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Llog # TXX-93101
File # 10010
WELECTRIC 909.5

February 26, 1993

Withiam J. Cahill, Jr.

Group Vice Presudent
U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555

SUBJECT: COMANCHE PEAK STEAM ELECTRIC STATION (CPSES)
CLARIFICATIONS ON AMPACITY DERATING TEST AND
THERMO-LAG FIRE ENDURANCE TEST

REF: 1) TU Electric letter logged TXX-93060 from
Mr. William J. Cahill, Jr. to the USNRC
dated January 25, 1993

2) TU Electric letter logged TXX-93061 from
Mr. William J. Cahill, Jr. to the USNRC
dated January 28, 1993

3) TU Electric letter logged TXX-923076 from
Mr. William J. Cahill, Jr. to the USNRC
dated February 1, 1993

4) Safety Evaluation Report, NUREG-0797,
Supplement No. 26 dated February 1993

5) USNRC letter from Suzanne C. Black to
William J. Cahill, Jr. dated October 29, 1992
Gent lemen:

During teleconferences on February 15 through 19, 1993, with your Staff,
TU Electric conmitted to provide clarifications for the following:

Ampacity Derating Test

I. TU Electric will perform ampacity derating testing on cable tray as
follows:

0 The test configuration is a 24 inch cable tray filled with 126,
0.75 inch diameter, 3/c #6 AWG cables and enclosed with
Thermo-Lag per CPSES installation requirements.

0201
: 71

PDR 400N, Olive Street LB &1 Dallas, Texas 75201 :
!\

S e 4 B | e A B e S seE——



e — e e - e ety e i i T — s e ——— e e A e

TXX-93101
Page 2 of 4

o The filled tray will be tested with the Thermo-Lag envelope
installed to establish the allowable current for a conductor
temperature of 90 C (1,).

0 The Thermo-Lag envelope will then be removed and baseline test will
be performed to establish current for a 90 C conductor temperature

(1)
o Ampacity derating factor will be calculated as follows:

1
Ampacity Correction Factor =

1o
Iy
Io

Ampacity Derating Factor = 1 -

o The calculated derating factor will be applied to ICEA allowable
values to determine the aliowable ampacities for cables installed in
cable tray which are in Thermo-Lag fire barriers.

o Ampacity correction factors from “Fire Protection Wrapped Cable
Tray" demonstrated that cable derating is not significantly affected
by the cabie depth. For the TSI one hour product the difference in
the final ampacity will be approximately 3.8B%. When this is applied
to a cable with an ICEA ampacity of 45.8A, at a one inch depth of
fi11, the possible error will be 1.74A. The configuration utilized
by CPSES should result in a baseline ampacity which exceeds the ICEA
baseline by approximately 9.5%. This will result in an additional
derating of 4.37A. Therefore; it is demonstrated that the
utilization of actual baseline ampacities, in determining the
derating factor, will more than offset for any changes ir derating
that would occur from the effects of cable tray depth of fill.

(See Attachment 3 for calculation).

11. Conduit and air drop cable ampacity derating testing will be in
accordance with revision 1 of the test plan (Attachment 2).

Thermo- Fire tn Testin

36 Inch Cable Tray Test

In order tc resolve NRC concerns regarding the qualification basis for
Unit 2 Thermo-Lag configurations on 36 inch cable tray, TU Electric will

perform a confirmatory fire endurance test. TU Electric offers the
following information concerning this test:
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;; (i) A 36 inch cable tray "straight run" configuration will be tested
~ in accordance with the methodology and acceptance criteria

u established by the NRC's letter of October 29, 1992 (Ref. 5);
however, circuit continuity will not be monitored during the test
or utilized in the acceptance basis.

(11) Consistent with the TU Electric fire endurance tests accepted by
the NRC Staff (Ref, SSER-26), the cable tray steel supporting
members will be protected for a 9 inch nominal distance from the
cable tray protective envelope.

(i11) The test assembly will be upgraded using backfit measures for the
Unit 1 plant configuration. Specifically, joints on the test
assembly protective envelope will be reinforced using stress skin
overlay technigues only. Should this test pass, it will envelope .
the Unit 2 configuration. Should this test fail to meet the |
acceptance criteria of the NRC's letter dated October 29, 1992
(Ref. 5), however, it would not indicate a deviated Unit 2 plant
configuration. TU Electric would, however, still be required to
perform a confirmatory test of the 36 inch cable tray :
configuration used on Unit 2 prior to completion cf the first |
refueling outage for Unit 2 (Ref. 3).

(iv) Due to the expedited schedule for completion of this test, the
thirty (30) day cure time invoked for previous tests will not be -
utilized. Application of the Thermo-Lag Topcoat will occur .
approximately 72 hours following completion of the Thermo-Lag :
raceway envelope. The test will then be performed approximately ~
72 hours following Topcoat application.

{v) As with previous TU Electric fire endurance tests, this test will ;
be performed under the auspice of Omega Point Laboratories at i
their San Antonio, Texas facility. The test is scheduled for -
March 4, 1993, and the Staff is invited to witness the test.
Should & change occur to this scheduled date, TU Electric will
notify the NRC Staff.

Thermo-L x ign Configuration

During & February 9, 1993 meeting, TU Electric committed to modify specific
Unit 2 Thermo-Lag fire barrier "box design” configurations which enclosed
portions of cable trays and associated cable air drops. The NRC Staff's
concern was that the protective envelope associated with these specific
configurations was not a direct extension of the cable tray coverage.

Consistent with the Unit 2 junction box tested configuration, a second layer
of nominal 1/2 inch Thermo-Lag panels for these configurations, which are
similar to the junction box tested configuration, will provide sufficient
assurance that the enclosed cabling would remain free from fire damage.

This method of modification was discussed with NRC's Staff, and was found to
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be acceptable by them. TU Electric has determined that the scope of this
concern consists of 13 plant configurations. Accordingly, design
modifications have been issued to either increase the material thickness as
described above or rework the configurations in accordance with designs
bounded by test and previously accepted by the NRC Staff. These field
modif ications will be complete by March 15, 1993.

Should you need additional information please contact Obaid Bhatty
at (817) B897-5839.

Sincerely,

A 1)

William J. Cahill,

OB/tg

Attachments: 1. Fire Protection Wrapped Cable Tray Ampacity
2. CPSES Test Procedure
3. Ampacity Calculation

C - Mr. J. L. Milhoan, Region 1V
Mr. L. A. Yandell, Region IV
Mr. B. E. Holian, NRR
Mr. T. A. Bergman, NRR

Resident Inspectors, CPSES (2)



ATTACHMENT 1 TO T™XX-93101

FIRE PROTECTION WRAPPED CABLE TRAY AMPACITY



FIRE PROTECTION WRAPPED CABLE TRAY AMPACITY .
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Abgtracy

In this paper, & method i3 preserted for calculetion
of anpacity of cable in fire protection wrapped cad'e
Trays. A brisf  description of the medel ‘s
presentes. The 1Serative technigue uied for selutfon
of the mode)'s simyitanecus transcendents’ ecustions
‘g presanted with @& description of the computar
progren. fable derating ‘or severs! typical
‘nptaliations ‘s given ang @ grepn ‘s cevelopeg for
usE with CLA P-S4-aa0. ampacity derating cerived
from the mocde) ‘3 a'so compared with pudiisned test
reselts for two gifferent fime wrap systems,

Pl Sa-TFIASHIA

Nacowsy systems ‘n electiric generating stations are
enciosed with 2 Drotective wrap <o meet regulstory or
ungerwriter reguirements. The design objective of
the protective raceway wrap 11 electrical circuit
‘ntegrity whan the racewdy 13 subjected o the
effects of o fire.

Firg protective wrap SySstems are Cosigned o recuce
the heat transfer from & fire sourte Lo the receway
‘parior. The fire wreap may als0 impece the transfer
of heat from the cables inside of the raceway to the
environment.

Although the effect of & firs wrap on power cadle
coerating temperdture was  objerved ‘r 4 TSt
configuration more than ten yesrs ago, there s e
imgustry sccepted method for calculating the ampacity
¢f cable in this configuration. The JEEE 1nitiated
sn offers to Cevelop @ stenderd for zable ampacity in
racowty with fire protection festures, ¢.§. Dreeks,
barrier penetretions. However, no standard hes been
puslished.

Papsrs nave Deen presentec by Esteves [1), Petty (2],
eng #irerancent ['0], that present metheds ‘or
celcuiating the smpecity of cadls n wripped récewty.

The first two methods are yimilar in thet the therma)
system ‘9 approximated by & simple Tinesr mocel. The
method oresented Oy fsteves '3 beses on @M
sppronimation of the Stolpe (3] mofel. The Stolpe
moge! ‘s put n series 1inear compination with the
tharmal Tronguctance® of the fire wrap meterfa)

BB WM 243-0 A pEPAT recommended and approved
oy the LEIE Fower Censratios Copmittes of the IEER
Pover Enginesring Society for presentsticn st the
IEEZ/PES 1988 Winter Masting, New York, New Yerk,
Jenuary 31 - Tebrusry 5, 19BR. ‘anuscript sud-
sitted August 13, 987; aade evailaSie for printing
Secembar 11, 987,

The method presented by Petty extengs  the
Neher~McGrath equetions &nd  emplioys & therma)
trggistance’ 1o represent the wrep meterial in the
therms’ system,

T™he CEsteves approach igneres the effects of en
eneiosed horizonta) atr spece betwesn the top of the
packed cable mass and the firs wrap meterial. This
gir space hes been shown 1o be significant [1]). The
seher-MeSrath gouEtions extended by Petty heve bDeen
shown  to  be  inappropriate  for  cable  trays
(ICEM P-S4-64D (4)).

“he method proposed dy Miranancant ‘s § mors complete
st transfer mode), Sut the model s Desed on
sevara] sssumptions thet do not conferm o actual
practice. In scgitien, tha model Dbeging with a
:unﬂ,untwn of the cadles in the tray, f.e.,
gusntity end conductor size. This informgtion may be
availadle for an exfsting tray fnstallation, But It

9 net  genersily avatlstle when cesigning  few
installations.
Wowever, the most seripus concern with the mooel

presented 4n (10] 43 the assumption that the current
carrying conductors are installed at the tep and the
nottom of the packed ceble mess. This s not usually
the case, Eng ‘3 acknowledged ‘n the model given by
stolpe [B). The mogel ‘n [10] ewsumes & negligidie
tempereture gragient in the packed ceble mess,  Test
rosyits reperted by Stolpe (6] eng given in [3] show
thaet there can be & SC o 100 gragtent in the pecred
caple,

i methed for calculation of ampscity n coversd trey
‘g given 40 (3], The methed ‘s refinec anc extended
10 Trays with refsed covers ‘n [§]. In this paper,
the method ‘s extended to fire protection wrepped
cable trays. A brief gescription of the mode! s
presented. The ‘terative technigus used for selutien
of the mocel's simu)tensous trenscendentsl squstions
iy presentef with & description of the computer
program. table derating for  severs)  typica)
‘nstaligtions 45 given and & graph ‘i geveloped fur
88 with ICEA P-S4-440, Ampacity dsrating derived
from the moge] 3 2150 compared with published test
resuits for two different fire wrap systems,

“ogal Jespcigtion

The motel ‘s eszentially the seme a5 thet presentec
in (3] eng (5] with the acgeition of & fire wrap
meterie) eround the cable trey., The geometry of tha
thermal system 's shown 1n Figure 1.

The model 15 appliceble to cable 4n lagder, trough,
or selid bottom trays, and to tray with or witheut
tray covers. Any cable celculated depth ef €417 ang
tray loa0ing cepth cer be used. The cadls may be
‘nstalled rendomly, without maintained spacing end no
meintecned segregation of power ano contrel ceble.

The mogs! is epplicable to & Tire wrap system trat s
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mece of & sirgle, relatively homogenacus wrap
materis). If ‘1 Yy relatively uniform, any thickress
of wrgp caterial may S0 used ang cifferent
thicknesses and thermal conductivities <n top and
bottom wrap cén b8 accommocated. The wrap meterisl
support configuratien (1F any) tesd ot S
considered, ‘f the support s reletively thin or has
8 relatively high thermal conductivity. Also, the
configuration of the wrap system at the outside of
the trey sice retls need not be consigeres.

The heat trensfer analysis, presanted ‘n Appendix !,

resulits  n two  simuitaneous egustions with tweo
unknowns. As showh Dy Appendix 11, these equations
‘v solved by using an  iterative method whith

onverges on the solution with a tolerance of less
then 0,18 within two or thres 1terations,

Agplisasian

The method i3 applied ‘n & compyter program for
severa) cases refletting tysical cadly tray and fire
#rap configurations, (‘n particuler. materisls of
merufecturers 3M gng TSI). The typics) installations
neve eguel thitkness of the zeme firs wrep meterial
on the top e¢nd tha bottom of the cadble tray, which
results 1% the seme thermal conductivities anc
emissivities. For each case, cable tray oaging
deptns renging from 3 te § inches, end catls mess
thickness renging frem 1 to 3 inchas &re considersc.
Sased of These cases, &S shown By Tazle Y betow for Y
hour &ng 3 hour five Darriers, it fs found thet the
cable derating Sue Lo firs wrap:

1 i3 mostly & function of the fire wrap meterta)
ang thickmess (She emissivity @& and the facter
Uk, where T = 3¢ » Ip ‘s the totsl
thickress and & ‘s the therma!l conguetivity.

- i3 net significant’y affected by the cable mass
thickness; increasing the zsb'le mass thickness
from 1 inch 10 3 inches results ‘n a2 cecresse of
the derating ranging from 3% to €K (depending on
1/k).

(™)

Is indepencent of the losging cepth of the ceble
Lray.

‘s 8 resulit of these fingings Figure 7 43 proposed to
evicée ¢ prectica) ang s mple ZJeterminaticn of the
210 Corating Cus to fire wrap. Figure 2 consists of

TABLE 1: PERCENT CORRECYION FALTORS Fim
5% AND TSI MATERIALS
;'. REE-HOLR F1
ConEuetivity Kqq = Kpp (w/mxl) £.187  0.430
Emiasivity Dutsice egt = fop 8.10 0.90
imisnivity Inside o 0.0 0.8
garrier Thickness 2y = 2¢ ('0)
One-dour 1.8 0.8
Thres-vour 2.0 1.9

'* e ,M T Rour * Hour 1 &our * Hour
L_u b4 ] ]a ‘“ " ‘1 p ¥4 ) Q. MUE . 11

:‘.n‘

1.0 1 50 a2 ? 0
1.0 & 50 2 7% 0
1.9 s 40 'Y i | 0
N | 3 £ i3 % n
1.9 4 £1 43 ¢ n
1.8 § 5 63 B | n
7.0 3 52 & ? n
2.0 « 12 e bl ) n
2.0 H L¥] I % n
2.8 3 £3 &8 " 12
2.5 4 L3 ' i ) b}
2.8 § $3 45 n i
1.0 ¢ 1] ' 8 b} ]
three  curves representing the percent correction

factors 10 be epplied to the ICEA P-54-440 ampacity
tables, es ¢ function gf the factor z/k [renging from
0.05 %2 1.40 ¢ x mesw), respectively for outsids
emissivity 8 = 0gr = #gp of 0.9, 0.5, ane 0.0,

“he correction factor for & spectfic flrs wrap 13
determined by finding the soint corresponding to the
fector 27k and the emissivity e (by interpoistien if
necessary). The curves of Figure 2 ctorrespond to @
cadie mass thickmess of 1.8 inch.  For larger €117
these curves sre conservetive since the smpacity could
be incressed by up to SX.  For smaller f1113, the
pessibie empacity cecrease of up to ¥ cen be
negiecteg.

For nonetypica! cases {(giffersnt %top and tottom fire
wraps configurstions, etc.), One Ten use & COmMpUler
progrem {ncorporating the fterstive method, shown in
the FORTRAN IV program 19sted in Appenaix I1.

tamparisen with Publishes Teil Aesilll

The cradidility of the model pressnted ‘n this paper
14es in 4ts bests on sccepted hest transfer analysis.
vowever, ‘% '3 useful %o compars the moce! resuits
with published test results.

Two wvengors of ricewsy fire wrap
conducted cable ampecity tests. The resylits have Deen
published < test repoerts (7)., (&), The moge)
oresented ‘1 this oeper was used 12 calculate cadle
aMpacity for the tested cable trey configurations.

systems  have
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1878, WE#A Pub. No. WO S3-1975, 10ER - NEME
Stancarcs Publication, Ampacities - (ables Ao
Open-Top Cable Trays

{%] Gery Engmenr, °*Catle Ampacity in Tray witf
Raises Covers,* JECE Transections on [necgy
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January 30, 1887

{9l Joseph Wilsenrpit -  hational Bureau of
Standargs, et al, Tebtles of Thermodynamic ant
Transport Properties (of Atr, etc. ), Pergamor
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NOTATION AND MODEL DEVELOPMEINT
foiation
2 e gistance from the bottor of the peceed cadie

mest o @ plene surfate that 45 21 1Ihe
meximum temperature 4T The parked cebie masy
(meters).

L

ot

ot

n

Qv

Gz

hedt TEpALItly of @ir @1 (onslant gressure
per unit mess [{eett-sec)/(gram-gegree ()]

Topging depty of cabie 1ray (meters)

enissivity of surfaces

{gimensioniess)

paceed cable mass

emissivity of ovtsice of wrap materizl on
pottom of tray (dimensioniess)

emissivity of outsige of wrap material on
top of tray side ratls (dimensioniess;]

emissivity of 4nsige of material on top of
tray side ratls - tray cover, wrap materiel,
etc. (oimensioniess)

9. 807

gravitationg) scceleration -

meter/secona’

convertion cooling coefficient at outside
surface of fire wrap [(watt/mater-gegree ()]

turrent {amperes)

thermal conductivity of air

[wett/(meter~gegree ()]

therma! conductivity of the packed cable
mays [weltl/(meter-gegree ())

therms] conductivity of wrap material on
pettor of the tray [wett/(meter~cegree ()]

therma’ condurtivity of wrep materizl on top
of tray sice rafls [watt/(meter-gegree C))

empirically derived  eguivalent  thermal
conguttivity 4n the region between the 1op
of the packed cable mass and the materis) on
tep of the tray sice rafls - wrap, 1tray
tover, etr. [wetl/(meter-gegree ()]

viscosity of air [grem/(meter-second))

numper o©f conducters in @ cadble in  the
packes cable mass {(gimensionless).

Nusselt number (dimensionless)

"
ﬁ' -
® o

constent « 3.14%¢

neat  flux_ in  the ceble

pached
(watt/merers)

mass

heat flus 4n the fire barrier teria) at
the bottom of the tray (w2tl/meter?)

nezt flus 4n the fire barrier materizl on the

top of the tra 1ce
m?; (uumdr"z

regiut of @ cable 4n the pecked cable mass
(meter)

gensity of air (gram/meter?)

e¢lertrical resistance »f @ cadle conductor
4n the paceed cable mess (ohmimeler)
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tayletgn number (2 meniicniess)

(Npte values for ra, Cg, Me, ke From

neat ceneralion per unit wvoiume of pached
cable mess (watl/meter”)

Stefarn - Boltzman constant = 5 703 {10 exp
-B) [wett/(metert - gdegree Kk")] (see

(41}

thickness of the pecked cable mass (meler),
see calculated oepth in [4].

temperature of the enyirpnment {degree ()

mayimum temperatuyre n the packed cable
mass, (cegree C)

temperatyre at The dottem of the packed
cable mass (Cegree (

temperature at the 1op of the packed cadle
mass (gegree (

tempergtire of th¢ ungersige of the
materia'l on top ©f the tray side ralls -
wrap, iray cover, etc. (degree ()

temperatere of the outside of the fire
parrier materizl at the bottom of 1the tray
(gegree L)

temperature of 1the outsice of 1the fire
parrier material on the top of 1he 1Trdy
sige ratls [degree ()

temperature of the environment (degree K)

meyimum temperature in the packeg cable
mess, (cegree &)

tempersture a2t the top of the packed cable

mass (oegree &)

tempersture of the underside of 1the
terial on top of the tray side refis -

wrap, tray covers, etc. (degree &)

temperziure 2t the outside of the fire
parrier material 3t the bottom of 1he tray
(degree &)

temperature 2t the outside of the fire
parrier material on the top of the tray
sioe ra‘ls (degree £

average temperature of the horizonta) air
layer (Oegree &)

", v ™,
H
loaging width of the cadle tray (meter)

thigeness of the fire barrier material 2t
tne bottom of the tray (meter)

thickness of the fire barrier materiz) on
the top of the tray s90e ratls (meter)

wone ve nt

The mode) cevelopment 135 Dased on tre assumption that
217 of the cadle: are Installed sp that there 15 @
criform gepth of F117, and the cable in the tray 4% &
nomogeneous mass of constant therma)l conguctivity ant
uniform heatl generation per unit volume of cable mass
{See [6)). The hept transfer 45 from the top and
pottom of each unit Jength of packed cadble mast.
However, The therma] system 15 not symmetrical (there
can be an air layer atove, but not below, the packed
ceble mass). Since the system 1s asymmetrical the
anelysis must determine which portion of the heat
flux 1s Cownwarg, and which §s upwardc. I1 is assumed
that there 15 no heat transfer from the sides of the
packed cable meis nor down the axis of cadble anc
iray. The region between the top of the packed cable
mass @and the 1tray cover or fire wrap material
“nciudes conductive, free convection, and radiation
heat transfer with reradiation from the tray sice
retls.  The thermal conductivity of tray msaterial
(bottom, rungs, cover, eic.) i3 assumed to De
relatively high and comduciion temperature gradients
in the tray material are ignored. The fire wrap
material is assumed to de in girect thermal contact
with the bottom of the packed cable anc tray. The
cownward hezt transfer through the packed cabdble mass
and fire wrap 4s by conduction only. The fire wrap
materie) 4s assumed to be installed directly on tlop
of the tray side rails or tray cover. If a fire wrap
sypport material {other than the tray cever) 15 used,
i1 43 assumed to have reglible effect on the system.

With this set of assumptions, the thermal analysis is
givides inte seven regions (See Figure 1). Region ?
1c the bottom part of the packed cable mass (-@ < y <
G), ang the heat transfer egudtions solved at y = -2
gre:

Gy = $.2 )

=Ty -4 ¢
ke (2)

The second region 45 the fire wrap materiz] at
the bottom of the cable mass and tray. (-8-Ip
< y < -a). In this region the heat transfer
eguations solved for y = -2-2p are:

Qb = 5.2 (3)
TeoTy -3 -30
Ty By

The third region ¢s at the outside surface of the
fire wrap 8t the bottom of the cable mess and treay,
and heat transfer 4s free convection and radiation.
The conwettion cooling coefficient 15 given in [4],
and converting to meiric,

b e 1907 [ Te - ’!] 028
-

The convection heat flux is given by

B (T~ T, = L912 (T, - 1.;‘-75
'0.25

Ragiation heat flux 1s given by
< . - ‘
'b'eob’ (7&. 1(‘ )

The totz)] heat flus 4s the heat generzted In the
tottom part of the cable mass (s.8) and equals the
convertion ang radietion heet flux at the oulside
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Lubtt 4 ()
surface of -the Bottos fire wrap. Suebstilelang
g) into the heat flux eguation,

FGURTION |
1.2%
5.8 e 1917 r"v'é_!:"__u""."
W l. ] PN bon )
T & 1‘ &~ )
cobegp ([T - 107 - ram] - TRe| (3
Zh 3 | |
U < Fa b | )

gegion 4 As the top part of the packed cabie mass
{g €« y € 1~2), ang the heatl transfer equations solwved
T y = 1-2 are:

Gp = S(t-2) (&)

‘

72"v‘!|!:ﬂ2 {7
2.k

The fifth region 4n the thermal analysis 15 1the air
space between the top of the packed cable mass and
the cable tray cover or fire wrap matertal. From (3]
and [S) the conguctive and convective heal transfer
can be tharacterized by an eouivaient therma!
conguctivity (&3}, which 15 2 function of Nu and Ka3.

kanﬂu..'

. - ‘C 33
Nu =1 « 1.44{1 - 1708 | = I Fa_ | =1
l Ha | $E30 |

l
H 4

The guantity in brackets should de sel egual 1o zerc
when 11 becomes negative

The conduction and convection heat flex is

k3 (T =Ty

ot
The ragiation heat transfer in Region & 15 a funciion
of the wview factor ang the emissivities of the cadle
mass (ey) and 1the ungersice of the 1iray cover or

tire wrap (eg). From (3] eng (5], the ragiatien
rest Flux in this region is given Dy - »
. .-
&.5b. e, 2.7, ¢+ u.'l (1, - Ty
lc,«“-o.ltz.e,.eh 3 i

The term

T 3

2.7, , K ] (Tee T2

( ™ "

? J

4 an approximetion, and must be wverifiec after a
solution 45 obtained (see Discussion and Closure (3]).
The conguttive, convective, anc raciation heazt flux

in Region § must eguzl the heat gereratioh n he 10D
part of the packed cadle mess.

5 (1-a)
from these three eguations, it 1s possidle toc obian

2n expression for 73, the temperature c¢f tnhe boltom
surface of the material on top of the tray side rails,

73 - T il!*!lz (8)
w28
“m
$(%-a}) 3
:L . A.sb[ € - b, 2.7, + K
g-t lc. M 0.462 . ¢, . ¢, 3

Region & 1s the fire wrap material on top of the tray
side ratls (d < y < t-aszp). In this region the
hest transfer eguations solved 2t y = t-a + Iy are:

Gy = 8 (1-2) (9)

Ts . 13 - i‘sk-!} ‘t (10)
1t
Substitution of (B) ints (10) yields eguation (11).

Finally, Region 7 45 at the outside surface of the
fire wrap material on the top of the tray, and heat
transfer 13 free convection ang radietion. The
convertion and radiation he2t flux eguations are
similar to those given for Region 3. Sclution of the
eguations yields (1)

The solutfon of the heat transfer analysis 1s the
pair of equations (5) ang (12).

From (6], the allowadle ampacity of a catie 43 given
by

1 .[-1-!3--53 Jb's {13)

14 the maximum conguctor temperature (T.) ang the
ambient temperature (T,) are known, eguetions (5)
end (12) can be soived for the allowsble hest
generation (s) and for 1the asymmetry of the
system {a). The allowable heat generation (3; can
then be wsed with the cable properties (r,, n, R)
in equation (13).

T e 1"-1'-%1_:_.11? " s(1-a) - - si-alz, (11)
A :L + &.5D [ e ]l?.“g . 1_(!] LI
a-t enbeu-ou?. .. 3
1,!17( v ﬂ',—a'»: - . (1-3) - s{t-a) 2 T‘zs
2.{1-2) = § =7 - S -
Ot w e L - o Rl PO 2T 76 f "
2 - D 1. ™y 3 it |
L g-1 et ’u' 0.662 . e 'u J
’ "
v sbe | - HIMD (1-0) Sstt-m 2,1t -w ] OB
et 2.4 N e e et ]} ———— :
" 3 s 4 . 5b [ "y } l -t LPT l
a-1 emwu-ﬁ.stz.emcu 3 ) i
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SOLUTION OF T SIMULATANEOUS
WEAT TERNSTER EQUATIONST WITH TwD UNINOWNS

" pen

twe resylting heatl trinsfer equations (3 ins
of Appencix  can e expressed 83 follows

L’RGGM}_ LI
y =l
with Constants:
-
A= 1917 D« 7 -"e a-l‘ru;-‘
.
.28
.
B . .‘.: Eosyen
"
2 £ -
(= - 2 - Jd
it
.
8 N ¢ sbe @ '12'!_ +« 113
2 = 0.4 ' ; |
g -1 Le,_ e iz GPGLJL 3 J
lo

fouation (5] becomes fouaticn (14) below

4 g

o
sy < & [=Bay® - Cxy » 03}
g s & .
v(f'-bly-\;,q‘! ~6) =0
LD = -Bly: - Caxy = 0
AF & =Bayl = Cuy = ¥

a

% o ¢
Plu,y) = uy = MADY %7 < L{(AF)"~ G) (18)

fauation (12) pecomes fguation (15] delow

- -—

Kt - y) = AL-B (a(t - ¥)%) ¥ [x(t - y) » 0)' %5

Rt R S BRI RS u S R

Bl e -8B le(t-yf]-H[uit-y)]e0

BF o « Bzt =~ y)) =¥ x(t -y)) «F

Olz.y) » » {1t = wi ~ A (8BD)' "*° « & [(BF) -

G} 15}

The 2b0ve simulteanecyus equetions (145 ang {15) with
unknowns & and y
solved
numerically,

Fia,y) = 0 ang Qix,¥y) = 0 cannot be
algebreically. They can be solived
however, as shown ty {ahipit 11-1 by
vsing an extension of the Newlon 1lerative melhog 1o
1hree dimensions

The partial cerivatives

reguired 10 the 4terative

method shoem in Lxhibit 1<) are:

For Plx y):
L 3D UM | g2
s 9% D¢ LU
DAY .?.’&."l-‘.'. » ~ 2Bxy ~ Cx
Y y
o -'%F.- y = (1.25) (&) (D)% P3oan) - 4t (aF)3(oax)

oPY -'%fy- x - (1.25) (&) (A0)°-?5(oay) - af (aF)P(oAY]

for O(x y):
080 TR | A Iy -4
oBx §s 3% B (2 ¥l "t ¥)

BD | @RF '3
3 - - - Lt~ yll* N
By 2y 3y « 28 [ ( yil ¥

« 2B .t
bok == (t-w

- 1.25 (&) (80)°°%% (oBx) - ect) x (8F)° (0BK)

Y _Q -
- -
DQ .a x

- 1.25 (o) (8000 %5(0ev) - ettyeer)® (DBY)

Using the above formulas and the method Cescribed in
fxhipit 11-1, & computer progrem was developed, a3
shown by Exhibit 11-Z which shows the main portion of
the iterative wethod. Subscripts cther then * ang
4 « 1 are not kept but the principie 13 the same.

The initial walues for 3p ant yp, before the
first fterating, are chosen automstitally by 1the
computer program, 8% follows:

= 3p 15 BOX of minimum » which would maie
O AB or BD terms (whith sre r2iseg to the 1.25
power in P(x y) and Q(x.y)

Yo~ o~ (0.5 x1

This iterative method wat used successfully 4n all
tases, 1t converged on the solution with & tolerance
of less than 0.1% within two or three fterations,
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Duscussion

Reith & Pein (Stone & Webster Enpineering. Boston, MA| The authors
are 1o he commended for such a weli prpaned paper Test results shouid be
ysed 1o verify modeimg techmiques. as the authors have done [EEE
Trsuimee Conductors Communiee's Subcommine 12 shouid se-conmder
geveiopment of 8 tes! siandard in Light of the resuis of this paper. A
calcwianon approact for deraung faciors would benier serve the sndusiry,
ghar sugpesung that for any small product change a new ampacny s
reguired

| would like to pount out that my paper [2]. does not appiy 10 raceway. a8
the RUthors oomrectly poini out I addresses wrap maienal appued duecuy
10 cab'e surface where the cable is iocates) 15 outside of Uy of condus!

The tests that 3M performed also included kn unwrapped tray. These
results showed that the unwrapped ampacity were 7 &% hugher than ICEA
F 54440 Suce the authors compared then modeling results sgamst test
results of the wrapped travs, would they comment on the effect dus has on
the correlatou analysis”

Ladder type travs are used frequently & the power plant, i fact, 3M used
ladder trays i thewr test. With ladder Uzys, you pet an aur gap between the
botiom of the cable mass and the fire barmer maienal. The mcodeling
technugue presented in thus paper assumed direct contact between the cable
mass and the fire bamer matenai In Light of thus, © « spproprate 1o
compare the modeling results with the 3M and the TSI test resulls”

3M has several products with varying dimensions and characienisucs, My
review of thew Literature and discussions with 3M indicate that the | hour
product 1s 0 8 anch thuck, instead of | in the thermal conductiviry 150 13 vs
0.15] wansm-C. The resulung Z/& would be 0 156 insiead of 0 33 as you
indicaied  The correctuon factor from your Figure 2 would be SE% (which 1
2 42% derasung). The 3M test daws indicates a correction factar of 53 3%
agmnsi test data of uowrapped tray, and $7% agmnst the ICEA P-5S4430
valnes. Modeling resuiis correiate well with test data. except for the wsue of
the auwr gap at the botom of the cables. as menuoned above

Manuscripn received February 23, 1988

A. K. Hirapandani (The Dewvon Edison Co Detront, MI The authors
have developed 8 convement chant for derating cables 1 wrapped travs
However since | have the honer of beung referenced [ 10 | would sppreciare
if the authors would note their oversight in mterpreung pars 1.0 6 of my
paper The pararefers 10 the boat generated by the cabiemass—ihe
arrangement of cables in the sy nusrely refers 10 a configurauon for
progucing the best heat distnbution in the cablemass ty locaung the cables
producing more heat 1 the outer e ers for bener heat dissipauon The
purpose of uing an arrangement refers 10 2 means of obtairung 3 cabiemass
¢ e wmgular crossection as used i the Siolpe mode!. My model does not
reg, special constraunts and can te usad for all types of mstalla-
uons= . cables withun the reclanguiar cablemass can be ammanged &t
randum. Para 1 /0.6 refers 1o the casy way of obtartung 8 recungular secuon
of cablemass

As shown in the paper cabie deraung s based on heat dissipated 10
ambien! wr berween e Table mass and wrap Each cable has a definate
temperature based oo the factors stated i para | 0.2 of my model

Manuscrip received July 26 1989

PHIL SAVE GARY ENGMANN

We thank Mr. Petty for his comments on the paper. Mr
Fetily notes that tests performed by M indicateg that
the 2ilowadle ampacity of cadie in open 1top tray is
7.4% higher than the wvalues given in ICEA P5&-440.
Since publication of Stolpe's paper in 197). there have
been reports in the literature of tests results that
indicated allowable ampacity that differed from that
celculated with Stolpe's method, which 15 the dbasis for
the (lLA standard. However K none of the reportec test
resulls are sufficient justification for changing the
talculation method or the standard. These test results
6o point out that care must be exercised in  comparing

test results and calculateg saiues. In the paper, the
firewrap Gerating factors are ratios of calculated

values. The ratio of calculated wvalues was compared
«'th the ratio of test resylts for wsrapped and
unwrapped tray, 1.e. the G483 de-sting, that 15 the
ratic of calculated values, 15 compar = with the #2.5%8

and 47,52 derating that are 1tne ratigs of the 1test
results.

b wariety of tray constructions, wnclucing ledder 1type,
might be wused 1in a fire wrapped installation. The
mode] presented in the paper dssumes Lhat the palked
cable mass 15 in direct contact with the fire wrap
material. For ladder 1type tray, Yhis assumption 15  an
spproximation. However, all of the mogel assumptions
are approximations to any actusl instaiiation. The
issue 18 the acceptability of the assumptions.
Although ladder tray might resylt in an additional air
space a1t the bottom of the packed cable mass, we
believe that the effect would be small and acceptable.

As noted in the paper, comparison of model results with
@ few test resulls goes nol valicéte 1the model or the
assumptions on which it is based. The validity of the
model is established by 1ts basis in  accepted heat
transfer analysis and engineering Judgement of the
credibility of the model assumpticns. The merit of the
comparison presented in the paper lies in the comfort
level required when presented with abstruse and
unfamiliar heat transfer eguations. In addition to the
difference in tray construction, there might be other
differences between the mode! 2ngd the I and TSI
tests. We are not eware of any that we delieve to be
significant, and feel! that the comparison eas @n
appropriste and useful ore.

For actually wsing the factors given 'n Figure 2, we
thank Mr, Petty and have the opportunity to highlight
significant typographical error in Figure 2 of the
preprint of the paper The scale wvalues on the
abscisse in Figure 2 in  the preprint are in error by 2
factor of 2. The error has been corrected in this
publication. However K the configuration of the wrap
and thermal data given by Mr. Petly are not those
published by M for the test from which data wes used
for comparison. The comparison given 1n the paper 1is
based on the information we received from 3IM and s
given 1in Table 1. We aisc note that Mr. Petty
apparently used an emmissivity valve of 0.9 in arriving
at a factor of SBS. According to M, the emmissivity
of the oputsidge of the wrap 15 0.1,

¥e slso thank Mr. Birsnandan: for his compent, and we
spologise if we have incorrectly interpreted the model
presented in his paper. However. we guote from item 6
of bis paper, “Cables genersting more hest will be
sssumed to be pleced in the upper and lower outer
layers of the cable-mass® . With thet statement. it is
difficult to arrive ot the interpretation that 'hz
model does not require any specisl constraints on
placement of the cable. We agree that the methosology
used by Mr. Hiransndani could be extended to rundomly
installed cables, but the model presented in the
paper does not sddress that configurstion. A rendom
cable instailation would reguire that Mr. Hirsnandani
include the sarimum temperature in the pscked cable
mass end additional equations for hest transfer
through the cable mass. The maximun temperature would
lie somevhere between T1 snd Té shown in Figure 2 of
Mr. Birsvancani's peper [10].

Manuscript received August 23, 1988,
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TEST PLAN  Rev. 1 E
]

AMPACITY DERATING TESTS OF ARTICLES
PROTECTED WITH THE THERMO-LAG
FIRF BARRIER SYSTEM

1 SCOPE

[N P S SRS TR,

This test plan describes the methods and guidelines 1o be utilized for the preparation of test specimens.
instailation of the THERMO-LAG (hereatter referred 10 as "Thermo-Lag") Fire Barrier Systems,
pertormance of ampacity derating tests and all applivable documentation of these tasks and the test results.

2 OBJECTIVE

R P g e e,

The objective of these tests is to determine the ampacity derating factors for a protective generic fire barrier
system for cables at TU Electric’s Comanche Peak Steam Electric Station. Results of this test program [
will provide documented evidence of the necessary current derating factors for a different cable installation :
configurations. These tests shall satisfy the requirements for ampacity derating by testing the cable raceway
fire barriers as detailed in the IEEE P848 "Procedure for the Determination of the Ampacity Derating of
rire Protected Cables,” Draft 11, dated April 6, 1992, except as otherwise outlined herein. (Note: IEEE-
PR48/D11 is presently undergoing review by members of Subcommittee 12 of the Insulated Conductors
Committee of the ITEEE. TU Electric has incorporated into this procedure those revisions expected 10 be

included in Draft 12. The deviations from Dratt 11 are highlighted in bold italics throughout the
procedure).

3 REFERENCES

3.1 Documents

e S e e S

311 IEEE PB48/D!l Procedure for the Determination of the Ampacity Derating of Fire
Protective Cables.” Dratt 11, April 6, 1992

312 Thermal Science. Inc.’s Technical Note 20684, Revision V "THERMO-LAG 330 I
Fire Barrier System. Instaliation Procedures Manual, Power Generating Plant '
Application.” including TSI letters of clarification thereto

313 Specification CPES-M-2032. Rev. 0. "Procurement and Installation of Fire Barrier
Fireproofing Material "

il4 ICEA Standard P-54-440. "Ampacities for Cables in Open-top Trays", May 1975

315 iCEA Standard P-36-426. "Power Cable Ampacities”

i e
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4.1

316

317

4.1.1

4.1

2

31
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41.8

419

4.1.10

41.11
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Construction/Quality Procedure CQP-CV-107. Rev 0, "Application of Fire Barrier
and Fireprooting Material "

Construction/Quality Procedure CQP-EL-222, Rev. i, "Installation and Fabrication
ot Conduit Raceway Systems.’

4 RESPONSIBILITIES

Texas Utilities Electric (TU Electric) and Associated Contractor Organizations

Establish the criteria, guidelines, drawings (draft quality). recommendations.
ec., 10 govern the installation of the test items. Supply the test item
pieces. including all hardware. electrical cables, conduit, tray systems, etc.

Establish the critena. guidelines. drawings (final. report quality if needed),

recommendations. etc., 10 govern the installation of the Thermo-Lag Fire
Barrier System Materiais to the test articles.

Provide the specitic Thermo-Lag installation procedures and work package
documentation.

Provide materials representative of existing or future site installations.

Provide the Thermo-Lag Fire Barrier System materials and installation tools and
equipment.

Provide scheduliag of personnel, equipment and material necessary to perform
the installation and QC documentation of the fire barrier system materials
utilizing the appropriate installation procedures.

Coordinate all phases of the ampacity test preparation with the testing
orgamization including appr »val of vanations .

Apply the fire barrier system 1o the test articles.

Supply QC and construction personnel to witness and document assembly and
test article raceway configurations.

Perform as a liaison with the testing organization and provide the testing
organization with all applicable TU Electric Documents as identified in Section
3. L

Provide all applicable quality control documentation for the fire barrier system
materials, cabies. and installation of the fire barrier system to each test article.

9
-
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4.2 Omega Point Laboratonies. inc. (Laboratory)

421

431

433

434

435

wn
—

Prepare the test assemblies and provide all required test instrumentation in
aceordance with Appendix B Quality Assurance and Quality Control Programs
and other apphicable procedures.

Provide thermocouple calibration and instrumentation. storage temperature
recorder. surtace temperature probe and relative humidity instrumentation.
Assemble, install and document the installation of all trays, conduits, cabies.
tc. 10 be supplied by TU Electric. Provide computer-generated drawings of
tray. condunt and cabling systems which clearly indicate dimensions.
thermocouple locations. etc.

Observe and document the installation of the Thermo-Lag Fire Barrier System
Materials to the test articles. and attendant instrumentation on each test article.

Conduct the ampacity baseline and derating tests.

Document the test parameters and provide a formal detailed written report of
the test program and test results.

Provide 35mm photographic coverage of the test project.

Laboratory Quality Assurance/Quality Control

Verify and document the quality control documentation of the fire barrier
system materials used in the test program,

Pertorm and document inspections of the fire barrier system materials a various
points during the instailation process.

Verify and document that TU Electric’s installation procedures are utilized in
the installation of the fire barrier system materials.

Inssect and document the construction and instrumentation of the test articles.

Provide written calibration documentation of all thermocouples. ammeters.
measurement devices and data acguisition systems used in this test program.

5§ SPECIAL PRECAUTIONS

Precautions For Installation Of The Fire Barrier System Materials

T W T
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Thermo-Lag Fire Barner Svstem materials shall be instalied by TU Electric in
accordance with appiicable specifications, design drawings and procedures (Ref .
3.1.6,3.17 and 3.1.%) such that the test articles are representative of CPSES
upgraded Thermo-Lag instaliations .

Observe spectfic precautions recommendad by Thermal Science, and other's
material safery cata sheets.

6 PREREQUISITES

Traceability Requirements

To insure that the materials used in this test are representative of those in actual
use at Comanche Peak Steam Electric Station (CPSES). all aspects of
traceability as required by the Laboratory QA Program shail be appiied.

The cables used in this test program shail be traceable to the respective cable
manutacturer and shall be supplied by TU Electric or the Laboratory with
documentation of traceability.

All thermocouples used in this test program shall be calibrated.

Test Configuration

Cable Tray Test Article

Onef ) trav arucle will be tested as prescribed in the IEEE P848/DIl
draft test method: a 24" wide x 4" deep straight section of ladder back
cable tray, 12 feet long, filled to 40% with 3/C 6AWG Cu 600v cable.
The entire assembly shall be clad in 1/2" Thermo-Lag.

Conduit Test Articles

Three(3) configurations of galvanized rigid steel conduit supplied by TU

Eiectric will be tested. All will be 12 feet long and will contain
glectrical cables as described below,

a. A 3/4" diameter conduit, with a single 3/C 10 AWG 600y Cu
cable, clad in a 1/2 inch thick layer of Thermo-Lag with a
I!"'OW"@V

b. A 2" diameter conduit. with a single 3/C 6 AWG Cu 600v
cables, clad in a 1/2 inch thick laver of Thermo-Lag with a
1/4" averiay
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c. A 5 " diameter conduit, with three-1 C 750 kemid Cu. 606 V
EPR-insuianon Hypalon jacket cables . clad in ¢ 12 inch
thick laver of Thermo-Layg.

Note: These configurations were chosen to be consistemt with CPSES
installation (i e.. 3/4" 1o 5" mmstead of 1" t0 4" specified in the
standard).

Free Air Drop Test Armicles

Two (2) configurations of cable bundle free air drops supplied by TU
Electric wiil be tested. Each will consist of @ 12 foot long cable
bundle as descnbed below.

a. A single 3/C 6 AWG Cu 600 V cable, clad in three lavers of
660-Flex Blanket Thormo-Lag

b. Three 1/C 750 kemid Cu 600 V EPR-insulation/Hvpalon jacket
cables, clad in three lavers of 660-Flex Blanket Thermo-Lag

Baseline Test Articles

Baseline test articles shall be constructed in the same manner as the test
configurations described above except they will not be clad in Thermo-
Lag. In order to ensure repeatability and consistency with the
ampacuy testing used to model and confirm the ampacity in random
filled tray of ICEA P-54-440, a 3 mil thick plastic sheet shall be
placed on the bottom of the tray when conducting the baseline test for
the cable trav amicle.

Test arricles shall be supported on wood blocks during the performance of the
ampacuy rests.

(Cable Installation

An ntemzed listung ot cable types and guantities including the percentage cable
fill 1o be instailed in the test articles will be prepared by the Laboratory and
inciuded in the final report. Cable location within the test articles shall be
documented and included with data to be evaluated by the testing laboratory.
All conductors inside each test article will be connected inte a singie, series
glectrical circuit,
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Thermoceuple Instailation

All thermocouplies used in this test program shall be provided and instaiied by
the Laboratory, with QC surverilance by Laboratory personnel. The
thermocoupie wires shall be calibrated (by Lot No.j prior 10 instailation and for
use, and appiicable quality control documentation for record purposes
generated. Type T special accuracy thermocouples shall be used on the
conduit and free air drop configurations and for all ambient temperature
measurements. Type K thermocouples will be used for tray configurations and
adjustmeat made to account for any difference in accuracy. All thermocouples
will be electrically welded at the thermojunctions.

Calibration will consist of manufacturer-supplied (and audited) certifications of
calibrations at five temperatures of thermocouples taken from both ends of each
purchased lot number.

Three thermocouples shall be installed at each location for the conduit and
the free air drop test amicles.. Thermocouples in the cable tray test articles
shall be installed in locations that are consistent with the requirements of IEEE-
PB4R/DI1.

Ammeter Installation
(Later)
Pretest Inspection

Prior 10 the commencement of the test, a thorough check of each test assembly
and associated equipment (ncluding data recording equipment) shall be
performed and documented by the testing laboratory.

Approval of the construction, assembly. installation and instrumentation will be
documented by TU Electric and the Laboratory prior to performance of each
test (a sign-off sheet for this purpose will be supplied by the Laboratory).

Ampacity derating tesung of assemblies will not commence until Thermo-Lag
Fire Barrier Materials anain a moisture meter reading that does not exceed 20%
content. A meter with a scale of 0-100 (with 100 being 20% actual moisture
content) such as a Delmhorst Model DP or equivalent shall be used.

6
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PROCEDURE

Ampacity Baseimne Tests

The unprotected test articles shall be energized with 60 Hz AC voitage as
specified in [EEE PB48/Dll and the baseline current ampacity determined as that
which results in a thermal equilibrium at 90 C at the hontest location at the
center of the test article.

The conditions specitied in IEEE PB48/DIl for ambient temperature and
current/temperature equilibrium will be adhered to.

If the final conductor and ambient temperatures are not 99 C and 40 C
respectivelv for any test, the measured current shall be normalized as
outlined in ICEA P-46-426.

Baseline tests may be run before or after the TSI protected raceway/free air
drop test assemblies; However, the cable and thermocouple placements must
remain unchanged.

Ampacity Derating Tests

The protected test articles shall be energized with 60 Hz AC voitage as
specified in IEEE P848/D11 and the baseline current ampacity determined as
that which resuits in a thermal equilibration at 90 C at the hottest location at the
center of the test arucle

The conditions specified in IEEE P848/DIl for ambient temperature and
current/temperature equilibrium will be adhered to0.

if the final conductor and ambient temperatures are not 90 C and 40 C
respectively for any test, the measured curremt shall be normalized
as ouwtlined in ICEA P-46-426.

Calculation of Ampacity Derating
Ampacity derate factors shail be calculated in accordance with IEEE P848/D11
The normaiized measured current for the baseline configuration shall be used
in computing the cable ampacuv derating factor. When the normalized

measured current is less than the published ampaciy from ICEA Standard P-
54-440. the ampacity from the standard shall be used as the baseline currens.
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8  DATA SYSTEMS

8.1 Durmg the ampacny test penod. &l thermocouples wiil be scanned at one
minute intervals or less.

8.2 The data acquisition computer will dete, aine the hottest single point at the
center of each assembly and. using Proportional, Integral and Derivauve (PID)
process control computer routines. will output a voltage signal which will
update the pesition of a motor-driven variable transformer to drive the system
to equilibrium at 90 C.

8.3 The data acquisition computer will concurrently measure the current flow
through the assembly, by intertacing with a calibrated current loop circunt.
When equilibrium has been reached (in accordance with the PR48/DIl Draft
standard). the system will be de-energized and the test will be complete.

9  TEST REPORT

9.1 The Laboratory wiil submit 4 report on the results of the test and thermocouple
data.

9.2 The Laboratory will assemble the final test report, containing the collected data
and required guality control documentation.

9.3 The test repon shall be prepared in sufficient detail to summarize the total
testing activity. The report shall include as a minimum:

a) Date of the test

bj Location of the test

<) Description of the test equipment and test articles

d) Calibration documentation of all thermocouples

2) Qualification and certification tor rest personnel

) Test procedures used

g Ampacny values determined and accompanying equilibrium temperatures.

h} Provide quality control records for:
. Test article construction
*

Qualification and cerufication for instaliation and
inspection personnel

Identification and installation of fire barrier material
Thermocouple locations

Cables. size. type, and location

Actual tray and conduit cable fill

Actual calculated cable depths in tray

L N S

1) Computer printout and graphic results of the ampacity test

1 All raw data
k) 35mm photographic coverage of the test project
i} Provide a chronological log (Event Log) of all activities from receipt of

materials through final test repont

8
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AMPACITY CALCULATION
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Attachment 3 to TXX-93101
Page 1 of 2

The Ampacity Correction Factor (ACF) for a 1 inch depth of fi11 with TS1 one
hour material is .75. The ACF for the same material with a 3 inch depth of
fi1l is .78.* The difference between the derating in the 3 inch and 1 inch
depth of fi1l is 3.B%.

7575 75 x 100 = 3.8% {1]

ICEA P-54-440 (second edition), dated August 1979, Table 3 has an ampacity
of 44A for a 3/c #6 AWG (.72 diameter) at a 1 inch depth of fi11. Appendix
B of P-54-440 provides the following equation for calculating the ampacities
for cables at different diameters than those in the ampacity tables.

—
"

lo (2]

C

—
"

ampacity for cable diameter d, from ampacity tables in P-54-440,
* ACF, froa /ittachment 1

I, = ampacity for cable diameter d,

The cables used, by CPSES at Omega Point, for our ampacity testing are
3/c #6 AWG with a .75 inch diameter. The ampacity for this cable at a 1
inch depth of fi11 is 45.8A.

I,= .75 x 44A = 45.8A (3]
.72

When the maximum derating difference, from equation 1 is applied to 45.BA
the possible difference in actua) cable ampacity would be 1.74A.

45.8A x .038 = 1.74A (4]

The test sample, utilized by CPSES, in our ampacity test should produce a
baseline ampacity of approximately 23.95A (this is raflective of baseline
tests preformed in the past by Omeg> Point on this sampie). The ampacity
from ICEA tables for our cables, 7#nd corrected usinrg equation 2 is 21.875A,
for a 3 inch depth of fill.

I, = .75 21A = 21.B75A (5]
J2

The utilization of the baseline ampacity from the test will result in a 9.5%
increase in the derating factor.

23.96 - 21.875 x 100 = 9.5% (6]
21.875

l
!







