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February 26, 1993

William J. Cahill, Jr. *

Group Vuw President ?

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-93076 from
Mr. William J. Cahill, Jr. to the USNRC ,

dated February 1, 1993 !

4) Safety Evaluatior. 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 |

Gentlemen:
,

&

During teleconferences on February 15 through 19, 1993, with your Staff, ;

TU Electric committed to provide clarifications for the following:

Ampacity Deratina Test

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

o The test configuration is a 24 inch cable tray filled with 126, '

O.75 inch diameter, 3/c #6 AWG cables and enclosed with
Thermo-Lag per CPSES installation requirements.
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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 ). !
7

;
'

o The Thermo-Lag envelope will then be removed and baseline test will ;

be performed to establish current for a 90*C-conductor temperature t

(1). |; 0

o Ampacity derating factor will be calculated as follows:

1 ;

Ampacity Correction Factor =
'

i
'

lo
,

Ir '

Ampacity Derating Factor = 1 - !

Io ;

'

o The calculated derating factor will be applied to ICEA allowable
values to determine the allowable ampacities for cables installed in !

j 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 !

i by the cable depth. For the TSI one hour product the difference in j

the final ampacity will be approxinately 3.8%. When this is applied |
to a cable with an ICEA ampacity of 45.8A, at a one inch depth of i
fill, 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 in derating i
that would occur from the effects of cable tray depth of fill. |
(See Attachment 3 for calculation). |

I !
~

II. Conduit and air drop cable ampacity derating testing will be in *

accordance with revision 1 of the test plan (Attachment 2).
,

Thermo-Laa Fire Endurance Testina

! 36 Inch Cable Tray Test ,

In order to 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:
,

i

'
i

!
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, (i) A 36 inch cable tray " straight run" configuration will be tested i
1 in accordance with the methodology and acceptance criteria ;

! 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. |
'

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

cable tray protective envelope. ;.

(iii) 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 techniques 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 i,

; 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 of the first
refueling outage for Unit 2 (Ref. 3).

i |

(iv) Due to the expedited schedule for completion of this test, the |.

4 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 j
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 .

their San Antonio, Texas facility. The test is scheduled for j
March 4, 1993, and the Staff is invited to witness the test.
Should a change occur to this scheduled date, TU Electric will |
notify the NRC Staff. j'

Thermo-Lac Box Desian Confiaurations !

During a February 9, 1993 meeting, TU Electric committed to modify specific |
Unit 2 Thermo-Lag fire barrier " box design" configurations which enclosed i

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 i
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
modifications will be complete by March 15, 1993.

Should you need additional information please contact Obaid Bhatty
at (817) 897-5839.

Sincerely,

f /

William J. Cahill, Jr. *

OB/tg
Attachments: 1. Fire Protection Wrapped Cable Tray Ampacity

2. CPSES Test Procedure
3. Ampacity Calculation

c- Mr. J. L. Milhoan, Region IV s

Mr. L. A. Yandell, Region IV
Mr. B. E. Holian, NRR
Mr. T. A. Bergman, NRR i

Resident Inspectors, CPSES (2) :
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ATTACHMENT 1 TO TXX-93101

1

FIRE PROTECTION WRAPPED CABLE TRAY AMPACITY

I
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FIRE Pt0TECTION WRAPPED CARLE TRAY AMPACITY ; 'f

i

Pn11 Save Gary Engmann 7

Memoer Itt! Senter Member It[[ {
;
'

Southern California (dison Com:any
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abstract The rathod presented by Petty antenes the ,

Neher-McGrath eeustions and employs a thornal- {
in this Caper. 4 method is preserted for calculation ' resistance * to represent the wrap material in the
cf ampacity cf cable in fire prctection wrapped caDle therms) system. ,

trays. A trief description of the model is
preser.ted. The iterative technicus used fer solution The Esteves approach ignores the effects of an i

of the model's simultaneous transcendental e:uations enclosed heritental air space between the top of the -
'

is presented with a descriptien cf the computer patted cable mass and the fire wrap meterist. This
program. Cable serating for severs 1 typical air space has been shown to t>e significant [3). ibe
installations is given and a grapn is developed for meher-Mc$rath equations extended ty Petty beve been
use with ICIA P-54-a40. Ampetity derating cerived shewn to be inappropriate for cable trays ,

a

from tre mocal is also compared with puolisned test (ICEA p-la-aaD (a)). !

reivits for two cifferent fire wrap systems. ,

The method pecposed by Miranandani is a more complete
1*teneuttien Seat transfer model. but the model is based on ;

several assumptions that to not confers to actual I
'

Raceway systems in electric generatirg stations are _ practice. In addition, the model begins with a
encleted with a trotective wrap to meet regulatory or configuration of the cables in the tray. i.e., ;

underwriter recuirements. The casign objective of quantity and conductor site. This information may be i

the protective racewey wrap is electrical circuit available for an esisting tray installation, but it
integrity when the raceway is sucjected to the it not generally eve 11stle when cesigning row ,

effects of a fire. installations.
'

:
i

Fire protective 6 rap systems are cosigred to reduce However. ' the most serious concern with the moce)
the heat transfer from a fire source to the raceway presented in (10) is the assumption that the current '

interior. The fire wrap may also impede the transfer carrying conductors are installed at the top and the i,

of heat from the cables insice of the racewer to the bottom of the packed cable mess. This is not usually j
the case and is acknowledged in the model given by ;environment,
Stolps (6). The model in (10) essumes a negligible i

Although tre effect of a fire wrap cn power canle teseerature gradient in the packed cable mess. Test i

coerating temcorature was ceterved in a test results repcrted by 5tolpe (6) and given in (3) show
configuration more than ten years ago, there is no that there can to a SC to 100 gradient in the patted
industry accepted method fcr calculating the aspecity cable. -

of cable in this configuration. Tre IEEE initiated |
an effort to ceveles a standard for cable sepatity in A method fcr calculation of ampacity in covered troy ;

'

receway with fire protection features. e.g. breets, is given in (3). Tlie method is reficeo ans entended j

terrier perstratiers. However, no standard has been to trays with raised covers in (5). In this paper. :
i

puolished, the method is extended to fire protection wrapped
cable trays. A brief description of the model is i

Papers have teen presented by (steves [1] Petty (2), presented. The iterative technique used for solution ;

and Miratancani [10), that present methocs for of the mocel's simultaneous transcendental soustions !

calculating tne empetity of catie in wrapped raceway. is presented with a description of the computer
prog ram. Cable derating for' several typical'

The first two methods are similar in that the thermal insta11stions is given and a graph is ceveloped for
-;

system is approximated by a simple linear recol. The use with itEA P-54-440. Ampacity dorating derived ,

metfied presented ty [ steven is tesed en an from the model is also comparea with published test
approximation of the Stolpe (3) mots). Tre Stolpe results for two dif f erent fire wrap systems. j

imocal is put in series linear comnination with tre
thermal 'conduttance' of tre fire wrap material. socal teatriction j

1

The motel is essentially the same as that presenten i

in (3) and [5] with the addition of 'a fire wrap i

material around the cable trey. The geometry of the ;

il VM 242-0 A paper raccamended and approved
by the IEEE Fower Generation Committee of the ILtg The model is applicable to cable in ladder, trough. ,

Power Itaineering society for presentatics at the or solid bottom trays and to tray with or without -
.IZZ/Ft3 19sE Vtzter Meetina. .New York. !'ev Ycrk. tray covers. Any cable celtslated depth of fill and |

i.anuary 31 - Tetraary 5, 1988. Manuscript sub- tray loacing depth can to used. The cable may to
!mitted Aueust 19. 19875 made availatie fer printing it. stalled randomly, without maintsired spacing and no

.acesser 11. 1967. maintaired segregation of power anc control c6 Die. ;

The mocol is applicable to a fire wrap system that is;
{

!
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TABL[ 1: PIRCENT CORRICTION FACTOR $ F0e
3M AsD T11 MATERIALS

d r4ee sseeca not sanna watta;at. r3 ent.wNe se Twett wTe 5tet f atef t*$I wafemia&w wattamt ev>*or? OR

/ | 4 cas.c TRav COrca7 /
." 7IIwater *al f6aracterist't1 3

CcBCuctivity Kgg = KIb I"/"* EI '1I1 *

Emissivity outside tot * e t 0.10 0.Mc

l
[missivity Inside og 0.80 0.80'

X Carrier Thickness !b * It (in)' i o sacaco ca Le wase
- t /////- 1.0 0.5aone-dourgg

/ * * Laattew on racard ihree-* cur 2.0 1.0

\it 'r.asic waas
FIPc tapseta watcaeat.-

table Trev Su mateHe1 _

TS! keterial
fill Meight 1 Mcur 3 ecur i Nour 3 Mour

M f *M f/r a .M r/K = 67 r/r . .C6. r/K = ,11

FIGURE 1 : THERMAL SYSTEM QECWETRY

1.0 3 50 42 75 70

esce of a sirgle. relatively homogerecus wrap 1.0 a 50 82 15 }D
attrial. If it is relatively uniferm, any thickross 1.0 $ 'O 42 15 40

cf wrap saterial may to used are cifferent
thicknesses are t*semal conductivities in tcp and 1.5 3 51 43 76 71

tettom wrap can te accomocated. Tre wrap material 1.5 4 51 43 76 71

suppert configuraticn (if any) teed ret to 1.5 5 51 43 75 71

considered. if tre suppcrt is relatively thin or has
a relatively high thermal conewstivity. A* so, the 2.0 3 52 44 76 71

cerfiguratien of tre wrap system et the outside of 2.0 4 52 44 II II i

the tray site rails naes net to ccesicered. 2.0 5 53 44 76 71

The heat transfer aralysis, presentee in Appendix 1. 2.5 3 53 45 76 12

results in two simultaneous ecuatiens with two 2.5 4 !3 45 76 72

urteowfis. As stewn by Ap;endix 11. these ecuations 2.5 5 53 45 77 72

tre solves ty using an iterative method which
enverges en tre solution with a toleraece of less 3.0 4 55 47 73 13 i

'stan 0.1% within two or teres iterat'ces.

A**11!2 tit 9 thrte curves representing the percent ccrrection
Facters to to applied to the ICIA P-ta-440 smascity

The method is applied in a computer program fer tables, as a function g,f tre f actor r/t (ranging from
several cases reflecting typical canis tray and fire 0.05 to 1.40 t x m*/w). respectively for cuttica

e = s t * e b ef 0.9. 0.5 and 0.1.nrap cetfiguratic9 . (in particular. isterials cf emissivity s e c
manuf acturers 3M eac iSI). the typical installatices
reve e;6 1 thictness et the same fire wrap material The correction factor for a specf fic fire wrap is
on the tcp and the tettom of the cable tray, which determiesd by finding the point corresponditg to the
results i a. the same the rr.a1 cceductivities and f actcr z/k and the emissivity e (by interpolation if
emis si vitie s . For each case. cable tray leadirt recessary). The curves of Figure 2 terrespond to a
deptts ra girg f rem 3 te 5 inches. and cable mass etale mass thickness of 1.5 inch. For larger fills
thicktess rangiag f rcm 1 to 3 inches are ccesiderec. tesse curves are conservative sirce the ampacity could
Based en these cases. et shown by Taple 1 below for 1 to ircreased by up to $1. For smaller fills, the

tour and 3 Beur f1*e barriers, it is found that the ;stsible ampacity cecrease of up to 15 c6n te
estle deratirg ces to fire wrap: eaglectoc.

1. !s mostly a functica cf the fire wrap material For een-typical cases (cif f erent top and bottom fire
ard thicktets (the emissivity e and the fatter wraps configurations, etc.). one can use a ecmputer !

Zb is tre tetal program incorperating the iterative mathed, shown inz/k. .+ste z = *t i*
thickrets ard k is the thermal ccrcuttivity. the FORTRAN IV prcgram listed in Appencir !!. j

2. Is nct significantly affected by the catle mass teenrisen with ped 14skee Test results
t*,iCknessi ir'creas'rg its cable mass thicktets i

from 1 'nch to 3 iretes results in a cecrease of its credibility of the motel presented in this paper l
the derating raeging from 3E to 65 (degeestrg en . lies in its tasis on accepted test transfer analysis, j

2/k). However. it is useful to cofrpsre the mocal results |

with published test results. I

3. *s indepencent cf the leagirg cepth cf the table i

tray. Two vencors cf raceway fire wrap s yster's have
conducted catle amoscity tests. The results have been ,

*: a res61t cf these ficcings F*g.me 2 is propcsse to publishes in test repcris (7). {$). ite accel
'evite a practical and S mple catermtration cf tre presetted in this paper was used to calculate catle

..ble cerating c&a to fire wrap. Fig *,,re 2 cca.sists of a'npacity fcr the tested cable tray configurations.

!
i
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for tre fire wra: system, t.: tests .ere cen:ccte: {i). tre model is t,ased en actectec test transfer

.itt wra; it31 t*e ven0Cr Cescrites a5 8 Cre int
analysis. In accitiCn. The results otta1nec f rorn tr e

catle trap syste- T*e twC tests were c0E0ucted at
Nc el have an acceptable consistent) with the

*feeert latcratcries arc ite c0rfiGu aticts were
;a011shec results of tests ccnCutted ty separater

senttails icentical. Tre t.c tests resulte in a integenfent testing laboratcries on ciffererit catle
.eratir; cf 42.11 ar0 47.5% Cerat*ng f rce tre c;en 10; tray fire wrap systefts.

Ire a*.;acity calCLlated f rcm 1+e mccel
for the 10 se;arate test ccnfiguratiens was a 44% Ancther mocel [1] f or cable amPacity in fire wrappectray am;acity.

ceratirg from tre ICIA F-54-440 ampacity. Tre fire catie tray is a useful a p;r c a t tration . However, that

wrag system was alsC teste hith a trap that the m0cel lacks the Cetail Twec essa ry to deltrnine the
venect cescribes as a three hCur cable tray system. effect of critical changes in cable, tray, and fire
Tre test resultec in a Sl.Es cerating from tre cren wrap configuration, and the effect cf changes in
tc: tray ampacity. The mocel yielced a $3: cerating

material tternal properties, in accition, that mocel
assumes that the hertrontal air space between cable

f rcm the IC!.A P-54-440 ampacity, anc fire wrap has a neglible ef f ect in the thermal
Anciter fire wrap system was testec at an ince;endent system. The effect of an air layer has been

cemonstratec in a large bocy of heat transferlaboratory with a fire wrap that tre vencor cescrites
as a one hour cable tray system. The test resultec in literature. ($ee, f or example, the references given

a 28.04% cerating from tre cren top tray ampacity. in (5)).
The model yielced a 211 cerating f rom IC[A P-5 4 -4 4 0. A second model [10) f or wrapped cable tray ampacity is
When tested with a wrap t$at tre vencer cescrites as a
three hear cable tray wrap. the results were a 31.115

tased on assumptions that do not conf crm with actual
installations. It assumes current carrying ccacuctors

cerating, and tre me:el shomec a 30s ceratir g. are placed at the top and bottom of the packed cable
mass and the cables in the center of the pacted cable

tisressiee mass have negligible load. The mocel also ignores the

Tr e meel greserte: M tt's ce;er is a 51~;le significant the rir.a l gractent that has been cbserved
extensict cf tre tray ccwer m;0el Oresente0 it; (3) at

within Cacked cable. Practically, this mocel cantCt
te implemented f er new catie tray insta11ations.

DERATING OF CABLES IN CABLE TRAYSFIGURE 2:
DUE TO FIRE BARRIERS

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

FTRCDU CC*7ECTON FACTOR TO DE APPLED1
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* test capatity of air 41 (cnstart pressureCp

__

per unit Nss [(watt-set)/(gram-cegree C))p-

77, ,g, cuy c' table in wrattec tatie tray cae te
Icecir g ceptt of table tray (meters)Figure 2 arq ICIA c =free tr.e curves gisen ingetemued

P-54 480- Tr:e graph is an entensitt cf the mxe i usec |
emissivity of patt eg table mass surfaces

to Ce.elc tre ICI A F-54-a&C avacity taties. Ite en = ,

moce) is tersistett with the ta i tray fue wrap (O mnsionless) |
of at least twc vencers. To use the graph, )

systers emissivity of outsice cf wrap materia) on
ine only cata reecec are the wrap e ,e =

c
bottom of tray (dimensionless)thickress-to-tencartivity ratic anc emissivity, ,

emissivity of outside cf wrap naterial on )
tot

=
'

FtTEsthCt5 top cf tray sice rails (cimensionless)

errissivity of insice cf material on top ofe *

[1] 0.M. Esteves, 'Deratin; Cables in 1 rays tray sice rails - tray cover, wrap material, !
g

1raversing firesteps or Wrappet in etc. (cinensionless) >

Fireprcofing', 1Ett Trersattions on Power [
9.807 ;gravitational atteleration a

arterates ame syste-5, vol. FA5-102, pp. g -

meter /setenc2 ;14 7 B-14 61, 19 E 3.

Convettion tooling teefficient at outside
[2] acith Fetty, 'Ampatity cf Wrapped Cables,' h =

Itti Trensectiers en Pcwe* arre-etus and surf ace of fire wrap [(watt / mater-cegree C)) (
'

Syste-s. Et SM 398-2, Feto enencec ar.c appresec
Current (amperes)f or itEE/FES 19Et Suttner meettr.;. 1 .

thermal concuttivity of air i
[3] Gary [ng,act, 'Antatity cf Catie in Co erec k -

e t

Tray,' IEEE Treesattseas c* Fewe- arparatts [ att/(meter-cegree C)]
|

eef $ssters, noi. FA5-1C3, pp. 345-350, 19E4 t herr.a 1 c onductivit y of the packeg cableL =e

[a] ICEA Fut. he. F- t a -a a 0 (Setenc Icitice) - mass [ watt /(meter-cegree C)) .

1919, NLMA Put. he. WC 51-197'i, ICEA - hEu [
themel concuttivity of wrap material on i

5tancarcs Publication, Ar:acities - Catles it 63 =

bcttom cf the tray [ watt /(meter-cegree C)) ;Open-1cp Cable Trays

thermal concuttivity of wrap material on top i[5] Lary E ngma n r. , * Cable Ag atity in 1 ray witt kit a

Raisec Covers.' IEEE 1reasettices ce f rern of tray sice rails [ watt /(meter-cegree C))
jCeaversion, V ol . EC-1, pp . 113-119, 19 0t .

empirically cerivec equivalent therral t

k3 =

[L) J. $tcige, 'Amtacities fer Cable in Ranccaly concuttivity in tte region between the top
Fillec Trays.* Ifff Treesettiem ea Fowe" cf the patted table mass and the material on
arreestes enc 5vstees, vci. FA5-90, tcp of the tray sice rails - wrap, tray ;

tower, etc. [ watt /(meter-cegree C))pp. 9t2-973, 1911.

viscosity of air [ gram /(meter-setong}) [
[7] Interam fire Prctectitt Frecutts 'Ampatity me

=
!

(cnsiceratices Wten D$ings 3* Interam Mre
riumt e r of tencutters in a table in theProtettien Kat,' Prepared ty Sancal C. Acta. ri a

January 1957. patted table ness (dimensionless). [
!

kusselt number (dimensionless) ,

[B] 1he rv.nl Sciente, I ra . , * 5uma r y of Oerating N =

[lests tonest'ec cn iberN-Lab 330 fire Barrier
Sysw+rctettec Cable Tray Test asstelies.* ,k3

|January 30, 19E1. p' ;

[9] Joseph Hilsetrath - hational Bureau of
Constar.t = 3.1 altStandards, et al, latles of 1hemoc ynamit anc pi =

Transport Preterties (cf air, etc.), Fergamon heat flus in the packed table mass
Pre ss,1960 Gm =,

2(watt / meter )

[10) ajit E. Miranancani, *&ating Power Cables i t.
Wrappec Cable Trays *, Fager B1 su 593 1 gg. heat five in the fire barrier n.aterial at ,

the bcttom of the tray (watt / meter?)presented at the llit Power Engineer 1rg
tSociety 19B7 Sunrner Petting.

beat flua in the fire barrier material on the |Q:2 a

top of the tray i i

rails (watt /meterb)ce ;APrfwrit I
radius of a table in the pat 6ed table mass ;OTAT10m 4 4 *0rit LEvit0 N N r, -

(meter) ,

cetsity of air (gram / meter 3)rc =Wetatien

elettrical resistante of a table tencuttor >

c1 stance f rom the botter. rf the patt ed ratie F .

mass to a plete surf ace ttat is at the in the patted tatie ness (chm / meter) |a *

;
manimum temoerature in tre pat 6ec (** 1e uss

|

,

(tret e rs ) . i

i

t

- --
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Fayleigt ru-ter (cmceticnless) .&a =

The mocel cevelopment is tased en the assum: tion trat

2 all of the cables are installec so that there is a''2 E 5#~tI I *' ?~T I
C

3 r Lnif or1n depth cf fill, and the cable in the tray is a=

homogeneous mass cf constant thermal concuttivity anc;;-
''

,,, ,

"e e uniform heat generation ;er unit volume of cable mass

(See [6)). The heat transfer is f rom the tcp and
from tottom of each unit length of packed cable mass.m,he(ete. Values for re, Cp, e

{ r,3 Newever, it.e thermal system is not symetrical (ttere
can be an air layer above, but not telow, the packed

heat generaticn ;er unit volume of packed cable adss). Since the system is asyrsnetrical the
s =

cable mass (watt / meter ) analysis must cetermine which portion of the heat3

flux is downward, and which is upward. It is assumed
that there is no best transfer f rom the sides of the

5.70)))(10 esp5tefan - Ecit: mon cerstant =st =

L (see pacted cable mass nor down the amis of cable anc2-6) [=att/(meter _ cegree
p]) tray. The region between the top of the packed cable

mass and the tray cover or fire wrap material i

'

thickress cf the packed catie mass (meter), includes conductive, free convection, and radiaticn
i =

see calculatec cepth in (4). heat transf er with reradiation from the tray sice
rails. The thermal conductivity of tray material

temperature cf the environment (degree C) (bottom, rungs, cover. etc.) is assumed to te
T a

e relatively high and conduction temperature gradients
maximum temperature in the cacked cable in the tray u terial are ignored. The fire wrapT, =

mass (cegree C) rate r141 is assumec to be in direct thermal contact
with the bottom of the packed cable and t ra y. The

temperature at the tettem cf tre pactec cownward beat transfer through the packed cable rassT; =

catie uss (cegree C) and fire wrap is by concuttien only, The fire wrap
material is assumed to be installed directly en tc;

tem;erature at tre tcp cf ite Latted catie cf the tray side rails er tray cover. If a fire wrapT; =

mass (ceq*ee C) support uterial (other than the tray cover) is used,
it is assumed to have reglible effect on the system.

T3 tem;erature of !?e utterside of the=

material on tc; cf the tray sice rails - With this set of assumptions, the thermal analysis is

wrar, tray ccver, etc. (degree C) civiced into seven regions (See figure 1). Region 1
15 the bottom part of the packed cable mass (-a < y <

temperature cf tre outsice of tre fire C), and the heat transf er ecuations solved at y = -a
Ta a

barrier mater 1al at the bottom of ite tray are:
(cegree ()

Cm = s.a (1)
temperature cf the outsice cf the fireTu =

2barrier material c ri tre top of tre tray 11 = Tw - u'

sice rails (ce;ree C) 2.tm (2)

he= tem;erature of the envircnment (cegree t) The second region is the fire wrap material at
the bottom cf the cable mass and tray. (-a-rd

is. = maxime tem;erature in ite pactec catle < y < -a). In this region the heat transfer

uss, (cegree t) ecuations solved f or y - -a-zd are:

Q b = s.a (3)temperature at tre tcp of tre pacted cable Iit; =

mass (cegree t)
Ta = Tw - M2 - s.a 7h (4)

.

Tk3= t rir; e ra t u re of the underside cf the 2.t. Azb
matertal on top of the tray side rails -
wra; tray ccwers, etc. (degree K) The third region is at the outside surf ace of the

fire wrap at the bottom of the cable mass and tray, [

TKa = temperature at tre outsice cf the fire and heat transfer is f ree convection and raciation. ,

terrier matertal at the tettom of the tray The convettion cooling coef ficient is given in (4), |
,

(Cegree t) and ccnverting to metric.

Tts a tew erature at the outsice of ite fire h = 1.gM T, , T , 0.25
terrier material en tre tcp of the tray ,
sice rails (tegree t) <

Tte convection heat flux is given by

average temperature of tre hcrizontal air h (T - T ) = 1 W (T - T )1.25E =

4 e # 'layer (cegree t) 0.25
w

7 TK)it 4
,

2 Raciatic,n heat flux is given by

Icactry w'cth of tt'e cable tray (meter)
# - Tr#')

- =

sb.e'D. (TE #
tt.ic tr.ess of tre fire barrier material at

|2: =

the bcttom cf tre tray (meter) g g

t it m part of tre cable ass (s.a) and ecuals tre
thicatess of the fire barrier material en convection and radiation beat flus at tre outsicen =

'
the tcp of Itte tray side rails (meter) ,

h
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surface cf 1*e t utom fire wrap. Sutstitutir,g in prgion ' mu C a1 t feat gereration in the top
ecsation (a) into tre heat flux ecuation, part of tre pac ed bh

i

1.25 s (t-a) j

2 |'Tw - u - s a n - Te, aq From these three ecuaticns, it is possible to obtain5,,,

"g,73 pg, g.
T. the temperature cf the bottom i" an expression for 3' 4

surf ace of the material on tcp of the tray sice rails.
+ sb e h 'TK -U2-5 a r[ -T (5)

-ec w
2m a

pegion 4 is the top part of the packed cable c. ass 2.k , ~
(G) !i* I T = TK sft-al

**
,

|to < y < t-a), and the heat transf er ecuations solved r

at y = t-a are:

Gm * s(t-a) (6) sit-a) g

-3 ,

2 (T) i + 4.se e, . e
.

>2.n, + u, ;yT2*Tw- M 3+ e , - 0.462 . e , e,, ,2.t. d-t e,,

The fifth region in the themal analysis is the air
space between the top of the packed cable mass and Region 6 is the fire wrap material on top of the tray f
the cable tray cover or fire wrap material. From [3] side rails (d < y < t-a+ rt) . In this region the |

I

and [5] the concuctive and convective heat transfer heat transfer ecuations solved et y a t-a + 2g are
can be characterized by an ecuivalent the rinal

U =5 (t-a) O) ;

cenductivity (k3), wnich is a function of hu and Ea. Zt

(10)k3 = hu k T5=T3 - $(t-el rg .e
k

sthudon of W into ) M s ecua m n W ).
hu = 1 + 1.44 1 - 1709] + Fa -1

Ra j ,5233 '|
Finally, Region T is at the outside surf ace of the '

Tre cuantity in brackets should te set equal tc zero fire wrap material on the tcp of the tray, and heat

when it becomes negative. transfer is free convection and radiation. The
convection and radiation heat flux ecuations a re

The conduction and convection heat flux is similar to those given for Region 3. Solution of the
ecuations yields (#2)

k (T -T) f
3 2 3

;
It

The solution of the heat transfer analysis is the |
Tre raciation test transf er in Region 5 is a f unction pair of ecuations (5) and (12). j
of ite view f atter and the emissivities of the cable
mass (e ) and the untersice of ite tray ccver orm
fire wrap (e ). From [3] anc [5), the ractationu From [6), tre allowable ampacity of a cable is given ,

d heat flux in this regicn is given by by.
,.3
|

4.5b. e ,.e ..2.T K, + TK, (17 - T))
2' O.5

3 s ei r
y u

.
3, (13).e,+e -0.4 6 2. e, . e -

n R i,
*

The term
~ ~~

If the maximum conductor temperature (T ) and the
,

-2.TE, TK, )3
w

(T ' 1 ) ambient temperature (T ) are known, ecuations (5) ie
2 3 and (12) can be solved for the allowable heat3 ) generation (s) and for the asymetry . of the

is an apcroximation, and must te verified after a system (a). The allowable heat ge ne r a ti c.n (s) can
solution is obtained (see Ciscussion and Closure [3)). then be used with the cable prcperties (r . n, R)w
The conduttive, convective, and radiation heat flux in ecuation (13).

5= T ,-T,-stt-a)2 - stt-a) , sit-elrg {g ;T

ka + 4.5b e ,.e
~

'2.TK, + TK, 21
i

d-t e, + e - 0.462 . e ,. e 3

-e - 5 M-a) - 5 M-4) 2
T,-T

5
ts.(1-a) = ri v u ,3

3 .a s, e.. ew m e , ,,u

c-1 e,+ e - 0. 4t,2 e ,. e |3
,

I12) f* 5 U~8I - 5(1-4) 2.' - TK
+ sb.e TK - 2.k

- ' '

21K +TK 'Iet. w '
k e .e

m 3 +4 sb m u w e 1 '
2t

3c-t e ,+e -0.4t2.e,.e, .
y

,,
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or&Ms 11 tre above simultaneous ecuations (14) an: (15) =1th
uninc.,ns x and y: r( s.y) . O enc 0( x,y) . O ctnnot be ,

S M i!ON CF T 4 SI"4tATakt0g5 solved algebreically. They can te solved i
rat Tesqfra toray ms gjiw ic tw e=s5 neerically. bowever. as shown ty Eah10tt 11-1 ty ;

using an extension of the he=' ton iterative method to j
three dimensions.

Tre t=o resulting r.e a t tettsfee ecuations (5) at:
(12) of Acrencia : can te expressed as follows: Tre partial derivatives recuired in the iterative

method shown in Exhibit !!-1 are:
U% eewes: a=s

fter P(r.v1:y=a

- By - CFWith Constects: DAK = = =

!G . (Tre)' DAY = D = = - 2 Bay - CsA= D. T -T '
* ' I# 3#0.25

= y - (1.25) (A) (AD)0.25(DAI) - 4E (AF)3[DAK) {DP) =
*

B= ' I * 't 'ot ,

DPY = D = x - (1.25) (A) (AD)0.25(DAY) - AE (AF)3[ DAY)
'

*
Dy *

*
C= w -

'
K for otr.y):zt

DBx = # S = M = - B (t - y)2 - H (1 - y)1 D 2"
a a se e e. 2TE + TE '3 i"* *

= + 2B [x ( t - y)) + Hsc-t e a e 0 4t2 e e 3
. CBY = sy = Dy.m u m u.

D01 = U = (t - y)i
t 2x=

I., !

.I

Ecuetion !!) tecomes Ecuatica (14) tel v - 1.25 ( A) (BD)0E (DBx) - 4(E) x (BF)3 (DBK)

my - A [-Bay - Cay a D)1.252 ,

DQY=b =-xpy
- [[(-Bry - Cry + f), - G) = 0 -

,

AD = -Bay 2 - Cry + D - 1.2$ (A) (BD)0.25gggy) ,agg)ggr)3 (DBY)
!

AF = -Bay 2 - Cay - F
Using the above formulas and tf'e method described in
Exhibit 11-1 a computer program was developed, as

F(s.y) = sy - A(AD)I'25 - [[(AF)#- G) (14) shown by Exhibit II-2 which shows tre main portton of
the iterative method. Subscripts etter than i And
i + 1 are not kept but the principle is the same.

Ecuatica (17) dec o-+s Ecuatien (151 telow:
. - The initial values for so and yo, before the i

first iterating, are chosen automatically by the r

x(t - y) - Al-B [a(t - y)2) -H [x(t - y) + D)1.25 computer program, as f ollows:

D - 50 is B0Z of minimum a which would male
O AB or BD tenns (which are raised to the 1.25

- E [-B [a (1 - y)p) - M [a (1 - y) + F)a - C.) = 0 power in P(s.y) and C(z.y) j
'

YO * a = (0.5) : t
BD = - B [a (t - y)2] - H [ s (t - y)) + D This iterative method . was used successfully in all ;

"

cases, it converged on the solution with a tolerance
* ' '

BF = - B [a (1 - y)2) - M [ (t - y)) + F
Biocraphies

'
- Cary Enomann (SM '83) holds a MSEE and a NBA. He

O(m.y) = a (1 - y) - A (80)3 "3 - E [(BF)a - G)(15) joined Southern California Edison ComLany in 1985 and
has held the position of Supervisor of Electric
System Planning.

'
Phil save (M '70) holds degrets in Physics and
Engineering from France and a F5tt from Ust. Ne ,

joined Southern California Edison Company in 1966 and |
has been an Engineer in the System Development and

,

Engineering Departments. j
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0 is re:resertec ty coint 5(as.ys)O arc C'=a s =..,au- :* sin ha ecus e:uat,e .s 5 's . d -

U te se:t :- cf w 'ete r [:=F(n.y!) and t 12 Oin y)) .itt terizce. tai piere 2 0, as sne.m ty figure telo :

SOLUTION Or TWO EOUATIONS WITH TWO UNKNOWNS
E xT ENSION OF NEWTON METHOD
IT ER ATION i FROM Mi TO Mi + i

, ,
5~'00: 0 12,;'

'F W A #44h 7;"ye? P'^^^

sJ__~

C*? p g ', ''\
.

gyg"''h--
, --

. -- m s

.

-
-

s' G
~ J 1 viN_ :w s r- - m n K

- . ,

,

r'

('
'

'. ; ^i r -
. _ . . .

z' ..

,' ' g. ,
'
ir' _=

,'W'
y _ y" - '

%.,

,w 1. n .. !W

Y_.
,. L ''**+'"'

- ,

! ;7) | " 's r
- w- "- tsa _. _. g __

- 3_ ,-

*
1

14
*

IT[FATICN i: 5! . ting Foint Mi (rg, yj, 0) |
_

en Su face 0 t = O(x, y)1. F,, on Surface F z - P(x,y) 1. 0,5 r

g . C(r , y ))F,3 [8g. y3 23 - F(sq. y )] 0,3 [ ag. y3, r g gj

Pibe Tangent to Surf ace F at P ,3 2 Flare Tangent to Surface Q at 0 ,,?.

Lefined by P,4, TFs, IPs Cetitec ey 0,3, 10x, TQy

n;i 1 - CI'i* Y Ii i -
I'i' Y I isf = r i .

g, y )/ t : O C(s g , y )/ 4)O P(a gg

y - P(ag, y,) , Q(ag, y )qsp y ,y=

Q F(s y)/D y 'D 0(a . y )/ 2 yq. g g g

3. Irteesettien of Teetent Pieme with 7= 0 3. Irtersectice of tancert Plene with r = 0
Straagti line: 1Fa IFA Straight line: 10m 101

YD -Y YQg -Y3 g g

q)3)
y-6 (5 -E(8 -8y - 103 = ,i - g

i ,i ,,1,p

a + CONP y - *; a + CON 0y = WP g3 g

(x, + 1, y.. 1. G) Irtersectie* cf tires TFx, TFr an TC1 TCY4. new Foir,t 7, ,3

CDSP - CONQ ( my ) (C0hP ) - (PP,) (COND )4
g q 3

Y- 1* mg - MP'i 1* pg - ep g

-_ _ _ . . - . _____ _ _ . _ _ ____-
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Discusw>n test results and calculatec *aiues. M the pa:er, tne
firemrap ce ra ti r'9 facters are ratics cf calculated (
valas. W rau e cf cakulaud =a M s was compared

Keith A l' noserm MM De amrs
..e m Yoests iSime & Webster Er.fmeerirr ## # "

!nnenced for such a veh orgamet paper Test resuis sPoud tic
6,rwra: ped tray, i.e. the 4% de'att nc , that is tr.e

esed m ,erm rnNeiir'r techruques, as tre aurors tase cone IEEE. ram QcaWam vaM, 15 c m a, a wi e 94 Rb9.sia:ed Conductors Cer:vrurtee's S;.;5cer.m.r e 12 shou;d re.consicer am Rh cuamg eat an W rau cs cf W ust'

eesempment of a test sumc.ard m hgtt of the resuas of this paper A results.calceaaon approach for derstmg fancrs wouic bener serve the m:!astrv.
than uggesung that for any sman product change a new ampacity is '

A variety of tray constructiers, inclucing ladder ty pe .
''"# might be used in a fire wracped installation. The -

'I would lie to poet out that my paper (21. does nat apply to raccuay, as model presented in the paper assumes that the paaed
the authors corrtetty pomt out Jr accresses wrap rnatenal appbed directly Wh H ud & tM Un W -

to catde surface where the cabic is located as outside of tra) or condut
,

j , g g , ,

he tests that 3M periormed also uncluded an unwrapped trab These ,

a pprotic.ation . However, all of the mde,i assumpti ons
resuhs showed that the unwrapped ampacirv mere 7 4 % h2gher than ICEA
Pou40. Sace the authors compared their modelet results agunst test are approximations to any actual installation. The

issue is the acceptability of the assumptions. jresdts of the wrapped trays, wced they comrnent on the effect this has on Although ladder tray eight result in an additional airthe corrdauon analyM ,

space at the bottom of the packed cable mass, we
I e type trays are used frequently ui the power plant, m fact. 3M usedr

be e Oat ne Wed M M waH and awaW. ;
ladder trays in their test. With im r trays, you get an as gap between the

. . |tutom of the cable mass and the fare barner muenal. De medehng
A5 noted in the paper, comparison of moel resulis with

tech:uque presented in this paper auumed darea contact between the cable
a un ns is Ws nM waH dau W mM v Wmass and the fare barner snatenal In bght of t!us. ts it appropnate to
assumptions on which it is based. Tbe validity of thecompare the modeleg results with the 3M and the TS1 test resu!ts,
snodel is established by its basis in accepted heat

3M has severaj products with varying danensions and charactensues. Mv"

uans W anahsis and engt m h ng of the
review of their hierature and discussions with 3M andicate that the I bou'r c n @ W M W m cel ass m w s. (udgement

i

zu en d W '

| product is 0.8 inch truck, instead of I an: the thenna! conducuvo is 013 ss compad son pusen W in W paru 1ks in W comfod ,

i 0151 waxm-C. De resultag ZA would be 0.156 anstead of 0 33 as you
reaut red when presented with abstruse andindicated. The correcuon factor from your Figure 2 would be 5fs % N hch is

unfamiliar heat transfer ecuations. In addition to the
.

i a 42 % deraung). The 3M test data sadicates a correction faner of 53.3%
difference in tray construction, there r9ght be etheragamst test data of unwTapped tray. and 57 % aFunst the ICEA P.m ,differences between the mocel and the 34 and T51values Modchng reschs correlate wcU with test data. escept for the issue of
tests. We are not aware of any that we believe to be t

the a:r Far at the bonom of the cables. as menuoned abosei

4 significant, and feel that the com:arison was an

j Mawns remved Febniary 23.1988 appropriate and useful cre.
I

For actually using the factors given in figure 2, we
'

4. K. Hiranandani (Ihe Detroit E& son Co Detroit MD The achers thant Mr. Petty and have the opportunity to highlight a
| have developed a conve:uent chart for deraung caMes an mapped travs. significant typographical error in Figure 2 of the

Howeser smet I have the hono* cf bezog referenced [10)I would apprec[ ate preprint of the paper Ihe scale ,alues on the
'

if the authors would note their ovenight in anterpreung para 1.0 6 of :ny abscissa in figure 2 in the preprint are in error by a

paper The para refers to the test generated by the cablemass-the factor of 2. The error has been corrected in this
arrargement of cables in the tray ne. rely refers to a configurauon for publication. However, the configueation of the wrap ;

produceg the best heat distnbuuon in the cablemass by locaunE the cables and thermal data given by Mr. Petty are not those
'

4

producmg more beat in the outer la.iers for ter.er heat druipauon. The published by 3M for the test from which data mas used
purpose of uug an arrangement refers to a means of obtamir.g a cablemass for comparison. The comparison given in the paper is ia

o' re. mular ennsection as used ui the Stolpe model. My model does not based on the information we received from 3M and is !J

'

rey e > special constraints and can te usud for all rypes of instata. given in Table 1. We al so note that Mr. Petty'

; tions-tx cables estun the rectangular cablemass can be arrar.ged at apparently used an ennissivity value of 0.9 in arriving
3 random Para 10.6 tefers io the casy way of obtain.ng a tectangular secuon at a factor of SM. According to 3M, tre eenissi vity

of cablemass. of the outside of the wrap is 0.1.

As shown in the paper cable deraung is based on he.at d;ssipaned to |
Ve also thank Mr. Eirananeani f or his corsnent, and we ;ambient aar betweenthcUble mass and wrap. Each cable has a defir. ate, *

] iemperature based on the facion stated in para 1.0.2 of rny mose!. apologise if we have incorrectly interrreted the model
presented in his paper. tiowever, we quote f rom item 6

Mawnp rsmved hJy 26.1989 of his paper. *c. ables generating more heat will te '

assumed to be placed in the upper and lower outer
layers of the cable-ma ss' Vith that statement, it is

dif ficult to arrive at the interpretation that the [FMIt SAVE GtJy [gyn
model does not require any special constrainta on

,

Ve thank Mr. Fetty for his coments on the paper. pr placement of the cable. We agree that t.he methodology

Petty notes that tests performed by 3M Indicatec that used by Mr. Biranandani could be extended to randomly {
,

the allowable ampacity of cable in open top tray is installed cables. but the model presented in the -

7.4t higher than the values given in ICEA P54 440. paper does not address that configuration. A random
Since publication of Stolpe's paper in 1971. there have cable installation would require that Mr. Eiranandani !
been reports in the literature of tests results that include the marianam temperature in the packed cable |,

indicated allomable ampacity that differed from that asss and additional equations for best transfer r

calculated with Stolpe's rethod, which is the basis fer through the cable mass. The maximum teeperature would
the ICE A standard. However,f5cce of the reported test lie somewhere between 71 and 76 shown in Fj gure 2 of

results are sufficient justification for changing the Mr. Eiranandani's paper {10).

calculation method or the standard. These test resul tss

do pctnt out that care must be esercised in comparing Manuscript received August 23. 196B. i

i
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:
;

i

TEST PLAN Rev.I ;

:

AMPACITY DERATING TESTS OF ARTICLES :

PROTECTED WITH THE THERMO-LAG ,

FIRE BARRIER SYSTEM
r

1 SCOPE ,

i
This test plan describes the methods and guidelines to be utilized for the preparation of test specimens. ;
installation of the THERMO-LAG (hereafter referred to as "Thermo-Lag") Fire Barrier Systems, t

performance of ampacity derating tests and all applicable documentation of these tasks and the test results. !

2 OBJECTIVE

The objective of these tests is to determine the ampacity derating tactors for a protective generic fire barrier |

system for cables at TU Electric's Comanche Peak Steam Electric Station. Results of this test program . I

will provide documented evidence of the necessary current derating factors for a different cable installation

conngurations. These tests shall satisfy the requirements for ampacity derating by testing the cable raceway
tire barriers as detailed in the IEEE P848 " Procedure for the Determination of the Ampacity Derating of i
Fire Protected Cables," Draft 11, dated April 6,1992, except as otherwise outlined herein. (Note: IEEE- |
P848/Dil is presently undergoing review by members of Subcommittee 12 of the Insulated Conductors [
Committee of the IEEE. TU Electric has incorporated into this procedure those revisions expected to be ,

included in Draft 12. The deviations from Dran 11 are highlighted in bold italics throughout the !

procedure). -,
,

,

3 REFERENCFS
t

3.1 Documents !

3.1.1 IEEE P848/D!l Procedure for the Determination of the Ampacity Derating of Fire i
Protective Cables." Dran i1, April 6,1992

v
3.1.2 Thermal Science. Inc.'s Technical Note 20684, Revision V "THERMO-LAG 330 '

Fire Barrier System. Installation Procedures Manual, Power Generating Plant f
Application," including TSI letters of clarification thereto '

,

3.1.3 Specification CPES-M-2032, Rev. O. " Procurement and Installation of Fire Barrier
t

Fireproofing Material."
,

3.L4 ICEA Standard P-54-440. "Ampacities for Cables in Open-top Trays" May 1975
t

3.1.5 ICEA Standard P-46-426. " Power Cable Ampacities"

;

..m., _ eenc- m m. w - - - - * . " '
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Test Plan Rev i February 8.1993 !

3.1.6 Construction / Quality Procedure CQP-CV-107. Rev 0. " Application of Fire Barrier r

and Fireproonng Material." .

!
'

3.1.7 Construction / Quality Procedure CQP-EL-222, Rev.1, " Installation and Fabrication !

of Conduit Raceway Systems.''
-|

4 RESPONSIBILITIES
.t

'

4.1 Texas Utilities Electric (TU Electric) and Associated Contractor Organizations

4.1.1 Establish the criteria, guidelines, drawings (dratt quality), recommendations.
,

etc., _ to govern the installation of the test items. Supply the test item [
pieces, including all hardware, electrical cables, conduit, tray systems,' etc. !

;

4.1.2 Establish the criteria guidelines. drawings (final. report quality if needed), !

recommendations, etc., to govern the installation of the Thermo-Lag Fire [
Barrier System Materials to the test articles. i

4.1.3 Provide the specific Thermo-Lag installation procedures and work package [
documentation. i

;

4.1.4 Provide materials representative of existing or future site installations. |
;

4.1.5 Provide the Thermo-Lag Fire Barrier System materials and installation tools and |
>

equipment.
{

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

4.1.7 Coordinate all phases of the ampacity test preparation with the testing
organization including appr aval of variations . j

-

r

4.1.8 Apply the fire barrier system to the test articles. !

!
4.1.9 Supply QC and construction personnel to witness and document assembly and j

test article raceway configurations. j
4.1.10 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 [

i
i

i

i
4.1.11 Provide all applicable quality control documentation for the tire barrier system !

materials, cabies. and installation of the fire barrier system to each test article. |

2 5

|
.

.-- - - ,- - .-
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4.2 Omega Point Laboratories. Inc. (Laboratory)
3

-!
4.2.1 Prepare the test assemblies and provide all required test instrumentation in

;
accordance with Appendix B Quality Assurance and Quality Control Programs ;

and other applicable procedures. ;

i

4.2.2 Provide thermocouple calibration and instrumentation, storage temperature |
recorder, surface temperature probe and relative humidity instrumentation.

|
'

4.2.3 Assemble, install and document the installation of all trays, conduits, cables.
etc. to be supplied by TU Electric. Provide computer-generated drawings of |

tray, conduit and cabling systems which clearly indicate dimensions, i

thermocouple locations etc. !
!

4.2.4 Observe and document the installation of the Thermo-Lag Fire Barrier System !

Materials to the test articles. and attendant instrumentation on each test article.
'

,

'

,

4.2.5 Conduct the ampacity baseline and derating tests. .;
*

.'
t4.2.6 Document the test parameters and provide a formal detailed written report of >

the test program and test results. i
,

4.2.7 Provide 35mm photographic coverage of the test project. $

4.3 Laboratory Quality Assurance / Quality Control
.

f

!
4.3.1 Verify and document the quality control documentation of the fire barrier i

system materials used in the test program, i

It
4.3.2 Perform and document inspections of the tire barrier system materials at various |

points during the installation process. |

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

i
6

4.3.4 Ins,7ect and document the construction and instrumentation of the test articles. ;

;;

;

4.3.5 Provide written calibration documentation of all thermocouples, ammeters, !

measurement devices and data acquisition systems used in this test program. !

!
i
!

!

5 SPECIAL PRECAUTIONS ,

i

5.1 Precautions For Installation Of The Fire Barrier System Materials '

;

3 |.

|

!

i
;

-
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t

5.1.1 Thermo-Lag Fire Barrier System materials shall be installed by TU Electric in i

accordance with aplJicable speci6 cations, design drawings and procedures (Ref. !
3.1.6,3.17 and 3.1.8) such that the test articles are representative of CPSES '

upgraded Thermo-Lag installations .
{

5.1.2 Observe specinc precautions recommended by Thetmal Science, and other's
material safety data sheets. |

6 PREREQUISITES

6.1 Traceability Requirements t

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 shall be applied. i

The cables used in this test program shall be traceable to the respective cable j
manufacturer and shall be supplied by TU Electric or the Laboratory with i

documentation of traceability, j

All thermocouples used in this test program shall be calibrated. !

!

6.2 Test Con 6guration '

!

6.2.1 Cable Tray Test Article

!
One(l) tray article will be tested as prescribed in the IEEE P848/Dil i

dratt test method: a 24" wide x 4" deep straight section of ladder back '

cable tray,12 feet long,611ed to 40% with 3/C 6AWG Cu 600v cable.
The entire assembly shall be clad in 1/2" 'Ihermo-Lac. . ;

I
6.2.2 Conduit Test Articles

{

Three(3) con 6gurations of galvanized rigid steel conduit supplied by TU ,

'Electric will be tested. All will be 12 feet long and will contain
electrical cables as described below. i

.

a. A 3|4" diameter conduit, with a single 3/C 10 All'G 600r Cu
cable, clad in a 1/2 inch thick layer of Thermo-Lag with a l
||4" overlay

;

b. A 2" diameter conduit, with a single 3/C 6 All'G Cu 600r i
cables, clad in a 1/2 inch thick layer of Thenno-lag with a 1

1/4" overlay i
i

t

i

_
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c. A 5 " diameter conduit, with thove-l/C 750 kemil Cu. 600 V
EPR-insulationillypalon jacket cables , clad in a 1/2 inch
thick layer of Thenno-Lag.

Note: These contigurations were chosen to be consistent with CPSES
installation (i e. 3/4" to 5" instead of 1" to -1" specified in the
standard).

6.2.3 Free Air Drop Test Anicles

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

A single 3/C 6 AWG Cu 600 V cable, clad in three layers ofa.
660-Flex Blanket Thenno-ing

b. Three 1/C 750 kemil Cu 600 V EPR-insulationillypalon jacket
cables, clad in three layers of 660-Flex Blanket Thermo-lag

6.2.4 Baseline Test Articles

Baseline test anicles 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
ampacity testing used to model and confinn the ampacity in random
filled tray ofICEA P-54-140, a 3 mil thick plastic sheet shall be
placed on the bottom of the tray when conducting the baseline testfor
the cable tray anicle.

6.2.5 Test articles shall be supponed on wood blocks during the performance of the
ampacity tests.

6.3 Cable Installation

An itemized listing of cable types and quantities including the percentage cable
fill to be installed in the test articles will be prepared by the Laboratory and
included in the final report. Cable location within the test anicles shall be -
documented and included with data to be evaluated by the testing laboratory.
All conductors inside each test article will be connected into a single, series
electrical circuit.

5

-
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6.4 Thermoccuple Installation !
|

' All therrnocouples used in this test program shall be provided and installed by
the Laboratory, with QC surveillance by Laboratory personnel. He e

thermocouple wires shall be calibrated (by Lot No.) prior to installation and for
,

use, and applicable quality control documentation for record purposes
generated. Type Tspecial accuracy thermocouples shall be used on the
conduit andfree air drop configurations andfor all ambient temperature
measurements. Type K thermocouples will be usedfor tray configurations and
adjustment made to account for any difference in accuracy. All thermocouples
will be electrically welded at the thermojunctions.

I
!Calibration will consist of manufacturer-supplied (and audited) cenifications of

calibrations at nye temperatures of thermocouples taken from both ends of each ;

purchased lot number. [
!

!

Three thennoccuples shall be installed at each locationfor the conduit and -
thefree air drop test anicles.. Thermocouples in the cable tray test articles
shall be installed in locations that are consistent with the requirements of IEEE- !

P848/D11.
,

i

6.5 Ammeter Installation f

(Later) i
!

6.6 Pretest Inspection

6.6.1 Prior to the commencement of the test, a thorough check of each test assembly !
and associated equipment (including data recording equipment) shall be *

performed and documented by the testing laboratory. [
;

6.6.2 Approval of the construction, assembly, installation and instrumentation will be
documented by TU Electric and the Laboratory prior to performance of each l

test (a sign-otf sheet for this purpose will be supplied by the Laboratory). |
t

6.6.3 Ampacity derating testing of assemblies will not commence until Thermo-Lag
Fire Barrier Materials attain 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.

'

I
!

i
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7 PROCEDURE

7.1 Ampacny Baseline Tests

7.1.1 The unprotected test articles shall be energized with 60 Hz AC voltage as
specified in IEEE P848/Dll and the baseline current ampacity determined as that
which results in a thermal equilibrium at 90 C at the hottest location at the
center of the test article.

7.1.2 The conditions specified in IEEE P848/Dll for ambient temperature and
current / temperature equilibrium will be adhered to.

7.1.3 If the final conductor and ambient temperatures are not 90 C and 40 C -
respectivelyfor any test, the measured current shall be normalized as
outlined in ICEA P-46-426.

7.1.4 Baseline tests may be run before or after the TSIprotected racewaytfree air
drop test assemblies; However, the cable and thennoccuple placements must
remain unchanged.

7.2 Ampacity Derating Tests

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

7.2.2 The conditions specified in IEEE P848/Dll for ambient temperature and
current / temperature equilibrium will be adhered to.

7.2.3 If thefinal conductor and ambient temperatures are not 90 C and 40 C
respectivelyfor any test, the measured current shall be normali:ed
as outlined in ICEA P-46-426.

7.3 Calculation of Ampacity Derating

7.3.1 Ampacity derate factors shall be calculated in accordance with IEEE P848/Dil.

7.3.2 The normalized measured current for the baseline configuration shall be used
in computing the cable ampacity deratingfactor, When the nonnali:ed
measured current is less than the published ampacity from ICEA Standard P-
54-440, the ampacityfrom the standard shall be used as the baseline current.

7
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;

I8 DATA SYSTEMS
:

8.1 During the am;)acity test period, all thermocouples will be scanned at one !
minute intervals or less. I

!
8.2 The data acquisition computer will detei aine the hottest single point at the !

center of each assembly and, using Proportional, Integral and Derivative tPID) {
process control computer routines. will output a voltage signal which will :

update the position of a motor-driven variable transformer to drive the system
to equilibrium at 90 C.

i
.

S.3 The data acquisition computer will concurrentiv measure the current flow '

through the assembly, by intertacing with a calibrated current loop circuit. *

When equilibrium has been reached (in accordance with the P848/Dil Draft ' !

standard), the system will be de-energized and the test will be complete.

9 TEST REPORT

i
9.1 The Laboratory will submit a report on the results of the test and thermocouple i

data. *

9.2 The Laboratory will assemble the final test report containing the collected data {
and required quality control documentation. j

i

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

a) Date of the test {
b) Location of the test ;

'
c) Description of the test equipment and test articles
d) Calibration documentation of all thermocouples
e) Qualification and certification for test personnel !
f) Test procedures used
g) Ampacity values determined and accompanying equilibrium temperatures.
h) Provide quality control records for:

Test anicle construction*

Qualincation and cenification for installation 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
|

"

i) Computer printout and graphic results of the ampacity test
j) All raw data j
k) 35mm photographic coverage of the test project ;

1) Provide a chronological log (Event Log) of all activities from receipt of |

materials through final test repon

,

l

*
- -_ -- --.
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?

i

The Ampacity Correction Facter (ACF) for a 1 inch depth of fill with TSI one |
hour material is .75. The ACF for the same material with a 3 inch depth of '

,

'
fill is .78.* The difference between the derating in the 3 inch and 1 inch
depth of fill is 3.8%.

78 - 7L x 100 = 3.8% [1] |
78 |

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 fill. Appendix

'

B of P-54-440 provides the following equation for calculating the ampacities i
for cables at different diameters than those in the ampacity tables. '

i
d, .

I, = Io [2] - '

d |o
;

.
Where: :

I
,

I, = ampacity for cable diameter d from ampacity tables in P-54-440.t
o

!

ACF, fro:4 Attachment 1 )*

;

I, = ampacity for cable diameter d, 'f
i 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 |
'

i inch depth of fill is 45.8A. |
!

I, = .75 x 44A = 45.8A [3] :.

.72 ;.
;

j When the maximum derating difference, from equation 1 is applied to 45.8A .

the possible difference in actual 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.oSA (this is raflective of baseline i

tests preformed in the past by Omege. Point on this 5. ample). The-ampacity ;
, '

from ICEA tables for our cables, r.nd corrected using equation 2 is 21.875A,
,

for a 3 inch depth of fill.

I, = .75 21A = 21.875A [5] !
.72 !'

!

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 ;
e

-

i
!

!,

i
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This will result in a conservative additional derating of 4.35A at a 1 inch
depth of fill (from equation 1),

45.8A x .095 = 4.35A

While any increase in derating above 3.8% will compensate for the difference |
in derating, the anticipated derating of 9.5% will more than offset any
changes in the derating that would occur from the effect of a 3 inch tray
depth of fill.

|

|
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|

|
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