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...../ November 20,11992-

MEMORANDUM FOR: J Ashok Thadani, Director
__-

.

Division of Systems Safety and Analysis

FROM: Conrad McCracken, Chief-
Plant Systems Branch
Division of Systems Safety and Analysis

SUBJECT: SUMMARY OF NOVEMBER 18, 1992, MEETING BETWEEN NRC STAFF-
AND NUMARC ON FIRE ENDURANCE TESTING /CCE HANCE CRITERIA

NRC staff met with representatives of the Nuclear Utilities Management and
-Resources Council (NUMARC) on November 18, 1992, to discuss the NRC staff's
proposed fire barri_er testing acceptance criteria that had'been presented in
summary form to the Commission on November '13,1992, Enclosure 1 is a list of'
the attendees.

NRC staff provided NUMARC with the proposed criteria (Enclosure 2) .nd
'

solicited technical and programmatic questions from the meeting attendees, -

The NRC staff also discussed the Thermo-Lag combustibility issues and-informed . -/'
NUMARC of plans to issue an information notice on the results of
combustibility tests.

The staff stated that the proposed criteria would be issued through the-normal'
regulatory process, providing an opportunity for public comment. However, if-
any attendees had significant initial comments, the staff requested that-they
be submitted within about two weeks. NUMARC representatives stated that they
plan to provide the NRC with comments on the staff proposed acceptance
criteria within this time period,
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cc w/ enclosures: d

Mr. Bill Rasin- I

Vice_ President & Director
Technical Division
fluclear Utilities Managemont and Resources Council
1776 Eye Street, N.W. Suite 300
Washington, D.C. 20006-2496 _;
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Meetina eftendeel Enclosure-I

Hama - Affiliation;

C. McCracken USNRC
C. Berlinger - USNRC

R. Architzel USNRC
~

P. Gill USNRC
I. Moghissi USNRC

'M Widmann USNRC.

.I. Moghissi USNRC
A. Pal - USNRC. ,

A. Masciantonio USNRC
S. West USNRC

A. Marion - NUMARC

B. Bradley NUMARC
M.' Schreim NUMARC
D. Alemayehu Pacific Nuclear
R. Beller Pacific Nuclear

_ d
P. Lersey? Pacific Nuclear
A.-Cohlmeyor Pacific Nuclear-
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M. Powell Arizonsi-Public Service
'

R. Oehlberg EPRI .
_

F. Ozysz Penn Power & Light';' '
D. Smith Florida Power & Light
C.-Fisher . Florida Power & Light

-R. Allen Union Electric
P. Genter- NIRS
J. MacGregor _Winston & Strawn ,

R. Huston Tennessee Valley Authority ,.
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C. Skinker - Bechtel

'J. Raleigh STS

J. Ste3 hens Miller _ & Chevalier -

R. Licit 3M

T. Dinh' HNUS
P.'Boulden Virgin:a Power

1D. Notley_ SAIC_
D. Perramt sel f-employed

.

V

i

e

<y- a -g . .. % , .~-. ,,y .e-7. . .,,



"
% g.

,
,

.:r
,

.. .

>.

U.S. Nuclear. Regulatory Commission

:

Meeting on

Fire Endurance Test Acceptance Criteria

With the

Nuclear Management and Resources Council'

November 19,1992 -

.

'

+ . ,
__

.



-

1o . .

FIRE BARRIER TESTING ~ ~

mms- -
.

ACCEPTANCE CRITERIA ~

!
~

.

:
:

;.

_

' " ' " *
FIRE TEST HOSE - BARRIER'

<

ASTM-E119 STREAM
'

CONDITION !
> >

> 325 F

'

< 325 F _ |,

. HOSE BARRIER% ; VISUAL INSP
,,

; . STREAM CONDITION CABLES
i ;

NOT OK OK >

! HOSE BARRIER' *

! STREAM CONDITION
'

NOT OK

NOT OK

c ,

FIRE BARRIER DEVIATION CONDITION RATED FIRE. q
, ,

! il BARRIER 1
;

~
.

j. ENGINEERING. EVALUATION q
DEMONSTRATE: FUNCTIONALITY NRC REVIEW a;.

:
i

| 4 .

.- ... .- . . .



.. .
- _ _ _ _ _ _ _ ___ _ _ ___ _ _-._ _-.

.

'

,

PROPOSED
.

*
SUMMARY OF PROPOSED FIRE ENDVRANCE TESTING CRITERIA

FOR FIRE BARRIER 5 SYSTEMS USED TO SEPARATE
SAFE SHU100WN FUNCTIONS WITHIN THE SAME FIRE AREA

PROPOSED CRITERIA PREVIOUS CRITERIA RATIONAL FOR CHANGE

Temperature, as Temperature, as Temperature - Difficult
measured on the measured on the to measure a uniform
external surface of the unexposed side of the temperature on 'he fire
Raceway, should not fira barrier material, barrier material
exceed 325 F (Note 1), should not exceed 325"F. surface. Raceway temps

provide good indication
This temperature is of internal temp-rise
determined by averaging and potential barrier
temperature readings of failure locations
similar series of during the test.
thermocouple (e.g.,
cable tray side rail).

(Note 2)

Barrier Condition - Barrier Condition - The Barrier Condition -
d Raceway fire barrier barrier shall have Cotton waste has not

shall remain intact. No withstood the fire and been used in raceway
visible signs of hose stream test fire barrier testing as
conductor or raceway without the p3sscge of an indicator of barrier
after fire and hose flame or hot gasses hot failure. Visual
stream test. enough to ignite cotton inspection process

waste, provider a better
indication of barrier '

condition after the
fire and hose stream
test.

Hose Stream testing is Hose Stream testing is Hose Stream - To
required. (solid strean , required. (solid stream reflect alternative
test as required by test as required by methods found
NFPA 251 on second test NFPA 251) acceptable (Note 3),
specimen after being The use of a fog nozzle
subjected to a fire for the hose stream at
exposure of 1/2 the end of a full
duration (Note 4) or a duration of the fire
fog stream after the test provides a good
full fire exposure.) method for testing

erosion and cooling
effects.
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PROPOSED CRITERIA PREVIOUS CRITERIA RATIONAL FOR PHANGE

Cable condition - If Cable condition - No Cable condition - The
the above temperature consideration given to objective of these fire.
limit is exceeded, the determining the barriers is to assure
cable condition must be material condition of that thermal damage to
visually inspected. the cable, protected safe shutdown
Cables when inspected cables or components
should show no signs of does not occur.
degraded conditions
resulting from the
thermal affects of the
fire exposure,

GUIDANCE - ENGINEERING EVALVA110NS JUSilYING DEVIAll0NS FROM THE FIRE BARRIER
ACCEPTANCE CRITERIA

Functionality is needed Functionality N- Functionality is
to be demonstrated if guidance provideo p considered to be a
the preceding criteria to licensees to deviation from the
are exceeded (Note 5), demonstrate by acceptance criteria and

engineering analysis, must be justified on a
. Recommended method Analysis kept on file case-by-case basis

i,cludes: for NRC review. which includes an
i Engineering analysis assessment of cable

- Megger test generally based on jacket material.

- Hi-Pot test (60%) internal temperature
below the ignition

Demonstration of temperature. No
functionality should consideration given
also cc- ider operating cable operating
temperature of the temperatures within the
cables inside the fire barrier at the onset of
barrier at the onset of the fire exposu.e.
the fire exposure.

Combustibility of a fire barrier system should be demonstrated by testing to
ASIM-E136. Certain applications of fire barriers materials (e.g., radiant
energy heat shield inside containment) are required by Appendix R to be non-
combustible.

Note 1 - The 325 F temperature condition was established by allowing the
internal temperature on the raceway surface to rise a maximum of 250 F above
ambient laboratory air temperature, assumed to be 75 F, during the fire test,

hate 2 - NFPA 251/ ASTM-E119 allows the temperature condition to be determined
by averaging the thermocouple readings. The conditions of acceptance are also
placed on the temperature conditions measured by a single thermocouple. Under
these conditions of acceptance, if any single thermocouple exceeds 30% above
the maximum allowable temperature rise (i.e., max, allowable 250 F + 75'F =
325 F) the test is considered to have exceeded the criteria temperature limit.
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Note 3-|$RP9.5.1recognizestheuseofafogstreamasan-alternativehose-

stream testing method for qualifying fire barrier-penetration seals,

Note 4 - The application of this' hose stream test method provides assurance ;

, - that the fire barrier system has sufficient structural-integrityEto resist
fire related barrier-breaches. caused by falling objects,.

Note 5 - A fire barrier system which does not meet the performance conditions
of the fire endurance acceptance criteria is considered not to be a-rated fire '

barrier. For those performance conditions (i.e., high raceway temperature,
barrier openings, water projection, cable damage) which deviate from this
acceptance criteria, an engineering analysis which clearly demonstrates the
functionality of the protected component or cables can be submitted to the
staff for review, These deviations will be evaluated by the staff on a case-

: by-case basis,
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PROPOSED POSITION - November 19. 1992

FIRE ENDURANCE TEST ACCEPTANCE CRITERIA FOR
FIRE BARRIER SYSTEMS USED TO SEPARATE SAFE SHVTDOWN FUNCTIONS

WITHIN THE SAME FIRE AREA
'

1. BACKGROUND

in 1975. Se Browns Ferry Nuclear power plant experienced a serious electrical
cable ' *e. This fire had a significant impact on the operators response
to the e from a safety perspective. The= fire caused spurious-
instrumentation indications and affected the control of sever,al safety
systems. As a result of this fire, the NRC issued the following fire
protection guidelines and regulations concerning fire protection programs at
nuclear power plants:

May 1. 1976 Branch ' Technical Position (APCSB) 9.5-1, " Fire
Protection Program."

february 24, 1977 Appendix A to Branch Technical Position APCSB
9.5-1, " Guidelines for Fire Protection for

- Nuclear Power Plants Docketed Prior to July 1,
1976."

February 19, 1981 10 CFR 50.48, " Fire protection."

February 19, 1981 Appendix R to 10 CFR 50, " Fire Protection
Program for Nuclear Power Facilities Operating
Prior to January 1979 "

July 1981 NUREG-0800, Standard Review Plan (SRP), 9.5.1,
" Fire Protection for Nuclear Power Plants."

In addition to the above fire protection guidance and regulations the NRC, in,

an ef fort to clarify its fire protection requirements to the industry, issued
Generic Letter (GL) 81-12 " Fire Protection Rule (45 FR 76602,
November 19, 1980)," February 20,1981; GL 83-33, "NRC P'sition on Certain
Requirements of Appendix R to 10 CFR 50," October 19, ;; and GL 86-10,
" Implementation of Fire Protection Requirements," Apr'.. 24, 1986. GL 86-10,
which took precedence over previous staff guidance, provided staff
interpretations to Appendix R and answers to industry questions relatirg to,

the implementation of Appendix R. The NRC, in an effort to give the licensees
.more flexibility to make changes to their plant specific fire protection
program, issued GL 88-12, " Removal of Fire Protection Requirements From

i Technical Specifications." Through the implementation and the adoption of a
| standard license conditio- a licensee can make changes which do not adversely
E affect a plant ability to''chieve and_ maintain post-fire safe shutdown to
' their fire protection program in accordance with 10 CFR-50.59.

The aforementioned NRC documents provided the industry with NRC staff guidance
concerning fire barriers separating plant fire areas, including-the fire

| resistance (endurance) ratings for these barriers and the qualification ~

l
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testing that establishes their fire resistance ratings, in addition, these

documents provided guidance on combustibility of structural materials and the
testing required to demonstrate low flame spread properties.

The following sections of this document provide the objective for providing
safe shutdown related fire barriers in nuclear power plants, definition of
fire protection terms related to fire barriers, and the NRC's fire endurance
testing acceptance criteria for fire barriers used to separate safe shutdown
functions within the same fire area.

11. OBJECllVE Of flRE BARRIERS USED TO SEPARATE SAFE SHUTDOWil FUf4CT10f45 _

WITHlu 1HE SAME FIRE AREA
:

fire rated barriers are used in nuclear power plants to provide fire area
'separation between redundant safety related components and safe shutdown

functions. They provide fire resistan'ce protection, as required by
Appendix R', to one safe shutdown train in those fire areas which contain
both trains. The objective of the safe shutdown related Appendix R fire
barrier is to ensure that a safe shutdown train is conservatively protected
from fire-related thermal damage. The necessity for these fire barriers has
been verified by n1ultiple PRAs. These PRAs indicate, even with these fire
barriers installed, fires provide a Yajor contribution to core melt
probab il i t ie s .

It is the position of the Plant Systems Branch that fire endurance ratings of
building construction and materials are demonstrated by testing fire barrier
assemblies in accordance with the provisions of the aoplicable sections of
NFPA 251, " Standard Methods of Fire Tests of Building Construction and
Materials," and ASTM E-119, " Fire Test of Building Construction and
Mat eri al s . " Assemblies which pass specified occaptance criteria (e.g., _

standard time-temperature fire endurance exposure, uraxposed sidc temperature
rise, and huse stream impingement) are considered to have a specific fire
resistance rating.

Enclosure 1 to GL 86-10, Interpretations of Appendix R, provided additional
guidance with respect to the term " free from fire damage." interpretation 3,
" Fire Damage," states, "In promulgating Appendix R, the Commission has
provided methods acceptable for assuring that necessary structures, systems,
and components are free from fire damage (see Section Ill.G.2a, b, ar.d ci,
that is, the structure, system or component under consideration is capable of
performing its intended function during and af ter the postulated fire, as
reeded."

,

' for advanced reactor designs, redundant safe shutdown functions are
required to be located in separate 3-hour fire areas.

-2-
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PROPOSED POSITION - November 19. 1992

GL 86-10, Question 3.2.1, also stated that "The resulting 325 'F cold side
temperature criterion is used for cable tray wraps because they perform a fire
barrier function to preserve the cables free from fire aamage. It is clear ,

that cable that b1 gins to dearade at 450 'F is free from fire damage at
325 'F." (Emphasis added.) In addition, the staff's response stated that
"for newly identified conduit and cable trays requiring such wrapping new
materials which meet the 325 'F crit'e'rion should be used, or justification
should be provided for the.use of material which does not meet-the 325 'F
criterion. This may be based on an analysis demonstrating that the maximum
recorded temperature is sufficient 1v below the cable insulation ignition
temperature." -(Emphasis added.-)

The basic premise of the NRC fire resistance criteria is that fire barriers
which do not exceed 325 'F (163 *C) cold side temperature and pass the hose
stream test provide adequate assurance that the shutdown capability is
protected without further analyses. If the temperatu' criteria is exceeded,
sufficient additional information is needed to perfo s an engineering
evaluation to demonstrate that the shutdown capability is protected.

^

111. DEFINITIONS

In order to support the understanding of the_ technical terms used throughout
this document, the following definitions are provided. (These terms and
definitions are consistent with those used in NUREG 0800, SRP 9.5.1, " Fire
Protection for Nuclear Power Plants.")

tmproved - tested md accepted for a specific purpose or application by a
nationally recognized testing laboratory.,

CombAstible Material - Material that does not meet the definition of non-
combustible.

Fire Barrier - Those components of construction (walls, floors and their
supports), including beams, joists, columns, penetration seals or closures,
fire doors, and fire dampers that are rated by approving _ laboratories-in hours
of resistance to fire and are used to prevent the spread of fire.

Raceway Fire Barrier - Non-bearing partition type envelope system installed
around electrical components and cabling that are rated by approving
laboratories in hours of resistance to ' ire and are used to maintain safe
shutdown functions free from fire dame <

Fire Resistance Rating --Tht: time that ,aterials of test assemblies have '

withstood a fire exposure as established in accordance with the test
procedures of " Standard Methods of Fi.re Tests of Building Construction and
Materials," (NFPA 251).

-3-
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thrgo-busLitdtMethl - (a) Material which in the form in which it is used
and und<fr the conditions anticipated, will not ignite, burn, support

> a astion, or release flammable vapors when subjected to fire or heat; (b)
M..erial having a structural base of noncombustible material, with a surf acing
not over 1/8-inch thick that has a flame sp" cad rating of not higher than 50
when neasured using ASTM L-84 lest " Surface Burning Charbcteristics of
Buildirg Materials." (flote - There i.s an exception to itis definition as
defined by BlP Appendix A, Position D. 1. d. This position allows the use of
coibustible interior finishes when listed by a nationally recognized testing
laboratory, such as factory Mutual or Underwriters Laboratories, Inc. for a
flane spread, smoke and fuel contribution of 25 or less in its use
c on f 14u r a t i ofi. )

IV. I1RL Ef4DURAfill iLSTitiG ACCLP1 MICE CR11[RIA FOR flRE BARRllR WALLS,
il00R5, AfiD C[lllf4GS USED 10 S[PARAlf SAff SHU100Wri FUtiC110f45 W11Hlfl THi
SAML F1Rl AR[A

lo denonst ate the adequacy of fire barrier walls, floors, ceilings, and
enclosures, barrier designs should be verified by fire endurance testing. f4RC

fire protection guidance refers to the guidance of lifPA 251 end ASTM E-119 as
acceptable test methods for demonstrating fire endurance performance,

lhe following are the fire endurance testing acceptance criteria for the
subject fire barriers:

The fire barrier design hes withstood the fire endurance test without
the passage of flame or the ignition of cotton waste on the unexposed
side for a period of time equivalent to the fire resistance rating
required of the barrier;

,

The iemperature levels recorded on the unexf 'ed side of the fire -

barrier are analyzed and demonstrable that tne maximum temperature does
not exceed 250 *I above ambient; snd

The fire barrier remains int act and does not allow projection of water
beyond the unexposed surface Ju' ring the hose stream test. (for
acceptable hose stream test methods and time of appli'ation - See
Section Vll.)

If the aeove criteria are met for five earr 9 r war s, floors, an<1 ceilings
separating safe shutdown functions within the s ue fire area, the barrier is
considered to be acceptable,

f1RC fire protec- n guidance alsu ensures that door and ventilation openings
and penet otions . e properly prot ected. H e guidance requires that these
opening, e protected with fire doors and fire dampers which have been fire
tested and listed Ly a nationally recognized testing laboratory (e.g.,
Underwriters Laboratories or factory Mutual). In addition, the construction

-4-
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and installation techniques for door and ventilation openings and other
penetrations through these fire barriers should be appropriately qualified by ;

fire resistive testing.

The guidance of hfPA 251 and ASTM E-119 should be consulted with regard to
construction, materials, workmanship, and details such as dimensions of parts,
and the size of the specimen (s) to be tested. In addition, NFPA 251 and ASTM
should be consulted with regard to the placement of thermocouples on the
specimen.

V. ELEC1RICAL RACEWAY AND COMPONENT flRE BARRIER SYSTF.MS FOR SEPARATING
SAFE SHU1DOWN IUNCTIONS WITHIN THE SAME flRE AREA

The NRC provided guidance in Appendix A to Branch Technical Position 9.5-1,
position D.3.(d), for cable tray fire barriers. This fire protection guidance
states that the design of fire barriers for horizontal and vertical cable
trays should, as a minimum, meet the requirements of ASTM E-119, " fire Test of
Building Construction and Materials," including hose stream test. On
November 19, 1980, the NRC issued Appendix R to 10 CFR 50. The technical
basis for Section !!!.M " fire Barrie.r Penetration Seal Qualification," states-

that " fire barriers are ' rated' for fire resistance by being exposed to a
' standard test fire.' This standard test fire is defined by the American
Society of Testing and Materials in ASTM E-Il9." In addition, this technical
basis stated that "If specific plant conditions preclude the installation of a
3-hour fire barrier to separate the redundant trains, a 1-hour fire barrier
and ntomatic fire suppression and detection system for each redundant train ,

will be considered the equivalent of a 3-hour barrier."

in 1984 Appendix R workshops held with industry, and later in GL 86-10, the
staff provided guidance related to fire barrier designs for raceways, in
Enclosure 2, Question and Answers, to this GL, Question 3.2.1., " Acceptance
Criteria," the staff provided guidance en the cold side temperature for fire
barrier cable tray wraps. In response to this question the staff stated that
the acceptance criteria contained in Chapter 7 of NTPA 251, " Standard Methods
of fire Tests of Building Ccnstruction and Materials," pertaining to non-
bearing fire barriers was applicable to :able tray fire barrier wraps.
Chapter 5 of NFPA 25) explains the co'nduct of the fire test.

The following is the NFPA 251 acceptance criteria:

- The wall or partition shall have withstood the fire endurance test
without the passage of flame or gases hot enough to ignite cotton
waste, for a period equal 't'o that for which classification is
desired;

- The wall or partition sball have withstood the fire and hose stream
test as specified in Chapter 5, without passage of flame, or gasest

hot enough to ignite cotton waste, or of the hose stiee.m. The ,

1
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assembly shall be considered to have failed the hose stream test if I

an opening develops and permits projection of water from the stream ;

beyond the unexposed surface during the hose stream test; and
'

Transmission of heat through the wall or partition during the fire-

endurance test shall nct have been such as to raise the temperature
on its unexposed surface more than 250 'T (121 'C) above it s initial
t errperat ure.

The staff considers the fire endurance qualification test to be successful if
the following conditions are rnet:

lhe internal temperature of the fire barrier system, as measured on-

theexteriorsurfaceoftheracewayorcomponynt,didnotexceed
250 *f (121 *C) above its initial temperature ;-or

(Staff Guidance: NfpA 251/AsiM-E119 allows this temperature to be
determined by averaging thermocouple temperature readings. for-the
purposes of this criteria, therniocouple averaging can be used
providing similar series of thermocouples-(~ 9., cable tray side
rail) are averaged together to dete mine temperature performance of
the raceway fire barrier sy' stem. In addition, the conditions of
acceptance are also placed on the temperatures measured by a single
thermocouple. Under the conditions of acceptance, if any single
thermocouple exceeds 30 percent of the maximum allowable temperature
rise (i.e., 250 'f + 75 'f 325 'F) the test is considered to have
exceed the criteria tempera,ture limit.)

- Wheretheabovethermallimitsareexceeded,a-visualinspectionof
the of the cables is required. Cables when inspected shall not

# The 325*f temperature condition was established by allowing the
internal temperature on the raceway to rise 250*f above. ambient laboratcry air
temperature, assumed to be 75*f, during the fire test. ,

3 for components, when the temperature criteria.is exceeded, an
.

assessment of component operability at the temperature conditions which would
be experienced by the component during the fire test is required that is, fire
endurance tests which are judged acceptable on the basis of a visual
inspection may not be applied to other components without a specific
evaluation.

''-6-
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show signs of degraded conditions' resulting from the thermal
affects of the fire exposure; and

,

(Staff Guidance: f or those cases where signs of thermal degradation
to the cables is present, it is considered that the fire barrier did
not perform its intended fire resistive fun:. tion. For those
barriers which are not capable of p?rforming their intended
function, a deviation based on demonstrating that the functionality
of thermally degraded cables was maintained and that these cables
would have adequately performed their intended function during and
after a postulated fire exposure may be granted. The attachment to
this proposed position provides a suggested methodology for
demonstrating the functionality of safe shutdown cabling during and ,

after a fire test exposure.)

- The raceway fire barrier system shall have remained intact during
the fire exposure and water hose stream test without developing any
openings tt Mugh which the electrical conductor or raceway is
visible. Section Vil identifies acceptable hose stream test methods
and the time of application.-

The test specimen shall be representative of the construction for which the
fire rating is desired, as to materials, workmanship, and details such as
dimensions of parts, and shall be built under representative conditions.
Raceway fire barrier systems being subjected to qualification fire endurance
testing shtuld be representative of the end use. For example, if it is
intended to install a cable tray fire barrkr system in the plant without
protecting the. cable tray supports, t1En the test program should duplicate
these field conditions, in addition, the fire testing program should bound
the raceway sizes and various configurations for those fire barrier systems
installed in the plant, it should be noted that several- test specimens will be
required in order to qualify various sizes of horizontal _ and vertical runs of
cable trays and conduits, junction boxes and pull boxes, etc. The raceway
design used for testing should be constructed with materials and
configurationt representative of in plant conditions (e.g., mass associated
with typical steel conduit, steel cable trays).

Due to the poor thermal canductivity of cable jacket and insulation material,
measuring cable temperatures is not considered a reliable means for
determining excessive temperature conditions which may occur at any point
along the length of the cable during the fire test, in lieu of-measuring the
unexposed surface temperature of the fire barrier test specimen, methods which

' Examples of thermal cable degradation; jacket swelling, splitting,
cracking, blistered, melted, or discoloration; shield exposed; conductor
insulation exposed, degraded, or discolored; bare copper conductor exposed,

i
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will adequately measure the surface temperature of the raceway (e.g., exterior
of the conduit, side rails of cable trays, bottom and top of cable tray
surf aces, junction box external surfaces) can be considered as equivalent if
the raceway components used to construct the fire test specimen represent
plant specific couponents and configurations. The netal surfaces of the
raceway, under fire test conditions, exhibit good thermal conductivity
properties. Temperatures measured on these surfaces provide a reliable
indication of the actual temperature rise within the fire barrier system.

ANI criteria for testing fire barriers recommends the cable temperatures be
monitored by thermocouples. Industry considers this the proper location for
determining the temperature rise within the raceway fire barrier system.
Since cable jackets have a low thermal conductivity, the actual temperatures
of the cable, indications of barrier failure, and internal fire barrier
temperature rise conditions during the fire exposure are masked. Monitoring
cable temreratures can give indications of low internal fire barrier
temperature conditions during the fire endurance test. Using this temperature
monitoring approach, cable damage can occur without indication of excessive
temperatures on the cables. This linked with no loss of circuit integrity
would give indications of a successful test. The staff considers monitoring-

the cable temperature as the primary means of determining barrier performance
to be nonconservative. As discussed above, temperatures monitored on the
exterior surface of the raceway provide a more representative indication of .

fire barrier performance.

The following are suggested placement of thermocouple on raceway fire barrier
enclosures: '

Conduits - measure the temperature of the conduit by placing the
thermocouples every 6-inches on the conduit surface underneath the fire
barrier material.

P

Cable Trays - measure temperature rise of cable tray by placing the
thermocouples on the exterior surface of the tray side rails underneath
the fire barrier material, in addition to placing thermocouples on the >

side rails, thermocouples shoul'd be attached to two 14 gage bare copper
conductors. The first copper conductor should be installed on the
bottom of the cable tray rungs along the entire length of the cable tray
run.- The second conductor should be installed along the outer top
surf ace of the cables closest to the top and towards the center of the
fire barrier. The bare copper,, wire is more responsive, than cable
jackets, to temperature risc within the fire barrier enclosure. The
temperature changes measured along the bare copper conductors provide
indication of joint failure or material burn through conditions.
Thermocouples should be placed every 6-inches along the cable tray side
rails and along the bare copper conductors.

-8-
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In addition, thermecouples should be placed every 12-inches on the
surface of the outer cables nearest to the raceway and on the surface of |

the cables nearest to the underside of the top of the fire barrier.
;..

lhe tenperature conditions on the raceway during the fire test should be
determined by averaging the temperatures measured by the thermocouples. In
determining the raceway temperatute conditions, the thermocouples measuring
similar fire barrier areas of performance should be averaged together and the
basis of acceptance should be based on these individual averages. The
f ollowing method of averaging should be followed:

butdnits - The thermocouples applied to the outsido metal surface of the
conduit should be averaged together.

Obie _ lam - The thermocouples on the cable tray side rail should be
averaged separately. For example, thermocouples placed on one side rail
should be averaged separately from the other side rail. In addition,

the temperature conditions measured by thermocouples on the bare copper
conductors should be averaged separately.

'

D blei - The thermocouples used to measure individual cable temperatures
should be used for engineering purposes and should not_be used for
evaluating tne performance of the fire barrier system.

for each thermocouple group, the averages should not exceed 250 'f above the
initial +,emperature at the onset of .t.he fire endurance test, in addition, the
temperature of each individual thermocouple should be evaluated. Individual
thertucouple conditions should not exceed the 250 *f limit by 30 percent< .

(75 'F).

VI. HOSE S1 REAM TESilNG

NFPA 251 and ASIM E-119 allow some flexibility in hose stream testing. . The
standards allow the hose stream test to be performed on a duplicate test
specimen subjected to a fire endurance test for a period equal to one-half of
that indicated as the fire resistance rating, but not for more than I hour
(e.g., 30 minute fire exposure to qualify a 1-hour fire rated barrier).

for safe shutdown related fire barrier systems, the staff would find the hose
stream application specified by the NFPA 251 acceptable. NFPA 251 requires
the stream of water to be delivered through a 24-inch (6.4 cm) hose

u discharging through a standard 1%-inc,h (2.9 cm) playpipe nozzle onto the test
| specimen after the fire exposure test. The stream is applied with the nozzle

orifice positioned 20 feet (6.1 meters) away from the center of the test
specimen at a pressure of 30 psi (207 Kpa). The application of the stream is
to all exposed parts of the specimen for a minimum duration of 1 minute for a

,

1-hour barrier and 2) minutes for a 3-hour barrier.I-

..
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As an alternate, the application of the hose stream test on the test specimen
can be performed immediately af ter the completion of the full fire endurance
test period. If this method is used to satisfy the hose stream testing
criteria, the following hose stream applications would be considered
acceptable- '

The stream applied at random to all exposed surfaces of the test-

specimen through a 24-inch (6.4 cm) national standard playpipe with
a 1%-inch (2.9 cm) orifice at a pressure of 30 psi (207 Kpa) at a
distance of 20 feet (6.1 meters) from the saecimen, (Duration of the
hose stream application 1 minute for a 1-lour barrier and 24
minutes for a 3-hour barrier); or

- The stream applied at random to all exposed surfaces of the test
specimen through a 14-inch (8.3 cm) fog nozzle set'at a discharge
angle of 30 degrees with a nozzle pressure of 75 psi (517.5 Kpa) and
a minimum discharge of 75 gpm (284 1pm) with the tip of the nozzle
at a maximum of 5 feet (1.5 meters) from the test specimen.
(Duration of the hose stream application - 5 minutes for both 1-hour
and 3-hour barriers); or-

- The stream applied at random to all exposed surfaces of the test
specimen through 1%-inch (8.3 cm) fog nozzle set at a discharge
angle of 15 degrees with a nozzle pressure of 75 psi (517.5 Kpa) and
a minimum discharge of 75 gpm (284 1pm) with the tip of the nozzle
at a maximum of 10 feet (3 meters) from the test specimen. (Duration
of the hose stream applicat, ion - 5 minutes for both 1-hour and 3-
hour barriers.)

Vll. FIRE BARRIER COMBUSTIBit.lTY

The NRC's fire protection guidelines and requirements establish the need for-
each nuclear power plant to perform 4 plant-specific fire hazard analysis.
The fire hazard analysis should consider the potential for in-situ and
transient fire hazards and combustibles. With respect to building materials
(e.g., cable insulation and jackets, plastics, thermal insulation, fire
barrier materials), the combustibility, ease of ignition, and flame spread
over the surface of a material should be considered by the fire hazards
analysis. One method of determining combustibility is by subjecting a sample
of the fire barrier material _to a small scale vertical tube furnace as
d 3cribed by ASTM E-136. The flashover ignition temperature, as determined by
ASTM-D1929, and the flame spread characteristics, as determined by AS1M E-84,
of the fire barrier material should be evaluated, The potential heat release
of the material should also be determined and factored into the fire hazard:.
analysis. The heat release of the material can be determined by testing to
the provisions of ASTM D-3286 or NFPA 259.

'.10
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T'rt barrier materials used as radiant energy heat shields inside containment
and used to achieve a combustible free zone are required to be noncombustible
as defined in Section 111.

Vll). REFERENCES

I
{{glea r Reggl.010r_y Commi s siof)

1. May 1, 1976 Branch Technical Position (APCSB) 9.5-1, " fire
Protection Program."

2. february 24, 1977 Appendix A to the Branch Technical Position
APCSB 9.5-1, * Guidelines for fire Protection for
Nuclear Power Pitnts Docketed Prior to. July 1

,

1976."

3. february 19, 1981 10 CFR 50.48. " Fire protection."
.

4. february 19, 1981 Appendix R to 10 CFR 50, " fire Protection for
,

Nuclear Power Plants."

5. february 20, 1981 " Staff Position - Safe Shutdown Capability," '

(Generic Letter 81-12)

6. July 1981 NUREG - 0800, Standard Review Plan (SRP), 9.5.1,
" fire Protection for Nuclear Power Plants."

7. October 19, 1983 "NRC Positions on Certain Requirements of
Appendix R to 10 CFR 50," (Generic Letter 83-33)

8. April 24, 1986 " Implementation of fire Protection
Requirements," (Generic letter 86-10)

Merican Society for Tettina and Materials (ASTM)

1. ASTM E-84 Test " Surface Burning Characteristics of Building Materials."

2, ASTM E-Il9, " fire Test of Buildin9 Construction and Materials."

3. ASTM E-136, " Behavior of Mater.i.als in a vertical Tuoe furnace at 750'C."

4. ASTM D-1929, " Test Method for 19nition Properties of Plastics."

5, ASTM D-3286, "lest Method for Gross Calorific Value of Solid fuel by the
isothermal-Jacket Bomb-Calorimeter."

-11-

. - - -- - _ . . - .- -



. . _ _ - .

4
.. ,

. e

,

.

'

PROPOSED POSITION - November 19. 1992

American Ngglear Insurers (A41) ,

1. July 1979, ANI Information Bulletin No. 5 (79) test criteria for " Fire
Endurance Protective Envelope Systems for Class IE Electrical Circuits."

National Fire Protection Association (NFPA)

Materials.,' Standard Methods of Fire Tests of Building Construction and
NFPA 251, '1.

2. NFPA 259, * Standard Test Method for Potential Heat of Building ;

Materials"
,

,

G

[ CRITERIA.009)

. .

t

.

L

e 4

-12-

!

_ . _ . . - - ___ _ _ _ _ _ _ _ _



- .

'
.

,

|
'

.

.

PROPOSED POSllipF - Nqvember 19. 1992*

ATTACHMENT

i

|

ACCEPTABLE METHODS FOR DEMONSTRATING FUNCTIONAllTY OF I

CABLES PROTECTED BY RACEWAY flRE BARRIER SYSTEMS :

DURING AND AF1ER flRE ENDURANCE TEST EXPOSURE
<

a. 11HR00VGLQ1{

1he NRC considers fire barrier systems, which do not exceed the
,

acceptance criteria, to provide the level of safety required to meet the '

NRC's fire protection regulations. Based on an engineering assessment
of the conservatism (defense-in-depth) factored into the NRC's fire
protection regulations and guidance, there is reasonable assurance that
sensible heat from the unexposed side of the fire barrier will not be
transmitted to the protected cable. Under such conditions, where the
fire barrier system does not meet the intended fire rating, the margin.
of fire safety is not considered equivalent to-the level required by the
regulations or fire protection guidelines. The licensee, under_these.

conditions, can submit cn engineering analysis to the staff that clearly
demonstrates the functionality of the protected cable (s). This

,

engineering analysis should consider the cable insulation type, actual
voltage and current conditions, cable function, and thermal affects on
the cable and it's ability to function. This evaluation should also
consider cable operating temper.atures within the fire barrier at the
onset of the fire exposure.

b. CABLE CIRCVIT INTEGRITY TESTING '

6111 Criteria

In 1981, American Nuclear Insur'ers (ANI) developed a fire endurance test
'

criteria for raceway fire barrier systems. This criteria, " Fire
Endurance Protective Envelope Systems for Class IE Electrical Circuits,"'
specifies a circuit integrity test. The intent of this test was to
identify the onset of fire damage.to the cables within the raceway fire
barrier test specimen during the fire endurance test' period. The
circuit integrity test voltage is 8 to 10' volts DC,:therefore the loss
of circuit integrity under these voltage conditions may only occur as a
result of a dead short or open circuit.

During actual fire testing conditions of raceway fire barrier systems.
thermal damage to the cables has resulted. This thermal damage has, led
to cable jacket and insulation degradation without the loss of circuit
integrity as monitored using ANI criteria. Since cable voltages used
for AN! circuit integrity testing do not replicate cable operating
voltages, loss of cable insulation conditions can exist during the fire
test without a dead short occur' ring. It is expected if the cables were
at rated power and current a fault would propagate. Therefore, the use

..
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of ANI circuit integrity monitoring during the fire endurance test is
not considered a valid method for demonstrating that the protected
shutdown circuits are capable of performing their required function
during and after the test fire exposure,

c. GMLIBSUL AT10N TESTI@

lhe two principal materials used as cable insulation and ceble jackets
by the nuclear industry are thermoplastics and thermosetting polymeric
materials. A thermoplastic material can be sof tened and resof tened by
heating and reheating. Conversely, thermosetting cable insulation
materials cure by chemical reaction and do not soften when heated.
Under excessive heating thermosetting insulation becomes stiff and
brittie. Electricalfaultsmaybecausedbysofteningandflowingof
thermoplastic insulating materials at temperatures as low as 300 f
(149 'C), lhermosetting electrical conductor insulation materials
usually retain their electrical. properties under short-term exposures to
temperatures as high as 500 *T (260 *C), insulation resistance (Megger)
testing provides an indication of the condition of the cable insulation
resistance, whereas the high potential (Hi-Pot) test provides assurance-

that the cable has sufficient dielectric strength to withstand the
applied rated voltage. A cable insulation failure usually results from
two breakdown modes: one failure mode is excessive dielectric loss
which is due to low insulation resistance, and the other failure mode is
overpotential stress which is due to loss of dielectric strength of the
insulation material.

if megger tests are not performed at frequent intervals during the fire
exposure, indications of insulation damage in insulation may go
undetected. Insulation, when removed from elevated temperatures will
reset. Megger testing of insulated cables after the fire endurance test
and af ter the cable has sufficiently cooled may not detect degradation
in the insulation resistance. .Therefore, wet or dry megger of cables
after a fire exposure does not provide reasonable assurance that the
cables would have functioned as intended during the fire exposure.

To provide reasonable assurance that the cables would have functioned
during and after the fire exposure, megger tests need to be performed
before the fire test, at multi.p,le time intervals during the fire
exposure (i.e, every 20 minutes during the 1-hour fire test and every
hour during the 3-hour fire test) for instrumentation cables only, and
after fire endurance test to assess the cable insulation resistance
icvels. This testing will assure that the cables will maintain
sufficient insulation resistance levels necessary for proper operation
of instruments.

The megger tests (pre-fire, during the fire ( if performed), and
immediately after the fire test conditions) should be done conductor-to-
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conductor f or multi-conductor and conductor-to-ground for all cables.
1he minimum acceptable insulation resistance (IR) value, using the test
voltage values as shown in the table below, is determined by using the
following expression:

IR (Mega-ohms) 2 fif) MegA-ohm p_gr KV) 4 1 1 * 1000 fft) 1
Length (ft)

Additionally, in determining the insulation resistance levels required
for nuclear instrumentation cables, an assessment of the minimum
insulation resistance value (e.g., one mega+ ohm) and its potential
impact on the functionality of these cables should be evaluated,

in addition, an AC or DC high potential (Hi-Pot) test for power cables
greater than 1000 volts should be performed af ter the post-fire megger
tests to assess the dielectric strength. This test provides assurance
that the cable will withstand the applied voltage during and after a
fire. The high potential test should be performed for a five minute,

duration at 60 percent of either 80 volts / mil ac or 240 velts/ mil dc
(e.g., 125 mil conductor insulation thickness x 240 volts dc x 0.6
18.000 volts dc ).

The table below summarizes the pegger and Hi-Pot iest voltages which,
when applied to power, control and instrumentation cables, would
constitute an acceptable cable functionality test.

OPERAllNG MEGGER TEST HIGH POTENTIAL
11El Y.QLTAGES VOLTAGE TEST VOLTAGE

POWER 2 1000 vtc 2500 ydc 60% x 80 V/ mil (ac)
60% x 240 V/ mil (dc)

POWER < 1000 vac 1500 vdc # NONE

INSTRUM[NT $ 250 vdc 500 vdc NONE
AND 5 120 vac

CONTROL

* A megger test valiag? of 1000 vdc will be acceptable provided a Hi-
Pot test is performed after'the megger test for power cables rated at

less than 1000 vac.

d. (AHLLE[MA1_(JPOS_URE THRESHOLD

1he following is a proposed an'ilysis method for evaluating the cable
functionality.

3
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This analysis is based on determining whether a specific insulation
material will maintain the electrical integrity and operability within a
raceway fire barrier system dur.ing and after an external fire exposure,
in order to determine cable functionality, it is necessary to consider
the operating cable temperatures within the fire barrier system at the
onset of the fire exposure and the thermal exposure threshold (TET)
temperature of the cable. For example, if the TET of a specific
thermoplastic cable insulation (Brand X) is 300 'f (149 'C) and the
noimal operating temperature wtthin the fire barrier system is 150 'T
(66 *C), then the maximum temperature rise within the fire barrier
system should not exceed 150 *f (66 'C) during exposure to an external
fire of a duration equal to the required fire resistance rating of the
barrier. For this example the TET limit for Brand X cable is 150 'f
(66 *C) above the cable operating temperatures within the fire barrier
system at the onset of the external fire exposure. Because of the non-
uniformity of cable insulation materials and variations in the
manufacturing process, the cable insulation has inherent weak spots.
Therefore, the cable TET limits in conjunction with a post test visual
cable inspection ar.d the Hi-Pot test described above should readily
demonstrate the functionality of the cable circuit during and after a.

fire.

The cable normal operating temperature can be determined by subjecting
cable specimens installed within a thermal barrier system and loaded at

insulation may be obtained from, TET temperature limits for most cable
rated voltage and current. The

the manufacturer's published data which
is given as the short-circuit rating limit. With the known TET and
normal operating temperature for each thermal barrier system
configuration, the maximum temperature rise limit within a fire barrier
system may then be determined.

Due to poor thermal conductivit'y of cable insulation, measuring cable
'

insulation temperatures is not considered a reliable means for
determining temperature conditions which may occur along the entire
length of the cable during the fire test. However, as an alternate to
measuring the unexposed surface temperature of the fire barrier test
specimen, methods which will adequately measure the surface temperature
of the raceway (e.g., exterior of the conduit, side rails of cable
trays, bottom and tap of cable tray surfaces, junction box external
surfaces) are considered equivalent. The steel surfaces of the raceway,
under fire test conditions, exhibit good thermal conductivity
properties. Temperatures measured on these surfaces provide a reliable
indication of actual temperature rise within the fire barrier system.

.
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