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This Report describes a testing program which was undertaken
to develop information for the assessment of fire resistant
cables in Redundant Safety Trains as outlined in "Fire Protection
Program For Operating Nuclear Power Plants" (Appendix R to
10 CFR 50). The testing program consisted of a full-scale fire
test investigation and an adjunct small-scale fire test. These
tests provided data on the electrical characteristics of the fire
resistant cable samples under controlled fire exposure cconditions
and during an extended cool-down period.
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GENERAL

The subject of this Report is the fire test investigation of
fire resistant electrical cables installed in cable trays,
conduits and air drops be: :ath a floor assembly. The purpose of
the investigation was to develop information which may be used to
determine whether the elactrical cables manufactured by The
Rockbestos Company meet tle specifications for Redundant Safety
Trains outlined in "Fire Proteccion Program For Operating Nuclear
Power Plants" (Appendix R to 10 CFR 50). We understand that the
information developed in this investigation is to ke submitted
only to the United States Nuclear Regulatory Commission (NRC) ,
american Nuclear Insurers (ANI), Nuclear Mutual Limited (NML) and
firms concerned with utility installations for their
consideration as to the use of the Rockbestos cables in redundant
safety trains as specified in Appendix R to 10 CFR 50 for use in
nuclear generating stations under the jurisdiction of the United
States Nuclear Regulatory Commission.

The test program consisted of constructing a floor assembly
with various cable tray and conduit systems containing fire
resistant cables. In addition, nonfire resistant cables were
installed in the cable tray systems to simulate the fuel lcading
which would be present in actual site installations. The flocr
assembly was subjected to fire expcsure. with the €urnace
temperatures controlled in accordance with the standard
time-temperature curve outlined in the Standard for Fire Tests of
Building Construction and Materials, ASTM E119 (UL 263, NFPA
No. 251). Following the fire exposure, the assembly was
subjected to the impact, erosion and ccoling effect of a water
hose stream test. After an extended cool-down period, the
assembly was subjected to a second water hose stream test.

Immediately before the ¢ire endurance test, the fire
rasistant cables were energized with predetermined steady~-scate
ac electrical currents. The cables remained energized throughout
the fire exposure except for a 10 s period immediately preceding
an inrush current test on each fire resistant cable., Following
the fire endurance test, the cables were deenergized for the
water hose strcam test. Following the water hose stream test,
the cables were again energized with predetermined steady-stata2
ac electrical currents. The cables remained energized throughout
a 93 h extended cool-down period excep® for 10 s periods
immediatelv preceding each of four supplemental inrush current
tests. Following the 93 h extended cool-down pericd, the cables
were deenergized for the second water hose stream test.
Immediately following the second water hose stream test, the
cables were subjected to a final inrush current test.



-

File R10925-1 Page 2 Issued: 4-10-84

In addition to monitoring ac currents in each of the fire
resistant cables, each conductor of each .ire resistant cable was
energized with a dc voltage and monitored for electrical faults.

A total of six fire resistant cable types were tested in a
total of twelve configurations. Nine of the test configurations
were included. to develop information for consideration as to the
use of the Rockbestos cables in redundant safety trains as
specified in Appendix R to 10 CFR 50. The remaining three test
configurations were included to develop engineering information
of a preliminary nature for use by The Rockbestos Company. Only
the data pertinent to the nine fire resistant cable
configurations intended for consideration as to use in redundant
safety trains, as specified in Appendix R te 10 CFR S0, are
included herein. These nine fire resistant cable configurations
are listed below:

l. 3/C-No. 14 AWG power cable with stainless steel sheath
(Product Code E30-0211) in conduit-to-cable tray transition.

p 3/C-No. 14 AWG power cable with stainless steel sheath
(Product Code E30-0211) in cable tray.

3. 3/C-No. 14 AWG power cable without stainless steel
sheath (Product Code E30-0208) in conduit.

4. 3/C-No. 6 AWG power cable with stainless steel sheath
(Product Code E30-0210) in conduit-to-cable tray transition.

5. 3/C-No. 6 AWG power cable with stainless steel sheath
(Product Cocde E30-0210) in cable “ray.

6. 3/C-No. 6 AWG power cable without stainless steel
sheath (Product Code E30-02C4) in conduit.

T 2/C-No. 14 AWG shielded twisted pair (S.T.P.)
instrumentation cable with stainless stc¢el sheath (Product
Code E30-0212) in conduit~-to-ca®le trav transition.

8. 2/C-No. 14 AWG S.T.P. instrumentation cable with
stainless steel sheath (Product Code E30-0212) in cable

tray.

9. 2/C-No. 14 AWG S.T.P. instrumentation cable without
stainless steel sheath (Product Cocde £30-0209) in conduit.
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Following the full-scale floor fire test investigation, a
second fire test was conducted orn two samples of the fire
resistant cables installed beneath a 3 by 3 ft concrete floor
slab. During the small-scale fire endurancs test, each of the
fire resistant cables was energized with rated voltage and
wonitored to measure leakage current.

The fire endurance and hose stream tests were supplemented
with other tests and examinations which provided additional
irnformation relative to the electrical performance
characteristics of the fire resistant cables.
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MATERIALS:

The following is a description of the materials used in the
test assemblies.

FULL-SCALE TEST ASSEMBLY

Floor Assembly - The flcor assembly consisted of five
separate steel-re fhforced vermiculite concrete slabs. Two of the
slabs measured 5 £t, 2 in. by 13 €=, 8 in. by 8 in. thick. The
remaini.g three slabs were 1 £¢, 8 in. by 13 £ft, 8 in. by 8 in.

thick.

Cable Tray System = The rominal 24 in. wide open-ladder
cable tray consisted of channel-shaped siderails and
boxed-channel rungs. The siderails were 6=1/2 in. deep and were
formed of 0.082 in. thick (No. 14 gauge) galvanized steel. The
top and bottom flanges of the siderail were 1-1/4 in. wide. The
boxed-channel rungs were 1-1/2 in. wide by 5/8 in. deep and were
formed of 0.066 in. thick (No. 16 gauge) galvanized steel. The
rungs were spaced 9 in. OC and were welded to the web of the
siderails at each end. The loading depth of the tray was
5-3/4 in. The cable tray straight lengths were manufactured by
Metal Products Division, United States Gypsum Company and
designated "GLOBETRAY" (Catalog No. PLHD=-5509-2400-6~-12) .

The nominal 24 in. wide 930° inside vertical riser fittings
used in the cable tray system each had an inside radius of
12 in., an outside radius of 18-1/2 in., and a tangent length of
3 in. The siderail members for each inside vertical riser were
channel-shaped in cross-section with a web height of 6-1/2 in.
and a top and bottom flange width of 1/2 in. The siderail
members were formed of 0.082 in. thick (Ne. .} gauge) galvanized
steel. The inside vertical riser fittings were each provided
with the same boxed-channel rungs used in +he straight lengths.
The rungs were spaced nominally 6 in. OC and were weldad to the
web of the siderails at each end. The inside vertical riser
£ittings were manufactured by Metal Products Division, United
States Gypsum Company and designated "GLOBETRAY" (Cataloy
No. PLHD-IV90-2412-6).
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The nominal 24 in. wide 90° outside vertical riser fitting
used in the cable tray system had an inside radius of 12 in., an
outside radius of 18-1/2 in. and a tangent length of 3 in. The
siderail members were channel-shaped in cross-section with a web
height of 6-1/2 in. and a top and bottom flange width of 1/2 in.
The siderail members were formed of 0.082 in. thick
(Ne. 14 gauge) galvanized steel. The outside vertical riser
fitting was provided with the same boxed-channel rungs used in
the straight lengths of cable tray. The rungs were spaced
nominally 6 in. OC and were welded to the web of the siderails at
each end. The outside vertical riser fitting was manufactured by
Metal Products Division, United States Gypsum Company and
designated *“GLOBETRAY" (Catalog No. PLHD-OV90-2412-6).

The flat splice plates used to join the inside and outside
vertical riser fittings with the cable tray straight sections
consisted of 4 by 6 by 0.107 in. thick (No. 12 gauge) galvanized
steel plates. Each splice plate was provided with eight 3/8 in.
diameter by 5/8 in. long slots which aligned with the four
3/8 in. diameter holes drilled at each end of the vertical riser
and strright section cable tray siderails. The splice plates
were manufacturec by Metal Products Division, United States
Gypsum Company aand designated "GLOBETRAY" (Catalog
No. P-R3PST-6-H). Each splice plate was provided with 3/8 in.
diameter truss-head ribbed shank bolts and serrated flanged nuts.

Steel Conduit Systems - The nominal 3 in. diameter Trade
Size rigid steel conﬁuits were 1.300 in. in diameter with a wall
+hickness cf (.216 in. Each of the three nominal 3 in. diameter
rigid conduit systems consisted of two 90° elbows with threaced
ends, one nominal 10 ft straight length with threaded ends, two
straight lengths each having one threadad end, four threaded
steel couplings and two set-screw fiber bushings.

The nominal 1-1/2 in. diameter Trade Size rigid steel
conduit uced in the conduit-to-cable tray transition was
1.900 in. in diameter with a wall thickness of 0.145 in. The
conduit system consisted of one 90° elbow with threaded ends, a
straight length having one threaded end, two threaded steel
couplings and one set screw fiber bushing.

The nominal 3/4 in. diameter Trade Size rigid steel conduits
used in the two conduit-to-cable tray transitions were 1.050 in.
in diameter with a wall thickness of 0.113 in. Each of the two
conduit systems consisted of one 90° elbow with threaded ends,
one straight lenyth having one theeaded ené, two threaded steel
couplings and one set-screw insulated grcunding bushing.
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The conduits and elbows each bore the UL Listing Mark. The
straight conduit lengths and couplings were supplied by GPU
Nuclear Corporation, Parsippany. New cJersey. The conduit elbows
and bushings were purchased locally.

conduit Terminations - The cenduit terminations used in
conjunction with the nominal 1-1/2 in. and 3/4 in. diameter Trade
Size rigid steel conduits for the conduit-to-cable tray
transitions each consisted of a stainless steel compression
shell, a brass grommet and a stainless steel coupling nut. The
conduit termination fittings were manufactured by Rowe
Industries, Toledo, Chio and designated Type 3IRT9006 (nominal
1-1/2 in. diameter Trade Size fitting) and Type 2RT9006 (nominal
3/4 in. diameter Trade Size fitting).

Trapeze Support - The trapeze supports each consisted of two
nominal 57! in. Siam.ter threaded steel rods, an L4x3x1l/2 in.
thick structural steel angle and steel nuts.

Fire Resistant Cables - Six types of fire resistant cables
were included in the fire test assembly. The six cable types
were: 3/C-No. 14 AWG with stainless steel sheath (Product
Code E30-0211); 3/C-No. 6 AWG with stainless steel sheath
(Product Code E30-0210); 2/C-No. 14 AWG shielded twisted pair
(§.T.P.) with stainless steel sheath (Product Code E30-0212);
3/C=No. 14 AWG without stainless steel sheath (Product
Code E30-0208); 3/C-No. 5 AWG wi:zhout stainless steel sheath
(Product Code E30-0204); and 2/C~No. 14 AWG S.7T.P. without
stainless steel sheath (Product Code E350-0209).

The six cable types, designated Firewall FR SR Class lE
Electric Cables, were manufactured by The Rockbestos Company.
Division of CEROCK Wire & Ccable Group, Inc., New Haven,
Connecticut. MNo marking was present on the cable jackets or
shearhs.

Fuel Lcading Cables - Four types of fuel loading cables were
used 1n the cable tray systems. The cable types used were
/C=No. 2 AWG power cables, c 'c=No. 12 AWG control cables,
19/C-Ne. 12 AWG control cables and 37/C-No. 12 AWG control
cables.
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Each conductor of the 3/C-No. 2 AWG power cable consisted of
seven 0.097 in. diameter coppe. strands stranded together and
covered with a mylar wrap and cross-linked polyethylene (XLPE)
insulation. The outside diameter of each conductor was 0.403 in.
The fillers within the cable construction consisted of polyester
strands. The fillers and conductors were encased in a tissue
paper wrap and covered with a Hypalon jacket. The outside
diameter of the cable was 1.036 in. The cable jacket was marked
"2 AWG 3/C ROCKBESTOS R 600V FIREWALL R III XHHW NEC TYPE TC
(uL) ."

Each conductor cf the 9/C-No. 12 AWG cable consisted of
seven 0.031 in. diameter copper strands stranded together and
covered wish ethylene propylene rubber insulation and a hypalcn
jacket. The outside diameter of each conductor was 0.196 in.
The fillers within the cable construction consisted of polyester
strands. The fillers and conductcrs were encased in a scrim
paper wrap and covered with a hypalon jacket. The outside
diameter of the cable was 0.858 in. The cable jacket was marked
"BOSTON INSULATED WIRE AND CABLE COMPANY, (1980) 9/C=12 AWG,
EPR/HYP INSUL, HYPALON JKT. 600 V."

Each conductor of the 19/C-No. 12 AWG cable consisted of
seven 0.029 in. diameter copper strands stranded together and
covered with polyethylene insulation and a PVC jacket. The
outside diameter of each conductor was 0.156 in. The conductors
were encased in a mylar wrap and covered with a PVC jacket. The
outside diameter of the cable was 0.535 in. The cable jacket was
marked "ROME CT-B CONTROL CABLE 19/C 12 AWG CU 600 V."

fach conductor of the 37/C-No. 12 AWG cable consisted of
seven 0.030 in. diameter copper strands stranded tcgether and
covered with XLPE insulation. The outside diameter cf each
conductor was 0.153 in. The conductors were encased in a mylar
wrap and covered with a PVC jacket. The outside diameter of the
cable was 1.250 in. The cable jacket was marked "ROME CABLE 137/C
12 AWG CU 600 V XLP TYPE B CONTROL CABLE."

The 19/C- and 37/C-No. 12 AWG control cables were purchased
locally. The 3/C-No. 2 AWG and the 9/C-No. 12 AWG cables were
supplied by GPU Nuclear Corporation, Parsippany, New Jersey. The
reel containing the 3/C-No. 2 AWG cable bore a pressure-sensitive
adhesive label reading "GPU NUCLEAR TMI, Reel Number #2, B/M '
Footage 896', P.O. Number , Date Received ’
$.5.N. 118-764=-2900-1." the reel containing the 2/C-No. 12 AWG
cable bore a pressure-sensitive adhesive label reading "GPU
NUCLEAR TMI, Reel Number EJ0018, B/M FR-9JJ, Footage 533', P.O.
Number 89145, Date Received 9-8-80, §.5.N. 118-753-7000~-1."
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Cable Ties - The ties used to secure the fire resistant and
fuel Toading cables in place consisted of No. 14 SWG (0.080 in.
diameter) steel wire ties and stainless steel cable straps. The
stainless steel cable straps were purchased from Metal Products
Division, United States Gypsum Company (Cataloe Nos. CT-2000-SS
and CT-4375-8S).

SMALL-SCALE TEST ASSEMBLY

Floor Assembly - The floor assembly consisted of a nominal
36 by Y n. thick steel-reinforced normal weight concrete
slab.

Fire Resistant Cables - Two cable types were used in the
test assembly. The caple types used were 3/C-No. 14 AWG cable
with stainless steel sheath (Product Code E30-0211) and
2/C-No. 14 AWG S.T.P. cable with stainless steel sheath (Product
Code E30-0212). The cable samples were cut from the same reels
of cable used in the full-scale floor fire test assembly.

Cable Ties - The ties used to band the coils of fire
resistant cables were stainless steel cable straps purchased from
Metal Products Division, United States Gypsum Company (Catalog
No. CT-4375-S88).

ERECTION OF TEST ASSEMBLIES:
FULL-SCALE TEST ASSEMBLY

The full-scale floor fire test assembly was constructed in
accordance with the methods specified by the submittor, as shown
in ILLS. 1 through 9. The construction of the test assembly was
observed by members of the technical and engineering staff of
Underwriters Laboratories Inc.

Mominal 6 by 6 by 1/2 in. thick structural steel angles were
placed along the walls of the test frame such that the top of the
horizontal leg was 8 in. below the top edges of the test frame.
The five steel-reinforced vermiculite concrete floor slabs were
then installed in the test frame. Prior to installatiorn of the
floor slabs, nominal 1-1/4 in. thick mineral-wool batts were
placed over the structural steel angles to form a smoke and heat
seal. The average bearing of each floor slab on the structural
steel angles was 4-1/2 in. A 6 in. separation wés main.ained
petween adjacent floor slabs to accommodate -he vertical legs of
she cable tray and conduit systems.
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Two W4xl3 steel beams, 17 ft long, were placed over the top
of the floor slabs. The beams rested on and were secured to the
projecting steel reinforcement of each slab (bottom chord of
inverted Type 8H2 steel joists) to prevent differential
deflection of the various slabs during fire exposure.

The locations of the various cable trays and conduits in the
floor assembly are shown in ILL. 1.

The trapeze supports for the cable trays and conduits were
installed as shown in ILLS. 1, 2, 4 and 5.

The nominal 24 in. wide main cable tray system and the
auxiliary cable tray receiving the tray-to-tray cable air drops
were as-embled and installed as shown in ILL. 2. The 24 in. wide
main cable tray system was assembled with flat splice plates in
coniunction with 3/8 in. diameter truss-head ribbed shank bolts
and serrated flanged nuts. The main cable tray system and
auxiliary cable tray were suspended from the trapeze supports.

In addition, the cable tray system was suspended by means of
nominal 2 by Z by 1/4 in. thick steel angles, 24 in. long,
spanning across the projecting steel reinforcement of the floor
slabs (bottom chord of inverted Type 8H2 steel joists) and welded
to the cable tray siderails.

The three nominal 3 in. diameter rigid steel conduit systems
were assembled and installed as shown in ILL. 4. The three
conduit systems rested on the trapeze supports and were
additionally supported by means of nominal 2 by 2 by 1/4 in.
thick steel angles, 24 in. long, spanning across the projecting
steel reinforcement of the floor slabs and welded to the sides of
the conduits.

Prior to installation of the main cable tray system,
auxiliary cable tray and the three nominal 3 in. diameter rigid
steel conduits, a ncminal 1 in. thickness of ceramic fiber
blanket was placed on the 3 in. wide bearing leg of the trapeze
support angle such thit the cable raceways did not rest directly
upon the steel trapeze supports.

The two nominal 2/4 in. diameter rigid steel conduits and
the nominal 1-1/2 in. rigid steel conduits for the
conduit-to-cable tray transitions were installed as shown ILL. 3.
The elbow of each conduit rested cn and was welded to the 3 in.
leg of the trapeze support angle. Each conduit was adéitionally
supported by means of nominal 2 by 2 by 1/4 in. thick steel
angles, 24 in. long, spanning across the projecting steel
reinforcement of the floor slabs and welded to the conduits.
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The 6 £t, 9 in. long auxiliary cable tray was provided with
a 41.5 percent fill of randomly-laid fuel loading cables. Each
cable was cut into a 6 ft, 9 in. length and was laid flat in the
cable tray. The type and quantity of fuel loading cables in the
auxiliary cable tray are tabulated below:

Cable Cable

Insulation Jacket
Cable Type Material Material Cable OD Quantity
3/C=No. 2 AWG XLP HYP 1.036 in. 16 pieces
§/C=-No. 12 AWG EPR-HYP HYP 0.858 in. 16 pieces
19/C=No. 12 AWG PE PVC 0.935 in. 36 pieces
37/C=No. 12 AWG XLP PvVC 1.250 in. 8 pieces

The 3/C-No. 14 AWG, 3/C-No. 6 AWG and the 2/C-No. 14 AWG
S.T.P. catles with the stainless steel sheaths (Product
Code E30-0211, =0210 and =-0212, respectively) were installed in
the bottom of the main cable tray system and air-dropped into the
auxiliary cable tray as shown in ILLS. 1, 2 and 3. The stainless
steel sheathed cables were secured to the rungs of the main cable
tray system and to the top layer of fuel loading cables in the
auxiliary cable tray with stainless steel cable straps. The
3/C-No. 6 AWG cable and the 2/C-No. 14 AWG S.T.P. cable were
installed such that the stainless steel sheath was in contact
with the siderail of both the main cable tray system and
auxiliary cable tray. The 3/c-No. 14 AWG cable was installed
along the longitudinal centerline of the main cable tray system
and auxiliary cable tray.

After installation of the stainless steel sheathed cables, a
41.5 percent £ill of randomly-laid fuel loading cables was
installed in the main cable tray system. The type and Juantity
of fuel loading cables in the main cable tray system was
identical to that installed in the auxiliary cakle tray. The
fuel loading cables were installed along the entire length of the
cable tray system beneath the floor and terminated approximately
2 in. below the underside of the floor. The vertical runs of
cable in the main cable tray system were secured to the cable
tray rungs with stainless steel cable straps and steel wire ties.

Each of the three fire resistant cables in the main cable
tray system passed through the f£loor and projected above the top
of the flocor.
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Three fire resistant cables without stainless steel sheaths
were installed in each c¢f the three nominal 3 in. diameter
conduit systems, as shown in ILL. 4. The west conduit system
contained three 2/C-No. 14 AWG S.T.P. cables (Product
Code E30 1209). The center conduit contained two 3/C-No. 14 AWG
cables anc 1e 3/C-No. 6 AWG cable (Product Code E30-0208 and
-0204, re: “tively). The east conduit contained two
3/C-No. 6 AWG cables and one 3/C-No. 14 AWG cable (Product
Code E30-(204 and -0208, respectively). Each cable was installed
along the entire length of each conduit system and projected
approximately 2 ft beyond each end of each conduit system. After
installation of the cables, the ends of each conduit on the
unexposed side of the assembly were stuffed with pieces of
ceramic fiber blanket to minimize convective heat loss and smoke
issuing from the concduit during the fire test.
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one fire resistant cable was installed in each of the two
nominal 3/4 in. diameter rigid steel ccnduits and in the nominal
1-1/2 in. diameter rigid steel conduit, as shown in ILL. 5. The
fire resistant cable installed in the nominal 1-1/2 in. diameter
rigid steel conduit was a 3/C-No. 6 AWG stainless steel sheathed
cable (Product Code E30-0210). The fire resistant cable
installed in the west nominal 3/4 in. diameter rigid steel
conduit was « 1/C-No. 14 AWG stainless steel sheathed cable
(Product Code E30-0211). The fire resistant cable installed in
the east nominal 3/4 in. diameter rigid steel conduit was a
2/C-No. 14 AWG S.T.P. stainless steel sheathed cable (Product
Code E30-0212). The portion of each fire resistant cable which
entered the rigid steel conduit was stripped of its stainless
steel sheath. The stainless steel sheathed portion of each fire
resistant cable protruding from the rigid steel ccnduit extencded
through the air and entered the main cable tray system as shown
in ILL. 1. At its entrance into the main cable tray system, each
fire resistant cable was secured to the top layer of fuel loading
cables using stainless steel cable straps. The fire resistant
cables extended through the floor and projected above the top
surface of the floor, with the ends of the cable secured to the
rungs of the main cable tray system with stainless steel cable
straps. The conduit-to-cable tray transitions were accomplished
using compression-type conduit terminations. For each
transition, the conduit termination compression shell was
threaded into the conduit coupliny at the end of the conduit
elbow. The fire resistant cable, with stainless steel sheath
removed and with the conduit termination coupling nut and grommet
in place, was inserted into the conduit through the opening .
the compression shell. The cut end of the stainless steel sheacn
projected approximately 7/8 in. into the open end of the
compression shell. The small end of the brass grommet was flush
with the end of the stainless steel sheath. While restraining
the compression shell from rotating, the ccupling nut was brought
forward and tightened onto the compression shell to 130 ft-1b.
The unsheathed portion of each fire resistant cable extended
approximately 2 ft peyond the ends of the cenduits on the
unexposed side of the assembly. After installation of the fire
resistant cables, the end of each conduit on the unexposed side
of the assembly was stuffed with pieces of ceramic fiber blanket
to minimize convective heat loss and smoke issuing from the
conduit during the fire test.
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After installation of the cable trays, conduits and cables,
the nominal 6 in. wide slots in the floor assembly containing the
vertical legs of the various systems were fi'led with vermiculite
concrete as a firestop. First, each of the :iire resistant cables
exiting the floor from the main cable tray system (three cable
ends at north end of assembly and six cable ends at south end of
assembly) were individually wrapped with a nominal 1 in. thick by
4 in. wide piece of ceramic fiber blanket. The ceramic fiber
blanket was secured in place with steel wire ties and was
installed such that the bottom edge of the ceramic fiber blanket
wrap was flush with the bottom surface of the floor. Removeable
forms were placed beneath each slot, flush with the underside of
the floer slab. Small pieces ot ceramic fiber blanket were
stuffed between the edges of the forms and the cables to minimize
leakage of the vermiculite concrete. Nominal 7 in. lengths of
nominal 1/2 in. diametecr deformed steel rods were wedged into
each slot to act as reinforcement. The vermiculite concrete,
composed of five parts expanded vermiculite aggregate to one part
Portland cement, by bulk volume, and mixed with water, was pumped
into the slots and struck with a trowel. After drying for 24 h,
the forms were removed from the underside of the assembly.

As a final step, the underside of the floor assembly and the
horizontal and vertical members of the trapeze supports beneath
the floor assembly were protected. The protection on the nominal
1/2 in. diameter threaded steel rods acting as the vertical
members of the trapeze supports were each wrapped with a noininal
1 in. thickness of ceramic fiber blanket held in place with steel
wire ties. The ceramic fiber blanket was then wrapped with a
layer of expanded steel lath to act as a mechanical key for the
protection material. The protection material applied to the
expanded steel lath consisted of a nominal 1 in. thickness of
Zonolite Type MK-5 cementitious mixture which was mixed with
water and applied by hand. The protection on the L4x3x1/2 in.
thick structural steel angles forming the horizontal member of
the trapeze support consisted of a nominal 1/2 in. thickness of
the Type MK-S5 cementitious mixture applied to all exposed faces
of the s-eel angle. The protection on the underside of the floor
assembly consisted of a nominal 3/4 to 1 in. thickness of
sp-ay-applied Type MK-5 cementitious mixture.

The appearance of the exposed surface before the fire
endurance test is shown in ILLS. 6, 7 and 8. The appearance of
the unexposed surface before the fire endurance test is shown in
ILL. 9.
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SMALL-SCALE TIST ASSEMBLY

The small-scale floor fire test assembly was constructed in
accordarce with the methods specified by the submittor, as shown
in ILL. 20. The construction of the test assembly was observed
by members of the technical and engineering staff of Underwriters
Laboratories Inc.

Nominal 25 ft lengths of the 31/C-No, 14 AWG and
2/C-No. 14 AWG S.T.P. stainless steel sheathed cables (Product
Code E30-0211 and =-0212, respectively) were each formed into a
coil having an outside diameter of approximately 28 in. and
containing three coils of cable. Each coil was formed and held
in position with four stainless steel cable straps, as shown 1in
ILL. 20.

Four nominal 1 in. diameter holes were drilled in the
nominal 2 in. thick concrete slab to accommodate the four ends of
the two cable coils. The free ends of the cable coils were
inserted in the holes as shown in ILL. 20. Two nominal 3/8 in.
diameter holes were drilled in tne nominal 2 in. thick concrete
slab and a No. 8 SWG (0.162 in. diameter) galvanized steel wire
was threaded through the holes and throuch the two coils cf cable
with the two ends of the wire twisted together on the top
(unexposed) side of the concrete slab to suspend the coiled
cables. The four cable ends were additionally supported on the
top side of the floor by means of short lengths of steel channel
in conjunction with steel wire ties. Each of the six hc 28 in
the concrete slab was stuffed with small pieces of ceramic fiber
blanket.

The end of each cable projected approximately 30 in. above
the top surface of the floor.
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Each conductor of the nine fire resistant cable
configurations was energized with a low voltage ac electrical
current and monitored during the fire endurance test. 'he
electrical current driving and metering plan for each fire
resistant cable is shown in ILL. 11. Each conductor of the three
conductor power cabies (Product Code E30-0204, -0208, -0210 and
-0211) was provided with a jumper between its two ends which was
fitted with a driver transformer set and a metering transfcrmer,
as shown in ILLS. 12 and 13. The characteristics of the driver
transformer circuit and its associated variable transformer were
such that all conductors of each three conductor cable had a
common driver transformer set controlled by a single variable
transformer, as shown in ILLS. 15 and 16. The control range was
such that currents in the range of 3 to 21 A could be achieved on
the 3/C-Mo. 14 AWG cables and 20 to 120 A could be achieved con
the 3/C-No. 6 AWG cables. The 2/C-No. 14 AWG S.T.P.
instrumentation cables (Product Code E37-0209 and -0212) were
similarly connected. However, the conductors of all of the two
conductor cables were driven by a common transformer (three test
sample cables plus one engineering sample cable for a total of
eight conductors), as shown in ILLS. 14, 15 and 16.

The predetermined steady-state and inrush curreant values for
the 3/C-No. 14 AWG power cables were 3.4A and 21A, respectively.
The predetermined steady-state and inrush current values for the
3/C~No. 6 AWG power cables were 19.8A and 120A, respectively.

The 2/C-No. 14 AWG S.T.P. instrumentation cables were each
energized with a simulated "pilot" current in the approximate
range of 1 to 2 A.

Before the start of the fire endurance test, each cable was
energized at its predetermined steady-state current. As the fire
endurance test proceeded, the output of the variable transformer
was increased to maintain the steady-state currents as
compensation for the increase in circuit resistance caused by the
normal resistance versus temperature characteristics of the
conductor exposed to the fire. During the last 15 min of the
fire portion of the test, each three conductor power cable was
deenergized for 10 s. After 10 s, the current was reapplied and
rapidly adjusted to an inrush value. The inrush current was held
for 30 s and then rapidly decreased to the predetermined
steady-state value.
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In addition to the low voltage ac electrical current applied
to each conductor of the nine fire resistant cable
configurations, each fire resistant cable was energized with a
dc voltage and monitored continuously for electrical faults
(conductor-to-conductor, conductor-to-sheath/ground,
conductor-to-shield and shield-to-sheath/ground). The details of
the electrical rault monitor circuitry are shown schematically in
ILL. 17. The electrical fault monitor panel was connected to an
automatic data logger which scanned each circuit and provided a
printed record to show electrical faults.

Throughcut the fire test, observations were made of the
character of the fire and its control, the conditions of the
exposed and unexposed surfaces, and all developments pertaining
to the performance of the fire resistant cables with special
reference to circuit integrity.

RESULTS

Character And Distribution Of Fire - The fire was luminous
and well-distributed. As shown in ILL. 10, the furnace
temperatures followed the standard time-temperature curve as
outlineé in the Standard, ASTM E119 (UL 263, NFPA No. 251) during
the first 10 min of fire exposure. Thereafter, the heat
contributed from the burning fuel loading cables in the main
cable tray system and the auxiliary cable tray caused the furnace
temperatures to exceed the standard time-temperature curve.

Observations During Test - On the exposed side of the test
assembly, the fuel Ioaainq cables in the auxiliary cable tray
ignited at 40 s. The fuel loading cables in the main cable tray
system were smoking at 1 min, 30 s and, at 2 min, 15 s, the
cables ignited. By 3 min, 30 s, the fuel loading cables in the
main cable tray system and auxiliary cable tray were engulfed in
flame and were smoking profusely. The profuse flaming and
smoking of the fuel loading cables continued throughout the fire
exposure test. At 40 min, it was noted that the galvanized
coating on the cable trays and conduits was oxidized. During the
final 20 @in of fire exposure, the cable tray siderails bowed
inward and several of the cable tray rungs disengaged from the
cable tray siderails and allowed the fuel loading cables to
deflect downward.

On the unexposed side of the test assembly, white smcke
commenced issuing from the ends of the fire resistant cables at
4 min. The smoking contirued until 30 min. Thereafter, no -
significant changes occurred on the unexposed side of the test
assembly. The furnace fire was extinguished at 60 min.
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Circuit Integrity = puring the fire exposure test, each
conductor of eac ire resistant cable carried its steady-state
electrical current. During the fire exposure, it was necessary
to "trim" the variable transformer to maintain the test current.
Commencing at 47 min, each three conductor power cable was
deenergized for 10 s. The current was then reapplied to each
cable and rapidly adjusted to the maximum current attainable and
held for 30 s. The voltage cutput from the variable transformer
was not sufficient to attain the predetermined inrush current
level in any of the power cables due to the increased resistance
of the conductors. After the 30 s inrush current test, the
current was reduced :©o 1ts steady-state value. The electrical
current measurements recorded during the fire endurance test are
contained in Appendix A.

During the fire endurance test, some of the light emitting
dicdes (LED's) in the electrical fault monitor panel commenced
glowing visibly after 12 min of fire exposure. By 25 min, all of
the LED's were illuminated at various degrees of brightness.
However, at that time, no electrical faults were indicated by the
automatic data logger monitoring current flow through the LED's.
As the test progressed, the brightness of the LED's increased and
the current flow through the LED's registered on the automatic
data logger.

Following the fire endurance test, the electrical fault
monitoring circuitry was analyzed. Based on this analysis
described in the section of this Test Record entitled
"Discussion,"” it was determined that no electrical faults
occurred in any of the nine {ire resistant cable configurations
during the fire endurance test. Rather, it was determined that
the illumination of the LED's during the fire endurance test was
an indication of leakage currents caused by the temperature
effect on insulation resistance.

INITIAL HOSE STREAM TEST:

SAMPLE

The hose stream was applied to the exposed surface of the
floor assembly. The hose stream test cormenced approximately
5 min, 30 s after the furnace fire was extinguished.

METHOD

At the conclusion of the fire exposure, ,the fire resistant
cables were deenergized and the test assembly was lifted from the
¢yrnace and moved to the hose stream area.
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The cable trays, conduits and cables were subjected tc the

action of a water hose stream applied for a duration of 90 s.

The hose stream was applied with an electrically-safe fog nozzle
(set at a 30° included angle) at a perpendicular distance of
approximately 17 £t, 3 in. from the center cof the test assembly
and on a line approximately 27° from a line normal to the center
of the assembly. The water pressure measured at the inlet of the
1-1/2 in. diameter hose 50 ft upstream of the nozzle was 105 psi.

Following the 90 s water hose stream test, subsequent
applications of water were necessary to suppresc ilaming of the
fuel loading cables in the main cable tray system and in the
auxiliary cable tray.

RESULTS

Upon suppression of all flaring of the fuel loading cables,
current was applied to each of the nine fire resistant cable
configurations. Each conductor of each fire resistant cable
carried its steady-state electrical current.

At the conclusion of the fire endurance test, all of the
electrical fault monitoring circuits had been switched off.
Following the water hose stream test, all of the electrical fault
monitoring circuits were reenergized. At that time, a low
current (1 mA) electrical fault (dim LED) was indicated between
the shield and sh2ath of the 2/C-No. 14 AWG S.T.P.
instrumentation cable with stainless steel sheath in the main
cable tray system. No other electrical faults were indicated.

EXTENDED COOL-DOWN PERIOD:

At the conclusion of the fire endurance test and initial
water hose stream test, the predetermined steady-state electrical
currents were reapplied to each of the nine fire resistant cable
configurations. The cables remained energized throughout a 93 h
extended cool-down period except for 10 s periods immediately
preceding each of four supplemental inrush current tests. The
electrical current measurements recorded during the extended
cool-down period are contained in Appendix A.
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In addition to monitoring current in each of the nine fire
resistant cable configurations, each fire resistant cable was
energized with a dc voltage and monitored for electrical faults
during the 93 h extended cool-down period. To monitor circuit
integrity in the absence of an operator (at night), the
electrical fault monitor panel was connected to an automatic data
logger which scanned each circuit at 55 min intervals and
provided a printed record to show electrical faults. No
electrical faults occurred during the extended cool-down period.

SECOND HOSE STREAM TEST:

SAMPLE

The hose stream was applied to the exposed surface of the
floor assembly. The hose stream test commenced approximately
93 h after the fire endurance test was completed.

METHOD

At the conclusion of the 93 h extended cool-down pericd, the
fire resistant cables were deenergized (except for dc voltage
used to monitor cables for electrical faults) and the cable
trays, conduits and cables were subjected to the action of a
water hose stream applied for a duration of 90 s. The hose
stream was applied witia an electrically-safe fog nozzle (set at a
30° included angie) at a maximum distance of 5 ft from each of
the cable trays, conduits and cables. The water pressure
measured at the inlet of the 1-1/2 in. diameter hose 50 £t
upstream of the nozzle was 100 psi.

RESULTS

Curing the h~ge stream test, no electrical faults occurred
in the fire resistant cables.

Upon completion of the hose stream test, current was applied
to each of the nine fire resistant cable configurations. Each
conductor of esach fire resistant cable carried its steady-state
electrical current. A final inrush current test was conducted
approximately 3 min after the hose stream test was completed.

The electrical current measurements recorded during the final
inrush current test are contained in Appendix A.

OBSERVATIONS AFTER TESTS:

The appearance of the exposed surface of the test assembly
after all testing was completed is shown in ILLS. 18 and 19.
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on the exposed side of the assembly, the three ncrinal 3 in.
diameter rigid steel conduit systems and the three conduits used
for the conduit-to-cable tray transitions were oxidized but were
otherwise unchanged.

The main cable tray system and auxiliary cable tray were
essentially destroyed. A majority of the cable tray rungs were
disengaged from the cable tray siderails at one or both ends such
that the mass of fuel loading cables was supported by the trapeze
supports and by the £ire resistant cables which penetrated the
é1oor assembly at the two ends of the main cable tray system.
Approximately 80 percent of the insulation and jacketing
materials on the fuel loading cables had been consumed during the
fire endurance test.

The stainless steel sheathed fire resistant cables in the
main cable tray system and in the conduit-to-cable tray
transition were displaced due to the disengagement of the cable
tray rungs and the resultant downward movement of the fuel
loading cable mass. With the loss of support from the cable tray
rungs, the fuel loading cable mass along most of the main cable
tray system run was suspended from the stainless steel sheathed
fire resistant cables. The stainless steel sheath on each of the
fire resistant cables did not appear %o pe damaged by the applied
stresses.

The cementitious mixture protection material on the
underside of the floor assembly and on the trapeze SUpPpPOrts was
partially dislodged by the water hose stream tests. Beneath the
protection material, the floor assembly and trapeze sSupports
remained structurally sound.

Other than discoloration of the fire resistant cable ends
and the vertizal legs of the cable raceways, no changes were
neted in the appearance of the unexposed surface of the test
assembly.

DISCUSSION:

During the fire endurance test, some of the light emitting
diodes (LED's) in the electrical fault acnitoring panel commenced
glowing visibly after 12 min of fire exposure. By 25 min, all of
the LED's were illuminated at various degrees of brightness.
However. at that time, no electrical faults were indicated by the
automatic data logger which monitored current flow through the
LED's. As the test progressed, the brightness of the LED's
increased and the current £low through the LED's became
sufficientl high to register on the automatic data logger.
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Because of the scale of the test assembly and safety
considerations involved, it was deemed inadvisable to conduct the
full-scale fire test investigation with the cables energized at
rated voltage. Instead, the cables were energized only at rated
current with a supplemental low vol+age dc electrical fault
monitoring circuit. In order to determine the levels of leakage
current present in the fire resistant cables under fire exposure
conditions with the cables energized at rated voltage, a second
fire test investigation was conducted, as described in Test
Record No. 2.
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TEST RECORD NO. 2

MALL-SCALE TEST ASSEMBLY

- — - — w———— —

FIRE ENDURANCE TEST:

The fire endurance test was conducted with the furnace
temperatures controlled in accordance with the Standard for Fire
Test ; Of Building Construction And Materials, ASTM E119 (UL 263,
NFPA No. 251).

SAMPLE

The fire endurance test was conducted on the small-scale
test assembly constructed as described previously in this Report
under the section entitled "Erection 0f Test Assemblies” and as
shown in ILL. 20.

The installation of the fire resistant c-i.2s in the
concrete floor slab was completed approximately 18 h before the
fire test was conducted. The humidity of the concrete slab was
less than 75 percent at the time of the fire test.

METHCD

The assembly was tested on a horizontal exposure furnace, as
shown in ILL. 21. Tka furnace temperatures were measured by
three thermocouples symmetrically located 12 in. below the
exposed surface of the floor slab.

The temperatures of each coil of fire resistant cable were
measured by two thermocouples affixec to the stainless steel
sheath with stainless steel cable straps and located as shown in
Apperdix D, ILL. D1,

The fire resistant cables were connected to a test panel and
three-phase power supply as shown in ILLS. 22, 23 and 24. The
power supply was adjusted to provide three-phase Y voltages of
480/277 V ac. At room temperature (approximately 70 °F) the
circuit was energized and charging currents were measured. Since
only one test panel was available, the 3/C-No. 14 AWG power cable
was energized contjnuously throughout the fire endurance test
except for brief pericds when it was disconnected to make
measurements on the 2/C-No. 14 AWG S.T.P. instrumentation cable.



File R10925-1 Page 26 Issued: 4-10-84

Throughout the fire test, observations were made of the
character of the fire and its control, the conditions of the
exposed and unexposed surfaces, and all developments pertaining
to the performance of the fire resistant cables.

RESULTS

Character And Distribution Of Fire - The fire was luminous
and well-distributed, and the furnace temperatures followed the
standard time-temperature curve as outlined in the Standard,
ASTM E119 (UL 263, NFPA No. 251), and as shown in the following

table:
Test Temperature, °F Average
Time, (ASTM E119 Time- Furnace
min Temperature Curve) Temperature, °F
1 285 400
pi S00 645
3 670 725
4 860 760
5 1000 1000
6 1119 1145
7 1180 1180
8 1230 1240
9 1260 1270
10 1300 1300
15 1399 1400
20 1462 1445
25 1510 1500
30 1550 1550
35 1584 1580
40 1613 1620
45 1638 1640
50 1661 1670
S5 1681 1690
60 1700 1700
" 85 1718 1710
70 1735 173§
75 1750 1750

78 1759 1760
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Observations During Test - On the exposed side of the test
assembly, no changes were noted in the appearance of the fire
resistant cables other than discoloration of the stainless steel
sheaths.

On the unexposed side of the test assembly, white smoke
commenced issuing from the ends of the fire resistant cables at
2 min. The smoking continued until 30 min. Other than
discoloration of the cable ends and a slight "dishing” of the
concrete floor slab, no significant changes were noted in the
appearance of the unexposed surface during the remainder of the
fire test. The furnace fire was extinguished at 78 min.

Temperatures Of The Cables - The temperatures measured by
the various thermocouples on the fire resistant cables were
measured at 1 min intervals during the fire test. These
temperatures are tabulated in Appendix D, ILLS. 02, D3 and D4.

Leakage Current Measurements - During the fire endurance
test and aite: the fire endurance test was completed, the leakage
currents in each fire resistant cable were measured while
energized at rated voltage. The applied voltages and leakage
currents were measured using four Beckman 3010 Digital
Multimeters supplied by The Rockbestos. Company. After 1 h of
fire exposure, each cable was subjected to an overvoltage
condition (960 V ac phase-to-phase) for a minimum of 2 min and
supplemental leakage current measurements were obtained. The
leakage current measurements recorded during the fire test
investigation are shown in the follcwing tables:
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LEAKAGE CURRENT MEASUREMENTS
(Applied Voltage - 480 V ac 3-Phase Y, 277 V ac - Uround!
C -~ No. 14 r le W/Stain) Stee! 11
Test Time Avg. Furnace __Leskage Curcent, Phase-Ground =~ ___Leskage Current, Phese-Deits

min Tewp., °F  Red Cndr. White Cndr, Black Cndr  Red Cndr. White Cndr, Black Cndr,
0 70 72.6uA 74.9A 74.9%A 94, 6uA 97. buA 97.7uA
6 1145 - - - 150uA 152uA 158uA
12 1345 0.19mA 0.21mA 1.5mA 0.19mA 0.25mA 0.5mA
18 16430 - . . 0.34mA 0.35mA 0.45mA
20 1645 0.43ImA 0.45mA 0.46mA 0. 44mA 0.45mA 0.47mA
3 1555 1.08mA 1.09mA 1.11mA 0.39mA . 0bmA 1.97mA
“0 1620 7.16mA 7.645mA 5.649mA 6.91mA 7.13mA 5.30mA
o7 1660 13.8mA 13.0mA 10.2mA 12.8mA 12.8mA 9.69mA
Sk 1680 24, 2mA 23.7mA 18.3mA 23.9mA 23.4mA 18.0mA
63 1708 42.7mA 42.3mA 32.9mA 42.1mA b1, 4mA 32.4mA
97+ 650 110uA 114uA 64uA o TlhuA 125uA 73uA

2/C = No. 16 AWC S.T.P, Instr tion Cable W/Stainless Steel Sheath 0-0212)

Test Time, Avg. Furnace _Leakage Current, Cndr. - Shield Leakage Current, Cndr, - Cndr,

min Temp., *F  White Conductor 8lack Conductor W#hite Conductor Black Conductor
9 70 97.6uA 95.1uA 110uA 110uA
6 1508 0.96mA 0.84mA 0.92mA 0.83mA
15 1580 4.21mA 3.65mA 4.06mA 3.58mA
“9 167C 23.2mA 21.3mA 12.9mA 21.0mA
65 1710 60.9mA 29.6mA 60. %A 59.1mA
103+ 600 100uA 103uA 112uA 112uA

+ « Fyrnace fire extinguished at 78 min. Leakage current measurements taken with test sample
located in furnace,

TA T

(Applied Voitage = 960 V ac 3-Phase Y, 555 V ac - Cround)s+

- 14 AWC r ble W/Stainle Stee! Sheath (E30-0211
Test Time, Avg. Furnace Leakage Current, Phase-Cround akage Cyrrent, Phase-Delta

min Temp., bt 4 fed Cndr. #hite Codr, Blaca Cnar. Reag Cnar, white Cndr, 8lack Cnar,

68 1725 127mA 138mA 99mA 108mA 110mA BlmA
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W/Stainless Steel Sheath (E30-0212

Test Time, Avg. Furnice Leakage Current, Cndr, - Shield Leakage Cyrrent, Cndr. - Cndr.
__sin _ _Temp, ¢ Wite Condyctor  Black Conductor Mhite Conductor 8lack Condyctor
75 1750 163mA 162mA 138mA 138mA

++ = Wigh voltage applied and held for minimum 2 min for each leakage current measurement.

As a supplement to the above, the leakage current between
the shield and the sheath of the 2/C-No. 14 AWG S.T.P.
instrumentation cable was measured after approximately 75 min of
fire exposure. With an applied voltage of 10 V ac, the leakage
current was 113 mA., With an applied voltage of 180 V ac, the
leakage current was 2000 mA.

In addition, the insulation resistance between the shield
and sheath of the 2/C-No. 14 AWC $.T.P. instrumentation cable was
measured during and aftar the fire endurance test. The
insulation resistance measurements recorded during the fire test
investigation are shown in the following table:

Test Time, Average Furnace Shield-Sheath
min Temperature, °F Insulation Resistance
a7 1525 17 kilohms
S6 1695 2.1 kilohms
75 1750 3.5 kilohms

103 600 100 kilohms
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In consideration of the nature of this investigation, the
foregoing Report is to be construed as information only and
should not be regarded as conveying any conclusions or
recommendations on the part of Underwriters Laboratories Inc.
regarding the acceptability of the fire resistant cables for use
in redundant safety trains, as specified in Appendix R to
10 CFR 50, or for any other purpose.

A total of six fire resistant cable types were installed in
a total of nine configuraticns beneath a full-scale floor
assembly. The nine fire resistant cable configurations are
listed below:

| 3/C-No. 14 AWG power cable with stainless steel sheath
(Product Code E30-0211) 1in conduit-to-cable tray transition.

2. 3/C-No. 14 AWG power cable with stainless steel sheath
(Product Code E30-0211) in cable tray.

3. 3/C-No. 14 AWG power cable without stainless steel
sheath (Product Ccde E30-0208) in conduit.

4. 3/C-No. 6 AWG power cable with stainless steel sheath
(Product Code E30-0210) in conduit-to=-cable tray transition.

S. 3/C-No. 6 AWG power cable with stainless steel sheath
(Product Code E30-0210) in cable tray.

6. 3/C-No. 6 AWG power cable without stainless steel
sheath (Product Code E30-0204) in cenduait.

7. 2/C=No. 14 AWG shielded twisted pair (§.T.P.)
instrumentation c-ble with stainless steel sheath (Product
Code E30-0212) in conduit-to-cable tray transition.

8. 2/C=-No. 14 AWG s.T.P. instrumentation cable with
stainless steel sheath (Product Code E30-0212) 1in cable

tray.

9. 2/C=No. 14 AWG $.2.%, instrumentation cable without
stainless steel sheath (Product Code E30-0209) in conduit.
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On February 21, 1984, the full-scale floor assembly
containing the nine fire resistant cable configurations was
subjected to a 1 h fire endurance test. The i.:e endurance test
was conducted with the furnace temperatures controlled in
accordance with the standard time-temperature curve specified in
ASTM Standard E119 (UL 263, NFPA No. 251). During the fire
endurance test, each of the fire resistant cables was energized
with a steady-state electrical current. Commencing after 47 min
of fire exposure, each cable was deenergized for 10 s and an
inrush current was applied to each cable and held for 30 s.
After the 30 s inrush, the current levels were reduced to the
steady-state values.

Immediately following the 1 h fire endurance test, the fire
resistant cables were deenergized, the test assembly was removed
from the furnace and the underside of the test assembly was
subjected to the impact, erosion and cooling effect of a water
hose stream applied for a duration of 90 s. Following additional
water application to suppress flaming of the fuel loading cables
in the cable tray systems, the fire resistant cables were aga.n
energized with steady~-state electrical currents for an extended
cool-down period totaling 93 h.

puring the initial 79 h of the extended cool-down period,
inrush current levels were applied to the test cables four times.
Following the 79 h extended cool-down pericd, the cables remained
energized with their steady-state electrical currents for an
additional 14 h, after which they were deenergized and subjected
to a second water hose stream test. Following the second water
hose stream test, the cables were reenergized and a final inrush
current test was conducted.

The electrical current measurements reccrded durirg the
full-scale test investigation are contained in Appendix A.

The insulation resistance of each fire resistant cable
conductor was measured pefore the fire test, 24 h after the fire
test and approximately 96 h after the fire test immediately
following the second water hose stream. The insulation

resistance measurements are contained in Appendix B.

On March 9, 1984 (17 cays after the full-scale fire test),
test potentials were applied to each ¢ire resistant cable to
determine "trip" voltage and voltage withstand between each
conductor and all other conductors plus tne shield, sheath or
ground. The "erip" voltage anéd sustained voltage measurements
are contained in Appendix C.
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Following the fire endurance test and the initicl water hose
stream test, the only electrical fault indicated on the
electrical fault monitoring panel was a dim glow of the LED's
associated with the shield and sheath of the 2/C-No. 14 AWG
S.T.P. instrumentation cable in the main cable tray system. The
current flow through the two LED's was not sufficient to register

on the automatic data logger.

During the extended cool-down pericd, the electrical fault
monitoring circuitry was analyzed to discern the cause of the
anomalous electrical fault indications during the fire endurance
test.

The electrical fault monitoring circuitry is desicted
schematically in ILL. 17. As shown, a dc voltage ol .20 V is
connected toc a voltage divider. Two LED's are connected to the
voltage divider at multiple points. The forward dicde is yellow
and the reverse dicde is red. The outboard end of the diodes is
connected to the test points (i.e., conductor, shield, sheath
and/or ground). When an ohmic path is established between any
two test points, the associated current flows between the LED's
to indicate the nature of the electrical fault. Dependent upon
the orientation of the LED's along the voltage divider, the level
of current flowing between the LED's associated with two test
points ranges betwnen 17 and 104 mA under electrical fault
conditions.

The automatic data logger monitoring current flow through
the LED's was configured to indicate 0 percent up to 4 mA,
100 percent at 20 mA and "overrange" at anything over 20 mA in
the forward direction. Over 20 mA in the reverse direction would
also indicate an "overrange" condition.

Based on technical information provided by the manufacturer
of the LED's used in the electrical fault monitoring panel, it
was thought that a dc current in the range of 16 to 45 mA was
required to illuminate the LED's. However, it was found that a
de current of 0.1 mA was sufficient toc cause a visible glow in
the LED's.
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Based on the above in conjunction with a review of the
printed record nf current flow through the LED's during the fire
endur.nce test, it was determined that no electrical faults
occurred in any of the nine fire resistant cable configurations.
Rather, the illumination of the LED's during the fire endurance
test was determined to be an indication of leakage currents
caused by the temperature effect on insulation resistance. Since
the decrease in insulation resistance with temperature is
reversible, no illumination of the LED's occurred after the
assembly had been cooled by the water hose stream test. The only
exception was the LED's associated with the shield and sheath of
the 2/C-No. 14 AWG S.T.P. instrumentation cable in the main cable
tray system.

As indicated earlier in this discussion, the LED's
associated with the shield and sheath of the 2/C-Nc. l4 AWG
S$.T.P. instrumentation cable in the main cable tray system
continued to glow visibly following the initial water hose stream
test. Approximately 24 L after the fire endurance test was
completed, the currcent flow through the LED's was measured with a
'Simpson Mcdel 260 Volt-Ohm-Milliammeter and was found to be 1 mA.
Approximately 72 h after the fire endurance test had been
completed, the illumination of the LED's was still perceptible
but was very faint. The measured current flow through the LED's
at that time was 0.1 mA.

The level of current f£lowing between the LED's associuated
with the shield and sheath of the 2/C=No. 14 AWG S.T.P.
instrumentation cable in the main cable tray system under
mechanically induced electrical fault conditions was in excess of
20 mA. However, the measured current flow through the LED's in
question was only 1 mA. Upon further cooling and drying of the
assembly, the measured current flow through the LED's in question
had dropped to 0.1 mA. These observations tend to substantiate
the determination that no electrical faults occurred in the
2/C-No. 14 AWG S.T.P. instrumentaticn cable and that the
illumination of the LED's in question reflected leakage current
petween the shield and sheath.

To further substantiate the determination that no electrical
faults were present in the nine fire resistant cable
configurations, insulation resistance and dielectric
voltage-withstand tests were conducted on each conductor of the
nine cables. The results of the insulation resistance and
dielectric voltage-withstand tests are contained in Appendices B
and C, respectively.
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As evidenced from the tables in Appendices A, B and C, each
of the nine fire resistant cable configurations in the full-scale
test assembly remained electrically functional during the fire

endurance test and during the extended cool-down period.

During the fire endurance test of the full-scale test
assembly, all of the light emitting diodes (LED's) in the
alectrical fault monitoring panel illuminated. Based upon an
analysis of the electrical fault monitoring circuitry and a
review of the recorded data, it was determined that no electrical
faults occurred in the nine fire resistant cable configurations
and that the illumination of the LED's during the fire endurance
rest was an indication of leakage current caused by the
temperature effect on insulation resistance. To determine the
levels of leakage current present in the fire resistant cables
during fire exposure corditions, a second fire endurance test was
conducted on nominal 20 ft lengths of the stainless steel
sheathed 3/C-No. 14 AWG power cable (Product Code E30-0211) and
the stainless steel sheathed 2/C-No. 14 AWG shielded twisted pair
(S.T.P.) instrumentation cable (Product Code E30-0212) installed
beneath a small-scale floor assembly.

On March 9, 1984, the small-scale floor assembly was
subjected to a 78 min fire expcsure with the furnace temperatures
controlled in accordance with the ASTM Standard E119 (UL 263,
NFPA No. 251). During the fire endurance test, the cables were
connected to a three phase power supply adjusted to provide three
phase Y voltages of 480/277 V and 960/555 V ac. The leakage
current measurements recorded during the small-scale test
investigation are contained in Test Record No. 2. The
temperatures measured on the stainless steel sheath of each fire
resistant cable during the small-scale test investigation are
contained in Appendix D.

The calibration records of the instrumentation used in the
investigation are contained in Appendix E.
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APPENDIX A

ELECTRICAL CURRENT MEASUREMENTS
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The electrical current in each cable circuit was measured
using a General Electric Model 750X93G metering transformer in
conjunction with a General Electric Model 25034 panel ammeter
having a range of 0-5 A ac. The stepdown ratics of the metering
transformers were calibrated to obtain the required current(s) as
a percentage of full scale deflection of the panel ammeters.

The three panel ammeters associated with each
three-conductor power cable and the two panel ammeters associated
with the two-conductor shielded *wisted pair (S.T.P.)
instrumentation cables were arranged in vertical rows, as shown
in ILL. 16. It was expected that some variaticn in the current
readings would be present in the individual panel ammeters
associated with each cable due to the small variations in circuit
impedance inherent in applications of three phase loads.
Accordingly, the center panel ammeter associated with the white
conductor of the individual three-conductor power cables was
chosen to represent the desired current in each power cable.

The metering transformer and panel ammeter associated with
+the white conductor (center panel ammeter) of each
three-conductor power cable and with each group of conductors of
+he two=-conducter S.T.P. cables were calibrated against a
reference ammeter. The reference ammeter used to check the
calibration of the metering transformers and panel ammeters was
an Amprobe Model ACD-1 hand-held clamp-on digital ammeter
supplied by The Rockbestos Company. The calibration of the
digital ammeter was checked against a calibrated General
Electric 0-800A, 0-750 V hand-held clamp-cn ammeter.

The actual electrical current associated with the panel
ammeter reading of each circuit at the desired test current(s) is
shown in the following table:
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CURRENT MEASUREMENT CALIBRATION

St -State Current Inryush Current
Meter Actual Meter Actual

Fire Resistant Cable Type Cable Location Reading, A Current, A Reading, A Current, A
3/C-No. 14 AWG w/Stainless Conduit-to-Cable 0.8 6.7 + 19.9
Stee! Sheath (E30-0211) Tray Transition
31/C-No. 14 AWG w/Stainless Cable Tray-to-Cable 0.8 8.1 . 19.4
Steel Sheath (E30-0211) Tray Transition
3/C-No. 14 AWC w/o Stain- Nom. 3 in, Diameter 0.8 3.8 6.2 20.1
less Steel Sheath (£30-0208) Conauit System
31/C-No. 6 AWG w/Stainless Conduyit-to-Cable 1.0 30.0 4.0 118
Stee! Sheath (E30-0210) Tray Transition
31/C-No. 6 AWG w/Stainless Cable Tray-to-Cable 1.0 30.3 “.0 116
Stee! Sheath (E30-0210) Tray Transition
3/C-No. 6 AWG w/o Stainless Nom. 3 in. Di ameter 1.0 29.1 4.0 ' 120
Stee! Sheath (E30-0204) Conduit System ’
2/C+No. 14 AWG S5.T.P. A1l (& White Cndrs) 3.5 6.7 N.A, N.A,
w/ & w/o Stainless Steel A1l (& Black Cndrs)
Sheath (E30-0212 & -0209) 4.0 % N.A. N.A.

The steady-state electrical current in each cable circuit
and the inrush electrical current in each power cable circuit
were recorded at various times during the fire endurance test and
during the extended cool-down period, as shown in the following
tables. In each table, the test time (Hr:Min) is the elapsed
time from initiation of the fire endurance test.

During the fire endurance test and, in some instances,
during the extended cool-down period, the voltage output from the
variable transformers to their associated driver transformers was
not sufficient to attain the desired inrush currents due to
leakage currents. In cases where the desired inrush current was
not attainable, the maximum attainable inrush current was applied
and held for a duration of 30 to 32 s rather than the prescribed
15 s duration.
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w - 3/C-No, 14 AWGC powsr cable w/stainless steel sheath (Product Code E30-0211)

ELECTRICAL CURRENT MEASUREMENTS

Page A3

Cable Location - Conduit-to-cable tray transition.
Test Red Conductor White Conductor
Time, Meter Actual Meter Actual
Hr:Min Reading, A Current, A Reading, A Current, A
0:00 0.9 53 0.8 4.7
0:18 0.8 4.7 0.6, 3.5
0:32 0.8 8.7 0.7 6.1
0:43 0.9 5.3 0.9 $.3
0:47 3.4 16.9 3.2 159
0:58 1.0 5.9 0.9 5.3
1144 0.8 4.7 0.7 b1
2:20 4.0 19.9 4.0 19.9
27:36 1.0 $.9 0.9 5.3
27:39 4.2 20.9 4.1 20.4
48:60 0.9 5.3 0.8 4.7
49:10 4.1 20.4 4.0 19.9
76:00 0.9 $.3 0.8 4.7
79:30 4.1 20.4 4.0 19.9
94:0S 6.1 20.4 4.0 19.9

Cable Type - 31/C-No. 14 AWG power cable w/stainless steel sheath (Product Code £30-0211)

Cable Location - Cable tray-to-cable tray transition,

Test
Time,
Hr:Min

0:00
0:18
0:32
N:e3
0:47
0:58
Tibh
2:20
27:34
27:39
48:40
49:10
76:00
79:30
9%:08

Red Conductor white Conductor
Meter Actual Meter Actual
Reading, A Current, A Reading, A Current, A
0.8 6.1 0.8 L |
0.8 4.1 0.8 4.1
0.8 &1 0.8 6.1
0.8 8.1 0.8 a1
3.6 17.5 3.7 17.9
0.9 4.6 0.9 4.6
0.9 4.6 0.9 4.6
4.0 19.4 ..0 19.4
0.9 4.6 0.9 4.6
4.0 19.4 .0 19.4
0.8 4.1 0.8 &1
4.0 19.4 4.0 19.6
0.9 4.8 0.8 6.1
4.0 19.4 6.1 19.9
4.0 19.4 4,0 19.4

Issued:

B81ack Conductor

Meter

Roading. A

1.0
c.8
2.9
0.9
3.3

o o
. .
w @

A R R L
oo o000 -0 o

Black Conductor

Meter

Reading, A

. . e s e o
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inrush
Actual Cyrrent
Cyrrent, A DOuration
5.9 -
4.7 -
$:) -
5.3 .
16.4 30 s
6.7 -
$.3 -
19.9 17 s
S.9 -
20.4 16 s
5.9 .
19.9 1S s
5.9 -
19.9 16 s
19.9 15 s
Inrush
Actual Current
Cyrrent, A DOuration
L% -
b1 -
8.1 -
4.1 -
17.5 30 s
4.6 .
4.6 -
18.9 17 s
4.6 »
18.9 15 s
L .
18.9 15 s
4.1 .
19,4 st's
18.9 1€ s
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Cable Type - 3/C-No. 14 ANC power cable w/o0 stainless steel sheath (Product Code £30-0208)

Cable Location - Nominal 3 in, diameter rigid steel conduit system.
Test _____Red Conductor white Conductor Black Conductor Inrush
Time, Meter Actual Meter Actual Meter Actual Cyrrent
Hr:Min Reading, A Current, A Reading, A Current, A Reading, A Current, A Ouration
0:00 0.8 3.8 0.8 3.8 0.8 3.8 -
0:18 0.7 3.3 0.7 ; 19 | 0.7 3.3 -
0:32 0.8 3.8 0.8 3.8 c.9 6.3 -
0:43 0.8 3.8 0.8 3.8 0.9 4.3 .
0:67 3.5 16.8 3.5 16.8 3.6 17.2 30 s
0:58 0.8 3.8 0.8 1.8 0.9 4.3 .
1:64 0.2 6.3 0.9 4.3 0.9 4.3 .
2:20 .0 19.1 4.0 19.1 4.1 19.6 20 s
27:36 0.8 3.8 0.8 1.8 0.9 4.3 -
27:39 4.0 19.1 4.0 19.1 b1 19.6 15 s
48:40 0.8 3.8 0.8 3.8 0.9 4.3 -
49:10 4.0 19.1 4.0 19.1 8.1 19.6 15 s
76:00 0.8 3.8 0.8 3.8 0.8 3.8 -
79:30 4.0 19.1 4.0 19.1 4.1 19.6 15 s
94:05 4.0 19.1 4.0 19.1 8.1 19.6 15 s
Cable Type - 3/C-No. 6 AWC power cable w/stainless stee! sheath (Product Code £30-0210)
Cable Location - Conduit-to-cablie tray transition,
Test Red Conductor — ite Conductor 31ack Conductor inrysh
Time, Meter Actual Meter Actual Meter Actual Cyrrent
Hr:Min  Reading, A Cyrrent, A Reading, A Current, A Reading, A Currant, A Duration
0:00 0.8 28,0 0.8 24.0 0.8 26,0 .
0:18 0.6 18.0 0.6 18.0 0.7 21.0 -
0:32 . - = (Not Recorded) - - -
0:63 0.8 26.0 0.8 2.0 0.9 27.0 .
0:47 73.8 .4 70.8 2.5 73.8 30s
0:58 0.8 2.0 0.6 18.0 0.8 24.0 -
1:44 0.9 27.0 0.9 27.0 0.9 27.0 -
2:20 3.7 109.1 3.7 109.1 3.7 109.1 17 s
27:36 0.8 24,0 0.8 25.0 0.8 2.0 -
27:39 1.8 121 3.8 1121 3.8 1121 31 s
48:40 0.8 264.0 0.7 21.0 0.8 24,0 *
49:10 1.8 112.1 3.8 11241 3.3 115.1 30 s
76:00 0.8 26,0 0.7 21.0 0.8 4.0 .
79:30 3.8 112 3.8 112.1 3.9 118.1 s
9:08 3.8 112.1 3.9 118.1 1.9 115.1 0 s
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Cable Type - 3/C-No. 6 AWG power cable w/stainless steel sheath (Product Ccde E30-0210)

Page AS

wg - Cable tray-to-cable tray transition.
Test ___Red Conductor wite Conductor
Time, Meter Actual Meter Actua!
Hoim.n  Reading, A rrent, A  Reading, A Current, A
0:00 0.8 8.2 0.8 .2
0:18 0.8 6.2 0.7 21.2
0:32 0.7 21.2 0.7 21.2
0:43 0.8 2.2 0.7 21.2
0:47 3 89.9 1.0 87.0
0:58 0.9 27.3 0.9 0.3
1164 0.9 7.3 0.8 24,2
2:20 ..0 116.0 4.0 116.0
27:34 0.9 27.3 0.6 18.2
27:39 4.0 116.0 4.0 116.0
48:40 0.8 6.2 0.7 21.2
49:10 4.0 116.0 4.0 116.0
76:30 0.8 .2 0.7 21.2
79:30 4.0 116.0 4.0 116.0
94:05 4.0 116.0 4.0 116.0

Cable Type - 3/C-Neo. 6

Cable Location - Neminal 3 in, diameter rigid steel conduit

Test
Time,
Hr:Min

0:00
0:18
0:32
0:43
0:47
0:58
1164,
2:20
27:34
27:39
48:60
49:10
76:00
79:30
94:08

Red Conduyctor

whit: Condyctor

Meter
Reading, A

0.8
0.8
0.8
0.7
2.9
0.9
0.8

Actual
Cyrrent, B

23.4
3.4
3.4
20.4
87.0
26.2
23,4
93.0
23.4
26.0
20.4
36.0
20.6
2.0
96.0

Meter
Reading, A

w0 WO WwWOoOWwWOoOOoONOOOO
T M S N g e W .
@ W W N D e® e
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Actual
Current, A

23.64
3.4
23.%
20.4
87.0
26.2
23.4
931.0
23.6
96.0
0.4
96.0
20.4
36.0
96.0

Issued:

Black Conductor

Meter
Reaging, A

.

F OO w OO O0o
. = . .
O W WO N~ N

0.7

system,

Actua!

28.2
1.2
21.2
21.2
87.0
27.3
27.3
116.0
21.2
116.0
26.2
116.0
21.2
116.0
116.0

glgek Conductor

Meter
Reaging, A

0.8
0.8
0.8
0.7
2.9
0.9
0.8
3
0.8
3.2

Actual
E!rront| -

23.4
3.4
3.4
20.4%
87.0
26.2
3.6
93.0
23.4
96.0
20.4
9.0
20.4
96.0
99.0
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Inrush
Current

grms. A grgsion

30

20

15

15
15
15

AWG power cable w/o stainiess steel sheath (Product Code E£30-0204)

inrysh
Current

Erotion

30

30

n

10

in
32
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Cable Types - 2/C-No. 14 AWG shielded twisted pair (S.T.P.)
instrumentation cables with and without stainless steel sheath
(Product Codes E30-0212 and -0209, respectively).

Cable Locatjons - All.

Test white Conductors (4) Black Conductors (4)
Time, Meter Actual eter tua
Hr:Min Reading, A Current, A Reading, A Current, A
0:00 4.1 7.8 4.1 7.9
0:18 4.3 8.2 4.3 8.3
0:32 4.2 8.0 4.1 T+¥
0:43 4.0 Te'? 4.0 :
0:58 4.0 2.7 4.0 Tod
1:44 4.0 Tal 4.0 Yot
27: 34 4.0 2.7 4.0 T.7
48: 40 4.1 7.8 4.1 Ted
76:00 | 7.8 4.1 7.9
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ARPRENDIX B
INSULATION RESISTANGCE MEASUREMENTS
FULL-SCALE TEST ASSEMBLY

The insulation resistance (I.R.) of each power cable
conductor (one conductor to all others plus sheath/ground) and
each shielded twisted pair (S.T.P.) instrumentation cable
(conductor to conductor plus shield and shield to sheath/ground)
were measured using a General Radio Model 1864 Megohmmeter and a
Simpson Model 260 Volt-Ohm-Milliammeter supplied by The
Rockbestos Company.

The init'.al I.R. test was conducted approximately 18 h
before the fie endurance test with the jumpers disccocnnected.
The interim I.R. test was conducted approximately 24 h after
completion o% the fire endurance test with the jumpers in place
and with the cables energized with their steady-state electrical
currents. The final I.R. test was conducted approximately 96 h
after completion of the fire endurance test with the jumpers
disconnected.

The results of the I.R. tests are shown in the fcllowing
table:

| Ti | STANCE TS
Cab'e Cable Initial I1.R,,Ohms+ Interim | R, ,Ohms+ Final | .R, ,Ohms+
Cable Tray Location Cndr, (1000vde-1 Min) (S00Vdc=1 Min) (1000vde-~1 Min)

3/C-No. 14 AWG =~ Conduit-To~ Red 140G 26C 13C
w/Stnls, Steel Cable Tray white 140C &G 4,5C
Shes oh (E30-0211) Transition 81ack 160C 146 6.8C
3/C-No. 14 AWC Cable Tray~ Red 90C 12C 12C
w/Stnls, Steel To=Cable Tray white 160G 8.8C 7.6C
Sheath (E30-0211) Transition Black 150C 9.4C 8.6C
31/C+No, 14 AWC Nom, 3 in, Red 200G 120C 180G
w/o Stnls, Stee! Diam.Conduit White 2C0C 110C 200C
Sheath (E30-0208) System 81ack 180C 130C 160G
1/C=No. 6 AWG Conduit-To~ Red 170C 7.2C 40C
w/Stnis, Steel Cable Tray White 100G 6.8C SoM
Sheath (E30-0210) Transition 81ack 130C 76 6.4C
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Cable Cable Initial |.R,,Ohms+ Interim i.R.,Ohms+ Final |.R.,Ohms+
Q’I! lrey m Cndr. ‘1m-1 Min) (500vde-1 Min) (1000vde-! Min)

3/C+No. 6 AWG Cable Tray~ Red 130C 56C 1200
w/Stnls, Steel To-Cable Tray White 130C 80C S54C
Sheath (E30-0210) Transition Black . 110G 82C 540G
3/C=No. 6 AWG Nom, 3 in. Red 200G 170G 180C

w/o Stnls, Steel Diam.Conduit white 150C 130C 160C
Sheath (E30-0204) System 8'ack 160C 170G 180C
2/C-No. 14 AWG Conduyit=To~ White 526 58C 45C
$.T.P, w/Stnls, Cable Tray 81ack 65C 30C 10C
Stee! Sheath Transition Shield 260+ 180k ¢ 150k
(€30-0212)

2/C No. 14 AWGC Cable Tray- White 60C 40C SOM
5.7.P, w/Stnis, To-Cable Tray 8lack 656G 22C 200M
Stee! Sheath Transition Shield 45Ge Jhk e 200k
(€30-0212)

2/C No, 14 AWC Nom, 3 in. white 580G 110C 95C
5.T.P.w/0 Stnls. Diam, Conduit 81 ack 66G 1100 100C
Steel Sheath System Shield 110C++ : 1. IMee SM
(€30-0209)

* -C-Clam.(lni’om)
M = Magohms (1 x '0_ ohms)
k = Kilohms (1 x 107 ohms)

s - Shield-to-sheath/ground at 50Vdc=! Min.

see « Mgasurements made with Simpson Mode! 260 Volt-Ohm=Milliammeter. All other measurements
made with General Radio Model 1864 Megonmmeter.
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APPENDIX C
DIELECTRIC VOLTAGE WITHSTAND TESTS
PULL-SCALE TEST ASSEMBLYX

On March 9, 1984 (17 days after fire endurance test of
full-scale test assembly), test potentials were applied to each
fire resistant cable to determine "trip" voltage and voltage
withstand between each conductor and all other conductors plus
the shield, sheath or ground. The test potentials were applied
and measured using an Associated Research, Inc. AC Hypot Junior
Model 4025 vcltage source.

The AC Hypot Junior Model 4025 is a nondestructive tester
feacuring a high reactance type .ransformer designed so that the
output voltage will collapse should the current output exceed a
given value. The instrument used for the dielectric
voltage-withstand tests described herein was configured to "trip"
at a current output (leakage current, charging current, corona
and/or break-down current.) of 1 mA. '

The results of the dielectric voltage-withstand tests are
shown in the following table.

DIELECTRIC VOLTACE-W! THSTAND T8
Cable Cable “Trip" Two Minute
‘m Tray M_o_g Condr, Volna. kVac Sustained Voltage, kVac
31/C-No. 14 AWC w/ Conduit-To Red 1.6 1.8
Stainless Steel Cable Tray white 2.4 2.0
Sheath (E30-0211) Transition 81ack 2.2 2.0
3/C-NO. 14 AWC w/ Cable Tray=Te- Red 2.2 2.0
Stainless Steel Cable Tray white 2.1 2.9
Sheath (E30-0211) Transition Black 2.2 2.0
3/C=No, 14 ANG w/o Nom, 3 in, Red 1.7 1.5
Stainless Stee! Diam. Conduit wWhite 1.7 1.8
Sheatn (E30-0208) System 81ack 1.5% 1.5
1/C+No, & AWG w/ Conduit=To= Red 1.5 1.4
Stainless Steel Cable Tray hice 1.5 1.4

Sheath (E£30-0210) Transition B1lack 1.5 1.6
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Cable Tray
1/C-No. 6 AWG w/

Stainless Steel

Sheath (E30-0210)

31/C-NO.6 AWG w/o

Stainless Steel

Sheach (E30-0208)

3/C-No. & AWG 5.T.P.
w/Stainless Steel
Sheath (E30-0212)

2/C-No. 14 AWG §5.7.P,
w/Stainless Steel
Sheath (E30-0212)

2/C No, & AWG S5.T.P,
w/0 Stainless Steel
Sheath (E30-0207)

Cable
Location

Cable Tray=-To-
Cable Tray
Transition

Nom, 3 in.
Diam, Conduit
System

Conduit=-Te~
Cable Tray
Transition

Cable Tray-Te-
Cable Tray
Transition

Nom, 3 in,
Niam, Conduit
System

white
81ack

white
81 ack
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resistant cable were
lumel thermocouples

t of 0.5 s. The thermocouples were affixed
to the stainless steel sheath of each cable with stainless steel
cable straps and were located as shown in ILL. Dl.

TEMPERATURES OF THE CABLES:

M

The temperatures

measured by the vari

the fire resistant cables were measured at
temperatures are tabulated in ILLS. D2, D3

the fire test., These
and D4.

ous thermocouples on
1 min intervals during
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APRENDIX E
ANSTRUMENT CALIBRATION RECORDBS

The instruments used to monitor environment, input
electrical characteristics and electrical characteristics of the
fire resistant cables during the test program were provided by
br,th Underwriters Laboratories Inc. and The Rockbestos Company .
Each of the instruments supplied by Underwriters lLaboratories
Inc. was calibrated against an instrument having calibration
traceable to the National Bureau of standards. The calibration
records of each instrument are on file at Underwriters
Laboratories Inc. With the exception of the new Amprobe
Model ACD-1 digital ammeter, each of the instruments supplied by
The Rockbestos Company bore a pressure-sensitive adhesive label
indicating recent calibration.

INSTRUMENTS SUPPLIED BY UNDERWRITERS LABORATORIES INC.:

INSTRUMENTS SUPPLIZE B e —

T™he following instruments were used in the test program.

FULL-SCALE TEST ASSEMBLY

rature Recorder - The temperature recorder used
to measure temperatures was Leeds & Northrup,
Model G, UL Instrument No. 6FBSTR.

Automatic Data Loagcr - The digital data acquisition system
used to monitor elapsed time and current flow through the LED's

of the electrical fault monitoring panel was Acurex Corporatior,
Model Autodata Ten/10, UL Instrument No. SFISDAS.

ég%§335 - The hand-held clamp-on ammeter used to check the
calibration of the Amprobe Model ACD~1 digital ammeter supplied
by The Rockbestos Company was General Electric Company, 0-80C A,
0=750 Vv, UL Asset Identification No. 65 2°9.

V%Itago g%ugco - The voltage source used to measure
dielectric vo age-withstand was Associated Research, Inc.,
Model 4025 AC Hypet Junior, UL Instrument No. LFDSHP.

Water Pressure Gauge - The gauge used to measure the water
pressure curing the two hose stream tests was HTL, Perma-Cal,
0-300 psi, UL Instrument No. 83FA.
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SMALL-SCALE TEST ASSEMBLY

Furnace T rature Recorder - The temperature recorder used
to measure %5: iﬁgnaco temperature was Honeywell Brown
Electronik, Model 152P15~PSH~296~I1I1I-55, UL Instrument
No. 11FBSTR.

Cable T rature Recorder - The digital data acquisition
system used to measure cable temperatures was Leeds & Northrup,
Model Trendscan 1000, UL Instrument No. 2FBSDJS.

INSTRUMENTS SUPPLIED BY THE ROCKBESTCS COMPANY:

The following instruments were use¢ in the test program.
FULL-SCALE TEST ASSEMBLY

Digital Ammeter - The reference ammeter used to check the
calibrat.on of the metering transformers and panel ammeters was
an Amprobe Model ACD-1 (Serial No. 831852) hand-held clamp-on
digital ammeter. The digital ammeter was new and did not bear a
calibration sticker. y

Meggering Equipment - The equipment used to measure
inlulatgon resistance was a General Radio Model 1864 Megohmmeter
bearing a calibration sticker reading "I.R. Set, Serial No. 2311,
Chacked 4-20-83 by Electrical Calibration Laboratory" and a
Simpson 260 Volt-Ohm-Milliammeter bearing a calibration sticker
reading "I.R, Set, Serial No. 712397, Checked 4-18-81 by
Electrical Calibration Laboratory."

SMALL-SCALE TEST ASSEMBLY

Digital Multimeters - The four digital multimeters used to
measure voltage and current were Beckman 3010 Digital

Multimeters. Each digital multimeter (Units DMM-31027035,
-31027364, =31027435 and -31027447) bore a calibration sticker
reading " (Unit Number), Calibrated 1-7-84 by Robt. A. Gehm, New
Equipment-Factory Calibrated-Checked AC Amp Ranges.”
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SPLICE PLATES
DOUBLED @ TWO
LOCATIONS o

E LW SIDES

w—-l-—A :;,—-L 24"~

69"
e 453" - 610" - so"—]
- 13-93"

CABLE TRAYS, ELBOWS & SPLICE PLATES MANUFACTURED BY METAL PRODS.
DIV. OF U.5.GYPSUM CO. & DESIGNATED "GLOBETRAY ¥ CABLE TRAYS &
ELBOWS NOM 6 "DEEP(ACTUAL & i DEEP YW/ 51 "CABLE LOADING DEPTW), 24
WIDE (INSITE WIDTH) " 14 GA. GALY. STL. SIDERAILS & 16 GA GALV. STL.
RUNJS SFACED 9OC.

MAIN CABLE
TRAY SYSTEM
STAINLESS STEEL SHEATHED
AUXILIARY CABLES AIR-DROPFED TO
CABLE TRAY AURILIARY CABLE TRAY

Laxdx " THICK STRUSTURAL STEEL ANGLES
SUSPENDED BY " DIAMETER THREADED STEEL
RODS WITH STEEL TS

CABLE TRAY SYSTEM DETAILS




3/C 14 ANG W/ STHNLS. STL. SHEATH
(TRANSITION FROM CONDUIT)
3/C-6 AWG W/STNLS. STL. SHEATH

2/C-14 AWG STP Y STNLS. STL SHEATH
FROM CONDUIT) (TRANSITION FROM CONDUIT)

2/C-14 ANG 5.T.P W/STNLS. STL SHEATH 3/C-b AWG Y/STNLS. STL. SHEATH
3/C 14 AWG W/ STNLS. STL. SHEATH

MAIN CABL<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>