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RESEARCH INFORMATION LETTER # 46, "EFFECTIVENESS OF
CABLE TRAY COATING MATERIALS AND BARRIERS IN RETARDIKNG
THE COMBUSTION OF CABLE TRAYS SUBJECTED 10 EXPOSURE

FIRES

ND IN PREVENTING PROPAGATION BETWEEN CABLE TRAYS

(HORIZONTAL OPEN SPACE CONFIGURATION)

‘.

1.0 INTRODUCTION

This memorande i transmits the results of a completed portfon of the

SAND78-0518, “Preliminary Report on Fire Protection

Rescarch Program Fire Retardant Coatings Tests,®

Farch, 1978,

SAND78-1456 (NUREG/CR-0381), "Preliminary Report
on Fire Protectfon Rescarch Program Fire Barriers

and Fire Retardant Coatings Tests," September 1978.

Merorandum from Saul Levine to E. G. Case and
R. B. Minogue, Subject: Rescarch Inforiation
Letter #14 - “Physical ¢ -aration Criterfa for
Electrical Cable Trays ..orizontal Open Space.
onfiguration)," dated November 9, 19717.

'JREG/CR0376, "Models of Horizontal Electric Cables
and Cable Trays Exposed to a Fire Plume," Septenber 7,

1978.

KRC Fire Protection Research
of cable tray fire retardant coating materfals and barriers in

retarding the combustion with

cable trays.
be used to evaluate the relative performance of these protective
moasures. Data were obtafned on the effectiveness of candidate

fire retardant coating materials and barrfer designs that are in
use or are befng considered for nuclcar pover plants,
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sults 4nclude a test method that can
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2.0

3.0

- SUMMARY

The research results support the following conclusfons:

- An acceptable test methodology vas developed for uce in evaluating
fire retardant coating materials and barrier designs with hori-

zontal cable trays.

- There was a significant decrease fn fire damage to the cable 1n
both the fire retardant coating and barrfer tests with cable
qualificd to the 1EEE-383 flame test standard,

- Poreover, with cable qualificd to the 1EFE-383 flame test all
fire coatings tested prevented propagation between trays without
the use of additional barrfers.

- However, fire did propagate between cable trays with one fire
retardant coating using cable not qualified to the 1EEE-383
flame test standard. :

- Fire propagation between cable trays was prevented with all
barrier designs tested with cable not qualificd to the ILLE-383
flame test standard.

- A1l fire retardant coating raterials and barrfers studied offered
some additional protection for the cables in a tray subjected to

the test fires.
BACKGROUND

3.1 Support for Staff Positfons

The specific rescarch upon which this RIL {s based {s outlined
{n the Rescarch Support granch Plan (Enclosure 1) for Fire
Protection Research. The overall Fire Protection program is
based on the rescarch neced identified 1n the research request
sp 77-10 (August 19, 1977), the KRR program support letter
from B. Rusche to H. Kouts dated June 25, 1976, the review of
the Browns Ferry fire, 2s well as through consultation and
formal review with the NRC user groups. The Fire Protection
Research Review Group has been and continues to be the focal
point for both the formulation of the rescarch program and
evaluation of program results that forn the basis of this RIL.
(Related to this is the KRR/RES task force to evaluate the
fipact on the fire protection rescarch program of {ncluding

. full-scale replication tests.)

-
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The specific user vequirement for the research conducted to
date with cable tray fire retardant coatings and barricrs s
based on the nced to provide test data to confimn the guidince
gfven in Appendix A to the Branch Technical Positfon APCSB
9.5.1, "Guidelines for Fire Protection for Nuclear Power
Plants," and 1n the draft Regulatory Guide 1.120, "Fire Pro-
tectfon Guidelines for Nuclear Power Plants,® Regulatory
Guide 1.75 ("Physical Independence of Electrical Systems")
requires only consideration of clectrfcally fnitfated fires
without consideration of any fuel source other than the cable
fnsulation ftself, The staff position for cvaluatfon of the
fire protection capability is that cxposure fires uust be
considered. The type and sfze of the exposure fire are to be
based on & fire hazards analysfs and will vary from plant to
plant and will 21so be different for different locations
within the plant., The tests conducted to date and the conclu-
sions presented in this RIL comprise an assessment of the
effectivencss of cable tray fire retardant coatings and barrfers
in preventing the propagation of cxposure fires in horizontally
oriented cabie trays.

Testing Rationale

Previous exposure fire testing showed that even with cable
qualified to the 1EEE-383 flame test additional protection
beyond the 5-ft (1.5-m) vertical and 3-ft (0.9-m§ horfzontal
separation distance defined fn R.G, 1.75 may be required
betwren redundant safety divisfons. Work was undertaken to
study the effectivenecss of cable tray fire retardant coating
materials and barriers in preventing the spread of fire be-
tween redundant safety divisfons,

Specifically, the scope of this RIL covers evaluation of the
effectiveness of certain cable tray fire retardant coating
materials and cable tray barriers in retarding combustion and
preventing propagation of closely spaced cable trays subject
to exposure fires. .
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f 4.1 Test Conffouratfons
i The test configuratfon sfmulates cables ploced fn the horfzontal
‘¢ open space of a plant vhere the effects of reflected heal fiom
2 X the walls and ceiling ore minfmized. One cnd tuo tray tests
o} = vere conducted cach usfng 18-fnch-wide (0.45-n) open-ladder

i steel cable trays 12-1t i3.7m) long. As uith previous hori-
zontal open space cable tray tests the scparatfon Hetucen

2 trays vas 10.5 fnches (26.7 cn).

n: Fires vere started usfng both propane burners and diesel fuel.

% ! The propane burner fest Tire had previously been shown to be

; of sufficfent fntensity and sfze to consfsiently vesult 4n a

i fully developed fire {n the fgnftfon tray (srD71-1424).

j reasurenents made of the test diesel fuel fire show that it s

' coimparable to the propane burner test fire {n terms of heat

; flux produced 1f the fire surface area end burn times are
similar. Both fgnition sources exposed a 3-ft. (0.9-m) section

L of the cable tray to the flame. Air flow was maintained to

‘ . simulate noial ambient plant afr flow in plant opcn space

¥ areas. A1l tests used cable trays that had a vandom 7111

% pattern with the cable loaded to the top of the side vails.

" This resulted in a cable loading Tess than the maxfium volunetric
£ Yoading of 40% permitted by the Insulated Power Cable Engincering

Rssoctation. Previous tests showed that the random iin
patterns (with minfium fuel density and maximum afr space in a
2 fully loaded cable tray) represented the vorst allowable case
. with regard to combustion and propagation and vas used on all
cable tray coating and barrfer tests, ‘

f&; “ Tests were conducted with cable that was qualified to the
g - : flame test standard of IEEE-383-74 and also with cable that
A could not qualify to this standard,

-, In an effort to obtafn a more basic understanding of the

s ¢ corbustibility of candidate fire retardant coating materials,
R emall-scale furnace tests were conducted on a1l coatfing materials
I used {n the full tray tests, The tests vere conducted using a

! ! 6-1nch-square (15-cm-square) saimple of coated cable.. The test
fx, 8 furnace provided controlled afr flow and radfant heat flux.
A The specfmens were heated 1n a controlled temperature environ-
i, ment 4n the presence of a pilot fgnitfon source and basfc .

pt o corbustibility measurencnts rade to establish the time to

a1 fgnitfon, time to maxirum hLeat release, end cumulative heat

¥ velcase. Radfant heat fluxes sfmilar té those encountercd in
3] i the full trey fgnitfon testing were used (approxirately 4

Pl - gyatts/ar),

L -
- - . v v b N
.
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4.2

The full-scale test used six different §fire retardant coating
materials; five of the six coatings vere eprayed on to the
manufacturers' recommended wet thicknesses. The sixth firve
retardant coating was applied with a trowel fn accordance v:ith
the manufacturer's specificatfon. 1In tdditfon to the cable
tray fire retardant coatfngs, tests vere conducted using colid
bottom cable trays without covers, solid bottom cable trays
with vented covers, cable trays with solid covers (open ladder
bottom), ladder cable trays covered with a ceramic fiber -
blanket, and two open ladder cable trays with a solid fire
barrier between trays. The full-scale testing covered both
one- and two-tray tests. The single tray tests were conducted
to study the degree to which combustion was retarded and the
tvo-tray tests were conducted to study the degree to which
propagation between trays was prevented, (Note: In the two-
tray tests, a barrfer above the upper tray simulated the
boundary of a third tray.) Propane burncrs and diesel fuel
exposure fires were utilized. The propane burncrs were arranged
to provide an exposure fire fdentical to that utilized 1in
prior unprotected cable tray tests, and as in previous testing
the propane burners were used fn S-minute burn cycles with a
thermal barrier above the fgnition tray during the burn perfod.
The dicsel fuel exposure fires were contained in an enclosure
36 fnches by 18 inches (0.9-m x 0.4-m) the same distance below
the tray as the propane burners. Two gallons of fuel were
fgnited to create a fire which burned for about 13 minutes,
(There was no thermal barrfer above the fgnition tray for the
diesel fuel fires.)

Test Specimen Standards

The significance of the research covered by this RIL should be
viewed primarily as the development of a test methodology by
which passive fire protective mcasures can be evaluated. The
tests developed can be performed by supplicers and plant operators
to justify alternate fire retardant coatings and barrfers not
tested by NRC or to demonstrate the effectiveness of those
measures tested by the KRC in situatfons where the design

basis fire fs sfgnificantly different than the test case fires
used {n this research. Furthernore, suppliers of fire retardant
coatfng and barrier materfals may change their products or
recormended practices which may require further verification

of their effect{veness. In conducting this rescarch, currently
accepted desfgn practices and materfals were used vhen available,
In the absence of accepted desfgn practice, supplier reconmendations
were used. With the exception of the solid barrfer betwecen
trays, no NRC test guidance s currently available for any of
the passive fire protective measures evaluated,
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' i 4.3 Test Linftatfons

In cvaluating these or other tests results for the fire vetardant

e coatings and barrfers, partfcular care should be exercised

3. with regard to (1) the thickness of the fire vetardant coating

o materfals used, and (2) the method of {nstallation of the

. ceramic fiber blanket, Mo attempt was made to determine the

» cmount of uncovered blanket or degraded fire vetardant coating

- pach +hat would alter the test results with regard to the propa-

- gatfon of a fire between cable trays, nor vas there ony attempt
to evaluate 4n a quantftative vay the significance of the vent
area in the test of solid bottom trays with vented covers.

v Unrestirfcted use of the coble tray fire vetardant coating test
' results also requires cautfon since there are isany untested
- 2k variables vhich can fnfluence the selectfon of a cable tray
e ~ coating. The following items were not covercd fn the research
' completed thus far:

1 - Ko cvaluatfon has been inade of the aging characteristics
of the fire retardant coating materfals. This topic has a
¥ nuiber of different aspects. There s the possibility of a
& : Yong term reaction of the fire retardant coating material with
v s the cable jacket. There s also the questfon of chemfcal and
oA mechanfcal stability of the fire retardant coating material
TR ftself as it ages. The fire retardant coatings all have

- h different trace materfals and exhibit different mechanical
o properties when cured. The significance of these differences
i vas not evaluated, although vork s planned on the aging of
Fe L fire retardant coating materials.

%, 2 - The rethod of {nstallation of the fire retardant coating

: A requires specific consideration and depends upon the supplier's
ot recoriiended thickness for cable tray application and the
> method of application (f.e., sprayed or troweled). The wet

consistency (which may be affected by shelf 1ife) ray have a
sfgnificant effect on the ability to apply the material evenly.
e+ If the material is sprayed, the spraying equipment may also

Bl play an frportant role in obtaining a uniform layer of coat-
by : fng. The current practice {s to measure the thickness of the
e wet coating material on the top cables., However, depending on
S sl the spraying equiprent used (or trowling technfsue) and the

£ 4 wet consfstency of the materfal, the degree to which the
. coatfng material {s forced down into the tray between cables
3,7 2 will vary. The degree to which the coating materfal can 111
"o the voids fn the cable tray was shown to be an frportant
; varfable affecting the ability of the coated cable trays to
resfst damage from exposure fires. )
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, .3 - No attempt vas rade fn this vescarch to cvaluate coatfngs
' with cqual thickness applications. The research v:as {ntended
: to be conffrmatory of the products befng sold and uith the
: specifications recomnended by the supplier.

Sy COCES R
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4 - The question of fntumescence was not evaluated except as
it affected the effectiveness of the fire retardant coatings
with the fully developed test fires. It is possible that the
properties of a coating could change because of intumescent
. I behavior before it {s exposed to the fntense portion of the
¥ fire. The fire retardant coatings were not evaluated with
regard to their effectiveness fn slowly doveloping fires.
Also the slowly developing fire might also be important for a
} fire redardant coating that depends primarily on the release
of vater and or gas to vetard the conbustion of the ceble,

Ig YVeeR .
e .
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5.0 RESULTS

Prior test data and the RES evaluatfon §n RIL {14 (Ref, ¢3) showed
that the most {mportant factor in determining if a cable tray fire
will develop 1s the spacing between cables within a given tray
since this spacing establishes the air-fuel mixture at the burning X
surface. It was established by measurcment and observation of the
: prior test films that the fire propagatfon from one tray {0 a tray

e above it depended on the collectfon of hot gascous fuel released

et from the cable exposed to fire. Fire propagation occurred by

i {gnition of the gascous fuel above the cable tray to which the fire

: s spreading, with a subsequent spread of the flame down into the

e tray itself.

Subsequent to the writing of RIL £14 this conclusion has been

) verified by additional tests without fire retardant coatings and

s barriers and also during the fire retardant coating and barrier

ke tests at Sandia Laboratories., Furthermore an analytical report

o NUREG/CR-0376 (Ref. #4) "Fodels of Horizontal Electric Cables and

e T Cable Trays Fxposed to a Fire Plume" completed by the Applied
Physics Laboratory (APL) verifies these conclusfons. The APL
rescarch provides mathematical correlation of the experfmental
detormined favorable conditions for the development and propagation

: of fires fn horizontally orfented cable trays. Specifically the

; cquatfon governing mass flux of the flarable gas fndicates that it

| fs roughly Eroportfona1 to the mass flux of fire plume gas from the

A7 1 tray whose bottom side is being heated by the fgnitfon tray. It 1s

o 4 the spacing betwcen cables that enables the fire plume gas to pass .

through the tray and collect above it. ‘
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These experfmenta) and analytical conclusfons verify that the

_Sandfa fire retardant coating and barrfer tests covered vorst cese
.conditfons for horfzontally orfented cable trays fnsofar as the

cable spacfng and loading are concerncd, )
The following speciffc conclusfons can be dravm from the tests and
analysis conducted Ref. (1) end (2):

1 - A1 coating materfals studfed offer some protection cgainst the
test fires; howcver, there was a8 wide range of effectiveness cmong
the coatings {n both their ¢bility to retard combustion vhen
exposed to a fire and in thefr ability to prevent fire propagatfon
from one tray to another. Tuo of the coatings tested (type D and
type E) prevented fgnitfon for six five-minute burn cycles.

2 - With cable qualified to the IEEE-383 flame test standard,

all coatings tested prevented propagation between trays; however -
with one coatfng tested (type C), relatively high cable temperatures
(4n excess of 1000°F) were measured fn the upper tray. With another
coating tested (type A), cable temperaturcs in the upper tray 1n
excess of B800°F were measured. .

3 - l/ith cable not qualified to the JEEE-383 flame test standard,
one of the coatings tested (type C) did not prevent fire propaga-
tfon between trays.

4 - There was good correlatfon of data between (1) the small-scale,
(2) single-tray, (3) two-tray propane burner, and (4) two-tray
diesel fuel fire tests indicating that any of the test procedures
developed as part of this research can be utilized for further
evaluatfon. MHowever, verificatfon of the ability of a cable tray
fire retardant coating or barrier to prevent tray-to-tray propa-
gatfon can only be accomplished with one of the two tray tests
developed. A comparfson of the diesel fuel fire and the propane
burner fire showed that if the surface arca and burn tines of the
fircs are the same the two are very similar with regard to the heat

flux produced,

5 - A1 barrfer designs studied offered some protectfon agafnst the
tost fires. For the tests of propagatfon through barrfers, the
experiments were conducted only with cable that fs not qualified to
the 1EEE-383 flame test standard, and in all cases propagation vas
prevented, .

6 - Hith a1l barrfer desfgns tested with ceble that {s not qualiffed
to the 1FFE-333 flame test, fire did develop fn the fgnitfon tray
{n cither one or two-burn cycles. .

D T R I
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7 - The barrier desfgns ("sol4d bottom no cover" and "<olid Lottom.-

* vented cover”) cnd the fire retardant coatfngs (type D cnd E)
tested {n single tray tests with cable qualified to the JEEE-283

flame test offercd protection cgafnst the fgnitfon and electifcal
failure fn the cable tray exposed to the test fire.

8 - There was a distinct fmprovenent fn performance fn both the
coating ¢nd barrier tests with cable qualified to the TEEE-383

flame test standard.

EVALUATION XD RECORIENDATIONS

The data presented fn this RIL, and un cdvance draft copy of the RIL,
have been reviewed with members of the Fire Protectfon Research Review
Group. There fs general agrecment with the contents of this RIL vith
the exception of the RES recomncnded minimum thickness and fnspection
to guarantee total blockage of all space between cebles.

The data discussed fn this RIL are of primrry concern in those

ceses where a permanent rated barrier Eas not and cannot be utilfzed
between safety divisfons. Previous testing as discussed in RIL ¢14
(Refercnce 3) showed that use of cable qualified to the ILHE-383
flame test standard fs not fn ftself a sufficfent defense agafnst
the propagation of fire across a 5-ft (1.5-m) vertical and 3-ft
(0.9-m) horizontal separation distance if cxposure fires are con-
sidered credible.

The data discusscd fn this RIL showed that protection against the
propagation of fire between cable trays can be obtafned with both
cable tray coating materials and various cable tray barrier designs,
However, there 1s a distinct fmprovement fn the degr e of protec-
tion offered when cable qualified to the IEEE-383 flame test standard

{s used,

For those cases where the cable is not qualified to the IEEE-383
flame test standard, all of the coating materfals and barrier
designs tested exhibited poorer performance with regard to thefr
ability to retard combustion. However, with the exception of
coating Type € a1l coatings and barriers prevented fire propagation
between cable trays.

If fire retardant coatfngs are utilfzed the quality control of the
applicatfon is fiportant, Based on the experfence gafned n con-
ducting the 7ire retardant coaling tests at Sandia and observatfons
of actual cable tray epplications it {s concluded that a minfmun
thickness should be established for use of fire retardant coatings

{n nuclear power plants, ‘

-
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Therefore, 4f cable fray coatfngs cre used §t s vecommznded ihzt‘& .

~1/8-4n (0.3-cm) dry thictness be vequired., The thickness yecom izt
by the suppliers of co

atings A, B, €, tnd G is 1/8-1n (0.3-cn) vet.
The suppliers of coatfngs D end E recomnznded a coating vifch 15
1/4-4nch (0.6-cm) thick when vet. The cupplier of coating E changed
this thickness specification to 5/32-1inch {0.4-cm) vet before the
last portfon of the test program vithout cny notfcable cliznge [
the relative performance of the coatfngs tested, llowevers if c1

ess 1t iy be
that the differcnces {n thefr effectiveness (11 be reduced.
Recause of epplicatfon ond the cimount of vater fn the vet conditfon -
(30 to 40%) 1t s unrealistic to cxpect thickness {olerances better

than + 25% ofter drying.

Rased on the experfence gafned fn conducting the ceble tray fire
test and fire retardant coating tests ot Sandfa, it s concluded
that whatever protective mcasure fs utilized t should prescent a
colid barrier to the fire and not allow the passage of combustible
gas through the czble bundle within the tray. 1f {fire vetardant
cable tray coatings are used consideratfon should be gfven to
currounding the cable with the fire retardant materfal, ond a
cuitable check should be vequired to cnsure that a1l afr passages
through the cable bundle have been blocked by the fire retardant

coating materfal. A visual check above the cable tray uith a high
{ntensity lamp placed below the tray my be uscful.

Fire retardant coatings and barrfers can be utilized to prevent
tray-to-tray fire propagation with cable capable of passing the
1EEE-383 flame test standard with cable tray configuratfons and
fires similar to those on vhich the fire retardant coating tests
vere conducted. For coating type € which exhibited only marginal
performance with cable qualified to the 1EEE-383 flame test standard
at the nominal recornmended thickness of 1/8-1nch (0.3-cimn) viet,
verificatfon from applicants using the Sandia two-tray configuration
should be requested with the 1/8-1inch (0.3-cm) dry thickness to
ensure an adequate margin in preventing propagatfon,

Fi{re retardant coatfng types A, B, D ond E con be utilized to

prevent tray-to-tray fire propagation with cable not quuiifie
the 1EEE-383 flame test ctandard with cable tray configurations and

fires sfmilar to those on vhich the fire retardant coating tests .
vere conducted. . ;e . ALt :
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Yhe barrier desfgns tested can be utilized to prevent tray-to-Lrdy
fire propagation uith cable not qualificd to the TFEE-383 flime
-test standard with cable tray configurations stmilar to those oa
‘vhich the barriers were tested ot Sundia.

7.0 COORDINATION CONTACT

For coordination of any further evaluatfon of these results and for
discussion and future experiments the reader s cdvised to contect
Mr. Ronald Feit, Fire Protection Research Program l'anzger, RES,

" Telephone 427-4272.
/;szAAJz !29&&€~4

)
caul Levine, Director

-’

0ffice of Nuclear Regulatory Research

Enclosures: As stated



