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TENNESSEE VALLEY AUTHORITY

CHATTANOOGA, TENNESSEE 37401
400 Chestnut Street Tower II

May 30, 1984
Director of Nuclear Reactor Regulation
Attention: Ms. E, Adensam, Chief
Licensing Branch No. 4
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Ms. Adensam:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

References: 1. D. S. Kammer's letter to E. Adensam dated July 26, 1983.
2. My letter to E. Adensam dated January 30, 1984,
3. D. S. Kammer's letter to E. Adensam dated October 12, 1983.

In reference 1, TVA committed to provide NRC with the Underwriters
Laboratories' (UL) test report for the one-hour, fire-rated barriers being
used at WBN to separate redundant safe shutdown circuits. Reference 2
provided this test report to NRC but emphasized that additional information
would be forthcoming regarding the fire barrier material used to enclose
junction boxes. Enclosure 1 provides this information.

In the response to NRC concern No. 2 as identified in reference 3, TVA
committed to inspect approximately 10 percent of the required safe shutdown
circuits outside containment to verify proper correlation between as-designed
and as-constructed configurations. Enclosure 2 provides information on the
inspection. '

If you have any questions concerning this matter, please get in touch with
D. P. Ormsby at FTS 858-2682.

Very truly yours,
TENNESSEE VALLEY AUTHORITY

8406050440 gqp5
405
EDR"ADOCK 05008390 g YV\‘ Jb,

PDR . M. Mills, Manager
' Nudlear Licensing
“Sworn ¢ and subscribed before me

this

i ’2.;.day of
Notary Public 5 _ 8
My Commission Expires -

Enclosures (2)

1984

ce: U.S. Nuclear Regulatory Commission (Enclosures) }D
Region II - , rf;ﬂ” /
Attn: Mr. James P, O'Reilly Administrator | /
101 Marietta Street, NW, Suite 2900 " "
Atlanta, Georgia 30303

1983—TVA 50 ANNIVERSARY
An Equal Opportunity Employer
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ENCLOSURE 1

WATTS BAR NUCLEAR PLANT UNITS 1 AND 2

References: 1. D. S. Kammer's letter to E. Adensam dated July 26, 1983
2. L. M. Mills' letter to E. Adensam dated January 30, 1984

In reference 1, TVA committed to provide NRC with the Underwriters
Laboratories (UL) test report for the one-hour, fire-rated barriers being
used at Watts Bar Nuclear Plant to separate redundant safe shutdown circuits.
Reference 2 provided this test report to NRC and indicated that additional
information was forthcoming regarding certification of fire barrier material
used to enclose junction boxes.

To satisfy the need for a certified junction box fire barrier design, the
vendor (3M) again went to UL for testing. This time 3M added an additional
layer of fire barrier mat to the junction box configuration. This design
successfully passed the test and received UL certification (refer to
attachment A, UL Report R10125). However, due to the temperatures measured
inside the box during the test, UL put a stipulation on the junction box
certification. The stipulation was that the certification was good only if
the user provided evidence that the cables being protected will perform their
required design function when exposed to the temperatures measured by UL
during the actual fire test conditions.

To accommodate the UL stipulation, TVA performed oven tests on cables at
their Central Laboratory (Chattanooga Power Service Center). TVA tested all
cable types which pass through a 3M fire barrier. All the cable types passed
the test with a minimum margin of 70OF except for the cables insulated with
polyethylene (refer to attachment B, Central Laboratory's Services Report
E386~84-3037, and the accompanying calculations). TVA types PJ, PJJ, PN, and
PNJ are all polyethylene cables which are used by TVA. However, type PJJ is

the only type which passes through 3M fire barrier as part qf safe shutdown
circuits. :

As a result of the polyethylene cable (PJJ) failure, nonconformance report
(NCR) WBN EEB 8408 was initiated and reported to NRC-OIE, Region II, as a 10
CFR 50.55(e) item on April 5, 1984, This nonconformance identifies the fact
that all types of polyethylene-insulated cables are unacceptable for use
concurrently with the 3M fire barrier. The corrective action for this NCR
includes replacing the PJJ cable in conduits with qualified cable. All PJJ
cables in cable trays which are identified as safe shutdown circuits will be
either replaced with qualified cable or rerouted out of the fire -barrier
area. No PJJ cables are routed through junction boxes. The corrective
action will be completed by June 15, 1984, for unit 1 and by

December 21, 1984, for unit 2.

FIRE BARRIERS FOR REDUNDANT SAFE SHUTDOWN CIRCUITS St



ENCLOSURE 2
. WATTS BAR NUCLEAR PLANT UNITS 1 AND 2
COMPLIANCE WITH 10 CFR 50, APPENDIX R

Reference D. S. Kammer's letter to NRC dated October 12, 1983

The reference provided responses to five NRC concerns pertaining to
compliance with 10 CFR 50, Appendix R, fire protection requirements at Watts
Bar Nuclear Plant. The following information completes the requirements for

TVA's response to NRC concern No. 2, "Potential discrepancy between "stated
design" and "as built" configuration.”

An onsite inspection was performed by TVA at Watts Bar. As indicated in the
reference, this inspection included a randomly selected sample of
approximately 10 percent of the required safe shutdown circuits routed in
conduit outside the containment. The following circuits were inspected:

1. All four unit 1 channelized conduit systems used to route pressurizer
level and pressure indications and steam generator instrumentation
cables. These four conduit systems were inspected along their entire
length between the Control Building and Reactor Building shield wall.

2. Redundant power feed circuits for the component cooling system pumps.

3. Station fire pump power circuit inside the Auxiliary Building from the
essential raw cooling water (ERCW) conduit duct bank system to their
respective 480V shutdown power boards.

As a result of this inspection, there were no new circuit interactions (two
redundant required safe shutdown circuits less than 20 feet apart) identified
which had not previously been identified on electrical conduit and grounding
drawings. Therefore, TVA concludes that a sufficient confidence level has

been demonstrated by the inspection to conclude the design drawings depict
the as-installed configuration.
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Electro-Products Division/3M

3M Center
St. Paul, Minnesota 55144

612./7—33 1—110_ | | EEB ,84 0 2 0 9

February 8, 1984

~ Mr. F. W, Chandler
TVA - W8C126

400 Summit Hi11 Drive

Knoxville, TN 37902

Attention: Don Arp

Subject: Contract #83KB5-832419 w"—-—" lel
- %m—‘-——— ’ ‘

Dear Mr. Chandler:

The attached reports on our Fire Barrier Materials contain the
information in support of our designs and materials used at Watts
Ba r [ ’E:-

The cable test was performed on cables from Detroit Edison;to.
TVA or 3M could run a similar test for the U. L. listed usage in
Junction boxes. _ :

14
€
B

Sincerely,

" . 1,
'/ﬂ’ﬂa-TfZ; ,u/réﬁx

. R. Tuzinié}/
ASr. Technica]JSpecialist

H
B

2/9/84 ~ FWC:PAD
cc: MEDS, W5B63 C-K

009
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Electro-Products Division3M I
3M Center

St. Paul, Minnesota 55144
612/7331110

February 8, 1984

Mr. F. W. Chandler
TVA - W8C126

400 Summit Hill Drive
Knoxville, TN 37902

Attention: Don Arp
Subject: Contract #83KR5-832419

Dear Mr. Chandler:

EB ‘84 0209 009

42l Korm

‘The attached reports on our Fire Barrier Materials contain the
information in support of our designs and materials used at Watts

Bar.

The cable test was performed on cables from Detroit Edison Co.
TVA or 3M could run a similar test for the U. L. listed usage in

Junction boxes.
Sincerely, -
n . 4 ,
e T, ke
A. R, Tuzins()
. TechnicalJSpecialist

2/9/84 - FWC:PAD

- ec: MEDS, W5B63 C-K

2 4.
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Electro-Products Division/3M

3M Center
St. Paul, Minnesota 55144
61277331110

SUMMARY OF U. L. CLASSIFICATION DOCUMENTS
PROTECTIVE ENVELOPE FOR CLASS 1E CIRCUITS
REPORT #3410539909-18A

System: 3M Fire Barrier Mat M20A Plus Fire Barrier Composite
Sheet CS-195 on Jjunction boxes.

Ffre Rating: "The electrical protection system(s) are judged to
achieve a l-hour fire rating" (see Appendix 1).

Supplier: 3M (see Appendix 2).
Installer: As trained and certified by 3M (see Appendix 2).

Recognized Testing Laboratory: U. L.(see Appendix 2).

Date(s) of Test(s): July 14, 1983

' Report File: R10125 - Projéct 82NK21937; dated January 19, 1984
S (see Appendix 2).

Acceptance Criteria: The l-hour fire rating of electrical circuit
protective systems was established by evaluating the performance
of the system with respect to maintaining the integrity of the -
electrical circuits under fire exposure conditions and during a
hose stream test following the fire exposure.

Test 1 - Exposure Fire

Fire Conforms to ASTM-E119: Yes

Material Hazzards Analysis: Pass

Generic Cable or Other: Generic

Cable Continuity Test Hose Stream
Test -Pass

Result - Pass requirements of an electrical circuit protective
system for a 1-hour rating.



Page 2
Report #3410539909-18A

Material: 3M Fire Barrier Mat M20A, Scotch Brand Electrical Tape
#49, 3 Kluminum Tape #49 (alternate #425 tape), and/or 5/8"
steel strapping, 1/2" hardward cloth, Fire Barrier Caulk CP-25
and/or Putty 303, Fire Barrier Composite Sheet CS-195, and
Unistrut Framing System.

Attachments:

(1) Appendix 1

Summary of information in U. L. Reports.

(2) Appendix 2 - Information on supplier, installers and

recognized testing laboratory.

(3) Appendix 3 - Test reports from recognized laboratory.

(4) Appendix 4 - Cable continuity test and installation drawings.

spectively submitted,

\Pjik714g %( ‘E;éz B (16
mes M. FoTey . " ;/

echnical Manager _
lectro-Products Division Laboratory

A1l statements, technical information and recommendations v
contained herein are based on tests we believe to be reliable, but
the accuracy or completeness thereof is not guaranteed, and the .
following is made in lieu of all warranties, expressed or implied:

Seller's and manufacturer's only obligation shall be to replace
such quantity of the product proved to be defective. Neither
seller nor manufacturer shall be 1iable for any injury, loss or
damage, direct or consequential, arising out of the use of or the
inability to use the product. Before using, user shall determine
the suitability of the product for his intended use, and user

assumes all risks and 1iability whatsoever in connection
- therewith, ‘ :

- Statements or fecommendations not contained herein shall have no
force or effect unless in an agreement signed by officers of
seller and manufacturer.



APPENDIX 1

PROTECTIVE ENVELOPE FOR CLASS 1E CIRCUITS
REPORT - #3410539909-18A

Based upon U. L. Test Report File R10125-1, 2 - Project 82NK21937,
dated January 19, 1984 (see Appendix 3B for complete U, L.
Report).

Fire Barrier System CS-195/M

Result ' Page Reference

In Report Pages
1.0 Fire Prot. Rating One hour 6 5
1.1 ASTM-E119 Conforms 6 5
1.2 ASTM-E84 Acceptable  Appendix 3B of this report
1.3 Temperatures on * 5 Mus. 7
Conductors ' _
1.4 Cables Generic 1 - Bare Copper 1 2
1.5 Cable Continuity Functional** Appendix 4A 5
1.6 Hose Stream Test Pass 6 5

1.7 Furnace Size 22' 10" x 14' 2" x 7' Approx. Illus. 1

See Appendix 3B for data.

*Temperatures on bare conductor through 60 minutes therocouple 246
- 454.6 OF, Mlus. 7.

- **The minimum temperature at which the Detroit Edison cables will
- failis 610 O (320 Oc),



APPENDIX 2

INFORMATION ON SUPPLIER, INSTALLER AND RECOGNIZED TESTING LAB
REPORT #3410539909-18A

Supplier: 3M :
~ Electro-Products Division
3M Center - Building 260-5
St. Paul, MN 55144
Attention: W. J. McDonough
Division Administration Manager

Installer: As trained and certified by 3M (2)

Recognized Testing Laboratory: Underwriters Laboratory Inc.
333 Pfingsten Road
Northbrook, IL 60062
Attention: C. J. Johnson ,
Engineering Associate
Fire Protection Dept.




APPENDIX 3 SUMMARY
INDEPENDANT LABORATORY TEST REPORTS
REPORT #3410539909-184
CONTENTS:
3A-EXPOSURE FIRE TEST REPORT

JANUARY 19, 1984

38-ASTM-E84 TEST REPORT



APPENDIX 3A
REPORT #3410539909-18A

A
U L
. .~ anindependent, not-for-profit organization testing for public safety
January 19, 1984 :

UNDERWRITERS LABORATORIES INC;

333 PFINGSTEN ROAD - NORTHBROOK, ILLINOIS 60062

Minnesota Mining & Manufacturing Co.
Mr. Jack Tuzinski

260-5A 3M Center

St. Paul, MN 55144

Our Ref: R10125, 82NK21937

Subject: Type M20-A Intumescent Mat and Type CS-195 Intumescent
' : Sheet Used as an Electrical Circuit Protective System
for steel Junction Boxes

Dear Mr. Tuzinski:

This is to confirm that on July 14, 1983, a fire endurance and
hose stream test was conducted on a full-scale floor assembly
containing eight electrical circuit protective systems. The
following is an interim Letter Report summarizing the details and
. results of one of the electrical circuit protective systems which
was included in the full-scale floor test assembly. The subject
of this interim Letter Report is a nominal 12 by 12 by 6 in. deep
steel junction box containing a bare copper conductor and
-protected with a wrap of Type M-20A intumescent mat surrounded by
a Type CS-195 intumescent sheet enclosure secured to a steel

framework.
MATERIALS :

The following is a description of the materials used in the
subject electrical circuit protective system.

Floor Assembly - The floor assembly consisted of nominal
8 in. thick steel-reinforced vermiculite concrete slabs.

. Steel Junction Box - The UL Listed junction box used in the
electrical circuit protective system consisted of a five-sided -
box and a cover. The five-sided box measured 12 by 12 by 6 high
and was formed of 0.060 in. thick (No. 16 gauge) painted steel..
The open top of the box was provided with a 3/8 in. wide hemmed
edge around its perimeter. The junction box cover was 12-1/4 by
12-1/4 by 5/16 in. high and was formed of 0.060 in.. thick (No. 16
‘'gauge) painted steel. The interior of the cover was provided
with a 3/4 in. wide by 3/16 in. thick neoprene rubber gasket
around the entire perimeter. ' The cover was provided with a
nominal 1/4 in. diameter hole at each corner for screw-attachment
to the junction box. :

Look For The ®) Listing or Classification Mark On The Product

Phone: (312) 272-8800 Toton:  7pa338 Cable; ULINC Nerthiroek, It ’ l;.m-l 701:: Mo 4330173



R10125, 82NK21937
January 19, 1984
Page 2 A

Steel Conduit - The nominal 2 in. diameter Trade Size rigid

steel conduit penetrating the steel junction box had an outside

diameter of 2.375 in. and a wall thickness of 0,142 in.

Bare Copper Conductor ~ The No. 8 AWG stranded bare copper
conductor was 0.146 in. diameter and consisted of seven 0.049 in,
diameter strands. ' :

Steel Framing - The steel framing for the junction box
enclosure consisted of No. 14 gauge Types A1000 and A3300
Unistrut channels and Types Al1065, A2223 and modified A2227
Unistrut fittings. The steel framing was assembled using 3/8 in,
diameter by 3/4 in. long hex-head cap screws in conjunction with
Type A3008 Unistrut nuts.

Threaded Rod - The threaded rods used to support the steel
junction box and the steel framing were nominal 3/8 in. diameter
by 12 in. long zinc-plated threaded steel rods.

Intumescent Mat - The flexible foil-faced intumescent mat
material was nominal 1/4 in. thick and was supplied in nominal
48 in. wide rolls. The intumescent mat material was also :
supplied in 4 in, wide rolls for use as a joint cover for the .
protective enclosure around the steel junction box. The

-intumescent-mat, manufactured by Minnesota Mining and Mfg. Co.

and designated "Type M20A", will be Classified as "Electrical
Circuit Protective Material"™ in the Building Materials Directory
under the Follow-Up Service of Underwriters Laboratories Inc.

Intumescent Sheets ~ The foil-faced sheet-metal backed
intumescent elastomeric material sheets used to protect the
junction box were supplied in nominal 36 by 36 by 1/4 in. thick
sheets. The sheets, manufactured by Minnesota Mining & Mfg. Co.
and designated "Type CS-195" will be Classified as "Electrical

-Circuit Protective Material”™ in the Building Materials Directory
under the Follow-Up Service of Underwriters Laboratories Inc. =

_}Hérdware Cloth - The hardware cloth consisted of‘0.0417ih;‘

-diameter*(No; 19 AWG) galvanized steel wires welded to form a

1/2 in. square grid. The hardware cloth was supplied in a
nominal 12 in. and 24 in. wide by 100 ft long rolls.

Fasteners - The fasteners used to secure the intumescent

sheet to the steel framing were No. 10-1¢ by 3/4 in. long

self-drilling, self-tapping hex washer head steel screws in
conjunction with 5/8 in, diameter steel washers.



R10125, 82NK21937
January 19, 1984
Page 3 .

Banding Strap - The carbon steel banding straps used to
secure the intumescent mat to the steel junction box and to
secure the joint covers to the intumescent sheet enclosure were
5/8 in. wide by 0.020 in. thick. The 1 in. long channel-shaped
crimp clips used in conjunction with the banding straps were
11/16 in. deep with 1/4 in. flanges. The clips were formed of
0.021 in. thick electro-galvanized steel. '

- Caulk - The caulk used to seal the joints of the intumescent
sheets and as part of the floor firestop system was supplied in
10~-1/2 oz cartridges. The caulk, manufactured by Minnesota
Mining and Mfg. Co. and designated "Type CP~25", will be
Classified as "Electrical Circuit Protective Material”™ in the
Building Materials Directory under the Follow-Up Service of
Underwriters Laboratories Inc.

Foil Tape -~ The 3 in. wide pressure-sensitive aluminum foil
tape was supplied in rolls. The tape, manufactured by Minnesota
Mining & Mfg. Co. and designated "Type 425", will be Classified
as "Electrical Circuit Protective Material” in the Building
Materials Directory under the Follow-Up Service of Underwriters
Laboratories Inc. :

CONSTRUCTION OF TEST ASSEMBLY:

Prior to installation of the steel junction box, a nominal

2-3/8 in. diameter hole for the nominal 2 in. diameter Trade Size
steel conduit was die-cut in the side of the junction box to

- accommodate the steel conduit. A nominal 1 in. diameter hole was
drilled in the bottom of the junction box (top, as installed) for
passage of the thermocouple wires. The steel junction box was
secured to the underside of the floor using four nominal 3/8 in.
diameter threaded steel rods in conjunction with steel nuts and.
1-1/4 in. diameter steel washers as shown in ILL. 1. 1In order to
effect a good seal with the underside of the floor, a wide band
of Type CP-25 caulk was applied around the entire perimeter of

. the junction box at its interface with the underside of the
floor. - . - v ’ B

The nominal 2 in. diameter Trade Size rigid steel conduit was
‘installed as shown in ILL. 1. The conduit was secured to the
steel junction box using a set-screw connector with a lock nut -

- and bushing. The conduit was nominally 5 ft long and was
supported near its opposite end using a 3/8 in. diameter threaded
steel rod in conjunction with a "g" shaped conduit hanger
bracket. The individual No. 8 AWG bare copper conductor was

installed in the steel junction box and conduit as shown in
ILL. 1. .
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R10125, 82NK21937
January 19, 1984
Page 4 B

A nominal 6 in. wide strip of Type M20A intumescent mat was
wrapped around the four sides of the steel junction box and
secured in place with foil tape, as shown in ILL. 2. A nominal
2-3/8 'in. diameter cutout was made in the intumescent mat strip
to accommodate the conduit. A nominal 16 in. square section of
intumescent mat was secured to the underside of the steel
- junction box with foil tape, as shown in ILL. 2.

The steel framing for the protective enclosure around the steel
junction box was installed as shown in ILL. 3. The steel framing
was installed such no contact was made between the framing and
the junction box. The steel framing was secured to the underside
of the floor using nominal 3/8 in. diameter threaded steel rods
in conjunction with steel nuts and 1-1/4 in. diameter steel
washers, as shown in ILLS. 1 and 3.

After installation of the steel framing about the steel junction
~box, the nominal 2 in. diameter rigid steel conduit was wrapped
with four layers of Type E-50 nonintumescent mat secured in place
with aluminum foil tape and Type 34 ceramic cord. :

Intumescent sheet was cut-to-size and screw-attached to the steel
framing (aluminum foil face on exterior) with No. 10-16 by .
3/4 in. long self-drilling, self-tapping hex-washer head steel
screws with 5/8 in. diameter steel washers. The screws were
located at each corner of the sheet to hold each sheet in
position. The overall dimensions of the intumescent sheet
enclosure were 18-1/2 in. by 19 in. by 9 in. deep. A bead of
caulk was applied over the butted joints of the intumescent
sheets and each joint was covered with a layer of 4 in. wide
intumescent mat (aluminum foil face on exterior) and a 4 in. wide
strip of steel hardware cloth. The intumescent mat and steel
hardware cloth were secured to the intumescent sheet with No.
-10-16 by 3/4 in. long self-drilling, self-tapping hex-washer head
steel screws with 5/8 in. diameter washers spaced approximately 3
in. on center. The intumescent sheets and joint covers were
additionally secured in place with a steel banding strap wrapped
}'gaigund the top and bottom of the enclosure and secured with crimp
clips. o ' : : ’

As a final step, an 8 in. wide strip of intumescent mat (aluminum
foil face on exterior) and an 8 in. wide strip of steel hardware
cloth were formed into an angle with 2 in. and 6 in. legs and was
installed at the interface of the protective enclosure and the:
underside of the floor around the entire perimeter of the
enclosure, as shown in ILLS. 2 and 3. The 2 in. legs of the
intumescent mat and steel hardware cloth angles were secured to



R10125, 82NK21937
January 19, 1984
Page 5 -

the intumescent sheet of the protective enclosure with No. 10-16
by 3/4 in. long self-drilling, self-tapping hex-washer head steel
screws and a steel banding strap. The 6 in. legs of the
intumescent mat and steel hardware cloth angles were secured to
the underside of the floor with Type 8D coated sinker nails in
conjunction with 5/8 in. diameter steel washers.

FIRE ENDURANCE AND HOSE STREAM TESTS:

METHOD

The fire endurance test was conducted with the furnace

temperatures controlled in accordance with the Standard, Fire

Tests of Building Construction and Materials, UL 263 (ASTM E119).

The temperatures on the bare copper conductor, the steel junction
box, the steel conduit, the air space within the steel junction
box and at various point within the protective enclosure were

‘measured by 20 thermocouples, located as shown in ILLS. 4 and 5.

The test assembly was subjected to a 60 min fire exposure.
Immediately following the fire exposure, the test assembly was
removed from the furnace and was subjected to a 30 psi hose
stream applied for a duration of 2 min, 30 s.

' RESULTS

. The temperatures measured by the various thermocouples were

recorded at 2-1/2 min intervals during the initial 15 min of the
fire exposure. Thereafter, the temperatures were measured at -

> min intervals. These temperatures are shown in the tables on

ILLS. 6 through 11. ‘ : o

The temperature of the bare copper conductor within the junction

- box protective system was 89°F at the start of the fire exposure

test. The temperature of the bare copper conductor within the

‘junction box at 60 min was 455°F (Thermocouple No. 246. The
‘maximum steel junction box temperature and the maximum steel

- conduit temperature at 60 min were 583°F (Thermocouple No. 242) -
~and 597°F (Thermocouple No. 245), respectively. -

Following the fire exposure and hose stream test, the protective
enclosure about the steel junction box was intact.



R10125, 82NK21937
- January 19, 1984
Page 6 .

Based on our review of the test data from the full-scale floor
fire test, Classification will be established for the electrical
circuit protective system described herein. The Classified
system will specify that electrical cables used in the protective
system must be tested individually to demonstrate their '
electrical functionability at short-term exposures to elevated
temperatures equal to their rated conductor temperatures plus the
maximum individual cable or junction box temperature rise
measured at the one hour rating period time.

A detailed Report is being prepared describing the electrical
‘circuit protective system described herein and the remainder of
the electrical circuit protective systems incorporated in the
July 14, 1983 fire test,.

-The work being conducted under Project 82NK21937, File R10125 was
not completed in time for publication of the new Electrical
Circuit'Protective'Systems in the 1984 Building Materials
Directory. However, the new Electrical Circuit Protective
Systems from the July 14, 1983 fire tests will appear in the July
supplement to the 1984 Building Materials Directory. '

JOHNSON
Engineering Associate
Fire Protection Department

CJJ:jr
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REFiRENCE PRINT » REFERENCE DESCRIPTION
~ 5300-Ji- - INSTALLATION INSTRUCTIONS
5300-JI-ML -- MATERIAL LIST
_ ‘ Aluminum
T /"——/ ) Tape

Initial M20A

Wrap of Junction
Box Heid by Alum.
Foil .Tape ;

Mat M20A
Junction Box -

Apply M20A Cover
After Installing
Unistrut Frame
(Ses 5300-J1)

Floor
Slab

|

2 |
‘ Mat M20A

i ufyruiiiisss SO Completed Junction
= 23 MJIL ISR . Box Covering

e A S IR R oyl See 5300-J1 for

MN:':\\ : o o . o s lnt‘ermedia_teA‘Steps
' - A= - - Rl1oi1z2s
Self . Drilling . 05-195 Sheet  JLL . 2
Screws . _ Foil Side Facing
, o  Outward ,

‘ ISSUE [DATE, - |Rev . few. . ,..}.}
‘A;l"‘:::::m::::;nrzf:mlc:'l':nl‘,;;noll'n- ond vltnm;cnunanf v ) ’ ’ .k!;‘.;" :
e G e e ks |, IFIRE BARRIER
T i e TR ek T A  Junction Box

™ P.A. LTOURNE AU | P\ Protection System

»ectro-Prad.u:ts Division/34 . . :':?;! ; 5300—_}3 M ZOA - CS"’ 395J
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| ReFERNCE PRINTj- REFERENCE DESCRIPTION
5300411 == INSTALLATION INSTRUCTIONS
5300-J-ML - MATERIAL LIST
5300-J2 -- COMPLETED ASSEMBLY

3/8"Wadge Anchor Bolts

_ . : with Washers or Alternate
- v (2 on Each Upper Unistrut)
(See 5300-T12-1

Powsr Actuated D.N. Pins,
8D Concrete Nails or
Alternate

1/4"C5-195 Shest
Foil Side Facing Outward

4’ Strip Mat M20A
Foil Side Facing Outward

\

4" Strip of 1/2” Welded
Hardware Cioth

/4" Bit Tip Seif Drilling
Screw with 5/8"by 1/4” Washer
or Alternate :
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| | &
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= REPORT #3410539909-18A
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— ¢

UNDERWRITERS LABORATORIES INC,

308 FMINGETEN GRS 'GETRERASH. LIS 60088

an independent, nol-for-profil orpanizalion lesting for pudiic /ety

Jusc 8, 1982

R10125 .
 020K9009

||

38 Center

Building 207-18C ,
St. Paul, M 9535101

Attention:  Nr. Michael O'Nara
‘ ' - Technical Ceramic Products Division

Subjects  Report On Preliminary Surface Burning
. Characteristics Investigation On Composite Fald
Barrier Systom '

- Gentlemen: .

 This is a Report surmarizing the results of the preliminary tests
‘condueeod under the above Project. o : -

GENERAL

~ This Report is to inform you of the preliminary test results
conducted to date; it does not constitute evidence of
Classitication nor the establishment of UL's rollow-Up Service on
- the product submitted. . - e .
o | SAMPLES |
Th:.lllpl‘l consisted of nominal 2 by ) ft composite fire barrier
- sheets mechanically joined into 24 ft lengths with the butted
- joints protected. The composite fire barrier sheets consisted of
& nominal 1/4 in. thickness of “Type FS-195" intumescent
elastomeric material vulcanized to a No. 28 MSG galvanized steel
plate on one surface and to an aluminum foil covering on the
-opposite surface. Prior to vulcanization, reinforced hexagonsl

-ize' mash (chicken wire) was placed over the elastomeric
t.terial, beneath the aluminum foil covering. :

The mechanical joining system for the composite fire barrier
sheets consisted of No. 12 gauge steel "Unistrut” .channels, ®Pire
Barrier Mat,® 1/2 in. welded hardware cloth, self-drilling,
~ celf-tapping steel screws, S/8 in. diameter steel vashcys -3l
aluminum foil taps. The details of the mechanical joining ©
3 ..m ‘a !u. l._ : ’ ) ‘ . .



{

' . o: e m
 m012% . |
_ June §, 1902 | .

.nw 2

i'hrn 24 ft long samples were prepared and tested. Bach sample
wvas testoed wteh'th.”fou facing of the composite fire barrier
sheets downward (fire side). FPor two of the three tests, a slit

- was cut in the aluminum foil facing along the longitudinal
centerline of the 24 £t long samples.

The tests referenced in this lopott“woro conducted in accordance
vith UL Standard Test Method for Surface Burning Characteristics’
of Buflding Materials, UL 723.

L RESULTS
~ The results are tabulated below:
Test Plame Puel Smoke
Yo, Product Spread Contributed Developed
S ;"T'-,' roil slit 17.53 o 197
.2 Y. poil Intact t16.97 o 190
' 3 . Poil 8lit 18,88 4 0 : 31
"l‘ho Classification Marking of Underwriters Laboratories Ine. on

the product. ia the only method provided by Underwriters
Laboratories Inc. to identify products which have be
under its Classification and Follow-Up Service.

Since the anticipated work has been completed, ve inftructedy’
our Accounting Department to terminate the investigitjon . ,
,hwol,eo you for the charges incurred to date. - .a} ' .

Should you have any questions, please contact the undcrohnod, '

produced

-

‘Very truly yours, Reviewed by:

v l‘!Z’lﬂsa“‘z:;?/GeaF’ ‘ ';7;
c. ' | R. M. BERNINGG
Senior Engineering Assistant Engineering Group Leader

Pire Protection Department Pire rrotogtton Department
cI3pe . .
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APPENDIX 4A

REPORT #3410539909-18A

3M CABLE CONTINUNITY TEST

TEST #9380030601



~ OBJECTIVE:

TEST. NUMBER:

' EQUIPMENT:

' -PROCEDURE:

To determine the temperature failure point for specific Detroit Edison

. cable. . '

19380030601

Blue M Forced Air Oven

Monitor Labs' Thermocouple Indicator

Circuit Continuity Tester (110 volts DC) :

"Cable Samples for Tray Wrap Testing,” E. R. Bosetti to G, Markiewicz

The cable was placed in the oven as shown in Diagram #1. The cable was
tested to show continuity and to establish that no faults existed be-
tween cable and ground rack. The oven was preheated to 90°C for 10
minutes to simulate cable at maximum operating temperature. The
temperature was then increased following an established curve* (gee
Table 1 and Graph 1). '

*Temperature curve was based on the following:

Part A - Underwriters Lab. Fire Test of 3M's Electrical Raceway
Protection System (U. L. File #R10125-1, 2,
Project 82NK21937). Based on temperature of smallest
cable in thf hottest tray system + 50°F. '

Part B - Temperature soak at maximum temperature for thirty (30)
minutes. '

Part C - Increase temperature 5°F/min. until cable failure occufs.
The cables were tested to simulate cable under load. A Point loading,
ten times the expected load was utilized. (Expected load was based on
a 407 fill (100% visual condition) - see Diagram 1. °

Circuit Integrity is monitored throughout the tests using the system
shown in Diagram II. - : ST

TABLE II

Cable Failure Temperature

See Graph 1

~ ~.’Cable. Types

th, isl 0r Gengn. 3M's only werrenty shall be to

_ Failure Temperature Observation
- Detroit Edison No. °C _ °F Visual
100 340 635 Blistered
066 330 625 No damage visible
003 320 610 Exposed conductor
022 426 800 __Exposed conductor
_ ISSUE DATE REV. [cH. ' ©
AN statements. tachnics! information snd recommendations X
o e et I 1-13-84 |
Germap, Gueet ’...‘Z;".'f.‘s..’..“.'.::':'...”:'i..:'-.i.f."" e wseor | NOT 0 ScALE o CABLE FAILURE TEMPERATURES

of our products 10und 10 be defective. .

.mJ.C. Peisert

*"R. R. Licht

Ceramic Materials
Department/3M

Test #9380030601




TABLE 1

Scheduled Oven Temperature Increase

Time Temperature
Preheat 90°C 190°F
Start 121 250
05 124 255
10 126 260
15 129 265
PART A 20 132 270
25 149 300
30 177 350
35 204 400
40 232 450
45 246 475
PART B Hold temp., soak - 30 minutes
1:15 246 475
1:20 260 500
1:25 274 525
, 1:30 288 559
1:35 302 575
1:40 316 600
1:45 330 625
1:50 344 650
1:55 357 675
PART C 2:00 371 700
2:05 - 385 725
2:10 399 750
2:15 413 . 775
2:20 426 800
2:25 441 825
2:30 454 850 .
2:35 467 875
ISSUE DATE REV. |cH.
SETEIEEETE IR | 1 | 1-13-as - |
e beyond our comtrol, 3M whell not be lisble for any X
demage. ditect or conesquential, resutting from the vee of NOY 10 SCALE (=] CABLE FAI LURE TMERATURES

i _meterial or dewgn. 3M's onty werranty shel! be to
v 0f Our products found 1o be detective.

oR .
J. C. Peiser

ic Materials
. Department/3m

aApP
R. R, Licht
Test #9380030601




g0
2
33 [
3o il
2 p L PREE
38| il
3 58833
22| Bl
* i!;ua 3
. g_.iﬁggi
§§'i§$§-
g3:32
tdigiyd
: g3:%
| §‘3§§!
'ii‘ga .
g5tid
s0354
g -
SR
ASE
2]
[, B ]
B T . »
O |w — ,'“‘
w 1] ]
[ 23 o} -
o r W
(@] ]
S R
o | §l ¢
S |w
- |
~ »
. m
- <
Y
=4 ?

STUNIVNEAEL TUNTIVE 1Y)

» 6 DIAGRAM # | | . |

‘ '_"Cab'e Heat'-ES'l'lng Oven

. A-Cae GROUNDING SHELF B~ CABLE
; AC-'_’WEIGHT ON CABLE D‘_STEEL BAR (To SIMULATE
CABLE TRAY RUNG) E.- AIR STREAM SHIELD

Vv




-

I' - . DIAGRAM-2

g ~ CABLE CIRCUIT INTEGRITY

(CIRCUIT CONTINUITY TEST) CCT.

4120 DCV

o | ' (f
2200 HicM S 10000 HieH
WATTAGE HoAn WATTAGE

e
CABLE CONDUCTOR_ |
CONNECTIONS ~ _
| o g =3
. BLAK | | wimie | RED
I I
;[_ N __{__:‘11 :
ANY ComvocoR Toocuinge, m:’mvstﬁ
Ground ( SHELF) # /L FLow Tukouen TRE Yew ow
WILL CAUSE CURRENT To LED (2A) AND ReTugn
,Fw'*'g“:wﬂ YELOW LED  TReousyTHE RED LeD (26) |
To NEG. oF SuppLy INDICATING A SHORT PETREEN OONDtx:!ng
ISSUE DATE REV. [CH. |
:«::nu:-u herein are hu.:';n ::n- .':wuon 0 be ;-0-» 1 1-13°84 '
K e Nt Al ooy -

thn sl or dewgn. IM's only werrenty shall be 1o CABLE FAILURE TMERATURES
. of our Products found 10 be defective. - -
_Q‘ . tm\,/&f%:l.sert ol R. R. Licht ‘ ,
Ce | _

ra Materials




APPENDIX 48

REPORT #3410539909-18A

INSTALLATION DRAWINGS



{

‘| PEFERENCE PRINT o REFERENCE DESCRIPTION

5300-J1-!| - INSTALLATION INSTRUCTIONS
" '5300-JI-ML - MATERIAL LIST
- 'COMPLETED ASSEMBLY

5300-02 -

]
i1e

3/4°Bit Tip Self Drilling
Sorew with 6/8"by 174" Washer
- or Alternate -

3/8" Wedge Anchor Bolts
with Washers or Alternate
(2 on Each Upper Unistrut)
(See 5300-T12-1) »

' .' ' 1. “0’“

I é ﬂ - Mgpocind

Power Actusted D.N. Pins,

8D Concrete Nails or
Alternate
V4 CS-195 Shest -

Foil Side Facing Outward

4" Strip Mat M20A
Foil Side Facing Outward

& Strip of 1/2"Welded. .
Hardware Cloth

ISSUE |DATE REY CH.
EETEFEsaores (2 | eoses | | |FIRE BARRIER
‘i‘::}'l':'m:.ﬁez':i:‘iﬁ:“ﬁ: o NOY 70 SCALE Cumé)\?' 'NS’KF JU n Ct | on B 0X.
3 ™ P.A_eTOURNEAU “"'Urf.uﬁi u%'ﬁ?n’ YProtection System
Eloctro-Products Division/3u <oV 5300-J1 |

M20A - (CS-195 |



‘ 3M MATERIAL USED -- SEE SHEET 5300-TT-1 FOR ORDERING INFORMATION

REFERENCE NAME TRADE NAME
3M BRAND FIRE BARRIER MAT M20A
3M BRAND FIRE BARRIER COMPOSITE SHEET CS -195
SCOTCH BRAND ELECTRICAL TAPE #49
ALTERNATE APPROVED TAPE 3M BRAND ¢425
 CAULK CP-25 -- 3M BRAND FIRE BARRIER CAULK CP-25

PUTTY 303  -- 3M BRAND FIRE BARRIER PUTTY 303

MAT M20A
€5-195
ALUMINUM TAPE

USER SUPPLIED MATERIALS

REFERENCE NAME TRADE NAME
ANCHOR BOLTS -~  3/8* WEDGE ANCHOR BOLTS WITH WASHERS
BIT TIP SCREWS --  3/4° (OR LONGER) BIT TIP SELF-DRILLING SCREWS
WITH 5/8® X 1/4° WASHERS |
HARDWARE CLOTH --  1/2* WELDED HARDWARE CLOTH
~ UNISTRUT  --  UNISTRUT A3300 OR AI00O
DN. PINS --  POWER ACTUATED DN. PINS

ALTERNATE USER SUPPLIED MATERIALS

REFERENCE NAME TRADE NAME
GALV SHEET METAL -- GALVANIZED SHEET METAL
S - SHEET ALUMINUM  -- . ALUMINUM SHEET -
e NUTS AND BOLTS  -- MAX. HEAD SIZE 5/8*, MAX. BOLT 0.D. 5/8*
- ‘ FASTENER  -- REPLACEMENT FOR ANCHOR BOLTS
3/8' THREADED ROD  -- REPLACEMENT FOR ANCHOR BOLTS
SCREWS  -- 3/4° OR LONGER SHEET METAL SCREWS IF APPLICABLE
B CONCRETE NAILS -~ 8D CONCRETE NAIL OR EQUIVALENT
]
!
|
|
;
' : ISSUE |DATE REV CH. ! .
‘"llnll. ia'sre ‘um_‘ v“ o sl v | 12~05 | | FIRE BARR lER m
conlel Wen slie oh fe0ts we eve 10 e ¢ ! - - M
B e T L 3 e 23 1Junction Box

consaquosiial, 1osulting tram by wre of NOT [0 SCALE
sl o design M. uly wstraniy shell be 1o
’ cl o potutie found 1o be Selective.

jProtection System
™ P.A._1TOURNEAU Material List

Flncl_rq:?rnqugls Divicion/3M w 5300 J]. ML : CS 195 /M 20A




‘ DETALIATION INSTRUCTIONS

1. Wrap one layer of Mat M2JA around the junction box so that it is
- campletely covered except for the cover plate. Tape in place with the
aluminum foil tape.

2. Install a box made of Unistrut or any other metal, such as sheet metal

" or aluninum sheet whose dimensions are 1 inch larger on all sides so that
the .CS-195 sheet is separated from the junction box by at least ‘1 inch. The
box or box frame must be strong enough to be seismically qualified for the
specific location on any nuclear site. Allowance must be made so that the
box can be re-entered with ease.

3. ‘The attachment to the concrete test;'slab was made with 3/8 inch threaded

rods, nuts ar washers. . -Any method of ‘attaching the box to a wall or frame
which is sesimically qualified is acceptable. ‘

- 4. After the frame or box is campleted it must be completely covered with
the CS-195 Sheets. After the sides are covered with CS-195, a large piece
of mat is installed over the cover plate of the junction box. This mat
should be 2 inches larger than the cover Plate on each side (4 inches on
each edge). The mat should be stuffed into place over the cover plate
between the junction box and the frame. Tapping with aluminum tape may be
necessary.

5. ‘The Mat M20A and hardware cloth covering the edges in the test were held
to the frame with sel f-tapping screws and 5/8 inch 0.D. washers. Any
mechanically sound method of attachment, such as nuts and bolts, studs and
winged nuts, or winged screws may be used as long as the 0.D. of the
fastener and/or washer is no larger than 5/8 inch. '

6. ‘The mat and hardward cloth were held to the slab with ordinary nails.
Therefore, any method which is equal to nailing into soft concrete is- o
acceptable. The following techniques have been analyzed : g

A. Install with power driven fasteners, such as D. N. Pins, maximum
spacing between pins - 12 inches. '

B. Bolts through the fire wall (floor) .

) SSUE | pare REv. |cn.
T e e o o e 1o o e 1| 12-6-8 . | FIRE BARRIER
o gt gl oy KKyl prprres X 747737  JUNCTION BOX
oo e ot ot B v v S B2 10 <Y, R, uzi PROTECTION SYSTEM
t , - - MATERIAL LIST
- . 'CS-195/M28A
tro-Products Division3m <JIVI 5300-01-1 |




REFERENCE PRINT » REFERENCE DESCRIPTION
T 5300-J1-1 -- INSTALLATION INSTRUCTIONS
- 5300-Ji-ML -- MATERIAL LIST

Aluminum

A F""r"/ Tepe

Initia! M20A r/

Wrap of Juncti—oN
Box Held by Alum.
Foll Tape _ _

Mat M20A

Junction Box

Apply M20A Cover
After Installing
Unistrut Frome
‘(See 5300-J1)

Floor
.Slad

X

IBBRE
SEEL RN

! o Mst W20A

. Completed Junction

. - Box Coverin _
ARATLSE : See 5300-J1 for

\ : - Intermadiate Steps

e
=

|

oo boyoad sut coairal, 3M shall aal be liable for oa

1 $0%age. dract o consequentiol, teadting from the e ol NOT YO SCALE
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INTRODUCTION

Seven cable samples were tested at elevated temperatures to determine at what tempera-
ture, if any, failure occurred. These tests were conducted to supplement Underwriters
Laboratories (UL) Fire Barrier Test Data submitted under Watts Bar Nuclear contract

| 83KB5-832419. The fire barrier material was tested by UL to determine its compliance
with 10CFR50 Appendix R for a one-hour fire rating.

UL certified the fire barrier material with the stipulation that the user (TVA) provide
evidence that the cable inside the barrier will withstand the temperatures measured
during actual fire test conditions. The current tests match the fire test conditions
as closely as possible. Whenever conditions could not be precisely matched, the
deviation was such as to assure a more severe test than was required.

RESULTS
.? One sample (7/c #12 AWG,PJJ) failed the test. See attached Table 1.
TEST SETUP

One, two, or three cable samples were placed in a hot air oven simultaneously and
weighted as shown in Figure 1 (attached). The asbestos plate supported the weights
and applied pressure to the cable. This plate was always supported at .three points,
at least two of which were provided by the cable. When three cable samples were run
Simultane0usly, two separate setups were used, with one of the samples providing the .
third support point for each setup. For a two-sample run, two Separate setups were
used as shown, with a piece of firebrick supplying the third support point.

The weight was positioned so as to be distributed as evenly as possible on all three
support points, making each support point bear close to one-third of the total %eight.

The.thermocouple was attached to the outer jacket of each test sample with high
temperature electrical tape.- : o S '

The weight applied to each Support was more than the weight of a six-inch length of -
the heaviest sample. in each group, multiplied by the appropriate factor computed by
Don B. Arp of EN DES. The total weight for the setup was three times the computed
value for each support, .including the weight of the asbestos plate. . The attached
Table 2 lists the weights. The heaviest 6-inch sample in each group is underlined.

Sample 1X is a repeat test, with less weight, on Sample 1.

The cable samples were prepared for testing as shown in Figure 2 (attached). All
samples were approximately one foot in length. For the Group D cable (sample 7), the
hield and semiconductor layer right underneath it were stripped back about three-
uarters of an inch to prevent arcing through the air to the center conductor. ‘

L. T T T e e el
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Figure 2 also shows the wiring diagrams. The one-ohm resistors in the ground leads
were connected to an oscillograph which indicated precisely when any wire shorted to
ground. Since a wire-to-wire short on'a Group A or B sample would not necessarily
involve a grounded wire, a voltmeter monitored the phase-to-phase voltage. Collapse
of this voltage indicated a failure from phase to phase or both phases to ground.
The voltmeter was also used to check the phase-to-ground voltages periodically.

DESCRIPTIONS AND CONCLUSIONS

Sample 1 (PJJ-Failed) - Both the outer jacket and the individual wire insulation
melted readily at a relatively low temperature. The first electrical failure occurred
at 346°F. The temperature was increased after failure to 570 F. After the test, the
sample was completely blackened, and bare conductors could be seen where the support
rungs had been located. The cable had compressed under the weight to a thickness of
0.18 inch, barely enough for the wire. '

Sample 1 failed wire-to-wire, not wire-to-rung. The failure monitor on the rungs
never showed a failure, but the voltage was removed 2 minutes, 51 seconds after
initial failure. Wire-to-rung failure would have occurred later, judging by visual
inspection. . :

Sample 1X (PJJ-Failed) - This was another sample of the same cable as sample 1. The
weight load was only 27% of that used on sample 1. The first electrical failure

occurred at 440°F, almost 100° higher than sample 1. The higher temperature failure
was undoubtedly due to the lower weight load, plus the fact that the temperature was
.’ increased at a faster rate (closer to the fire test curve), allowing relatively less

melting time,

Contrary to sample 1, sample 1X was removed from the oven almost immediately after
failure. Since the temperature did not get as high, the original colors of the
individual wire insulation could be seen. They were mixing together, however,
indicating considerable melting had eccurred. The thickness at the support points
was about 0.35 inch. No conductors were visible. It could not be determined, by
inspection, where the failure occurred.

Sample 1X, like sample 1, failed wire-to-wire. The voltage was removed, and the test
términatéd, one minute, 1 second after initial failure. No wire-to~rung failure
occurred. :

' o 8 _ '

Sample 2 (PXMJ) - This sampie fared very well. It was discolored, but not as black
as the other samples. Neither the outer jacket nor the individual wire insulation.
was,significantly melted or burned. No distortion could be seen at. the support points.

Sample 3 (CPJJ) - The outer Jacket of this sample melted just as did sample 1. The ~
individual wire insulation fared better, though not as well as sample 2. There was
evidence of melting and cracking, but no bare conductor could be seen. The thickness
at the support points was 0.27 inch. This samgle would probably have failed if the
temperature had been raised wuch above the 570 F of the Group A test.

Samples 4 (Rockbestos) and 5 (Anaconda) - The individual wires of these samples fared
well. The jacket_and shield of sample 4 also fared well, though considerable_éracking
occurred in the jacket. The jacket of sample 5 was destroyed at the support points,
and the shield was also damaged slightly. Though the shield-to-rung contact was not
onitored, they obviously came in contact during the test on sample 5.

TVA €47¢a (pO 2:73)
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Sample 6 (CPJ) - The outer jacket melted,
was still intact, though cracked slightly.

but the inner jacket around the conductor
The support points went completely through

the outer jacket, but little or no distortio

n could be.seen on the inner jacket.

to it.
the main door, without cracking it excessively.

Sample 7 (CPSJ) - The test on this sample was co
The oven used had no openings for wires

mplicated by the need to apply 6.9 kV
» 80 the 6.9 kV had to be run in throug
A lead was fashioned by adding high

—

temperature electrical tape to a length of teflon-coated hookup wire, while attempting
to keep the bulk to a minimum. This worked well at low temperatures, but tge tape
lost dielectric strength at high temperatures. The test lead failed at 367 F. At the
time, it could not be determined whether the test lead or the sample had failed.

Since the test lead was suspected, the heating was continued. It was terminated

after holding 475°F for 30 minutes. '

Immediately after the heating was terminated
failure was observed.

» the oven door was opened and the lead
The lead was pulled away from the oven frame, and the voltage
reapplied. The sample passed the test. The temperature by that time was down to
about 440°F. As a further test, the voltage was increased above 6.9 kV. Failure
occurred at about 9 kV, but it was through the air, around the end. By now the -
temperature was down to about 400 F. Since the sample had successfully withstood

10 kV when cold, it was concluded that the semiconductor layer under the shiéld must
have melted and spread over the stripped insulation (see Figure 2). A continuous
cable would have stood more than 9 kv. 4 :

The outer jacket of this sample melted, and most of it drained off, leaving the
shield exposed. The shield and inner insulation remained in good shape. The
semiconductor layer may have melted, as explained above, but this would be of no
consequence, except at an end of the cable. Contact would readily occur, however,
between the shield and any other exposed conductor.

INSTRUMENTATION

les were heated in a hot air oven in
It was a Partlow "Despatch," US-TVA

tended priﬁcipally for
266362.

Temperature - The samp

drying applications.
The temperatures of the sample jackets were measured with Type T (copper—constantan)
thermocouples and Fluke 2165A digital thermometers. The thermocouples were fabricated
.in the 1aboratories<out of standard thermocouple wire. The accuracy depends on the
Precision of the alloy, and cccording to ANSI C96.1, should be (above 200°F) within

- 0.75% of reading (about 3.6°:. at 475°F). Our experience indicates they are usually
much better (within 1 or 2 degrees F). The digital thermometers are specified at -
*2.47F, but they are usually within i}oF. Certification reports of the three
thermometers used are attached,

An overall calibration of each the

I rmocouple and its thermometer
temperature (about 75°F).

n was made at ambient
All were within +1°F.
periodically and

gital multimeter,

Voltage - While not recorded, the
was always within 10% of the nomin
US-TVA 486356, was used.

voltage on samples 1-6 was checked
al voltage. A Fluke 8600A di
A certification report is attached.

ple 7 (6.9 kV) was taken from a Hipotronics 0C-51-M oii
tester, US-TVA 320305, It was monitored with a kv meter, Hipotronics KV504,
US-TVA 467412. The kV meter was certified on 12/21/83, and the report is in the
laboratories files. It was also checked on 1/16/84, and found to be within +200
_volts on the 10 kV range. | -
TVvA 6o 7¢A.7 (PO-2-73)
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Weight -~ The samples and weights used were wei
P11N, US-TVA 387139. It was certified on 10/4
files. It has an accuracy of +0.1 gram.

Failure Monitoring - The voltages across one-
recorded on an oscillograph, Soltec Visilight
meter and kV meter were also used (see Figure

(o]

HBC: KM
Attachments: Tables 1 and 2
Figures 1 and 2
Temperature Curves (3)

Reports of Calibration (4)

TVA 64744 (PO 2-73)

ghed on a 10 kilogram scale, Mettler
/83 and the report is in the laboratories

hm resistors in the ground leads weré
5M, US-TVA 512797. The digital multi-
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Cable

Test Test Test
Group Samgle_' DESCRIPTION ‘ Voltage Results
A 1 7/c, #12 AWG, PJJ, 600 V, Mark WGG 120 VAC FAILED
A 2 7/c, #12 AWG, PXMJ, 600 V, Mark WGG-1 120 vAC PASSED
A 3 7/c, #12 AWG, CPJJ, 600 V, Mark WLG 120 VAC PASSED
B 4 2/c, #16 AWG w/shield, Mark WA (Rockbestos) 120 VAC 'PASSED
B 5 2/c, #16 AWG w/shield, Mark WVA (Anaconda) 120 VAC PASSED .
c 6 1/c, 400 MCM, CPJ, 600V, Mark WDO 480 VAC PASSED
D 7 1/c, 2/0 AWG, CPSJ, 8 kv, Mark WNB 6900 VAC PASSED
TABLE 2
Test Length, Weight Per Weight Minimum Wt. Minimum Wt. Actually
Sample Inches Weipght 6'" Length Factor Per Support Total Wt. Applied
1 12.050 122.5 gm 61.0 gm 25 '
2 12.050 149.4 gm 74.4 gm 25 1860 gm 5580 gm : 5694 gm
3 12.060 145.0 gm 72.1 gm ' 25 ’ ' '
1X 12,050 122.5 gm 61.0 gm 7 1531 gm
A 12,075 30.0 gm 14,9 gm 40 1931 gm
5 _11.975 . 31.4 gm 15.7 gm 40 : 629 gm 1888 gm & 1940 gm
6 12,050 799.4 gm . 398.0 gm ' 10 3980 gm 11941 gm 11954 gm
7 "12.075 357.0 gm 177.4 _gm 10 1774 gm 5322 gm 5452 gm
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REPORT OF CALIBRATION
Central Labvoratories

Const, |P.P.

E.U. Number

S TVe 442373

Plant Date
| | LN DES -~ pepr 21324
[netrument Digitel Thermameter Mfg] Model Fluke/ - V7XY’)
strument Accuracy .
. ~28% +22% + 425 & LA x
-1Standards Used DMM I} y 1ce » tFl ’ Test Procedure
P-3 Voltmeter US TVA 144828 - 4/ 7- v
As Found Test | - [X)Within Tolersnce Oout of Tolerance OrNot Requirea
As Left Test (OWithin Tolerance [Jrest Incomplete [Rot Requirea

" The Instrument was tested and calibrated acc

condition of the zg‘yt is indicated,
Zgz %’é . Sy 2-5¢

Date
fcax, [Last? Rext Interval [(certification Label Affixed
Date | WA | wma 214 wks.| v
Disposition
of Instrument| []To User {4 To Stock [J Other
Remarks /Data '
.A_; _Fouan "
L1d hur
V= y =
232.0 230
72.0 r& X
=28

Internal Temperat L;re Rise

[x] Passed [ 7 Feiled

Open Circuit Test

[¥] Passed [/ Failea

Overload Test

[&] Passed [ ] Failea
LT

1%

Line Voltage Regulation Test

" [Xx] Passed [/ 7/ Failed

———

kQes—to:

a7

/N

Sheet

of

1

~ TVA 6L97a (PO-L-78)




REPOFT OF CALIRRATION
Central Iaborstories

Const, |P.P, E.U. Number

US TvA LAZH

Plant

[nstrument Digital Thermameter

Date

- 3-12-84
lnfs/lbdel Flike/ 3,459

netrument Accuracy

- + 24 reer
Standards Used DMV US 416168 , s Test Procedure
__P-3 Voltmeter US VA /01623 47,72
As Found Test [ - [@Within Tolersnce Oout of Tolerance ONot Requirea
[As Left Test (JWithin Tolerance [(Jrest Incomplete (BNot Required

The instrument was tested and calibrated acc
1 conditi of the ingt ent is indicated.

%

ording to prescribed test procedures and the

e 2 2o

 / ' Checked BF”
cal, [Last ° =~ |Next Interval |Mcertification Iabel Affired 7
Date | w/A NA YA ks ¥4
Disposition : :
of Instrument| [JTo User (A To Stock [ Other
Rezarks /Data ' '
.AJ Elg_Al_L.
Srp INYE 4
F <
232.0 232
22.0 2T
~28.0 ~28
Internal Temperature Rise [X] Passed [ ] Feilea
Open Circuit Test [U ‘Passed [/ Failed
Overload Test [¥] Passed D  Feiled -
n . . C R
Line Voltage Reg'ulkation Test [/ Passed D Failed

ges to:

Y, Sheet
(4
{ e~ | toer?

TVA 6497A (PO-4-78)
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/"/ ‘ Const, |P.P., {E.U, |Nuxlter :
REPORT OF CALTBRATION - s TVA 462%3g/
T - Centrsl Ladorstories Piant Date
e : £EN__DES. — 0ED¢ _3-/3-5¢
1l
ftrument Digital Thermaueter Mfg7bbde F’lukg/ A6 34
trument Accuracy P . ‘
-28 7z z%§ %it , i ,ég’;s L4F
Stmdnrds Used DMM US Wi Test Procedure
P-3 Voltmeter US TVA WiLozs” 94)).)-2
|as Found Test - (¥ Within Tolersnce Oout of Tolerance ONot Required
As Lett Test |  [JWithin Tolerance [Orest Incamplete {Not Required
The Instrument was tested and calibrated according to prescribed test procedures and the
‘eondition of the inst nt 48 indicated.
324 A2 AL
te CheoXed By
Cal, [Last 7 { | Interval [Mcertification Label Affixed <
Date | ~/A N A rqvks.) arA
Disposition . ~ '
of Instrument| []To User (B To Stock [] Other
Remarks/Data '
. ” .
Ac FBuap '
e /) WUT
% - A %
72320 R 732
Z2.0 : } &
280 - ~28
- Internal Temperature Rise - - [/ Passed [ ] Feiled
Open Circuit Test : E Passed” [/ / Failed
Overload Test @ Passed /[ / Failed
Line Voltage Regulation Test [X7] Passed . D - Failed

% - .y,

Sheet
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REFORT OF CALIERATION
CEMTRAL LABORATORIES

GITAL MULTIMETER
G/MODEL: FLUKE-8400
STANDARD USED: 7505k

‘AS FOUND’ TEST WITHIN TOLERANCE

US-TUa 486356
3 /715 7/ 84

KNOXVILLE-QEDC
ENGINEERING DESIGN
TEST FROCEDURE: 808

"AS LEFT’ TEST NOT REQUIRED

INSTRUMENT TESTED 8 CALIBRATEL AGCCORDING 10 FRESCRIREL VEST FROCERURES.

CDNU;{fﬁW STR S INDJ ATED RELOY,
___C%M__ _3-15-8y -_j_)—“;{""__ il

. SIGNED
CAL.  LAST NEXT
DATE  Na NA NA
REMARKS/DATAS

TEST-FUNC RNG
Z REATIING

1 MV LC 200 -190
2 MV IC 200 190
3 v Ine 2 1.9
4 v nc 2 : , -1.,¢
5 v 2 1% »
& vV Inc 2o -19
7 V IIC 200 - 150

_ 8 VIC 1200 1000
¢ vV Inc 2 1.1111
100 v pec 2 1.2222
11 v nec 2 1.3333
12 v pc 2 " 1.4344
13 v nc 2 1.555%
14 v nc 2 1.6666

S . v 2 1.7777

16 v ne =2 1.8888
17 v ne = -YY-Y-
18 ,
1% ,
20
21 _ a
22 MV 4C 200 65 150
23 MV AC 200 1 K 1¢%0
24 v ac 2 65 1.9
25 v ac 2 1 K 1.9
26 Vv AC 20 65 19
2 V AC 20 1 K 19
28 V AC 200 65 190
29 vV AC 200 1 K 190
30V AC 1200 &5 1000
31 v AC 1200 1 K 1000
32 OHM 200 100

BATE

FREQ TEST INST

LE TOL cot.

Cmdraa_

FOR INSTR ACCURACY

CHECKED Ry

INTERVAL

AS FOUNI
ST READ TOLERANCE
185.964 + 1152
1.89%6 «00057¢6
-1.8997 000576
16.99¢ 0057
-18,9%¢ «00576
18%9.98% +0576
1000.,00% + 3552
i.111 + 0003867
1.2221 0004133
1,3333 (00044
1.4433 + 0004647
1,.35554 « 0004933
1,6665 00052
1.7776 + 0005466
1.888¢6 + 0005733
AAR] + 00036
190.53 +648
189.95 648
1.,9015 00452
1.9 ., 004602
19,003 (0462
19,004 10462
189.94 (452
189.97 (452
§99.6 4.832
§99.5 4.832
7.4 1354

FAGE i OF 2



REFORT OF CALIFRKATION (PAGE“Z ) , US-TUA 486356
3 / 15 / B4

‘ TEST-FUNC RNG  FREQ@ TEST INST  AS FOUNED

. HZ REARING ST REAN TOLERARCE
33 K OHM 2 1 1 .00132
34 K OHM 20 10 10 0072
35 K OHM 200 100 100,002 . 072
36 K OHM 2000 1000 1000 V72
37 M OHM 20 10 10 L0252
38 Us DC 200 190 1686.9% (252
39 MA LG 2 1.9 1.5002 (00252
40 MA DIC 20 19 19,004 0252
41 MA IC 200 190 185.98 0252
42 MA IC 2000 . 1%00 1900.4 4,8
43 MA AC 2000 &5 1900 1892.8 B.76
44 MA AC 200 45 190 190,05 876
45 Ma AL 20 65 19 19.01 0876
46 Ma AC 2 65 1.9 1.5011 00876
47 UA AC 200 1 K 190 190.03 876
’sr-nsnmn OF INSTRUMENT ¢ 10 S10CK AFFROVET

FAGE 2 OF 2



EN DES CALCULATIONS

‘TITLE METHOD USED TO DETERMINE THE AMOUNT OF WEIGHT o | NN,
NEEDEDFOR CABLE FAILURE TEMPERATURE TEST SAR BECTION(S)
CONTRACT 83KB5-832419 7 N/A
ARING ORGANIZATION _ REV (FOR MEDS USE) ______MEDS ACCESSION NUMBER
B Procurement - " ro—— ’
APPLICABLE DESIGN | BRANCH/PROJECT "o 84 0 3 2 3 F O 0 4 J _\9 El. 84 0 3 0 7 9 1 8
DOCUMENTS IDENTIFIERS :
EP 3.03 Rl '
R2
KEY NOUNS
R3
REV RO R1 R2 R3 STATEMENT OF PROBLEM »
DATE 3.5- Ry o Calculate the amount of weight on

rgnum a cable in the bottom row of a

. cable tray, when that tray is at its
&_W _ maximum allowable fill.
CHECKED

ATTACHMENTS
MICROFILMED:

LIST ALL PAGES * ‘
_ADDED BY THIS REV:

LIBT ALL PAGES *
DELETED BY THIS REV:

LL PAGES *
D BYTHIS REV:

The calculated weight was then used for oven testing of cables being performed
at Central Laboratory (Chattangoga Power Service Center). ' '

(Refer to Watts Bar Nuclear Plant contract 83KB5-832419 specifically E. Chitwood's
memorandum to H. Taff dated March 2, 1984, copy attached).

Please return originals to: Don Arp, W8D185 C-K

‘W;GNDBS-'MO) *Use revision log (form TVA 10634) if more room is required




1.0 Purpose

2.0

3.0

The purpose of these calculations is to document the method used in
determining the amount of weight to be applied to a single cable in the
bottom row of a cable tray which is filled with the maximum allowable
amount of cable. '

These calculations are used to support testing being performed at
Central Laboratory (Chattanooga Power Service Center).

The data received from these tests will supplement Underwriters
Laboratories (UL) Fire Barrier Test Data submitted under Watts Bar
Nuclear Plant contract 83KB5-832419. The vendor for this contract is
3-M Company and material is Fire Barrier Material. The Fire Barrier
Material was tested by UL for 3-M to determine its compliance with

-10CFR50 Appendix R for a one hour fire rating.

UL has certified the material for compliance with the Appendix R
requirements with the stipulation that the user (TVA) provides evidence
that the cable inside the barrier will withstand the temperatures
measured during actual fire test conditions. '

Assumgtions

For testing purposes we chose the temperature measured on the smallest
conductor in the hottest tray. The time vs temperature data taken from
actual test data was supplied to TVA by 3-M / refer to the vendors
letter dated February 8, 1984 (EEB 840209 009)7.

The cable being tested is either exactly the same as installed or a
representative sample of the cable actually installed. The
representative sampleswere chosen as closely as possible in
accordance with the guidelines of IEEE 383-1974 Table 1, -
Representative Cables for Type Tests.

Assumed each category of cable tray was filled to the maximum
allowable fill in accordance with guidelines of Watts Bar Design
Criteria WB-DC-30.5.

The cable was assumed to be on the bottom row with the cables stacked
directly on top of each other. This method was chosen for simplicity

in the calculations and for conservatism.

Sources of Information

l. 3-M letter dated February 8, 1984 (EEB 840209 009).

2. UL Report, Reference No. R10125, 82NK21937 /filed under
(EEB 840221 910)7, -

3. EN DES Standard Specification $S.E-13.2.01R4 Metal Cable Trays and
Fittings. : _

4. Watts Bar Nuclear Plant Design Criteria for Power, Control, and
Signal Cables for use in Category 1 Structures WB-DC-30.5.

054059.05
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4.0 Data

Cable Mark WGC:

Cable Mark WVA:

. Cable Mark WDP:

Cable Mark WNB:

Cable tray size:

5.0 Computations:

0.D. (approximate) = .615 inches
Circuit application = 120V ac control
Maximum allowable tray fill = 60%

0.D. (approximate) = .385 inches
Circuit application = low voltage signal
Maximum allowable tray fill = 60%

0.D. (approximate) = 1.16 inches
Circuit application = 480V ac power
Maximum allowable tray fill = 30%

0.D. (approximate) = Not needed*

Circuit application = 6.9-kV ac power
Maximum allowable tray fill - N/A
*Cable of this type are installed in sets
of three and in triangular form

18" x 3.75" with rungs on 6" centers -
rungs are in shape of C channel, dimensions
1" wide x 5/8" depth

5.0.a ‘The following abbreviations are used:

054059.05

= number of cables in a single row in tray

= cross—-sectional area of one cable

= area of tray filled to allowable limits

= maximum number of cables in a full tray

= number of rows of cable in a full tray

= width in inches of tray

= depth in inches of tray

= percentage

= outside diameter ,

= area of tray taken up by a single row of cable

Mark WGG
area of tray to be filled with cable Mark WDP



C¢ (WDP) = maximum number of mark WDP cable needed to fill
A2

W, = weight in pounds per foot of copper conductor
for size stated

L] = weight of 2 rows of 400 MCM cooper conductor
w = weight of 5 rows of 7/c, No. 12 AWG copper
2 : conductor .

5.0.b Cable Mark WGG
No. of cables in a single row in tray:

Rg = W = _18 = 29,27

t—

od 0.615
Cross-sectional area in square inches of one cable:
Ac = (0d)2 x"/4 = (.615)2 xW/4 = ,297
Maximum allowable area in square inches in tray hssuming 607 £fill:
A *WxDxP=18x3.75x .60 = 40.5
Maximum number of cables in tray assuming 607 fill:
Cp = A = _40.5 = 136.4
. A .297
Maximum number of rows of cables in tray assuming 60% fill:
R = _C = _136.4 = 4.6
' Rg - 29.27
5.0.c Cable Mark WvA

Number of cables in a single row in tray:

——

Rg = W = _18 =46.75
" od .385

Cross-sectional area in square inches of oné cable:
Ac = (0d)2 x4 = (.385)2 xW4 = .116
Maximum allowable area in square inches in tray assuming 607 fill:

Ap =WxDxP=18x 3.75x .60 = 40.5



Maximum number of cables in tray assuming 60X fill:

Co = _Ar = 40,5 = 349.14
A, .116

Maximum number of rows of cables in tray assuming 607 fill:

Re = Cp = _349.14 =7.5
R, 46.75

5.0.d Cable Mark WDP
Nuﬁber of cables in a single row in tray:

Rg = W_ = _18" = 15.5

—

od 1.16
Cross-sectional area in square inches of one cable:
Ac = (0d)2 x"/4 = (1.16)2 xM/4 = 1.057
Maximum allowable area in square inches in tray assuming 3OZin11:
At *WxDxP=18x3.74x .30 = 20.25
Minimum number of cables in tray assuming 302 fill:

Cp = _at = 20.25 =19.15
A 1.057

Haximum number of rows of cables in tray assuming 30%7 fill:

Re = Cp = 19,15 = 1.24
Ry 15.5 '

5.0.e The following shows the amount of weight applied to a cable on the
"~ bottom of a full tray. The following assumptions were used:

a. The tray was 60% full. .
b. The bottom of the tray is uniformly covered with cable
' Mark WGG, : .
¢. The balance of the tray area is filled with cable Mark WDP.
Area in square inches of a single row of cable Mark WGG:
A] = R (WGG) x Ac (WGG) = 29,27 x 297 = 8.69

Bemainder of available area in 8quare inches to be filled with cable
Mark WDP: -

A2 = Ap - A] = 40.5 - 8.69 = 3]1.8]



Number of cable Mark WDP required to fill Aj:

C. = _A(wDP) = 31.81 = 30.09
Ac(WDP) 1.16

Number of rows of cable Mark WDP required to fill A (WDP):

C, (WDP) = 30.09 = 1.94
Rs (WDP) 15.5

Weight of 2 rows of 400 MCM Coﬁper (WDP):
W = Wo.x 1.94 = 1.544 x 1.94 = 2,995 1bs
Weight of 5 rows of 7/c No. 12 AWG Copper (WGG):
Wp=Wgx7x5=.02x7x5-=.7 1lbs

Comparison of the amount of weight applied to the bottom of
a tray of 5 rows of WGG to 2 rows of WDP:

Wy = 2.995 = 4.23
w2 .7
This calculation shows that by conservatively increasing the

conductor size to complete a tray fill the amount of weight
applied to the tray would be 4.23 times greater.

6.0 Discussion of Results

For testing purposes the calculated number of rows was rounded up to
the nearest whole number.

In performing the computations we assumed that the tray was uniformly
filled with the same cable Mark. To accommodate for the various cable
Marks used to fill the different levels of trays we used a conservative
estimate (refer to section 5.0f of the computations). 1In these
computations we assumed a single row of 7/c, No. 12 AWG cables along
the bottom of the tray and the balance of the tray was filled with 400
MCM cable. By using the weight of the copper conductors. of these
cables we showed the weight on the lower cables was 4.23 times greater
than if the tray had been filled with 7/c, No. 12 AWG. Therefore, for
conservatism in the test, we multiplied the weight of the test specimen
by the appropriate number of rows required to fill the tray, and-then
multiplied the product by 5.

054059.05



Cables designated as Mark WNB are always installed in groups of three
individual conductors. The group is in the form of a symmetrical
triangle. This type of arrangement distributes the weight of one cable
to the other two at a 60 degree angle. For calculation purposes and
for conservatism we assumed the cable which formed the upper poriton of
the triangle was stacked directly above one of the lower conductors
resulting in twice the normal load on the lower conductor. For an
additional amount of conservatism we multiplied that weight by 5.

The testing lab is to weigh a six-inch test specimen and use this
weight in calculating the amount of force to be applied to the cable

- during testing. The reasoning for chosing a six inch specimen is that
the cable tray rungs are spaced on six-inch centers. The optimum
position to place the weight on the specimen while tesing for shorts to
ground would be directly over the rung.

7.0 Conculsion

These calculations document that the physical loads placed on cables
specimen being tested at Central Laboratory (Chattanooga Power Service

Center) are accurate and that the actual installed configuration is
adequately represented.

054059.05
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H. Taff, CPSC-LAB-C
E. Chitwood, W8C135 C-K
March 2; 1984

WATTS BAR NUCLEAR PLANT
MISCELLANEOUS ELECTRICAL EQUIPMENT
FIRE BARRIER MATERIAL

CONTRACT 83KB5-832419

Please provide the required facilities and personnel to perform
testing in accordance with the attached procedure.

The cable for the testsis being sent to you from Singleton Materials
Engineering Laboratory. The account number for this test is
NO30-385-30-00.

Data taken in these test will be used to support fuel loading at
Watts Bar Nuclear Plant. In view of this please expedite the
completion of this test. Please inform my office of the time of the

test so that we may witness them.
/

E. Chitwood

; :
DBA:BB

}» Attachments
W

Principally Prepared By: D. B. Arp, Extension 4794,



Cable Yailure Temperatures Test Procedure

Objective, To determine the failure Point temperatures for specific cable
types used in cable trays, conduits, and junction boxes at Watts Bar
Nuclear lFant.

!!l; !nﬂgg :

' 10

2.
3.
"o
5-
6.
7-

7/C, ¥o. 12 AVG, PJJ, 600V, Mark WGG

7/C, Bo. 12 AVG, P, 600V, Mark WGG-1

7/, No. 12 AWG, CPJJ, 600V, Mark WG

2/C, ¥o. 16 AwG, Signal Cable, Mark wva (Rockbestos)
2/C, No. 16 AVG, Eignal Cable, Mark wva (Anaconda)
1/Cc, No. 400 MCM, CPJ, 600V, Mark WDO

1/C, No. 2/0 aWG, CPSJ, BEV, Mark wip |

Procedure.

1.

2.

. by the following method.

The test samples are to be grouped into four categories as listed
below:

Group A items 1, 2, and 3 (120V control)

Group B items 4 and 5 (low voltage signal, 120vV)
Group C item 6 (480V power)

Group D item 7 (6.9kV pover)

The amount of weight to be applied to the cables is to be calculated

8. VWeigh a six~inch length of each cable. Multiply the béavielt
cable in each group by the appropriate number listed below.

- Group A = 25
“Group B = 40
Group C = ]0
Group D = 10

The result of the above will be the Rinimum amount of weight to be
applied to the corresponding group. . :

One sample of each cable should be Placed side by side (if applicable)

with the other cables in its group and Placed in the oven in s manner

similar to that shown in Diasgram 1. Bote. One common weight per group
is scceptable. .

Raergize cables st voltages shown in step 1 above. Current limitj
devices shall maintain a current of 1 amp. Test samples shall be vired
to monitor shorts from conductor to conductor or conductor to ground,
The test samples are to be wired as shown in Diagram No. 2.

g



3.

6.
7.

Heat oven with cables in place to 90° C (194° F) and maintain that
temperature until cable jacket temperature has stabilized at rated
conductor operating temperature. While monitoring jacket temperature

. continue beating in accordance with Table 1,

Recqrd all failure times, temperature, and apparent csuse of failure.

Record visusl observations of tested cables.

Documentation, Test documentation shall include the following:

Deucription of test equipment, calibration dates, etc.
Dencriptioh of test samples.
Wiring diagrams showving voltage, current, etc.

Description of test setup.

Time vs. temperature profile.

Cable failure temperatures.
Cause of fasilure (if known).

Visual appearance of tested cable.



s

0 min.-
0:05
0:10
0:15
0:20
0:25
0:30
0:35
0:40
0:45

Hold temperture for 30 minutes
until failure occurs.

Temperature (°F)

194
255
260
265
270
300
350
400
450
475

then continue at a rate of 5° F per minute



. A. Cable g§rounding shelf

B. Steel bar or C type channel to simulate cable tray rung (approxi-ate?_

dimensions 1" wide by 5/8" deep)
C. vClbIe |
D. Weight

E. Air stream shield

Diagram Number 1 -

034053.02



034053.02

cable -

dV) - load

Cables shall be wired in such a manner that the individual
conductors of the cable are energized simultaneocusly at the
voltage stated in step 1 of the procedure. .

All shielded cables shall have the shield grounded.

Circuits should be monitored for shorts from conductor to
ground, conductor to condyctor, or conductor to shield.

The above drividg is intended to show a typical ietup.

Detailed connection diagrams sball be furnished with the
Test Documentation.

Disgram Number 2
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333 PFINGSTEN ROAD - NORTHRROUP 111 1NOLS 60062

oY T 1 | - _ v
- _ _ U L UN DERWRITERS LA H ORATORIES IN C: a

an independent, not-for-profit organization testin g for public safety

April 18, 1984 . E,EB 84 04 20 00] |

'3M Company

Mr. Richkard Licht , ‘ 4;4&5/0/
207-1S 3M Center o _7¢¢b¢¢;),el%4uﬁg

St. Paul, MN 55144

532477

—~————

_our [Reference: R10125, 82NK21937

AMR2084 | : . . N
’ Subjlect: Fire Endurance Test Of Conduit Protective Sy ' 1.«
“T%;::.n‘#fﬁzf} .

Z‘af T Weay Mr. Licht:

' KRR , [ . . ’
;Z%%;:zéa-?Thi§vis~to confirm that, on March 13, 1984, a fire e: ’1ranc. bt
-J.:onduit protective systems was conducted at the 3M Compa': =
s w7 —fa jlity in St. Paul, Minnesota. The test was witnes:tad by =

er of the engineering staff of Underwriters Labor.:torie 1.

"ELEC ENGR ,

conduit protective systems were included in thr “arch ° ,
fire endurance test. One of the counduit protect:ive Sy VT
fon=istcd of a nominal 3/4 in. diameter rigid steel ¢ - uit '
—vwragred with five layers of 3M Company Type M2CA intur -scer 1 st .
X ' :otther conduit protective system consisted of & rnominal 3 |
[Wik [ $ieneter rigid steel conduit wrapped with threc lavers of

P _AUNSCompany Type M20A intumescent mat. The third conduit -
,P:b Ctive system consisted of a nominal 2 in. diamet >y ric¢’
steel conduit wrapped with five layers of 3M Company lype M " ?
intumescent mat. - '

The nominal 3/4 in. and 2 in. diameter rigid steel conduits -« -h
contained a single 2/C-No. 16 AWG cable. The insulation or. ! -
copper cable conductors was cross-linked polyethylenc (¥LIL:.
The fillers within the cable construction were polyester st .iuis.
‘The conductors and filiers were wrapped with a polyestir fi-. .n<
;coéered with a neoprene jacket. - The outside diameter of th.
‘cable was 0.345 in.  The cable jacket was marked "Z/C 16 An
ROCKBESTOS R XLPE/NEO 600 v." ' o -

The nominal 3 in. diameter rigid steel conduit contained .. -
séventeen 2/C-No. 16 AWG cables. ‘Twelve of the cables were ¢
the same type used in the nominal 3/4 in. and 2 in. diamete:
conduits. The remaining five cables each contuined two XLIT.
insulated copper conductors and an uninsulated No. 18 AWG -

grounding conductor. The fillers within the cable corstruc-+-n

‘ | ‘ : ‘4771#‘

Look For The ® Listing or Classification Mark On The Product

Phone: (371 272.8800 Totar  72.43%8 Cables 1IN Neenbinok I Interralicng) Teine Mo 4240773
v
i .
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R10125 ‘
April 18, 1984
Page 2 :

were polyester strands. The conductors ana fillers were wraprpid
with aluminum foil, glass fiber fabric and a mylar film and
covered with a neoprenc jacket. The outside diameter of the
cable was 0.340 in. The cable jacket was marked "BRAND REX 1VhH
81K5-828072 MS-WVA 2/C #16 AWG 600 V."

The temperatures of the conduit and cable in each of the three
conduit protective systems were measured with twenty-one
thermocouples located as shown on the attached ILL. 1.

Each conductor of each cable was energized with a dc voltagc and
monitored for electrical faults on an electrical fault monitor
panel. The electrical fault monitoring circuitry is shown
schematically on the attached ILL. 2.

The conduit protective systems were subjected to a 1 h fire
endurance test with the furnace temperatures controlled in
accordance with the standard time-temperature curve outlined in
‘the Standard, Fire Tests Of Building Construction And Materials,
UL 263 (ASTM E119, NFPA No. 251), and as shown in the follo ing
table: - :

AVERAGE FURMNACE TEMPERATURE -

ASTHM L119

Test Time, Standard Time- : Pverage Fu'nrace
min Temperature Curve Temperature
0 ‘ 68 °F o ~ 33 °F
10 1300 °F - 1319. °v
20 1462 °F ' 1534 °or
30 ' 1550 °F » 1524 °F
40 ' 1613 °F . 1590 °f
. 50 1661 °F g - 1653 °r
. 60 170C °F . 1691 °F

After 1 min of fire eéxposure, smoke and steam began issuing from
the ends of the conduit protective systems which protruded frem
the test furnace. The smoking and stcaming continued throuclout
the fire endurance test. ‘At 58 min, the light emitting

diodes (LED's) associated with the conductors and ground of ‘he
2/C-No. 16 AWG cables in the nominal 3 in. diameter conduit
protective system commenced glowing dimly. The furnace fire war
extinguished at 60 min, at which time only the LED's associated
with the nominal 3 in. diameter conduit system were illuminated.
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The temperatures measured by the various thermocouples during the
test were recorded at 1 min intervals using an automatic data
logger. These temperatures are shown on the attached ILLS. 3
through 14 and are summarized in the following tables:

TEMPERATURE DATA SUMMARY

NOMINAL 3/4 IN. DIAMETER RIGID STEEL CONDUIT
CONTAINING ONE 2/C-NO. 16 AWG CABLE (17.5 PERCENT
CABLE FILL) AND WRAPPED WITH FIVE LAYERS OF
3M COMPANY TYPE M20A INTUMESCENT MAT

Maximum
A Maximum Individual
Average Individual Conduit 2/C-No. 16 AWG
Test Conduit Conduit Temperature Cable '
Time, Temperature, Temperature, Rise, Temperature,
min °F °F ' °F °F
0 46 47 ' 0 41
10 46 48 1 _ 40
20 . 174 201 154 112
30 216 . 240 193 184
40 254 286 239 209
50 427 450 403 _ 323
60 603 _ 625 578 , 511

NOMINAL 2 IN. DIAMETER RIGID STEEL CONDUIT
CONTAINING ONE 2/C-NO. 16 AWG CABLE (4.5 PERCENT
CABLE FILL) AND WRAPPED WITH FIVE LAYERS OF
3M COMPANY TYPE M20A INTUMESCENT MAT

_ Maximum
: Maximum Individual '
Average Individual " Conduit 2/C-No. 16. AuG
Test Conduit Conduit . Temperature Cable
Time, Temperature, Temperature, Rise, Temperature,
min " °F °F °F : °F =
0 49 51 _ 0 : 51
- 10 50 ‘ 54 3 50
20 100 182 131 54
30 180 209 158 147
40 225 246 195 201
50 - 306 323 272 248

60 435 461 410 ) 358
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NOMINAL 3 IN. DIAMETER RIGID STEEL CONDUIT
CONTAINING SEVENTEEN 2/C-NO. 16 AWG CABLE (21.3 PERCENT
CABLE FILL) AND WRAPPED WITH THREE LAYERS OF
3M COMPANY TYPE M20A INTUMESCENT MAT

Maximum
Maximum Individual .

— Average Individual Conduit 2/C-No. 16 AWG
Test - Conduit . Conduit Temperature Cable
Time, Temperature, - Temperature, Rise, Temperature,
min. °F °F °F °F

0 44 46 0 45
10 81 S 92 _ 46 57

20 165 197 151 117

‘30 330 348 302 223

40 439 454 408 337

50 - 536 549 503 444

60 635 648 602 566

Immediately following the fire endurance test, the electrical
cables were removed from each of the three conduit protective

- Systems and were allowed to cool. The neoprene jacket on the
Brand Rex 2/C-No. 16 AWG cables from the nominal 3 in. diameter
conduit protective system contained numerous small cracks, but
the jacket remained pliable. Beneath the jacket, the mylar film
had disappeared and the glass fiber fabric and aluminum foil
wraps were discolored. The polyester fillers within the cable
construction were fused. The XLPE insulation on the cable
‘conductors appeared undamaged. Other than discoloration of the
jacketing material and fusing of the polyester fillers, the
Rockbestos 2/C-No. 16 AWG cables from the three conduit
protective systems appeared undamaged.

- Following the fire endurance test, each of the nineteen cables
from the three conduit protective systems were tested for
insulation resistance with an applied voltage of 500 V dc. The

-measured insulation resistance of the 2/C-No. 16 AWG Rockbestcs
cable from the nominal 3/4 in. diameter conduit protective system
was 1000 megohms. The insulation resistance of the remaining
eighteen cables was greater than 1000 megohms.
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As indicated earlier in this letter, the LED's in the electrical
fault monitoring panel associated with the 2/C-No. 16 AWG catles
in the nominal 3 in. diameter conduit protective system comuenced
glowing at 58 min. Based on an analysis of the electrical fault
monitoring Circuitry and based on the results of the insulatizn
resistance tests conducted immediately after the fire endurance
test, it was determined that no electrical faults occurred in any
of the three conduit protective systems during the 1 h fire
endurance test. Rather, the illumination of the LED's at the
conclusion of the fire endurance test was determined to be an
indication of leakage current caused by the temperature effect on
insulation resistance.

The configuration of the test furnace at the 3M Company facility
in St. Paul, Minnesota differs from that of the test furnace at
UL's Northbrook Testing Station which is used for Classification
investigations of electrical circuit protective systems. 1In
order to correlate the fire exposure conditions in the two test
furnaces; one of the three conduit protective systems in the
March 13, 1984 fire test was confiqured to essentially duplicate
a conduit protective system previously tested at UL's Northbreok
Testing Station. Specifically, the nominal 2 in. diameter
conduit protective system described herein essentially duplicated
the nominal 2 in. diameter conduit protective system includcd in
the full-scale assembly tested at UL on December 21, 1984. The
details and results of the December 21, 1984 fire test
investigation are described in Report R10125-1, -2 dated

October 19, 1983,

The maximum individual temperatures measured on the nominal ” in.
diameter rigid steel conduit in the assembly tested at UL o
December 21, 1982 are shown in the following table:

Maximum ' Maximum
. Individual Individual
Test Time, . . Conduit . Conduit
min Temperature, °F Temperature Rise, °F

0 67 : ' 0

10 140 ' - 73

20 208 | 141

30 : ' 205 ‘ 138

40 : 234 : ' 167

50 : 275 o 208

60 _ 383 316
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In order to correlate the severity of fire exposure conditions in

the two test furnaces, the maximum individual temperature rise on
the nominal 2 in. diameter rigid steel conduit in the

December 21, 1982 fire test at UL and in the March 13, 1984 fire
test at 3M were plotted on a graph, as shown on the attached

ILL. 15. The maximum individual temperature rise on the nominal

3/4 in. and 2 .in. diameter rigid steel conduits in the March 13,
1984 fire test at 3M are also depicted on the graph.

As shown on the graph in ILL. 15, the fire exposure conditions
within the 3M Company test furnace during the March 13, 1984 test
were more severe, from the standpoint of heat transfer to the
steel conduits, than those present within the UL test furnace
during the December 21, 1982 fire test. The plotted data
indicates that, for the fire test conducted on March 13, 1984, a
53 min fire endurance test conducted on the 3M Company test
furnace is equivalent to a 60 min fire endurance test conducted

on the UL test furnace at the Northbrook Testing Station.

At 53 min, the maximum individual conduit temperature rise on the

nominal 3/4 in. and 3 in. diameter conduits was 466 °F an

531 °F, respectively. The temperature rise of the cable within
the nominal 3/4 in. and 3 in. diameter conduits at that time was
333 °F and 432 °F, respectively.

The data from the March 13,1984 fire test is being included in
the data base being compiled for the Type M20A mat conduit
protective system. Upon completion of the test work, we will be
revising Electrical Circuit Protective System No. 3 in UL's
Building Materials Directory to incorporate a tabulation of the
layers of Type M20A mat required to attain thermal protection for
various sizes of rigid steel conduit.

As you requested, we are fbrwarding a copy of this letter to

Mr. K. W. Brown at Tennessee Valley Authority in Knoxville,
Tennessee, ' : '

Very truly yours, _ Reviewed by:

OO 27 Byl

JOHNSON : R. M. BERHINIG '
Engineering Associate - - Engineering Gr Leader
Fire Protection Department Fire Protection Department
CJJ/RMB:pr
LETR3

4/20/84 - FWC:WMF
cc: MEDS, W5B63 C-K, w/attachments
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