during a fire thus leaving
wh £ ,S\d\ the cable unsupported except at points where the tray was suspended on steel hangers)
Ao VQC ,
' : uM ey
w0

2

2t 1
L. £ 3 Mﬁ.’. - ST WA L/ ",,LL:‘
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SECTION 2.0
TEST FURNACE:

The furnace to be used is Underwniters Laboratories’ stardare 'arge floor furnace. The fumace shall be operated
in accordance with the requirements of ASTM E-119 for the three hour fire test

SECTION 3.0
ITEMS TO BE PROTECTED:
The following is a description of the items to be used as raceway elements for the fire test:

(See Section 1.0, Synopsis for a general description of these items. Note: all steel trays and boxes will
be manufactured from 16 gauge steel while all conduit will be standard, rigid conduit. All “free-cable
air drops " will consist of single pieces of st~anded 8 AWG bare copper wire according to GL 86-10,
Supplement = requirements. All hangers will be fabricated from standard “Unistrut” type material
[hangers may be welded to the raceways for the test in lieu of using clips, straps, etc].)

An accurate description of specimen fabrication shall be included in the final test report (as verified by Transco
Products Inc. Quality Control). Hardware substitutions are permitted provided substitute material (etc ) does not
increase the heat mass of the specimen and are documented by Transco QC and UL.

The VERSAWRAP and Transco Products Inc. TCO-001 materials shall be installed by Transco Products In:
personnel in accordance with the manufacturer’s instruction and/or procedures. If written instructions are «
available at the time of installation, then Transco Products Inc. QC personne! shall document/venfy step-by-ste;
methods used for installation. Test instailation records will be included as an appendix to the final test report
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Matenals used for this test shall be purchased, received, and installed in accordance with latest approved revision
of Transco Products Inc.'s Quality Assurance Program and applicable procedures. All fire barrier envelope
installation will be witnessed by Transco Products Inc. Quality Control personnel Material components (except
for tie wire and ceramic blanket) will be identified with the responsible QC's initials as each layer is installed.

Note: This test will be performed as a “Safety Related” quality program in accordance with the latest
approved revision of Transco Products Inc.’s Quality Assurance Manual (10CFR, Part 21 applies) with
the exreption that a1l materials will be provided as *Q-Class” with Certificates of Conformances.

SECTION 5.0
THERMOCOUPLES:

A.) Fire Barrier Envelope:

The fire barrier envelope is considered all areas of the specimen on the exposed side of the test slab. For
these areas, thermocouples shall be mounted to the specimen to gather temperature data for the duration
of the fire test. At a minimum, temperatures shall be documented at nominal two minute intervals for the
duration o the test  Thermocouple placement for the fire barmer envelope (quantity and locations) shall
be as specified in NRC GL 86-10 and Supplement | as follows:

".... Cable Trays - The temperature rise on the unexposed surface of a fire barrier system installed on a
cable tray shall be measured by placing the thermocouples every 152 mm (6 - inches) on the exterior
surface of each tray side rails between the cable tray side rail and the fire barrier material

Internal raceway temperatures shall be measured by a stranded AWG 8 bare copper conductor routed on
the top of the cable tray rungs along the entire length and down the longitudinal center of the cable tray
run witi tnermocouples installed every 152 mm (6- inches) along the length of the copper conductor
Thermocouples shall be placed immediately adjacent to all structural members, supports, and barrier
penetrations. ..."(1)

Conduits - The temperaturc nse of the unexposed surface of a fire barner system installed on
a conduit should be measured by placing thermocouples every 152 mm [6 inches) on the exterior condui:
surface between the conduit and the unexposed surface of the fire barrier material. These thermocoupls
should be attached to the exterior conduit surface opposite of the test deck and closest to the furnace fir:
source. The internal raceway temperatures should be measured by a stranded AWG 8 bare copps:

v gl
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conductor routed through the entire length of the conduit system with thermocouples installed every 152

mm [6 inches] along the length of the copper conductor. Thermocouples should also be placed
immediately adjacent to all structural members, supports, and barrier penetrations .."(1)

Free-Cable Air Drops: Thermocouples will be installed on the stranded 8 AWG wire used for
demonstrating the “free-cable air drop” every 152 mm [6 inches) in accordance with the same
requirements for monitoring internal conduit/cable tray temperatures.

(Not~ In accordance with NRC GL 86-1C, Supplement | requirements, "for the thermocouples instalied
on conduits, cable tray side rails, and bare copper conductors, @ = 13 mm (=1/2 inch) installation
tolerance is acceptable”. Hence, this tolerance shall be considered acceptable for use in this test. The
tolerance is considered to be from the point of individual thermocouple placement and not compounded
from one thermocouple to the next (i e., all thermocouples can not be 6 1/2" from each other but rather
must be =1/2" from the measured 6" [minimum] mark on the item being monitored )

Junction box thermocouples will be installed in accordance with the requirements of Generic Letter 86-
10, Supplement 1.

B.) Penctration Seal:

Thermocouple placement for the unexposed penetration seal surface (test item *“N*") will comply with the
typical requirements of ASTM E814  As an optional method for protecting thermocouple tips, the
thermojunctions of each thermocouple may be embedded into the seal surface or seal surface/penetrating
member interface approximately Y4 -'/4" below the seal surface (because of the nature of the seal matenal,
this placement can be performed at any time after the installation of the seal material). For this alternate
method, insulation pads for covering the thermocouple tips will not be used.

All specimen temperatures shall be monitored using thermocouples (with special limits of error equa! or less than
1.1°C). Thermojunctions of all specimen thermocouples shall be electrically welded  All thermocouple wire shail
be supplied with certifications of punty, accuracy, and calibration.

Furnace atmosphere thermocouples shall be placed 12" below the furnace deck/slab as well as 12" away from
represertative elements of the test specimen a~cordance with ASTM E-119-88 requirements (not less than nine
[9] thermocouples will be used to monitor furnace atmosphere temperatures).  Additional furnace atmosphere
thermocouples be employed around the specimen as it protrudes into the furnace. These will be placed at the
laboratones discretion to supplement data acquisition in areas where furnace atmosphere thermocouples can not
be mounted to satisfy ASTM E-119 requirements because of the specimen’s configuration, et cetera

The installation and location of each uniquely identified thermocouple (for both the specimen and furnace) s
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be mapped and verified (measured) by Transco Products Inc. Quality Control. Verification may be performed as
hand written notes and shall become part of the permanent records of the tesi. Also, all thermocouple certifications
shall also become a permanent record of the test.

" Genenc Letter 86-10 and Supplement |

SECTION 6.0

The fire test shall be conducted in accordance with the ASTM E-119 time/temperature curve (and temperature
tolerance) for a minimum of three (3) hours. As a munimum, temperature data provided by both furnace and
specimen thermocouples should be monitored and documented at nominal two (2) minute intervals  The laboratory
shall verify and document visual specimen performance and occurrences (i.e , smoke, et cetera) for the duration
of the test.

It is intent of the test to demonstrate as many different raceway configurations as possible. As such, several
raceway test specimens exhibit multiple features (i.e., the 3 hour large tray demonstrates the tray wrap, a “free- air”
cable and interface, a wrap-to-concrete interface, erc ). If one of these features fails thermally or during the hose
stream test, it is the intent of the test to then exclude that feature from the configuration being qualified. In the case
of the large tray for example, if the “free-air” cable or wrap-to-concrete interface fails for any reason, it is does not
cause the tray to fail provided the rest of the tray specimen meets the acceptance criteria of Generic Letter 86-10,
Supplement 1. Any failed portion of a specimen will then not be qualified by this test.

SECTION 7.0
HOSE STREAM TEST:

After the conclusion of the three hour fire test, the fire barrier envelope specimen (along with the surrounding
penetration seal) shall be subjected to a mimimurn of one of the following hose stream tests (as identified in NRC
GL 80-10, Supplement 1)

(a) "The stream applied at random to all exposed surfaces of the test specimen througha3 8 em ( 1-
1/2-inch) fog nozzle set at a discharge angle of 30 degrees with a nozzle pressure of 517 kPa (7
psi) and a minimum discharge of 284 1pm (75gpm) with the tip of the nozzle at a maximum ot
1.5 meters (3 feet) from the test specimen. (Duration of the hose stream application - 5 minute
for both 1-hour and 3 -hour barriers), or®
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(b) “The stream applied at random to all exposed surfaces of the test specumen through a 6 4 cm (2
“-inch) national standard playpipe with a 2.9 cm ( 1-1/8 -inch) orifice at a pressure of 207 kPa
(30ps1) at a distance of 6.1 meters (20 feet; from the specimen, (Duration of the hose stream
application - | minute for a |-hour barrier and 2 % minutes for a 3-hour barrier); or"

(c) ”Thcmemapphedarmdanwaﬂexposedmfuesofmctcstspccmthrough3.8cm(l'/z-
inch) fog nozzle set at a discharge angle of 15 degrees with a nozzle pressure of 517 kPa (75ps1)
and a minimum discharge of 284 1pm (75gpm) with the tip of the nozzle at a maximum of 3
meters (10 feet) from the test specimen. (Duration of the hose stream application - 5 muoutes for
both 1-hour and 3-hour barricrs) "

2. Genenc Letter §6-10 and Supplement !

The responsible QC shall verify and document the type of hose stream, distance, time et cetera employed in each
hose stream test.

SECTION 8.0
TEST REPORT:

The laboratory performung the test shall provide a written report which accurately describes the following minimum
clements of the test:

1) Verification of specimen materials and dimensions used;

2) Verification of fire bammer envelope materials, dimensions, and installation techniques

(procedures) used,

3) Verification of general furnace construction/dimensions and locations of burner, thermocouples,
et cetera,

4) Verification of specimen thermocouple locations (along with copies of thermocouple matenal
certifications),

5) Verification of standards used for conducting fire test along with record of both furnace

atmosphere and specimen temperature data acquired during test,

6.) Record of fumace pressure d: ing fire test;

7.) Record of visual occurrences/observations of fire and hose stream tests:




8)

9)

10)
1)
12)

13)

TRANSCO PRODUCTS INC.
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Record of hose stream test(s);

Photcgraphic records of specimen before fire barmer envelope installation, after fire barrier
installation, and post fire/hose stream tests;

Post test observations including measurements of material loss/degradation, et cetera;
Certification of the report by the agency performing test; and,
GC records and notes from installation and test as an appendix to the report

Record of test items thermocouple temperature readings.

CORDS, NOTES, CERTIFICATIONS, RE D BY THIS TEST
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Record of Test Observations
File No.: R18500 Client: Transco Inc.
Project No.: 97NK4087 Recorded By: M. Izydorek
Date: April 10, 1997 Page No. 1 of 2
Exposed (E) or
Test Time  Unexposed (U)  Article
Hr:Min;Se¢ Surface Nn. Qbservation
0:0:5:00 E All of the exposed material was charred and
black in color.
0:0:6:15 E N The bottom piece of material (the cap) fell form
the article.
0:08:22 E B Flames were issuing from the sample.
0:09:40 E All Flames 1ssued from the exposed surfaces of the
articles near the top of the exposed surface.
0:12:56 U All Smoke was issuing from the entire unexposed

surface with the heaviest amount from Article H.

0:15:07 B H A crack, running in a North-South direction had
developed at the West side of the article, the
crack was 1/8 in. deep.

0:19:21 E B,F,C,M Flames continued to issue from the exposed
surface of the articles.

0:20:03 E All The surfaces were becoming beige in color.

0:31:23 E H There were gaps present between the banding
Siuwps 24" the bottom surface of the protection
material.

0:37:36 E All The surfaces were becoming white in color.

0:41:43 E P There was a slight separation in the material on
the bottc m surface of the protection material,

0:52:57 E H A Westerly view of the article shows a | in.
separation ncar the West end on the bottom of
the article.

1:10:26 E ] On the South end of the article at the interface of

the vertical and horizontal runs, there were two
1/4 in. wide openings in the protection material,

1:29:37 E H The area described at 0:15:07 had opened to a
width of 2 in.

1:30:17 E J The openings described at 1:10:26 had closed.

1:33:28 E G A “flap” of protection material, 3 x 4 in., was

fLaaging at the interface with the hanger.
1:35:18 E Q Heavy black smoke accompanied by flames was
issuing from the article at the center and at both
ends where it entered the furnace chamber,
These flames were impinging on Article N.
1149224 3 B Flames and black smoke issued from the top of



1:50:31
2:00:00
2:16:00
2:35:35
2:40:00

2:41:03
3:00:00

All

All

the sample,

An area of flames issued from the bottom of the
article at the interface with the support near the
center of the article.

No significant changes observed.

the West half of the article fell to the furnace
floor,

The heavy black smoke ceased. Gray smoke
issued from the center of the article at the
bottom. The smoke was issuing from a crack.
Slight changes in color had occurred

The crack described at 2:40:00 was 2 in. wide.
Fire test terminated.



