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FORWARD

The United States Nuclear Regulatory Commission (USNRC) has solicited the support
of Sandia National Laboratories (SNL) in the review of utility submittals associated
with fire protection and electrical engineering. This letter report documents the results
of a SNL review of a set of submittals from the Duane Amold Energy Center .
(DAEC). These submittals deal with the issues of Thermo-Lag 330-1 fire bamer fire

Information (RAI). This review has considered only those portons of the utlity
submittal directly related to the issue of ampacity derating. This work was performed
as Task Order 9, Subtask | of USNRC JCN J2017.




1.0 INTRODUCTION
1.1 Objective

In response to USNRC Generic Letter 92-08, the Duane Amold Energy Center
(DAEC) provided documentation of the utility position regarding both the fire
endurance rating and ampacity derating factors associated with its installed fire barrier
systems. The objective of this review was to assess the adequacy of those portions of
the utlity submittal reiated to the issue of fire barrier ampacity derating factors. In
particular, the submittals included documentation of an analytical methodology used to
assess the adequacy of in-plant cable ampacity factors for its various Appendix R
cable tray and conduit fire barrier systems. Also included were sample calculations
for one cable tray and for one conduit.

The submittals reviewed were documented in an initial response to Generic Letter
92-08 provided by the utility and in a subsequent utility response to a USNRC
Request for Additional Information (RAI). The relevant documents reviewed are:

- Letter, February 14, 1994 (item NG-94-0563), J. F. Franz, DAEC, to L.
J. Callan, USNRC, (with enclosures).

- Letter, June 2, 1995 (item NG-95-1223), J. F. Franz, DAEC to W. T.
Russell, USNRC (with one attachment).

SNL was requested to review these submittals under the terms of the general technical
support contract JCN J-2017, Task Order 9, Subtask 1. This letter report documents
the ininal results of this review. The intent of this review was to provide support to
the USNRC in determining the adequacy of the utility submittals, and in the potential
development of a supplemental RAI. Based on the results of this review, it is
recommended that such a request be pursued.

1.2 Overview of the Utility Ampacity Derating Approach

The consideration of ampacity derating factors for fire barriers at DAEC is based on
an analytical method with limited validation through available experimental dsta The
utility has noted that it plans to update its analyses once the results of the NEI
Thermo-Lag ampacity dersting test program become sveilsble. No testing has
apparently been performed by the utility, and at the current time, no such testing is
planned.

For its assessment of ampacity derating, the utility has examined each cable tray or
condwit which is both protected by a fire barrier system and houses at least one
continuously energized power cabie. The DAEC method is basically a vanation of the
methodology commonly referred to as the "Watts/ft* method The analysis follows a
simple two-step process:

Step 1: For each tray or conduit, the actual total heat load (due to cable
resistance heating effects) is calculated based on the actual operating conditions



20  THE BASIS FOR UTILITY ANALYSIS

2.1 Overview

The DAEC methodology is apparently based on & paper presented by Esteves, then of
Bechtel Power Corp., in 1982 (utility reference 6.1) and republished by [EEE in 1983
[1]. However, while the basic methods used by Esteves are valid for the purposes to

which he put them, the use of this methodology in the manner employed by DAEC s
not appropriate.

In particular, Esteves performed some simple analyses of the pioneering cable
ampacity work of Stolpe [2). Esteves' interest was in estimating the anticipated
ampacity impact of fire barriers and fire penetration seals. His work was based on

[nherent in Esteves' work is the base assumption that the cable tray and cable loadings
remained fixed as per the Stolpe tests. The utility's extension of Esteves' work to the
assessment of cable ampacity adequacy for actual cable trays is incomplete and
inappropriate because it violates this inherent assumption. The following sections
outline the DAEC analysis methodology and identify its limitations. The basis for the
SNL finding that this methodology is inadequate and inappropriate to the problem of
cable ampacity derating assessments is also provided. In particular, the inherent
inability of this method to assess individual cable empacity limits is discussed in
detail.

22  Premiss of Total Heat Rejection Capacity

The ampacity derating assessment methodology employed by DAEC is based on an
evaluation of the actual in-plant overall heat load for specific cable trays and conduits.
The approach is largely analytical, although certain critical parameters in the analyses
are based on limited test results as available to the utility through public test reports.
No supplemental testing by the utility has been performed, and at the current time, no
such testing is apparently planned The utility does cite that once the NEI test results
become available, s review of the ampacity calculations will be performed.

In order to understand the utility analyses, it is critical to recognize that the utility has
not applied ampacity derating factors directly to individual cables. Rather, the uniity
has analyzed cable treys and conduits as composite systems. In effect, the ampacity
derating factor is applied to the overall heat load of the system rather than to the
ampacity of individual cables within the system. That is, the utility analyses assume
that so long as the total thermal lotdfonhoolblomorcondmnasym s
within allowable limits, then one can conclude that the individual cables within that
tray or conduit are all operating at acceptable limits. As will be noted below, this is
not a valid assumption.



associated with each "continuously energized power cable.” That is, the heat
load introduced by each individual cable is calculated and then the individual
loads are summed to obtain the overall heat load for s given tray or conduit.
Each individual cable heat ioad is calculated based on the actual in-plant
current load and the cable's resistance per foot of length. The overall heat load
is presented as the Watts of heat generated per linear foot of cable tray.
(tlence, this approach is often called the "Watts/ft" method ) '

Step 2: Once these overall in-plant heat loads have been calculated, they are
compared to the estimated "permissible thermal output” for & tray or conduit.

In the case of DAEC the "permissible” load is calculated based on 2
combination of one TSI/ITL test set a:d tabulated ampacity values. So long as
the actual heat load of the tray (or conduit) does not approach the heat rejection
capacity of the generic tray (or conduit), then the ampacity of the protected
cables is considered acceptable.

The basic premiss of the DAEC submittal appears to be that the acceptability of
ampacity loads placed on individual in-plant cables can be demonstrated by showing
that the total in-plant heat load for the overall physical system housing the cable does
not exceed the estimated total heat rejection capacity of that physical system. SNL
takes issue with this assumption. That is, as discussed further below, the *Watts/ft"

mothodisMdnthmdofiudfbdmonsmmo.doquofmmﬂablc
ampacity factors.

1.3 Organization of Report

This review has focussed on an assessment of the acceptability of the utlity ampacity
derating analyses and on a review of the two specific case examples provided by the
utility. Section 2 presents a review of the basic utility analysis methodology and
identifies the technical shortcomings and concerns regarding the utlity application of
this methodology. Section 3 provides & review of the two sample calculations
provided by the utility and identifies concerns associated with certain aspects of these
analyses. It is expected that additional technical evaluations for each of the cases cited
bydnuﬁhtywiﬂbonquindbeomplmlhomn,mdhmu,thmrwiew:
were limited to identification of potential problem areas, rather than to detailed case
examinations. Section 4 summanzes the SNL recommendations regarding the need for
additional information to support the finai assessment of the utility analyses.




To begin the analysis the utility must estimate the "permissible thermal output” of the
subject tray or conduit. As a part of this step, the thermal impact of the fire barrier
System on heat transfer behavior must be ca .ulated. For DAEC a single TSIATL
ampacity derating test set from 1982 is used as the basis for this assessment, The
"permissible thermal output” is then calculated by mathematically imposing this heat
transfer effect onto the tabulated ampacity values for a given cable tray or conduit
System. That is, the tablulated ampacity values correspond to a given heat generatign
rate, and this heat load is reduced mathematically to account for the added thermal
effects of the fire barrier For the cable trays the genenc power density valyes derived

23 Limitations to the DAEC Methodology

The methodolegy used by DAEC is fundamentally limited and is incapable of
providing any assessment of the operating limits of any individual cable. The DAEC
total heat rejection Capacity analysis methodology only Provides an assessment of the
overall behavior of the protected tray or conduit, and provides no assessment of the
behavior of individual cables within that system

One way to illustrate this flaw in the methodology is to consider & hypothetical cable
tray with just one single power cable inside of it. If the cable were housed in a 12"
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wide cable tray, then a given ampacity limit could be calculated based on the
*permissible thermal output” of a 127 tray. If this same cable were then moved to a
48" cable tray, according t0 the "Watts/ft" method 2 four-fold increase in the
"permissible thermal output” would result. The thermal output of a cable increases as
the square of current, and hence, a two-fold increase in the allowable ampacity limit
would also result. If this "logic" is carried out further, any amperage could be
justified for any cable provided the tray holding the cable were sufficiently wide.
Clearly this is contrary 1o common sense, and to the fundamentals of heat transfer
behawvior.

The DAEC analyses do not address this fundamental methodological limitanon, and
provide no assessment of the anticipated behavior of individusl cables. Therefore, the
utility analyses have not demonstrated that the ampacity values associated with any
given cable are within acceptable limits. The analyses as presented by the utlity are
incomplete because they have only provided an assessment of the gverall thermal
behavior of their cable trays and conduits. The utility must provide supplemental
analyses to ensure that individaal cable ampacines remain within acceptable limits,
including consideration of me impact of the fire barrier system on the published
ampacity limits for tho: v cables. The "permissible thermal outpus” or "W atts/ft"
method is simply not ac. quate to ascessing this question.

In addition to the fundamental shortcomings of the methodology, there are also certain
additional concerns which were identified during this review. In particular, the
methodology provides no mechanism for including considerstion of the following

parameters, each of which can be expected t© significantly impact both individual

cable ampacity limits and overall cable system heat rejection capacities:

. mmum The DAEC analysis methodology does not
consider the impact of cable loading on the allowsble heat loads except 10 the
extent thet Stolpe's work does sddress different cable depths of fill. In general,
the "Watts/ft" method assumes that csble loading effects are largely irrelevant
to the overall heat rejection capacity of the cable tray or conduit system. It is
expected that the total tray hest rejection capacity would be dependent on
various factors, especially including the power density within the cable mass.
These factors should be accounted for in the methodology, or it should be
demonstrated that these factors are not important 10 the analysis.

- m._mmn_ﬁm The DAEC snalysis method provides for no
significant treatment of cable diversity effects on the total allowable heat loads
All of the available ampacity tests cited by DAEC are based on cable trays in
which all of the cables are powered uniformly (note that even though the
TSUITLminvolvodmmablesim,thopownmhcabhwumsons
to maintain a uniform power ). In actual applicanons
cable trays will contan & ' . In general,
one typically assumes that diversity will introduce more margin into the cable
design. This is true SO long as one is considering the behavior of individual
cables. However, one must recall that the “Watts/ft" method is only providing
an assessment of the overall behavior of the cable tray as & system. The




"Watts/ft" methodology would clearly lead to erroneous resuits for cases
involving diverse loads.

Consider, for example, two cases involving a cable tray loaded with 50
power cables (an arbitrary number). In the first Case, we assume that all 50 of
the cables are powered uniformly. In the second case, we will assume that
only a single cable is powered. The "Wans/ft" methodology would assume that
the overall heat rejection capacity for these two cases would be ideritical !
Hence, in effect, the heat |)ad generated by the one cable which is powered In
both cases could increase by a factor of 50 from case | to case 2, and sull
remain within the same overall heat load. This would imply a 7-fold increase
in the ampacity of that cable from case | to case 2. (Heating load is
proportional to the square of current so the “allowable” current increase would
be given by the square root of 50, or 7.07 times the case | ampacity.) This is
clearly unrealistic. As the power of the one cable were increased a limit would
quickly be reached beyond which the wnsulating effects of the surrounding
unpowered cabies would increase the powered cable temperature beyond its
operating limits (90°C). The "Watts/R" methodology in and of itself would
conclude that each of these two cases was equally acceptable.

The total gverall heat rejection capacity of the cable tray as a system
would very likely be reduced in cases involving diverse cable loads, even
though the ampacity of the individual cables which are powered couid be
increased due to diversity arguments. The "Watts/ft* method as employed by
DAEC simply contains no mechanism for assessing this effect

24  Extrapolation of Experimental Results

Adcditional concern regarding the utility analysis methodology derives from the fact
that the utility has extrapolated a rather limited data base to all of their applications. It
would appear that the extrapolation of the experimental results has been performed
without adequate technical justification or validation. Without further technical
Justification, the utility extrapolation basis is questioned. Two specific areas of
concern are identified here.

First, in the DAEC calculations, & single ampacity test set (one clad and one base line
teﬂ)isuudmchnwuﬁommmmoaoﬁhoﬁnbm«symm, and
this value is assumed to remain fixed for all subsequent configurations. That is one
experiment is used to characterize the additional insulating effect for all cable trays,
mdhumomntuundtochummceﬁ‘mfor all conduits as well.
Thismtflilobmeosniuthndwommyimpomntfmw&
contribute to the barrier's overall impact. In particular, as the cable loading changes,
and as diversity in cable power levels is introduced, changes in both the convective
and radiative behaviors within the cable tray are expected. These factors are not
considered in the DAEC calculations.

A second concern anses when the assumed base line allowsble heat loads are
considered. In the DAEC analysis, these values are taken directly from Esteves [1]
who in turn calculated them based on Swlpe's work [2]. The assumption that these
values will apply to any tray as a function only of the fill depth is inappropriate. In
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particular, Stolpe's original work powered all of the cables in the test tray equally so
that the heat generation was distributed evenly throughout the tray. In reality, and in
particular in the DAEC cases, the cable power loads are highly diverse. The utility
has stated that unpowered cables will act as a heat sink acting to cool other nearby
powered cable. This is incorrect in the steady state condition. In fact, the surrounding
unpowered cables will act as thermal insulation causing an increase in the temperature
of the energizad cables as compared to the case of a cable in open air or alone in a_
cable tray. In addition, the cable loading and power distributions will directly impact
both the surface ares and surface temperature of the cable mass. These will in turn
directly impact the rates of both -adiative and convective heat transfer away from the
cables. The DAEC method fails to account for these factors.

It should be noted that the DAEC application of the "Watts/ft* method IS somewhat
different from that which has been observed eisewhere (see for example the SNL
review of ampacity derating submittals from Palo Verde, $/27/94, and the Bechtel
engineering design guide upon which the Palo Verde analyses were based). In other
applications the "permissible thermal load® has been bused directly on that which was
actually measured in an ampacity test for the clad test article. In the DAEC submirtal,
the "permissible thermal loads” for the clad case are based on adjustment of the
"permissible thermal loads" allowed in the base cable ampacity tables (as reporied by
Esteves for cable trays and based on the NEC tables for conduits). The ampacity
expenments are used only to assess the additional impact of the fire barrier on the

tray calculation cited by DAEC this did in fact prove true as discussed in Section 3
below.)

2.5  Validation of the "Watts/ft* Method

26  Basis for Identification of Continuously Energized Power Cables

[n performing its calculations, the ntility has only considered "continuousiy energized
power cables” as sources of heat fortbopmtocndenvdop‘ .angonly trays



for very short periods of time is also an appropnate assumption. However, it IS not
clear what basis was used to idennfy "continuously energized power cables

The concern here is whether or not all modes of plant operation were considered in
this process. If only normal operation at full power is considered, the contribution of
power cables associated with Systems run during other modes of operation may have
been overlooked. For example, during shutdown an entirely different set of power .
cables might be in operation than those active during power operations. For some
barrier envelopes, this May represent the limiting condition of operation, particularly |f
an envelope contains no power cables energized dunng normal Operations. Also,
during certain emergency situations cables which are normally deenergized might be

energized for extended periods (i.e. hours or days). One such example would be diesel

The DAEC analysis methodology is considered inherently insdequate to demonstrate
the acceptability of ampacity loading factors for the cables installed at DAEC. [n
particular, the methodelogy provides for 00 assessment of the ampacity limits for any
given individual cable. This is an inherent limitation of the DAEC method which
cannot ~asily be corrected. The utility s:ates that it will reassess the analyses based on
the results of data expected to be forthcoming from NEI. This would not address the
fundamental shortcomings in the DAEC analysis methodology which have been
identified FEven given newer data the method will still not be capable of assessing
the ampacity performance of individual cables as is needed.

It was also noted that the utility has not provided a sufficient discussion to determine
whether or not adequate consideration has been given to all cables which might
represent contributors o a cable tray's heat load  SNL does not take exception to the
exclusion from the heat load analysis of con ol and instrumentation cables, nor that of
power cables to intermittent devices such as MOV's. However, it is unciear whether
or not all possible modes of plant operation have been considered, including situations
involving plant shutdown, startup, and emergency response procedures (such as loss of
off-site power) which might be active for extended perods.



30 A BKIEF REVIEW OF THE SPRCTIFI CA5ES T(TED BY DAEC
31 veronw

The ubimry sutonsta tuk nebced e aaeufo ol analyses, one for a cable tray
and one for a1 wamdut: T yramon tuow a1 thee seaew was placed on the overall
methodology. 15 ‘amys waw Meauoe e verst awdusdogy was considered inherently
deficient. However, duy sestomy Mo ussey ceranl (Sues associated with the individual
calculations which were identfied duing & review of those calculations. In general it
was found that insufficient information has been provided by the utility to perform a
complete review of the calculations. Those areas in which additional information 1s
needed to support a thorough review are identified below.

32  Example Analysis for Cable Tray 2H2D

The first example given by the utility is for cable tray 2H2D. This tray apparently
contains just two "continuously energized power cables." Each cable is a 3-conductor
350 MCM cable carrying 247.22 amps per conductor.

The analysis . ‘gins by considering the heat losd determined experimentally for a 12"
wide cable tray as ~ported in a Thermal Science Inc. report from 1982 (TSITL
report 82-5-355F). The test data (the measure currents and temperatures) are used to
estimate the added thermal resistance effect of the fire barrier. Then the "permissible
thermal output” for a protected tray is estimated by mathematcally "adding” this
calculated barrier resistance to the base line tray tests performed by Stolpe in his
pioneering work on cable tray ampacity. The "permissible” heat load calculated by the
utility is 52.6 W/ for the 18" wide DAEC cable tray.

It should be noted that ini one respect this approach is moie conservative than other
potential approaches which might be taken in the Watts/ft method. In particular, the
*permissible” heat loads calculated by DAEC are based on Stolpe's base line values of
the cable tray heating effect rather than on the measured heat loads from the actual
clad ampacity test of the TSI test set. In this case, the heat loads reported by Stolpe
were significantly lower than those reported in the TSI/ITL base line test, Stalpe load
of 61.6 W/ as compared to the TSUITL test value of 83.81 W/f. Hence, the uality

mdyisiseonmvlﬁvoind:isnpnl

mdlhyhumhdumudcablctny\mdnndyd& The heat load for each of
the two "coatinuously energized power cables” is calculated. The total heat load is
multiplied by a factor of 1.25 to "add conservatism to account for intermittent load.."
Using the actual in-plant cable currents, an *sctual® heat load of 17.8 W/t is
calculated for this tray. Tne "permissible” and "actual® heat loads are then compared.
Since the actual heat load is the smaller, 17.8 as compared to 52.6, it is concluded that
*no further action is required.”

On the surface, this analysis would indicate that this tray has significant available

margin. That is, the "actual” heat load is less than 34% of the "permissible” heat load.
However, this indication of significant apparent margin is very misleading. As noted
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above, it is SNL's finding that this analysis has not demonstrated that these cables are
operating within acceptable ampacity limits. To illustrate the basis for this finding
consider that the ICEA P-54-440 "Ampacity of Cables in Open-top Cable Trays" gives
the ampacity limit for a 3-conductor 350 MCM cable in a tray of 1.5* depth of fill as
315 amps.' The DAEC cables are carrying 247.22 amps. Hence, even without & more
detailed analysis, one could conclude that there is a nominal ampacity margin of at
least 21.5% available for these cables in the absence of any barrier systems. However,
it is this same margin which must encompass the fire barrier ampacity derating effect.
Based on the available data ampacity derating factors for a three hour Thermo-Lag fire
barnier system should be on the order of 35% or more (depending on the barrier
configuration).” Hence, the nominal available ampacity margin is not sufficient to
cover the estimated generic ampacity derating impact and further analyses of the
DAEC cable ampacities are needed.

Recognize that this very simple comparison has not considered the various factors
which the utility might wish to consider in a more thorough analysis. It should not be
concluded on the basis of this comparison that the DAEC ampacity factors are not
sufficient. Rather, this comparison simply highlights the fact that the Warts/ft method
is insufficient to assess the ampacity limits of individual cables. For example, the
utility might wish to credit diversity arguments for providing some added margin given
that only two of the cables in the tray are continuously energized. Other mitigating
factors may also come into play. These factors might contribute to an assessment that
a larger ampacity margin is svaisble for these cables. In any case, the utility analysis
must consider the current carrying capacity of the individual cables, not just the cable
tray as a whole.

There is also & second way to illustrate the basic concem being raised by SNL in this
review. Consider that the utility estimste of the “permissible thermal output” for this
cable tray was 52.6 W/t If this number is divided by 1.25 (consistent with the utility
approach of multiplying the actual loads by 1.25 for conservatism) 2 value of

42.1 W/ft is obtained. This mesas that each of the individual conductors in the two,
three-conductor continuously energized power cables could carry 1/6 of this thermal
load, or approximately 7 W/ft, and still the tray could remain within the overall
"permissible thermal output.” Using the electrical resi value for copper (as per
the uﬁhtynﬂyds)ﬁilwuldeomdbacumtinmhmdmoﬂu amps.
This means that any value of current lower than 424 amps would mean that the actual
thermal load would be lower than the estimated "permissibie thermal load” and

' This value is the same in Tables 3-6, 3-9 and 3-12 of the standard so the voltage
rating of the cable, normaily & consideration in the ampacity analysis, is not a factor in
this case.

"This value is based on the minimum ampacity derating estimate identified in the
SNL/USNRC tests documented in SAND94-0146 [3]. Note that the ampacity values
denved from those tests are not considered appropriate for use in the evaluation of
actual cable tray application due to problems with the test article configuration. The
SAND94-0146 results are cited as rough estimates of the anticipated impact only.
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acoondog W the atitey methed " furlten ucton is needed.” Note that this value, 424
amps, 18 ' 34% of e Uper oy maueety lome of 315 amps published in the ICEA
tables for dtue cabier wnd e degun of cank wwy fill. Under any circumstances these
ampacity heveh woull 've mosidenay saiegable for this cable. This hypothetical
exarmple clexls ilustores tre funderenta’ shortcoming and inadequacy of the
"Watts/#" mathen

Another pons off cawsors vugavdasgy e vaemple analysis is the fact that the utility 1s
basing its analyws o one % perfarnad oy the manufacturer, TSI, which has since
been discredited The munufscewers wst cited by DAEC has been the focus of
vanous concerns related to the configuration of the test articles, the acceptability of the
test methods, and the processing of the test results. In particular, these early TSI
ampacity tests were not performed consistent with current testing practices. The use
of this test, or indeed any of the TSI tests for which significant technical concerns
have been raised, as the basis for current cable ampacity assessments is considered
inappropnate. The utility should be asked to cite an ampacity test which is based on
currently accepted test practices (for example the [EEE P848 draft standard) and which
encompasses the configurations of the 3-hr fire barrier systems in use at DAEC (for
example single 1” versus double 1/2" layer systems of the appropnate material density
and thickness).

33  Example Analysis for Conduit 1C979

The utility has provided one example of its ampacity derating analysis of conduits by
presenting the calculation for Conduit 1C979. In certain respects the DAEC conduit
analysis method is more reasonable than is the corresponding DAEC cable tray
method. However, the conduit analysis method still fails to consider the
appropriateness of ampacity values for the individual cables being examined. Hence,
the method is not considered an appropriate basis of analysis, and is not considered
adequate to justify the ampacity factors for the cables installed at DAEC.

There is one fundamental difference in the approach to analysis which results in the
finding that the conduit analyses are more reasonable that the tray analyses. Recall
that in the cable tray analysis the "permissible thermal load” was estimated based on
Stolpe's tests in which the cable tray was heavily loaded and a uniform current was
applied to all of the cables present (this creates a uniform "power density® which is the
foundation of the Stolpe ampacity load values). It was then assumed that this same
“permissible thermal load” could be applied directly to the case of a tray with just two
"continuously energized power cables” With just two active cables in an 18° wide
tray the condition of uniform power density is clearly violated, and the extrapolation
must be considered inappropriate. In contrast, for conduits DAEC has estimated the
"permissible thermal load" using tabulated NEC ampacity limits for the cables actually
installed in the subject conduit While this may seem a minor point, it is actually a
fundamental difference in analysis approach.

Retumning to the utility example, the conduit 1C979 is described as housing just two

cables, one 3-conductor 350 MCM and one 2-conductor #4/0 cable. Based on the
NEC ampacity tables, the allowable ampacity limit for esch cable in the absence of a
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fire barner is calculated (236.6 and 1711 amps per conductor respectively). This
leads to an estimated permissible thermal output for the unprotected conduit of 10 257
W/R (see steps 513 - 5.1.5),

The utility has not justified the underlying assumptions which drive the next analysis
steps (steps 5.1.6 and 5.1.7). In step 5.1.6 the utility makes the basic assumption that
the thermal impact of the fire barrier system for the conduit can be based on the test
results obtained for the 12" cable tray cited previously (the value is taken directly from
step 4.1.4 of the cable tray analysis). That is, the same TSUITL cable tray ampacity
test cited in its cable tray example is used to assess the added thermal impact of the
fire barrier for a conduit as well. This assumption has not been justified by the utlity,
and is of questionable merit. The fundamental thermal configuration is significantly
different for cables in cable trays and those in conduits. The direct application of a
value obtained in & cable iray experiment to 8 conduit analysis must be justified.

It would also sppear that the utility has made an error in its calculations. In particular,
in steps 5.1.6 and 5.1.7 the utility has apparently adjusted the nominal fire barrier
thermal conductance value to account for the circular geometry of the conduit in
comparison to the rectangular geometry of the cable tray. This correction does not
appear to have been properly performed The utility method makes an inherent
assumption that all of the fire barrier effecs is related to added thermal resistance due
to conduction heat transfer through the fire barrier material. This is reflected in the
manner by which the utility estimates the thermal conductivity of the fire barrier
material (step 5.1.6), and then caiculates an equivalent thermal conductance for an
annular region of 1" thickness (step 5.1.7). This ignores the fact that much of the
barner's thermal effect is related to degradation in the radiative "access” of the cables
to the ambient and to interruption of the convective heat transfer process. This
CONVErsion appears insppropriate.

In step 5.1.8 the modified "permissible thermal output” is calculated as 8.74 W/ft.
Note that give this value, and the unprotected conduit hest output of 10.275 W/ft
(from step 5.1.5) it is quite straight-forward to determine the effective ampacity
derating factor being estimated for the protected conduit. Recall that the heat load is
proportional to the square of current Hence, the effective ampacity correction factor
(ACF) can be calculated as:

ACF = &'&2.‘-

——— % (0,923
Qhare ¥ 10.257 ¥3

and the ampacity derating factor (ADF) is then given as:
ADF = (1.0 - ACP) = ,077 =7.7%

Hence, while a rather round-about approach to the probiem has been taken. the net
effect of the utility conduit analysis is to assume that the ampacity derating impact of

12



its 3-hr conduit fire barrier systems is 7.7%. Given that the conduit i1s still analyzed as
a system this means that so long as the cables as a group have an average of at least
7.7% margin in companson to the NEC conduit ampacity limits, the condwt will be
judged by DAEC to be acceptabls. Note that this ADF value will change for each
conduit analyzed because the base thermal loads will change.

In its subsequent analysis, the utility considers the actual ampacity loads for each of
the two cables under analysis, and compares the actual heat load to the estimated
"permissible thermal output.” Because the actual is less than the "permissible,” the
conduit is judged acceptable.

It is interesting to note that the actual cable ampacities cited by the utility for these
two cables are 223.2 and 48 88 amps per conductor for the 350 MCM and #4/0 cables
respectively. Hence, in comparison to the NEC base conduit ampacity limits cited in
step 5.1.3 (236.6 and 171.1 amps respectively), these two cables have an available
margin of 5.7% and 71 4% respectively. In the case of the 4/0 cable, the available
margin of 71.4% would clearly be well within even the most conservative Thermo-Lag
conduit ADF values noted to date. However, for the 350 MCM cable, the available
margin of 5.7% might not cover the potential ampacity derating impact of the fire
barrier system. Even tests of one-hour conduit barriers have resulted in ADF values of
this magnitude or greater (see for example the Texas Utilities test resuits).

In summary, the utility conduit analysis has again failed to consider the actual
performance of each of the individual cables in companson to published ampacity
limits. Rather, becsuse the conduit is analyzed as a system, in effect, the 350 MCM
cable is able to "borrow” some of the available margin from the #4/0 cable without
justification. In some senses, the "Wans/ft" methodology as applied by DAEC to
conduits is more reasonable than the same methodology as applied to cable trays.

This is because the conduit analysis makes more direct use of the ampacity limits of
the actual cables under analysis in its estimation of the "permissible thermal output”
than does the cable trey snalysis However, the methodology still fails to consider the
behavior of each individual cable in comparison to the ampacity litnits of that cable in
the presence of the fire barrier system.

13




40 SUMMARY OF REVIEW FINDINGS

The SNL review has assessed the general methodology employed by DAEC in its
evaluation of cable ampacity factors, and has examined the two specific case examples
provided by the utility. Based on this review, SNL finds that the methodology
employed by DAEC in its evaluation of cable ampacity factors is inherently inadequate
to demonstrate that individual cable ampacity factors are within acceptable limits.

The DAEC method is, in effect, & vanation of the methodology often referred to as the
"Watts/ft" method. The fundamental shortcoming of this method is that it only
provides a general assessment of the overall heat load for a cable tray or conduit as a

It was also noted that, at least for the two example cased provided by DAEC, only a
limited margin was apparently incorporated into the design and selection of the cables
used at DAEC. In particular, the one cable tray case provided by the utility indicated
a nom:nal available ampacity margin of approximately 21.5% for the two cables in the
tray under analysis (before consideration is given to the fire barrier impact). In the
case of the conduit analysis, one of the two cables cited by the utility had an available
margin of just 5. 7% (again, before consideration of the fire barrier impact). The
ampacity derating impact of the 3-hour fire barriers in use at DAEC could easily
exceed these nominal margins, and hence, further analysis of the DAEC cable
ampacities is clearly needed.

It was also noted that the level of detail provided with regards to the identification of
individual cable characteristics was insufficient to support a complete review of the
utility analyses. In particular, the utility has considsred ampacity only for those cables
identified as "continuously energized power cables.” The basis for identifying such
cables has not been provided by the utility (for example, have all modes of power
operation been considered, and has the potential operation of various backup,
emergency, and shutdown systems for extended time periods been considered). It is
recommended that the utility be asked to provide a listing of all affected power cables
which includes identification of the physical characteristics of each cable (size,
insulation type, voltage rating, etc.) in addition to the sctual in-plant ampacity factors.
Without this information, the individual cable heat load calculations cannot be
reviewed in detail.

In addition to these findings related o the general applicability and acceptability of the
overall utility method, SNL has also identified certain more specific concerns
associated with the example analyses provided by the utility. With regards to the
example cable tray analysis, SNL noted the following concemns:

- The DAEC analysis of cable trays is based entirely on a single fire
barrier ampacity test set (one base line and one clad test) performed by
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TSIATL m 1982 The manufacture: wss of this vintage have been the subject
of significant cnticism ralaisd w the tent article configuration, the test
procedures willized and the ana'vsix of the test data Use of these tests as the
base for current evaloation, o ampwan factors is considered inappropriate and
n confluy aath the e of tue Cemvomic Letter 92-08.

: The utibeyy ‘s pesowad fas the heat rejection behavior of a densely
packed caiie way woiz uncfors asvend loads (the Stolpe tests) is identical to
that of ¢ diverse cshle tray wtn just rwo "continuously energized power
cables.” This assumpuon has not been justified, and is considered
inappropriate.

. The example cable tray analysis has provided no direct comparison of
the actual - able ampacity values to accepted standard ampacity limits (tabulated
ampacities). The utility should provide & direct assessment of the ampacity
impact of the fire barrier system on the tabulated ampacity values for specific
cables in use at DAEC.

In the case of the conduit analyses, four fundamental areas of concern were noted:

- The thermal effects of the fire barrier on the conduits is assumed to be
identical to the impact of the fire barrier on cable trays. This assumption is not
justfied and as applied by DAEC appears to yield potentally non-conservative
results. Conduits and cable trays involve fundamentally different heat transfer
behaviors. The assumption that the impact of a fire barrier will be the same for
both items is considered inappropriate.

- The coaversion by DAEC of the fire barrier thermal impact from a
rectangular to & radial geometry is performed in an inappropriate manner. The
DAEC conversion inherently assumes that thermal conduction through the fire
barrier is the predominant mechanism contributing to the fire barriers insulating
effect. However, both radistive and convective heat transfer are cnitical aspects
of the barrier's thermal effects. The DAEC methodology does not consider
these effects. The DAEC conversion needs to be justified, or it needs to be
demonstrated that this conversion is conservative.

- Based on the DAEC methodology, an effective ADF of 7.7% for the
example conduit has been calculated. Based on the availsble test results for
conduits, this value may not be sufficient to cover the ADF effect of a 3-hour
Thermo-Lag fire barrier systems (even some 1-hour Thermo-Lag conduit
systems have resulted in ADF values higher than this). Hence, the combination
of inappropriate extrapolation of test results, and inappropriate geometric
conversions appears to have resulted in a non-conservative estimate of the fire
barrier impsct. The utility should reconsider its assessments based on actual
derating tests for three-hour conduit fire barriers of the type and configuraton
used at DAEC.

15



As in the case of the cabie tray analysis, the DAEC methodology fails
to consider the performance of individual cables in comparison to accepted
ampacity performance limits, including the impact of the fire barner system.
Rather, the cables are analyzed only as a composite system, and non-
conservative results can easily be obtained.
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REVISION 2

SUMMARY OF REVISIONS

General edizing of entire document.

Changed “vencilated” cable trave to "open ctop” cable
srave chrougnout o cenform %o ICTA.

Peragraph 3.6.46; Deleted section ou derating 4% for
solid tray covers, addad reference to paragrephe 3.7,
3.8, 1.9 vhere 3.9 1o & nev cection titlad “Addtiounal
Jeracing for cavles douced im Open Top Tray wich Selid
Covers™.

Paragraph J.6.6, b)) Dealecad deracing for solid cray
covers from sampie calculacion.

Added notations that tray covers should be removed
prior to applying fireetop materiale or eaclosing
racevay wvith fire protecting material.

Paragraph 3.8; Revised to include dersting for a J-hour
fire rating for Thermo-Lag. Ceneral revisiom teo
separate discussion of Thermo-lag and ceramic fiber
blankets.

Resumbered "3.9 GCeneral Precautione™ to "3.10 General
Precsutions”.
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l. S cT

Cable Derating Practice

2. PURPOSE

To ascablich a design guide 0 determing cable ampaci:cy

racings for cable direc:ly Suriasd, {a underground ducts,

I embadded and expesed conduits, and in open top cabie trays,

’ (For industrial Projects and uctilicy Suildings oot iacluded in
the dower block, the Yaciomal Zlectrical Code should be used

for ampacity values and calculactionsl sechods).

3. DESICN CUIDE

2l Ceneral

The following 1s to set forth o definite 2ad unifors procedure
to determine cable empacity racings. It encompesses various
types of cabvle inecallecion, aamaiy:

a) Underground
1) Directly bduried
2) Is ducts
b) Ia Comduit
1) Rabedded {n slabe or walls
2) Exposed Conduit
¢) In Cable Trays
1) Wich Mainteined Ceble Spacing
2) Random Pill of Cables in Tray
Publicotion Bo. P-46-426 of che ICTA contaings tabulated
Aapacitics for a variety of cable veltage clasees, thermal
, Yotiags, and installations, and provides the basic smpacities
sTor cases 5), ), sud ¢)1) adove. Twvo volumes comprise this
publication. Volume 1 deals with copper couductors and
contaias an Introduction and Appendices applicable to both

1
i
1]
. lumes. Volume 2 comtains ampacity tables for aluminum
h
1
)

conductore.

Sections I1.D.2 and 3. of the Iatreduction Sectiom in Volume 1
of the above publicacion set forch a mechod for calculating
ampacities for case ¢)2)-Cadle tray fostallatioes vith randos

NUMBER £2 6.4, Rev.
- o OATE  Oer. 5%, :30.
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Thee Socumant snd the desige i cuvers ase the prapesty of BECHTEL They are morely lncned sud on the hariowe: s 22prans sy semmont that they will not be.

L

3.1.1

Jll.z

3.1.3

L4l Ibie section has been supersadsd by & vewar ICEA
pabiia tion, Publicacion No. P-Sé~wal "Ampacities for Cables
iz Opes Top Trays.” The lacter sbovld be used exclusively
einge the older method v wet forry jm Sectiouns D.2 snd J.,

iv i srver

2 shiasised weslan VC.Legr ownt Lap’4e are i2stailed so chse
‘omividug |l sanswesRts aTe nut rvewe: - ically disposed,
cirsaiating surrsery I Tbe Soerle oo shields of 2he cables
347 TesRh 1| BaYuLLVAr merw wne ohwrkal effec: of cthe 171
Jacior cegeaTar devayriey 21 Jie ehie conductor. Wherever
suCh cases ocnwy, @ third JCXA s lication, Publicactiou Yo.
P53-426, "Ampsciciey lncludisg Yifeet of Shield Losses for
Single Comductor Sclid Dieclectric Power Cable 15kV through
I5kV," should be comsuicted. The title could be wmisleading in
that cthie effect applies a2t other voitages 4¢ vell. Whenever
shielded pover cables are (nstalled wich individual conductors
in @ von~symmectrical arraugement, these effects should be
iovestigated and either taken into sccount L{f the locses are
siguificanc, or scevs shouid de cakes co eliminace the
circulacing shield current. 7See Design Guide E~2.6.5 "Power
Cable Shielding and Shield Crounding”)

This design guide coutaine samole amvacity caiculazicns.
Although these are primarily based ov copper ceunductors, the
same procedures ond considersctious are applicadble to aluminum.

It 18 impertant to remember that curremt-carryimy capscity,
voltage regulaction, and shori-circuit capecity of cables sust
be cousidered indupendently in order to assure preover
selection of cably sizes with various types of insulations,
voltage classes, and wodes of {nscallation.

Although it is not specificelly called for i{m the Intreduction
Sectin of Volume | of P-46-42F (nor elsevhere in this
stasdard), combining civeuit "sets™ of pover cables i the
sams couduit or undurground dust requires that the tabulated
ampacity be reduced (derated) accordingly. The derating
sffecte of mutual hecsting 10 addcessed im othar seciions of
*he Introducrion =~ Jarsting for adjecent comduits {m sir or
in comerete~eucased ¢uct banks, ete.

S$iace the mathodo set forth im Sectiom II1.D.2 end I11.D.3 of
the P-44-426 Incroduciion (imecluding Table VIII) have besn

superseded (snd should be croesed out iam all copies of the

stendard precently is use), the table is reproduced (o this
Desige Guide {m Sectiom J.5.1.

Aspacity calculations for enderground cablee, vhether ruas in
duct Sanks ar directi .uried, can be rapidly and comveriencly
nade by mesns of a p “-ately developed computer program now
svailable at some Boecreal offices.
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3.

2
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card-programmable calculator, and princer suxiliary usic.

It caleulates ampacitios for cab'es is & large oumber of duc:,
or cable groupe, with complete “lexibilicy regarding duct
oise, wpacing, and bank configuration. Where fome cables are
loeded to less than their peTmissible ampacity, this reduction
in wutual besting is taken i{nte dccount to permit higher
‘oading of ozisr cables iz the particular rus. Comsult with
your local s77ice Chief Zlectrical Engiseer's scaff regarding
possible ure of rhis progras.

w“hen chis program ls available, it {g Tecommendsd for uee
~Bactead of cie matbods set ‘orch ip Sections J.2 and 2.2,

Direze Burial Ceb'e

Types of directly buried cable configurations with typical
dimensions as per ICEA Pub. Bo. P-66-426 are shown in Figures
1, 2 and 3. 7Pinel detail with respect to tremching sad
Sarlfill are to bde supplied by the pro ject.

Tigore 2 - Burted
C Cables

Note that the arrangemest im Figurs 2 may cause sigunificant
shield losses 1f shiclded cables are used end ebields are
rounded ot more than oune peint.

Yigure 3 - Buried Triplex Cable
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3.2.2 loformation required to enter ICEA Pub, No. P-kb-426 for
Direct Buriel Cable:

8) Cable Description (e.g. 1/C, 3/C, or Triplex)
5) Cable Operating Voltage (a.g. lkV, BkV, 15kV, or 25kV)

¢) Cable Imsulaticn (e.g. Rubber or Thermopisstic, Varaished
Cloch, Paper, LP Cae or Otl-Filled)

1) Couductor Temperacure ‘e.g. 60, 63, 70, TS, 30, 8% ar 90C.

¢) The ampecity values tabulated i» ICEA for direct burisl
cable are for an ambient esrth temperature of 20%.
Adjustments sust be made for ambient earth temperstures
vhics are subscancielly differenc ‘rcu this. A frequencily
used guideline (o te assume cb‘ 20°C ambient for
"Mercthern US” locstions and 30°C for "Southern US™
locacions. Whils thie spproach mey suffice for feeders in
vaich ampecity sargin factors offset che importasce of
this item, imporcant or eritically losded underground
cable systems should utilise teeting or other methods (per
EXT "Underground Systems Reference Book” - Chapter 10).
An i{mportant precaution im this regard {s to ensure that
cable tresches or duct banks are sot affected by close
proximity to other uaderground eystems creating &
higher-chan-sormal earth smbient. Az omample of this
might be the installationw of a cable rus from the pover
block teo the intake statiom or cooling towsr i the same
excavation with the circulatieg water discharge line.

If embient esrth temperstures abeve 20°C are

encountered, one method o derating the cables s L9 lowver
the conductor cperating tempersture by the same amcurt 49
the i{ncrecse iv ambient temerature (e.g. 2o find the
sopacity of casble with eoodustot tempearature of %0 C and
au embient tegperature of J0°C, find the capcetty of a
cabie wvith 80°C conductor temparacturs and & 20°C

asbiest temparature which casm be resad directly from the
tables).

f) Lead Tacter:

Ampecities are tabulaced for 30, 350, 75 and 1001 load
facters. These are indicated as 3JOLY, SOLFY, 75LP, anc
L00LY. It is recommended that 100LF be uced for all
caleulations imvolved with gemerasting etation
applications.

é) Zarth Thermal Resistivizys

ICEA Pub. Wo. P~44-426% ampacities are tabulated for
fo-earch tharsal resistivicy, KHO, in degree

NUMBER 52 o &, K¢
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centigrade~centimeters per vate, for RNO-60, REO-90, and
REO-120. Procedures are §iven for {aterpolation and
extrapolation, Lf other than indicated values of RNO are
CBcountered. ICEA recommends that REO-90 be used wvhen carth
thermal resiotivity (s pot known. Hovever, (n the instances
of major cable inecallacions, vhers tngineering judgement end
tconomics dictace, wve snould determine WO s closaly a¢
Poesible. Some of the factors which must be comsidered are:
i¥pe of soil, type of beckfill, motsture content of seil,
devth below furiace, and presence of 3earsvy concrete sladbe or
$iructures. In additiom, the "baking"” of tre soil by the
Currenc-carrying cowductors €an cavee RNO o change (for the
vorse) wvith time. ‘Twe reference articles om thie sub ject
8re:  “Rapid Measuremest of Thermal Reststivicy of Soi1" by V.
V. Mavon sud M. Ksrts, AIXE Transsctions, Veol. 71, 1952, page
570; “Se01l Thermal Rasistivicy Messured Simply sud Accuracely”
by Joha Stelpe, IEEX Trensections Vel. PAB-8% , Wumber 2,
February 1970, page 297,

3523 Sample Caleulscion:

Civen:s Directly Buried Cable; 3-1/¢; 6.16&:. Rubber
Iasulated, Mctn.?-nutnn 90°C, Ambient
Earch Temperacure 30°c.

FPind: Ampecities for 2/0, 4/0, and 500 kemil ot l00Ly,

Solution: ICRA Pub. No. P-46-426 .’uctuu’o! directly
buried cable are tabulated for 20°C Ambient
RBarth Temperature. To maintain same temperature
diffarence betwessn co‘dncu‘ and sarth, use @
conductor temperature of 807¢C.

ICZA Pub. No. P-46-426 {ndex pPage {i{ refers to table on page
202, .

|

Tife Size Aspacity
2/0 303
4/0 393 RNO-90, 100LY,
1 Cireute, Sxv
500 kemil 629
MUMSER ¢2.¢.4, Rev.
@ SHEET 6 oF
, - % a— ——.. DAYE  Occ. 29, 13¢



Capies .0 “naeTiTIoung Juc:s

¢

Type of duct configuratiins and typical dimensions as per ICIA
Pub. No. P-bb-426 for 5" duct are shown im Figures &, 5, 6 and
7. Duet bank overall dimensicne are approximate, to give
sininum 3" encesemant coverage:

either encased in
concrete or not
ancased, typical

Figure & Pigure 5
11.5" by 11.5" overall 19" by 19" overall
Duck Bank

2%

5
(TYP) |

Figure € Pigure 7
A9" by 26.3" overall 13.4" Yy 33.4" overall
Duct Bank (Mot & feasible desigun)
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NOCes !

| a)

b)

¢)

Cable in individual duct can be /€, 3/¢ or Triplex. 7o
find smpecity, use the appropriaste ICIA Pub. Ne. Pedlb-426
table., 1If 3-1/C cables are used per duct, the table for
Triplex Cable (s recommended for use.

Tor any normsl duct bank configuration, phase and
songuctor imoalances vill resuiz (¢ suitivie parallelaed
cavles for each phase are inszalled escn iz o separate
duet. To preclude this, peralleled ruas of cable should
¢ desigred vith gll zhreg > -yng inscalled im each of
sultiple duccs (3/¢C, triplex, or 3-i/C), with siges and
‘engche of all cable macehad. Tor large loads, such a3
the sec_odary connections for station service
transformers, this may require several more (emaller)
conductors per phase but compares favorchbly from 4 cost
viewpoint and avoids & possibly serious probles. [ for
$OoBe resson parslleled single 1/C cables per duct must ba
used, the individual ducce Whould be tramsposed at
intervals along the duct rum to balasce the impedances of
rhe three pheces - a slov asd txpensive duct imstallacion
method. Another way is teo Sysmecrically errasge the ducts
4¢ shown in the Underground Systems Reference Book, Figure
10-3%, arrangesents 6,5,6,7, 8 and 16.

I1f cable sizes larger chan tabulated in ICEA ere required
Or more than nine occtupied ducts per bazk are required,
extrapolaticon of ICRA Pub., Ne. Po46-426 cables Bay be
€ usidered. It {s recommended that the extrapolation,
€. cher ampacity versus cable size or ampacity versus
oumber of ducts inm bank, be dome on log-log paper since a2
épproximate straight lime will be obteined. As with any
extrapoltion, this method {g limited - the further the
extrapelation, the lower the accuracy. For duct bamk
Arréngements other than those shown in P-4b6-426,
extrapolation should be limite” to emaller duet banks with
8Ot more than two, or at mest three, layers of pover
conduits. Beyond this, the Bebar-NcCrach asalysis should
be applied, sasually, Lf mecessary, or preferably by wmeans
of the EX-700 (WR-§0) computer program. If duct banke sre
™o in parallel, cthe mormsl ampacity tables must be
further derated. The derating vill sever be more severs
thas:
Additional
Dapth of Also Applies Derasting for

Distance Between Buriel of o Auy Ratie of All Cables In

Rearast Ducts Lowest Ducts Dtotaaeo(bogch Both Duct Bank

1 fe 3 fe +/3 0.7%

2 fe 3 fe 2/3 0.87 .

s 8t J fe | 0.91

4 fe 3 fe 1-1/3 - 0.9%

3 fe 3 fe 1-2/3 0.95
NUMBER E0. 6.4, Rev,
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Tiis dacument and the design it covers ars the property of SECHTEL

When a horizoncal separation of 6 fr or greater (s
maiotained, the mutual heating effect of adjecent duct
banks can be safely ignored.

d) la particular situations vhere the available tables and
extrapoletions ave (nedequate, the general equations for
amfacity, as scaced :n -CTA 2ub. Yo. P+~2J=426, Sect:on
F.4, are Tecommanded as the bast available sppreoach.

¢) ‘nformstion required o emcer :CELA Pub. No. Peib-ult
Tacles for Caole :in Joderground Juct i3 :he same a8 :hat
required for Direc: Jurial Cables, sce Sections 3.2.2.

f) Whes 1/C cable fnstallations are designed, care sust be
exarcised to avoid placemsnt of steel or other sagnetic
materisl vecwesn or sround conductors.

§) Tabulated ampscitias apply ouly to & elngle cable or
single set of cables im esch duct bamk conduit. Where
saditiocnsl circuics are installed in the same somauit, the
ampacity factors tadbulated at the end of Section 3.5.1
must be applied.

Semple Calculation:

Civen: Uuderground Duct Imstallatiow; 13.8kV Rubber
Insulated Cables; Conductor x..'.fltltﬁ 90°C;
Aabient Earth Temparsture 20°C; 16004 (full load
curreat requiresents).

Pind: Size, sumbear snd configuration of cables required.

Solution: a) VYirst consider 3-1/C or 1 Triplex per Juet ‘a
order to obtain balanced currests io each
individual phase.

b) ICEA Pub. No. P-46-426, index pie iv refers to
the Table on page 242 for Tripl x for the given
conditions stated adbove.

€) Ve see the ) Triplex will mot carry the current
for the maximum size tabulated. HNowever, §
Triplex will give the required ampacity (i.e.
500 kemil, REO~90, 100LY ampacity is 288; 6 x
208 = 1728 which 4. greater th+m the 1600A
required),

d) 1f duce sizc wvill permis triplexed cadle of
larger sizes, toterpolation of the cabulated
date indicaces chat 6~750 gemil wvill be
marginally satisfactory and 6-1000 kemil will
provide & conservative application.

oma
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This docmment snd the design it sovers are the prepariy of BECHTEL. They sre mesely loaned snd o the basvewe: s

e) Note that the tabulated daca for triplexed

cables applies to corresponding sizes of 3-1/¢
cables insctalled {8 & duct.

3.4 Cables in Conduit Embedded

3.6 bedded Conduit Installetion:

Imbedded comduit refers to somduit i3 comcrete slabe and
valls. Kermal configurations of conduit (o underground duct
iostallecions are {lluscrated is Secziom 3.3.1. all

provisions of Section 2.J).1 are equaily epplicable to embedded
conduit.

3.6.2 Isformstien required to enter IPCEA Tables for Cable in
Eabedded Conduit:

1) The ampecity of cable in enbedded conduit should be taken
from the ICEA P-46-426 tables for Jimilar cables 1o
underground duct. The same data set forth i{n Sectioe
J.2.2 for entering the tables for direct burial cable 1o
required for cable in embedded conduit.

B) It {e recowmended that REO-60 be used for cables in
embedded conduit (RHO-60 {g typical for "bardrock"
structural grade comcrets).

€) An ambient tempersturs of greater thas 20°C 1s
frequently the case for embedded conduit in & powar or
industrial plant (i.e. conduit im & concrete elab with a
b-tcod rocm above snd below may have ambient temperature
40°C or greater). Thus, it will be necessary ia most
cases to derste the ampacities givea {a ICEA Pub. Ne.
Po46-426 for cadle fn saderground duct, sinmce these
ampecities are for as ambient temparacture of 20°C. The
procedure outlined {a 3.2.2¢ may bo.nood to derate for
ambient temperature greater than 20°C, or tbo‘nnpactttcn
may be found for en ambiest temperature of 20°C asd then
derated by the equation shown below.

T -1
' = 1 ¢ - vhere
?' - ?‘
I' ® darsted ampacity (amperes)
I = ampacity tabulated for t‘ and T. (emperes)
1‘ ® rated continuous conductor temperaturs (°C)

I, * cabulated ambient Lemperature (20%)

ectual ambient temperature (°C)

NUMBER 52.6.4, kev
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3.5 Cable in Conduit !xggood

3.5.1 lnformation required te enter ICEA Pub. Mo. P-46-426 Tables
for Cable in Conduit is thu same &8 set forth in Sectiom J.2.2
4, b, ¢, and d for directly buried cables.

Consult_:che ladex 2f 12%A Pub. Yo. Peeé=i26 for -abulated
empacities for triplexed or three conductor cables (o ‘golaced
conduic. Noce that :go tabulations are based oo an ambient
air :cngc:aturo of «0°C. If smoient air temperatures aigner
than <070 are encouncersd, hez one of the same deracing
Procedures ouclined .o J.4.2¢ zaould be folloved.

Note that tabulaced ampacities are for single cthree
conductor or triplexed cable {5 an {eolated conduit. 1If more
€onductors are in toe seme couduif and concurrently loaded,
the following ampacity factors (100% ampacity MINUS the
percentage deracing) wust ba applied:

Total Yumoer Ampacit;
of Conductors Factor
3 1.00
bk 0.80
79 0.70
10-24w 0.70
25-42v ' 0.60
43 & up* 0.5

*Includes the effects of load diversity.

Where & fourth cosducror {9 {ncluded as the neutral iz I Phase
& Vire sysctems, the neutral is pot counted as & current
carrying conducteor and ne derating 1o required.

Where nominal loed diversity camsot ressonably be assumed, an
Approprisce Ampacicy Factodr cam de calenlated seing the
wethods sat forth im Appendixz 1 of the HBeher-McCrath paper,
“The Calenlation of che Temparsture Rise snd Load Capabilicy
of Cable Systems.”™ The matter should be revieved vith the
office Chief Blectrical Eagineer.
Eege+ Ween deratiag spprosches 30T, em sltervacive cable
‘Toutiag or racevey arvangement should de comsidered.

3.5.2 Deratisg Pactors for Cables im Exposed Groups of Conduits in
Adrs

&) 1If the vertical cud horizental spacing betweer surfaces of
conduits grouped om racks or other supports equals or
excesds che oucside dismeter of the couduits, the
aspacities for cables in tsolatad conduits im eir should

be used vithout derating.

NUMBER E2.6.4, Rev
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b) Table I shovs ampacity factors by which ampacities
tabulated for cables io isolated conduit im air sheuld be
sultiplied vhere conduits are grouped merse clossly than
outlised in &) above. The table {s based on separatios
batween adjacent condult exterior surfaces pot less than
ove fourth of the outside diameter of the larger of the
‘Wo adjacent :omduits, (d/4), THIS SHOULD ST CAREFULLY
NOTED ¥ PROJECT RACIWAY INSTALLATION "BOTLS AND
DETAILS." 1If separatioms ars less thas these minime, &
complex besc transfer caleulation i» required to
sccurscely dezersine ampacity.

TABLE 1
CABLES IN CONDUIT, AMPACITY FACTORS
Number
Vercically Number Horizoncally
i a 3 - 3 &
1 1.00 0.9 0.91 0.88 0.87 0.86
2 0.92 = o0.87 0.84 0.81 ©.80 0.79
3 0.88 0.81 0.78 0.7¢ 0.7% 0.7
. 0.82 0.78 0.7; 0.73 0.72 0.72
5 0.80 0.7¢ 0.72 0.71 0.70 0.70
& 0.79 0.75 0.71 0.70 0.69 0.68

3.5.3 Sample Caleulation:

GCiven: Conduit imstallation im air of I wvercical and &
bhorisontal conduits, esch conduit separated by 1/2

conduit diameter; 3/C, s Tubbar {nsulated;
comductor to.p,:a:uro 857°C; ambient air
tamperature 40°C,

Piand:s Ampacities for #4 AWC and #¢ AWC zables.

Solution: ICRA Pub. Wo. P-46-426, index page V refers to table
on page J12 for {solated conduit.

£2c 290
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Ampacity in Ampacity Ampacicty in

Size of Each Cable Isclated Conduic Pactor Crouped Cenduit
i 87 x 0.7¢ “ 66
% 66 x 0.76 - 50.2

3.6 Cables in fven Too Cable “rav

J.6.. Cable zay Ye inscalled i3 sray with “saintained svacing” or
randomiv pulled or laid in cthe :rav. & :he 3aintained
spacing method, cable spacers of plascic, impregnaced vood, or
porcelain are inserted to maintain & selected vertical end
horisontal spacing dimensicn between ad jacent cables L8 the
tray. Rows of such cpscers are inetalled (s the tray at
intervals, depanaing om cthe sciffness of che cables iavoived,
sufficient to ensure that the design specing is effectively
"maincained”. The ledor required te do this type of
installation {s many times thac required to issctall the same
cables rancomly .o :he same :ray. [t cas oaly be ecomomically
justified for large, important feeders iovolving comparitively
beavy electrical loads. The offsetting benefit {»
subscancially higher ampacity. It is suggested that cable
duct be cousidered vhenever cooditious are such that
asincained spacing appears to be & desirable option.

3.6.2 1If cable duct is calected, the ampacity used should comply
vith the recommendations of the cable duct memufacturer. 1f
field-fabricated maincsined specing 19 to be usad and the
spacing is maintained to exceed the full cable diameter, the
ampacity will be the same as for the same cable isolated in
air. Tor milutained spacing from 1 diameter (cable o.d.) teo
1/4 diamecer, apply the ampacity factors tabulated {n Table
VII ou page V of Volume l- (Copper), of the ICEA
ampacity tables (P-466-426) to the ampecities tadulated {n the
book(s) for teoleted cable im air.

3.6.3 7Yor pover circuits in tray other thenm the major, heavily
loaded russ which justify the expesse of maiscaived spacing,
the method ueed 1s “random spacing™ or “random tray £111".
Sectiono II.D.2 and I on page V of ICERA Pebb-426 describe &
sathod for determining ampacities for this condition, using
Table VIII frow these sams sectioms, but the results ars
mmeuitable for our applicaticns end SHOULD NOT BE 7SED. The

. SorTedt refervnce 15 ICEA Pub. Bo. P-54-440 (NEMA WC-51)
entitlod "Ampacities - Cables in Open-Top Cadle Trays”.

3.6.4 Ampacities for pover cables {nstalled {n trays without
msintained specing should be based om the methods snd dsta "
contained ia ICEA Pub. Se. P~34-440. Tha ampacity zables :n
this publication are generally based on the calculated depth
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3.6.5

of cables in trays carefully packed to pproximetes maxisus
cable tcant:y-ol-tanzallattoa. cousidering this as the "wors:e
case baris™ for conservative design. The tables are further
based on 1002 load factor and pe diversity. 4s the title
indicates, the tables sre dased ot "Open-Top Traye™. The
effects of tray covers, fire proteciing wmaterial vrape, or
Touting of trav through firescops vesuire derating to the
Tempecities e setermined from ICIA Pib=uil, e 4ddicionsl)
deracing required for 842 Ls covered in :he following
fections:

= 2.7 Additesal Jerat.ng for Tray Cables Tramsiting
Firestope ;

= 3.8 Additensl Derating for Cable Traye or Conduits
Iaclosed iz Pire Proteccing Katerial

= 3.9  Additionsl Derscing for Cables Rouced in Open Top Tray
vith Solid Covers. "

$e of ICKA city Tables for ble Tr

4)_ Data is tabulaced for tingle comnductor, triplexed, and
three conductor cables. VYeor sulticonductor pover cable
other than three conductor, g toaversion forwuls {s
provided iz the Introductive Section of the Tables.

b) Data is tabulated based op the overall cable fizes
(outside diameters) corresponding to the more common cable
Constructions. fSince cable aapacity ia rasdem-£11} trays
generslly varies directly as the cable outside diameter
(other factors being equal), o simple proporcion
suitiplier ensbles determination of ampacitier for ourside
élameters other then those tabulated for given conductor
sizes., A epecial case occurs vhers cable o.4. equals or
exceeds the design basis depeh of f111. In these canes,
cables canm be lagd parallel {m the tray, ome layer deep.
Ampacity will be as tabulated for depth corresponding to
cable o.4d. regardless of percest £411 or exact cable
"size”,

¢) Ampecities are tabulated for four different voltage
clavsen, 0-600v, , 601-2,000v., 2,001-5,000v., and
15,000v, Ampacities for pomisal SkV clase may be
determined by applying the sizing (cable overall o.4d.)
corTection described 1n b) (above) te the ampacity
tabuleted for corresponding conductor sises for 3,000v,
clase cable. (While this 1o ot precise or theoretically
true, the resulting errer vill be megligible.)

4) Tabulatioms are baeed ot cables rated for 9% waz fwm
continvous conductor temperature operatior, and 40°C
Saxisum ambient aiy temparature. Correcticn coefficients
for each of these factors are tabulated {n the
Iatroduction sectisn of the Tables.
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¢) The ampacities sre tabulated ou the basis of "depeh" of
Cables in the tray vith "depth” defiped ia the .
Introduction section of the Tables a0 follows:

Jepeh - here
«“iaeth of Tray

8+ &4, d = Overall o.d. of dif’erent
- - cable sizes, and

a,, 8., 8. * Number of cables of each

corresponding dismecer
All uaits are i{g incnes.

Our ueusl wethod of caleulating tray f111 {s to select g -
percencage of cthe ueable cross seccion 4res of cthe tray

uneer consideracion, thes to determine hov macy caoles of
Yarious cross section aress cam be dccommodated 1n that
percencige of the tray. Fob chis, we use the sctual croas
tection area of the cables, and since these are (usually)
circular, vo sultiply ¢ x 9 /4 for each cable 0.4,

Using the socacions of the Incroduction secticn of cthe

Tables, our 'dopehﬁ would be:

S R A

Wideh of Tray

‘ 2 2
‘.z‘z ‘ .l......‘. )%

Videh of Tray

(llix

Note that our method differs from that oo vhich the “ables
4re based by our imclusios of the factor 17/,

Because of this difference, our calculated depth must be
divided by 77 /4 (or 0.7854) to be counsistent vith the
definicion of “depth™ ou which the Tablee are based.
(Some find it easter te waltiply our caleulated depth by
the reciprocal of 17/4, or 1.273).

3.6.6 Use of the Tabies

mtl.'h-.n*w“-“m.. e e
4”'&4.“.‘.ll’h‘,.ll“..ﬂﬂlﬂ!‘JllI-‘Oﬂdqninll.ﬁlll-l-.'.-.d.-..-.'-..-.‘.'..'-...- "‘""':::::-l ::::.

&
:
i
H
i
!
i
!
|
A

A frequent practice is te select trays for random fill with
povar cable which hove & usable tray depeh of 3 loches and to
sesign for a JO pewecenc f11l. (While :he same Iray usacle
depth 1s vary widely used in the pover iadustry, beth of thess
parametars are selacted arbitrarily. The 302 f£111 figure
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Note that this (s for e cable outside dlamezer of 0.45"
vhere ours is 0.53". Recall from 3.6.5 ») of this Design
Cuide that, ignoring other pérametery, Ampacity ig
directly proportional to cable overall ¢.4.,
I d I
cable = ':ablc x “table
table

“ O.Sg x 7BA (as calculated thus far'
0.65

e 1.180 =z 78a
® 92 Amperes

b) Givem: Lorizomcal trey, 3" usable depeh, 2/C #4 awc
copper conductor 600V. cable of -ljacsotod “singles,”
90°C conducsor “emperature racing, «0°c ambient sir
temperatus-, cable fillers added to make cable rousd in
fection with overall o.d. of 0.75". Cebles are invtalled
vith random lay.

Fiad: Ampecity for 40% £111
Solution:  Depth of cable for 402 #4131
“ (3" 2 0.40) + 9w /4
* 1.2+ 0.78%4
* 1.5

(Por practical purposes, the lset 0.03" depth can be
iguored and tabuleted daca for 1,.5" depth can be used
vitbout incerpolacion). Eoter Table 3 and note the
ampacity for 1.5" depth #4 AN 3/¢s

= 49 Amperes

Roce that se €orrections need be made for either
ambient air temparatures or conductor temperature
rating. Hewever, we must correct for o different
sumber of comductors snd for a different cable o.4.
These correccions can be made 1n one step utilizing
the equation showe is the upper left cormer of page
11 of the tables:

x' “ ’ ® x
i °-‘/.f
« 0.75" = 494 *From Table 3
0.83% qlf ;.

* 0.90% x 494 x 1,228
= 54,34,

N9
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supposedly represence filling the Eray, using random cadle
pulling or laying of cables intec the Eray, to the, point where
€Overs may be installed vherever desired without particulay
difficulty. Many others teke 402 as approximating “"complete"
tray f111. So far, veither figure has been claimed te
represent a "cost-effective"” optimum.)

SAMPLE ALCTLATIONS

a) Given: Sorizontal tray, )" usable depeh, 1/C 02 awe
Jackeced, 600V. covpur comductor cable, 0,53
©.d., #ir ambient temperature-30 €, insulacicn

I raced for 125°C comductor temperacure, random

1
i
;i
I
4
it
‘.! Tiads Ampacity at 302 cray £111.
l’ Selution: "Dofth" of cable @ 302 £111. B
:f . (3" x 30%)4 /4
‘3
!i
I
il
i
i
¢

= (3" % 0.3) + 0.78%
* 1.15

Enter Tables ICEA Pub. No. P-54-~440 Table 4. Use otraighe
line incerpeletion to {nterpolate between ampacities
tabulaced for #2 ANC @ 1.0" deped (7%4.) and 1.5" depeh
(584.)

1 1 1 1
1.13 = %10 = 1.0 (‘1.0 - %1.9)
*‘.'}!—-T % s

® 754 - 0.3 = (7“. - 3“.)
- 7“. ® ’.u.
® 70 Ampares

Bote that this ampacity s for 40°C ambient air, vhere
oure i¢ 50°C. Refer to page { right bhand col
“Correcticn for Ambient emperature”™ ~ for 50°C ambient,
sultiply the shove reasult by 0.90;

“ 0.90 = 70A. = 63a.

Note that this ampacity {s fog 90°C rated conductor

temperature vhers ours is 125°C. Refer to same page,

samg columm “Correction for Comducter Temperature” - for
}u‘c tonductor temperature wultiply our above result by
.3 L}

® 1.26 = 634, = 784,

NIMBER £2. 6.4, Rev.
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raprodused caphed tremad enbubited, nec used srespt b e Hemidad

¢) Given: Horizontal tray, 4" usable depen, 1/¢ #1/0 Awe
aluminum condugtor 8xV mominal ratiog shielded cable,
0.97" o.d4., 90°C conduczor rating, 40°C ambient, open
top randomly filled tray.

Find: Ampacicty ac J0% f{11
Soltcion: Jepch of cavle Zor 20% fi11
= (4" x J0%) « o /4
® L.23" Ageaim for practical
purposes ve can
omit interpolation for
the 0.03" {ocremental
depch.
- 1.3"

Zacer Table 29 for 1/0 ANC conductor and 1.3" cable depch:

!1 s ® 944. for 5kV cable w/0.72" o.4.

(Assume that the voltage class difference betveer 5kV and

8V 2as vegligible 4mpecity effect and make correctios
only for difference i2 0.4's.):

!“.1. ® ‘gg!;g B xc‘blc

‘e.blc

® 126.64A.
® 127 Anpeares
d4) Givea: Horiszontal tray, J" weadle depth, 1/C 1,000 kem
copper conductor 13kV shielded cables 2.15" o.d., %90°¢

conductor rating 40°C smbient cpen Lop randomly filled
trays

Fiad:s Ampacity act 30T f£111
Solutioun: Depth of cable for 303 £111
(3" x0.30) + 17 /s
® 1.13%°

: Tiue docwment e the design it cevers are the Foperty of SECHTEL
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Note that the cable diameter exceeds the prercribed depth
of f111. The cables can, hovever, be laid in the tray in
& siogle laysr. The ampacity may be caleculated ae
descrided in the second paragraph under Section B "Use of
Tables™ on page "1" of P-54-4k0. It a4y more resdily be
looked v directly im this scandard by entering Table JJ
2or..J00 kemi! :9nducsar size:

tlen Bumr rBowes

I« 83

“here the cadle 0.4. exceeds :he Jrescribed desch, :he
Ampacicy is d0% of the ampacity of che sasme cadle :in ires
air, s tabulated fn P-46-426. It {s therefore
{ndependent of the cable 0.4., s0 no correction teed be
Sade for the difference between che sctual o.d. (2.15")
ve. coe caoculacted o.d. (1.90").

— ————— —

- P Additioval Dersting for Tra bles

Traneiteing Pirestops

Many of zhe ‘irescops commouly used ‘or sealing vall ané floor
openings for tray cable passsge mske use of 4 flame-retardant
thermal {nsulating ssierial such as silicome foam. Any solid
or vestileted tray covers should be resoved prier te forming
the firescop.

Several sanufacturears or {mstallers of this type of macerial
claim that the use of their product or method does sot require
deracting of snclosed pover cables. They bave these claims on
dats from tescs, iscloding ome or twe {n vhich the cables wvere
loaded to the full P=34-440 q«‘cy. wvithout the firestop
hot-spat temperaturas exceoding 90°C.

They sce marely lusnod snd on ubm‘amyw‘..“'-mh
mﬂ“mn“huvuuudmhu‘u‘“

According to ltosyo. vhose smalyses eand testing sre che basis
for P-34-440, 90°C hot spots will ouly occur vhere & number
of cables are packed togecher - & typical "worst case" to use
88 & design basis. Commencing ou Rhis owe test results, Stolpe
stated, “Noce that eves though the ®a joricy of cables ==~ ran
cooler tham caleulaced, thare vas o group of cables -~ that
did reach the calculected temperature. This peiats out the
faet that all csblas is & randonly filled tray camnot be
expected to have the woet tharmelly adverse enviromment, but
some of thew will.™ Sctolpe alse demoustrated that ampacity
ohould net be imcrsssed becsuse of diversity (1.e., sowe or
‘wamy of the cables i the tray are caly lightly loaded or are
coupletely wmnloaded).

Becsuse of these facts, good engineering preactice requiraes
' that vhes thermal issulating material Ls uwsed as & firestop,
sdditional derating must be comsidered and sppliad vhen

Bsecessary.

:
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Tinie Aecumant o.d the design K covers are the prepasiy of BECHTR L

Lo Az Power Divieion perforesd & series of tests in

jg=i0 to ::::ii:.o the thermal effuct of twe difforest typer of
firestops e tray cablas. Ove type represenced sho B1sco
firescop comprised of o 9" thickness of 17 1b/fe density
silicone foas. The other vas the minisus thickness BPC
firescop comprised of tvo layers of 1/2" Marisite with a
2el/6" thick layer of 17 Ib/f:” density silicone foas

becween, plus Flamemascic coating oo the cables oo ecach
exposed face of the fireston.

although the hot~spot temperature of che BIPC fireascop vas
slightly lower, the couclusions veare that sither type ruquired
6 seninel ineremantsl {(additiomal) devacing of 153. .It should
8le0 ba neoted that in the opesuing test growp in this serias,
88 in Stelpe's teets, Bot-spot temperstures for trays without
firestope or cersmic fiber blomkse vrapping vere foumd vith

fasias v T FH-SHL R AL
1s0ded te their - ampacictias., rising, thase tests

show thet cables trassitting either of these typical minisus
firescops should be given an sdditionsl dersting of 151.
(1.0., & tray cable with P-354-440 ampocity of 100 emperes for
open top tray should be dereted to 85 amperes 1f it passes
thzough & firestop).

Another spproack that canm de used is te svalyse the Izl heat
gein (ia wacts) for & one foot lesgeh of tray. This is dose
by the folloving methed:

A. Take dc resisctance for ONE foot of esch {ndividual
stranded comductor from & cable engineering bandbook such
49 Okomite Cable Bnginsering Dets Booklet, Table 1-3
(tinged comductors vhere appropriste).

B. Comvert "A" to ac (vhere appropriste), by sultiplying by
the facters tabulated in Okomite Dats booklet, Table 1-5.

c. snlttply c,cl value by 1.235 to couvert B cabulated for
237C to 90°C maxiwum conductor temperature (1.258 for
eluminem conductor).

D. Multiply each "C" value by the SQUAXE of the current
corresposding to the actual full loed of the device being
served. Chort time intermittent loads (such as MOV
operator motor loads), or lesds that only cccur durinmg
abuormally lightly loaded conditions, can be ignored.

E. Add all of these "vatts per foot™ (of tray).

F. The total vattage for cccg 6" increment of tray widceh
should be 26.5 Jacts P «0°C or x.oo°co ensure hot-spot
conductor temperatures lees then 90°C within the
firestop. * -

NUMBER F2 & o 7e.
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Example:

70 « 3/C #12 avg cables are routed im a 12" wide tray vith
esch eircuit loaded to 9.5 amps/phase. Can & 9" thick
silicons foam firastop be installed in the gray vithout
cresting hoct-spot internal temperatures >907¢C?

2 .each zable) 1.71 x 10.3 x 1.25 = 0.00215 (Mo de/.¢
‘ correction required)

12 (each cabie) ® 9.3% © 90,29 i
123 (each conductor) = 90.28 = 0.00215 = 0.1940373
122 cotal = 0.1940375 x 70 x 3 © 40.78

Maxisum permiseible vacts for 12" v. tray = 2 x 2.5 =
49.0 wacts

«0.79 < 49.J wvaces
Therefore the firestop hot-spot {8 less than 90%¢

CAUTION: Sisce "watts par foot™ or "watts per foot per
unit videh™ correlaces wvith AVERACE ctemperatures, eachd
such case should be analysed to engure ageinst bot-apots.
1f many of the cables are lightly loeded, oue or 4 fovw
suall cables can be ovarloaded te the point of damage
vithout the "watts per (square) foet™ limitation belsg
excesded. The asalysis should verify that cke cables are
evenly distributed iz the fire step. The reviev should be
besed on ressonable<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>