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REVISICN 2

SUMMARY OF REVISIONS

-

General editing of entire document.

Changed "venctilated" cable travs to "open top” cable
zravs througnhnut o conform to ICEA.

Paragrar’ 4; Deleted section on derating 4% for
solid t. L.vers, added reference to paragraphe 3.7,

3.8, 3.9 where 3.9 is a new section titled "Addtional
Derating for Cables Routed in Open Top Tray with Solid
Covers",

Paragraph 3.6.6, b); Deleted derating for solid tray
covers from sazple calculation.

Added notations that tray covers should be removed

prior to applying firestop materials or encloeing
racevay vith fire protecting material.

Paragraph 3.8; Revised to include derating for a 3~hour
fire rating for Thermo-Lag. Ceneral revision to
separate discussion of Thermo-lag and ceramic fiber
blankets.

Renumbered "3.9 General Precautions" to "13.10 General
Precautions".
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) SUBJECT
Cable Derating Practice
& PURPCSE

o establish a design guide =0 determine cable ampacity
ratings for cable direc:tly buried, im underground ducts,
exbedded and exposed conduits, and in open top cable trays.
(For industrial projectss and utilityv bduildings not includec in
the sower block, the National Zlectrical Code should be usec
for ampacity values and calculationa methods).

- I8 DESICN GUIDE
33 Ceneral

The following is to set forth a definite and uniform procedure
to determine cable ampacity ratings. It encompasses various
types of cable installacion, namely:

a) Underground
1) Directly buried
2) 1In ducts
b) In Conduit
1) Embedded in slabs or walls
2) Exposed Conduit
¢) In Cable Trays
1) With Maintained Cable Spacing
2) Random Fill of Cables in Tray
Publication No. P-46-426 of the ICEA containe tabulated
smpacities for a variety of cable voltage classes, thermal
vetings, and installations, and provides the basic amwpacities
_for cases &), b), and c)i) above. Tvwo volumes comprise this
publication. Volume 1 deals with copper conductors and
contains an Introduction and Appendices applicable to both
volumes. Volume 2 contains sampacity tables for aluminum
conductors.
Sections II.D.2 and 3., of the Imtroduction Section in Volume 1

of the above publication set forth a method for caiculating
ampacities for case c)2)-Cable tray installations vith random

C 20223
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3.1.1

3.1.2

3.1.3

£i11. This section has been supersaded by & newer ICEA
publication, Publication No. P-54~440 "Ampacities for Cables
in Open Top Travs." The latter should be used exciusively

since the older method, as ser forth in Sections D.2 and 3.,
is in error.

f shielded medium voltage jower zavles are instailled so chat

{ngividual conductors are not svamme:rically disposed,
cirzulating currencs in che insulacion shields of the cables
J|AY reach 1 dagnitude where che thermal effec: of the 173
factor requires derating of the zaole conductor. Wherever
such cases occur, & third ICEIA publication, Publication No.
P=53-426, "Ampacities Including Effect of Shield Losses for
Single Conductor Solid Dielectric Power Cable 15kV through
35kV," should be consulted. The title could be misleading in
that this effect applies at other voltages as vell. Whenever
shielded power cables are installed with individual conductors
in & non-symmetrical arrangement, these effects should be
investigated snd either taken into account {f the losses are
significant, or stevs snouid de taken to eliminate the
circulating shield current. (See Design Guide E~2.6.5 "Power
Cable Shielding and Shield Grounding")

This design guide contains sample ampacitv calculations.
Although these are primarily based on copper conductors, the
same procedures and considerations are applicable fo aluminum.

It is important to remember that current-carrying capacity,
voltage regulation, and short~circuit capacity of cables must
be considered independently in order to ansure proper
selection of cable sizes with various types of i{nsulations,
voltage classes, and wmodes of {nstallation.

Although it 1is not specifically called for in the Introduction
Section of Volume 1 of P-46-426 (nor elsevhere in this
standard), combining circuit "sets" of pover cables in the
same conduit or underground duct requires that the tabulated
smpacity be reduced (derated) accordingly. The derating
effects of mutual heating is addressed in other sections of
the Introduction -~ derating for adjacent conduits ir air or
in concrete~encased duct banks, etc.

Since the methods set forth in Section II1.D.2 and I1.D.3 of
the P-46-426 Introduction (including Table VIII) have been
superseded (and should be crossed out in all coples of the

standard presently in use), the table i{s reproduced in this
Design Guide inp Section 3.5.1.

Aspacity calculations for underground cables, whether run in
duct Janks or directly buried, can be rapidly and converiencly

made by means of a privately developed computer program now
available at some Bechtel offices.

NUMEER £2. 6.4, Rov.
730 SHEET 3 OF 2°
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e program, cdesignate «70 originally designated "WE-B80")

is run ot a Texas Inscruments TI-59, a hand held,
cevd-programmable calculator, and 4 printer suxiliary unit

o

It calculates ampacities for cables {n a large oumber of ducts
or cable groups, with complete flexibility regarding duct
size, spacing, and bank configuration. Where some cables are
loaded to less than their permissible ampacity, this reduction
in wutual heating is taken intc account to permit higher
‘0ading of other cables in the particular run. Consult with
your local office Chief Electrical Eagineer's staff regarding
possible use of cthis program.

when this program is available, it is recommended for use
.nstead of the methods ser forth ipn Sections J.2 amd 2.2

buried cable c¢ tions with typical
ICZA Pub. No. b~426 are whown in Figures
detail with © trenching and

4 .
uppiled by

Figure 2 - Buried

1/C Cables
angement in Figure I may cause significant
shielded cables are used and shields are
than ons point.
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3.2.2 Ioformation required to enter ICEA Pub. No. P-46-426 for
Direct Burial Cable:

a) Cable Description (e.g. 1/C, 3/C, or Triplex)

5) Cable Operating Voltage (e.g. lkV, 8kV, 15kV, or 25kV)

t) Cable Insulation {(e.g. Rubber or Thermopiastic, Varnished
Cloth, Paper, LP Gas or Oil=Filled)

i) Comnduczor Temperature ‘e.z. 60, 65, 70, 75, 30, 85 ar 90C!

e) The ampacity values tabulated in ICEA for direct burial
cable are for an ambient earth temperature of 20%¢.
Adjustments must be made for ambient earth temperstures
wnicn are suoetantially different Src- this. A frequently
used guideline is to assume the 20 C ambient for
“Northern US" locations and 30°C for "Southerm US"
locations. While this approach may suffice for feeders in
which amoacity margin factors 2{fset the importance of
this item, important or critically loaded underground
cable systems should utilize testing or other methods (per
EEI "Underground Systems Reference Book" - Chapter 10).
An {mportant precaution im this regard i{s to ensure that
cable trenches or duct banks are not affected dy close
proximity to other underground systems creating a
higher-than-normal earth ambient. An example of this
might be the installation of a cable run from the power
block to the intake station or cooling tower in the same
excavation with the circulating wvater discharge line.

If ambient earth temperstures sbove 20°C are

encountered, one method of derating the cables is to lower
the conductor opersting temperature by the same amount &
the increase in ambient temerature (e.g. to find the
smpacity of cadble with conductor temperature of 50°C and
an ambieut temperature of 30°C. find the anpccéty of a
cable with 30°C conductor temperature and a 20°C

ambient temperature which can be read directly from the
tables).

£) Load Factor:

Ampacities are tabulated for 30, 50, 75 and 100% lecad
factors. These are indicated as 3JOLF, SOLF, 75LF, and
100L¥. It is recommended that 100LF be used for all
calculations involvea with generating station
applications.

4) Earth Thermal Resistivizy:

ICEA Pub., No, P=46-476 ampacities are tabulated for
{n-earth thermal resistivity, RHO, in degree

SPC 20743
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centigrade-centimeters per watt, for RHO-60, RHO-90, and
REO-120. Procedures are given for interpolation and . )
extrapolation, if other than indicated values of RHO are
encountered. ICEA recommends that RHO-90 be used vhen earth
thermal resistivity is not known. However, {n the instances
of major cable installations, where engineering judgement and
economics diczate, ve snould dectermine RHO as closely as
sossible. Some of the factors which sust be considered are:
cvpe of soil, type of backfill, moisture content of soil,
desth below suriace, and presence of nearby concrete slabs or
structures. .o addition, the "baking" of the soil by the
current-carrying conductors c2n cause RHO to change (for the
vorse) with time. Two refersac2 articles on this sub ject

sre: “Rapid Messurement of Thermal Resistivity of Soil" by V.
V., Mason snd M. Kurtz, AJER Transactioms, Vol. 71, 1952, page
570; “Soil Thermal Resiscivity Measured Simply and Accurately”
by John Stolpe, 1EEL Transactionms Vel. PAS-89, Number 2,
February 1970, page 297.

Semple Caleulaction:

L

Civen: Directly Buried Cable; 3-1/C; &.16kV, Rubber
Insulated, Conductor Temperature 90 C, Ambient
Earth Temperature 30 C.

Find. Ampacities for 2/0, 4/0, and 500 kemil at 100LF.

Solution: ICEA Pub. No. P~46-426 ampacities of directly
buried cable are tabulated for 20°C Ambient
Rarth Temperature. To saiotain same temperature
difference betwveen conductos and earth, use a
conductor temperature of 80°C.

ICEA Pub. No. P-46-426 index page {i{ refers to table on page
202.

Wire Size Ampacity
2/0 303
4/0 393 REO-90, 100LF,
1 Circuit, BkV
500 kemil 629

rC 20343
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3.3

3.3.1

Caries in Underzrounc Jucts

Type of duct configuraticns and typical dimensions as per ICEA

Pub. No. P-46-426 for 5" duct are shown in Figures

4L, 5, & and

3. Duct bank overall dimensions are approximate, O give

minimum 3" encasement coverage:

i Aﬂ,ﬂ\'yff\\

‘ PP RN AT

30"

either encased in
concrete or not
encased, typical

(TYP)

3
l

Figure &
11.5" by 11.5" overall
Duct Bank

Figure 6
\9" by 26.3" overall
Duct Bank

Pigure 5
19" by 19" overall
Duck Bank

1

; @
5 | QO
(TYP) |

Figure 7
13.4" Yy 33.4" overall
(Not a fessible design)
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Notes:

a) Cable in individual duct can be 1/C, 3/C or Triplex. To
' find ampacity, use the appropriate ICEA Pub. No. P~4b6-426
table., If 3-1/C cables are used per duct, the table for .
Triplex Cable is recommended for use.

b) For any normal duct bank configuration, phase and
sonductor impalances wvill result if multivie paralleled
cacles for each phase are installed eacn in & separace
duct. To preclude this, paralleled runs of cable should
e derigned with all three phases inetalled in each of
sultiple ducts (3/C, zriplex, or 3-i/C), with sizes and
lengths of all cable matched. For large loads, such as
the secondary connections for station service
transformers, this may reguire several more (smaller)
conductors per phase but compares favorably from a4 cost
viewpoint and avoids a possibiy serious problem. If for
some reason paralleled single 1/C cables per duct must be
used, the individual ducts whould be transposed at
intervals along the duct run to balance the impedances of
the three pnases - a slow and expensive duct {unstallation
method. Another way is to symmetrically arracge the ducts
as shown in the Underground Systems Reference Book, Figure
1039, arrangements &,5,6,7, 8 and 16.

¢) 1f cable sizes larger than tabulated in ICEA are required
or more than nine occupied ducts per bank are required,
extrapolation of ICEA Pub. No. P~46-426 tables may be
considered. It is recommended that the extrapolation,
either ampacity versue cable size or ampacity versus
pumber of ducts in bank, be done on log-log paper since an
approximate straight line will be obtained. As vith any
extrapoltion, this method is limited - the further the
extrapolation, the lower the accuracy. For duct bank
arrangements other than those shown in P-46-426,
extrapolation should be limited to smaller duct banks with
not more than two, ©r at most three, layers of pover
conduits. Bevond this, the Neher-McGrach analysis should
be applied, manually, {f necessary, or preferably by means
of the EE-700 (WE~80) computer program. If duct banks are
run in parallel, the normal ampacity tadles must be
fuither derated, The derating will never be more severe

than:
Additional
Depth of Also Applies Derating for
Distance Between Burisl of to Any Ratio of All Cables In
Nearest Ducts Lowest Ducts Distance/Depth Both Duct Bank
1 fc 3 £ 1/3 0.79
2 ft 3 fe 2/3 0.87
3 5t 3 ft b 0.91
L fr 3 1t 1-1/3 - 0.94
S ke 328 1-2/3 0.95

T 20242
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paration of 6 ft or greater is
2 maintained, the mutual heating effect of sdjacent duce
% banks can be safely ignorec

d) In particular situations where the available tables and
extrapolations are inadequate, the general equations for
amdacity, a8 stacted .n -CEA Pub. No. P=33-428, Sectiom

F.4, are recommended as the best available approach.

e nformation required :to encter I(CEA Pub. No. P=&b=eib
tadbles Ior Cacle in Uncerground Juct is the same as :hat

‘ required for Direc:t 3urial Cavles, see Section J.2.2.

When are designed, care must be
exercised to avoid vlacement of steel or other magnetic
G

materia. tefveen O around Cconcudtors.

o
S
-
o
-
o
A

ampacities apply only to & single cable or
single set of cables in each duct bank conduit. Whe

|
~

daaditional circuilts are instailed 1n the same conguit, the
aupacity factors tabulated at the end of Section 3.5.1

i wiven
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< We see the 3 Triplex will pnot carry the current
for the maximum size tabulated However, &
} “riplex will give the required ampacity {.e
500 kemil, RHO-90, 100LF ampacity is 288; 6 x
? 288 = 1728 which is greater than the 16004

r
3
ol
i}
- - < " B
23 | d 1f duct size will permit triplexed cable of
- ! 3 "
$'% | larger sizes, interpolation of the tabuluted
SR data indicates that 4-750 kemil #1ll de
2 v marginally satisfactory and &4~1000 kemil will
=N | provide a conservative application.
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e) Note that the tabulated data for triplexed

cables applies to corresponding sizes of 3-1/C
cables installed in & duct,

Cables (n Conduit Embedded

Types of Embedded Conduit Installation:

Imbedded condult refers to conduit ia concrete alabs zind

walls. Normal configurations of conduit in underground duct

installations are illustrated in Seczien 3.3.1. All

provisions of Section 2.3.l1 are equally applicable to embedded

conduit.

Information required to enter IPCEA Tables for Cable in
Embedded Conduit:

4) The ampacity of cable in embedded conduit should se taken

!&vnludm“ﬂuhmndndhnvmmmﬂmhchm te the boerower.
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from the ICEA P-46-426 tables for similar cables in
underground duct. The same dats set forth in Section

3.2.2 for entering the tables for direct burial cable is
required for cable in embedded conduit.

It {s recommended that REO-60 be used for cables in
embedded conduit (RHO-60 is typical for "hardrock"
structural grade comcrete).

An ambient temperasture of greatsr then 20°¢ 1s
frequently the case for embedded -onduit in & power or
industrial plant (i.e. conduit in a concrete slab with a
heated room above and belowv may have ambient temverature
40°¢C or greater). Thus, it will be necessary in most
cases to derate the ampacities given in ICEA Pub. No.
P-4b-426 for cable in underground duct, since tgcnc
ampacities ere for an ambient temperature of 20°C. The
procedure outlined in 3.2.2¢ may be used to derate for
smbient temperature greater than 20°C, or theolnpnciticn
may be found for an ambient temperature of 20°C and th
derated by the equation shown below.

1' = vhere

I' = derated ampacity (amperes)

1 = gampacity tabulated for Tc and 7. {amperes,
Tc » yrated continuous conductcr temperature (°c)
T ® :abulated ambient femperasture (20%¢)

T ' = actusl ambient temperature (°C)
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Cable in Conduit Exposed

3.5.1 Information required to enter ICEA Pub. No. P-46-426 Tables
for Cable in Conduit is the same as set forth in Section 3.2.2
a, b, ¢, and d for directly buried cables.

Consult.zhe index 2f 1CEA 2ub. No. 2=«6=426 for =abulaced
ampacities for triplexed or three conductor cables in isolated
conduit. Nore that the tabulations are based on an ambient
dir teapericture of «0°C. If ambient air temperatures nigner
than «07C are sncouncered, zhen one ot the same derating
procedures ouclined in J.4.2¢c snould be followed.

Note that tabulated ampacities are for a single three
conductor or triplexed cable in an {solated conduit. 1If more
copductors are in tne same conduit and concurrently loaded,
the following ampacity factors (100% ampacity MINUS the
percentage derating) must be applied:

Total Numoer Ampacity
of Conductors Factor

3 1
=% 0
T4 0.
10-24* 0.
25-42% 0
43 & up* 0

*Includes the effacts of lcad diversity.

Where a fourth conductor {s included a3 the neutrsl in 3 Phase
4 Wire systems, the neutral is not counted as a current
carrying conductor and no derating is required,

Where nominal load diversity cannot reasonably be sssumed, an
appropriate Ampscity Factor cam be calculacted using the
methods set forth in Appendix 1 of the Neher-McCrath paper,
"“Ihe Calculation of the Temperature Rise and Load Capability
of Cable Systems.” The matter should be revieved with the
office Chnief EBlectrical Engineer.
Note: When dersting approaches 30%, an slternative cable
routing or raceway arrangement should be considered.

3.5.2 Derating Factors for Cables in Exposed Croups of Conduits in
Alr:

a) If the vertical and horizontal spacing between surfaces of
conduits grouped oun racks or other supports equals or
exceeds the outside diameter of the conduits, the
ampacities for cables in isolated conduits in air should
be used wvithout derating.

8rC 20243
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b) Table I showvs ampacity factors by vhich ampacities
tabulated for cables in isclated conduit in air should be '
multiplied where conduits are grouped more closely than
outlined in a) above. The table is based on separation
between adjacent conduit exterior surfaces not less than
cne fourth of the outside diameter of the larger of the
*wo adjacent :zonduits, (d/4)., THIS SHOULD BE CAREFULLY
NOTED IN PROJECT RACEWAY INSTALLATION "NOTES AND
DETAILS." 1If separations are less than these minima, 2
complex heat tranafer calculation (s required to
accurately duetermine ampaczity.

TABLE 1

CABLES IN CONDUIT, AMPACITY FACTORS

hihml,mu-do-mhﬂnlﬁmdmﬁ’dmm’umdhmvnm'nm!.‘nnbvthhdu 10 the borrower.

‘uhahmmmﬂanmwa'ltctﬂiL They sre mersly loanad snd Sa the borrows: s »
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Number
Vercically Number Horizontally
i i 3 L 5 6
1 1.00 0.94 0.91 0.88 0.87 0.86
2 0.92 0.87 0.84 0.81 0.80 0.79
3 0.85 0.81 0.78 0.76 075 0.76 )
“ 0.82 0.78 0.74 0.73 0.72 0.72
5 0.80 0.76 0.72 0.71 0.70 0.70
6 0.79 0.75 0.71 0.70 0.69 0.68
3.5.3 Sample Calculsation:
Given: Conduit installation in air of J vertical and &

horizontal conduits, esch conduit separated by 1/2
conduit diameter; 3/C, GgOV. rubber insulated;
conductor temperature 85 C; ambient air
temperature 4L0°C,

Pind: Ampacities for #4 AWG and #6 AWC cables.

Solution: ICEA Pub. No. P-46-426, index page V refers to table
on page 312 for isolated conduit.

)
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Ampacity in Ampacity Ampacity in
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Size of Each Cable l1solated Conduit Factor Grouped Conduit
i 87 x 0.76 - 66
Ll 66 x 0.76 - 50.2

-
-

Cables in Nuen Too Cable Trav

cable mav be :nstalled in Iray with "paintained avacing’ or
candomiv pulled or laid in the :irav. Im the saintained
spacing method, cable spacers of plastic, impregnated wood, OF
porcelain are inserted to maintain a selected vertical and
horizontal spacing dimension between adjacent cables in the
tray. Rows of such spacers are {inetalled in the tray at
intervals, depenaing on the stiffness of the cables invoived,
sufficient to ensure that the design spacing is effectively
“"saintained”. The labor required to do this type of
installation is many times that required to install the same
cables rancomiy .n the same tray. [t cam only be economically
justified for large, important feeders involving comparitively
heavy electrical loads. The offeetting benefit i»
substantially higher ampacity. It is suggested that cable
duer be considered whenever conditions are such that
maintained spacing appears to de & desirable option.

1f cable duct is selected, the ampacity used should comply
vith the recommendations of the cable duct manufacturer. If
field-fabricated maintained spacing is to be used and the
spacing is maintained to exceed the full cable diameter, the
empacity will be the same as for the same cable isolated in
air. FTor mailotained spacing from 1 diameter (cadble 0.d.) to
1/4 diameter, apply the ampacity factors tabulated im Tabdle
VI on page V of Volume 1- (Copper), of the ICEA
smpacity tables (p=4b-426) to the ampacities tabulated in the
book(s) for i{solated cable in air.

For power circuits in tray other than the major, heavily
loaded runs which justify the expense of maintained spacing,
the methed used is “random spacing” or "random tray fill".
Sections 11.D.2 and 3 on page V of ICEA P-bb=426 describe a
method for determining smpacities for this condition, using
Table VIII from these same sectioms, but the results are
unsuitable for our applicarions and SHOULD NOT BE USED. The
correct reference is ICEA Pub, No. P-54-440 (NEMA WC-51)
entitled "Ampacities - Cables in Open-Top Cable Trays".

Ampacities for power cables {nstalled in trays without
maintsined spacing should be based on the methods and data
contained ir ICEA Pub. No. P-34-440. The ampacity tables iIn
this publication are generally based on the calculated depth

=7
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of cables in trays carefully packed to approximate maximum
cable density=of-installation, considering this as the "vorst
case basis" for conservative design. The tables are further
based on 100% load factor and po diveraity. As the title
{ndicates, the tables are based on "Open-Top Trays". The
effects of tray covers, fire protecting material wraps, or
routing of trav through firestops ~ecuire deratimg %o the
ampacitisy as destermined from ICEA PS4-«i0. The additional

derating required for each is covered in the following
sections:

9
® e

Addizonal Derating for Tray Cables Tramsiting

Firestops ‘

- 3,8 Additonal Derating for Cable Trays or Conduits
Enclosed in Fire Protecting Material

- 3.9 Additicnal Derating for Cables Routed in Open Top Tray

wvith Solid Covers. i

-
.-

3.6.5 Scopa of ICEA Ampacity Tables for Cable Tray

a) Data is tabulated for single conductor, tripiexed, and
three conductor cables. For multiconductor power cable
other than three conductor, a conversion formula {»
provided in the Introduction section of the Tables.

b) Data is tabu'ated based on the overall cable sizes
(outside diameters) corresponding to the more common cable
constructions Since cable ampacity in random-fill trays
generally varies directly as the cable outside diameter
(other factors beizg equal), a simple proportion
multiplier enables determination of ampacities for outside
diameters other than those tahulated for given conductor
sizes. A special case occurs wvher: cable o.d. equals or
exceeds the design basis depth of fill. Tn these cases,
cables can be laid parallel {n the tray, one lajer deep.
Ampacity will be as tabulated for depth corresponding to

cable o.d. regardless of percent fill or exact cable
"size",

¢) Ampacities are tabulated for four different voltage
classes, 0-600V., 601-2,000v., 2,001~5,000V., and
15,000V, Ampacities for nominal 8kV class may be
determined by applying the sizing (cable overall o.d.)
correction described in b) (above) to the ampacity
tabulated for corresponding conductor sizes for 5,000V.
class cable., (While this is not precise or theoretically
true, the resulting error will be negligible.)

d) Tabulations ere bised ou cables rated for 90°%¢ -Agiuun
continuous conductor temperature operation and 40°C
saximum ambient sir temperature. Correction coefficients
for each of these factors are tabulated im the
Introduction section of the Tables.
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e¢) The ampacities are tabulated on the basis of "depth" of
cables in the tray with "depth" defined in the a
Introduction section of the Tables as follows:

. e I
Jepch * “here
wiath of Tray

" N d = Overall o.d. of different
cabie sizes, and

P R n = Number of cables of each
- corresponding diameter
All unite are in incnes.

Our usual method of calculating tray fill is to select a
percentage of the usable croes section area of the tray
unger consideration, then to determine how zany cadles or
various cross section areas can be accommodated in that
percentage of the tray. For this, we use the actual croes
section ares of the cab}cc. and since these are (usually)
eircular, ve multiply d° x 97 /4 for esch cable o.4d.

Using the aotations of the Introduction section of the
Tables, our "depth" would de:

2 1. 2% 2,17
n,d, ({) +n,d, - ...nudn

Width of Tray

Depth =

- -
-

2, 1%
4 b 43
(0151 e nzdz + ......nndn /%

width of Tray

Note that our method differs from that on which the tables
are based by our inclusion of the factor 17/4.

Because of this difference, our calculated depth must be
divided by 71 /4 (or 0.7854) to Se cousistent with the
definition of "depth" on which the Tables are based.
(Some find it easier to multiply our calculated depth by
the reciprocal of 71 /4, or 1.273).

3.6.6 Use of the Tables

A frequent practice is to select trays for random fill with
‘power cable which have & usasble tray depth of 3 inches and to
design for a JO percenc fill, (While the same Iray usadle
depth is very widely used in the powver industry, both of thes~
perameters are selected arbitrarily. The 30% £411 figure
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This docunent and the detign it covers are

supposedly represents filling the tray, using random cable

pulling er laying of cables into the tray, to thg, point where

covers may be installed vherever desired without particular '
difficulty. Many others take 401 as approximating "complete"

trey £fi11. So far, neither figure has been claimed to

represent a "cost-effective” optimum.)

SAMPLE CALCULATIONS

a) Given: dorizontal tray, 3" usable depth, 1/C #2 AWG
jacketed, 600V. copper comductor catle, 0.32"
0.d., air aubétn: temperature~-30"C, insulacion
rated for 125 C conductor temperature, random
£411.

Tind: Ampacity at 30% tray £i11.
Solution: "Depth" of cable @ 301 fill:

- (3" x 30%)+ /4
(2" x 0.3) -~ 0.785%
- 1,15

Enter Tables ICEA Pub. No, P-54-440 Table 4. Use straight
line interpolation to interpolate Detween ampacities
tabulated for #2 AWGC @ 1.0" depth (75A.) and 1.5" depth
(58A.)

be 1

1.15 = 1.0 - 1.18 - 1.0 *1.0 - 1.5) )
1.8 = 1.0

= 75A - 0.3 x (75A. - 58A.)

o 784, « 5,1A:

= 70 Amperes

Note that ghio ampacity i» for 40°C ambient air, vhere
ours is 50 C. Refer to page { right hand colg-n
“Correction for Ambient Temperature" - for 50 C ambient,
sultiply the above result by 0.90:

= 0.90 x 70A., = 63A.

Note that this ampacity is fo 90°C rated conductor
temperature where ours is 125°C. Refer to same page,

. column "Correction for Conductor Temperature” - for
12%°C conductor temperature multiply our above result by
1.24y

w 1,24 x 63A. = 7BA.
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w 92 Amperes

iorizontal tray, 3" ble depth, 2/C #4 ANG
juctor 600V, un jacketed "singles,’
or temperature ing, «0°C ambient air
cable fillers added to make cable round in
overall

itten eousant gyen by the lender (o the borrowe

Cables are installed

3
:
¥
€
{
i
§
g
3
¢
3
?
j
i
!
X
%
!
5
i

T
¥

~ 49 Amperes

Note that no corrections need be made for either
embient air temperatures or conductor temperature
rating. Eowever, we must correct for a different
number of conductors and for a different cable o.d.
These corrections can be made in one step utilizing
he equation shown in the upper left corner of page
i of the tables:

encept i the imited way and peivete ute parmatied by soy wre

ths pwoperty of BECH
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*From Table 3
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¢) Given: Horizontal tray, 4" usable depth, 1/C #1/0 AWG
aluminum condug:or 8kV nominal ra:in;othlcldcd cable,
0.97" o0.d., 90°C conductor rating, 40°C ambient, open
top randomly filled tray.
Find: Ampacicy at 30% f{11l
SoltGcion: Jepth of cavle for 20% fill
= (4" x J0%) -+ 9 /4

pas g it

L3 Again for pracctical
purposes we can
omit interpolation for
the 0.03" incremental
depth.

-« 1.5"

! Sncer Table 19 for 1/0 AWG conductor and 1.5" :cable depth:

Il . " 94A. for 5kV cable w/0.72" o.d.

(Assume that the voltage class difference between SkV and

8kV has negligible ampacity effect and make correction
only for difference in 0.d's.):

1 dcable x Itablc
cable —

table

= 127 Amperes

d) Given: Horizontal tray, )" usable depth, 1/C 1,000 kem
copper conductor 15kV shielded cables 2.15" o0.d., 90°C

conductor rating 40°C ambient open top randomly filled
trav.

wsad axcept in the limited wey snd privels use parmittad by sny writtsn cunsent given by the landa: (o the borrowes

Find: Ampacity at 30% fill

axhibited, nor

Solution: Depth of cable for 30% £{11
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- (3" x 0.30) + 17 /4

ared

- 1.15"
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Note that the cable diameter exceeds the prescribed depth
of £111. The cables can, hovever, be laid in the tray in
a single layer. The ampacity may be calculated as
descrided in the second paragraph under Section B “"Use of
Tahles' on page “1" of P-54-440. It may more readily be
looked 'ip directlv ia this standard by entering Table 23
2ar. 1,200 %emil zonductor size:

I = 8313A

Where -he cable 0.i. exceeds she orescribed denth, the
ampacity is 30% of the ampacity of cthe same cable in iree
air, as tabulated in P-46-426. It {s therefore
{ndependent of the cable o.d., s0 no correction need be
made for the difference between the actual o.d. (2.15")
ve. tne taoulated o.d. (1.3%30").

prets sy sninsant thet they will not be

3.7 Additional Derating for Tray Cables Transfitting Firestops

Many of zhe firescops commonly used for sealing «all and floor
openings for tray cable passage make use of a4 [lame-retardant
thermal {nsulating material such as silicone foam. Any solid
or ventilared tray covers should be removed nrior to forming
the firestop.

Several manufacturers or installers of this type of material
claim that the use of their product or methoed does not require
derating of enclosed power cables. They base these claime on
data from tests, including one or two in wvhich the cables vere
losded to the full P-54-440 ll?ctaty. without the firestop
hot-spot temperature excreding, 90°C.

According to Stolpe, vhose analyses and testing are the basis
for P-54-440, 90°C hot spots will only occur where a number
of cables are packed together - a typical "worst case” to use
as & design basie. Commenting on his own test results, Stolpe
' stated, "Note that even though the majority of cables -~ ran
cooler than calculated, there was & group of cables == that
did reach the calculaced temperature. This points out the
fact that all csbles in a randomly filled tray cannot be
expected to heve the most thermally adverse environment, but
some of them will,™ Stolpe also demonstrated that ampacity
should not be incressed because of diversity (i.e., scome or
many of the cables in the tray are only lightly loaded cr are
completely unloaded).

Pecause of thes: facts, good engineering practice requires
that wheo thermil {msulating material is used as & firestop,
additional derating wust de considered and spplied vhen
secessary.
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b:obu Angeles Power Division performed 4 series of tests in
1980 to determine the thermal effect of two different types of
firestops on troy cables. One type represented Sh' BISCO
firestop comprised of a 9" thickness of 17 1b/ft” density
silicone foam. The other was the minimus thickness BFC
firestop comprised of two lavers of 1/2" Marinite vith @
Tel/46" shick laver of 17 .b/f:” decsity silicone foam

becween, plus Flamemastic coating on Lhe cables on each

exposed face of the fireston.

Although the hot-spot temperature of the BPC firestop vas
slightly lower, the conclusions wers that either type required
s sominal imcremental (additional) deratimg of 15%3. It ahould
2180 be noted that in the opening teat group in this series,
a8 in Stolpe's tests, hot-spot tempcratures for trays without
firestops or ceramic fiber blamket wrapping were found vith
virtwally no thermal margin vhen all cables were continucusly
losded to their P-54-440 ampscities. Summarizing, these tests
ahow that cables trapsitting either of these typical minimum
firestops should de given an additional derating of 15%.
({.e., & tray cable with P-54~440 ampacity of 100 smperes for
open top tray should be derated to 85 amperes if it passes
through a firestop).

Another spproach that can be used iz to sanalyse the 12R heat
gain (in watts) for & one foot length of tray. This is done
by the folloving wethod:

A. Take dc resistance for ONE foot of each individual
stranded conductor from a cable engineering handbook such
&8 Okonite Cable Engineering Data Booklet, Table 1-3
(tinned conductors wvhere appropriate).

Timited way snd privets wse pecmitted by ssy weitten content given by the lander 10 the borrower.

B. Convert "A" to ac (where appropriate), by multiplying by
the factors tabulated in Okonite Data booklet, Table 1-5.

Cs Huétiply each value by 1.25 to convert R tabulated for
25°¢ to 90°C maximum conductor temperature (1.258 for
aluminum conductor).

D. Multiply esch "C" value by the SQUARE of the current
corresponding to the actual full load of the device being
served. Short time intermittent loads (such as MOV
operator motor loads), or loads that only occur during
aboormelly lightly loaded conditiome, can be ignored.

Add a1l of these "watts per foot" (of tray).
F. The total wvattage for each 6" increment of tray width

should be 24.5 Watzs @ «0°¢ or lonuoto ensure hot-spot
conductor temperatures less than 90 C within the

meﬂdmmhw'mm’muyd.ECﬂtELMmmﬁh«dﬂu«nbm‘num-m“m“‘h
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Example:

70 = 3/C #12 avg cables are routed in a 12" wide tray with
each circuit loaded to 9.5 amps/phase. Can a 9" thick
silicone foam firestop be installed in the gray without
creating hot-spot ‘nternal temperatures >90°¢C?

-

2 (each cable) 1.71 x 10 ° x 1.25 = 0.00215 (No dc/ac
correction requived)

-
--

1" (each cabie) = 9.5: » 90,28

1°R (each conductor) = 90.25 x 0.00215 = 0.1940373
2

1°R total = 0.1940375 x 70 x 3 = 40.75

Maximum permissible watts ror 12" w. tray = 2 x 24.3 =
49.0 watts

40.75 ¢ 49.) wacts
Therefore the firestop hot-spot is less than 90°¢

CAUTION: Since "watts per foot" or "watts per foot per
ueit width" correlates vith AVERAGE temperatures, e&ch
such case should be analyzed to ensure against hot-spots.
1f many of the cables are lightly loaded, cne or & fev
small cables can be overloaded to the point of damage
without the "watts per (square) foot" limitation being
exceeded. The analysis should verify that the cables are
evenly distributed in the fire stop. The review should be
based on reasonable values of watts per linear foor per
unit of cross-sectional area of each of the cables of
{nterest.

Some firestops use silicone not as & foam but as s solid
elastomer, either unfilled or filled with granular
metallic lead for resistance tO radioactivity. Because in
its normal state it has thermal conductivity much greater
than that of foam, it dissipates the {nternally-generated
heat of the cable such that no ampacity derating is
required in the 4" to 12" thicknesses of normal

firestops. Even with these materials, derating may be
required in substantislly thicker sections such as those
sometimes used for radiation barrier seals. These
materials pyrolize when exposed to fire, and the resulting
Yehar" is a good thermal {nsulator, thereby enabling the
material to fulfill ite function as & firestop.
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3.8

3.8.1

3.8'2

Additional Derating for Cable Trays or Conduits Enclosed in

Fire Protecting Material

In order to protect cable from damage by fire, cable trays and
conduits are sometimes enclosed in fire protecting material.
Among the first such materials to be used wvas ceramic fider
Slanket material sucn as Raowool or Cera-blanket. Its
incombustidility and very lov thermal conductivity makes it
effective for protecting control, instrumentation, and
communications type cavles. Howvever, the second

characreristic makes it generally unsuitable for power cables,
at least 4o a design basis.

Another fire protection covering for trays or conduits (s a
plaster~like material named Therwo-lLag 330~1. 1In addition to
being easier to install and auch more durable than ceramic
fiber blanket, the derating required for power cables {s wore
reasonable due to a much higher thermal conductivity.

CAUTION: Fire protecting =materials should 2ot be used
inconjunction with solid or ventilated type cable
tray covers on pover tray. If used together, the
cable would have to be derated for both the tray
covers and the fire protecting materials.

Dersting Required When Using Thermwo-Lag 330-1

When fire protection material i{s required om trays containing ’
pover cable, Thermo-Llag 330-1 is preferred over ceramic fiber

blanket materials as the cable derating is substantially less

for Thermo-Lag. Based on ASTH E-119 fire tests of Thermo-lag

330-1, 1/2" thickness will provide a 1 hour fire rating and 1"

thickness will provide a 3 hour fire rating. Ampacity tests

have shown that 1/2" thickness of Thermo-lLag requires that

pover cable be dersted 12.5% for cable tray and 7.6% for

conduit. Tests ueing i" thickness have shown that a derating

of 171 ts required for cavls tray.

Since tests of conduit with 1" thickness ~f Thermo-lag were
not conducted, the derating for power cable in conduit i»
estimsted to be 10.5% based on the 361 incresse in the

derating shown between the 1/2" and 1" thicknesses which were
tested on cable tray.

Derating Required When Using Ceramic Fiber Blankets

In 1980, the Los Angeles Power Division cenducted tests of

ceramic fiber blankets (Cers-Blanket). These tests indicated

& requried derating of 73% (2.28 watts per foot zllowable
dissipation per 8" width of tray) {f two 1" thick layers ares

¥ C 20243
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used, or 64% (4.4 watty per foot per 6" widtn of tray, if a
single 1" thick layer is used for wvrapping cable trays. For
vrapping conduits, these tests indicated a maximum permissible
vatcs per (linear) foot of conduit internal heat generation of
5.98 for 4" conduit with a single 1" layer wrap.

For the three 250 kemil cables involved in the testing, this
~epresents a derating Jf 13.3% from zhe actual measured
| ampacity for the similar "unwrapped'' conduit comndition.

Since only a single case was testec, it was decessary (0
saleculate zhe maximum permissible watts per foot of ‘nternal
heat generation for other sizes of comduit and octher thickness
of thermal insulation wrapping. A fairly detailed
mathematical model vas developed and the calculations
performed for various trade sizes of conduirt, each wvrapped
with one 1" thick layer of ceramic fiber dlanket. Conclusions
wvere as followe:

Maximum Allowvable

| Counduit Size Taternal Heat
(RS, IMT, or EZMT) (1%R) Watta/Fr.*

g 3.28

3T i 3.88

2" .30

2-1/2" 4,70

! ™ $.18
J-1/2% 5.54

&" 5.88

6.53

6" T3

Where one or two power circuits are installed in a wrapped
conduit, these limits can be directly applied without
exceeding the cable rating(e). Where three or more pover
circuits are installed in the same common conduit, two
separate criteria muet be applied, as follows:

-

{1) The sun of the Izl losses of all of the inpsulated
conductors shall not exceed the tabulated Watts per foot
tabulated above, and

the propety of BECHTEL They sre mersly loaned snd on the LOPOWSr & SXPress age sament thet thay will not be
wied axcept in the limited way snd privaie uvia pernutted by any wiitten consent gven Ly the lsnder 1o the botrower.

(2) Yo insulated conductor may Se loaded to more than its
ampacity tabulated in ICEA P-46-426 for isolated conduit
{n air derated for the total number of current-carrying
conductors in accordance with Table VIII of the
Introducticn to Volume I (Copper) of P-46-426, and
reproduced in this Design Guide {n Section 3.5.1

*Use the method set forth (n the latter part of Section
3.7 of this Deeign Guide, steps "A" through “",
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Additional Derating for Cables Routed in Open Top Tray with
Soli. Covers

Solid metal tray covers are often used on cable tray to
provide mechanical protection and prevent the sccumulation of
debris. Nuclear power plant projects may consider the use of
solid tray covers to address che separation criteria io

Regulacion Guide J.75.

Ampacity teats comducted in 1980, by the los Angeles Power
Sivision indicated that a derating of 27% is required for
solid metal covers mounted directly oo the tray sills. The
test consisted of a tray vith a 12 foot long solid metal cover
mounted directly on the tray sills with a 1/8" opening at each
end. For the configuration tested, a maximum allowable
dissipation of 17.25 vatts per linear foot ‘or each &"
{ncrement of tray width vas determined. Sulssquent to the
LAPD tests, IEEE paper No. 83 SM 3050 pres- ced test results
indicating that a 25%-30% derating should b :sad for solid
wetal covers. The test configuratiou for tne [EEE paper was &
24" wide tray with a 24 foot long solid cover mounted on the
tray #ills.

The use of solid covers on tray containing pover cable should
be avoided when it is practical and feasible to provide an
economical layout routing the trays ip areas oot requiring
covers. Realizing this is oot alvays possible, projects which
utilize solid metal tray covers for debris protection should
consider means other than mounting the covers directly on the
tray sille. Instead of covers mounted directly on the tray
sills, covers or shields supported above the trays can be used
vith po additional derating for pover cables {f & minfimum of
4" clear space is saintained between the tray sill and the
cover. When adequate protection can be provided by a shield
or cover suspended above the tray, (supported a long or
beneath walkways, etc.) this also has the sdvantage that cable
pay be added at sowe future time without i{mcurring the cost of
removing covers.

When solid tray covers greater than six (6) feat in length are
utilized on power trays end are mounted directly on the tray
#ills, the ICEA ampacities should be derated 2732, Current
Bechtel practice for cable sizing and selection is such that
the 27% derating for solid tray covers may oot require larger
conductors. Based on an snalysis of current SFPD projects,
cable sizing and selection hae been sufficiently conservative
a8 to not require larger conductors to compensate for the
sdditional derating for solid tray covers.
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Prior to applving the 27% derating for solid tray covers, the
following items should be considered:

a) Cables feeding motors are sized based on 125% of motor
full load current which provides a 25% margin over rated
full load. Most motors are selected as the next larger
“trade size’' 3ver the norsepower Tequirements af %he
jriven ecuipment wnicn Jrovides additional margin.
Mechanical ecuipment seiecticn is also based on '"worsc
sase’' zonaitions racher Ihan sormal operating comditions.
Srieflv, motor ‘eeders usually have a margin greacer zhan
27% apbove the actual mocor loed current.

%) Some motors are not continuous duty motors such as motor
operated valves, cycling sump pumps, etc., and do not
contribute to heating of cables in a covered ITAy (1e.,
ICEA tables are based on all cables at 100%2 load with no

diversity).

) Cables feeding load centers, motor control centers and
pover panels in powver generating stations are ueually
sized large enmough to be capable of handling the full
ampacity rating of the bus. It is recommended that this
eriteria e used to size such feeders as this permits the
addition of loads throughout the 1ife of the plant as long
es sufficient transformer capacity is available. This
technique typically results {n cable smpacity margine
greater than 27% above the actual load curreats.

ln summary, the use of solid tray covers mounted directly on
the sills of power tray should be avoided. Whern specifically
required, solid tray covers may be {nstalled directly on the
sills of pover trays (without concern) 48 long 4s proper
design techniques were employed in sizing the power cables.

CAUTION: When selecting the size of cable feeders to panels
that are dedicated zo loads vwhich are all simultaneously
energized, special care must be taken to assure that the
conductors are of adequate size, and that all derating factors
have been considered. Panels vhich are dedicated to loads
such as upit heaters, HVAC equipment and freeze protection are
typical of those which require special attention in selecting
the proper cable size.

Ceneral Precautions

The consequence of overloading pover cables insulated with the
high quality thermosetting elastomers generally used in our
industry {s 2 recucticr iv full service life expectancy rather
than sudden catascrophic failure during startup. Even 2
geriously overloaded cable may function for many years before

failing.
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Hovever, good engineering demands thoughtfulness and care in
performing these calculations. The relationship betwveen
conductor temperature and cable life expectancy is exponential
rather than linear, so that small overtemperatures over an
extended period of time can seriously shorten cable life.
Premature approach to the end-of~service-life condition due to
thermal aging of cabies is considered by the USNRC as
providing the potential for common-mode failure of zlass lE
circuits under accident conditions.

ssinent that they wifl not be

Provcably the nighest possibility of future problems in this
regard is improper evaluation (or estimation) of the actual
cable snvironment from the point of view of ambient
temperature. The "standard" procedure is to find the nominal
high ambient areas from the Plant Feacilities group on the
projectc, design for that, &nd consider the prodlem solved.
There are many tight or isclated aresas in an operating plant
through which cables are routed where the temperatures
subetantially exceed the AVAC design figures. These hot-spot
arsas should noc zecessarily estadlisb the limits for design
of the whole plant, but cables traversing these aress should
be derated accordingly on a special cuse basis or their
premature failure should be anticipated. Racevay layouts
should be revieved and checked againet piping and equipment
lavout to minimize hot=spot exposures or verify that power
cables in the area have been derated to be conservative,.

Our smpacities for cable in tray are based on "percentage
111" of the usable cross sectional sres of a tray, but it has
been proven that the controlling factor for fully loaded
cables in tray {e¢ the depth. Our usual practice of 307 fill
in 3" deep tray converts to 1.15" depth per ICEA Pub. No.
P-54-440 (See preceding Sample Calculation 3.6.6 a). Our
design basis (s conservative only {f the cables are spread
across the width of the tray in & reasconably uci{form manner.
Project "cable {nstallation notes and details™ should point
out to the installers the possible hazard of cable piling up
in the traye (especially on inside corners of tray bend
fittings) end making the actual depth be 3", for example, for
a fraction of the usable width of the tray.

fimited way and private use peomitted by sny wiitten consent given by the lende: 1s the borrower .

We should also be awvare that our own electrical equipment may
creste a serious heat problem, If pover cable trays are
routed one sbove another,the upward convection from the lower
tray(s) will create a higher temperature ambdient for the upper
ooe(s). The upward convection "exhaust" air from a class H
insulated load center (AA or FA rated) transformer creates an
amhient exceeding the totel tempersture capability of our
"standard" cables - the cables would overheat at zero
ampecity. Such aress should be carefully avoided in racevay
layout (conduit or tray) or special ventilation provided.
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Solar radiant heating can aleo seriously affect the ampacity
of cables {f their rating is not to be exceeded. In most
cases, natural breeze or forced air circulation substancially
reduces the effect, but consideration should be given to both
indoor and outdoor cable runs in tray or conduit wvhere solar
exposure s substantial and possibly accentuated by restricted
ventilation., Omne method of dealing with the prodbiem (s t0O
provide -sunsnieids of shee: metal or other Juitable paneling.
Another approach (s to determine the maximum estimated
temperature or an enclosed area in direct suniignt (or
uninsulated attic temperature) frowm project plant facilities
engineers and derate the cable for opefration in this nigher
ambient. A method of directly calculating the required
additional derating is set forth {n the Nehar-McGrath Paper
"The Calculation of the Temperature Rise and Load Capability
of Cable Systems” on page 759 under "Aerial Cabies”. To
complete the calculation outlined therein, it is helpful to
refer to the "Method of Calculation" section on page IV of the
Introduction to ICEA Pub. No., P-646-426 and ctilize the values
in Table IV of that section.

2
o
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