
APPLICANT: Ten ssee Valley Authority

FACILITY: Watts Bar Nuclear Plant, Unit 1 August 30, 1995

SUBJECT: SUMMARY - AUGUST 15, 1995, MEETING WITH TVA TO DISCUSS OPEN
TECHNICAL ISSUES IN THE WATTS BAR UNIT 1 FIRE PROTECTION
PROGRAM (TAC NO. M63648)

REFERENCE: Meeting notice by P. S. Tam, August 4, 1995

On August 15, 1995, Nuclear Regulatory Commission, and Tennessee Valley
Authority (TVA) representatives met at the Nuclear Regulatory Commission
office (Two White Flint North) to discuss open technical issues concerning the
Watts Bar Nuclear Plant (WBN) Unit 1 Fire Protection Program. The list of
participants is shown in Enclosure 1.

The meeting focused on issues addressed in TVA's handout entitled, "Agenda"
(Enclosure 2). The staff, and TVA discussed Enclosure 2. The staff was shown
an example engineering report (Enclosure 3). The staff needs all additional
submittals as soon as possible so that the safety evaluation can be issued by
August 30, 1995. Additional information requested by the staff includes, but
is not limited to, the following:

1. Examples of the engineering analysis which support the qualification
of the typical electric fire barrier penetration seal designs
installed at Watts Bar;

2. The engineering design basis for the charcoal bed automatic fire
suppression systems;

3. Analysis of multiple high impedance faults;

4. Combustibility analysis associated with the 3M fire barrier
materials used to construct the radiant energy shields inside
containment; and

5. The adequacy of the applicants's deviation request from the
Appendix R requirements to provide 20-feet of spacial separation
between redundant shutdown trains which are free of intervening
combustibles. Specifically on 737'-0" elevation of auxiliary
building (Enclosure 4).
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AGENDA

TVA/NRC TECHNICAL MEETING
WBN FIRE PROTECTION PROGRAM

AUGUST 15, 1995

* OPENING REMARKS W. ELLIOTT

* ANALYSIS VOLUME INTERVENING COMBUSTIBLES

* MULTIPLE HIGH IMPEDANCE FAULTS

C. BRUSH

M. BRICKEY

* PENETRATION SEALS J. PIERCE

* OPEN ITEMS W. ELLIOTT

* CLOSING REMARKS W. ELLIOTT
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4.

OPENING REMARKS

* PURPOSE

- Provide information to respond to NRC questions

- Discuss followup inspection needs

* INTERVENING COMBUSTIBLE INFORMATION

* MULTIPLE HIGH IMPEDANCE FAULTS

* PENETRATION SEALS

* DISCUSS OTHER OPEN ITEMS

- Charcoal bed suppression systems

- Instrument air isolation valve access

- Fire Protection Report

- Provide requested information
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ANALYSIS VOLUME (AV) INTERVENING COMBUSTIBLES

* PROVIDE ADDITIONAL INFORMATION

* SINGLE ROOMS

- Bounded by walls that are rated fire barriers

- Assume all cables damaged

- Manual operator actions or wall-to-wall cable protection

* MULTIPLE ROOMS

- Combination of small rooms within a fire area that is bounded by rated barriers

- Assume fire propagation between rooms and all cables damaged

- Manual operator actions or barrier-to-barrier cable protection

* PORTIONS OF LARGE ROOMS

- Separated by >20' buffer zone

- Assume all cables in AV are damaged

- Manual operator actions or AV boundary to AV boundary protection
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ANALYSIS VOLUME (AV) INTERVENING COMBUSTIBLES
(CONTINUED)

APPENDIX R DEVIATION REQUEST FOR INTERVENING COMBUSTIBLES

- Enhanced suppression

- Combustible control zones

- Limited flame spread of cable insulation/jacket material

- Very low combustibility/flame spread of Thermo-Lag

* High ignition temperature - 1000'F
* Low UL 723 flame spread index - 5 on a 0-100 scale

- Dedicated fire brigade

APPROPRIATE OVERLAP AND MARGIN PROVIDED IN WBN DESIGN
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ANALYSIS VOLUME (AV) INTERVENING COMBUSTIBLES
(CONTINUED)

LOCATING FIRES IN LARGE AREAS

- Fire alarm indicates general location

- Rapid investigation

- Dedicated Fire Brigade - thermal imaging camera

- Conduct practice drills using camera
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MULTIPLE HIGH IMPEDANCE FAULTS (MHIFs)

* ASSOCIATED CIRCUITS HIGH IMPEDANCE FAULTS MUST BE ADDRESSED PER
GENERIC LETTER 86-10

- Circuit coordination study to address simultaneous high impedance faults for all associated
circuits located in fire area of concern

- Written procedures developed for clearing faults if they disable shutdown capability

* WBN APPROACH EXPLAINED IN JANUARY 27, 1995, SUBMITTAL

- Analysis considered effect of worst case high impedance fault

- Ensured sufficient margin is available

- Similar to approach approved by NRC for other TVA plants
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MULTIPLE HIGH IMPEDANCE FAULTS (MHIFs)
(CONTINUED)

* SINGLE SUSTAINED HIGH IMPEDANCE FAULT IS VERY IMPROBABLE

- High impedance fault will result in arcing, which will rapidly to develop into a low
impedance fault

- Low impedance fault will rapidly be cleared by the load circuit breaker

* POSTULATED MULTIPLE HIGH IMPEDANCE FAULT IS NON-CREDIBLE EVENT

- Main circuit breaker's long time element requires sustained high impedance fault (in excess
of 18 minutes)

- Not credible to postulate that multiple high impedance faults will exist long enough to trip
main circuit breaker

* CONCLUSION

- WBN considered effects of high impedance faults

- WBN analytical approach conservative and adequate for non-credible event
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PENETRATION SEALS

* PROVIDE PROTECTION EQUIVALENT TO THE FIRE BARRIER

* STANDARD TIME/TEMPERATURE CURVES - ASTM E-119-1983

* HOSE STREAM

- Electrical - IEEE-634-1978, Section 6.1.3 (fog)

- Mechanical - ASTM E-814-1983, Section 10.1.3 (smooth bore)

- No opening that permits propagation of water during the hose stream test

* CLARIFIED DESIGN DOCUMENTATION AND FIRE PROTECTION REPORT

- Documented mechanical seal designs as a 1, 2, or 3 hour "F" or "T" rating

- Documented electrical seal designs as a 1, 2, or 3 hour rating
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PENETRATION SEALS
(CONTINUED)

MECHANICAL PENETRATION SEAL QUALIFICATION REQUIREMENTS

- "F" rating (ASTM E-814-1983, Section 10.1) - no flame through and pass hose stream

- "T" rating (ASTM E-814-1983, Section 10.2) - above plus cold side temperature <3250 F above
ambient (seal surface only)

WBN MECHANICAL PENETRATION SEALS

- <8" - "F" and "T" rating

- >8" - 12" - "F" rating

- >12" - Generic Letter 86-10 evaluations
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PENETRATION SEALS
(CONTINUED)

* LEVEL 1 EVALUATIONS

- Insulated pipes

Fluid filled pipes

- Extended seal depth

* LEVEL 2 EVALUATIONS

- Proximity of in situ combustibles

- Fire protection features

- Safe shutdown equipment proximity
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PENETRATION SEALS
(CONTINUED)

* ELECTRICAL PENETRATION SEALS

- IEEE-634-1978, Section 6.1.1

- No flame through

- Pass hose stream test

- Cold side temperature - maximum of 7000 F or auto-ignition temperature of outer cable
covering, whichever is less

* LIMITING OUTER CABLE COVERING MATERIAL (JACKET)

- Polyvinyl chloride (PVC) - 8500F auto-ignition temperature (IEEE 634-1978)

* ENHANCED JUSTIFICATIONS BEING PROVIDED IN TYPICAL DETAILS

* REPRESENTATIVE SAMPLE OF TYPICAL DETAILS

15
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OPEN ITEMS

* CHARCOAL BED SUPPRESSION SYSTEMS

- Post-accident conditions will not cause charcoal bed fire

- Closed nozzle, dedicated automatic pre-action, fixed pipe water spray systems

* INSTRUMENT AIR ISOLATION VALVE ACCESSIBILITY

- Chain operator for 0-ISV-32-1013 (control air isolation valve)

- Now use 1-FCV-74-16 (RHR HX outlet valve) regulator petcock

* FIRE PROTECTION REPORT

- Undergoing revision to address staff comments and inspection results 0
- Provides additional information (e.g., alternatives to NFPA code guidelines, penetration seal

qualification requirements, application of continuous fire watches, fire safe shutdown
equipment not covered by the Technical Specifications)

* ADDITIONAL INFORMATION TO SUPPORT REVIEW
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CLOSING REMARKS

* ADDRESSED OUTSTANDING ISSUES

* PROVIDED ADDITIONAL INFORMATION

* FOLLOWUP INSPECTION

17
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7.2.7 Typical Seal Detail H1

Detail H1 consists of an unlined lined blockout or cable slot in a
concrete or concrete block barrier penetrated by a cable tray. The
cable tray may or may not extend through the barrier in all cases.
Seal material consists of a 9" minimum depth (and a maximum 12"
depth) of Dow Corning 3-6548 Silicone RTV Foam and 1" of ceramic
fiber damming material on each side of the penetration. The fire
rating of this detail is justified by comparison with the tested
configurations identified as Blockouts 1 and 2 from CTP-1001A.
Blockout 1 tested a 46" x 42" blockout which contained eight (8)
penetrating cable trays. Four (4) of cable trays were 18" x 4"
galvanized solid bottom and the other four (4) were 18" x 4"
galvanized ladder back cable trays. Blockout 2 tested'a 42" x 26"
blockout which contained two (2) penetrating cable trays. One (1) of
cable trays was a 36" x 4" galvanized solid bottom and the other was
a 36" x 4" galvanized ladder back cable tray. Each of these blockout
was sealed with a 10" thickness of Dow Corning 3-6548 Silicone RTV
Foam installed over 1" of ceramic fiber damming board.

A. Barrier Construction/Thickness: The detail requires a minimum
barrier thickness of 1'-0" concrete or concrete block to achieve a 3
hour fire rating and maintain the minimum required seal thickness
inside the plane of the barrier. The tested configuration in CTP-
1001A used a 1'-0" thick solid concrete slab with the entire seal
thickness within the plane of the barrier. Based on this, the typical
detail is expected to perform the same as the tested
configurations.

B. Maximum Opening Size: The detail allows a maximum opening
size of 13.42 ft2 (1932 in2), however the cable slots at WBN are
generally of a much smaller size (5" x 20"). This limitation is
qualified by the 46" x 42" blockout tested in CTP-1001A. The
typical detail is for sealing unlined openings which are directly
supported by the tested configurations. Therefore, the typical
detail is expected to perform similar to the tested configurations.

C. Maximum Free Area: The maximum free area allowed by the
typical detail is 1.75 ft2 (252 in2 ). This is based on the maximum
free area tested in CTP-1001A (6" x 26"). Based on this, the
typical detail is expected to perform the same as the tested
configurations.

D. Number, Size and Type of Penetrants: The penetrants allowed by
the typical detail are single or multiple solid bottom or ladder back
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cable trays up to 36" x 4". This is based on the eight (8) 18" x 4"
cable trays tested in Blockout 1 and the two (2) 36" x 4" cable
trays tested in Blockout 2 of CTP-1001A. Based on this, the
typical detail is expected to perform the same as the tested
configurations.

E. Spacing of Penetrants: The maximum spacing between cable
trays or between a cable tray and the barrier is 6" based on the
spacing tested in CTP-1001A. The minimum spacing allowed
between cable trays is 3" based on a tested configuration with this
clearance between metallic components. Single cable trays
which partially or completely penetrate the barrier are not
restricted by the minimum spacing value based on the ability of
the material to flow around cabling as demonstrated in the tested
configurations. Based on this, the typical detail is expected to
perform the same as the tested configurations.

F. Cable Fill and Tvpe: The cable fill in the tested configurations
varied from 0% to 100% visual fill of polyethylene insulated/ PVC
jacketed (PE/PVC) cabling. ANI guidelines state that PE/PVC
cable is the most combustible type of cabling available and that
the use of PE/PVC cabling in fire testing qualifies the use of any
other type of cable. Therefore, the detail allows up to 100% visual
fill of any type of cable.

G. Seal Material and Depth: The detail requires a minimum 9"
thickness of Dow Corning 3-6548 Silicone RTV Foam. This is
qualified by the 10" thickness of Dow Corning 3-6548 Silicone
RTV Foam tested in CTP-1001A. The justification for allowing the
typical detail to require a 1" less minimum thickness of silicone
foam is based on the typical detail requirement for 1" of ceramic
damming material on each side of the configuration. Tested
configurations only had damming on the exposed side of the
assembly, and based on performance characteristics of ceramic
damming materials, the additional 1" of damming required by the
typical detail is expected to perform better than the extra 1" of
foam in the tested configurations. Based on this, the typical detail
is expected to perform better than the tested configurations.

H. Damming Material and Thickness: The permanent damming
material required by the typical detail is a minimum 1" of ceramic
fiber damming on each side of the barrier. As discussed above in
the Seal Material and Depth section, the tested configurations
only contained damming on the exposed side of the assembly.
Based on this, the typical detail is expected to perform better than
the tested configurations.
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I. Orientation:The detail allows the seal to be installed in either a
wall or floor/ceiling orientation. This is acceptable based on the
fact that the CTP-1001A configurations were tested in a floor
orientation which is accepted as the worst case configuration.
Industry guidance allows configurations tested in the floor/ceiling
orientation to be used as a basis to support wall configurations
provide the assembly is symmetrical. The typical detail requires
permanent damming in a symmetrical configuration regardless of
orientation Based on this, the typical detail is expected to perform
the same as the tested configurations.

Conclusion: Based on the comparisons with tested configurations
and the justifications provided, typical detail Li is considered to be
qualified for a fire endurance rating of 3 hours.
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Figure 7.2.7 - Limiting Parameters for Fire Rated Typical Detail H1

Typical Seal Detail H1 Limiting Parameter
(3 Hour Configuration)

I L_ 1, (MIN) KAOWOOL
FIBER OR KAOWOOIL \
BLANKET

SILICONE RTV FOAM

-- 1" KAOWOOL BOARD

I CABLES

KAOWOOL FIBER

DETAIL H1

ELECTRICAL CABLE TRAY PENETRATION SEAL
WITH OR WITHOUT CABLE TRAY INSIDE BARRIER

FOR UNLINED OPENINGS

REFERENCE DRAWING 45W883-1

A. Barrier Construction /
Thickness

1V-0" (min.) Concrete or Concrete
Block

B. Maximum 1932 in2 unlined opening
Opening Size ___

C. Maximum 252 in2
Free Area

D. Number, Type and Size Multiple Cable Trays up to 36" x 4"
of Penetrants (solid bottom or ladder back type)

6" max.
E. Spacing of 3" min. (applies to spacing

Penetrants between multiple cable trays only)

F. Cable Fill 0% to 100% Visual Fill of WBN
and Type Cabling

9" (min.) Dow Corning 3-6548
G. Seal Material Silicone RTV Foam

and Depth 12" (max.) thickness

H. Damming Material 1" ceramic fiber dammng required
and Depth on each side of assembly

I. Orientation Wall or Floor/Ceiling

Comments: Supported by Fire Test CTP-1001A.

I
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TABLE 7.2.7 - Detail H1 Supporting Fire Tested Configurations

Limiting Fire Test CTP-1001 A CTP-1001 A
Parameters Assembly Blockout 1 Blockout 2

Barrier C s 1 '-0" Concrete 1'-0" Concrete
13.42 ft2 7.58ft

MaxImum pnngSi (46 x 42' blockout,) (42" x 26" blockout,)
1.75 ft 1.08ft

Maximium0 Free Area (6" x 42" blockout) (6" x 26" biockout)

i Maximum S pacing 6" 6"

Minimum Spacing 1" 3"

Number of Penetrants Multiple Multiple

Typ2es and Sizes f (4) 18" x 4" Cable Trays (1) 36" x 4" Cable Tray
Penetrants Solid Bottom Solid Bottom

(4) 18" x 4" Cable Trays (1) 36" x 4" Cable Tray
_______________Ladder Back Ladder Back______________

0 -100% Visual Fill 0 - 100% Visual Fill
Cpwable Fill a Inside Cable Tray Inside Cable Tray .

S 10" (min.) DC Silicone Foam 10" (min.) DC Silicone Foam

D i M a 1" Ceramic Damming Board 1" Ceramic Damming Board
0Thickness; (Exposed Side) (Exposed Side)

Orienation Floor/Ceiling Floor/Ceiling
1) Blockout opening was not 1) Blockout opening was not

Comnslined, lined.
2) This configuration was 2) This configuration was

used to support details A4, used to support details A4,
A4A, B1, G2, H1, and L1. A4A, B1, G2, H1, and L1.
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6.17 Fire Test No. CTP-1001A

Fire Test Number: CTP-1001A

Fire Test Title/Date: Three Hour Fire Qualification Test 10" and 6"
Silicone RTV Foam for Electrical and
Mechanical Penetrations Seals, May 20, 1980

Fire Test Summary: This test report documents the results of a fire test
conducted on 6 penetration seal configurations installed in a single test
slab. Because some of the penetration seal configurations covered by
this fire test were not used to support WBN typical penetration seal
details, the review of this fire test report is limited to those penetration seal
configurations required to support WBN typical seal details. Specifically,
these penetration seal configurations of importance are Blockout 1,
Blockout 2 and Blockout 6. A brief description of each of these
configurations is as follows:

Blockout 1 was a 46" x 42" blockout through the 12" thick concrete
test slab. Within this blockout were eight (8) penetrating cable
trays of various types and cable fills. Penetration 1.1 was an 18" x
4" solid bottom cable tray with 100% visual cable fill. Penetration
1.2 was an 18" x 4" solid bottom cable tray with 50% visual cable
fill. Penetration 1.3 was an 18" x 4" solid bottom cable tray with no
cable fill. Penetration 1.4 was an 18" x 4" solid bottom cable tray
with a single layer of cable fill. Penetration 1.5 was an 18" x 4"
ladder back cable tray with 100% visual cable fill. Penetration 1.6
was an 18" x 4" ladder back cable tray with 50% visual cable fill.
Penetration 1.7 was an 18" x 4" ladder back cable tray with no
cable fill. Penetration 1.8 was an 18" x 4" ladder back cable tray
with a single layer of cable fill. The blockout was sealed with a 10"
depth of Dow Corning 3-6548 Silicone RTV Foam over 1" of
ceraboard damming.

Blockout 2 was a 42" x 26" blockout through the 12" thick concrete
test slab. Within the blockout were two (2) penetrating cable trays.
Penetration 2.1 was a 36" x 4" ladder back cable tray with 100%
visual cable fill. Penetration 2.2 was a 36" x 4" solid bottom cable
tray with 100% visual cable fill. The blockout was sealed with a 10"
depth of Dow Corning 3-6548 Silicone RTV Foam over 1" of
ceraboard damming.
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Blockout 6 tested a 54" x 12" opening with two (2) 6" diameter
conduits, two (2) 3" diameter conduits and a 4" x 4" wireway as
penetrating items. The blockout was sealed with a 6" thickness of
Dow Corning 3-6548 Silicone RTV Foam installed over 1" of
ceramic fiber damming board. The internal wireway seal and
internal conduit seals for all conduits except 6.1 and 6.2 are not
required to support WBN configurations and, therefore, are not
specifically addressed in this fire test review. Conduit 6.1 was a 6
in. diameter conduit with a 100% visual cable fill, filled with a 6"
depth of Dow Corning 3-6548 Silicone RTV Foam and 1 in. of
Aumina-silica damming material. Conduit 6.2 was a 6 in diameter
conduit with a 0% cable fill and 6" depth of Dow Corning 3-6548
Silicone RTV Foam and 1 in. thick of Aluma-silica damming
material.

a. The temperature fixed by the standard time-temperature curve
(defined by Annex Al of ASTM E-814-83 and Appendix Al of IEEE
634-1978) shall be deemed to be the average furnace temperature
obtained from the readings of furnace thermocouples. Per ASTM
E-814-83, use a minimum of three thermocouples, with not fewer
than five thermocouples per 100 ft2 of floor surface, and not fewer
than nine thermocouples per 100 ft2 of wall surface. Per IEEE 634-
1978, use not less than three thermocouples for each cable
penetration fire stop. For both standards, the exposed length of
the pyrometer tube and thermocouple in the furnace chamber shall
not be less than 12 inches. The junction of the thermocouples
shall be placed 12 inches away from the exposed face of the
sample for floors and 6 inches for walls, and shall not touch the
sample during the test as a result of deflection. (ASTM E-814-83,
as described above and IEEE 634-1978, as described above)

10 Yes LI No Li Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. Furnace
temperature was measured by six thermocouples located 12"
below the test slab (Reference section "Test Facility", page 43 of
the test report).

Justification: Not Applicable.

b. The furnace temperatures shall be read at intervals not exceeding
5 minutes during the first two hours, and thereafter the intervals
may be increased to not more than 10 minutes. (ASTM E-814-83
and IEEE 634-1978)
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1z Yes El No O Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The table of
discrete thermocouple readings provided in the test report listed
furnace temperatures every 15 seconds throughout the three (3)
hour fire endurance portion of the test. (Reference pages IV-69
through IV-135 of the test report).

Justification: Not Applicable

c. The accuracy of the furnace control shall be such that the area
under the time-temperature curve, obtained by averaging the
results from the pyrometer readings, is within 10% of the
corresponding area under the standard time-temperature curve for
fire tests of 1 hour or less duration, within 7.5% of the
corresponding area under the standard time-temperature curve for
fire tests greater than 1 hour but no more than 2 hours in duration,
and within 5% of the corresponding area under the standard time-
temperature curve for fire tests exceeding 2 hours in duration.
(ASTM E-814-83 and IEEE 634-1978)

I(l Yes El No El Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The area
under the furnace time-temperature curve was calculated to be
within -0.467% of the standard time-temperature curve (Reference
the calculation and graph provided in Appendix A of this
engineering report for fire test CTP-1001A).

Justification: Not Applicable

d. ASTM E-814-83 requires that temperatures of unexposed surfaces
shall be measured with thermocouples placed under 2" x 2" flexible
pads of a suitable inorganic material. IEEE 634-1978 requires that,
for cable penetration fire stops, temperatures on the penetration
cold side surfaces be measured with thermocouples. (ASTM E-
814-83, as described above and IEEE 634-1978, as described
above)

El Yes El No Z1 Meets Intent (See Justification)

Discussion: Although not explicitly stated in the test report, fire test
CTP-1001A is considered to have satisfied the intent of this review
criteria. Refer to the justification provided below for further
information associated with this item.
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Justification: ASTM E-814-83 requires that thermocouples be
placed under 2" x 2" flexible, dry pads. This method of attachment
protects thermocouples from the possible cooling effects of
unexposed side ambient air temperatures, (e.g., the influence of air
velocity across the unexposed side of the seal assembly). The
method of thermocouple attachment is not described in the text of
Fire Test Report CTP-1001A. However, credit is taken for the
qualification of the testing establishment (Southwest Research
Institute). This is supported by other tests which have been
reviewed (CTP-1 139 and CTP-1076) and performed by the same
testing establishment and at the same location. The method of
thermocouple attachment described in Fire Tests Reports CTP-
1139 and CTP-1076 consisted of covering unexposed surface
thermocouples with flexible, dry, felted mineral fiber pads, 2" x 2" in
size. This method of attachment negates the effects the
unexposed side environment may have on thermocouple readings,
thus providing similar results and serving as an acceptable
alternative to the method described in ASTM E-814-83. Based on
this, fire test CTP-1001A is considered to have satisfied the intent
of this review criteria.

e. For ASTM E-814-83 tests, unexposed side temperatures shall have
been measured at the following locations, as a minimum:

1. On the unexposed surface of the penetration seal assembly.
At least three thermocouples shall have recorded
unexposed side surface temperatures, except where
physical placement of multiple surface thermocouples was
not feasible. In those instances, a single thermocouple may
have been used to record unexposed side surface
temperatures provided that the location of the thermocouple
was such that unexposed side surface temperatures for the
entire penetration seal were represented.

2. On through-penetrating items approximately 1 to 3 inches
above the unexposed side surface of the penetration seal.
At least one thermocouple shall have been used to record
the temperature for each type of through-penetrating item
contained in the test assembly.

IEEE-634 requires that, for cable fire stops, readings shall be taken
at a minimum of three points on the fire stop surface, which shall
include 1) the cable jacket/fire stop interface, 2) the interface
between the fire stop and through metallic components other than
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the insulated cable conductor, and 3) the surface of the fire stop
material.

0 Yes E No l13 Meets Intent (See Justification)

Discussion: The fire test meets the intent of the review criteria.
Blockout 1 had eight (8) thermocouples located on the unexposed
surface of the penetration seal assembly. Blockout 2 had two (2)
thermocouples located on the unexposed seal surface. Blockout 6
had three (3) thermocouples located on the unexposed seal
surface. A total of 24 thermocouples was used to monitor
unexposed side conditions for Blockout 1, while a total of six (6)
thermocouples was used for Blockout 2. (Reference page IV-7
through IV-16 and IV-33 of the fire test report)

Justification: Fire Test Report CTP-1001A, Section 1I1, contains
drawings which depict unexposed side thermocouple locations for
the specimen tested. Thermocouples were located as follows for
all penetrants contained in Blockouts 1 and 2: 1) a thermocouple
was mounted to the penetrating item approximately 2" above the
seal for each of the cable tray penetrants, 2) a thermocouple was
mounted at the interface of the penetrant and the seal material for
each of the cable tray penetrants, and 3) a thermocouple was
mounted directly on top of the seal's unexposed surface in the
vicinity of each cable tray penetrant. Table IV-1 of the test report
indicates that the total number of thermocouples used for
Blockouts 1 and 2 was 30. For Blockout 6, three (3)
thermocouples were mounted on the unexposed surface of the
seal. The five items penetrating the blockout contained a total of
11 thermocouples, located at internal seal surface, interface, and
penetrating item placements. For the internal conduit seal on
conduit 6.1 a thermocouple was located on each the seal-conduit
interface, seal surface and on the penetrating cables. For the
internal conduit seal on conduit 6.2, one thermocouple was located
on the unexposed side field of the seal. Table IV-1 indicates that
the total number of thermocouples used for blockout 6 was 14.
Fire Test Report CTP-1001A therefore satisfies the intent of this
checklist item.

f. Temperature readings shall have been taken at intervals not
exceeding 15 minutes until a reading exceeding 2120F had been
obtained. Thereafter the readings may have been taken more
frequently. (ASTM E-814-83 and IEEE 634-1978)

so Meets Intent (See Justification)1z Yes O1 No
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Discussion: Section IV of Fire Test Report CTP-1001A contains
individual thermocouple reading charts which document the
intervals at which unexposed surface measurements were taken.
Examination of these charts reveals that the maximum time interval
for any thermocouple throughout the 3 hour test duration was 5minutes. The requirements of this checklist item are therefore
satisfied.

Justification: Not Applicable

g. Per ASTM E-814-83 requirements, reports shall includeobservations of significant details of the behavior of the material orconstruction during the test and after the furnace is cut off,
including information on deformation, burning of the specimen or its
component parts, continuance of flaming, and production of smoke.
Per IEEE-634 requirements, data shall be provided as necessary todocument satisfactory compliance. Type test data derived fromtests shall be organized to present the results in an orderly manner
so as to be easily understood and located. Specific types of data,
as listed in the standard, shall be included. (ASTM E-814-83, asdescribed above and IEEE 634-1978, as described above)

IS Yes El No E Meets Intent (See Justification)

Discussion: Observations of significant details are contained onpage 49 of Fire Test Report CTP-1001A. Some of theobservations include a fast rise in furnace temperature, lightsmoke, and the condition of the test specimen after the fireendurance and hose stream tests. The requirements for this
checklist item are therefore satisfied.

Justification: Not Applicable

h. Per ASTM E-814-83 requirements, when the indicated resistance
period is 1 hour or over a correction shall be applied for variation ofthe furnace exposure from the prescribed, where it will affect theclassification. This shall be performed per section 11.2 of ASTM E-814-83 only when furnace control was not in accordance withchecklist item c. above. (ASTM E-814-83)

1i3 Yes El No El Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The furnace
exposure variation from the standard was acceptable therefore thischecklist item is not applicable.
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Justification: Not Applicable

i. ASTM E-814-83 requires that the test specimen shall be actual size
and truly representative of the fire stop for which classification is
desired. Furthermore, the periphery of the fire stop shall not be
closer than 1-1/2 times the thickness of the test assembly or a
minimum of 12" from the furnace edge, whichever is greater. For
cable penetration fire stops, per IEEE-634, the cable penetration
fire stop shall be tested as a complete system. The raceway
mounting and anchoring to the fire stop assembly, the cable
arrangement, including attachment to raceway and the raceway fill,
shall be representative of the actual installed conditions. The
selection of the sizes, construction, and materials of the cables and
cable penetration opening fill to be used in the test shall be
representative of the cables used in the fire stop under actual
installed conditions. Cables may penetrate these openings either
directly without a raceway or within a metallic raceway depending
on the intended installed configuration. Cable penetration fire stops
which are tested in the floor-ceiling position qualify the cable
penetration fire stop for either a floor or wall penetration provided
the fire stop is constructed symmetrically so as to provide equal
resistance to fire from either side. Cable penetration fire stops that
are unsymmetrical with respect to design and location in the wall-
floor may require fire testing on both sides for qualification.

1z Yes El No El Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The process
of reviewing the fire tests to the standard checklist is essential to
establish the validity of the fire tests so that the may be used to
support typical seal detail configuration.

The process of evaluating the test specimen to determine if it is
"truly representative of the fire stop for which classification is
desired" is addressed in Section 7.2 of this report.

Justification: Not Applicable

j. Per ASTM E-814-83 requirements, through-penetrating items shall
be installed so that they extend 12 in. on the exposed side and 36
in. on the unexposed side, unless either or both of these
extensions are not typical of actual field installations. Per IEEE
634-1978, the cable within the penetration or the raceway passing
through the penetration shall protrude 3 to 5 ft. on the unexposed

-A
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side and a minimum of 1 ft. on the exposed side. Vertical cables in
floor penetration tests shall be supported on the unexposed side to
simulate continuous cables in an actual installation. (ASTM E-814-
83, as described above and IEEE 634-1978, as described above)

1I3 Yes E No El Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. All penetrating
items extended 1' on the exposed side of the slab and 3' on the
unexposed side. (Reference page 1-16 of the fire test report)

Justification: Not Applicable

k. The fire endurance test shall be continued on the specimen until
failure occurs, or until the specimen withstands the test conditions
for a period equal to that for which classification is desired. (ASTM
E-814-83 and IEEE 634-1978)

[I9 Yes Dl No El Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The "Post
Test Observations" section of the fire test report (page 50)
indicates that the tested configuration was exposed to a 3 hour fire
test and that the fire did not penetrate Blockouts 1, 2 or 6 nor did
flaming occur on the unexposed side as a result of heat
conduction. Therefore, the test specimen is considered to have
withstood the fire test conditions without failure.

Justification: Not Applicable

I. The hose stream test shall be performed on the test specimen
immediately following the expiration of the fire endurance test.
(ASTM E-814-83 and IEEE 634-1978), or the hose stream test may
be performed on a duplicate test specimen subjected to a reduced
fire exposure period (ASTM E-814-83).

1I3 Yes a No El Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The "Test
Procedure" section of the fire test states that immediately after the
fire test, the test assembly was removed from the furnace and
subjected to the hose stream test.

Justification: Not Applicable
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m. Per ASTM E-814-83 requirements, the stream shall have been
delivered through a 2-1/2 inch hose discharging through a National
Standard Playpipe of corresponding size equipped with a 1-1/8 inch
discharge tip of the standard taper smooth bore pattern without
shoulder at the orifice. The water pressure and duration shall have
been as prescribed in Table 1.

Table 1 - Conditions for Hose Stream Test

Water Pressure at Base Duration of Application
Resistance Period of Nozzle, psi Seconds per ft (M2) of

(kPa) Exposed Area
240 minutes and over if 45 (310) 3.0 (32)
less than 480 min
120 min and over if 30 (210) 1.5 (16)
less than 240 min
90 min and over if less 30 (210) 0.9 (10)
than 120 min
60 min and over if less 30 (210) 0.6 (6)
than 90 min
less than 60 min if 30 (210) 0.6 (6)
desired

For cable penetration fire stops, per IEEE 634-1978, a 1-1/2 inch
hose discharging through a nozzle approved for use on fires in
electrical equipment, producing a long-range-narrow angle (30-900
set at 300 included angle) high velocity spray only shall be used.
The hose stream shall be applied to the exposed side. The water
pressure shall be 75 psi, calculated, at the base of the nozzle and
minimum flow of 75 gpm with a duration of application of 2 1/2 min.
per 100 ft2 of test slab. (ASTM E-814-83, as described above and
IEEE 634-1978, as described above)

0 Yes E No 1II Meets Intent (See Justification)

Discussion: The fire test satisfies the intent of the review criteria.
The test was subjected to a hose stream test per the provisions of
the ANI guidelines section 2.B.2 for a 120 second duration. This
hose stream test method is an acceptable alternative to the WBN
criteria as justified below.

Justification: The hose stream was applied through a 1-1/2"
diameter hose with a nozzle set at a 150 angle. The hose stream
was applied for a 2 minute duration based on the test slab size of 8'
x 10'. The discharge was at a rate of 75 gpm and a distance of 10'.
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The only difference between this test and the IEEE 634-1978
requirements is that in this hose stream a nozzle angle of 150 was
used instead of 300 as required by the review criteria. Using a
nozzle set at a narrower angle results in a more severe exposure
provided that all other settings, such as discharge rate, hose size,
distance from slab and duration remain constant. Since this was
the case, the actual hose stream applied was an acceptable
alternative, and therefore satisfies the intent of the review criteria.

n. Per ASTM E-814-83 requirements, the nozzle orifice shall have
been 20 feet from the center of the exposed surface and shall have
been perpendicular to the test specimen. If otherwise located, the
distance from the center of the exposed surface shall have been
less than 20 feet by an amount equal to 1 foot for each 100 of
deviation from the perpendicular position. For cable penetration
fire stops, per IEEE 634-1978, the nozzle distance shall be 10 ft.
from the center of the exposed surface of the test specimen.
(ASTM E-814-83, as described above and IEEE 634-1978, as
described above)

E9 Yes El No El Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The nozzle
was at a distance of 10' from the test specimen.

Justification: Not Applicable

o. The ambient air temperature at the beginning of the test shall have
been within the range of 500F to 900F, and the velocity of air across
the unexposed surface of the sample shall not exceed 4.4 ft/sec.
(ASTM E-814-83 and IEEE 634-1978)

I[l Yes El No El Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The ambient
airtemperature at the beginning of Fire Test CTP-1001A was 850F.
This temperature is within the specified range and is thereby
acceptable. As for the velocity of air across the unexposed surface
of the test specimen and the use of mechanical ventilation, this test
was conducted at the SwRI fire test facility. Page 43 of Fire Test
Report CTP-1001A states that since the test was conducted
outdoors, a building was erected around the furnace to meet ASTM
E-1 19 standards. Page 43 of the same report further states that
this structure was adequate to prevent excessive air currents over
the unexposed surface of the slab. This provides reasonable
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evidence that Fire Test CTP-1001A was performed in compliance
to this checklist item.

Justification: Not Applicable.

p. Per IEEE 634-1978 requirements, the assembly shall have
withstood the fire endurance test without passage of flame or
gases hot enough to ignite the cable or other fire stop material on
the unexposed side of the penetration for a period equal to that for
which classification is desired. Additionally, transmission of heat
through the fire stop shall not have been such as to raise the
temperature on the unexposed surface above 7000F or the auto-
ignition temperature of the outer cable covering, whichever is lower.
(IEEE 634-1978)

13 Yes [1 No Cl Meets Intent (See Justification)

Discussion: The fire test satisfies this review criteria. The "Post
Test Observations" section of the fire test report (page 50)
indicates that the tested configuration was exposed to a 3 hour fire
test and that the fire did not penetrate Blockouts 1, 2 or 6 nor did
flaming occur on the unexposed side as a result of heat
conduction. The highest temperature recorded for Blockout 1 was
at an interface thermocouple on penetration 1.6 (6480F). The
highest temperature recorded for Blockout 2 was also at an
interface thermocouple, penetration 2.2 (580 0F). The highest
temperature recorded for Blockout 6 was at a surface
thermocouple (2900F). The thermocouples for the internal conduit
seal in conduit 6.1 had a high temperature of (1400F) on the
internal seal unexposed interface with the conduit and the internal
conduit seal in conduit 6.2 had a high temperature of (4460F) on
the internal seal unexposed surface. These values as well as the
temperature of all other thermocouples used for these penetrations
were below the 7000F lirnit.

Justification: Not Applicable

q. Per ASTM E-814-83 requirements for an F rating, the assembly
shall have withstood the fire endurance test without passage of
flame through the opening nor shall there have been any flaming
on the unexposed side of the penetration for a period equal to that
for which classification is desired. Per ASTM E-814-83
requirements for a T rating, the penetration must have successfully
satisfied the F rating criteria. In addition, to obtain a T rating the
transmission of heat through the assembly during the fire
endurance test shall not have been such to raise the temperature
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on any unexposed surface thermocouple more than 3250F above
its initial temperature. (ASTM E-814-83)

O Yes ONo IZlMeets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The internal
conduit seal for conduit 6.2 met the acceptance criteria for an F
rating of 180 minutes and a T rating for 175 minutes. The end point
temperature on the unexposed side of the internal conduit seal was
(4461F) which exceeded the T rating limiting end point temperature
of (415 0F). There was no passage of flaming or smoke at the
internal conduit seal and therefore the criteria for an F rating was
met. With the exception of this spare conduit, blockouts 1, 2 and 6
are considered electrical penetrations and have been evaluated
using the requirements of IEEE 634-1978.

Justification: Not applicable

r. The assembly shall have withstood the hose stream test without
passage of water. The assembly shall have been considered to
have failed if a through opening had developed which permitted a
projection of water beyond the unexposed surface at any time
during the hose stream test. (ASTM E-814-83 and IEEE 634-1978)

81I Yes El No E1 Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. The "Post
Test Observations" section of the test, page 50 of the fire test
report, states that no water projected beyond the unexposed side
of Blockouts 1, 2 and 6 during the hose stream test.

Justification: Not Applicable

s. Per IEEE 634-1978, Individual components of the fire stop system
shall have a flame spread rating of 25 or less as determined by
ASTM E-84. Components to which ASTM E-84 is not applicable
shall be tested in accordance with ASTM D2863 and shall have a
minimum limiting oxygen index of 25. (IEEE 634-1978)

[I9 Yes E1 No a Meets Intent (See Justification)

Discussion: The fire test satisfies the review criteria. As indicated
in Dow Corning product literature, Dow Corning 3-6548 RTV
Silicone Foam (parts A and B) possesses an ASTM E 84-79A
flame spread rating of 15 which is less than the maximum
allowable of 25. The ceraboard and alumina-silica damming
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material is generally accepted as a non-combustible type of

material is generally accepted as a non-combustible type of
damming material.

Justification: Not Applicable
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