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1.0

Purpose

The objective of this calculation is to determine if the cables covered with Thermo-
Lag fire barrier material at Millstone Nuclear Power Station Unit 2 are within their
ampacity design limitations. This will be accomplished by determining the load on
each afi:cted conductor and comparing this value to the maximum allowed derated
current due to the presence of Thermo-Lag.

Accetance Criteria: The maximum derated ampacity (Imax) must be greater than
the actual (load) current in each conductor.

Summary of Results

4160 Volts

Th. 4160 volt cables used to backfeed from Unit 1 between the Z5 bus and the Z1

and Z2 diesel buses were found to be of insufficient size to carry 3MVA as allowed
by OP - 2343 (Ref. 3.1.11).

CABLE 4 DESCRIPTION

Z5AS01A/A | Z5 SAFETY BUS TIE

Z5A505A/B | Z5 SAFTEY BUS TIE 1

Cable tray Z52FA10 was wrapped with conduit ST540 for approximately an eight
foot (8) section. This was bevond the ‘nodel's limits. From the 120/125v section
that follows, it is obvious that no appreciable heat is contributed by the cables in
the conduit. Cable Z5A505A/B after reducing its ampacity by the derate specified
by the model still has a 75 amp spare capacity and when powering the Z5 (24E)
bus would by inspection be acceptable. This cable, if used as a backfeed from Unit
| as identified above, is not capable of picking up the load of a diesel and has been
identified as failing.
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20  Summary of Results Continued:

480 Volt Continued:

480 Volts

The cables tabulated and identified below could not meet ampacity requirements

CABLE JDESCRIPTION

Z1B5103/A Charging Pump MP18A (No. 1)
2o

Z1B5105/A | Charging Pump MP18B (No. 2)

Z2B6102/H Charging Pump MP18C (No. 3)

Z2B6105/F Charging Pump MP18B (No.2)

120/125 Volt

All the 120/125 volt cables passed with an acceptable margin.

Conduit 5T540 which contains a 3/C #6 cable (5A602/C) has been boxed in
with cable tray Z52FA 10 and is considered beyond the model's limits. The
continuous load on this cable is less than 1 amp. After using the projected model
derate, the cable still has a capacity of 47 amps. By inspection this installation is
acceptable.

An ACR has been generated (ACR M2-96-0757)(Ref. 3.1.84) to identify the
cables that did not pass the calculations acceptance criteria.
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30  References/Design Inputs:
3.1 References:

3.1.2
313
314

3.1.5

3.1.7

3.1.8

319

Standard Handbook for Electrical Engineers, Tenth Edition.
Drawing 25203-32020, Sheet 49, Revision 5.

Drawing 25203-34077, Sheet 15, Revision 3.

The National Electric Code Handbook, 1993 edition.

IPCEA P46-426, Power Cable Ampacities, AIEE S-135-1-62 Volume 1
Copper Conductors and S-135-2-62 Volume 11 Aluminum conductors.

Millstone Nuclear Power Site - Unit 2, Final Safety Analysis Report
(MNPS-2 FSAR), Section 8.0.

Drawing 25203-34077, Sheet 13, Revision 3
Tray Schedule Millstone Unit 2 -Volume 1 Pages 1-1045 dated March 27,
1996 and Volume II pages 1046-2011 dated March 27, 1996 (note both

volumes contain work in progress to date).

Drawing 25203-30022 Sheet 3HA, Revision 1.

3.1.10 3M Letter, dated June 17, 1986.

3.1.11 Operating Procedure 2343, Revision 17.

3.1.12 TU Electric Ampacity Derating Test Report No. 12340-94583-95166,

95246, dated March 19, 1993.

3.1.13 Thermo-Lag PDCR 2-57-86.

3.1.14 OPAL Load Management System Program, SP-EE-344.

3.1.15 Drawing 25203-30011 Sheet 41, Revision 18 .

3.1.16 Okonite Cable Technical Data Catalog, 1984.

3.1.17 Calculation #95-ENG-01327-E2, Revision 0, Millstone Unit 2 -600-1000

volt cable Ampacity review tray Section Z15NA40.
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3.0 References/Design Inputs continued:
Referenced continued:
3.1.18 Bechtel Calculation #E-204-3, dated February 21, 1972.
3.1.19 Drawing 25203-32009 Sheet 43A, Revision 3.
3.1.20 Drawing 25203-30001, Revision 11.
3.1.21 Bechtel Calculation E-209-1, dated April 5, 1976.
3.1.22 Drawing 25203-32021 Sheet 15, Revision 5.
3.1.23 Foxboro Catalog cut M1-2A0-130, dated May 1978.
3.1.24 Drawing 25203-30011 Sheet 21, Revision 15.
3.1.25 Drawing 25203-32009 Sheet 42A, Revision 1.
3.1.26 MP2 TSO2 Cable Raceway Schedule (Computerized) 11/23/96

3.1.27 ICEA P-54-440, Ampacities Cables in Open-top Cable Trays, Revision 2,
1979 and Revision 3, 1986.

3.1.28 Drawing 25203-30011 Sheet 34, Revision 12.
3.1.29 Drawing 25203-30022 Sheet 28, Revision 3.
3.1.30 Drawing 25203-32020 Sheet 49A, Revision 2.
3.1.31 Drawing 25203-39360 Sheet 1, Revision 3.
3.1.32 Drawing 25203-32009 Sheet 40, Revision 15.
3.1.33 Drawing 25203-32009 Sheet 42, Revision 9.
3.1.34 Drawing 252003-34001 Sheet 11, Revision 5.
3.1.35 Drawing 25203-30022 Sheet 3 Revision 10.

3.1.36 Drawing 25203-32009 Sheet 43, Revision 14.
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3.0 ‘
Relerences continued:

3.1.37 Drawing 25203-30022 Sheet 10, Revision 2.

3.1.38 Drawing 25203-30011 Sheet 40, Revisici 21.

3.1.39 Drawing 25203-30011 Sheet 39, Revision 16.

3.1.40 Drawing 25203-30022 Sheet 12, Revision 23.

3.1.41 Drawing 25203-30012 Sheet 12, Revision 4.

3.1.42 Kerite Engineering Memorandum No. 178A, May 1, 1979.
3.1.43 Cable Description Report, Dated April 9, 1996 (computer generated)
3.1.44 EPRI Volume 4.

3.1.45 EWR M2-96-024

3.1.46 Drawing 25203-32021 Sheet 12, Revision 5.

3.1.47 Drawing 25203-32009 Sheet 46, Revision 5.

3.1.48 Drawing 25203-32031 Sheet 41, Revision 1.

3.1.49 Drawing 25203-32009 Sheet 38, Revision 8.

3.1.50 Drawing 25203-32009 Sheet 35, Revision 4.

3.1.51 Drawing 25203-32009 Sheet 37, Revision 5.

3.1.52 Drawing 25203-32031 Sheet 40, Revision 3.

3.1.53 Drawing 25203-32012 Sheet 22, Revision 10.

3.1.54 Drawing 25203-32009 Sheet 54, Revision o.

3.1.55 Drawing 25203-30011 Sheet 42, Revision 21,

3.1.56 Drawing 25203-32033 Sheet 9, Revicion 3.
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3.0 References/Design Inputs continued:
References continued:

3.1.57 Drawing 25203-32033 Sheet 13, Revision 7.
3.1.58 Drawing 25203-32009 Sheet 6, Revision 11.
3.1.59 Drawing 25203 -32009 Sheet 53, Revision 6.
3.1.60 Drawing 25203-32009 Sheet 39, Revision 6.
3.1.61 Drawing Specification 7604-E-15, "5&8 Kv Power Cable".

3.1.62 Conduit Schedule Millstone Unit 2- pages 1-600 dated March 27, 1996.
( note volume contains work in progress to date).

3.1.63 Drawing 25203-32007 Sheet 56, Revision 1.
3.1.64 ASCO Catalog No. NP-1.

3.1.65 Drawing 25203-32020 Sheet 42, Revision 10.
3.1.66 Drawing 25203-30011 Sheet 43, Revision 17
3.1.67 Drawing 25203- 32009 Sheet 44, Revision 4.
3.1.68 Drawing 25203-28500 Sheet 604B, Revision 4.
3.1.69 Drawing 25203-32025 Sheet 33, Revision 6.
3.1.70 Drawing 25203-32025 Sheet 32, Revision 6.
3.1.71 Drawing 25203-32009 Sheet 7, Revision 9.
3.1.72 Drawing 25203-32009 Sheet 60, Revision 3.
3.1.73 Drawing 25203-28500 Sheet 1100, Revision 2.
3.1.74 Drawing 25203-39282, Revision 2.

3.1.75 Drawing 25203-39284, Revision 2.
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3.0 References/Design Inputs continued:

References continued:
3.1.76 Drawing 25203-34077, Sheet 2, Revision 3.
3.1.77 Drawing 25203-34377, Sheet 25, Revision 3.
3.1.78 Drawing 25203-34077, Sheet 24, Revision 3.
3.1.79 Drawing 25203-34077, Sheet 20, Revision 3.
3.1.80 Drawing 25203-34077, Sheet 16, Revision 4.
3.1.81 Drawing 25203-34077, Sheet 14, Revision 3.
3.1.82 J.H. Neher, M. H. McGrath "Power Apparatus Systems", October 1967.
3.1.83 Drawing 25203-30022, Sheet 1WH, Revision 1.
3.1.84 ACR M2-96-0757.
3.1.85 Drawing 25203-30011, Sheet 29, Revision 17.
3.1.86 Drawing 25203-30011, Sheet 24, Revision 35.
3.1.87 Specification 7604-E-15A, "5SKv Power Cable".
3.1.88 Specification 7604-E-17, "Low Voltage Power Cable".
3.1.89 Specification 7604-L-18, "Multiconductor Control Cable".
3.1.90 Drawing 25203-30022 Sheet 12DC, Revision 1.
3.1.91 Drawing 25203-32021 Sheet 14, Revision 5.
3.1.92 Drawing 25203-32021 Sheet 13, Revision 5.
3.1.93 Bechtel Calculation E-200-2 dated February 15, 1971.

3.1.94 Drawing 25203-30044 Sheet 10, Revision 7.
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References/Design Inputs continued:

References continued:

3.1.95 G.E. Heat Transfer and Fluid Flow Data Book, 1971.

3.1.96 NUSCO Calculation 96-ENG-1559E1, Rev. 00.

3.1.97 EEQ Walk down Attachemnt B page B1, dated 8/29/90

32

321

322

324

3.25

326

327

328

Design Inputs:

Allowable ampacities for cables in conduit and cables in air were taken
from IPCEA Power Cable Ampacities P-46-426 copy right 1962,
Maintained spacing ampacities were taken from Bechtel Calculation E-204-
3 (Ref. 3.1.18) unless otherwise noted.

Allowable ampacities for cable in cable tray (random fill) were developed in
Attachment 2 or taken from NEC Table 310-68 (Ref. 3.1.4) unless
otl.erwise noted.

Texas Utilities Thermo-Lag Test ampacity derate values for various sizes
of cables covered with Thermo-Lag (Ref. 3.1.12).

Ambient Temperature is provide by the FSAR as 50° C (Ref. 3.1.6)

The power cable installed at MP2 is rated 90°C (Ref.3.1.6).
The control cable installed at MP2 is rated 90°C. (Ref.3.1.42).

The copper and aluminum wire properties are taken from Okonite Cable
(Ref. 3.1.16)

The Unit 2 cables covered by Thermo-Lag are identified in Attachment

C. The cables were identified from field walk down . The input was cross
verified by using the PDCR that installed the Thermo-Lag (Ref. 3.1.13) and
the cable raceway schedule (Ref. 3.1.8) [see Attachment 7).

The loading on cables listed in tables in Section 6.0 were obtained from the
one lines and motor data obtair~d from References 3.1.20, 3.1.15, 3.1.38,
3.1.393.1.25,3.1.28,3.1.29. 5.1.30,3.1.31, 3.1.32 and 3.1.33 or as specified
in various sections of this calculation. In addition the trays and conduits
which are fire wrapped are shown on the 25203-34077 series drawings.
(Ref. 3.1.76,3.1.7,3.1.81,3.1.3,3.1.80, 3.1.79, 3.1.78, 3.1.77)
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3.0
Design Inputs continued:

329 Thermo-Lag Thickness Conversion

To convert from the Thermo-Lag thickness values used by TU to the 1"
Thermo-L ag thickness used by NU see Attachment A.

3210 Ambient Temperature Conversion

The ampacity of cables taken from various sources are not all based upon
an ambient of 50°C. To adjust to 50°C the following formula can be used:

] [TC—TAE—ATD
"\7C - TA, - ATD

where:
I, is the current at the existing ambient ( A,)
I, is the current at the desired new ambient (A,)

TC is the conductor temperature in"C
ATD is the dielectric loss temperature rise.(see Assumption 4.5)

3.2.11 Load Conversions (3 phase)

Knowing either horse power (HP), Kilowatts (KW) or Kilovolt-amps (KVA)
the following formula can be used to determine load ampacity for 3 phase
systems.

Where HP is known:

HP x 746

w@xEx%effxpf
Where KW is known:

I =

1 = KW x 1000
V3 x E x pf
Where KVA i35 known:
KVA x 1000
7 = X/A X 1000

\/'5‘75
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3.0 References/Design Inputs continued:

Design Inputs continued:

3.2.12 Depth of fill (heat Intensity) to Ampacity

Knowing the depth of fill, the heat intensity can be determined, with the
diameter of the conductor, number of conductors and resistance per foot the
allowed ampacity for a cable can be determined utilizing the formula below
(Attachment D):

D On

= e [ em—

2 \nR

See Attachment B for solutions for Q for various cable trays and for specific
cables.

3.1.13 All unincorporated design changes against the referenced drawings have

been reviewed to ensure that the latest design was reviewed for impact.

4.0 Assumptions:

41

43

44

All loads are considered balanced, each phase carrying the same current.
Justification - Loading of distribution panels, power panels, lighting panels,
etc, employ standard engineering practices that optimize phase loading.

Feeder cables load will be determined based upon 1.25 times the largest load
with the remaining loads added directly to this value. Jjustification -
National Electric Code Article 430-24 allows development of feeder cable
loads employing this method (Ref. 3.1.4)

Motor operated valves do not contribute any appreciable heat to the
raceways. Justification -cables must be energized continuously to reach
their equilibrium temperature. Motor operated valve cables only carry loads
for minutes and are off the majority of the time. The cables are not
energized long enough to contribute appreciable heat to a raceway.

Spare cables act as heat sinks and will reduce the overall temperature of a
raceway. This will be ignored, unless specifically identified within the
calculation, and the spare cables included in the depth calculation and
ampacity ratings of the raceway (Ref. 3.1.44).
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40  Assumptions continued:
4.5  The dielectric temperature loss on a cable is very small and will have a

4.6

4.7

4%

negligible impact upon ampacity calculations since it is subtracted f:om both
the numerator and denominator of the Temperature adjustment equation.
Justification - as an example using a typical value for ATD of 0.19 and a
temperature difference of 40 ° C to 50° C ambient the differences are:

\[90 - 50~-0,19 \/90 - 50
Vs or
90 - 40 - 0.19 90 - 40

0.894000616 vs 0.894427191 or less than .048%

This assumption is valid for lower voltage cables and only becomes of
interest at voltages above 15KV (Ref. 3.1.44).

Cables that are wrepped using conduit wrap (not in conduit) in cable tray
will have the cabl’. s ampacity determined based upon cable fill. The derate
ACF for the cable will use the worse case (tray or conduit ACF) to ensure
that the cabies are evaluated conservatively. The conduit wrap around
cables without the conduit by inspection is bounded by the conduit model
(one conduit barrier is eliminated) thus the conduit model ACF will be
utilized as it is more conservative than the free air wrapped cable(s) .

The 4160 volt cables installed in cable tray were installed using uniform
spacing. Justification - Standard installation practices employed at MP2
required higher voltage cables to be installed using maintained spacing.
(Ref. 3.1.34, Note 17). Random spacing will be used unless cables are
specifically identified as being installed with uniform spacing.

Junction Boxes will use the same ampacity as used for conduit.
Justification, the box is fully enclosed as is a conduit but has a larger
surface area to dissipate heat.
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40 Assumptions continued:
4.9  For 460 volt motors the power factor and efficiency are assumed to be

4.10

4.11

4.12

413

4.14

0.85 and 0.88 respectively. Justification- values are taken from OPAL
which is conservative (Ref. 3.1.14),

Cable diameters were taken from Reference 3.1.8 and 3.1.43. For ampacity
calculations, a -10% value will be used. Justification - the smaller diameter
will ensure conservatism.

Load Multipliers will be used to adjust for potential voltage fluctuations.
For motors 1.25 will be used, 1.2 for transformers and for all other loads a
1.1 multiplier will be used. Justification -Ref. 3.1.44.

All conduits, unless field verified will be assumed to be in a 6 x 6 grouping
and a multiplier of 0.68 will be used against the ampacity. Justification -

this is a worse case conservative approach based upon IPCEA Table IX
(Ref. 3.1.5).

Electronic cards mounted components utilizing transistors and intergrated
circuits are limited by heat (5Watts) by design limitations. For transistor
and integrated circuits this value will be used. Justification - very
conservative assumption.

MOV's by their nature are intermittent loads and do not contribute to the
steady state temperature of the tray other than by providing diversity.
MOV cables will be evaluated under transient conditions. For example,
from Referenace 3.1.97, MOV for 2-CH-501 has arise of 7.5 C fora 15
minute duty cycle.

Te(f)= 50+7.5=575"C.

For other similar valves, the final temperature, the temperature at any time
() can be determined using the following equation:

T.(t) = T.{0) + [T.(£) = T.(0))(1 — e* ) (Ref. 3.1.44)

This confirms that the MOV's do not contribute appreciable heat and
actually contribute diversity.
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Method of Calculation:

This calculation will identify all cables in MP2 where Thermo-Lag has been

installed. For ease of organization the cables will be grouped by voltage class
(4160, 480, 120-125 and instrumentation).

The physical installation of the cable will be determined, i.e. whether it is in tray,
conduit, free air, or wire-way and the allowable ampacity determined (Ref. 3.1.76
through 3.1.81).

Conduit:

For cables in conduit , the ampacity will be derated based upon the number of
conductors in the conduit (Ref. 3.1.44), the grouping factor (assumption 4.12) and
then multiplied by the Thermo-Lag derating factor from Attachment 1. The cable
load will be determined and adjusted to reflect voltage fluctuations. These values
ther. will be compared and the cable's installation will be considered acceptable if
the load current is below the derated maximum value (Imax).

For cables in tray the process is slightly more complicated than conduit
installations. The allowed ampacity will differ based upon the possible field
installation variations.

Uniform Spacing

For cables that have beca identified as installed utilizing uniform spacing the
allowable ampacity will be determined directly from the ampacity tables in
Calculation E204-3 (Ref. 3.1.18). The Thermo-Lag derating from Attachment 1
will be applied to this ampacity and the maximum allowable current (Imax)
obtained. This value is then compared to the cable's load current to determine if
the installation is acceptable. .

Random Fill

Determination of the maximum ampacity a cable can withstand and not exceed its
jacket rating when installed in cable tray is dependent upon the cable tray
dimensions and depth of fill.

The ampacities of the cables will be determined based upon the ampacities
developed using the Stolpe equations and constants provided in the ICEA
publication 54-440 (Ref. 3.1.27).
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5.0  Method of Calculation:
Random Fill continued:

After the maximum permissible ampacity is identified (conductor temperature
cannot exceed 90° C), the load ampacity on the cable is determined. Load values
that are below the maximum allowable (Imax) will be deemed acceptable.

Eree Air Cable

The maximum allowable ampacity for free air cables as required will be obtained
from IPCEA (Ref. 3.1.5) or the National Electrical Code (Ref. 3.1.4) for smaller
cables not included in IPECA. This value will be multiplied by the appropriate
Thermo-Lag derating value from Attachment 1. The cable load current will be
compared to the maximum allowable ampacity (Imax) and if it is more than the load
current the cable will be considered acceptable as installed.

Load Ampacities:

The loads used for cables will be determined utilizing a conservative sequence
approach. This will ensure the calculation is conservative and will reduce the need
for excessive load research. The search may be halted once an ampacity is
determined not to exceed the maximum allowably ampacity. Should the cable still
have an ampacity too high after using all five approaches, depicted below,
additional more detailed evaluations will be conducted using other means of
evaluation as specified later in this methodology. The order of determining the
appropriate value of ioad is :

1. 80% of breaker rating

2. 100% fuse rating

3. calculation E-209-1

4. OPAL

5. Drawing/vendor documentation review

To adjust for voltage fluctuations, efficiencies and other conditions which may
affect ampacity, a multiplication factor (EPRI recommended, Ref. 3.1.44 ) will be
used to ensure conservatism. Motors -1.25, Transformers- 1.2, other loads - 1.1.

For feeder cables, the load will be determined by multiplying the largest motor load
by a 1.25 multiplier. The remaining loads will then be summed with this value
(Ref. 3.1.4, Section 430-24).
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50  Method of Calculation:
Additional Evaluations :

Load ampacities for trays that are not overfilled will be evaluated at its existing fill and the
increased ampacity used to evaluate the loads.

It is important to note that a great dea! of conservatism is also included in this method since
every cable is assumed to be fully loaded and at 90°C. Should the maximum value as
determined by the above method still be insufficient to allow acceptance of the installation,
specific cable ampacities will be utilized and diversity will be taken into consideration.
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6.0 Body of Calculation
6.1 4160 Volt Cables

A total of four (4) 4160 volt cable trays were identified in the plant that are covered
with Thermo-Lag. The cables associated with these trays are tabulated in Table 6.1.
From the tray schedule (Ref. 3.1.8) the cables are eitnc+ aluminu-a triplexed 750
MCM cable or triplexed 350 MCM aluminum. (Note that ..aintained spacing
ampacity values were not used for these cables).

Tray Z52EA10
This tray is 38% full ( Ref. 3.1.8) which equates to a depth of

Depth = %fill X Depth of Tray = 38x4x4+mn= 1.935"
100m/4

From Attachment B, Appendix B1, the value ( I,) for 750 MCM at an ambient of
40" C and a depth of 1.935" is 609.38 amps.

To adjust to 50° C, the plant ambient (Ref. 3.2.10), the formula provided in Section
310-15 of Reference 3.1.4. [shown below] is used (Note tiat ATD is very small and
negligible(Assumption 4.5).

T \/TC - TA, - ATD
2 1

TC - TA, - ATD

750MCM - 609. 38V§0 - 58 = 609.38 x 0.89 = 542.35amps

The cable is limited to 0% of the free air value or 418.66 amps.

Derating for the Thermo-Lag installed on the cable tray ( Attachment A) provides
the maximum ampacity the cable can carry and not go above its 90°C rating.
750MCM - Imax = 418.66 x 0.60 = 251.2 amps
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6.0  Body of Calculation continued:
6.1 4160 Volt Cables continued:
Tray 52BA10

This tray is also at 38% fill. The allowed ampacity for 750MCM will be the same as
for the tray above, Imax = 251.2 amps.

Tray Z52FA10

This tray is also at 38% fill. The allowed ampacity for 750 MCM will be the same
as for the tray above, Imax = 251.2 amps.

Tro 7"22EA10

Ti ayisat 23% fill. From Attachment B, Appendix B2, 350 MCM at an
ambient of £ C at a 1.1714" depth is 508.46 amps.

To adjustto 50° C, the plant ambient (Ref. 3.2.10), the formula provided in
Section 310-15 of Reference 3.1.4. [shown below] is used (Note that ATD is very
small and negligible Assumption 4.5).

I. =1

g b

[TC - TA, - ATD
\TC - 1A, - ATD

[90 - 50
= 508. 46.| = 508.46 x 0.89 = 452. 53amps
Vo0 - 40

The cable is limited to 80% of the free air value or 262.02 amps.

Derating for the Thermo-Lag installed on the cable tray ( Attachment 1) provides
the maximum ampacity the cable can carry and not go above its 90°C rating.
350MCM - Imax = 262.02 x 0.60 = 157.21 amps

The four trays and their associated cables are tabulated on the following page along
with the Imax determined using the above method. In addition the table includes
the cable's load values determined as follows:
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6.1 4160 Volt Cables continued:

Tray Cable Code |Type IISO: Imax |Load JP/F
ZS2EA10 1725A501A/A JA14 1-3/C7SO]418.66 251.2* | 174.64 P
38% Backfeed 418.66 ]251.2* [416.36 F
SAS05/A Ald 1-3/c7504418.66*251.2- 87.32 p
38% 5A505/P Ald 11-3/C750 1418.66 ]251.2* | 87.32 P
Backfeed | J418.66 1251.2* 1208.18 b

+

Z52FA10 |ZSA505A/B Al4 1-3/C750 |418.66 [251.2* |174.64 b
38% Backfeed 418.661251.2* |416.36 F
Z22EA10 1722A407/A JAl16 |1-3/C353 | 262.02] 157.21]76.5 P

23% I

* Unit 1 calculation (Ref. 3.1.96) must also be reviewed for worst case Imax value.

Load D et

Cable ZSASO1A/A is the Z5 (24E) swing bus feed from Bus 24C. The load on the
Z5 consists of the following ( Ref. 3.1.20, 3.1.62, 3.1.93 and 3.1.94):

DEVICE |RATING |FLA VOLT | MULT { LOAD

P5B 450HP 61.2 4000 |1.25 76.5

Pl1B 3S50HP 45 4000 |1.00 45

P41B 400HP 32.5 4000 |1.00 52.5

XFMS KVA/O 4160 |1.00 0.64

TOTAL 174.64

(Note that the Unit | inter-tie is considered open for this analysis.)

The HP (horse power), E (voltage, motor nameplate), FLA values for the motors

identified (P5B, P11B and P41B) are available in the Bechtel Calculation (Ref. 3.1.93) .
Ampacity for the transformers was calculated from a 5 ohm load at 120v or 600va related

10 4160v = 0.144 amps + .5 amp PT = 0.64 amps (Ref. 3.1.94). In accordance with

Reference 3.1.4 the largest load on a feeder cable uses a 1.25 load multiplier, all other loads

are summed directly to the total.
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6.0  P-dyof Calculation continued:
¢. 4160 Volt Cables continued:

Cable ZSASOSA/B is a feed to swing bus Z5 from bus 24D and will see the same
load identified for cable Z5SAS01A/A (174.64 amps) (Ref. 3.1.20).

Cables SAS0S/A and SASOS/P (parallel feeds from Unit 1) for Unit 2 would carry
the Z5 (24E) bus load identified above, 174.64/2 or 87.32 amps) (Ref. 3.1.20).

OP-2343 (Ref. 3.1.11) specifies a load of 3MVA be provided via Unit 1.

= M = 416.36amps
4160 x /3

Resolution of the 3MV A backfeed capability will be addressed via ACR M2-96-
0757 (Ref. 3.1.84)

Cable Z2A407/A is the power feed to Service Water Pump PSC (Ref.3.1.93). Load
current is obtained by multiplying the full load amps (Ref. 3.1.14) by 1.25.

61.2 x 1.25 = 76.5 amps.
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6.0 Bedy of Calculation continued:
6.2 480 Volit Cables

A total of ten (10) cable trays were identified in the plant that were covered with
Thermo-Lag and six (6) conduits. The cables associated with these trays are

tabulated on the following pages. From the cable schedule (Ref. 3.1.26) the cables
can be identified as power cables. The cables in the tray were installed in

accordance with Reference 3.1.18, meeting the requirements of random fill. Note,
conduits listed identify all voitage class cables to allow determination of the total
number of conductors and any appropriate derating factor.

The following is an example of how the loads were determined for the cables listed

in Table 6.2: For tray Z23HA10 at 10% fuil, the allowed ampacity for 500MCM

triplexed at 50° C ambient is calculated in Attachment B, I, =412.96 amps. Imax
is obtained by using the Thermo-Lag derating, 412.96 x 0.6 = 247.78 amps.

TABLE 6.2 key follows
Raceway Cable Code Type PP Made |Imax |Load P/F
Z23HA10 |Z22B0610/A  |B14 3-1/C5004412.96 JTPLX ]247.78 | 198.69 P
10% Z2B0610/B IB14 3-1/C5004412.96 JTPLX ]247.78 | 198.69 P
Z23HB10. ] Z2B0610/A  IB14 3-1/C5002412.96 JTPLX |247.78 | 198.69 P
19% ZIB0610B  |B14 3-1/C5004412.96 JTPLX ]247.78 | 198.69 P
Z23GE10 |Z2B0610A |B14 3-1/C5004412.96 |TPLX ]247.78 | 198.69 P
22% Z2B0610B  [B14 3-1/C5004412.96 |TPLX ]247.78 | 198.69 P
Z2B0607'A  IB10 3-1/C2504230.55 JTPLX ]138.33 J102.3 P
NOTE |
Z2B0606/A  |B14 3-1/C5004412.96 JTPLX ]247.78 | 2254 P
Z2B0606'B  IB14 3-1/C5004412.96 |TPLX §247.78 | 225.4 P
0| Z2B0607/A I B10 3-1/C2501 213.06 | TPLX |127.84 11023 P
A NOTE |
25%
Z23FA25 1 22B0607/A | B10 3-1/C2504202.54 JTPLX |121.52 11023 P
, NOTE |
27%
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]

Cable

Raceway Code Type Ieoc Made |Imax |Load P/F
Z14FM20 | 21B5103/A | B09 3-1/C4/0 | 238.52 JTPLX |143.1 |1475 F
9% ZIB5105/A 1 B09 3-1/C4/0 | 238.52 JTPLX J143.1 1475 F
ZI1B5145/A | BO1 3/C#12 | 22.78 13.67 |MOV P
IB5158/A BO1 3/C#12 | 22.78 13.67 |MOV P
4FL20 |Z2B610S/A  [B09 3-1/C4/0 TPLX SPARE P
8% Z2B6102/H | B29 1/C4/0 166.34 9980 11475 F
Z2B6105'F B29 1/C4/0 166.34 9980 |147.5 F
Z25BG20 | Z2B6105/A 1 B09 3-1/C4/0 TPLX SPARE P
10% 2B41AI6/A | BO3 3/C#8 43.85 2631 J23.5 |
Z2HTO07H | BO3 3/C#8 SPARE P
Z2B6102/A 1 B09 3-1/C4/0 TPLX SPARE P
Z2HTO032H | B0O3 3/C#8 SPARE P
2B41ASS/A | BO1 3/C#12 SPARE P
Z14FM10 | Z1B5103/A I B0O9 3-1/C4/0 | 238.52 JTPLX |143.11 J147.5 F
12% | Z1B5105/A 1 B09 3-1/C4/0 | 238.52 JTPLX J143.11 J147.5 F
Z1BS145/A BO1 3/C#12 19.34 11.6 MOV P
IBS158/A BO1 3/C#12 19.34 11.6 MOV P
1B3238/C BO1 3/C#12 19.34 11.6 1.57 P
IB31A08'A  |BO2 3/C#10 SPARE P
IB31A08/G | B03 3/C#8 46.54 2792 |23.6 P
Z1A636 Z1B5103/A B0O9 3-1/C4/0 1247 TPLX ]90.53 (1475 F
35% ZIMCVO2'B 1C02 2/C #14 120.05 1KV 7.51 10.55 P
ZIVAIOI0/A | C62 2/C#10 |32.8 1KV i2.02 ]1.82 P
Z2A209 | Z2B6102/H  §(3)B29 |1/C4/0 |227 118.86 | 147.5 P

21%

Z2A201 Z2B6105/F (3)B29 |1/C4/0 |227 83.2 147.5 F
30% Z2B6105/G C86 7/C #14 120.5 7.51 3.52 P
Z2B6105’/K 1 C86 7/C #14 {20.5 7.51 13.52 P
Z2A1074 | Z2B6105/F (3)B29 11/C4/0 227 83.2 147.5 F
53% JZ2B6102H |1(3)B29 |1/C4/0 227 83.2 147.5 F
Z2MCV04] 1 C8S 3/C #14 120.5 7.51 0.55 P
Z2B6105'G C86 7/C #14 J20.5 7.51 3.52 P
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Raceway |Caule Code Type I, Make |Imax |Load P/F
Z2A1074 |Z2B6105/K C86 7/C #14 20.5 7.51 3.52 P
FL10 ] Z2B6102/H B29 1/C4/0 }241.90 145.14 }147.5 F
4% Z2B6105/F B29 1/C4/0 241.90 145.14 | 1475 F
Z2A1070 |2B6168/A BO1 3/C#12 246 947* 17.84 P
33% 2B6169/A BO1 3/C#12 |24.6 6.44 2.35 P
ZZHVS279'T | C8] 2/C #16 |14.76 3.86 0.044 P
Z2B6102/K C86 7/C #14 |20.5 5.37 3.52 P
22B6105/) C85 3/C#14 20.5 5.37 3.52 P
Z2B6117F C86 7/C #14 §20.5 5.37 4.95 P
2B6168/C C07 7/C #14 §20.5 5.37 0.66 P
2B6169/F C07 7/C #14 |20.5 5.37 0.66 P
Z2CHS17F | C86 7/C #14 |20.5 5.37 0.309 P
Z2CHSI9F 1 C86 7/C #14 §20.5 5.37 0.153 P
ZZHV2525/F | C87 9/C#14 1205 5.37 0.153 p
2K01160'B | C85 3/C #14 20.5 5.37 0.04 P
2K04028'B C85 3/C#14 J20.5 5.37 0.04 P
ZINF09/G C86 7/C #14 J20.5 5.37 1.76 P
SoR006BT C85  13C#14 1205 1537 0093 P
Z2A1073 J22Bs102H  [B29 1/C4/0 227 713 |147.5 F
38% Z2B6105/F B29 1/C4/0 227 71.3 147.5 ¥
Z22B6102/) C87 9/C#14 |1 20.5 6.44 3.52 P
Z2B6105/G C86 7/C #14 |20.5 6.44 3.52 P
Z2B6105H 1 C87 9/C #14 ]20.5 6.44 3.52 p
Z22B6117D 1 C86 7/C#14 J20.5 6.44 495 P
Z2B6117E C85 3/C#14 |20.5 6.44 495 P

Key for Table 6.2
NOTE | -Load is taken from OPAL, 81.5 KVA or 102.3 amps.
I for tray is obtained through calculation (solving the simultaneous Stolpe equations in Attachment D). This
is the method employed by ICEA in the development of the ampacity tables in Publication P-54-440.

For conduits include all voltage classes of cable to ensure of proper derate for the number of conductors

IPCEA P46-426 is used if possible, NEC is used for wire smaller than #8 AWG.

* group factor of 1.0 from field inspection
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6.0 Body of Calculation continued:
6.2 480 Volts continued:

Imax Evaluations :

Tray Z23HB10 the SOOMCM cable's allowed ampacity at 19% fill (depth = 0.968 in) is
obtained from Attachment B, 412.96 amps. Derating for Thermo-Lag, 412.96 x 0.6 =
247.78 amps.

Tray Z23GEL0 the SOOMCM cable's allowed ampacity at 22% fill is (depth = 1.12 in)
obtained from Attachment B, 412.96 amps. Derating for Thermo-Lag, 412.96 x 0.6 =
24778 amps.

The 250MCM cable's allowed ampacity at 22% fill is also obtained from Attachment B,
230.55 amps. Derating for Thermo-Lag, 230.55 x 0.6 = 138.33 amps.

Tray 214FM20_ at 9% fill Depth = 0.458 inches

For 3/C 4/0 Triplex, free air at 40° C is 335 amps , adjusting to 50" C gives 335 x .89 =
298.15amps and 80% is equal to 238.52 amps. Derating for Thermo-Lag gives 238.52 x
0.6 = 143.1 amps.

The 3/C#12 cable's allowed ampacity at 9% fill is also obtained from Attachment B, 22.78
amps. Derating for Thermo-Lag, 22.78 x 0.6 = 13.67 amps.

Tray Z24FL20 is at 8% fill and a depth of 0.407 in.
The 4/0 Triplexed cable is limited to 80% of its free air value at 50° C. See Tray Z14FM20

for allowed ampacity. For non-triplexed 4/C see Attachment B, 166.34 amps. Derating for
Thermo-Lag, 166.34 x 0.6 = 99.80 amps.

Tray Z25BG20 is at 10% fill and a depth = 0.509 inches. The 3/C #8 allowed ampacity
from Attachment B is 43.85 amps. Derating for Thermo-Lag, 43.85 x 0.6 = 26.31 amps.

Trav Z14KM10 is at 12% fill and a depth = 0.611 inches.

The 80% of free air values calculated for the 4/0 triplex cables in the tray above will also
be applicable for this tray, 238.52 amps. Derating for thermo-lag 238.52 x 0.6 = 143.11
amps.

For the 3/C #12, from Attachment B the ampacity is 19.34 amps. Derating for Thermo-
Lag, 19.34 x 0.6 = 11.6 amps.
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6.0 Body of Calculation continued:
6.2 480 Volts continued:

Z1A636 Conduit This conduit is 35% full, the 3-1/C4/0 TPLX from IPCEA (REF. 3.1.5)
is 278 amps at 40° C. Adjusting to 50° C ambient gives 278 x .89 = 247 amps. Derating
for the total number of conductors in the conduit (7), requires a 0.7 derate (Ref. 3.1.44). Or

247 x .7=172.9 amps, derating for grouping factor, 172.9 x .68 =117.57 amps, derating
for Thermo-Lag 117.57 x 0.77 = 90.53 amps.

From Reference 3.1.4:
For #14 AWG the allowed ampacity is 25 amps at 30" C, adjusted to 50° C gives 25 x 0.82
= 20.5 amps. Adjusting for the number of conductors in the conduit, 20.5 x .7 = 14.35 amps

derating for grouping factor , 14.35 x .68 = 9.76 amps and derating for Thermo-Lag 9.76 x
0.77 = 7.51 amps.

For #10 AW the aliowed ampacity is 40 amps at 30° C, adjusted to 50° C gives 40 x
0.82 = 32.8 amps. Adjusting for the number of conductors in the conduit (7), 32.8 x .7 =
22.96 amps, derating for grouping factor, 22.96 x 0.68 = 15.61 amps and derating for
Thermo-Lag 15.61 x 0.77 = 12.02 amps.

Z2A209 Conduit This conduit is 21% full, the 3-1C 4/0 cable from IPCEA (Ref. 3.1.5) is
255 amps at 40° C. Adjusting to an ambient of 50° C, 255 x 0.89 = 227 amps. ( The total
number of current carrying conductors in the conduit is 3). Derating for grouping factor,

227 x .68 = 154.36 amps and derating for Thermo-Lag gives 154.36 x 0.77 = 118.86 amps.

Z2A201 Conduit This conduit is 30% full, the 3-1C 4/0 cable from IPCEA (Ref. 3.1.5) is
255 amps at 40° C. Adjusting to an ambient of 50° C, 255 x 0.89 = 227 amps. Adjusting
for the total number of conductors in the conduit (17), requires a derate of 0.7 (Ref.
3.1.44). 227 x .7 =158.9 amps, derating for grouping factor, 158.9 x .68 = 108.05 and
derating for Thermo-Lag 108.05 x 0.77 = 83.2 amp:

For #14 AWG the allowed ampacity is 25 amps at 30" C, adjusted to 50" C gives 25 x
0.82 = 20.5 amps. Adjusting for the number of conductors in the conduit, 20.5 x .7 =
14.35 amps, derating for grouping factor, 14.35 x .68 = 9.76 amps and derating for
Thermo-Lag 9.76 x 0.77 = 7.51 amps.

Z2A1073 Conduit This conduit is 38% full, the 3-1/C 4/0 cable from IPCEA (Ref. 3.1.5)
is 255 amps at 40° C. Adjusting to an ambient of 50° C, 255 x 0.89 = 227 amps. ( The
total number of conductors in the conduit is 41, requiring a derate of .6). Adjusting for the
number of conductors in the conduit, 227 x .6 = 136.2 amps , adjusting for group factor,
136.2 x .68 = 92.6 amps and derating for Thermo-Lag 92.6 x 0.77 = 71.3 amps.
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6.0  Body of Calculation continued:
6.2 480 Volts continued:

22A1073 Conduit

The #14 AWG cable from above is rated at 20.5 amperes at 50° C , adjusting for 41

conductors, 20.5 x 0.6 = 12.3 amps adjusting for grouping factor, 12.3 x .68 = 8.36 amps.
Deratng for Thermo-Lag 8.36 x 0.77 = 6.44 amps.

Jray Z24FL10 is ata 4% fill Depth = 0.2037 inches.

From Attachment B the 3-1/C 4/0 ampacity is 241.90 amps. Derating for Thermo-Lag
gives 241.90 x 0.6 = 145.14 amps.

Z2A1074 Conduit This conduit is 53% full, the conduit length is 3 feet. This short
distance allows the greater than 40 % fill without doing damage to the cables. The ampacity
of the 3-1/C 4/0 from IPCEA (Ref. 3.1.5) is 255 amps at 40" C. Adjusting to an ambient of
50° C, 255 x 0.89 = 227 amps. The total number of conductors in the conduit is 23,
derating for the conductors, 227 x 0.7 = 158.9 amps. Derating for grouping factor, 158.9 x
68 = 108.05 aamps and derating for Thermo-Lag, 108.05 x 0.77 = 83.2 amps.

The #14 AWG cable from above is rated at 20.5 amperes at 50° C , adjusting for 23
conductors, 20.5 x 0.7 = 14.35 amps. Derating for grouping factor, 14.35 x 0.68 = 9.758
amps and deleting for Thermo-Lag 9.758 x 0.77 = 7.51 amps.

Z2A1070 Conduit This conduit is 33% full, the #12 AWG cable is 30 amps at 30° C,
adjusting to 50" C, 30 x 0.82 = 24.6 amps. Adjusting for 78 conductors, 246 x 0.5 =123
amps. Derating for group factor 12.3 x 0.68 = 8.36 amps and derating for Thermo-Lag
8.36 x 0.77 = 6.44 amps.

The #14 cable is rated at 20.5 amperes at 50" C , adjusting for 78 conductors, 20.5 x 0.5 =
10.25 amps, adjusting for group factor, 10.25 x 0.68 = 6.97 amps and deleting for Thermo-
Lag, 6.97 x 0.77 = 5.37 amps.

The #16 cable is rated at 18 amperes at 30° C , adjusting to 50° C 18 x .82 = 14.76 amps.
The total number of conductor in the conduit is 78, 14.76 x 0.5 = 7.38 amps. Derating for
grouping factor, 7.38 x .68 = 5.02 amps and derating for Thermo-Lag, 5.02 x 0.77 = 3.86
amps.



Calc. No. 96-ENG -01528E2 Rev. 00
Page 29 of 44

6.0  Body of Calculation continued:
6.2 480 Volts continued:

Load Determination:

Cables Z2B0610/A and Z2B0610/B are parallel feeder cables to MCC B61. Continuous
load on MCC B61 is shown on Attachment 5 [ 397.38 amps).

397.38 + 2= 198.69 amps

Cables Z2B0606/A and Z2B0606/B are parallel feeder cables to MCC B62. Continuous
load on MCC B62 is shown on Attachment 6, [450.8 amps)

4508 + 2= 225.4 amps

Cables Z1BS103/A, Z1B5105/A ,Z2B6102/H and Z2B6105/F for Charging Pumps P18A
and P18B and P18C are all 100HP motors per (Ref. 3.1.28, 3.1.39).

The nameplate full load amps is 118 amps. Adjusting for voltage fluctuations 118 x 1.25
gives 147.5 amps.

Cables Z2B6102/A, 1B31A08/A, Z2B6105/A, 2B41AS55/A, Z2HT032/H and Z2HT007/H
are spare (Ref. 3.1.26)

Cables Z1B5145/A and 1B515%/A are MOV feeds (see Assumption 4.14, Ref. 3.1.58 and
3.1.71).
Cable 2B41A16/A is the degasifier Pump #2 motor is 15 HP (Ref. 3.1.85)

___HP X 746 = 18.8 x 1.25 = 23.5 amps
V3 X E x eff x pf

-
=

Cable 1B3238/C is RM8997, a 1 hp motor (Ref. 3.1.86)

1= iXx 746 = 1.25 X 1.25 = 1.57AMPS
V3 X 460x. 88x. 89

Cable 2B6168A is for a Sh» motor MP72B (Ref. 3.1.38)

I = SR = 6.27 x 1.25 = 7.84 amps
V3 x 460x. BBx. 89
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6.0  Body of Calculation continued:
6.2 480 Volts continued:
Load Determination continued:

Cable 2B6169A is for a 1.5 hp motor MP125 (Ref. 3.1.38)

1.5 x 746

I = — = 1,88 1.25=23
V3 X 460x. B8x, BS i 53—

Cable 1B31A08/G is for a 15 hp motor, NP16A1. (Ref. 3.1.24)

15 x 746
] = — = 18. BBampsx 1.25 = 23.6 amps
V3 x 460x. BEX. 85 - P

Cable Z2B0607/A, Battery Charger 201B, per OPAL/FSAR Table 8.3-2 maximum load
on diesel during LOCA from charger is 81.5KVA (Ref. 3.1.31).

81.5 x 1000
I = = 102. 3amps
V3 X 480 »

Cable ZIMCV02/B, load is 0.5 amps ( Ref. 3.1.67)x 1.1 = 0.55 amps
Cable ZIVA1010/A, load is 1.65 amps (Ref. 3.1.37) x 1.1 = 1.82 amps
Cable Z2ZMTV04/), load is 0.5 amps (Ref. 3.1.47) x 1.1 =0.55 amps
Cable Z2B6105/G, load is 3.2 amps (Ref. 3.1.25) x 1.1 = 3.52 amps

Cable Z2B6105/K, load is 3.2 amps (Ref. 3.1.25). x 1.1 = 3.52 amps
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6.0  Body of Calculation coptinued:
6.2 480 Volts continued:

Load Determination continued:

Cable Z2ZHVS279/T, V =110vdc, R = 2500, load is 0.04 amps (Ref. 3.1.68 and 3.1.23 ) x
1.1 = 0.044 amps

Cable Z2B6102/K, load is 3.2 amps (Ref. 3.1.36) x 1.1 = 3.52 amps

Cable Z2B6105/J, load is 3.2 amps (Ref. 3.1.25) x 1.1 = 3.52 amps

Cable Z2B6117/F, load is 4.5 amps (Ref. 3.1.49) x 1.1 = 4.95 amps

Cable 2B6168/C. load is 0.6 amps (Ref. 3.1.56) x 1.1 = 0.66 amps

Cable 2B6169/F, load is 0.6 emps (Ref. 3.1.57) x 1.1 = 0.66 amps

Cable Z2ZCHS17/F, load is 0.281 amps (Ref. 3.1.64 and 3.1.50)X 1.1 = 0.309 amps
Cable Z2ZCHS19/F, load is 0.139 amps (Ref. 3.1.64 and 3.1.51) x 1.1 = 0.153 amps
Cable Z2HV2525/F, load is 0.139 amps (Ref. 3.1.64) x 1.1 = 0.153 amps

Cable 2K01160/B. load is 0.04 amps (Ref. 3.1.52) x 1.1 = 0.04 amps

Cable 2K04028/B, load is 0.04 amps (Ref. 3.1.48) x 1.1 = 0.04 amps

Cable 2QR006B/H, load is 0.0842 amps (Ref. 3.1.63) x 1.1 = 0.0926 amps

Cable Z2B6102/J load is based on a 3.2 amp fuse (Ref. 3.1.19) x 1.1 = 3.52 amps.
Cable Z2B6105/H load is based on a 3.2 amp fuse (Ref. 3.1.25) x 1.1 = 3.52 amps.
Cable Z2B6117/D load is based on a 4.5 amp fuse (Ref. 3.1.49) x 1.1 = 4.95 amps.

Cable Z2B6117/E load is based on a 4.5 amp fuse (Ref. 3.1.49) x 1.1 = 4.95 amps.

Cable Z2ZNF09/G load is based upon a 2000hm load at 125VDC (Ref. 3.1.65)
1.6 amps x 1.1 = 1.76 amps.
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6.0 Body of Calculation continued:
6.3 120ac/125d¢ Volits Power

A total of rive cable trays, a wire-way, five conduit and one box were identified in
the plant as covered with Thermo-Lag.

TABLE 6.3

Tray/ Cable Code | Type Ioo. Imar |Load P/F

Conduit

5T540 SA602/C B04 |3/C#6 61.5 32.2 1 P

10%

Z2A1078 JZ2DV2008/A |B46 |2/C#10 ]32.8 13.74 1091 P
Z2VA2004/A |B46 |2/C#10 |32.8 13.74 }1.76 P

J603 see Z25XA10

Z25XA10 | Z2DV2008/A | B46 |2/C#10 |32.8 12.63 091 P
Z2VA2004/A |B46 J2/C#10 |32.8 1263 }1.76 P
Z25V4188/K 1 C90 T/IC#12 124.6 947 0.91 p
Z2SV4188/M 1C94 |2/C#10 ]32.8 1263 10091 P
Z2SV4188/L 1C90 |7/C#12 246 947 0.185 P
Z2SV4188/) 1C94 |2/C#10 ]32.8 12.63 |0.185 Wk
Z2HV5279/p 89 |3/c#12 246 [9.47 J0.39 P
Z2HVS5279/R JC89 |3/C#12 ]24.6 9.47 0.434 p
Z2HVS5279/T JC81 |2/C#16 |14.76 ]5.68 0.92* P
Z2HVS5279/U | C81 J2/C#16 ]14.76 ]5.68 0.55 P
Z2B6102/) C87 |19/C#14 ]20.5 7.89 3.52* P
Z2B6102/K  JCB6 |7/C#14 120.5 7.89 3.52% P
Z2B6105S/H | C87 [9/C#14 ]20.5 7.89 3.52° P
Z22B6105/] C85 |J3/C#14 1205 7.89 3.52 P
Z2B6105/K |C86 |7/C#14 ]20.5 7.89 0.13 P
Z2B6117/D JC86 |J7/C#14 ]20.5 7.89 4.95* P
Z2B6117/E  JCBS |J3/C#14 ]20.5 7.89 4.95* P
Z2B6117/F CR6 /C#14 120.5 7.89 495 P
Z2CHS17/E JC86 |J7/C#14 ]120.5 7.89 0.168 P
Z2CHS17/F JC86 |7/C#14 }20.5 7.89 0.168 P
Z2CHSI19/E JC87 |9/C#14 ]20.5 7.89 0.168 P
Z2CHS19/F JC86 |7/C#14 205 7.89 0.168 P

*LOAD IDENTIFIED FOR 480 V SECTION
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6.0  Body of Calculation continued:
6.3 120a¢/125d¢ Volts Power

Tray/ Cable Code |Type I, Imax Load P/F
Conduit
Z25XA10 | Z2HV2525/F | C87 19/C#14 205 |7.89 0.213 P
Z2HV2525/G JC86 |7/C#14 ]120.5 7.89 0.213 p
Z2HV2525/H | C85 |3/C#14 }20.5 7.89 0.085 P
Z2NFO09/F C86 |7/C#14 |20.5 7.89 1.73 P
Z2NF09/G C86 |7/C#14 ]20.5 7.89 1 73 P
2K01160/B  JCBS |3/C#14 ]20.5 7.89 41055 P
Z2MCVO04/) | CBS |3/C#14 J20.5 7.89 0.55* P
Z2HV5279/S | C76 {9/C#12 246 1947 0.37 P
Z2T871 Z2SV4188/C |C91 |9/C#12 J24.6 9.02 0.91 P
Z2SV4188/D JC96 [4/C#10 |32.8 12.02 0.91 P
Z2NFO09/F C86 |7/C#14 1205 7.51 1.73 P
Z25BG20 JZ2HT007/C JC62 J2/C#10 SP P
10% Z2HT028/C 1C62 |2/C#10 SP P
Z2HT032/C 1C62 |2/C#10 SP P
2B6102/F BO1 J3/C#12 ]9.984 |599 3 P
2HTCO7/F C02 J2/C #14 SP P
2HTO28/F C02 J2/C #14 SP P
2HTO32/F C02 J2/C #14 SP P
2K02049/B | C02 |2/C #14 }7.68 461 0.04 P
2K02051/B  JC02 J2/C #14 | 7.68 ]14.61 0.04 r
2K02053/B  JC02 J2/C #14 | 7.68 ]4.6!] 0.04 P
2K02055/B JC02 |J2/C #14 | 7.68 ]4.6] 0.04 P
2CH910/B C03 J3/C#14 ] 6.153 ]3.68 1.65 P
2CH910/C C03 J3/C#14 ] 6,153 J3.68 1.65 P
2FT9860/A JC02 |J3/C#14 | 6.153 ]3.68 0.04 P
2HC2152/B 1C03 J3/C#14 SP P
Z2HT028H JC62 J2/C#10 SP P
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6.0  Body of Calculation continued:
6.3 120ac¢/125d¢ Volts Power

ray / Cable Code |Type T,goc [imax |Load P/F
: it
24FL.20 |2B41A16/F JCO7 |J7/C#14 496 1297 ]0.334 P
Z2B6105/G  |CB6 |7/C#14 1496 1297 |25 P
Z2B6105/K | C86 ]7/C#14 |4.96 2.97 0.146 P
Z2HV8133/C | C02 |2/C#14 |7.68 ]5.10 0.153 P
Z24FL20 JZ2HV8133/D JCO07 J7/C#14 ]14.96 2.97 0.301 P
Z2HV8248/C | C02 J2/C#14 |7.68 J4.61 10301 P
Z2HV8248/D | CO7 |7/C#14 |496 297 ]0.301 P
Z2MCV04/B |C02 J2/C#14 |7.68 J4.61 ]0.55 P
Z2VA2010/A |CO2 J2/C#14 |768 |461 1.82 P
Z2MCV04/) |CBS |3/C#14 ]6.153 J3.69 ]0.55* P
Z14FM10 | 1B5103/F BO1 |3/C#12 ]9.984 ]6.3 1.01 P
12% 1B5105/C BO1 J3/C#12 19984 |63 1.01 P
ZIVAIO10/A | C62 J2/C#10 J13.358 1887 |1.82* P
1B31A08F JCO7 |7/C#14 14.96 297 ]0.34 P
Z1B5145/C | C07 |7/C#14 J496 1297 1129 P
1B5158/B C07 J7/C#14 496 1297 ]0.66 P
ZICHI192/B JC07 |J7/C#14 14.96 2.97 0.853 P
ZIHVB247/C | CO7 |7/C#14 14.96 2.97 0.153 P
Z1HV8247/D | CO7 7/C#14 ]4.96 2.97 0.153 P
ZIHV8249/C | C02 J2/C#14 J4.96 |297 ]0.153 P
Z1HV8249/D | C07 |7/C#14 496 1297 ]0.153 P
1K96001/B | C02 J2/C¥#14 |7.68 4.61 0.04 P
1K96002/B  JC02 |2/C#14 | 7.68 ]4.61 0.04 P
ZIMCVO02/B |C02 J2/C#14 | 7.68 J461 ]0.123 P
1IRM8997/D 1C02 J2/C#14 | 768 |4.61 ]0.83 P
IVAAS/E C02 |2/C#14 7.68 1461 SP P
IVAAS/EE |C02 J2/C#14 | 768 |461 |SP P
ZICH196/B JCO07 |7/C#14 ]4.96 2.97 0.254 P
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6.3 120a¢/125d¢ Volts Power continued:

TABLE 6.3

Tray / Cable Code |Type ' Imax | Load P/F
Conduit

Z14FM20 [Z1VA1010/A | C62 2/C#10 113358 [8.02  1182* [P

9% IB5103/F  |BOI |3/C#12 |9.984 [599 |32 P

IB5105/C  |BO1 |3/C#12 |9.983 [599 1231 P

ZIB5145/C |C07 |7/C#14 | 496 297 1129 P

IBS158/B |C07 17/C#14 | 49¢ |297 066 P

ZICHI92/B |C07 |7/C#14 | 496 | 297 lo8sa |Ip

ZIHV8247/C [C02 |2/C#14 |7.68 461 10153 |p

ZIHV8247/D |C07 |7/C #14 | 496 1297 10153  |p

Z1HV8249/C |C02 |2/C#14 768 461 10153 1P

Z1HV8249/D |C07 |7/C #14 | 496 | 297 l0.153 |p

ZIMCV02/B Jc02 12/C¥14_[7.68 a6l Jo.124* [P

ZICH196/B |C07 |7/C#1a | 496 1297 1028 P

Z2A201 |Z2B6105/G 1C86 |7/C #14 205 1751 1252* [P

Z2B6105/K 1C86 |7/C#14 1205 1751 0.13a* |p

Z24FL10 |Z2MCVua/) |C85 |3/C#14 | 6.153 1369 1055* P

4% | Z22B6105/G |C86 17/C#14 | 1757 110.54 |352* [P

Z2B6105'K 1C86 |7/C#14 | 17.57 1054 13.52* |p

Z1A636 JZIVAI010/A 1C62 J2/C#10 328 11202 l0.55* [P

ZIMCVO02/B |C02 |2/C #14 J20.5 17.51 11.82* [P

* load identified for 480 volt section.
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6.0  Body of Calculation continued:
6.3 120a¢/125d¢ Volts Power continued:
Imax Evaluation

51540 Conduit, the ampacity of SA602/C - 3/C #6 cable in conduit is 75 amps
(Ref. 3.1.4) at 30" C. Adjusting to 50° C, 75 x 0.82 = 61.5 amps. This is the only
cable in the conduit. Derating due to grouping factor, 61.5 x .68 = 41.82 amps and
derating for Thermo-Lag, 41.82 x 0.77 = 32.20 amps.

Z2A1078 Conduit. the ampacity of #10 AWG cable in conduit is 40 amps at 30"
C.(Ref.3.1.4) Adjusting for 50° C, 40 x .82 = 32.8. Derating for 4 conductors in a
conduit (Ref.3.1.44), 32.8 x 0.8 = 26.24 amps. Derating for group factor, 26.24 x
.68 = 17.84 amps and derating for Thermo-Lag, 17.84 x 0.77 = 13.74 amps.

Z25XA10 Wire-Way , will be treated as a conduit. For #12 AWG (Ref. 3.1.4)
cable is rated 30 amps at 30" C. Adjusting for 50° C, 30 x 0.82 = 24.6. Adjusting
for the number of conductors (REF. 3.1.44), 146 gives 24.6 x 0.5 = 12.3 amps.
Derating for the Thermo-Lag, 12.3 x 0.77 = 9.47 amps.

For # 10 AWG (Ref. 3.1.4) cable is rated at 40 amps at 30" C, adjusting for 50° C.,
40 x 0.82 = 32.8. Adjusting for the number of conductors 146, 32.8 x 0.5 = 16.4
amps. Derating for Thermo-Lag, 16.4 x 0.77 = 12.63 amps.

For # 14 (Ref. 3.1.4) is good for 25 amps at 30° C.. Adjusting to a 50°C ambient, 25
x 0.82 = 20.5 amps. Adjusting for 146 conductors, 20.5 x 0.5 = 10.25 amps.
Derating for Thermo-Lag, 10.25 x 0.77 = 7.89 amps.

For #16 (Ref. 7.1.4) cable is rated at 18 amps in a 0°C ambient, adjusting for a
50°C ambiert 18 x 0.82 = 14.76, adjusting for 146 conductors , 14.76 x 0.5 = 7.38
amps. Derzdng for Thermo-Lag, 7.38 x 0.77 = 5.68 amps.

Z25BG20 TRAY the ampacities for the control cables will use the 35% fill
values for conservatism (actual 10% fil!) . From Attachment 2, Appendix AD, 2/C
#10 in tray can carry 13.358 amps, at 50° C. Derating for Thertno-Lag, 13.358 x
0.6 = 8.02 amps.

The 3/C #12 can be obtained from Attachment 2, Appendix AC, using the 35% fill
value, provides 9.984 amps at 50° C. Derating for Thermo-Lag, 9.984 x 0.6 = 5.99
amps.



Calc. No. 96-ENG -01528E2 Rev. 00

Page 37 of 4-4-
6.3 120a¢/125d¢ Volts Power continued:
i Bl —p

Z25BG20 TRAY continued:

The 3/C #14 at a fill of 35 % (1.78") per Anachment 2, Appendix AA provides an
allowed ampacity of 6.153 amps at 50° C. Derating for Thermo-Lag, 6.153 x 0.6 =
3.69 amps.

For 2/C #14, Attachment 2, Appendix AB allowed ampacity is 7.68 amps at 50° C
. Derating for Thermo-Lag 7.68 x 0.6 = 4.61 amps.

For Tray Z14FM20 , Z24F1.20. and Tray Z14FMI10, the fill and the values
developed for cables in Z25BG20 above are also applicable.

For 7/C #14 (C86) adjusting for the diameter difference:

I, = % zZ » g—'%s.:sz « 7.57anps adjusting for number of
1 .

conductor difference, | = 7.57\/5 = 4.96 amps Derating for Thermo-Lag, 4.96 x
0.6 =2.97 amps.

Z21871 Conduit, From Reference 3.1.4, 3/C #12 in conduit can carry 30 amps. at
30° C, adjusting to 50" C, 30 x .82 = 24.6. Adjusting for the number of zonductors
(20), 24.6x 0.7 =17.22 amps. Derating for group factor, 17.22 x .68 = 11.71 am
ps and derating for Thermo-Lag, 11.71x 0.77 = 9.02 amps.

For 4/C #10 the allowed ampacity is 40 amps (Ref. 3.1.4) at 30° C, fora 50° C
ambient, 40 x .82 = 32.8. Adjusting for the number of conductors (20), 32.8 x 0.7
= 22.96 amps. Derating for grouping factor, 22.96 x 0.68 = 15.61 and derating for
Thermo-Lag, 15.61 x 0.77 = 12.02 amps.

The #14 cable is rated at 20.5 amperes at 50° C (Ref. 3.1.4), adjusting for 17
conductors, 20.5 x 0.7 = 14.35 amps. Derating for grouping factor, 14.35 x .68 =
9.76 amps and deleting for Thermo-Lag, 9.76 x 0.77 = 7.51 amps.

Z2A201 Conduit, The #14 cable is rated at 20.5 amperes at 50° C (Ref. 3.1.4),
adjusting for 17 conductors, 20.5 x 0.7 = 14.35 amps. Derating for grouping factor,
14 35 x .68 = 9.76 amps and deleting for Thermo-Lag, 9.76 x 0.77 = 7.51 amps.

Z24FL10 Tray From Attachment 2, Appendix X, the cable is rated at 17.57 amps
at 50° C. Derating for Thermo-Lag 17.57 x .6 = 10.54 amps.
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6.3 120a¢/125dc¢ Volts Power continued:
Load Determination :

Cable SA602/C provides 125 vdc 1o the 4160v switch gear from MP1 4160v
switchgear bus 14H cubicle A610 Unit 105A. The breaker trip requirement is
approximately 12 amps but is only momentary. The circuit breaker closing is less
than 7 amps and is also only momentary. The indicating lights constitute the only
continuous load and are less than 1 amp (Ref. 3.1.3 and 3.1.83).

Cable Z2VA2004/A powers C09 control room panel. The cable is the power
supply to a Foxboro power supply (N-2ARPS 05) which transforms the 120 to 24
volts, this breaks down into two circuits one requiring 5 amps in a dc loop and one
3 amps ac. These ampacities are combined as a conservative measure and the total
load is taken as 8 amps at 24 ac. The VA rating of the transformer is thus 24 x 8 =
192 va. The cable would see 192 / 120 = 1.6 amps (Ref, 3.1.90).

Cable Z2DV2008/A powers C10 control room panel. The cable is fed from DV20
circuit 8 which is a 30 amp 250 volt dc breaker. From DM2-5-1213-95 Sheet 6
(Ref. 3.1.35) the starting load on the panel is 17.5 amps. The normal load seen by
the cable is 0.8268 amps and will be used as the load (Ref. 3.1.60, 3.1.9, 3.1.53)

Cables Z2SV4188/K. Z2SV4188/M. Z2SV4188/C and Z2SV4188/D are all
associated with the controls of C10 and see part or all of the 0.8268 amps identified
above. For conservatism all will use a load of 0.8268 amps (Ref. 3.1.9, 3.1.2).

Cable 2B6102/F per Drawing 25230-32009 Sheet 43 (Ref. 3.1.36) the motor heater
is 110 watts at 120, the current is 110/120 = 0.9167 amps (rounded up 10 0.92).

For Tray Z14FM20 the 1/C#12 cables (1B5103/F and 1B5105/C) feed 110 watt
heaters (Ref. 3.1.32 and 3.1.33). The load is 110 watts, 110/120 = 0.9167 amps
(rounded up 10 0.92). Cable ZIVA1010/A is on breaker 10 of Panel VA10 (Ref .
3.1.37) and is loaded to 1.6472 amps (rounded up to 1.65)

For Tray Z14FM10 see the above tray for common cables.

Cable ZZMCV04/B (Ref. 3.1.47) uses a 0.5 amp fuse in the circuit.

Cable Z2JVA2010/A (Ref. 3.1.37) has a total load of 1.648 amps on this cable.
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6.3 120ac/125d¢ Volts Power continued:
Load Determination continued:

Cable Z2B6105/H has a 3.2 amp fuse in the circuit, current value used will be the
fuse value (Ref. 3.1.25 and 3.1.30".

Cable Z2ZHV5279/U (Ref. 3.1.68) has a 250 ohm resister in series with the load.
Using the highest DC voltage (125 v) as its source, I =V/R or 125/250 = 0.5 amps.

Cable 1B31A08/F (Ref. 3.1.70) has a 6 amp fuse, the worse case conductor for this
cable has 4 relays (0.1? amps each). This worse case value will be used as the load
(0.52 amps).

Cable 2CH910B and 2CH910C (Ref.3.1.72) has a 1.5 amp load.

Cable 2FT9860/A (Ref. 3.1.73) has a 0.04 amp load.

Cables starting with K after the facility indicator are connected to alarm circuitry
cards which directly interface with transistors and other electronic components. A
conservative SWatts will be used (Assumption 4.13) 5w + 120v = 0.04 amps.
Control circuits where multi-conductors are used have been evaluated on a
conductor by conductor basis. The largest load on any conductor is used as the load
for all remaining conductors. See Attachment 8 for the appropriate ampacities.
Cable Z2SV4188/L (Ref. 3.1.2) identifies a 0.1684 amp load.

Cable Z2SV4188/J (Ref. 3.1.2) identifies a 0.1684 amp load.

Cable Z2B6105/J (Ref. 3.1.25) identifies a 3.2 amp fuse in the circuit.

Cable Z2B6117/F (Ref. 3.1.49) identifies a 4.5 amp fuse in the circuit.

Cable 2ZHC2152/B (Cable is not installed)

6.4 Instrumentation Cable

From Attachment 3 a total of 3 cable trays 4 conduits one wire-way and one box
were identified in the plant that were covered with Thermo-Lag. Although the
instrumentation cable will not be impacted by Thermo-Lag since it only carries

minimal current this section is included to document a'! cables covered by Thermo-
Lag in MP2. See Table 6 .4.
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6.0  Body of Calculation continued:
TABLE 6.4

(Tray / Cable Co Type
.L»' ) _ |
Z26TA10 |2P9934/B 434 ]2/C#16 |
E o L 420R011/C 34 J2/C#16 |
£ 12QR011D 134 ]2/C#16
L [erTio2BD  J134  J2/Cki6 |

2PT102B/E

134 2/C#16

Z20R032/K _ H34 J2/C#16 |
L 1Z2QR032/L 2/C#16 |
Rt sl Z20R033/S 3 2/C#16

Z2QRO33R __ J134 [2/C#16 |

Z2LT5282D  J134 J2/C#l6

Z2LT5282/F 2/C#16

2QR035B/D  |I34 |2/C#16

Z2QR003B/BB 134 [2/C#16

Z2QROO3B/AA J136 _ J4/C#16

Z2QRO03B/R JI36 J4/C#16

Z2QR0O03B/Z 2/IC#16

Z2QR0O03B/CC 2/C#16

2QR035B/D

Z2PT4224/H

Z22PT4224/K

Z22PT14224/G

&  172FTS5278BD

2/C#16

- Z2FT5278B/E

21.T208/B

2L T208/C

2LT206/C

2L.T206/B

2/C#16]
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7.0 Reviewers Comments and Resolutions

A

7.2

74

7.5

7.6

7.7

78

Additional references were identified as needed to document loads.
Resolution: References were added.
Revision levels of several drawings were updated.

Resolution: Latest revisions were reviewed and confirmed that no impact resulted
due to the changes implemented on the new revision.

Several 120 volt loads were revised.

Resolution: All 120 volt loads revised except 1 (one) were revised downward, one
load was erroneous. All changes were evaluated and agreed to.

Two cables were identified as entered in a table under an incorrect tray.
Resolution: Cables were entered in their proper location.

Additional loads were identified on the MCC's (Attachments E and F).
Resolution: The loads were checked and entered.

Spare cables were identified that were not shown as spare in the calculation.

Resolution: Cables were confirmed as spare and identified as such in the
calculation.

Tray width dimensions were identified as incorrect.

Resolution:  All trays were rechecked and the appropriate dimensions on three
(3) trays corrected.

Discrepancy with raceway fill was identified.

Resolution: Comment was rejected, fills were correct, wording was revised for
clarity.
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7.0 Reviewers Comments and Resolctions continued:

7.9 Uniformity of Ampacity (I) values in the tables for each voltage section were
identified.

Resolution: Tables were made uniform to eliminate confusion.

7.10  Review of TS02 computerized raceway schedule iaentified two discrepancies in the
schedule pertaining to fire wrap.

Resolution: The schedule was determined to be incorrect. DCN DM2-00-1439-96
was initiated to correct,

The independent reviews were completed by 6 personnel, (Bob Blodgett, Mike
Champagne, Jose Gomez, Khwaja Haque, Jack Padden and Mike Relyea).

B. Blodgett: was responsible for reviewing the reference design drawings / documents and
for reviewing the electrical loads on these documents. In addition, Bob also reviewed the
design documents to verify that the cables that are wrapped with thermo-lag were
identified, this was accomplished by review of drawings, field walk downs and review of
photographs of the installations.

J. Gomez: was responsible for reviewing the cable in conduit deratings and for verifying
that the applicable information was transferred into the main body of the calculation.

K. Haque: was responsible for reviewing Attachments A(excluding thermal models) and B
(excluding thermal models) for data inputs, the cable in tray deratings and for verifying that
the applicable information was transferred into the main body of the calculation.

M. Champagne: was responsible for reviewing the engineering references, design inputs ,
assumptions , Attachments E and F , the method of calculation, the thermal model was
reviewed (Attachment's A and B) and the independent overall review of the calculation.

J. Padden: was responsible for reviewing the reference design drawings / documents and
for reviewing the electrical loads on these documents.

Mike Relyea: was responsible for reviewing the reference design drawings / documents
and for reviewing the eiecisical loads on these documents.
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8.0  Attachments

INDEX

Z23HA10........cccoeree Appendix A
SRIHBIN......covicnieinse Appendix B
Z23GE10.....cccnvnenne Appendix C
Appendix D
Z14FM20................... Appendix F
Appendix H
EIRPLI0. .ot sroensisss Appendix |
Appendix
Z25800........000000000 Appendix K
Appendix AA
Appendix AB
Appendix AC
Appendix AD
Z14FM10.........cocoune. Appendix E
Appendix M
Appendix N
Z24FL10 Appendix G
Z23FA30 Appendix V
Z23FA25 Appendix W
Z52EA10 Appendix Bl
Z22EA10 Appendix B2
TESTING VERIFICATION

Test #1 3/C #8 1.5"depth.......... Appendix P and PP
Test#2 3/C#8  2.0"depth......... Appendix Q and QQ
Test #3 S00MCM 1.5" depth......... Appendix T and TT
Test #4 S00MCM 3.0" depth.... .... Appendix U and UU
Test #5 4/0.............. 3.0" depth Appendix R and RR
Test #6 4/0.............. 2.5" depth......... Appendix S and SS
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Attachments

INDEX continued:
Attachment C.......... Selected 120/125v Control Circuit Ampacities
Attachment D.......... Stoipe IEEE Paper
Attachment E........... MCCB61 Coutinuous Load Tabulation
Attachment F........... MCCB62 Continuous Load Tabulation

Attachment G........... Independent Reviewer Evaluation
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ATTACHMENT A

This attachment provides the thermal models for the TSI covered cable tray and conduits
at MP2 and the development of the ACF (ampacity correction factor) for each.

The model was developed using standard heat transfer equations.

The model developed predicts a given surface temperature for a specific material and
installation. The model was then compared to existing test results performed on TSI
wrap at Texas Utilities. The comparison shows that the model conservatively predicts
the surface temperature [0.675 vs 0.68].

The only difference between the TU and MP2 model is the thickness of the TSI material.
With only one variable changing, i.e. thickness, the model is re-run to address the
maximum and minimum possibilities of TSI installation at MP2 for all wrapped tray and
the worse case determined (see the following page). Note that the change in thickness of
the TSI wrap has a minimal affect upon the resultant temperature. This is to be expected
as the TSI has a relatively low resistance to heat transfer.

The tray model was also run increasing the dimensions of the cable tray to much larger
installation [48" width]. As expected the surface are becomes the governing factor and
the temperature of the surface reduces as expected [62.3° C down to 60.7 * C]. This
indicates that the model behaves as expected when the size of the installation becomes
large.

The conduit model, uses the same methodology as the cable tray model and is based upon
the heat transfer through a cylinder. The Ampacity Correction Factor (ACF) for the two
different models is tabulated below.

ACF

Cable Tray 0.60*

Conduit 0.77

* This conservative value is utilized for ease of calculation unless noted.



Calc. No. 96-ENG-01528E2

The values in the table are a summary of the values obtained from the following pages of

Rev.00

ATTAC HMENT A

SUMMARY

Attachment A and from Attachment B.

Page A7 of fre

Appendix Tray depth Q Min ACF Max ACF
A Z23HA10 0.509 13.137 0.693 0.609
B Z23HB10 0.968 10.157 0.735 0.623
» Z23GE10 1.12 5.161 0.685 0.614
D Z23GE10 1.12 5.161 0.685 0.614
E Z14FM10 0.611 10.661 0.691 0.61
F Z14FM20 0.458 14.747 0.694 0.609
G Z24FL10 0.2037 35.701 0.698 0.606
H Z14FM20 0.458 14.797 0.694 0.609
I Z14FL20 0.407 16.88 0.694 0.608
K Z25BG20 0.509 13.137 0.693 0.609
M Z14FM10 0.611 10.661 0.6-1 0.61
N Z14FM10 0.611 10.661 V.691 0.61
Bl Z52EA10 1,935 5.07 0.792 0.689
B2 Z22EA10 1.1741 11.313 0.864 0.689
V Z23FA30 0.2037 4.407 0.617 0.608
W Z23FA2S 0.2037 3.983 0.615 0.607
X Z24FL10 0.2037 35.701 0.698 0.606

For conservatism 0.6 will be used as the ACF for cable tray.




Caic. No. 96-ENG-01528E2 Rev. 00

Z23HA10 min
3 Ao
ATTACHMENT A Page A% ot A
AMPACITY MODELING OF APPENDIX R WRAPPED TRAY
Data input:
Q=13137 Aliowable heat generated for a ladder tray Z23HA10 (Attachment 2)
Ta ‘=50 Ampient temperature MP2)
Te =90 Conductor maximum allowed temperature

A =4 Surface area of tray, sqft/ft 24"wide x 1'long x top and bottom)
. { Ref. 3.1.8;

0:=5%10 °  Stefan- Boltzmann constant, Wats/sqft-KA4 (Ref. 3.1.27)
e =01 Emissivity of galvanized steel tray cover (Ref. 3.1.1)

ACFcov '=0.59 m;’g;‘””" factor for tight cover cable tray

etsi ‘=09 Emissivity of TSI surface (Attachment 1)

k=01 Thermal conductivity of TSI, BTU/r-ft-degF (Attachment 1)
Tesi = 1.0 Thickness of TSI (minimum)

el ‘=4 Tray inner height, inches

e2 =24 Tray inrer width, inches
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ATTACHMENT A Page A% of Arve

This section of the model is for covered tray
Calculation for the allowable heat generation in a covred tray

O =Q Allowabie heat generation for a ladder type tray

Qt = 13.137

d ‘=0509 d is adjusted by pi over 4

Quntray ‘= Qt-24-d  Allowed heat generation of a 24"wide by d i nches deep
uncovered! tray, Watts/ft (adjusted to circular area of cable)

Quntray = 160482
Qcover '.=AC‘Fcov2-Qum'ay Allowable heat generation for a covered, unwrapped tray, watts/M

Qeover = 55.864 Watts / fi
Calculate the termal resistance at the tray surface
Ts ‘=50 Initial guess
Given

5

Qeover=0402 (Ts — Ta)* 4 o A-e- ((Ts 4 273.16)* = (Ta 4 273.16)*)

Ts ‘= Find( Ts)

Ts = 90997 cable tray cover surface temperatre

R = Te=Ts
Qeover
R = <0018
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Attachment A page A5 of A%

Model for the TSI Encased Cable Tray

bl = Ttsi Top thickness of TSI, inches
b2 ‘= Ttsi Side thickness of TSl inches
b3 =T Bottom thickness of TSl inches
bd = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

I
= 'S k-1.8-.2928 (Ref. 3.1.95 )

(5‘. + 0,54) + (52- + 0.54) + (5'- + 0.54) + (53 + 0.54)
b1 ) b3 b

Rk = 0326  degC-ft'watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rw: = 0.308
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ATTACHMENT A Page Ab of Atee

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefiicents for the TSI surface (Ref. 3.1.96)

Al 2027 [ (12-._—"8—-) ' 25]- (52_1‘5_"-'.) 0527

L\ e2+2bi
Convection coefficient for the top surface of the

i=0

S e wrapped tray

Az"[mz-(xz e )025 2T2H os
e €2+ 2-bl 12

A2 = 0.131  Convection coefficient for the bottom surface of the wrapped tray.

0.25 ,
A3 =029 (12 —0nn h. . SO
el + 2 bl (12)

A3 = 0211 Cuavection coefficient for the side surfaces of the wrapped tray
Al 4+ A2+ A3 = 0636
Given

b

- - < + b
- T’=(A|+A2+A3)-(Ts—"m‘+5.3-|o°-asi~2-(" d';"”' -

)-((Ts+ 273.16)* = (Ta+ 273.16)%)

ws

Ts - =Find( Ts)

Ts = 66.236 Wrapped tray surface temperature degC.
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Attachment A Page AT of Ao
Calculate Qc’ and Qr

5
Heat transmission from surface of TSI to ambient

~ T
Qe S(AI+ A24 A3)(Ts—Ta) air due 10 corvection, Walts/?
Qoe = 20716
Qu :==05310 %2 21 F d:;b' ¥ O (Ts+273.16) = (Ta 4 273.16)*)
O = =6.261
Q’TSII=”-TS

Rws
QTSI = 77.061

Calculate Derating Factor of tray covered with TSI fire wrap

ACFis1 .= ﬂ
J Quntray

ACFtsi = 0.693
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Z23HA10 MAX page A% of Ao

ATTACHMENT A
AMPACITY MODELING OF APPENCIX R WRAPPED TRAY

Data Input:
Q=13137 Allowable heat generated for a ladder tray 22314410 (Attachment 2)
Ta =50 Ampient temperature MP2)
Te =90 Conductor maximum allowed temperature
A4 Surface area of tray, sgft/ft 24"wide x 1'long x top and bottom)
) (Ref. 3.1.8)

6 =5310 7 Stefan- Boltzmann constant. Wats/sqft-KA4 (Ref. 3.1.27)
£ =01 Emissivity of galvanized steel tray cover (Ref. 3.1.1)

b LA correction factor for tight cover cable tray
ACFeov =059 (et 3.1.10)

€tsi ‘=09 Emissivity of TSI surface (Attachment 1)

k=01 Thermal conductivity of TSI, BTU/hr-fi-degF (Attachment 1)
Tisi == 1.5 Thickness of TSI (maximum)

el =4 Tray inner height, inches

2 =24 Tray inner width, inches
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Page A1 of Ate

ATTACHMENT A
This section of the model is for covered tray

Caiculation for the allowabie heat generation in a covred tray

Qt=Q Allowable heat generation for a iadder type tray
Ot = 13,137

d ‘=0509 d is adjusted by pi over 4.

Quntray -=Qt 24 d  Allowed heat generation oof 24"wide and 3" deep uncovered fill
tray, Watts/ft (adjusted to circuiar area of cabie)
Quntray = 160482

Qcover 3=ACFcov2~Qmay Allowable heat generation for a covered, unwrapped tray, watts/ft

Qcover = 55 864 Watts / ft

Calcuiate the termal resistance at the tray surface

Ts ‘=50 Initial guess
Given

5

Qeover=0402-(Ts — Ta)* + o Ae-((Ts + 273.16)* = (Ta+ 273.06)*)

Ts ‘= Find({ Ts)

Ts = 90.997 cable tray cover surface temperatre

R = o= 3%
Qcover
R = =0.018
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Attachment A Page Al®_of A%

Meadel for the TSI Encased Cable Tray

bl = Tisi Top thickness of TS!, inches
b2 1= Tisi Side thickness of TSl inches
b3 (= Tsi Bottom thickness of TSl inches
b4 1= Tisy Side thickness of TSl inches

Calculate Thermal Resistance of TSI

|
o k1.8 2928 (Ref. 3.1.95 )

G oo e e B

Rk = 048 degC-f/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R + Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = (0.463
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ATTACHMENT A

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Cailculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25 -
Al '=027 (|2-__.|_'§_) -(S.H__Iﬁ),olsn
e2+ 2:b1 12

Convection coefficient for the top surface of the

b =8
A 0.303 wrapped tray
025 :
A2 =012 (|2~—'—'8—) B oy
2+ 2 bl 12

A2 = 0.135  Convection coefficient for the bottom surface of the wrapped tray.

-2-0.527

18 Y% e1 4 2b1
ci + 21 (12)

A3 =029 (l2-

Al = 0236 Convection coefficient for the side surfaces of the wrapped tray

Al+ A2+ A3 = 0674

Given
5
Tc = - -
e S AT+ AZ4 A3 ) (Ts—Ta)? + 5310 Lesi 2 (" +°2':'2b' - bz)-((rs+ 273.16)* = (Ta+ 273.16)%)
ws
Ts ‘= Find( Ts)

Ts = 62.44 Wrapped tray surface temperature degC.
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Calculate Qc’ and Qr

2 Heat transmission from surtace of TSI to ambient

Qe '=(Al 4+ A24 A3 ) (Ts— Ta)? air due to convection, Watts/it
Qe = 15739
- +
O '=-05310 Be2 & +‘2T2"' B ((Ts+273.16)% = (Ta+ 273.16)%)
Qr = ~4 871
90— Ts
|
. Rw.
QTSI = 59,578

Caiculate Derating Factor of tray covered with TS| fire wrap

ACFtsi ‘= ’ﬂ
Quntray

ACFts1 = (¢



Z%3HB10 min

Data Input:

Q ‘=10.157
Ta ‘=50

Te ‘=90
A=2
¢:=5310 °
e =01
ACFcov =059
Etsi ‘=09

k ‘=01

Tisi = 1.0

Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A3 of préc

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z23HB10 (Attachment 2)
Ampient temperature MP2)
Conductor maximum aliowed temperature

Surface area of tray, sqft/ft (12"wide x 1'long x top and bottom)
( Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sqft-KA4 (Ref. 3.1.27)
Emissivity of galvanized steel tray cover (Ref. 3.1.1)

Ampacity correction factor for tight cover cable tray
(Ref. 3.1.10)

Emissivity of TS! surface (Attachment 1)
Thermal conductivity of TSI, BTU/hr-fi-degF (Attachment 1)
Thickness of TSI (minimum)
Tray inner height, inches

Tray inner width, inches
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ATTACHMENTA  Page AW of At%e
This section of the model is for covered tray
Calculation for the ailowable heat generation in a covred tray

Qt=Q Allowable heat generation for a ladder type tray

Qt = 10.157

d ‘= 0.968 d is adjusted by pi over 4

Quntray -=Qr- 12-d  Allowed heat generation of a 24"wide by d i nches deep
uncoveredi tray, Watts/ft (adjusted to circuiar area of cable)

Quntray = 117984
Qcover 2=ACFcov2~Qmmy Allowable heat generation for a covered, unwrapped tray, watts/fit

Qeover = 41.07 Watts / #
Calculate the termal resistance at the tray surface
Ts ‘=50 Initial guess
Given

5

Qeover=024 (Ts = Ta)* + o A-e((Ts+ 273.16)* — (Ta+ 273.16)*)

Ts ‘= Find( Ts)

Ts = 100.164 cable tray cover surface temperatre

R = =T
Qeover
R = 0247

degC-ft/watts
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Attachment A Page AP of Ao

Model for the TSI Encased Cable Tray

bl ‘= Tisi Top thickness of TSI, inches
b2 = Ttsi Side thickness of TSl inches
b3 ‘= Tisi Bottom thickness of TSl inches
b4 (= Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

1
- k 1.8 2928 (Ref. 3.1.95 )

= + ﬂ.54) + (2 + 054} + (_e_l +054) + (-52- > 0.5;5
bl b2 b3 hd

Rk = 0555  degC-f/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0.308
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ATTACHMENT A Page Alk of A4e

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25 _
Al ‘=027 (12-.__'1_.) (::_2__-!-__2_!1 0527
e2+ 2-bl 12

Convection coefficient for the top surface of the
wrappe: | tray

0.25 i
A2 =loa12 (lz-—-lf—) f2¥2b s
2+ 2 bl 12

Al = 0.185

A2 = 0.082 Convection coefficient for the bottom surface of the wrapped tray.

-2-0.577

1.8 )"'25;1 +2:b1

A3 =029 (12
( el + 2-bl (12)

A3 = 021' Convection coefficient for the side surfaces of the wrapped tray

Al+ A2+ A3 = 047F

Given
5
- - R b
TCR B A1+ A2+ A3 (Ts=To)? - 5310 2 stsi 2 ("""2':'2 — b2)-((Ts+ 273.16) = (Ta 4+ 273.16)%)
WS
Ts = Find( Ts )

Ts = 70.346 Wrapped tray surface temperature degC.
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Calculate Qc' and Qr'
S

Qe S=(Al 4+ A2+ A3)(Ts— Ta)? Heat transmission rom surace of TSI to amblent

air due to convection, Watts/ft

Que = 20645
. - {4+ e24 bl + b2
Qe ==053 10 Yg 2= = ((Ts+273.16) = (a4 273.16)")
QO = —4.797
QTSI ‘= 90— Ts
Rws
QTSI = 63 82

Calcuilate Derating Factor of tray covered with TS! fire wrap
QTSI

Y

ACFsi =

ACFts: = 0.735
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Z23HB10 MAX Page Al® of A1

Data Input:
Q =10.157
Ta (=50
Tc =90
A=2
6i=5310 °
£ =01
ACFcov -=0.59
€tsi =09

k ‘=01

Tisi .= 1.5

ATTACHMENT A

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z23HB10 (Attachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqft/ft 12"wide x 1'long x top and bottom)
(Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sqft-KA4 (Ref. 3.1.27)

Emissivity of galvanized steel tray cover (Ref. 3.1.1)
Ampacity correction factor for tight cover cable tray
{Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)

Thermal conductivity of TSI, BTU/hr-tt-degF (Attachment 1)
Thickness of TSI (maximum)
Tray inner height, inches

Tray inner width, inches
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ATTACHMENTA  Page At of Are

This section of the model is for covered tray

Calculation for the allowable heat generation in 2 covred tray

Q=Q Allowable heat generation for a ladder type tray
Q= 10157

d ‘= 0968 d is adjusted by pi over 4.

Quntray ‘= Qt-12-d  Allowed heat generation oof 24"wide and 3" deep uncovered fill
tray, Watts/ft (adjusted to circular area of cable)
Quntray = 117.984

Qcover I=ACFcov2-Qumny Allowable heat generation for a covered, unwrapped tray, watts/ft

Qcover = 41.07 Watts / #t
Calculate the termal resistance at the tray surface
Ts ‘=50 Initiai guess
Given

5

Qrover=024-(Ts— Ta)* 4 oA e-((Ts + 273.16)* = (Ta 4+ 273.16)*)

Ts ‘= Find( Ts )

Ts = 100.164 cable tray cover surface temperatre

a=Xoh
Qcover
R = =0.247

degC- ft/watts
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20
Attachment A Page 12 of A

Model for the TSI Encased Cable Tray

bl = Tisi Top thickness of TSI, inches
b2 = Tisi Side thickness of TSl inches
bl ‘=T Bottom thickness of TSl inches
b4 = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

i
- k 1.8 2928 (Ref. 3.1.95 )

(El » 0.54) + (5-2- + 0.54) < (i . 2 0454) 2 (52- . 2 0.54)
bi b2 b3 bd

Rk = 0808  degC-f/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws =R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0.56
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Page AU of Awe

ATTACHMENT 1

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25 .
Al =027 |2-L) .(EE_*_ZE).O.S”
e24+ 2:bi 12

Convection coefficient for the top surface of the

= 0.195
Al = 0.19 wappeding
0.25 ‘
A2 :=]0.a12 (|2--—2— Lid L e
€2+ 2-bl 12

A2 = 0087  Convection coefficient for the bottom surface of the wrapped tray.

-2-:0.527

18 )o'zs_el + 2-bi

A3 =029 (12
el + 2-bl (12)

A3 = 0236 Convection coefficient for the side surfaces of the wrapped tray

Al 4+ A2+ A3 = 0518

Given
5
- - - +
°R VS (Al 4+ A2+ A3)(Ts—Ta)* 45310 °-asi-2-(°'+°2':'2h' bz)-(('!‘s'l- 273.16)* = (Ta 4+ 273.16)%)
ws
Ts = Find( Ts)

Ts = 64362 Wrapped tray surface temperature degC.
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Attachment A Page ALY of A%

Calculate Qc’ and Qr

- Heat transmission from surface of TSI to ambient

Qe =(A14 A2+ A3)(Ts—Ta)* air due to convection, Watts/ft
Quc = 14475
‘ +b1+

o =-05310 S e 28 e = B (Ts 4 273.16)* = (Ta+ 273.16)%)
Or = =3477
OT51 :=W—Ts

Rws
QTSI = 45771

Calculate Derating Factor of tray covered with TS! fire wrap

ACFts: .= _gTSl—
J Quntray

ACFst = 0.623



Z23GE10 min

Data Input:
Q ‘=518l
Ta ‘=50
Te (=90

A =4

6=5310 °
e =01
ACFcov -=0.59
etsi .= 09
k=01

Ttsi .= 1.0

"
-

el :

Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A12 of ___

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z23GE 10 (Attachment 2)
AnipierMemperatureMPZ)
Conductor maximum allowed temperature

Surface area of tray, sqft/it (24"wide x 1'long x top and bottom)
( Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sqft-KA4 (Ref. 3.1.27)

Emissivity of galvanized steei tray cover (Ref. 3.1.1)

Ampacity correction factor for tight cover cable tray
(Ret. 3.1.10)

Emissivity of TSI surface (Attachment 1)
Thermal conductivity of TSI, BTU/hr-ft-degF (Attachment 1)
Thickness of TSI (minimum)
Tray inner height, inches
Tray inner width, inches



Caic. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A2f of e
This section of the model is for covered tray
Calctation for the allowable heat generation in a covred tray

Q=Q Allowable heat generation for a ladder typ.~ tray
Qt = 5.161

d =112 d is adjusted by pi over 4

Quntray = Qt-24-d  Allowed heat generation of a 24"wide by d i nches deep
uncovered! tray, Watts/ft (adjusted to circular area of cable)

Quntray = 138 728
Qcover I=ACFcov2-thny Allowable heat generation for a covered, unwrapped tray, watts/ft

Qcover = 48.291 Watts / ft
Calculate the termal resistance at the tray surface
Ts ‘=50 Initial guess
Given

5

Qeover=0402 ( Ts~ Ta)* + 0 A€ ((Ts+ 273.16)* = (Ta 4+ 273.16)*)

Ts ‘= Find( Ts)

Ts = 86.422 cable tray cover surface temperatre

R = =T
Qecover
R = 0074
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Attachment A Page A5 of Rt

Model for the TSI Encased Cable Tray

bl = Tisi Top thickness of TSI, inches
b2 = Tisi Siue thickness of TSI inches
b3 = Tisi Bottomn thickness of TSl inches
b4 = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI
1
Rk = k- 1.8 2928 {Ref. 3.1.95 )

(ﬂ . 0.54) * (2 + 0..:4) + (_e_l_ + 0.54) - - (2 + 0.54)
bi b2 b3 b4

Rk = 0326  degC-fwatls

Calculate the Thermal resistance between the conductor and outer Surface of TS!

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 04
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ATTACHMENT 1A Page AZE of Arve

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25 '
Al =027 (l2~—L) ; t:—2.‘-—2li)-0.527
e24 2:b1 12

Convection coefficient for the top surface of the

= 00.294
0.25 v
2+ 2-bl 12

A2 = 0.131  Convection coefficient for the bottom surface of the wrapped tray.

-2:0.527

18 )“5_e1 +2°b1

Al =029 (12
( el + 2 bi (12)

A3 = 0.211  Convection ceefficient for the side surfaces of the wrapped tray

Al 4 A2+ A3 = 0636

Given
5
- Ty - - !
T°R T (A1 4+ A24 A3)(Ts=Ta)? +5310 °-usi-2~(° +°2':'2"'+"2)‘((Ts+ 273.16)* = (Ta 4+ 273.16)%)
WS
Ts = Find( Ts)

Ts = 63954 Wrapped tray surface temperature degC.
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Attachment A Page A27 of Awe
Calculate Qc’ and Qr'
5

air due to convection, Watts/ft

Que = 17.143
- 14+ e24 bl +
Qrc (==053 10 8~c-2-e - - bz-((‘rs+ 273.!6)‘—(Ta+ 273.!6)‘)
Qe = =5.324
li=%_Ts
Rws
QTSI = 65063

Calculate Derating Factor of tray covered with TS! fire wrap

ACFsi = ._g_rs_]_
J Quntray

ACFtsi = 0.685
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o Page A% of A

Data Input:

Q -=5.161

Ta =50

Tc =90

A

‘=4

6=5310 °

Ttsi -==1.5

e2

=4

=24

ATTACHMENT A
AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z23GE 10 (Aftachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqft/ft (24*wide x 1'long x top and bottom)
{ Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sgft-KA4 (Ref. 3.1.27)

Emissivity of galvanized steel tray cover (Ref. 3.1.1)

Ampacity correction factor for tight cover cable tray
(Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)
Thermal conductivity of TSI, BTUr-ft-degF (Attachment 1)
Thickness of TSI (maximum)

Tray inner height, inches

Tray inner width, inches
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ATTACHMENT A Page AL? of A
This section of the model is for covered tray

Calculation for the allowable heat generation in a covred tray

Qt=Q Allowabie heat generation for a ladder type tray
Qt = 5.161

d:=1.12 d is adjusted by pi over 4.

Quntray = Qu24°d  Allowed heat generation oof 24"wide and 3" deep uncovered fill
tray, Watts/ft (adjusted to circuiar area of cable)
Quntray = 138 728

Qcover I=ACFcov2~Qmmy Allowable heat generation for a covered, unwrapped tray, watis/ft

Qeover = 48291 Watts / ft
Calculate the termal resistance at the tray surface
Ts ‘=50 Initial guess

Given

5

Qcover=0402 (Ts— Ta)* + o A e ((Ts + 273.16)* = (Ta 4+ 273.16)%)

Ts ‘= Find({ Ts)

Ts = 86.422 cable tray cover surface temperatre

R = o= T%
Qcover
R =0074

deqgC-ft/watts
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Attachment A Page A% of At

Model for the TSI Encased Cable Tray

bl (= Tisi Top thickness of TSI, inches
b2 (= Ttsi Side thickness of TSl inches
b3 ‘= Tisi Bottom thickness of TSl inches
b4 (= Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

1
o k- 1.8 2928 (Ref.3.1.95 )

(ﬂ + 0.54) + (—‘3 ’ 0.54) + (-"'—' + 0.54) + (ﬁ + 0.54)
b1 e b3 b

Rk = 0.48 degC-fwatts

Calculate the The:mal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0.555



Caic. No. 96-ENG-01528E2 Rev. 00

o
ATTACHMENTA  Cage A3] of A

Solve Heat Balance Equation, to determine outer Surface Temperature of TSt
Calcuiate the convection and radiation coefficents for the TSI surface (Ref.3.1.96)

0.25 _
a1 =0271 (1215 f2X 28 oo
€2+ 2:bl 12

Corwvection coefficient for the toop surface of

Al = 0303 the wrapped tray
0.25 ‘
A2 =10.12 (|2'—"8—-) 'f—2—+—2—b-|--0,527
e2+ 2-bi 12

A2 = 0.135 Convection coefficient for the bottom surface of the wrapped tray.

2:0.527

1.8 )0-25;1 + 21

A3 1=0.29 (IZ'
el + 2-bl (12)

A3 = 0236 Convection coefficient for the side surfaces of the wrapped tray

Al+ A2+ A3 = 0674

Given
5
- Py - I+ e24+hl+b
TCR Ts=(AI+A2+A3)'(Ts—Ta)‘+5.3'|0 9~t.'ls;i-2~(c - T . 2)’(('l‘s'l'- 273.!6)‘-(Tl+273-|6)‘)
ws
Ts ‘= Find( Ts)

Ts = 61.042 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page A3L of Ay

Calculate Qc’ and Qr'
& Heat transmission from surface of TSI to ambient

Qcc2=(AI+A2+A3)-(Ts-Ta)‘ air due to convection, Watts/ft
Qe = 1356
el+e2+ bl + b2

= ((Ts+27316)* = (Ta 4 273.06)%)

O '==05310 g2

Qe = —4.296

QTSI = 90 - Ts
Rws

QTst = 52.221

Calculate Derating Factor of tray covered with TSI fire wrap

ACFtsi = ’ﬂ
Quntray

ACFts1 = 0.614



Z14FM10 min

Data Input:
Q ‘= 10061
Ta =50
Te =90
A =4
6:=5310 °
€ =01
ACFcov =059
etsi -=09
k=01
Tts1 <= 1.0
el ‘=4

e2 =24

Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Poge AP0 ot Mt

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z14FM10 {Attachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqft/ft (24"wide x 1'long x top and bottom)
( Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sqft-KA4 (Ref. 3.1.27)
Emissivity of galvanized steel tray cover (Ref. 3.1.1)

Ampacity correction factor for tight cover cable tray
(Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)
Thermal conductivity of TSI, BTU/Mr-ft-degF (Attachment 1)
Thickness of TSI {(minimum)

Tray inner height, inches

Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
Yo
ATTACHMENT A Page A3Y of Al
This section of the model is for co' “red tray
Calculation for the allowable heat generation in a covred tray

Ot =Q Allowable heat generation *r a ladder type tray

Qt = 10.661

d =0611 d is adjusted by pi over 4

Quntray -=Qt-24-d  Allowed heat generation of a 24"wide by d i nches deep
uncovered! tray, Watts/ft (adjusted to circular area of cable)

Quntray = 156.333
Qeover ‘= ACFcov’ Quntray  Allowable heat generation for a covered, unwrapped tray, watts/ft

Qcover = 54 419 Watis / ft
Caiculate the termal resistance at the tray surface
Ts =50 Initial guess
Given

S

Qcover=0402-( Ts— Ta)* + ¢ A e ((Ts + 273.16)* = (Ta+ 273.16)%)

Ts ‘= Find( Ts)

Ts = 90.136 cabie tray cover surface temperatre

R = i e
Qcover
R = —0.002



Caic. No. 96-ENG-01528E2 Rev. 00

Attachment A Page A3S of At

Model for the TSI Encased Cable Tray

bl = Tisi Top thickness of TSI, inches
b2 = Tisi Side thickness of TSl inches
b3 (= Tisi Bottom thickness of TSl inches
b4 =T Side thickness of TSl.inches

Calculate Thermal Resistance of TSI

1
= k 1.8 2928 (Ref. 3.1.95 )

(_e_l - 0.54) - (-ei + 054) + o + 054) + (2 . 0.54)
bi b2 b3 bd

Rk = 92.326 degC-ft/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws =R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0.324



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A% of A1

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection anu radiation coefficents for the TS! surface (Ref. 3.1.96)

4025 ,
o ;:o,z,.[(.z.__'-f_) ] (M) e
e2 4+ 2°bl 12

Convection coefficient for the top surface of the

= 0.
Al 294 wrapped tray
0.25 '
A2 =10.12 (IZ-——‘—'E—-) ~M-0527
e2 4+ 2:bl1 12

A2 = 0.131  Convection coefficient for the bottom surface of the wrapped tray.

2:0.527

i8 \'% er 4261
el + 2 b1 (12)

A3 =029 (I2'

A3 = 0211 Convection coefficient for the side surfaces of the wrapped tray

Al 4+ A2+ A3 = 0636

Griven
5
- T 3 - +
TCR TS (Al 4 A2+ A3)(Ts=Ta)* + 5310 Y etsi- 2 (" — ':'2“ s hz) ((Ts+273.16)* = (Ta 4+ 273.16)4)
ws
Ts = Find( Ts )

Ts = 658 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00

Attachment 1A Page A37 of Rive
Calculate Qc' and Qr

5
- b Heat transmission from surface of TSI to ambient
e ST Y A B T) air due to convection, Watts/ft
Que = 20028
- i v bl + b2

O i=-053 10 Yg 2= +°2:'2b ((Ts+ 273163 = (Ta# 273.16)%)
Qrc = =6.081

90—~ T
QTSI = -

Rws

QTSI = 74.75

Calculate Derating Factor of tray covered with TSI fire wrap

ACFsi .= e
Quniray

ACFisi = 0.691




Calc. No. 96-ENG-01528E2 Rev. 00

Z14FM10 MAX Page Mofﬁfﬁ

ATTACHMENT A

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z14FM10 (Attachment 2)

Ta .= 50 Ampient temperature MP2)

Te =90 Conductor maximum allowed temperature

Amd Surface area of tray, sqft/ft (24"wide x 1'long x top and bottom)
' ( Ref. 3.1.8)

a:=5310 °  Stefan- Boltzmann constant, Wats/sqft-K 4 (Ref. 3.1.27)
£ =01 Emissivity of galvanized stee! tray cover (Ref. 3.1.1)

a ity correction factor for tight cover cable tray
ACFcov =059 (Ref. 3.1.10)

etsi ‘=09 Emissivity of TSI surface (Attachment 1)

k=01 Thermal conductivity of TSI, BTU/hr-ft-degF (Attachment 1)
Tisi = 1.5 Thickness of TSI (maximum)

el ‘=4 Tray inner height, inches

e2 =24 Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A Page A37 of Aig=
This section of the model is for covered tray
Calcuiation for the allowable heat generation in a covred tray
Q.=Q Allowable heat generation for a ladder type tray
Qt = 10.561

d =0611 d is adjusted by pi over 4.

Quntray ‘= Qv 24-d  Allowed heat generation oof 24"wide and 3" deep uncovered fill
tray, Watts/ft (adjusted to circular area of cable)
Quntray = 156.333

Qover = ACFcovz-Ounu'ay Allowable heat generation for a covered, unwrapped tray, watts/ft

Qcover = 54 419 Watts / ft
Calculate the termal resistance at the tray surface
Ts ‘=50 Initial guess
Given

5

Qeover=0402-( Ts — Ta)? + - A€ ((Ts + 273.16)* = (Ta + 273.16)%)

Ts ‘= Find{ Ts)

Ts = 90.136 cabie tray cover surface temperatre

R S el |
Qcover
R = =0.002

degC-f/watts



Calc. No. 96-ENG-01528E2 Rev. 00
R, Page A4° of Alve

Model for the TSI Encased Cable Tray

bl =T Top thickness of TSI, inches
b2 = Tisi Side thickness of TSl inches
b3 =T Bottom thickness of TSl inches
b4 = Tisa Side thickness of TSi inches

Calculate Thermal Resistance of TSI

k 1.8 2928 (Ref. 3.1.95)
(fl + 0.54) + (3 + 0.54) + (-'l + 0.54) + (53 + 0‘5'9
bl h2 b3 b4

Rk = 0.48 degC-ft/watts

Rk =

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws =R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0478



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A¥_of ptte

Solve Heat Balance Equation, to determine outer Surface Temperature of TS!
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

Al =027 (n - )025- °2+2"") 0527
' T e24 2bl 12 L

Convection coefficient for the toop surface of

1 =0303
Al =030 the wrapped tray
0.25 '
A2 :=|012 (u-_'_-‘_) B e
e2+ 2-bl 12

A2 = 0.135  Convection coefficient for the bottom surface of the wrapped tray.

+2:0.527

1.4 )"-25_ el 4 2-bi

A3 =029 (12-
el + 2-bl (12)

Al = 0236 Convection coefficient for the side surfaces of the wrapped tray

Al+ A2+ A3 = 0674

Given
5
Te—T = :
— —=(AI+ A2+ A3)(Ts—Ta)* + 5310 "etsi 2 (°'+°2+""“’2
Rws 12
Ts ‘= Find( Ts )

Ts = 62.181 Wrapped tray surface temperature degC.

)'((Ts+ 273.16)% = (Ta 4+ 273.16)%)



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page A4t of Ao

Calcuiate Qc' and Qr

2 Heat transmission from surface of TSI to ambient

Qe =(AI 4 A24 A3)(Ts— Ta)* air due to convection, Watts/ft
Qce = 15.331

- ; +
o 2-as3 g ter ELESUSR

(Ts4+273.16) = (Ta 4+ 273.16)%)

12
Qrc = ~4.764
m—
QTSI = =
Rws
QTSI = 58.206

Calculate Derating Factor of tray covered with TSI fire wrap

ACFis1 .= _013_'-
J Quntray

ACFs1 = 0.61



Z14FM20 min

Data Input:
Q = 14797

Ta -=50

ACFcov ‘=0.59
€ts1 =09
k=01

Tisi :=10

el ‘=4

e2 =24

Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A¥ of it

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Ailowable heat generated for a ladder tray Z14FM20 (Attachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqit/ft (24"wide x 1'fong x top and bottom)
{ Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sqft-KA4 {Ref. 3.1.27)

Emissivity of galvanized steel tray cover (Ref. 3.1.1)

Ampacity correction factor for tight cover cable tray
(Ref. 3.1.10)

Emissivity of TSi surface (Attachment 1)
Thermal conductivity of TSI, BTU/Mr-ft-degF (Attachment 1)
Thickness of TSI (minimum)

Tray inner height, inches

Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
Page A of Are

ATTACHMENT 1A
This section of the model is for covered tray
Calcuiation for the allowable heat generation in a covred tray

Q=Q Aliowable heat generation for a ladder type tray
Q= 14797

d:=0458 d is adjusted by pi over 4

Quntray = Qt-24-d  Allowed heat generation of a 24"wide by d i nches deep
uncovered! tray, Watts/t (adjusted to circular area of cable)

Quntray = 162.649
Quover = ACFcovz-onnuay Allowable heat generation for a cuvered, unwrapped tray, watts/ft

Qeover = 56.618 Watts / ft

Calculate the termal resistance at the tray surface
Ts =50 initial guess
Given

5

Qeover=0402( Ts = T.)* + 0 A-e-((Ts + 273.16)* = (Ta 4+ 273.16)%)

Ts ‘= Find( Ts)

Ts = 91.445 cable tray cover surface temperatre

R = f el |
Qcover
R = 0.026

degC-ft/watts



Caic. No. 96-ENG-01528E2 Rev. 00
Attachment A Page A4S of Arte

Model for the TSI Encased Cable Tray

bl ‘= Ttsi Top thickness of TSI, inches
b2 = Tisi Side thickness of TSl inches
b3 =T Bottom thickness of TSl inches
b4 = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

I
o k 1.8 2928 (Ref.3.1.95)

(S +o0sg)+ (S+0s0) + (Z+ose) + (S +o0ss
bi b2 b3 b4

Rk = 0326  degC-fiwatts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws =R + Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0.301



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A4k of A%

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25
: - + 2
Al ‘=027 (|2~——l . - —-———c2 e ‘0.527
e2 4+ 2-bl 12

Convection coefficient for the top surface of the

0.25 .
A2 ‘=10.12 |2'—L) '22-:-3—.,—['0.527
e2+ 2:bi 12

A2 = 0.131  Convection coefficient for the bottom surface of the wrapped tray.

-2-0.527

18 )° 25 e14 201
el + 2°bi (12)

A3 =029 (|2

A3 = 0211  Convection coefficient for the side surfaces of the wrapped tray
Al 4+ A2+ A3 = 0636
Given

5

- r - +
T S AL+ A24 A3)(Ts=Ta)* + 5310 °-stsi-2-(°'+°2;b' bz)-((rs+273.16)‘-(1.4-273.16)‘)

ws

Ts ‘= Find( Ts)

Ts = 66.463 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00

Atiachment A Page A47 of puve

Calcuiate Qc' and Qr'
5

Qe S= (Al 4 A2+ A3)-(Ts— Ta)* Heat transmission from surface of TSI to ambient

air due to convection, Watts/ft

Qe = 21.079

el + €2+ bl + b2

= ((Ts+ 271016) = (Ta 4 273.16)%)

Orc (==053 10 g2

Qre = =6.355
90 ~ Ts
qrs; =21

Rws
QTSI = 78.273

Calculate Derating Factor of tray covered with TSI fire wrap

QTSI
Quntray

ACFtsi = 0.694

ACFtsi .=




Cailc. No. 96-ENG-01528E2 Rev. 00

Z14FM20 MAX Page_&di’_*’

Data Input:
Q =14.797
Ta ‘=50

Te ‘=90

025310 >
£ =01
ACFcov '=0.59

eis1 =09

ATTACHMENT A

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z14FM20-1 (Attachment
2)

Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqgft/ft (24"wide x 1'long x top and bottom)
( Ref. 3.1.8)

Stefan- Boitzmann constant, Wats/sqft-K”A4 (Ref. 3.1.27)

Emissivity of galvanized steel tray cover (Ref. 3.1.1)
Ampacity correction factor for tight cover cable tray
{Ref. 3.1.10)

Emissivity of TSi surface (Attachment 1)
Thermal conductivity of TSI, BTU/hr-ft-degF (Attachment 1)
Thickness of TSI (maximum)
Tray inner height, inches

Tray inner width, inches



Caic. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A Page A¥4 of Ado
This section of the model is for covered tray
Calculation for the aliowable heat generation in a covred tray

Qt =Q Allowable heat generation for a ladder type tray
Qt = 14.797

d =0458 d is adjusted by pi over 4.

Quntray ‘= Qt-24-d  Allowed heat generation oof 24"wide and 3" deep uncovered fill
tray, Watts/ft (adjusted to circular area of cable)
Quntray = 162.649

Qcover 2=ACFcov2-any Allowable heat generation for a covered, unwrapped tray, watts/ft

Qcover = 56.618 Watts / ft
Calculate the termal resistance at the tray surface
Ts ‘=50 Initial guess
Given

)

Qeover=0402/ Ts = Ta)* + o Ae ((Ts+ 273.16)* = (Ta 4+ 273.16)%)

Ts ‘= Fmd{ Ts)

Ts = 91.445 cable tray cover surface temperatre

R - 5 TH
Qeover
R = =0.026



Cailc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page A50 of 1%

Model for the TSI Encased Cable Tray

bl ‘= Ttsi Top thickness of TSI, inches
b2 ‘= Ttsi Side thickness of TSl inches
b3 =T Bottom thickness of TSl inches
bd = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

1
k 1.8 2928 (Ref. 3.1.95 )

(i‘- . 2 0.54) < (2 + 0.54) %™ (EI- + 0.54) + (2 . 0.54)
bl b2 b3 b4

Rk = 048  degC-f/watts

Rk =

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0455



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A5 of Ao

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TS! surface (Ref.3.1.96)

0.25
] +2
Al =027 (uz-——'L) (’—2——"-') 0527
e2 4+ 2:bl 12

Convection coefficient for the top surface of the

0.25 ,
A2 =10.12 (lZ-J——) -M-O.SZ‘I
e2+ 2-bl 12

A2 = 0.135  Convection coefficient for the bottom surface of the wrapped tray.

0.25
; 142b
e ) s RS

A3 =029 (IZ'
el + 2-bl (12)

A3 = 0236  Convection coefficient for the side surfaces of the wrapped tray

Al+ A2+ A3 = 0674

Given
5
Te=T ry - +e24 b1+ b2
T T AL+ A2 4 A3 ) (Ts=Ta)? 4+ 5310 Lesi- 2 [t 2
Rws 12
Ts :=Find( Ts )

Ts = 62.574 Wrapped tray surface temperature degC.

)-((Ts+ 273.16)% = (Ta 4 273.16)%)



Calc. No. 96-ENG-01528E2 Rev. 00

Page AS? of Ao

Calculate Qc' and Qr

5 Heat transmission from surface of TSI to ambient

Qe =(Al4+ A2+ A3)(Ts—Ta)? air due to convection, Watts/#t

Qec = 15.951
~el'!-<:2'+bl + b2

12

O =-05310 Ye2 ((Ts+27316) = (Ta 4 272.16)")

Qe = =4.926
q)—
Qrsi =20
Rws
QTSI = 60289

Calculate Derating Factor of tray covered with TSl fire wrap

ACFts1 .= _01.1
J Quntray

ACFts1 = 0609



Z24FL10 min

Data Input:
Q ‘=35.701
Ta =50
Te =90
A =4

6:=5310 °

£ =01
ACFcov -=0.59
€tsi =09
k=01

Tisi =10

e ‘=24

Calc. No. 96-ENG-01528E2 Rev. 00

Yo
ATTACHMENTA  Page 492 of Ak

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z24FL 10 (Attachment 2}
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqft/ft (24"wide x 17ong x top and bottom)
( Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sqgft-KA4 (Ref. 3.1.27)
Emissivity of galvanized steel tray cover (Ref. 3.1.1)
(Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)

Thermal conductivity of TSI, BTU/hr-ft-degF {Attachment 1)

Thickness of TSI (minimum)

Tray inner height, inches

Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A Page ASY of Atve
This section of the model is for covered tray
Caiculation for the allowabie heat generation in a covred tray

Qt =Q Allowable heat generation for a ladder type tray

Qt = 35.701

d :=0.2037 d is adjusted by pi over 4

Quntray -=Qt-24-d  Allowed heat generation of a 24"wide by d i nches deep
uncovered| tray, Watts/ft (adjusted to circular area of cable)

Quntray = 174535
Qcover Z=ACFcov2-Qmm Allowable heat generation for a covered, unwrapped tray, watts/ft

Qeover = 60.756 Watts / ft
Calculate the termal resistance at the tray surface
Ts =50 Initial guess
Given

S

Qeover=0402 (Ts — Ta)* + o A& ((Ts + 273.16)* = (Ta + 273.16)*)

Ts ‘= Find( Ts)
Ts = 93188 cable tray cover surface temperatre

N el
Qcover

R = =0.064

R:

degC-ft/watts



Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page AS5% of Bivo

Model for the TSI Encased Cable Tray

bl = Tisi Top thickness of TSI, inches
b2 = Tsi Side thickness of TSl inches
b3 1= Tsi Bottom thickness of TSl inches
b4 = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

i
- k 1.8 .2928 (Ref. 3.1.95)

(E-!- + 054} + (2 + 054} + -e—|-+ 0.54) % Ez- . 0.5;)
bl b2 b3 b4

Rk = 0.326 degC-ft/watts

Caiculate the Thermal resistance between the conducter and outer Surface of TSI

Rws =R + Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0.262



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A% of Are

Solve Heat Balance Equaticn, to determine outer Surface Temperature of TSI
Caiculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25
. +2
wzom [ (g7 (2220 o

2+ 2b1) 12
Al = 0294 Convection coefficient for the top suriace of the
i wrapped tray
0.25
1 v
A2 '=10.12- (l2~—;-8—) .c2_+2_hl.0'527
e2 4+ 2:bl 12

A2 = 0.131  Convection coefficient for the bottom surface of the wrapped tray.

0.25
; il
1.8 ) el 2bl.2. §27

A3 =029 (|2'
el 4+ 2-bl (12)

A3 = 0.211  Convection coefficient for the side surfaces of the wrapped tray

Al + A2+ A3 = 0636

CGaven

S

-1 i - b
T S AL+ A24 A3)(Ts=Ta)* + 5310 "'etsrz-(‘H’ZszH 2)-(<'rs+273.|6)“-(Ta+273.m)‘)

ws
Ts ‘= Find( Ts)

Ts = 67.708 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page f] of Awe

Calculate Qc¢' and Qr'
5

Qe i (AL 4+ A24 A3)(Ts— Tu)* FRok Burmeniniion Sum Surbe <f TSI 0 amiiont

air due to convection, Watts/t

Quc = 23.091
- +24+ b1 40
o :=-05310 %e2. 8 °2T2 ((Ts+273.16)* = (Ta 4 273.16)")
QTSI = 90— Ts
Rws
QTSI = 84963

Calculate Derating Factor of tray covered with TSI fire wrap

QTSI
Quntray

ACFts1 = 0.698

ACFtsi =




Z24FL10 MAX

Data Input:
Q ‘=35.701

Ta =50

ACFcov ‘=059
ets1 =09
k=01

Tsi =15

el ‘=4

e2 =24

Caic. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A5% of prve

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Aliowable heat generated for a ladder tray Z24FL 10 (Attachment 2)
Ampient temperature MP2)
Conductor maximum aliowed temperature

Surface area of tray, sqgft/ft (24"wide x 1'long x top and bottom)
( Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sqft-KA4 (Ref. 3.1.27)

Emissivity of galvanized steel tray cover {Ref. 3.1.1)

Ampacity correction factor for tight cover cable tray
(Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)
Thermal conductivity of TSI, BTU/hr-ft-degF (Attachraent 1)
Thickness of TSI {minimum)

Tray inner height, inches
Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A Page AST of pree
This section of the model is for covered tray
Calculation for the allowable heat generation in a covred tray

Q =Q Aillowab'e heat generation for a ladder type tray

Qi = 35.701

d '=0.2037 d is adjusted by pi over 4

Quntray ‘= Qt-24-d  Allowed heat generation of a 24"wide by d i nches deep
uncovered! tray, Watts/it (adjusted to circular area of cable)

Quntray = 174.535
Quover ‘= ACFcov2~Q|my Allowabie heat generation for a covered, unwrapped tray, watts/ft

Qcover = 60.756 Watts / ft
Calculate the terma’ resistance at the tray surface
Ts ‘=50 Initial guess
Given

5

Qeover=0.402-( Ts — Ta)* + o A-e-((Ts + 273.16)* = (Ta+ 273.16)%)

Ts -=Find( Ts }
Ts = 93.88 cable tray cover surface temperatre

_ o1y
Qcover

R = —0.064

R:

degC-fiwatts



Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page A&® of Arve

Model for the TSI Encased Cable Tray

bl = Tisi Top thickness of TS!, inches
b2 ‘= Ttsi Side thickness of TSl inches
b3 = Tsi Bottom thickness of TSl inches
bd = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

1
o ‘s k 1.8 2928 (Ret. 3.1.95)

(’-'- + o.sa) + (2 + 0.54) + (-'-'- + o.uy‘c— (2 + 0.54)
hi b2 b2 bd

Rk = 048  degC-fwatts

Calculate the Thermal resisance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
cenductor to outer surface of TS!

Rws = 0417



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page 44 of A1

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Caleulate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25 ,
Al (=027 (|2'—L) -(M)nsn
€2+ 2 bl 12

Convection coefficient for the top surface of the

= 0303
Al g wrapped tray
0.25 :
A2 =012 (12~ Lo ) ve2+2b'0.527
e24+ 2'bl 12

A2 = 0.135 Convection coefficient for the bottom surface of the wrapped tray.

-2-0.527

18 )o'zs_el+2‘bl
el + 2 bl (12)

A3 = 0236 Convection coefficient for the side surfaces of the wrapped tray

Al+ A2+ A2 = 0674

Given
b
TPy -1 . b
T‘R TS AT+ A24 A3 (Ts=Ta)* + 5310 Yetsi- 2 (" — |2M - "2)-( (Ts4273.16)* = (Ta+ 273.16)%)
ws
Ts = Find( Ts)

Ts = 63.291 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00
Atiachment A Page AbZ ot At

Calculate Qc' and Qr
5

Qo =(Al4+ A2+ A3)( Ts— Ta)* FRRR DRSO SIORS SUFRCS OF T30 10 S

air due to convection, Watts/ft
Qe = 17.096
el +e2+bl+h2

= (Ts+ 21316 = (a4 273.16)Y)

O S==05310 S¢2

Qx = 5225

o T
T Rws
QTSI = 64.117

QTSI -

Calculate Derating Factor of tray covered with TSI fire wrap

ACFts1 .= ._g'l
J Quntray

ACFtsi = 0.606



Data Input:

Calc. No. 96-ENG-01528E2 Rev 00

Q = 1688

™.

|

0=5310 "

=50

=90

£ =01

ACFcov =059

€151

=09

k=01

ATTACHMENT A

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z14FL20 (Attachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqgft/ft (24"wide x 1'long x top and bottom)
{ Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sgft-K™4 (Ref. 3.1.27)

Emissivity of galvanized steel tray cover (Ref. 3.1.1)

(Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)
Thermal conductivity of TS!, BTU/Mr-ft-degF (Attachment 1)
Thickness of TSI (maximum)
Tray inner height, inches

Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A6 of Ave
This section of the model is for covered tray
Calculation for the allowable heat generation in a covred tray

Qg =Q Aliowable heat generation for a ladder type tray
Qt = 1688

d :=0407 d is adjusted by pi over 4.

Quntray ‘= Qt-24 ¢  Allowed heat generation oof 24"wide and 3" deep uncovered fill
tray, Watts/ft (adjusted to circular area of cable)
Quntray = 164 884

Qcover 5‘-'ACFcov2-Qmuay Allowable heat generation for a covered, unwrapped tray, watts/ft

Quover = 57.396 Watts / ft
Calculate the termal resistance at the tray surface
"Ts (=50 initial guess

Given

5

Qeover=0402 ( Ts — Ta)* + o A& ((Ts 4 273.16)* = (Ta+ 273.16)%)

Ts ‘= Find{ Ts)

Ts = 91 906 cable tray cover surface temperatre

R = == T
Qcover
R = =0033

degC-ft/watts




Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page 465 of A

Model for the TSI Encased Cable Tray

bl (= Ttsi Top thickness of TSI, inches
b2 = Tsi Side thickness of TSl inches
b3 (= Tisi Bottom thickness of TSl inches
b4 = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

1
Ly k- 1.8 2928 (Ref. 3.1.95)

o Yy
(-e—'+o.s4) + (i+ns§ + (ﬂ+os:j+ (12--0»0454)
bl b2 b3 ba

Rk = 0.326  degC-fwatts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0.293



Calc. No. 96-ENG-01528E2 Rev. 00

Ao
ATTACHMENT A Page A of A0

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

025 _
Al =027 (]2—'_8._) . (fz—ﬂ) 0527
€24 2 bl 12

Convection coefficient for the toop surface of

=0
Al 294 the wrapped tray
0.25 k
A2 =02 (.z-L) Loda PO
e2 4 2-b1 12

A2 = 0.131  Convection coefficient for the bottom surface of the wrapped tray.

0.25 _
Al :=o,29<(|2 - ) e ke

e+ 20l (12)
A3 = 0211 Convection coefficient for the side surfaces of the wrapped tray

Al 4+ A2+ A3 = 0636

Given
5
- Ts 2 - I+ e+ bl +
TCR D Al + A2+ A (Ts=Ta)* #5310 "-mi-:-(‘ °2|2 bz)-uTs+213.m‘—(Ta+ 273.16)%)
ws
Ts = Find( Ts )

Ts = 66.697 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page Aé7 of Avo

Calculate Qc’ and Qr
2 Heat transmission from surface of TSI to ambient

Qee ‘= (Al 4+ A2+ A3)(Ts— Ta)* air due to convection, Watts/ft
Que = 21.455
Qe =-05310 S e 2 12 sz' ¥ B (Ts+27316)* = (Ta4 273.16)%)
Qre = =6.452

90 — Ts
QTSI = ~

Rws

QTSI = 79.525

Calculate Derating Factor of tray covered with TSI fire wrap

ACFis: .= _QT_E..
J Quntray

ACFtsi = 0.694



Data Input:
Q = 1688
Ta ‘=50

Te =90

A

G :=5310 >

€

ACFcov =059

etsi =09

Tisi =15

Calc. No. 96-ENG-01528E2 Rev. 00

Z14FL20 MAX Pace A6 of A

A

=01

=01

ATTACHMENT A

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z14FL20 (Attachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqft/ft (24"wide x 1'long x top and bottom)
( Ret. 3.1.8)

Stefan- Boltzmann constant, Wats/sqft-KA4 (Ref. 3.1.27)
Emissivity of ralvanized steel tray cover (Ref. 3.1.1)

Ampacity correction factor for tight cover cable tray
(Ref. 3.1.10)

Emissivity of TS! surface (Attachment 1)
Thermai conductivity of TSI, BTU/hr-ft-degF (Attachment 1)
Thickness of TSI (maximum)

Tray inner height, inches
Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A page AbT of Axe

This section of the model is for covered tray

Calcutation for the allowable heat generation in a covred tray

Ot =Q Allowable heat generation for a ladder type tray
Qt = 16.88

d -=0407 d is adjusted by pi over 4.

Quntray ‘= Qt-24-d  Allowed heat generation oof 24"wide and 3" deep uncovered fill
tray, Watts/ft (adjusted to circular area of cable)
Quntray = 164 884

Qcover I=ACFcov2~Qumny Aliowabie heat generation for a covered, unwrapped tray, watts/ft

Qeover = 57.396 Watts / ft
Calculate the termal resistance at the tray surface
Ts ‘=50 Initiai guess
Given

5

Qu-er=0402(Ts— Ta)* + - Ae-((Ts+ 273.16)* = (Ta+ 273.16)*)
Ts ‘= Find( Ts)
Ts = 91.906 cable tray cover surface tempeialre

el
Qcover

R = —0.033

R




Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page A7 of Ao

Model for the TS! Encased Cable Tray

bl (= Tisi Top thickness of TSI, inches
b2 (= Tsi Side thickness cf TSI inches
b3 ‘=T Bottom thickness of TSl inches
b4 = Tisi Side thickness of TSl inches

Caiculate Thermal Resistance of TS!

1
ok 1 k 1.8 2928 (Ref. 3.1.95)

- 2
(ﬂ + 0.54) + (i‘- + o.s» + (ﬂ + 0.54) + (2 + 0.54)
b1 b2 b3 ba

Rk = 048  degC-ftwatts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws .= R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0.447



Caic. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A7 _of Ao

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the corwvection and radiation coefficents for the TSI surface {Ref. 3.1.96)

025 r
Al ‘=027 (12-__15__) (f.z_:_z.ﬂ) 0527
e2 4+ 2-bl 12

Convection coefficient for the toop surface of

= 030
Al =030 the wrapped tray
025 ,
A2 =012 (lZ-—L—) 'e2+2b‘-0‘527
e2 4 2-bi 12

A2 = 0.135 Convection coefficient for the bottom surface of the wrapped tray.

-2-0.527

18 )0‘25.cl+2-bi

A3 =029 (12-
el + 2-bl (12)

A3 = 0236 Convection coefficient for the side surfaces of the wrapped tray

Al+ A2+ A3 = 0674

Given
3
T‘; T (AL 4+ A24 A3) (Ts— Ta)® 4 5310 % etsi-2- (”l s ‘:»sz - bz) ((Ts+2713.06)* = (Ta+ 273.06)%)
WS
Ts = Find( Ts)

Ts = 62.711 Wrapped tray surface temperature degC.



Attachment A

Calculate Qc’ and Q7
5

Qe =(Al4 A24 A3) (Ts— Ta)?
Qe = 16,169

Or i=-05310 %g2

‘e|+e2+bl+l‘:2

12
Qrc = —4 983

QTSI P el |

Rws
QTSI = 61.019

Calc. No. 96-ENG-01528E2 Rev. 00
Page A77 of Aso

Heat transmission from surface of TSI to ambient
air due to convection, Watts/ft

((Ts+273.16)* = (Ta 4 273.16)%)

Calculate Derating Factor of tray covered with TSl fire wrap

QTSI
Quntray

ACFts1 .=

ACFtsi = 0.608



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A73 of AI¥:

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Data Input:
Q:=13117 Allowable heat generated for a ladder tray Z25BG20 (Attachment 2)
Ta ‘=50 Ampient temperature MP2)
Te =90 Conductor maximum allowed temperature
A‘=4 Surface area of tray, sqft/ft (24"wide x 1'iong x top and bottom)
' ( Rei. 3.1.8)

6:=5310 °  Stefan- Boltzmann constant, Wats/sqft-K~4 (Ref. 3.1.27)
e =01 Emissivity of galvanized steel tray cover (Ref. 3.1.1)

o Ampacity correction factor for tight cover cable tray
ACFcov ‘=059 ot a1 10)

£tsi -=09 Emissivity of TSI surface (Attachment 1)

k=01 Thermal conductivity of TSI, BTU/r-ft-degF (Attachment 1)
Ttsi =10 Thickness of TSI (minimum)

el ‘=4 Tray inner height, inches

e2 =24 Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A Page A7f of Aito
This section of the modei is for covered tray
Calculation for the allowabie heat generation in a covred tray

Q' =Q Allowabie heat generation for a ladder type tray

Qt = 13.137

d =0509 d is adjusted by pi over 4

Quniray -=Qt 24-d  Allowed heat generation of a 24"wide by d i nches deep
uncovered! iray, Watts/ft (adjusted to circular area of cable)

Quntray = 160482
Qcover Z=Ac1=cov2~0mmy Allowable heat generation for a covered, unwrapped tray, watts/ft

Quover = 55.864 Watts / ft
Calculate the termal resistance at the tray surface
Ts ‘=50 Initial guess
Given

5

Qeover=0.402-( Ts— Ta)* + o A€ ((Ts+ 273.16)* = (Ta + 273.16)*)

Ts ‘= Find( Ts)

Ts = 90.997 cable tray cover surface temperatre

R = =13
Qcover
R = =0.018



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page A7% ot AiYe

Model for the TS! Encased Cable Tray

bl ‘= Ttsi Top thickness of TSI, inches
b2 = Tisi Side thickness of TSl inches
b3 = Tisi Bottom thickness of TSl inches
b4 = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

.
- k1.8 2928 (Ref. 3.1.95)

T B G B

Rk = 0326  degC-fwatts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = (G.308



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A7 of RA/¥°

Solve Heat Balance Equation, to determine outer Surface Temperature of TS!
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0257 7ora o
Al =027 |2-__"_8_..) (fﬂ 0.527
e2 4+ 2'bl 12

Convaction coefficient for the top surface of the

Al = 0294 avapped iy
025 ,

A2 =|012 (IZ-—-L—B-— e Y
€24 2°bl 12

A2 = 0.131  Convection coefficient for the bottom surface of the wrapped tray.

0.25
: 142
= ) SN 2amm

A3 =029 (12
( el + 2-b! (12)

A3 = 0211  Convection coefficient for the side surfaces of the wrapped tray

Al+ A2+ A3 = 0636

Given
S
Te — T 1 - +e24
TS e AT+ A2+ A3 (Ts=Ta)* + 5310 Lesi 2 (" - n"' - bz)-mu 27316) = (Ta+ 273.16)%)
ws
Ts ‘= Find( Ts)

Ts = 66.236 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page 477 of Arye

Calculate Qc’ and Qr'
5

. il Heat transmission from surface of TS! to ambient
Qe ‘S(Al+ A2+ A3)(Ts— Ta) air due to convection, Watts/f
Quc = 20.716
- +bl+b

Qr =-05310 b2 ¥ 2 12" 2 ((Ts+ 27316)* = (Ta+ 271306)%)
Qr = =6.261
QTSI ::'N)—Ts

Rws
QTSI = 77.061

Calculate Derating Factor of tray covered with TSI fire wrap

ACFtsi .= ‘—mi
Quntray

ACFtsi = 0.693



Calc. No. 96-ENG-01528E2 Rev. 00

Z25BG20 MAX

Data Input:

Q =13.137

Ta =50

Te ‘=90
A=4
6=5310
€ =01
ACFcov -:=0.59
etsi =09
k=01

Tisi =15

i
-

el -

ATTACHMENT A Page A7® of #4190

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z25GB20 (Attachment 2}
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqft/ft (24"wide x 1'iong x top and bottom)
( Ret. 3.1.8)

Stefan- Boltzmann constant, Wats/sqgft-K*~4 (Ref. 3.1.27)

Emissivity of galvanized stee! tray cover {Ref. 3.1.1)
(Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)

Thermal conductivity of TSI, BTU/r-ft-degF (Attachrnent 1)
Thickness of TS! (maximum)
Tray inner height, inches

Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A Page A77 of Aree
This section of the model is for covered tray
Calcuiation for the aliowable heat generation in a covred tray
Q=Q Allowable heat generation for a ladder type tray
Qt = 13.137

d ‘=0509 d is adjusted by pi over 4.

Quntray -=Qt24-d  Allowed heat generation oof 24"wide and 3" deep uncovered fill
tray, Watts/t (adjusted 1o circular area of cable)
Quntray = 160.482

Qcover Z=ACFcov2-Qummy Allowable heat generation for a covered, unwrapped tray, wafts/ft

Qeover = 55 864 Watts / ft
Calculate the termal resistance at the tray surface
Ts =50 Initiai guess
Given

5

Qeover=0402 ( Ts — Ta)* + o A-e-((Ts + 273.16)* = (Ta+ 273.16)%)

Ts ‘= Find( Ts)

Ts = 90997 cable tray cover surface temperatre

e Bo=3
R =
Qcover
R = —0.018

degC-fiwatts



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page AS0 of Awe

Model for the TSI Encased Cable Tray

bl = Tsi Top thickness of TSI, inches
b2 = Ttsi Side thickness of TSl,inches
b3 = Tisi Bottom thickness of TSLinches
b4 = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

1
= k-1 8 2928 (Ref. 3.1.95 )

(-’—' + 0.54) + (ﬁ + 0.54) + (ﬂ + 0454) + (ﬁ + 0.54)
b1 b2 b3 ba

Rk = 048  degC-ft/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = (.463



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A%/ of Ao

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Caiculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

025 _
Al ‘=027 (|2-_..__"_8_. (5_2_4-_2_21) 0527
e2 4+ 2-bl 12

Convection coefficient for the toop surtace of

= 3
Al = 0.30: the wrapped tray
0.25 :
A2 =|oa2 (12-——L§——) ey
2+ 2 bl 12

A2 = 0.135  Convection coefficient for the bottom surface of the wrapped tray.

0.25 ‘
18 ) s S

A3 =029 {12
el + 2:b1 (12)

Al = 0236 Convection coefficient for the side surfaces of the wrapped tray

Al 4+ A2+ A3 = 0674

Given
5
Te = Ts 1 - + 1+
‘R S=(AI+ A24 A3 (Ts—Ta)* 4 5310 Lewsi 2 (el ‘2:2" t’2) ((Ts+ 273.16) — (Ta 4+ 2713.6)%)
WS
Ts = Find( Ts)

Ts = 6244 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page AS% of Ave

Caleulate Qc' and Qr'

- Heat transmission from surface of TSi to ambient
Qe S=(Al4 A24 A3)(Ts— Ta)? air due to convection, Watis/ft

Qe = 15739
_e|+e2+h| + b2

12

O =-05310 g2 ((Ts+273.16)" = (Ta+ 273.16)%)

Qrc = —4.871
90 — T
QTSI = Ts
Rws
QTSI = 59578

Calculate Derating Factor of tray covered with 7S! fire wrap

ACFis1 .= ﬂ
J Quntray

ACFtsi = 0.609



625310 °
€ -
ACFcov ‘=059

€tsi =09

k

Tisi =10

Calc. No. 96-ENG-01528E2 Rev. 00

=01

=01

ATTACHMENT A
AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z52EA 10 {Attachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqftft (6"wide x 1'long x top and bottom)
( Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sqft-K 4 (Re!. 3.1.27)

Emissivity of galvanized steel tray cover (Ref. 3.1.1)

Ampacity correction factor for tight cover cable iray
(Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)
Thermal conductivity of TSI, BTU/r-ft-degF (Aitachment 1)
Thickness of TSI (maximum)
Tray inner height, inches

Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
Ardo
ATTACHMENT A Page ASY of Ardo
This section of the model is for covered tray
Calcutation for the allowable heat generation in a covred tray

Ot =Q Allowabie heat generation for a ladder type tray
Qt =507

d:=1935 d is adjusted by pi over 4,

Quntray ‘= Qué6-d Allowed heat generation oof 6"wide and 3" deep uncovered fill
tray, Watts/t (adjusted to circular area of cable)
Quntray = 58 263

Qcover 3‘-’ACFcov2'Quntny Allowable heat generation for a covered, unwrapped tray, watts/ft

Qeover = 2049 Watts / #t
Cailculate the termal resistance at the tray surface
Ts =50 Initial guess
Given

5

=0143(Ts—=Ta)* + o A e ((Ts+273.16)* = (Ta + 273.16)%)

Ts ‘= Find{ Ts)

Ts = 94765 cable tray cover surface temperatre

R = T—Ts
Qcover
R = —0.233



Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page A% of Awo

Model for the TSI Encased Cable Tray

bl = Ttst Top thickness of TSI, inches
b2 = Tisi Side thickness of TSl inches
b3 = Tisi Bottom: thickness of TSl inches
b4 = Tisi Side thickness of TS! inches

Calculate Thermal Resistance of TSI

1
k- 1.8 2928 (Ref. 3.1.95 )

BN CEDNCRP NS N

Rk = 0856  degC-ft/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0624



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A% of grvo

Solve Heat Baiance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25 ,
Al =027 12-—-"—8——) (.‘312_2 0.527
2+ 2 bl 12

Convection coefficient for the toop surface of

=8
Al 122 the wrapped tray
0.25 )
A2 =10.12 (lz-—”}—) -MO.SZ‘?
e2+ 2:bl 12

A2 = 0.054 Convection coefficient for the bottom surface of the wrapped tray.

-2:0.527

1.8 )"‘25;1 + 2:b1

A3 =029 (|2-
el + 2:bl (12)

A3 = 0.211  Convection coefficient for the side surfaces of the wrapped tray

Al + A2+ A3 = 0386

Given
5
Te =T 1 - 14 e
T S=(AI4+ A24 A3)(Ts—Ta)* + 5310 Y-eusi-2- (° :;_b' . bz)-( (Ts+273.16)* = (Ta+ 273.16)%)
ws
Ts = Find( Ts )

Ts = 66.968 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page 487 of Ao

Calculate Qc' and Qr

% Heat transmission from surface of TSI to ambient
Qe =(Al+ A2+ A3)(Ts—Ta) air due 1o convection, Watis/ft
Quc = 13.298
- P+ 1+

Or :=-05310 Yg2 2 °2T2b D (Ts4 27316 = (Ta 4+ 273.16)%)
O = =2.626
QTSI :=90—Ts

Rws
QTSI = 3693

Caiculate Derating Factor of tray covered with TSI fire wrap
QTSI

Quntray

ACFis: -=

ACFtsi = 0.792



Calc. No. 96-ENG-01528E2 Rev. 00

752EA10 MAX Pageﬁdl friso

Data Input:

Q =507

Ta ‘=50

Te =90

etst =09

=01

T =15

ATTACHMENT A

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z52EA 10 (Attachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqft/ft (6"wide x 1'long x top and bottom)
(Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sqgft-KA4 (Ref. 3.1.27)

Emissivity of galvaniza steel tray cover (Ref. 3.1.1)

Ampacity corraction facter for tight cover cable tray
(Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)
Thermal conductivity of TSI, BTU/hr-fi-degF (Attachment 1)
Thickness of TSI (maximum)
Tray inner height, inches
Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A Page A of Ak
This section of the model is for covered tray
Calculation for the allowable heat generation in a covred tray

Q=Q Allowabie heat generation for a ladder type tray
Qi =507

d =1935 d is adjusted by pi over 4.

Quntray -=Qt6-d  Allowed heat generation oof 6"wide and 3" deep uncovered fil!
tray, Watts/ft (adjusted to circular area of cable)
Quntray = 58.863

Qcover 1=ACFcov2-Qamny Allowable heat generation for a covered, unwrapped tray, watts/it

Qeover = 20.49 Waits / ft
Calculate the termal resistance at the tray surface
Ts =50 Initial guess
Given

S

Qeover=0143 (Ts = Ta)* + 0 A& ((Ts 4 273.16)* = (Ta + 273.16)%)

Ts = Find( Ts)

Ts = 04,765 cable *ray cover surface temperatre

R = "=Ts
Qcover
R =-0233

degC-f/watts



Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A  Page Ad0 of Ao

Model for the TSI Encased Cable Tray

bl = Tisi Top thickness of TSI, inches
b2 = Tisi Side thickness of TSI inches
b3 = Tsi Bottom thickness of TSl inches
b4 = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TS!

I
a'th k- 1.8 2928 (Ref. 3.1.95 )

(_el 2 0.54) + (_ez . 2 0.54) \ 2 (ﬂ- " O‘Stij . 2 (2 -+ 0.54)
bi b2 b3 b4

Rk = 1225  degC-ft/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor 1o outer surface of TSI

Rws = 0992



Caic. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A9/ ot Arse

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25 A
Al ‘=027 (]2—.—1—8__) . (22_.+_ZB.|.) -0.527
€2+ 2°bl 12

Convection coefficient for the toop surface of

Al = 0133 the wragped tray
0.25 ,
A2 =012 (n-—E—) Ko 2 JRPN
e2 4+ 2-bi 12

A2 = 0059 Convection coefficient for the bottom surface of the wrapped tray.

025 _
18 ) . S

A3 ‘=029 {12
el + 2-bl (12)

A3 = 0236 Convection coefficient for the side surfaces of the wrapped tray

AT+ A2+ A3 = 0428

Given
5
Te—=T 4 - +e4+
CR S=(AI+ A2+ A3)(Ts—Ta)* +53 10 °~cm-z-(" . |zb| +b2)~((Ts+ 273.16) = (Ta+ 273.16)%)
ws
Ts ‘=Find( Ts)

Ts = 62.27 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page A9Z of A

Calculate Qc' and Qr

5
- Heat transmission from surface of TSI to ambient
ro2=(Al+A2+A3)-(Ts-Ta)" air due to convection, Watts/ft
Qoe = 9.833
- +e2+

Qr =-05310 S.¢.2 5112 nb' ¥ B (Ts 4+ 27316)* = (Ta+ 273.16)%)
Qe = <2013
QTSI :=90-Ts

Rws
QTSI = 27.951

Calculate Derating Factor of tray covered with TSI fire wrap

ACFts1 .= | ————

Quntray
ACFis1 = 0.689



Calc. No. 96-ENG-01528E2 Rev. 00

Z22EA10 MIN 43
ATTACHMENT A Page A3 of Atve

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Data input:
Q=11313 Allowable heat generated for a ladder tray Z22EA 10 (Attachment 2)

Ta =50 Ampient temperature MP2)
Te =90 Conductor maximum allowed temperature

A=t Surface area of tray. sqgft/ft (6"wide x 1'long x top and bottom)
y ( Ref. 3.1.8)

6 :=5310 °  Stefan- Boltzmann constant, Wats/sqft-KA4 (Ref. 3.1.27)
F =01 Emissivity of galvanized steel tray cover (Ref. 3.1.1)

% = correction factor for tight cover cable tray
.\%' -059 (Re‘ 3.1.10’

€tsi (=09 Emissivity of TSI surface (Attachment 1)

k=01 Thermal conductivity of TSI, BTU/hr-fi-degF (Attachment 1)
Ttsi ‘= 1.0 Thickness of TSI (maximum)

el ‘=4 Tray inner height, inches

e2 =6 Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
9 vo
ATTACHMENT A Page A of Auve
This section of the mode! is for covered tray
Calcuiation for the allowable heat generation in a covred tray
Qt=Q Aliowable heat generation for a ladder type tray
Qt= 11313

d=1.1714 d is adjusted by pi over 4.

Quntray -=Qt-6-d Allowed heat generation of 6"wide and 3" deep uncovered fill
tray, Watts/t (adjusted to circular area of cable)
Quntray = 79.512

Qcover -= ACFcovz-Omuny Allowable heat generation for 2 covered, unwrapped tray, watts/ft

Qcover = 27.678 Watts / #
Calculate the termal resistance at the tray surface
Ts ‘=50 Initial guess
Given

5

Qeover=0.143- (Ts — Ta)* + o A-e-((Ts + 273.16)* = (Ta + 273.16)%)

Ts ‘= Find( Ts)

Ts = 106987 cable tray cover surface temperatre

R = Te—Ts
Qcover
R = 0614



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page A5 of Are

Model for the TSI Encased Cable Tray

bl = Tsi Top thickness of TSI, inches
b2 = Twsi Side thickness of TSl inches
b3 (= Tis Bottom thickness of TSl inches
b4 = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

1
oh k 1.8 2928 (Ret. 3.1.95)

(ﬂ +054) + (22- +054) + - . 054) : (Eg- + 0.54)
bl b2 b3 b4

Rk = 0856  degC-f/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws =R + Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0.242



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A16 of pre

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSi surface ([Ref. 3.1.96)

0.25 ‘
Al =027 (,2._'_3_) .(i"ﬂ).o_m
€24 2 bl 12

Convection coefficient for the top surface of the

Al = 0.122 wrapped tray
0.25 ;
A2 :=|012 (u-_l'-?—) 2220 s
e24+ 2-b1 12

A2 = 0054 Convection coefficient for the bottom surface of the wrapped tray.

-2-0.527

1.8 )“’25;1 + 26

A3 =029 (I2'
el + 2:bl (12)

A3 = 0.211  Convection coefficient for the side surfaces of the wrapped tray

Al + A2+ A3 = 0.386

Given
5
- - - 14+ e24+bl+b
TCR D AT+ A2+ A3 (Ts=Ta)* + 5310 Q-ttsi-z'(e 'zb' 2)‘((Ts+273.!6)‘--(Ta+273.16)‘)
ws
Ts ‘= Find( Ts)

Ts = 75.607 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 60
Attachment A Page A97 of Rive

Calculate Qc' and Qr

Hezt transmission from surface of TSi to ambient
Qx::(A|+A2+m)~(Ts—Ta)‘ air due to convection, Watts/ft

Que = 22.244

el+e2+ bl +h2

= ((Ts4+273.16)* = (Ta4 2713.16)%)

Qr =-05310 Sg2

Qr ==4.123
- =%
Rws

QTSI = 59.354

QTSI -

Calculate Derating Factor of tray covered with TSI fire wrap

QTSI
y

ACFtsi .=

ACFts1 = 0.864




Data Input:
Q=11313
Ta ‘=50

Te ‘=90

ACFcov - =0.59

£ts1 =09

k

Tsi -=1.5

Calc. No. 96-CNG-01528E2 Rev. 00

Z22EA10 MAX Page A15 of Are

=01

ATTACHMENT A

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z22EA 10 (Attachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqft/ft (6"wide x 1'long x top and bottom)
( Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sgft-k"4 (Ref. 3.1.27)
Emissivity of galvanized steel tray cover (Ref. 3.1.1)
Ampacity correction factor for tight cover cable tray
(Ref. 3.1.10)
Emissivity of TS! surface (Attachment 1)
Thermal conductivity of TSI, BTU/hr-ft-degF (Attachment 1)
Thickness of TSI {maximum)
Tray inner height, inches
Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
1
ATTACHMENTA  Page A9 of Atk
This section of the model is for covered tray
Caiculation for the ailowable heat generation in a covred tray

Qt'=Q  Allowable heat generation for a ladder type tray
Qt = 11.313

d =1.1714 d is adjusted by pi over 4.

Quntray ‘= Qr-6d  Allowed heat generation of 6"wide and 3" deep uncovered fill
tray, Watts/ft (adjusted to circular area of cable)
Quntray = 79.512

Qcover I=ACFcov2-Qumny Allowable heat generation for a covered, unwrapped tray, watts/ft

Qcover = 27.678 Watts / ft
Calculate the termal resistance at the tray surface
Ts ‘=50 Initial guess
Given

5

Qeover=0.143-( Ts — Ta)? # o Ae-((Ts+ 273.16)* = (Ta+ 273.16)*)

Ts ‘= Find( Ts)

Ts = 106987 cable tray cover surface temperatre

R = Tc=Ts
Qeover
R =-0614

degC-ft/watts



Calc. No. 96-ENG-01528E2 Rev.00

Attachment A Page A0 of AiYe

Modet for the TSI Encased Cable Tray

bl = Tisi Top thickness of TSI, inches
b2 = Tisi Side thickness of TSl inches
b3 = Tisi Bottom thickness of TSl inches
bd = Tisi Side thickness of TSl inches

Calculate Thermal Resistance of TSI

1
R k- 1.8 2928 (Ref.3.1.95 )

2-0'0.5;)4- 22-+0.S4 s 3 il—-ﬁ-().54)4- -e-2-+0.54)
bl b2 b3 b4

Rk = 1.225  degC-fwatts

Calculate the Thermai resistance between the conductor and outer Surface of TSI

Rws - =R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 0.611



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A¢¢/ of fide

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface {(Ref. 3.1.96)

0.25 ‘
Al =027 (‘z_l—s.—.) (Q_‘.‘ﬂ) -0.527
€2+ 2 bl 12

Convection coefficient for the top surface of the

=0.133
Al =01 wrapped tray
0.25
8 -
A2 =10.12 (lz‘ . ) o M-O.SZ‘I
e2 4+ 2-bi 12

A2 = 0059 Convection coefficient for the bottom surface of the wrapped tray.

0.25
1. :
8 ) sk x . -

A3 =029 (12
el + 2:bl (12)

A3 = 0236 Convection coefficient for the side surfaces of the wrapped tray

Al+ A2+ A3 = 0428

Given
s
- T & .
TCR S=(A14+ A2+ A3)(Ts—Ta)* + 5310 2 etsi-2- (" - °2':'2b' - "2) ((Ts+273.16)* = (Ta+ 273.16)%)
wSs
Ts = Find( Ts)

Ts = 66.358 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page 410> of Mre
Calculate "¢’ and Qr'
-:— Heat transmission from surface of TSI to ambient
Qe =(AI+ A2+ A3)(Ts—Ta) air due to convection, Watts/ft
Que = 14.086
O =-053 10 8628 - dT;" ¥ D (Ts 4+ 273.16)% = (Ta+ 273.16)%)
QTSI :=‘X)—Ts
Rws
QTSI = 38.7

Calculate Derating Factor of tray covered with TSI fire wrap

ACFtsi ‘= ,_&rs_l_
Quntray

ACFtsi = 0.698



Calc. No. 96-ENG-01528BE2 Rev. 00

Page 4163 of Ao

ATTACHMENT A

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowabie heat generated for a ladder tray Z24FL 10 (Attachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqft/ft (24"wide x 1'long x top and bottom)
( Ref. 3.1.8)

Stefan- Boitzmann constant, Wats/sqft-KA\4 (Ref. 3.1.27)
Emissivity of gaivanized steel tray cover (Ref. 3.1.1)

) Ampacity correction factor for tight cover cable tray
AlToow 5030 sl 3.1.10)

etsi ‘=09 Emissivity of TSi surface (Attachment 1)
k =01 Thermal conductivity of TSI, BTU/hr-ft-degF (Attachment 1)

Ttsi -== 1.0 Thickness of TSI (minimum)

el ‘=4 Tray inner height, inches

e2 =24 Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A Page Aoy of Arde
This section of the model is for covered tray
Caiculation for the allowable heat generation in a covred tray

Qt=Q Allowable heat generation for a ladder type tray

Qt = 4407
d :=0.2037 d is adjusted by pi over 4

Quntray -=Qt-24-d  Aliowed heat generation of a 24"wide by d i nches deep
uncovered! tray, Watts/ft (adjusted to circular area of cable)

Quntray = 21.545
Qcover .= ACFcov? - Quntray Allowabie heat generation for a covered, unwrapped tray, watts/ft

Qcover = 7.5 Watts / ft
Calculate the termal resistance at the tray surface
Ts -=50 Initial guess
Given

5

Qeover=0402 ( Ts — Ta)? + - A-e-((Ts + 273.16)* = (Ta + 273.16)*)

Ts ‘= Find( Ts)
s = 51.752 cable tray cover surface temperatre

el
Qcover

R =43

R .

degC-ft/watts



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page A5 of Ao

Model for the TSI Encased Cable Tray

bl = Tsi Top thickness of TSI, inches
b2 = Tisi Side thickness of TSl inches
b3 = Tisi Bottom thickness of TSl inches
b4 = Tisi Side thickness of TSI inches

Calcuiate Thennal Resistance of TSI

1
+ 1.8 8
e k 1.8 292 (Ref. 3.1.95)

-
(ﬂ + 0.54) + (2 + 0.54) + (ﬂ +* 0.54) + (2- + 0.54?
bl b2 b3 ba

Rk = 0.326 degC-ft/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws .= R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 4626



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page Aok ot Arvo

Solve Heat Baiance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25 :
Al (=027 (|2._|‘_8__) (ﬂb_') -0.527
e2+ 2-bl 12

Convection coefficient for the top surface of the

1 =0
A 0.24 wrapped tray
0.25 ]
A2 =10.12 (12-———1-'8—) -M-O.Sﬂ
e2+ 2:bl 12

A2 = 0.131  Convection coefficient for the bottom surface of the wrapped tray.

0.25 X
A3 =029 (12» — ) X 2h oS
el + 2.bl (12)

A3 = 0211 Convection coefficient for the side surfaces of the wrapped tray

Al 4+ A2+ A3 = 0636

Given
5
- i - +a24
Tck TS (A1 4+ A24 A3)(Ts— Ta)? 4+ 5310 L-exsi 2 (" - '2"' - bz) ((Ts+ 273.16)* = (Ta 4+ 273.16)%)
ws
Ts ‘= Find( Ts)

Ts = 52.046 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page ##7 of fite
Calculate Qc' and Qr'
-

. - Heat transmission from surface of TSI to ambient
Qc ‘=(AI+ A2+ A3)(Ts— Ta) air due to convection, Watts/it
Qoe = 1.555

5 b
o =-05310 B.e2. 2 +°2:2M ¥ (Ts+27316)* = (Ta+ 273.16)*)
Ql'=_0739
oTsI :=90—Ts
Rws
QTSI = 8.204

Calculate Derating Factor of tray covered with TSI fire wrap

ACFL“ ot —Q’-ﬂ
J Quntray

ACFsi = 0617



Z23FA30MAX

Data input:
Q =4.407
Ta ‘=50

Te ‘=90

6=5310 °
£ =01
ACFcov ‘=059
£tsi =09

k ‘=01

Ttsi = 1.5

Calc. No. 96-ENG-01528E2 Rev. 00

133
ATTACHMENT A Page M*® of Avo

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z24FL 10 (Attachment 2)
Ampient temperature MP2)
Conductor maximum allowed temperature

Surface area of tray, sqft/ft (24"wide x 1'long x top and bottom)
( Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sgft-KA4 (Ref. 3.1.27)

Emissivity of galvanized steel tray cover (Ref. 3.1.1)

Ampacity correction factor for tight cover cable tray
(Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)
Thermal conductivity of TSI, BTU/r-ft-degF (Attachment 1)
Thickness of TSI (minimum)

Tray inner height, inches

Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A Page AT of Arve
This section of the model is for covered tray
Calculation for the ailowable heat generation in a covred tray

Qt=Q Allowable heat generation for a ladder type tray
Qt = 4407

d ‘==0.2037 d is adjusted by pi over 4

Quntray -= Q- 24-d  Allowed heat generation of a 24"wide by d i nches deep
uncovered! tray, Watts/it (adjusted to circular area of cable)

Quntray = 21.545
0wm1=ACFcov2-Qmmy Allowable heat generation for a covered, unwrapped tray, watts/ft

Qeover = 7.5 Watts / #t
Calculate the termal resistance at the tray surface
Ts =50 Initial guess
Given

5

Qeover=0402(Ts = Ta)* + o A& ((Ts+ 273.16)* = (Ta 4 273.16)%)

Ts ‘= Find( Ts)

Ts = 57.7152 cable tray cover surface temperatre

R:='l'c—Ts
Qcover
R=43



Calc. No. 96-ENG-01528E2 Rev. 00

Attachment A Page 20 of Ao

Model for the TSI Encased Cable Tray

bl ‘=T Top thickness of TSI, inches
b2 = Tisi Side thickness of TSi,inches
b3 (= Tisi Bottom thickness of TSl inches
bd = Tisi Side thickness of TSl inches

Calculate Thermai Resistance of TSI

1
_— k- 1.8 2928 (Ref. 3.1.95)

-
(i'- + 0.54) + (2 + 0.54) + (5'- + 0.54) + (& + 0.54)
bl b2 b3 b4

Rk = 0.48 degC-ft/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface cf TSI

Rws = 478



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page A/ of AMe

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25 ,
Al ‘=027 |2-—-—"8—) ~(M)-o,5z7
€2+ 2-bl 12

Convection coefficient for the top surface of the

= 0303
Al =0 wrapped tray
0.25 ,
Az =lesn (.2._2_) 2428 o
e2 + 2-bl 12

A2 = 0.135  Convection coefficient for the bottom surface of the wrapped tray.

-2:0.527

1.8 )“5;1 +2 bl

A3 =029 {12
el + 2:bl (12)

A3 = 0.236  Convection coefficient for the side surfaces of the wrapped tray

Al+ A24 A3 = 0674

Given
3
T TS A4+ A24 A3)(Ts = Ta)* + 5310 % etsi- 2 (c' — sz' s bz) (Ts+ 273.16)* = (Ta+ 273.16)%)
WS
Ts = Find( Ts)

Ts = 51.92 Wrapped tray surface temperature degC.



Caic. No. 96-ENG-01528E2 Rev. 00

Attachment A Page At of A#
Calculate Qc’ and Qr
5
P e Heat transmission from surface of TSI to ambient
Qe -=(AI+ A2+ A3)(Ts— Ta) air due to convection, Watts/ft
Quc = 1.522
- + +
o =-05310 *e 2.8 °2:'2b' B2 ((Ts+273.16)% = (Ta 4 273.16)%)
Qrc = —0.716
Q1‘Sl1=90-Ts
Rws
QTSI = 7966

Calculate Derating Factor of tray covered with TSI fire wrap

ACFs1 = - e
Quntray

ACFitsi = 0.608




Calc. No. 96-ENG-01528E2 Rev. 00

Z23FA25 min
Ed
ATTACHMENT A Page A2 of At
AMPACITY MODELING OF APPENDIX R WRAPPED TRAY
Data Input:
Q =3983 Aliowable heat generated fo: a ladder tray Z24FL 10 (Attachment 2)
Ta =50 Ampient temperature MP2)
Te =90 Conductor maximum allowed temperature
A4 Surface area of tray, sqft/ft (24"wide x 1'long x top and bottom)
e ( Ref. 3.1.8)

0:=5310 °  Stefan- Boltzmann constant, Wats/sqft-KA (Ref. 3.1.27)
€ =01 Emissivity of galvanized steel tray cover (Ref. 3.1.1)
ACFcov “=0.59 m%mmforﬁghtcovercabletray

etsi =09 Emissivity of TSI surface (Attachment 1)

k=01 Thermal conductivity of TSI, BTU/hr-ft-degF (Attachment 1)
Tisi ‘= 1.0 Thickness of TSI (minimum)

el =4 Tray inner height, inches

e2 (=24 Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page Y of g1v
This section of the model is for covered tray
Calculation for the allowable heat generation in a covred tray

Qu=Q Allowable heat generation for a ladder type tray

Qu = 3983
d:=0.2037 d is adjusted by pi over 4

Quntray -=Qu-24°'d  Allowed heat generation of a 24"wide by d i nches deep
uncovered! tray, Watts#t {adjusted to circular area of cabie)

Quntray = 19.472
QcoverI=ACFcov2~Qmu'ay Allowable heat generation for a covered, unwrapped tray, watts/ft

Qeover = 6.778 Watts / ft
Calculate the termal resistance at the tray surface
Ts ‘=50 Initial guess
Given

5

Qover=0.402-( Ts — Ta)* + o A€ ((Ts+ 273.16)* = (Ta + 273.16)%)

Ts ‘= Fmd( Ts)
Ts = 57.117 cabie tray cover surface temperatre

R :=Tc—Ts




Caic. No. 96-ENG-01528E2 Rev. 00
Attachment A Page A5 of five

Model for the TS! Encased Cable Tray

bl = Ttsi Top thickness of TSI, inches
b2 = Tisi Side thickness of TSl inches
b3 = Tis Bottom thickness of TSl inches
b4 = Tisi Side thickness of TSl inches

Caiculate Thermal Resistance of TSI

i
i k-1.8 2928 (Ref. 3.1.95)

-ﬂ-+0.54 3 -e—2-+0.54 ) 2 -5'-+0.54)+(2+0.54
bl b2 b3 b4

Rk = 0.326 degC-ft/watts

Caiculate the Thermal resistance between the conductor and outer Surface of TSI

Rws ‘=R 4+ Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 5.177



Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENT A Page AUk of Arvo

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

025
. . + 2'hi
Al =027 (12'._2_.) (.'_2__h.) ‘0527
e2 4+ 2:bl 12

Convection coefficient for the top surface of the

Al = 0.294 ot b
025 _

A2 =012 (12- = ) R S an)
2+ 2 bl 12

A2 = 0.131  Convection coefficient fcr the bottom surface of the wrapped tray.

-2-0.527

1.8 )O‘ZS’cl + 2-bi

A3 (=029 (I2>
el 4+ 2:bl {12)

A3 = 0211  Convection coefficient for the side surfaces of the wrapped tray

Al 4+ A2+ A2 = 0636

Given
s
Te — Ts 2 - 1+ b
- qi=( Al+ A2+ Aﬂ-(Ts-Ts)“FS.}IO 9.t‘s'.2'(el+e2<:'2b 2)'((Ts+ 273.!6)"-(Ta+ 273.!6)‘)
ws
Ts ‘=Fad( Ts)

Ts = 51.848 Wrapped tray surface temperature degC.



Calc. No. 96-ENG-01528E2 Rev. 00
Attachment A Page A7 of Arde

Calculate Qc’ and Qr
5

— 4 Heat transmission from surtace of TSI to ambient
Qe F(A+ A2+ ) (Ts—Ta) air due to convection, Watts/ft
Qe = 1.369
- > 2

O =053 10 ":-2‘”"2"”" ((Ts+ 273.16)* = (Ta 4 273.16))
Or = =0.667
QTs! :=90—Ts

Rws
QTSI = 7.369

Calculate Derating Factor of tray covered with TSI fire wrap

l 281

ACFis1 = J
Quntray
ACFts1 = 0615




Z23FA25MAX

Data Input:
Q ‘=3983

Ta =50

ACFcov =059
€tsi .=09
k=01

Tisi -= 3.5

Calc. No. 96-ENG-01528E2 Rev. 00

ATTACHMENTA 1200 #¥Y of A&

AMPACITY MODELING OF APPENDIX R WRAPPED TRAY

Allowable heat generated for a ladder tray Z24FL 10 (Attachment 2)
Ampient temperature MP2)
Conductor maximurmn allowed temperature

Surface area of tray, sqft/ft (24"wide x 1'long x top and bottom)
{ Ref. 3.1.8)

Stefan- Boltzmann constant, Wats/sqgft-K”4 (Ref. 3.1.27)

Emissivity of galvanized steel tray cover (Ref. 3.1.1)

Ampacity correction factor for tight cover cable tray
(Ref. 3.1.10)

Emissivity of TSI surface (Attachment 1)
Thermal conductivity of TSI, BTU/r-ft-degF (Attachment 1)
Thickness of TSI (minimum)

Tray inner height, inches

Tray inner width, inches



Calc. No. 96-ENG-01528E2 Rev. 00
ATTACHMENT A Page AY of Rive
This section of the model is for covered tray
Calculation for the allowable heat generation in a covred tray

Q .=Q Allowable heat generation for a ladder type tray

Qt = 3983

d '=02037 d is adjusted by pi over 4

Quntray ‘= Qr24-d  Allowed heat generation of a 24"wide by d i nches deep
uncovered! tray, Watts/ft (adjusted to circular area of cable)

Quntray = 19472
Qeover .= ACFcovz-O!mtny Allowable heat generation for a covered, unwrapped tray, watis/ft

Qeover = 6.778 Watts / fi
Calculate the termal resistance at the tray surface
Ts =50 Initial guess
Given

5

Quover=0.402-(Ts — Ta)* + o A-e- ((Ts + 273.16)* = (Ta + 273.16)%)

Ts ‘= Find( Ts)

™ = 57.117 cable tray cover surface temperatre

R = Tc-Ts
Qcover
R = 4851

degC-ft/watts
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Model for the TSI Encased Cable Tray

bl =T Top thickness of TSI, inches
b2 = Tsi Side thickness of TSl inches
b3 = Tsi Bottom thickness of TSl inches
b4 (= Tisi Side thickness of TSl inches

Calculate Thermai Resistance of TSI

1
o k- 1.8 2928 (Ref. 3.1.95)

(fl L 0.54) . (12_ +* 0.54) . (c_l_ > 0,54) . 2 (-6—2- + 0.54)
bi b2 b3 b4

Rk = 048 degC-f/watts

Calculate the Thermal resistance between the conductor and outer Surface of TSI

Rws .= R + Rk Total thermal resistance form
conductor to outer surface of TSI

Rws = 5332
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ATTACHMENT A Page®i? of A

Solve Heat Balance Equation, to determine outer Surface Temperature of TSI
Calculate the convection and radiation coefficents for the TSI surface (Ref. 3.1.96)

0.25 :
Al =027 (IZ‘L) -(M)osz?
2+ 2°bl 12

Cornvection coefficient for the top surface of the

= 0303
Al 30 wrapped tray
0.25 :
A2 =102 {12 o ) ~°2+2b'~0.527
e2+ bl 12

A2 = 0.135  Convection coefficient for the bottom surface of the wrapped tray.

+2-:0.527

1.8 )“ 2 e14 201

A3 =029 (12‘
el + 2:bi1 (12)

A3 = 0236 Convection coefficient for the side surfaces of the wrapped tray

Al 4+ A2+ A3 = 0674

Given
5
- T - . +
T S AT+ A2 4 A3)(Ts—Ta)* + 5310 etsi 2 (°'+°2':;b' bz)-(('rs-r273.16)‘—(Ta+273.|6)‘)
ws
Ts = Find( Ts)

Ts = 51.739 Wrapped tray surface temperature degC.
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Calculate Qc' and Qr

5

-~ e e 2 Heat transmission from surface of TSI to ambient
Qe =(Al+ A2+ A3)(Ts— Ta) air due to convection, Watts/ft
- 14 e2+bl+b

Qr =-05310 8¢ 2 22 lzbl 2 ((Ts# 27316)* = (Ta+ 273.16)*)

-
ot 2 22

Rws
QTSI = 7.176

Calcuilate Derating Factor of tray covered with TSI fire wrap

ACFts: ‘= ’ﬂl—
Quntray

ACFis1 = 0607



Calc. No. 96-ENG-01528E2 Rev.00 Page #/23 of AP

ATTACHMENT A

1.25 in thick TSI
CONDUIT MODEL

The following is a model of Thermo-Lag on Conduit using the TU Test Results .

The thermal resistance model of a cable in conduit consists of the following thermal resistance
components.

Ri

thermal resistance of the insulation/jacket

Rsd thermal resistance between the outer cable jacket to the inside conduit wall

Rd

thermal resistanc: of the conduit

Rag thermal resistance between the outer surface of the conduit and the inside surface

of thermal Lag shell product.

Rthi thermal resistance of the thermal lag shell

Re

thermal resistance between the outer surface of the thermal Lag and ambient air

Rtot is the sum of the above thermal resistnace terms/ thermal resistance between the

cond uor and ambient air,

Methodology to develop an ampacity Model of a power calbe in Thermal Lagged conduit using
TU test:

B

Calculate the heat generated by one conductor during both the base line condition (Q)
and thermal lagged conduit conditions(Qp).

Using a known value of Qp, calculate Rtot, thermal resistance between conductor and
ambient air, during test of thermal Lag conduit.

Calculate thermal resistance of thermal Lag (Rhtl) using accepted equation for calculating
the thermal resistance of a cylinder. Equation 38 from Neher-McGrath technical paper is
used to calculate Rthl.

Using equation for Re, thermal resistance between thermal Lag and ambient air, calculate
Ts, surface temperature of thermal lag. Ts is solved using MathCad givene/ind function.
Once Ts is solved, Re is then calculated.

With Re, Rtot, and Rthi known, the thermal resistance between conductor and inside surface
of thermal Lag (Ri_thi) can be caiculated. Ri_thl is considered to be constant regardiess of

the Thermal Lag.

A new Rthi is calculated for a new theraml Lag thickness, for MS2 the thickness is 1.25 inch.

Two equations are defined with respect to Qpp, heat generated for new thickness of thermal
Lag. These equations are set equal to each and solved for TS. Qpp is then solved using

the value of Ts.

The ampacity correction factor (ACF) for the thermal lag conduit is then solved.
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ATTACHMENT A

1. Calculate Parameters Associated with Test Conditions

INPUT:
eTSI =09 emissivity of thermal Lag
TS1 =05 thickness of thermal Lag in test, inches

pTSI '= 5777  thermal resistivity of thermal lag, C-cm/watt (calculated from a value
of thermal conductivity of 1.0BTU/hr-ft-F,

Dend (=55 outer diameter of conduit, inch.
Rac '=0.023 10 °  ac resistance of 750 kemil Cu

Ib \= 571 base current in TU test for the thermo-lagged 5 in conduit, amps
Ip ‘=510 base current in Tu test, amps

np ‘=4 number of conductors in conduit

Te ‘=90 conductor termperature, C

Ta '= 40 ambient temperature, C

Q, heat generated in Test Base Line Conditions

Q '=1b° Rac heat generated by single conduitro, in base condition (watts/ft).

Q= 7499 watts /fit

Qp, heat generated in test conditions of 1/2 inch thermal lag conduit
Qp = Ip;z Rac heat generated by single conductor, in derated conditions of test.
Qp = 5982 watts/ft

Rtot, Total Thermal resistance betweeen conductor and ambiert during Test

- Te=Ta

Rtot .= thermal resistance between conductor and ambient air

Rtot = §.358 C-ft/watt
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ATTACHMENT A

Re, thermal resistance between Thermal Lag surface and ambient during test

Dsp = Dend 4+ 2 TSI Ts ‘=50 Initial guess surface temperature
Re '8 — 15.6:'np
b [ T‘) + 1.6€TSI| 1 4 00167 (E + I-‘-)
Dsp 2 2

Calculate Ts, Ri-thi

Dsp ‘= Dend 4 2 TSI Outer diameter of t:-ermal lagged conduit, where the outer
diameter of the coniuit is 5.5 inch.
Dsp = 6.5 inch

Qp= (Ts-Ta)Re Equation relating Re and Qp

Ts = 50 Initial guess
Given
Ts=Ta
15.6: np

_ ) 0.25
Dsp (T’“ T“) + 1.6€TSH| 1+ 0.0167 (-Ti + If)
Dsp 2 2

Qr=4

Ts ‘= Find( Ts)

Ts = 70.306 degree C
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ATTACHMENT A

Confirmation of Given/Find calculation:

To=T
— = 5.982
% T — watts/ft-
Ty = f
mp-( - T‘) + 16€Ts1| 1+ 00167 (34- l‘-) "
Dsp 2 2

5.982 is equal to Qp thus conferming the value of Ts.

Calculate Re, thermal resistance between Thermal Lag surface and ambient air

15.6 np

_ ) 0.25
Dsp (T‘ T“) 4+ 1.6€TSI| 14 00167 (-Tﬁ + Iﬁ)
Dsp 2 2

Re =

Re = 5.066 C-ft/watt

Calculate Rthi, thermal resistance of thermal lag, based on thickness used in TU Test

thermal resistance of thermal lag ,equation

) _ Dsp
Rl 002w IR '°3(Dc,,d) adapted from Equation 38 of Neher/McGrath

Rthl = 2012 C-f/watt
Calculate Ri_thl, thermal resistance between conductor and thermal Lag

Ri_thl ‘= Rtot = Re = Rthl thermal resistance between conductor and inside
wall of thermal lag

Ri_thl = 128  C-twatt
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2. Calculate New Conditions
TSI '=1.25 new thickness of TSI, inch

Dsp ‘= Dend 4 2- TSI outer diameter of thermal lagged conduit, inch

Dsp = 8 inch

o : . Dsp thermal resistance of thermal lag, equation
Rikl %0012 ap P78 Ing (Dmd) adapted from Equation 36 of Neher-McGrath
(Ref. 3.1.82).
Rthl = 4.512

The new Qpp can be defined as follows:

e Tc=Ts
QP = RN F R Ts=Th
. 15.6'n
o Ts= Ta 0.25 ; Ta . Ts
Dsp ( ) + 1.6eTSI'| 14 00167 (— + —-) ]
Dsp 2 2/,

Combining these two equations we can solve for Ts

Ts .= 50 Initial guess of surface temperature
Given
Te=Ts _ Ts = Ta
Ri_thl 4+ Rthl 15.6 np
Ts = Ta) 02 Ta . Ts
Dsp + 1.6eTSI| 1 4+ 00167 | == 4 =
Dsp 2 2

Ts ‘= Find( Ts )

Ts = 62.613 new surface temperature of thermal lag for new thermal lag thickness
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Using the Ts and Qpp values determined above:

PO |l |
QP = T b

ACFisi '= ’ Qep
Q

ACFtsi = 0.794

Q

ACFTU = 0.893

Ampacity correction tactor for 1.25 in TSI conduit wrap

Ampacity correction factor for 1/2 in TS! determined by TU
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ATTACHMENT A

1.0 in thick TSI
CONDUIT MODEL

The following is a model of Thermo-Lag on Conduit using the TU Test Results .

The thermal resistance model of a cable in conduit consists of the following thermal resistance
components.

Ri thermal resistance of the insulation/jacket
Rsd thermal resistance between the outer cable jacket to the inside condu’* wall
Rd thermal resistance of the conduit

Rag thermal resistanice between the outer surface of the conduit and the inside surface

of thermal Lag shell product.
Rthi thermal resistance of the termal lag shell
Re thermal resistance between the outer surface of the thermal Lag and ambient air

Rtot is the sum of the above thermal resistance terms/ thermal resistance between the
Ri_thl  conductor and ambient air.

Methodology to develop an ampacity Model of a power cable in Thermal Lagged conduit using
TU test:

1. Calculate the heat generated by one conductor during both the base line condition Q)
and thermal lagged conduit conditions{Qp).

2. Using a known value of Qp, calculate Rtot, thermal resistance between conductor and
ambient air, during test of thermal Lag conduit.

3. Calculate thermal resistance of thermal Lag (Rht!) using accepted equation for calculating
the thermal resistance of a cylinder. Equation 38 from Neher-McGrath technical paper is
used to calculate Rthl.

4. Using equation for Re, thermal resistance between thermal Lag and ambient air, calculate
Ts, surface temperature of thermal lag. Ts is solved using MathCad given/find function.
Once Ts is solved, Re is then calculated.

5. With Re, Rtot, and Rthl known, the thermal resistance between conductor and inside surface

of thermal Lagf (Ri_thl) can be calculated. Ri_thl is considered to be constant regardiess of
the Thermal Lag.

6. A new Rthlis caiculated for a new theraml Lag thickness, for MS2 the thickness is 1.25 inch.
7. Two equations are defined with respect to Q", heat generated for new thickness of thermal
Lag. These equations are set equal to each and solved for TS. Q" is then solved using
the value of Ts.

8. The ampacity correction factor (ACF) for the thermal lag conduit is then solved.
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ATTACHMENT A
1. Calculate Parameters Associated with Test Conditions
INPUT:
eTSI ‘=09 emissivity of thermal Lag
TSI '=0.5 thickness of thermal Lag in test, inches

pTSI '=577.7  thermal resistivity of thermal lag, C-cm/watt (calculated from a value
of thermal conductivity of 1.0BTU/hr-ft-F.

Dend (= 5.5 outer diameter of conduit, inch.
Rac 0023107 °  ac resistance of 750 kemil Cu, page 13 of ETP104.1-0

Ib '=571 base current in Tu test, amps

Ip ‘=510 base current in Tu test, amps

np ‘=4 number of conductors in conduit
Te (=90 conducctor termperature, C

Ta := 40 ambient temperature, C

Q, heat generated in Test Base Line Conditions

Q= Ib* Rac heat generated by single conduitro, in base condition (1"2R).
Q = 7.499 watts /M
Qp, heat generated in test conditions of 1/2 inch thermal lag conduit
Qp = lpz» Rac heat generated by single conductor, in derated conditions of test.

Qp = 5982 watts/ft

Rtot, Total Thermal resistance betweeen conductor and ambient during Test

Rtot '& Tc=Ta

thermal resistance between conductor and ambient air

Rtot = 8.358 C-fywatt
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ATTACHMENT A

Re, thermal resistance between Thermal Lag surface and ambient during test

Dsp = Dend 4+ 2 TSI s ‘=50 initial guess surface temperature
Re 'S 15.6 np
Ts = Ts\ *%° Ta , Ts
Dsp ( ) + 1.6 eTSI| 1 + 00167 (—- + —)
Dsp 2 2

Calculate Ts, Ri-thl

Dsp = Dend + 2- TSI Outer diameter of thermal lagged conduit, where the outer
diameter of the conduit is 5.5 inch.
Dsp = 6.5 inch

Qp= (Ts-Ta)/Re Equation relating Re and Qp
Ts = 50 Initial guess
Given
Ts= Ta
a 15.6'np

= 0.25
Dsp: (Ts T") + 1.6 €181 1 + 00167 (33 + Iﬁ)
Dsp 2 2

Ts ‘= Find( Ts)

Ts = 70.306
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ATTACHMENT A

Confirmation of Given/Find calculation:

Ts= Ta
15.6'np

7025
Dsp- (T‘ T') + 1.6¢TSI| 1 4 00167 (E + -T—'-)
Dsp 2 2

= 5982

5.982 is equal 1o Qp thus conferming the value of Ts.

Calculate Re, thermal resistance between Thermal Lag surface and ambient air

15.6:np

1028
Dsp- (T‘ T“) + 1.6 €TSI| 14 00167 (E + E)
Dsp 2 2

Re =

Re = 5.066 C-tt/watt

Calculate Rthl, thermal resistance of thermal lag, based on thickness used in TU Test

thermal resistance of thermal lag ,equation

' . oTEL Dsp
Rth] :=0.012-nppTSI log (Dcnd) adapted from Equation 38 of Neher/McGrath

Rthl = 2012 C-ft/watt
Calculate Ri_thl, thermal resistance between conductor and thermal Lag

Ri_thl ‘= Rtot = Re = Rthl thermal resistance between conductor and inside
wall of thermal lag

Ri_thl = 1.28 C-ft/watt
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2. Calculate New Conditions
TSI = 1.0 new thickness of TSI, inch Minimum

Dsp = Dend 4+ 2- TSI outer diameter of thermal lagged conduit, inch
Dsp =75 inch

— ol , Dsp thermal resistance of thermal lag, equation
R B2 TNy (—nma) ad_pted from Equation 38 of Neher-McGrath

Rthl = 3.735

The new Qpp can be defined as follows:

- =T
Qe - Ri_thl + Rthl
- Ts = Ta
= Ts = Ta) 0-%° Ta . Ts
Dsp- ( ) + 1.6€TSI| 14+ 00167 (- + -)
Dsp $ " 3

Combining these two equations we can solve for Ts

Ts ‘=50 Initial guess of surface temperature
Given
Te=Ty Ts = Ta
Ri_thl + Rth! 15.6'np
- .\ 0.25
Dsp (Ts T“) + 1.6eTSH| 14 00167 (E + -T-f)
Dsp 2 2

Ts ‘= Find( Ts)
Ts = 64 648 new surface temperature of thermal lag for new thermal lag thickness
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Using the Ts and Qpp values determined above:

Te=Ts

QPP = BN F Kb

Qpp = 5.055

ACFusi '= ’ Qpp
Q

ACFtsi = 0.821 Ampacity correction factor for 1.0 in TSI conduit wrap
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ATTACHMENT 1A

1.5 in thick TS|
CONDUIT MODEL

The following is a model of Thermo-Lag on Conduit using the TU Test Results .

The theimal resistance model of a cable in conduit consists of the following thermal resistance
components.

Ri thermal resiatance of the insulation/jacket

Rsd thermal resistance between the outer cable jacket to the inside conduit wall

Rd thermal resistance of the conduit

Rag thermal resistance between the outer surface of the conduit and the inside surtace

of thermal Lag shell product.
Rthl thermal resistance of the termal lag shell
Re thermal resistance between the outer surface of the thermal Lag and ambient air

Rtot is the sum of the above thermal resistance terms/ thermal resistance between the
Ri_thl  conductor and ambient air.

Methodology to develop an ampacity Model of a power cable in Thermal Lagged conduit using
TU test:

1. Calculate the heat generated by one conductor during both the base line condition (Q)
and thermal lagged conduit conditions(Qp).

2. Using a known value of Qp, calculate Rtot, thermal resistance between conductor and
ambient air, during test of thermal Lag conduit.

3. Calculate thermal resistance of thermal Lag (Rhtl) using accapted equation for calculating
the thermal resistance of a cylinder. Equation 38 from Neher-McGrath technical paper is
used to calculate Rthl,

4. Using equation for Re, thermal resistance between thermal Lag and ambient air, calculate
Ts, surface temperature of thermal lag. Ts is solved using MathCad given/find function.
Once Ts is solved, Re is then calculated.

5. With Re, Rtot, and Rthl known, the thermal resistance between conductor and inside surface
of thermal Lagf (Ri_thl) can be calculated. Ri_thl is considered to be constant regardiess of
the Thermal Lag.

6. A new Rthlis calculated for a new theraml Lag thickness, for MS2 the thickness is 1.25 inch.
7. Two equations are defined with respect to Q", heat generated for new thickness of thermal
Lag. These equations are set equal to each and solved for TS. Q" is then solved using
the value of Ts.

8. The ampacity correction factor (ACF) for the thermal lag conduit is then solved.
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ATTACHMENT A

1. Calculate Parameters Associated with Test Conditions

INPUT:
eTSI (=09 emissivity of thermal Lag
TSI =05 thickness of thermal Lag in test, inches

pTSI =577.7  thermal resistivity of thermal lag, C-cm/watt (calculated from a value
of thermal conductivity of 1.0BTU/hr-ft-F.

Dend (=55 outer diameter of conduit, inch.
Rac 120023107 ac resistance of 750 kemil Cu, page 13 of ETP104.1-0

Ib \=571 base current in Tu test, amps
Ip ‘=510 base current in Tu test, amps

np =4 number of conductors in conduit
Te ‘=90 conductor termperature, C

Ta =40 ambient temperature, C

Q, heat generated in Test Base Line Conditions

Q = 1b* Rac heat generated by single conduitro, in base condition (I"2R).
Q= 7.499 watts /ft
Qp, heat generated in test conditions of 1/2 inch thermal lag conduit
Qp ‘= lpl Rac heat generated by single conductor, in derated conditions of test.

Qp = 5982 watts/ft

Rtot, Total Thermal resistance betweeen conductor and ambient during Test

Riot ‘= Te= Ta

thermal resistance between conductor and ambient air

Rtot = 8.358 C-ft/watt
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ATTACHMENT A

Re, thermal resistance between Thermal Lag surface and ambient during test

Dsp ‘= Dend 4+ 2 TSI Ts =50 Initial guess surface temperature

Re '= 15.6: np
' 0.25
Ts=Ts Ta , Ts
Dsp- + 16eTSI| 14 00167 |=— 4+ —
"( Dsp ) [ (2 2)]

Calculate Ts, Ri-th

Dsp ‘= Dend + 2- TSI Outer diameter of thermal lagged conduit, where the outer
diameter of the conduit is 5.5 inch,
Dsp = 6.5 inch

Qp= (Ts-Ta)Re Equation relating Re and Qp

Ts = 50 Initial guess

Given

- Ts = Ta
b 15.6 np

— 1025
Dsp (Ts Ta) +16 e'rsr[n +00167 (12’1 + -?) ]

Dsp

Ts ‘= Find( Ts )

Ts = 70.306
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ATTACHMENT A

Confirmation of Given/Find calcuiation:

Ts = Ta
=59
15.6 np .
0.25
Ts = Ta Ta , Ts
Dsp + 16eTSI| 1400167 |— 4 —
( Dsp ) [ (2 2)]

5.982 is equal to Qp thus conferming the value of Ts.

Calculate Re, thermal resistance between Thermal Lag surface and ambient air

15.6 np

)\ 0.25
Dsp (T’ T‘) 4+ 1.6€TSI| 14+ 00167 (E + E)
Dsp 2 :

Re =

Re = 5.066 C-ft/watt

Calculate Rthi, thermal resistance of thermal lag, based on thickness used in TU Test

thermal resistance of thermal lag .equation

‘= P : Dsp
makabl il l°‘(pmd) adapted from Equation 38 of Neher/McGrath

Rthl = 2.012 C-ftwatt
Calculate Ri_thl, thermal resistance between conductor and thermal Lag

Ri_thl ‘= Rtot = Re = Rth} thermal resistance between conductor and inside
wall of thermal lag

Ri_thl = 1.28 C-fywatt
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ATTACHMENT A

2. Calculate New Conditions
TSI .= 1.5 new thickness of TSI, inch Minimum

Dsp ‘= Dend + 2- TSI outer diameter of thermal lagged conduit, inch
Dsp = 85 inch

e = : Dsp thermal resistance of thermal lag, equation
R SOMI TRy (Dm) adapted from Equation 38 of Neher-McGrath

Rthl = 5.242

The new Qpp can be defined as follows:

-  Te=Ts
Qpp - Ri_thl 4+ Rthl
R Ts = Ta
' _ -\ 025
Dsp (Ts T") 4+ 1.6eTsI| 14 0.0167 (.T.‘ + E)
Dsp 2 2

Combining these two equations we can solve for Ts

Ts (=50 Initial guess of surtace temperature
Given
=T Ts = Ta
Ri_thl 4 Rthl 15.6'np
1) 0.25
Dap (T‘ T‘) + 1.6¢TSI| 14 0.0167 (E ‘e
Dsp 2 2
Ts ‘= Find( Ts )

Ts = 60918 new surface temperature of thermal lag for new thermal lag thickness
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ATTACHMENT A

Using the Ts and Qpp values determined above:

v To=Ts
QPP = T F Rub
Qpp = 4.458
Qpp

ACFsi ‘= | =
%

ACFtsi = 0.771 Ampacity correction factor for 1.5 in TSI conduit wrap
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ATTACHMENT B
TABLE OF CONTENTS
APFENDIX IRAY CABLE
A Z23HA10 500 MCM CU TPLX
B Z23HB10 500 MCM CU TPLX
C 223GE10 500 MCM CU TPLX
D Z23GE10 250 MCM CU TPLX
8 Z14FM10 3/C #8 AWG CU
F Z14FM20 3/C #12 AWG CU
G Z24FL10 4/0 AWG CU
H Z14FM20 4/0 AWG CU TPLX
1 Z24FL20 4/0 AWG CU
K Z25BG20 3/C #8 AWG CU
M Z14FM10 3/C #12 AWG CU
N Z14FM10 4/0 AWG CU TPLX
v Z23FA30 250MCM CU TPLX
W Z23FA25 250MCM CU TPLX
X Z24FL10 7/C #14 AWG CU
AA Z25BG20 3/C #14 AWG CU
AB Z25BG20 2/C #14 AWG CU
AC Z25BG20 3/C #12 AWG CU
AD Z25BG20 2/C #10 AWG CU
BI Z52EA10 750MCM AL TPLX
B2 Z22EA10 350M CM AL TPLX
TEST RUNS SUMMARY SHEET
TIEST APPENDIX (ICEA-1986) APPENDIX (ICEA-197)
1 P PP
2 Q QQ
3 T T
4 U Uu
5 R RR
6 S SS

This attachment contains the calculations for the allowed ampacity in each of the above
listed trays and the type of cable installed in the tray. Each appendix is a separate
calculation performed in MathCad on a Macintosh Centris 650 computer. Verification
that the calculations are correct are based upon the results of the 6 test runs included
herein. The test runs were ran at a fill and wire diameter taken from the ICEA P-54-440
and the values compared against the values presented in the two years identified above of
the standard. The results indicate that the calculations are being performed correctly.
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APPENDIX A PAGE 1
THERMAL MODEL Z23HA10 Values
10% fill on 4"
1.0 Tray Thermal Data 0.509 in/B14
w =24 in Width in Tray R=0.0313575/1000/ft
CaD=2.178
d ‘==0.509 in Depth of cables in Tray 500MCMTPLX
Ta :=(273.16 + 40 ) K Ampient Temperature
Te .= unknown' K Sunace Temperature
Tm :=(273.16 + 90 ) K Max Cable Temperature

h ':0|0|.(_T£_'_r§)4_ watt Overall Convective Heat transfer Coeffic ient
' K 2
ft K

watt
h =¢0.101 )‘2—'

fi™K
" -8 walt
o -=0530-10 T Stephan-Boltzman Constant
ﬁ.
- Effective thermal emmisivity of cable mass and tray
€208 surface.
p3=40(}l('-g:"- effective thermal resistivity of cable mass
As,_4_ft2 Surface area of cable mass per unit length
i Mo suchated
Te :=Tm+Tn

2
Tec = 338.16 °K Initiai assumed value for Surface Temp. (Tc)

2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature{Tc)

i
I I
T Ti
R (_Kf__.E) b (Aspd) (—E—-%) h(As-p-d) e od
Te ‘= root g—i-Tc‘ﬁ- 1~ Tm~ F | o s - 4
8w 8w 8w 8w

Te = 357.577°K

Tt T
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2.2 Caiculated value of total heat(W) per unit length generated in cable tray

i 1s ‘
W =h (—k—'——K-) ‘AS‘(TC—TI)‘.'O‘AS'C'(TC‘—Ta‘)

W = 160481 %

2.3 Recalculated Max Cable Temperature(Tm)

i 1
2 4
Tc T
Tm = o ¥ 4 o +0 ] e
8w 8w 8w Sw
Tm = 363.16
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
ATe =Tm-—Te
ATc = 5583°K
Wpd
ATe = 4
8w ATc = 5.583°K
2.4 2 Air Temperature Drop
ATa =Tc—Ta

ATa = 44417 K
2.4.2 Total temperature Drop

AT =ATc+ ATa

AT = 50°K
2.5 Heat generated per unit area
L
C dw .!2‘.

Q= 13137
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Ampacity Calculation
n.=13 number of conductors
CaD ‘=2.178!in Cabie outer diameter

ohm
000 ft

Resistance taken from Okonite book

R ‘= 00313575 :

e a2 FUS

2 n R
140 = 721.338 *amp Tray Z23HA10 Ampacity at 40C
150 ‘= 1400 89 Correction factor to get to 50C
150 = 641991 *amp Ampacity at 50C

From IPCEA 80% of the ampacity of S500MCM at 40C is 464 amps (580 x .8) Adijusting to 50C
gives:

fairR0 ‘= 464-0.89 amp

Jar80 = 412.96 “amp maximam ampacity allowed at 50C



CALC. NO. 96-ENG-01528E2 REV.0  ATTACHMENT B PAGE BS oF &0+

ST " THERMAL MODEL Z23HB10
Vaiues
19% fill on 4"
1.0 Tray Thermai Data 0.968 in'B14
w . =12n Width in Tray R=0.0313575/1000ft
CaD=2.178
d =09685 in Depth of cables in Tray S500MCMTPLX
Ta ‘=(273.i16 4 40) K Ampient Temperature
Te "= unknown K Surface Temperature
Tm =(273.16 4+ 90 ) K Max Cable Temperature

h -=0|0'(I(_?__T_l_)‘. watt  Overall Convective Heat transfer Coefficient

K/ a2k
=(0.101 )-...'i
K
. -3 watl
o -=0530 10 —Z—K: Stephan-Boltzman Constant
ﬂ %
e =08 Effective thermal emmusivity of cable mass and tray
Ozml(';—.:i- effective thermal resistivity of cable mass
As._‘f_ Surface area of cable mass per unit iength
LT he sides excluded
Te :=Tm+Ta
2
Te = 3°8.16°K Initia! assumed value for Surface Temp. (Tc)
2.0 Thermai Calculation
2.1 calculated Vaiue for Surface Temperature(Tc)
3 1
. 4 4
Tc = root g__i_t__‘l—~'rc‘+ 4+$1Tc=Tm= 'Tﬂ"o E P 'T.‘

Te = 347548 °K

. Te
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2.2 Calculated value of total heat(W) per unit length generated in cable tray
1

) Tc Ta . 4 1
W =h ?"? ‘As(Te—=Ta)+ o Ase(Tc —Ta )

W= 117.978 ~%
2.3 Recalculated Max Cable Temperature(Tm)

I !
4 3
S
h(%‘{:) ( As- prd) h(%“-'%) ‘As'pdTa A dT‘ As-e- dT‘
Tm = $iltc~- s SMsepdic | _ochArepdh
Tm = 36316
2.4 Temperature Rises

2.4.1 Cab le Mass temperature Rise
ATc =Tm~=Tc

ATc = 15612°K
Wopd

Bw  ATc - 15612°K

2.4.2 Air Temperature Drop
ATa =Tc—Ta

ATe =

ATa = 34 388 °K
2.4.2 Total temperature Drop

AT =ATc+ ATa

AT = 50°K
2.5 Heat generated per unit area
- W
C dw watt

Q= 10.157 'L
in2
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Ampacity Calculation
n.=3 number of conductors

CaD ‘=2178%8 in Cable outer diameter

R ‘=00313575 Resistance taken from Okonite book
1000 ft
o =250 1Q%
2 nR

146 = 634226 “amp Tray Z23HB10 Ampacity at 40C

150 ‘=140 0.89 C tion factor to get to 50C

150 = 564 462 *amp Ampacity at 50C
From IPCEA 80% of the ampacity of 5S00MCM at 40C is 464 amps. Adjusting tc 50C gives:
lair80 1= 4640 89 amp

lawrBO = 41296 “amp
maximum ampacity allowed at 50C



7CALC. NO. 96-ENG-01528E2 REV0 ATTACHMENT B
APPENDIXC PAGE 1

THERMAL MODEL Z23GE10

PAGE 8% OF Or*

Values
22% fiill 4" tray”
1.0 Tray Thermal Data 1.12 in/ B14
w =24 in Width in Tray R=0.0313575/1000ft
CaD=2.178
d =112 Depth of cables in Tray S00MCMTPLX
Ta =(273.16 4+ 40 K Ampient Temperature
Te ‘= unknown K Surface Temperature

Tm =(273.16 4+ 90 K
|

Max Cable Temperature

h'=010|-(ﬁ-3)‘._"_‘1‘_ Overall Convective Heat transfer Coeffic ient
= (0101 ) =
e K
G 20530 10 - Stephan-Boltzman Constant
i’ K
€ =08 Effective thermal emmisivity of cable mass and tray
o surface.
P =mx—.—n- effective thermal resistivity of cable mass
W
e E Surtace area of cable mass per unit length
" sides excluded
Te = Tm+ Ta
2
Te = 338.16°K inttial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation

2.1 calculated Vaiue for Surface Temperature(Tc)

1
Te
-— ‘h(Aspd)
(K "

_2)‘

8w

Tc = 352.541 °K

!

4

(E— -E ‘h( As p-d)

K K _OAsepd
8w

“Ta nt. R

+ijTc—=Tm-

8w
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2.2 Calculated value of total heat(W) per unit length generated in cable tray
- 4
Te  Ta)*
w::n-(?—?) As(Te=Ta)+ 0 Ase (Tcd = Ta')

W= 138.718--'%'

2.3 Recalcuiated Max Cable Temperature(Tm)

8w 8w 8w

I 1
a 3
T T Te T
h(-'-(f—-i-‘-) (Aspd) h(T:-—-S) AspdTa e
Tm = - +1fTc- PR AN P AN AL
i

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATc =Tm - Tc
ATc = 10619°K
W-pd
8w ATe = 10619°K
2.4.2 Air Temperature Drop

ATe =

ATa =Tc—Ta
ATa = 39381 "K
2.4.2 Total temperature Drop

AT ‘=ATc+ ATa
AT = S0°K
2.5 Heat generated per unit area

Q"’w
T dw ﬂ




CALC. NO. 96-ENG-0152862 REV.0 ATTACHMENT B
APPENDIXC PAGE 3

Ampacity Calcuiation
8=y number of conductors
CaD ‘=2.1781'm Cable outer diameter
R = 00313575 Resistance taken from Okonite book
1000 ft
uo =0 Q%
2 nR
140 = 452.109 *amp Ampacity at 40C
IS0 "= 140 0 89
150 = 402.377 “amp ' R

rom IPCEA 80% of the ampacity of S00MCM at 40C is 464 amps.
Adijusting to 50C gives:

fair80 ‘= 464 0 89 amp

lair80 = 412.96 *amp Maximum ampacity allowed at 50C.

PAGE 80 OF Sov
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ATEUK D et THERMAL MODEL Z23GE10
Values
22% fill on 4"
1.0Tray_m0m . 1.12 i/ B10
w =24n Width in Tray R=0.0594925/1000ft
— , ; CaD=1.719
d=112m Depth of _ables in Tray >50MCMTPLX
Ta :=(273.16 4+ 40) K Ampient Temperature
Te ‘= unknown K Surface Temperature
Tm =(273.16 4+ %0) K Max Cable Temperature

= 0.101 (_T_E_E)‘.ﬂ Overall Convective Heat transfer Coeffic ient

-

A S
h = (0101 ) ——
K
. -8 walt
o -=053010 ™ - Stephan-Boltzman Constant
i K
‘=08 Effective thermal emmisivity of cable mass and tray
t-- 3 SU‘I'GCE.
pi=4(l)~l(-% effective thermal resistivity of cable mass
W

A ._‘Vﬂz Surface area of cable mass per unit length

T sides excluded

Te ::Tm+'l'a

2

Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature(Tc)

L 1
4 : 4
Asepd (%_%) LA (%-%) P ‘Asepd
R 1= ool et e 4 +1l=Tm~- Gy S
8w 8w B w 8w

Te = 352541 °K

“Ta®, Te



CALC. NO. 96-ENG-01528E2 REVO ATTACHMENT B
APPENDIXD PAGE 2

2.2 Calculated value of total heat(W) per unit length generated in cable tray

!

4
w::h(If-E
E K

As(Te=Ta)+ 6 Ase (Tc = Tat)

at
W= 138718 "

ft
2.3 Recalculated Max Cable Temperature(Tm)

|
4

™ T
b (T(E -f) ‘As'p-dTa
+

PAGEPI? OFfo™

O As' € p-ch‘ _ o'Asc-pd'!‘n‘

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATec =Tm—Tc

8w

ATe = 10619°K
W-p-d

B w

Av =5 ATc = 10619 K

2.4.2 Air Temperature Drop

ATa =Tc— Ta
ATa = 39.381 °K
2.4 2 Total temperature Drop

AT =ATc+ ATa
AT = 50°K

2.5 Heat generated per unit area

b

8w 8w



CALC. NO. 96-ENG-0152862 REV.0 ATTACHMENT B PAGE 812 OF

APPENDIXD PAGE 3

Ampacity Caiculation

ohm
1000 fi

R = 0.0594925

wo =50 1Q%
2 nR

140 = 259049 *amp

150 ‘= 140-0.89

150 = 230.553 “amp

180 ‘=374 8 amp
180 = 299.2 *amp

number >f conductors

Cabie outer diameter

Resistance taken from Okonite book

Tray Z23GE10 Ampacity at 40C

Correction factor to get to 50C
Ampacity at 50C

From IPCEA the 80% of the free air value 299, 180 > 140
thus the 150 value is the correct value to use.



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE Bt OF #m

APPENDIXE PAGE 1 THERMAL MODEL  Z14FM10
VALUE
1.0 Tray Thermal Data 12% FILL in 4" Tray
L : 0.611 in/ BO3
w =24 in Width in Tray R=0.84875/1000ft
) : CaD=0.774"
d =0611n Depth of cables in Tray 2C#8 ANG
Ta ‘=(273.164+ 40 ) K Ampient Temperature
Tc "= unknown- K Surface Temperature
Tm =(273.16 4+ 9 ) K Max Cable Temperature

5 -:0,0,.(}'5_3)‘__\311 Overall Convective Heat transfor Coeffic ient

Z(0.101 )
i’ K
-8 wall
o -=0530-10 °- . Stephan-Boltzman C..astant
ﬁ .
£ =08 Effective thermal emmisivity of cable mass and tray
- surface.
p2=400K--w; effective thermal resistivity of cable mass
R Surtace area of cable mass per unit length
ot - sides excluded
Te o= Tm+ Ta
2
Tc = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 caiculated Value for Surface Temperature(Tc)
5 <
4 4
Ti
Asepd (Ixs—%) whnp® ('l?c—{:) fadcamiale Asepd
Tt 2 root] et T 4 +ilr=Tm= X A A
8w 8w 8w 8w

Te = 356.631 °K

~Ta‘. '’
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APPENDIX E PAGE 2

2.2 Calculated value of total heat(W) per unit length generated in cable tray

|-

T
W =h (—TKf-?‘) As(Te= Ta) 4 G Ase( T — Ta?)

watt
W= 156.33] *—

2.3 Recalculated Max Cabie Temperature{(Tm)

+

O'Ast'pch‘

_OAsepdTa

i i
4 4
Tc Ta
h- E—;r: (As pd) h |———] ‘AspdTa
o K K K K
Tm =
8w

8w

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATc =Tm = Tc ATc = 6.529°K

Wpd
8w ATc = 6.529°K

2.4.2 Air Temperature Drop

ATc =

ATa :=Tc—=Ta
ATa = 43471 °K

2.4.2 Total temperature Drop
AT ‘=ATc+ ATa
AT = 50°K

2.5 Heat generated per unit area

QZ:_‘!. watt
d¢w

Q = 10.661 "

8w

8w



CALC. NO695-ENG-01528E2 REV.0 ATTACHMENT B PAGE 8% OF por

APPENDIX E PAGE 3

Ampacity Calculation

ohm
1000 ft

R ‘= 084875

uo =S Q%
2 n R

140 = 44 385 *amp

150 ‘= 140-0.89

150 = 39.502 *amp

number of conductors

Cable outer diameter

Resistance taken from Qkonite book

Tray Z14FM10 Ampacity at 40C

Correction factor to get to 50C
Ampacity at 50C

Since 150 is less than 80% of the free air value at 50C 150 is the correct value.



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE®I7 OF

AFPESUE P THERMAL MODEL  Z14FM20
Values
fill on 4"
1.0 Tray Thermal Data it
w =24'in Width in Tray R=2.15/1000ft
- " Depth of cables in Tray CaD=0.603
d =0458 in YCH2AWG
Ta ‘=(273.16 4+ 40) K Ampient Temperature
Tc ‘= unknown- K Surface Temperature
Tm =(273.16 %+ 90 ) K Max Cable Temperature
i
. S IC.-E)‘.“" Overall Convective Heat transfer Coeffic ient
' K K/ gk
h=(0101 )~_w£
i’ K
oy -g watt
o =0530-10 *- Tt Stephan-Boltzman Constant
f‘ -
‘=08 Effective thermal emmisivity of cable mass and tray
1ty surface.
P :=492.496-K'% effective thermal resistivity of cable mass
w2 Surface area of cabie mass per unit length
As ::4‘? sides excluded
» sonth
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation

1 calculated Vaiue for Surface Temperature(Tc)

i !
n 2
* T
L ({i-{f b (As pd) (T(c'_'x:) “b(Aspd) SR
Te & poull s Tt & +1}l - Tm=- o
8w 8w 8w i 8w

Tc = 357062 °K

-Ta‘ ;. e
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2.2 Calculated value of total heat{W) per unit length generated in cable tray

&) -

Te T
Wi=h (?c-?'-) As(Te=Ta) + 0 Ase( Tt = Tat)

W= |58.2|7~%ﬂ
t
2.3 Recalculated Max Cable Temperature(Tm)

-

s irn=- .
w 8w 8w 8w

i
T Ta\* % Ta
hl—=—} (Aspd) hl~—=—] ‘AspdTa 4 4
Tm = K K K K OAsepdTc | oAsepdTa
8

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATec =Tm—= Tc
ATc = 6098 *K

ATe =X
c S ATc = 6.098 °K

2.4.2 Air Temperature Drop
ATa =Tc—Ta
ATa = 43902 °K
2.4.2 Total temperature Drop

AT =ATc+ ATa

AT = 50°K
2.5 Heat generated per unit area
W
Qi=— b
Q=14394"



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE B4 OF Por-

APPENDIXF  PAut J

Ampacity Calculation
n-=3 number of conductors
CaD ‘=0602 Cable outer diameter
R =215 Resistance taken from Okonite book
1000 f
uo =S 10
2 nR
140 = 25245 *amp Tray Z14FM20 ,\mpacity at 40C
IS0 = 140-0.89 Correction factor (o get to 50C

150 = 22.468 *amp - s

Since 80% of the free air value is 26.24 amps 150 above is less than this value, 150 is the
correct value to use.



CALC NO.96-ENG-01528E2 REV.0  ATTACHMENT B PAGE B2 OF fp*
APPENDIX G Page 1
THERMAL MODEL Z24FL10

1.0 Tray Thermai Data
i sie o VALUE
w =24 Width in Tray 4% FILL in 4" Tray
d =02037 in Depth of cables in T 0.2037 in/B29
o R=0.06890625/1000ft

Ta ‘=(273.16 4+ 40 K Ampient Temperature CaD=0h.‘738
Te "= unknown K Surface Temperature YOMC
Tm =(273.16 4+ 90 ) K Max Cable Temperature

h ~=0|0|.(E_E)‘__Wﬂ_' Overall Convective Heat transfer Coeffic ient
' K

K/ #x
h :=(O,|0| ):_'_‘_'
K
. -8 walt
o -=053010 3 Stephan-Boltzman Constant
€ =08 ol Effective thermal emmisivity of cable mass and tray
- surface.
P :=4mK---“—n- effective thermal resistivity of cable mass
2
As ‘=4 — Surface area of cable mass per unit iength
ft sides excluded
Te = Tm+ Ta
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Caiculation

2.1 calculated Value for Surface Temperature(Tc)

i
4 4
T
T (%-_!) W(Aspd) (-E‘i—%) W (Aspd) e
T = root] —mbe- Tt 4 +1}e~-Tm- = —r
8w 8w 8w 8w

Te = 360.729 °K

-Ta‘. Te
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2.2 Calculated value of total heat(W) per unit length generated in cable tray

|
1

w I=h‘({£—-¥-) ~M~(Tc-Ta)+o'As-£'(Tc‘—Ta‘)

W = 174 535 -"ﬁﬂ

2.3 Recalculated Max Cable Temperature{Tm)

1 i
) ) 4
h(%-%) A h({s—%) MPER o nepaTet AsepdTa
Tm = +1 )T~ A48 P AL L
Bw 8w R w 8w
Tm = 363.159
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
ATec =Tm—Tc
ATec = 243°K
w. >
ATe = 4
Sw ATc = 243°K
2.4.2 Air Temperature Drop
ATa =Tc~—Ta
ATa = 47.569 K
2.4 2 Total temperature Drop
AT ‘=ATc+ ATa
AT = 49999 *K
2.5 Heat generated per unit area
Q= w
T dw watt
Q= 35.7/1 * -~
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Ampacity Calculation
n.=3 number of conductors
CaD ‘=0.738 in Cable outer diameter
R = 0.06890625- m“;{"“ﬁ Resistance taken from Okonite book
140 Z:Q. ﬂ
2 j nR
140 = 271802 *amp Tray Z24FL10 Ampacity at 40C
150 '= 140-0.89 Correction factor 1 get to S0C
Ampacity at 50C

IS0 = 241903 "amp

180 (80% of the free air value) is 320 amps (400amp x 0.8) . This is greater than the 271.802
amps thus the 150 vaiue is the correct vaiue to use.



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGESLSOF_£&ilo™

PAGE 1
AFTENR THERMAL MODEL  Z14FM20  VALUE
9% FILL in 4" Tray
1.0 Tray Thermal Data 0.458 in/B09
, R=0.06890625/1000ft

w =24 in Width in Tray CaD=1.485"

d =0458 n Depth of cables in Tray 4OMCMTPLX
Ta =(273.16 4+ 40) K Ampient Temperature
Te ‘= unknown K Surface Temperature
Tm ‘=(273.16 4+ 90 ) K Max Cable Temperature

h ':om,.(_Tf_If)‘,_ﬂ Overall Convective Heat transfer Coeffic ient

K/ &k
h = (0101 ) —mm
i’ K
. -8 watt
o =053010 ™ o Stephan-Boltzman Constant
i K
£ =08 Effective thermal emmisivity of cable mass and tray
- surface.
p3=‘(l)'l(-; effective thermal resistivity of cable mass
As._4_ﬂ2 Surface area of cable mass per unit length
TR sides excluded
e ImtD
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation

2.1 caiculated Value for Surface Temperature(Tc)

i
4 4
T T
Asepd G(S—%) i (?c"x:) R Asepd
To 2 sonl] e I § +1lTc-Tm~ [ b T, T
R w R w 8w 8w

Tc = 358.068 *K



CALC.NO.95-ENG-01528E2 REV.0 ATTACHMENT B PAGE 82f0F Biov
APPENDIX H PAGE 2

2.2 Calcuiated value of total heat(W) per unit iength generated in cable tray
4
4
a

W =h (I-C--%) ‘As(Te=Ta)+ o As ¢ (Tc‘-TaA)

K
W = 16265 ff;ﬁ
2 3 Recaiculated Max Cabie Temperature(Tm)

1 |
1 3
B Te y |
h(-Tx:_—Tx:) s h(f—f) MEER  cneptn’] sarerin’
- .
Tm -= +1|Te— + A28 . P
8w 8w R w 8w
Tm = 363.16
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
e i R ATc = 5092 K
. Wpd
N ATc = 5092 °K
2.4.2 Air Temperature Drop
ATa =Tc=Ta ATa = 44908 °K
2.4.2 Total temperature Drop
AT =ATc+ ATa
AT = 50°K
2.5 Heat generated per unit area
Q i:l watt

dw it
Q= 14797 *—
in2



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B

APPENDIXH PAGE 3
Ampacity Caiculation
n-=3

CaD ‘= 1.485in

ohm
1000- fi

R ‘= 0.06890625

m._Cd) ﬂ

2 nmR

140 = 352.104 *amp

IS0 "= 140-0.89

150 = 313.372 *amp

number of conductors

Cable outer diameter

Resistance taken from Okonite book

Tray Z14FM20 Ampacity at 40C

Correction factor to get te 50C

Ampacity at 50C

PAGESS oF ot

180 is 268 amps (335 x 0.8) at 40C. Since 180<I40 the 180 value adjusted to 50C is used

lairB0 "= 268 0.89 - amp

lair80 = 238.52 *amp

This is the maximum aliowable ampacity.



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE 8¢ OF_B |10v

APPENDIX | PAGE 1 THERMAL MODEL Z24FL20
VALUE
FiLlLin4" T
w =24 in Width in Tray R=0.06890625/1000ft
CaD=0.738"
d '=0407 in Depth of cables in Tray 4/0MCM
Ta '={273.16 4+ 40 ) K Ampient Temperature
Tc = unknown K Surface Temperature
Tm :=(273.16 4+ 90 ) K Max Cable Temperature

h =0.101- (E_E)f watt Overall Convective Heat transfer Coeffic ient
' K 2
fi" K

=(0.101 )'?‘—
ft" K

3=053010 :':‘ Stephan-Boltzman Constant
"
‘=08 Effective thermal emmisivity of cable mass and tray
ey surface.
p:=mx'% effective thermal resistivity of cable mass
m’=4~ﬁ—2 Surface area of cable mass per unit length
- ft sides excluded
Te '= Tm+ Ta
2
WM S Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature(Tc)
l 1
1 r
T
envepd o, |EX) HAPO E-%) 200  aepe
Te = root -——t—p—-Tc‘-l- +11c~Ta— T~ - i 'Ta‘.Tc
8w 8w 8w 8w

Te = 358573 °K



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT 8 PAGE 627 OF B3
APPENDIX| PAGE 2

2.2 Calculated value of total heat{W) per unit length generated in cable tray

Tc Ta "

W =h (—-——) ‘As{Tc—Ta)+ o As' ¢ (Tc"-Ta‘}
K K

watl

W = 164 887 "—r

2.3 Recalculated Max Cable Temperature(Tm)

1 1
4 4
T Ti T:
h({-—%) (As-pd) h({——x-a-) ‘As-p-d Ta " and ™ o
Tm = *irke- +o A3 AA MBS L A
8w §w Bw
Tm = 363.16
2.4 Temperature Rises

2.4.1 Cab le Mass temperature Rise

ATec =Tm— Tc

ATc = 4587°K
— Wpd
e ATc = 4.587°K
2.4 2 Air Temperature Drop
ATa =Tc—Ta

ATa = 45413 °K
2.4.2 Total temperature Drop

AT =ATc+ ATa

AT = SO°K
2.5 Heat generated per unit area
- W watt
Q -y i




CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE 82> OF 8100
APPENDIX | PAGE 3

Ampacity Calculation
n=3 number of conductors
CaD ‘=0.73%in Cabie outer diameter

R ‘= 006890625 e Resistance taken from Okonite book
uo =0 1Qx

2 nR

140 = 186.897 *amp Tray Z24FL20 Ampacity at 40C
IS0 '= 140-0.89 Correction factor to get to 50C
150 = 166.338 "amp Ampacity at 50C

i80 is 320 amps (400 x .8). Since this is > than 140, the 150 value is the value to use.



CALC. NO. 96-ENG-0152862 REV.0 ATTACHMENT B PAGE 8210F B

APPENDIX K PAGE 1 THERMAL MODEL  Z25BG20
VALUE
1.0 Tray Thermal Data 10% FILL in 4" Tray
_ : _ 0.509 i/ BO3
w . =24 n Width in Tray R=0.84875/1000ft
d *=0.509 in Depth of cables in Tray CaD=0.774"
3/C#8
Ta ‘=(273.16 4+ 40K Ampient Temperature
Te "= unknown K Surface Temperature
Tm =(273.16 4+ 90 ) K Max Cable Temperature
1
. '=0|0|-(IE—E)4~ watt  Overall Convective Heat transfer Coeffic ient
. watt
h -=(0.101 ) ——
i K
o =0.530 108 :ﬂ! Stephan-Boftzman Constant
s ot Effective thermal emmisivity of cable mass and tray
0. surtace.
pzzmx-c"“-& effective thermal resistivity of cable mass
W
M._‘ﬁ Surface area of cable mass per unit length
S sides excluded
Te = Tm + Ta
2
Tec = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature(Tc)
LS 1
4 4
el (%—-1%) ‘b (As pd) ({5-{—’) “h-( As-p-d) a2
Te = -O—-E—p-—-Tc4+ 411 Tc—Tm=- ~Ta-° 3 4 -Tl‘.Tc
8w 8w 8w B w

Te = 351.57T1°K



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B
APPENDIXK  PAGE 2

2 2 Calculated value of total heat(W) per unit length generated in cable tray
I

I
Wsh E-E)
K K

‘As({Tc—Tay4+ o As ¢ (Tc‘-Ta‘)
W= nw.m-l:';

2.3 Recalculated Max Cable Temperature(Tm)

o As-c-p~ch‘

PAGE B2 OF B10™

_cAsepdTa’

+

+1}Tc—
8w

I I
4 4
Ti Ta Te Ta
pl===) (Arpd) h[—=—] -AspdTa
._ K K K K
Tm =
8 8w

‘W
Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATc :=Tm - Tc
ATc = 5583 ‘K

wpd
8w ATc = 5583°K

ATc =

2.4.2 Air Temperature Drop
ATa =Tc—Ta

ATa = 44417°K
2.4.2 Total temperature Drop

AT = ATc+ ATa
AT = 50°K
2.5 Heat generated per unit area

W
Q .‘d'w

8w



CALC.NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE B% CF #/0%
APPENDIXK PAGE 3

Ampacity Caiculation
n =3 number of conductors
CaD ‘=0.774'in Cable outer diameter
: ohm " -
R = 084875 Resistance taken from Okonite book
1000 ft
g =50 10
2 nR
140 = 4927 "amp Tray Z25BG20 Ampacity at 40C
IS0 = 140- 0.89 Correction factor to get to 50C
I50 = 43 85 "amp at S0C

Since 150 is less than 80% of the free air value at 50C [52.48 amps] 150 is the correct value to
use.



CALC.NO. 96-ENG-01528E2 REVO0 ATTACHMENT B PAGE 832 OF &re ™

APFENDIXM  PAGE 1 THERMAL MODEL  Z14FM10
Vaiues
12% fill on 4°
1.0 Tray Thermal Data _ 0.611 in/ BO1
w =24in Width in Tray R=2_15/1000ft
- 4 : CaD=0.603
d =061t Depth of cables in Tray VCH 2AWG
Ta =(273.16 4 40 ) K Ampient Temperature
Te “= unknown K Surface Temperature
Tm =(273.16 4+ 9 ) K Max Cable Temperature

. I=010|‘(-E—1'-)‘v watt  Overall Convective Heat transter Coeffic ient
. K

K/ ax
h=(0.101 )..'_.m.
i’ K
- -8 watt
o =053010 2 Stephan-Boltzman Constant
fi
‘=08 Effective thermal emmisivity of cable mass and tray
£ =0 surlece.
pi=400l('2mtt effeciive thermal resistivity of cable mass
W
A __"ﬁ2 Surface area of cable mass per unit length
S .- T -“ie :' d!d
Te :=Tm+'l'a
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature(Tc)
= /A
4 4
Ti T
W (_EC-_'_(:) ‘h(Aspd) ({5—{3) ‘b As pd) e
To 2 ool mmmben- Te 4 4 +1}1c-Tm~- I~ e Eo 0t
R w Bw 8w 8w

Te = 356.631 K




CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE 833 OF &R

APPENDIXM PAGE 2
2.2 Calculated value of total heat{(W) per unit length generated in cable tray
i
Te Ta . 4 4
W . =h ——--) ‘As(Tc=Ta)+ o Ase(Tc —Ta')
K K
watt

W = 156331 '—ﬁ—
2.3 Recalculated Max Cable Temperature(Tm)

1 i
4 4
h(l:-'—-?) (As pd) h-(%-{g) ‘AspdTa A ont Ase-0dTal
T = sl 4 SAsepdTc | oAsepdTa
8w 8w Rw 8w
Tm = 16316
2.4 Temperature Rises

2.4.1 Cab e Mass temperature Rise

ATec =Tm~-—Tc
ATc = 6529°K

W pd

A ATc = 6.529°K

2.4 2 Air Temperature Drop

ATa =Tc~Ta
ATa = 43471 °K
2.4 2 Total temperature Drop

AT =ATc+ ATa
AT = 50°K

2.5 Heat generated per unit area

Q = watt
= 4

Q = 10661 "
n




CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE 83 OF &0

APPENDIXM PAGE 3

Ampacity Calculation
a-=3 number of conductors
CaD ‘=0603 s —able outer diameter
. ohm ;
R =215 Resistance taken from Okonite book
1000 fi
uo =50 10
2 nR
140 = 21.726 *amp Tray Z14FM10 Ampacity at 40C
150 ‘= 140-0 8¢ ad o getto S0C
Ampacity at 50C

150 = 19.336 “amp

Since 80% of the free air value is greater than 150 above is less than this vaiue, 150 is the
~.arrect value to use.



CALC.NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE 85 o 2%%

APPENDIX N PAGE 1 THERMAL MODEL  Z14FM10
VALUE
ina'T
1.0 Tray Thermal Data ;?;:,‘;Lm oy
w=24'm Width in Tray R=0.06890625/1000ft
d:=0611-in S S SaNauR i Sy CaD-1.485
2/OMCMTPLX

Ta '=(273.16 4 40 ) K Armpient Temperature
Te = unknow K Surface Temperature

Tm :=(273.16 4+ 90 ;'K Max Cable Temperature
i

h._mm.(TC_Ta)‘_wan Overall Convective Heat transter Coeffic ient

K K/ o

h = (0101 ) ——
i’ K

—g.waﬂ

o =053 10 T Stephan-Boltzman Constant
ﬁ 5

Effective thermal emmisivity of cable mass and tray
surface.

effective thermal resistivity of cable mass

Surface area of cable mass per unit length
sides excluded

+
Te i= Tm2 Ta

Te = 338.16°K initial assumed value for Surface Temp. (Tc)

2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature(Tc)

i

4
T
(-—c -{3) ‘b (As-p-d)

DI B +1

o As e pd
& w Bw

Tc = 356,631 K




CALC. NO. 96-ENG-0152862 REV.0 ATTACHMENT B PAGE 83 OF @
APPENDIXN 0. GE 2

2.2 Calculated value of total heat(W) per unit length generated in cable tray
1

WI:h(%—-EE) As(Te=Ta)+ o As e (Tc* = Ta')

att
W = 156331 'T

2.3 Recalculated Max Cable Temperature(Tm)

4

+1jTc—- +
‘W B w 8w

1 I
3 1
- o
L P, o(E-2) :
Tm = K K K K OAsepdTc | OAsepdTa
' 8

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATc =Tm-=Tc
ATec = 6529°K

W-p-d
Bw  ATc = 6529°K
2.4.2 Air Temperature Drop
ATa =Tc~= Ta

ATe =

ATa = 43471 'K
2.4.2 Total temperature Drop

AT ‘=ATc+ ATa
AT = 50°K

2.5 Heat generated per unit area

S w




CALC. NO. 96-ENG-0152862 REV.0 ATTACHMENT B PAGE 8370 &>
APPENDIXN PAGE 3

Ampacity Calculation

n.-=3 number of conductors

CaD ‘= 1 485in Cable outer diameter

R =0 06890625 13;'-'11 Resistance taken from Okonite book

Mo = CaDA Qn

2 n R
140 = 298 867 “amp Tray Z14FM10 Ampacity at 40C
150 = 140-0.89 Correction factor to get to 50C
150 = 265991 *amp Uy - S

The ampacity in air at 40C is 335, 80% is equal to 268 amps. Since 268 amps is < 140 the free
air value (B0%) adjusted to 50C is the correct value to use.

IR0 "= 268 amp- 0.89 )
180 = 238.52 “amp i .



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGES% OF S

APPENDIXV PAGE 1 THERMAL MODEL Z23FA30
Values
25% fill on 4"
10 Trayjhamdbula ‘ 1.27 in/ B10
w = 24n Width in Tray R=0.0594925/1000ft
d:=127in Depth of cables in Tray gm
Ta (=(273.16 4 40) K Ampient Temperature
Te "= unknown K Surface Temperature
Tm =(273.16 4+ 90 ) K Max Cable Temperature

h'=030l-(Tc—Ta)‘-m Overall Convective Heat transfer Coefficient
i K
= (0101 )~2ﬁ

ft™ K
. -8 walt
o =053010 - Tt Stephan-Boltzman Constant
n -
‘=08 Effective thermal emmisivity of cable mass and tray
s di surface.
p:=mx-§;—- effective thermal resistivity of cable mass
M.__“.f’t2 Surface area of cable mass per unit length
TR sides excluded
_Tm+ Ta
e
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature(Tc)
1 1
4 4
Te "= root 1——’-:-L-'Tc‘#' *i1Fre=Tm=- ~Ta—c A 4 -Ta‘.Tc
8w 8w 8w 8w

Te = 351.5°K



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGEMU:_‘_‘V

APPENDIXV PAGc 2

2.2 Calculated value of total heat(W) per unit length generated in cable tray
3
Te  Ta\* 4
W:h(—K--T) 'AS'(TC-TD)+O'AS€'(TC —Ta‘)

W = 134.325 -"'ﬁ—‘"

2.3 Recalculated Max Cabie Temperature(Tm)

i i
g 4 : 4
h E-—E (As'pd) h~(-1}--3) ‘As'pdTa 4 4
. K K K K o AsepdTc o AsepdTa
Tm = - - .

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATec '=Tm = Tc

ATc = 11.66°K

W-p-d

- e ATc = 11.66°K

2.4.2 Air Temperature Drop

ATa =Tc—Ta
ATa = 3834°K
2.4.2 Total temperature Drop

AT =ATc+ ATa
AT = SO°K

2.5 Heat generated per unit area

Q Z:l watt

Bw



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE 8¢ OF 84°%

APPENDIXV PAGE 3

Ampacity Caiculation
n-=3 number of conductors
CaD = 1.719in Cable outer diameter
R ‘= 00594925 — Resistance taken from Okonite book
uo =0 10
2 nR
140 = 239 387 “amp Tray Z23FA30 Ampacity at 40C
IS0 '= 140-0.89 Correction factor to get to 50C
Ampacity at 50C

150 = 213.055 “amp

180 = 374 8 amp mmmmwMBMaw& 150 is the correct

IR0 = 2992 "amp



Uit M T o TR i R R

CALC. NO. 96-ENG-0152862 REV0 ATTACHMENTB PAGE 8% OF épv
APERALW P 1 THERMAL MODEL Z23FA25
Values
27% fillon 4"
10 Tray_ThermalDda . 1.375 i/ B10
w =24in Width in Tray R=0.0594925/1000ft
e . . CaD=1.719
=1.375
d =1375in Depth of cables in Tray >50MCMTPLX
Ta ‘=(273.16 4+ 40 ) K Ampient Temperature
Te "= unknown K Surface Temperature
Tm ‘=(273.16 4+ 90 ) K Max Cable Temperature

1
h ':mm.(E...I‘.)‘.lﬂ_ Overall Convective Heat transfer Coeffic .ent
' K 2
ft"- K

att
b= (0.101 "'z_

ft“ K
; -3 watl
¢ ‘=0530-10 . Stephan-Boltzman Constant
it K
=08 Effective thermal emmisivity of cable mass and tray
A surface.
pzzmx-ﬂ:; effective thermal resistivity of cable mass
W
As"’4~ﬂ2 Surface area of cable mass per unit length
Y sides excluded
Te :=Tm+Ta
2
Tc = 338.16°K Initial assumed value for Surface Temp. (Tc)

2.0 Thermal Calculation
2.1 calcutated Value for Surface Temperature(Tc)

1
4 kN
Ti T T
As d (-KS-?‘) W) (?c-l?a) *(Asp ) As d
Te = 2—-—£—p-—-Tc‘+ +1}Tc=Tm-— -Ta—i——f—g—'Ta‘.Tc
R w 8w 8w Bw

Te = 350.808 °K



CALC. NO. 96-ENG0152862 REV.0 ATTACHMENT B
APPENDIXW PAGE 2
2.2 Calculated value of total heat{W} per unit length generated in cable tray
i

Te Ta . 4 4
Wi=h-(—K——T(-) ‘As(Tc—Ta)+ o0Ase(Tc —Ta')

W = 131427 --'%“-
2.3 Recalculated Max Cable Temperature(Tm)

|-

+1fTe- .

PAGE 8% OF Bro™

o AS‘t-pch‘ _GCAsepdTa

4

1
T m\* T« Ta
hi—=—] (Aspd) h|l==—] AspdTa
= K K K K
Tm = -

-w B w

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATe =Tm—Tc
ATc = 12352°K
W-pod

e ATc = 12.352°K

2.4.2 Air Temperature Drop

ATa =Tc=Ta
ATa = 37648 °K
2.4 2 Total temperature Drop

AT =ATc+ ATa
AT = 50°K

2.5 Heat generated per unit area

Q ::1 watt
dw ﬁ
Q= 3983"

o

8w 8w



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE @ OF o

APPENDIXW PAGE 3

Ampacity Calculation
n-=3

CaD ‘=1719m

R =0.0594925
1000 ft

po =S 10%
2 n R

140 = 227.569 *amp

150 ‘= 140-0.89

150 = 202.537 *amp

180 =374 R amp
180 = 299.2 *amp

number of conductors
Cabile outer diameter

Resistance taken from Okonite book

Tray Z23FA25 Ampacity at 40C

Correction factor to get to 50C
Ampacity at 50C

Since the 80% of free air value is > 140 use 150 as correct
value.



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT 2 PAGE BWOF &0t

AFFENCIL X Poie ) THERMAL MODEL Z24FL10
Values
4% fill on 4
1.0TrayThemHDala 02037(”;‘%
w =24 Width in Tray R=3.41/1000ft
e 5 . CaD=0.576
e 37-
d =02037 in Depth of cables in Tray 7ICH14AWG
Ta =(273.16 4 40 ) K Ampient Temperature
Te = unknown- K Surface Temperature
Tm =(273.164 90 ) K Max Cable Temperature

b ::om,.(E_E)‘,ﬂ Overall Convective Heat transfer Coeffic ient
’ K

K/ wlk
h :=(0.101) ——
i’ K
: ~g watt
o =0530-10 o Stephan-Boltzman Constant
n a
=08 Effective thermal emmisivity of cable mass and tray
.- surface.
p =MK-% effective thermal resistivity of cable mass
s ,_4.ﬁ2 Surface area of cable mass per unit length
i g sides excluded
Te 1= Tm+ Ta
2
Tc = 338.16°K initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature(Tc)
L i
4 ) 4
P (-1%—%) ‘h(As pd) (%—;E-) ‘h'( As-p-d) Hiirand
T = root] e T 4 +1}7c=Tm= - SRS
8w Bw B w Bw

Te = 360.729 °K

“Tat, Te



CALC. NO. 96-ENG-01528E2 REV.0  ATTACHMENT 2 PAGE 845 oF 84

APPENDIX X PAGE 2

2.2 Caiculated value of total heat(W) per unit length generated in cable tray
I

T« Ta\?
w::n(;--?) A (Te=Ta)+ G Ase (T = ')

att
W = 174535 "ot

ft
2.3 Recalculated Max Cable Temperature(Tm)

1 I
3 3
. T.
h- ..TE-.E (Aspd) h'(;r-‘:'-—‘-) ‘As'pdTa 4 4
" K K K K g AsepdTc CAsepdTa
Tm = . ; s 2 -

W 8w 8w 8w

Tm = 363.159

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATec =Tm—Tc
ATc = 243°K

Wpd

i s ATc = 243°K

2.4.2 Air Temperature Drop

ATa =Tc— Ta
ATa = 47569 "K
2.4.2 Total temperature Drop

AT =ATc+ ATa

AT = 49999 *K
2.5 Heat generated per unit area
Q :.‘!. watt
dw 3
Q= 35701"




CALC. NO. 96-ENG-01528E2 REV.0  ATTACHMENT 2 PAGE 846 OF B

APPENDIX X PAGE 3

Ampacity Calculation

n-=7

CaD ‘=0576'n

140 = 19.742 *amp

IS0 "= 140-0 .89

150 = 17.57 *amp

number of conductors

Cabie outer diameter

Resistance taken from Okonite book

Tray Z14FM20 Ampacity at 40C

Correction factor to get to 50C

Ampacity at 50C

80% of free air value is 22.96 amps at 50 C.
150 is correct value to use.



CALC. NO. 96-ENG-01528E2 REV.0
APPENDIX AA PAGE 1

1.0 Tray Thermai Data

w.=24m

d =178 m

Ta ‘=(273.16 4 40 ) K
Te "= unknown K

Tm =(273.16 4+ 90 ) K
i

4
T: watt
h::().mr(.'.rf.—;'.) et
K K/ g2k

att
h S=(0.101 )--12——

w2 K
6 =053 10 % '2"’“4
i K
£ - =08
P L=m~x<ﬂ
wart
2
As =
i

Te = Tm+ Ta
2
Tec = 338.16°K

2.0 Thermal Caiculation
2.1 calculated Value for Surface Temperature(Tc)

Tc = root

Te
—_—— ] h(Aspd
(k-3 pd)

ATTACHMENT 2
THERMAL MODEL Z25BG20

Width in Tray

Depth of cables in Tray
Ampient Temperature
Surface Temperature
Max Cable Temperature

PAGE #¥' OF &ver-

Values

35% fill on 4"
1.78 in
R=3.41/1000ft
CaD=0.468
3/C#14AWG

Overall Convective Heat transfer Coeffic ient

Stephan-Boltzman Constant

Effective thermal emmisivity of cable mass and tray

surface.

effective thermal resistivity of cable mass

Surface area of cable mass per unit length

sides excluded

Initial assumed value for Surface Temp. (Tc)

o Asepd
8w

T+

Tc = 348389 *K

T TP -

]

4
Te Ta
-] (AP d)
(K K) =

N SAsep

8w



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT 2 PAGE £4* OF £re™

APPENDIX AA PAGE 2
2.2 Calculated value of total heat{W) per unit length generated in cabie tray
1

Te Ta .
WI:h-(—E—?) ‘As{Tc=Ta)¥+ o As £ Tc‘—Ta‘)

W= |2|44n~"—:'-
2.3 Recalculated Max Cable Temperature(Tm)

4

8w R w 8w

1 I
4 4
T Ti T
(=== (Aspe) h —‘—-3) ‘As-pdTa s s
. K K K K oAsepdTe o As e pdTa
Tm = 5 + 13- -
W

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATc =Tm-— Tc
ATec = 14771 °K

_Wpd
g ATc = 14771 °K
2.4.2 Air Temperature Drop
ATa =Tc—Ta
ATa = 35.229°K
2.4.2 Total temperature Drop
AT =ATc+ ATa
AT = 50°K
2.5 Heat generated per unit area
.:_vf. walt
dw “a

fi
Q=2842°




CALC. NO. 96-ENG-01528E2 REV.C  ATTACHMENT 2 PAGE#4] OF 80%

APPENDIX AA PAGE 3

Ampacity Caiculation

n.=3 number of conductors

CaD '=0468 in Cable outer diameter

R =341 Resistance aken from Okonite book
1006 ft

uo =S 10%
2 nR

140 = 6913 *amp Tray Z14FM20 Ampacity at 40C

150 = 140-0 89 Correction factor to get to S0C

Ampacity at 50C

IS0 = 6.153 *amp



CALC. NO. 96-ENG-01528E2 REV.0
APPENDIX AB PAGE 1

1.0 Tray Thermai Data

w.=24'mn
d=178%m
Ta ‘=(273.16 4+ 40K
Tc = unknown K
Tm =(273.16 4 9% ) K
1

4
£ & ok
h 2= (0.101 ) —m.
e K
6 =0.530 m"‘«-ff‘—‘-
fi° K
£ =08
p —O(I)-K—al
watt
P
AS =4
ft
To '= Tm+ Ta
2
Te = 338.16°K

ATTACHMENT 2 PAGE 87 OF Se*
THERMAL MODEL Z25BG20
Value:
35% fill on 4"
_ 1.78 in/C02
Width in Tray R=3.41/1000ft
- CaD=0.45
Dep*h of cables in Tray 2/CH1AAWG
Ampient Temperature
Surface Temperature

Max Cable Temperature

Overall Convective Heat transfer Coeffic ient

Stephan-Boltzman Constant

Effective thermal emmisivity of cable mass and tray
surface.

effective thermal resistivity of cable mass

Surface area of cable mass per unit length
sides excluded

Initial assumed value for Surface Temp. (Tc)

2.0 Thermal Calculation
- 2.1 calculated Value for Surface Temperature(Tc)

B |-

4
T
Te ‘= root -Aihd Tt + +i|Tc—Tm= ‘Ti-——g'
Rw 8w R w 8w

Te = 348389 °K

-Ta‘. Tc



CALC. NO. 96-ENG-01528E2 REV0 ATTACHMENT 2 PAGE #% OF P2

APPENDIX AB PAGE 2

2.2 Caiculated value of total heat(W) per unit length generated in cable tray

|-

W =h (%-—%) ‘As(Tce—=Ta)+ o As ¢ (Tc‘—Ta‘)

W= mm'—ﬂ'ﬂ
2.3 Recalculated Max Cable Temperature(Tm)

4

i !
P 4
Tm = ~ R At S
W

8w B w

Tm = 363.16

2.4 Temperature Rises
2 4.1 Cab le Mass temperature Rise

ATec ‘=Tm—Tc
ATc = 14771 °K
Wpd

e ATc = 14771 K

2 4.2 Air Temperature Drop

ATa =Tc—Ta
ATa = 35229 °K
2.4.2 Total temperature Drop

AT =ATc+ ATa
AT = 50°K

2.5 Heat generated per unit area

8w



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT 2

APPENDIX AB PAGE 3

Ampacity Calculaticn
e 5 number of conductors
CaD ‘=045 min Cable outer diameter
A ohm . ’
R =341 Resistance taken from Okonite book
1000- ft
o =50 | Q=
2 nR
140 = 8.141 *amp Tray Z14FM20 Ampacity at 40C
150 = 40-0.89 Correction factor to get to 50C

150 = 7.246 *amp s e



CALC. NO. 96-ENG-01528E2 REV.0
APPENDIX AC PAGE 1

1.0 Tray Thermal Data
w . =24
d =178 in

Ta =(273.164- 40 ) K
Te ‘= unknown- K

Tm =(273.16 4+ 90 ) K
I

ATTACHMENT 2 PAGE®S) OF #r ™
THERMAL MODEL Z25BG20
Values
35% fill on 4"
i 1.78 in/BO1
Width in Tray R=2.15/1000#
: CaD=0.603
NP . Yy ICH12AWG
Ampient Temperature
Surface Temperature

Max Cable Temperature

Tc = 348 389 °K

h.zmm_(lc__l'g)‘_waﬂ Overall Convective Heat transfer Coeffic ient
K K/ gk
f=(0A|0|)~_'m_.
i’ K
: -8 watt
o -=0530 10 * e Stephan-Boltzman Constant
fi" K
=08 Effective thermal emmisivity of cable mass and tray
- surface.
p =400K-% effective thermal resistivity of cable mass
As _4&2 Surface area of cable mass per unit length
TR sides excluded
To :=Tm+Ta
3
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calcuiated Vaiue for Surface Temperature(Tc)
2 3
' 4 4
p (%—-?) ‘n{As'pd) (%—-?) h(Aspd) i
Sl St Pl 5ty +1)Tc—Tm- o Sl
W 8w B w ‘W

2



CALC. NO. 96 ENG-01528E2 REV.0 ATTACHMENT 2 PAGEﬁ:OF_g”

APPENDIX AC PAGE 2

2.2 Calculated value of total heat(W) per unit iength generated in cable tray

Te Ta 4
w::n(?-?) As(Te=Ta) 4 o Ase(Tc' = Tat)

W - |2|,4n'-'—'fm;—
2.3 Recalculated Max Cable Temperature{Tm)

. c~As-:~péTa‘

i i
2 1
Tc T T
h -Kf-?') (Aspd) h(—%—%) ‘As'pdTa A T
— +o s e pdTc

8w 8w 8w

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
ATec =Tm = Tc
ATc = 14771 °K
Wod

i v ATc = 14771 °K

2.4.2 Air Temperature Drop

ATa =Tc—Ta
ATa = 35.229°K
2.4.2 Total temperature Drop

AT =ATc+ ATa
AT = S0°K

2.5 Heat generated per unit area

= W watt
Q- - Bt

Q= 2842°

8w



CALC. MNC.96-ENG-01528E2 REV.0 ATTACHMENT 2

APPENDIX AC PAGE 3
Ampacity Cal :ulation
"-=3 number of conductors
CaD ‘= 0.603 in Cable outer diameter
‘ ohm : ‘
R =215 Resistance taken from Okenite book
1000 ft
o =S50 1 2%
2 vynR
M0 = 11.217 “amp Tray Z14FM20 Ampacity at 40C
150 = 140 0. 89 Correction factor to get to 50C
Ampacity at 50C

150 = 9.984 *amp

PAGESSS OF o~



CALC. NO. 96-ENG-01528E2 REV.0
APPENDIX AD PAGE 1

1.0 Tray Thermal Data
w =24
d =178 imn

Ta =(273.164 40 ) K
Tec ‘= unknown K

Tm =(273.16 4+ 90K
1

ATTACHMENT 2 PAGE 85% OF fior
THERMAL MODEL Z25BG20
Vaiues
35% fill on 4"
. 1.78 in/C62
Width in Tray R=1.35/1000ft
: CaD=0.522
Depth of cables in Tray 2/CHOAWG
Ampient Temperature
Surface Temperature

Max Cable Temperature

h':()l()[(.E—IE)‘»m Overall Convective Heat transfer Coeffic ient
K K/ ok
2 (0.101 ) ——
il K
=3 watt
=0530 10 T Stephan-Boltzman Constant
ﬁ.
‘=08 Effective thermal emmusivity of cable mass and tray
£ =0 ey
pi=m'x-% effective thermal resistivity of cable mass
As .=‘__2 Surface area of cabie mass per unit length
v sides exciuded
Tc:=Tm+Ta
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation

2.1 calculated Value for Surface Temperature(Tc)

i 1
3 r
.
PORUp ({5—{3) b (Aspd) (%-7') h{Aspd) e
Te ‘=root] ZASEP na +ifR=Tm~ P
B w R w 8w 8w

Tc = 348389 °K

“Ta®, Tc
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2.2 Calculated value of total heat(W) per unit length generated in cable tray

1
Tce Ta - 4 4
W =h Tk--? "As(Tc—Ta)y+ o Ase(Tec —Ta )

W = lzl,4n°—r—
1
2.3 Recalculated Max Cable Temperature(Tm)

1 ]
4 4
T
h(%—{:) ey h(%—'xg) APER  oavepent| casepen
Tm = +1]Te- TS AAd AL N SN AL
8w R-w 8w 8w
Tm = 363.16
2.4 Temperature Rises

2.4.1 Cab le Mass temperature Rise

ATc =Tm-— Tc

ATec = 14771 °K

W-pd

e & R w ATe

14771 °K

]

2.4.2 Air Temperature Drop

ATa =Tc—Ta
ATa = 35229°K
2.4.2 Total temperature Drop

AT ‘=ATc+ ATa
AT = 50°K

2.5 Heat generated per unit area

___W watt
Q- dw

fi
Q=12842"

-

in®



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT 2

APPENDIX AD PAGE 3
Ampacity Calcutation
n-=2
CaD ‘'=0522-in

ohm

R ‘=135
1000 fi

uo =S 1Qx
2 nR

140 = 15.009 *amp

150 ‘= 140-0.89

I50 = 13.358 *amp

number of conductors

Cable outer diameter

Resistance taken from Okonite book

Tray Z14FM20 Ampacity at 40C

Correction factor to get to 50C
Ampacity at 50C

PAGE #%*OF prov
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APPENDIX BIPAGE 1 THERMAL MODEL  Z52EA10,,
alues
38% fill on 4°
1.0Tray1hema|0da 1.935 in/B14
w =6in Width in Tray R=0.033251456/1k#t
CaD=3.05
d =1935in Depth of cables in Tray 750MCMTPLX
AL
Ta ‘=(273.16 4 40y K Ampient Temperature
Te = unknown K Surface Temperature
Tm ‘=(273.16 4+ 90K Max Cable Temperature

Te Ta)‘_ watt  Overall Convective Heat transfer Coeffic ient

:=om|-(———
K B ox

=

watt
h =(0.101 )-—2-—

ft““ K
. -8 watt
o -=0530-10 - 3 ' Stephan-Boltzman Constant
ﬁ S
£ =08 Effective thermal emmisivity of cable mass and tray
- surface.
p:=mx-—& effective thermal resistivity of cable mass
- ._4vﬁ2 Surface area of cable mass per unit length
TR sides excluded
Te = Tm+ Ta
2
Tec = 338.16°K Initiai assumed value for Surface Temp. (Tc)
2.0 Thermal Caiculation
2.1 calculated Value for Surface Temperature{Tc)
¢ 3
4 4
Lot }(‘--{3) h(Aspd) ({-‘—%) W (Asp) S
Te = oot =Pl 1t 4 +1l - Tm~ -t PO n’ %
2w 8w 8w Bw

Te = 332019°K
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2.2 Caiculated value of total heat(W) per unit iength generated in cable tray

i
Tce Ta . 4 4
W =h -l?-? ‘As{Tc—Ta)¥+ oG Ase(Tc —Ta )

W = 58 864 '

2.3 Recalculated Max Cable Temperature(Tm)

o As-c-pch‘ _o As-c-p-dTa‘

i 1
4 4
T
h (—E—-—E'-) (Aspd) h ({—c-%) ‘As'pdTa
Tm = +1}Te-— .
8w 8w
Tm = 363.16
2 4 Temperature Rises

2.4 1 Cab ie Mass temperature Rise
ATe ‘=Tm-—Tc
ATe = 31141 °K

8w ATc=31.141°K
2.4.2 Air Temperature Drop

ATa =Tc—Ta

ATa = 18859°K
2.4 2 Total temperature Drop

AT =ATc+ ATa
AT = S0°K
2.5 Heat generated per unit area

o i v watt

8w

Sw
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Ampacity Calculation
n =3 number of conductors
CaD ‘=305 m Cable outer diameter

R ‘= 0033251456 Resistance taken from Okonite book

1000- ft
o =50 12
2 nR
140 = 609377 *amp Tray Ampacity at 40C
150 "= 140-0.89 Correction factor to get to 50C
150 = 542 346 “amp Ampacity at 50C

fair =588 amps at40C

IR0 ‘= S88- R- .89

IR0 = 418.656



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT 2
APPENDIX B2PAGE 1

THERMAL MODEL Z22EA10

PAGE B¢ OF B0~

Values
23% fill on 4"
1.0 Tray Thermal Data 11714 inB14
w =6in Width in Tray R=0.06543487/1000ft
CaD=2.39
d =11714in Depth of cables in Tray 35CMCMTPLX
AL
Ta - =(273.16 4+ 40 ) K Ampient Temperature
Te -= unknown K Surface Temperature

Tm =(273164 90) K
|

Max Cable Temperature

h;zmo,_(ﬁ_ﬁ)‘_ﬂ Overall Convective Heat transfer Coeffic ient
Z:(()_]()])-Lm_
i K
. -g watt
o =053 10 " 3 Stephan-Boltzman Constant
ﬂ.
€ =08 Effective thermal emmisivity of cable mass and tray
surface.
p3=«)0l(--; effective thermal resistivity of cable mass
As '_-_4.“2 Surface area of cable mass per unit length
st 1 sides excluded
Te ::Tm+Tn
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation

2.1 calculated Value for Surface Temperature(Tc)

i

i 3
-—) b (Aspd)
+1

8w

Te = 337.696°K

a
4
K) pd)

(Tc Ta
“Te = Tm — £ -Ta-—o‘As.c-Vd‘T.‘_Tc
8w 8w
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APPENDIX B2 PAGE 2
2 2 Calculated vaiue of total heat(W) per unit iength generated in cable tray
1

Te  Ta\*
w:zh'(—;—i— 'AS'(TC"T&)"'G’AS'&"(TC‘—Ta‘)

W= 79.509-:'—:1

2.3 Recalculated Max Cable Temperature(Tm)

|
i 3
h-({:-{: (Aspd) s
Tm = 1R~
8w

!
4
IR -
h-(l‘-——a) ‘As'p ¢ Ta a
K o AsepdTc | oAsepdTa

K

+
8w 8w 8w
Tm = 363.16
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
ATec =Tm - Tc
ATc = 25464 °K
w. "
ATe = B
8w ATc = 25464°K
2.4.2 Ar Temperature Drop
ATa =Tc-=Ta
ATa = 24536 °K

2.4.2 Total temperature Drop
AT =ATc+ ATa

AT = 50°K
2.5 Heat generated per unit area
Q= -
Cdw ﬂ

Q= 1L.313" -
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APPENDIX B2 PAGE 3

Ampacity Calcuiation

a=3 number of conductors

CaD =239 in Cable outer diameter

ohm
1000- ft

R ‘= 006543487 Resistance taken from Okonite book

uo =50 10%

2 n R
140 = 508.461 “amp Tray Ampacity at 40C
150 = 140-0.89 Correction factor to get to 50C
150 = 452.531 “amp Ampacity at 50C

'air = 368 amps at 40C.

IS0 “=368- 8- 89
180 = 262.016

PAGE 8¢* OF Av>
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ATTACHMENT B

Page 845 of S

TESTS FOR MATHCAD VERIFICATION

To prove the validity of the MathCad ampacity several tests were run using the depth and
cable diameters provided in the ICEA tables. The ampacities presented in the ICEA table
for each test made was then compared to the calculated value to ensure the calculation

was providing conservative values. The results are tabulated below:

TEST ]| Appendix | Cable Depth ICEA | MATHCAD Variance
1 PP 3/C #8 1.5 38 36.766 3.249%
2 100 3/C #8 2.0 31 30.137 2.784%
3 1T 500MCM 1.5 438 - 397.554 9.234%
4 JUU SOOMCM 3.0 272 242.456 10.863%
5 JRR 4/0 3.0 135 124.212 7.991%
6 1SS 2/0 25 153 142.199 7.059%

From the above it is apparent that the values calculated in all cases are conservative.
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ATTACHMENT B

TESTS FOR MATHCAD VERIFICATION

To prove the validity of the MathCad ampacity several tests were run using the depth and
cable diameters provided in the ICEA tables. The ampacities presented in the ICEA table
for each (est made was then compared to the calculated value to ensure the calculation
was properly functioning. The results are tabulated below:

TEST | Appendix | Cable Depth ICEA | MATHCAD Variance
] P 3/C #8 1.5 38 33.799 11.056%
2 10 3/C #8 2.0 31 27.924 9.922%
3 T SOOMCM 1.5 438 365.473 16.559%
4 (U S00MCM 3.0 272 227.309 16.431%
5 R 4/0 3.0 135 116.425 13.739%
6 |IS 4/0 2.5 153 132.606 13.329%

From the above it is apparent that the values calculated in all cases are conservative.
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Appendix P PAGE 1

1.0 Tray Thermal Data
w . =24'mn
d=15m
Ta =(273.164+ 40 K
Te ‘= unknown K

Tm =(273.16 4+ 90 ) K
I

4
vizoio (- 2)
LS K
h = (0101 )-l;"—
i K
6 =053010 % """
> K
£ =08
P f:mx-i“.
walt
2
As =L
ft
Te = Tm+ Ta
2
Te = 338.16°K
2.0 Thermal Calculation

ATTACHMENT B PAGE 867 OF pro~

THERMAL MODEL

TEST 1
_ 1.5 in/ BO3
Width in Tray R=0.84875/1000ft
: CaD=1.02"

Dapth of cables n Tray 3/CHB AWG
g":'e"‘TTe"‘Pe":‘“’e TABLE 3-16 (ICEA)

SRS SA—— P-54-440, 1986

Max Cable Temperature

watt Overall Convective Heat transfer Coeffic ient
2
ft“ K

Stephan-Boltzman Constant
Effective thermal emmisivity of cable mass and tray

surface.
effective thermal resistivity of cable mass

Surface area of cable mass per unit length
neglecting tray sides

Initial assumed value for Surface Temp. (Tc)

2.1 calculated value for Surface Temperature{Tc)

Te "= root ———r As.t.'”:’-Tc" +
8w

Te = 350021 °K

1 [ 1
4 1 4
T T
E-X) o (E-5) reernl  omer
FAR] 1 . T e B B
8w 8w 8w
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APPENDIX P PAGE 2

2.2 Calculated value of total heat(W) per unit length generated in cable tray

o | -

T T:
W =h (-'-(f---l(:) ‘As(Tc=Ta)+ o As'e (Tc‘—Ta‘)

Al
W= 128 148 *m

2.3 Recalculated Max Cable Temperature(Tm) ft

o As~£~p-d'Tc‘

_oAsepdT’

i
4
T
[h.z_z T W LI
o K K K
Tm =
l 8w

Tm = 363.16
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATC =Tm=-=Tc ATC = '3‘w.x

W-p-d
8w ATe = 13.139°K

2.4.2 Air Temperature Drop

ATe =

ATa =Tc—Ta
ATa = 36861 K

2.4.2 Total temperature Drop
AT =ATc+ ATa

AT = 5"k
2.5 Heat generated per unit area

w
Q =—

dw watt

8w

B w



CALC. NO 695-ENG-01528E2 RFV.0 ATTACHMENT B
APPENDIX P PAGE 3

Ampacity Calculation
n-=3 number of conductors
CaD ‘= 102m Cable outer diameter
. ohm - )
R ‘=0 84875 - Resistance taken from Okonite book
wo =50 198
2 nR
140 = 33.799 *amp Ampacity at 40C

ICEA TABLE 16 VALUE IS 38 AMPS. RESULTS ARE CONSERVATIVE.

d :=[(Aal-:)np) - ']'-m

V = 11.056 % VARIATION

PAGE 841 OF S¥07~
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Appendix PP PAGE 1 THERMAL MODEL
TEST 1
1.0 Tray Thermai Data
. 1.5 in/ B03
w ‘= 24in Width in Tray R=0.84875/1000ft
- ; CaD=1.02"
d=15m Depth of cables in Tray 3/C#8 AWG
Ta ‘=(273.16 4+ 40 ) K Ampient Temperature TA 16 (ICEA
Te = unknown K Surface Temperature 35-4648 19;9

Tm =(273.16 4+ 90 ) K Max Cable Temperature
1

h I=0.101 (I_C___E)‘_ watt Overall Convective Heat transfer Coeffic ient

K K/ ok
h (0201 )
i K
e ~-g  watt
c - =0530 10 s Stephan-Boltzman Constant
ﬁ &
£ =08 Effective thermal emmisivity of cable mass and tray
- surface.
Pi=400-K-—a-'; effective thermal resistivity of cable mass
W
ﬁ2
As ‘T4 — Surface area of cable mass per unit length
ft neglecting tray sides
Te :=Tm+Ta
2
Tc = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature{Tc)
[ 1 1
Kl
T
N (%—T(f) ‘h(Aspd) ({5—{3) ‘h(Aspd) ea Lo
Te = root] b e 4 +1}Te=Tm=- LA A
8w 8w 8w ] 8w

Tc = 347614°K

~Ta‘, Te
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2.2 Calculated value of total heat(W) per unit length generated in cable tray

Te Ta " 4 4
W =h T(-—-E ‘As(Tc=Ta)¥+ o Ase(Tc —Ta" )

aft
W = 151633 ——

2.3 Recalculated Max Cable Temperature(Tm) f
J 1
4 4
Ti T
h(%-'?) Arprd) h(?c-f) WEER eaerpent] ecasepond
Tm = +1Tc— + s § s e
8w 8w 8w 8w
Tm = 363.16
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
e YRR ATc = 15.546 °K
_Wpd
e ATc = 15.546°K
2.4.2 Air Temperature Drop
ATa =Te—Ta

ATa = 34454 K

2.4.2 Total temperature Drop
AT =ATc+ ATa

AT = 50°K
2.5 Heat generated per unit area
oY
dw w_att_
Q=4212" -




CALC. NO695-ENG-01528E2 REV.0 ATTACHMENT B
APPENDIX PPPAGE 3

Ampacity Calculation
n-=3 number of conductors
Cab) ‘=1.02'in Cable outer diameter
; ohm . .
R ‘=0 R4R875 : Resistance taken from Okonite book
we =50 Q=
2 n R
140 = 36.766 *amp Ampacity at 40C

ICEA TABLE 16 VALUE IS 38 AMPS. RESULTS ARE CONSERVATIVE.

G :z[(.*sl-:m) p '].-'m

V= 3249 % VARIATION

PAGE B1* OF e *
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THERMAL MODEL
TEST 2
1.0 Tray Thermai Data
—— ) 2.0 in/ BO3
W =24in Width in Tray R=0.84875/1000ft
d:=20in Depth of cables in Tray CaD=1.02"
3/C#8 AWG
Ta (27316 4+ 40 )-K Ampient Temperature
T 5
Te = unknown K Surface Temperature WRE SN
Tm =(273.16 4 90K Max Cable Temperature PR, T
1
2 e ml_('_l'g_l'g)‘. watt  Overall Convective Heat transfer Coeffic ient
' K K/ g2k
2 (0.101 ) ——me
i K
. -8 watl
o =0530-10 © — Stephan-Boltzman Constant
ft" K
£ =08 Effective thermal emmisivity of cable mass and tray
. surface.
p2=4(DK-;; effective thermal resistivity of cable mass
A .=4._ﬁi Surface area of cable mass per unit length
S TR sides of tray not included.
T = Tm+ Ta
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)

2.0 Thermal Calculation
2.1 calcuiated Value for Surface Temperature(Tc)

L 3

4
—] h(Aspd)
g o

4
T.
wepe B e | e s
To B parl e Y +1}x~-Tm- iy e
8w 8w 8w 8w

Te = 347217 °K

Tat. T
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2.2 Calculated value of total heat(W) per unit length generated in cable tray

1
Tc Ta:
WI:h-(—K——?) -As-(Tc—Ta)-FcAs-t-(Tc"—Ta‘)

W= 11663 3?:-'3

2.3 Recaiculated Max Cable Temperature(Tm)

1
4
T
[[h(_c_:&) (As p-d) h-(-E—E) “As p-dTa 4
- K K K K
Tm = .

|-

- - - - 4 - - - o
+1}f1c—- +0AS€§)d’TC _OAscpdTa

Tm = 363.16
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATec =Tm=—Tc ATc = 15943 °K

W-p-d
$w ATc = 15943 °K

2.4 2 Air Temperature Drop

ATa =Tc—Ta

ATe ‘=

ATa = 34057 °K

2.4.2 Total temperature Drop
AT ‘=ATc+ ATa
AT = 50°K

2.5 Heat generated per unit area



CALC. NO.695-ENG-01528E2 REV.0 ATTACHMENT B
APPENDIX Q PAGE 3

Ampacity Calculation

n-=3 number of conductors

CaD ‘=1.02'm Cable outer diameter
ohm

Resistance taken from Okonite book

R ‘=0 84875
1000- i

140 = CaD Q=
2 n R
140 = 27.924 “amp Ampacity at 40C

ICEA TABLE 16 VALUE IS 31 AMPS. RESULTS ARE CONSERVATIVE.

) o

V =9922 % VARIATION

PAGE 8% OF Bt



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGE ATk OF V0T

APPENDIXQQ PAGE 1 THERMAL MODEL
TEST 2
1.0 Tray Thermal Data
L 2.0 i/ BO3
w =24'n Width in Tray R=0.84875/1000ft
. ; CaD=1.02"
d =20 Depth of cables in Tray CHB AWG
Ta '=(273.16 4 40) K Ampient Temperature ok
TABLE 16
Tc = unknown K Surface Temperature P54 -440( 1 97;
Tm :=(273.16 4+ 90 ) K Max Cable Temperature
1
o (Tc _ Ta) ‘.w_an_ Overall Convective Heat transfer Coeffic ient
K K e K
h - =(0.201 )-.‘_I:l.
i’ K
& -8 watt
o - =053G-10 *- o Stephan-Boltzman Constant
ﬁ .
€ . =08 Effective thermal emmisivity of cable mass and tray
- surface.
p:=4mx--—.5 effective thermal resistivity of cable mass
Wi
As ._4_ﬂ2 Surface area of cable mass per unit length
iy sides of tray not included.
Te i= Tm+ Ta
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 The'mal Calculation
2.1 calculated Value for Surface Temperature(Tc)
1 1
1 1
Te
Tc "= root g__c__;_y__,rc‘+ +1jfkc-Tm— ' ‘Ta
B w 8w 8w

Tc = 344589 °K



CALC. NO.695-ENG-01528E2 REV.0 ATTACHMENT B PAGE 817 op Are*

APPENDIXQQ PAGE 2

2.2 Calculated value of total heat(W) per unit iength generated in cable tray

1
K
a

W =h (—1—'.:-—{-) -As'(Tc— Ta)+ o As-e-( Tc4-— Ta‘)

wat
W = 135847

2.3 Recalculated Max Cable Temperature(Tm) ft

x I .

+1}1Tc~-

L4 i
4
===} (Arpd) W A R
- (x x) E— (K K) PO sasepdrt| ocAsepdmad
' 8

‘W 8w 8w

Tm = 363.16
2.4 Temperature Rises
2.4.1 Cab ie Mass temperature Rise

ATe =Tm—=Tec ATc = 18571 °K

_Wpd
g ATc = 18571 K

2.4 2 Air Temperature Drop

ATa =Tc—Ta

ATa = 31.429°K

2.4.2 Total temperature Drop
AT = ATc+ ATa
AT = S0°K

2.5 Heat generated per unit area

Q=
C dw watt

ft
= 283 e
Q=28 -

8w



CALC. NO 695-ENG-01528E2 REV0 ATTACHMENT B

APPENDIX QQ PAGE 3

Ampacity Calculation
n.=3
CaD ‘= 1.02'mn

R = 084875 —m
1000 ft

o =20 Q%
2 nR

40 = 30.137 "amp

ICEA TABLE 16 VALUE IS 31 AMPS. RESULTS ARE CONSERVATIVE.

number of conductors

Cable outer diameter

Resistance taken from Okonite book

Ampacity at 40C

|- ]

V = 2784

% VARIATION

PAGES™ OF #0%
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APPENDIX T PAGE 1

1.0 Tray Thermal Data
w =24'in
d=15in

Ta '=(273.16 + 40 ) K
fc = unknown K

Tm =(273.16 4+ 90 )-K
I

ATTACHMENT B PAGE 81 OF A0+
THERMAL MODEL aite
15in
R=0.0313575/1000ft
Width in Tray CaD=2.12
500MCMTPLX
Depth of cables in Tray
, TABLE 3-8
RRERRRE T——. (ICEA,P54-440, 1986)
Surface Temperature

Max Cable Temperature

h____mm(_'&_:_l‘_a_)‘_ watt  Overall Convective Heat transfer Coeffic ient
2 (0.101 ) —mn
> K
. ~-g walt
o -=0530-10 - Stephan-Boltzman Constant
S0 ik Effective thermal emmisivity of cable mass and tray
- - surface.
p'=4(X}K-% effective thermal resistivity of cable mass
W
p _4.__2 Surface area of cable mass per unit length
TR sides not included
Te ::Tm+Ta
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation

2.1 calculated Value for Surface Temperature(Tc)

r

-

4
T T
P (-:-;S-E) ‘b (As-p-d) (?L—-Ea) ‘b (As'pd) PR
T 2 sanl] et R *i1R-Tm= £ 4.3 A
8w 8w 8w 8w

Te = 350021 °K

-Ta‘ « IC



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B
APPENDIXT PAGE 2

2.2 Calculated value of total heat(W) per unit length generated in cable tray
1

Te Ta 4
w::u(?--'-(-) A (Te=Ta)+ 0 Ase (T - Tat)

W = 128 148 -"'f;i

2.3 Recalculated Max Cable Temperature(Tm)

|
4
T
h (E——a) ‘Asp-dTa
K K

)

PAGE 8% oF Ap>

o As~€'p'ch4 _. As-e-p-dTa‘

-Te —

8w

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATe =Tm=T

AT

13.139°K
W-pd

8w

ATc

ATec = 13.139°X
2.4.2 Air Temperature Drop

ATa =Tc—Ta
ATa = 36.861 K
2.4.2 Total temperature Drop

AT =ATc+ ATa
AT = 50°K
2.5 Heat generated per unit area

dw

8w 8w



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B
APPENDIXT PAGE 3

Ampacity Calculation
n.=3 number of conductors
CaD '=2.12'in Cabie cuter diameter

R ‘=00313575 o Resistance taken from Okonite book

1000- ft

o =0 1Q%
2 n R

140 = 365473 “amp Ampacity at 40C

PAGE 2% OF i+

ICEA VALUE AT 40 C IS 438 AMPS. THIS VALUE IS CONSERVATIVE.

Vv Z=( e |)~‘I(l)
438 amp

V = 16.559 % VARIATION



CALC. NO. 96-ENG-01528E2 REVO ATTACHMENT B
APPENDIX TT PAGE 1 THERMAL MODEL
1.0 Tray Therma! Data
w =24'n Width in Tray
d=15m Depth of cables in Tray
Ta ‘=(273.16 4+ 40 ) K Ampient Temperature
Tc “= unknown K Surface Temperature

Tm :=(273.16 + 90 ) K
1

4
h =0.101- (IK‘._ -Ti'\ —

Max Cable Temperature

PAGE 8% OF Set-

TEST3

15in
R=0.0313575/1000ft
CaD=2.12
500MCMTPLX

TABLE 8 (ICEA)
(P-54-440 1979)

Overall Convective Heat transfer Coeffic ient

Ki #«k
h 120201 ) ——
#’ K
. -8 watl
o -=0530- 10 — Stephan-Boltzman Constant
- ol Effective thermal emmisivity of cable mass and tray
eob e surface.
p1=4(l)l(~w—c:- effective thermal resistivity of cable mass
As ._4.3_2_ Surface area of cable mass per unit length
™ sides not included
Te = Tm+ Ta
2
Te = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation

2.1 calculated Value for Surface Temperature(Tc)
1

4
- 4 (—-:(S—%) ‘h(As pd)
e 5

8w 8w

+*1

Te = root

Te = 347614 °K

“To = T~
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2.2 Calculated value of total heat(W) per unit length generated in cable tray
1

Te Ta "
w:=h-(?—?) ‘AS‘(TC"'Ta)‘fG'AS'f'(TC4"T34)

W - ISI.633':'F

2.3 Recalculated Max Cable Temperature(Tm)

' i
% a
Ti T
h(IKC___T';_') (Aspd) h(‘fc—?a) ASPET o AsepdT?| cAsepdm
. o & i ~ . ¥ a
Tm = +1|Te—- e i
8w S w 8w 8w
Tm = 363.16
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
ATc =Tm— Tc
ATc = 15546 °K
w. -
ATe ‘= pd
8w ATc = 15.546 'K
2.4.2 Air Temperature Drop
ATa =Tc—Ta
ATa = 34454°K
2.4.2 Total temperature Drop
AT =ATc+ ATa
AT = 50°K
2.5 Heat generated per unit area
Q= o
i dw ﬂ

ft
Q=4212 '—2
m
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APPENDIX TT PAGE 3

Ampacity Calculation
n=3 number of conductors

CaD =2.12'in Cable outer diameter

ohm

R ‘=0.0313575 - Resistance taken from Okonite book

uo =50 1Q%
2 n R

140 = 397 554 “amp Ampacity at 40C

ICCA VALUE AT 40 C IS 438 AMPS. THIS VALUE IS CONSERVATIVE.

Vv Z=( e = I)-"IOO
438-amp

V=923 % VARIATION

PAGE f#1 OF &0
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THERMAL MODEL TEST 4
T 30in
1.0 Tray Thermal Data R=0.0313575/1000ft
w =24'n Width in Tray CaD=2.12
S00MCMTPLX
d=30m Depth of cables in Tray
T i
Ta ‘=(273.16 4+ 40 ) K Ampient Temperature (:&Eioafgic;?)
Tc -= unknown K Surface Temperature y
Tm =(273.16 4+ 90 ) K Max Cable Temperature

Tc _ 1a\* wan  Overall Convective Heat transfer Coeffic ient

h3=0.l0|-(———-) ——
K K/ g2k

h=(0.101 )--Z'ﬂ

fi"™“K
o =053010 * Y:: Stephan-Boltzman Constant
288 ol Effective thermal emmisivity of cable mass and tray
i -~ surface.
P =40!}K-E effective thermal resistivity of cable mass
A ._‘_ﬁ Surface area of cable mass per unit length
iy ft sides not included
. Tm+ Ta
' 2
Tc = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature(Tc)
d 1
1 4
-
Asepd (_T'_(g_?a) oo (%(E_%) A Asepd
Te 1= root] b Te® 4 +1)c=Tm- P = ——
8w 8w 8w 8w

Te = 34282 °K

'Ta‘. Te
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2.2 Calculated value of total heat{W) per unit length generated in cable tray
1
Te Ta‘
w::n-(———) As(Tc—Ta)+ o As e (Tc* = Ta?)
K K
w=99_|44-1:'-

2.3 Recalculated Max Cable Temperature(Tm)

1
3
T
(_c_ - E) “As-p-d Ta
K K

&

cAsepdT'| oAsepdTa

4

Rw 8w

Tm = 363.159

2.4 Temperature Rises
2.4.1 Cab ie Mass temperature Rise

ATe =Tm = Tc
ATc = 2033 K

Ew  ATc = 2033°K
2.4.2 Air Temperature Drop

ATa =Tc—Ta
ATa = 29.67°K
2.4 2 Total temperature Drop

AT =ATc+ ATa
AT = 49999 K
2.5 Heat generated per unit area

Q'°w
Cdw :!:lt_
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Ampacity Calculation
n=3 number of conductors
CaD =2.12'min Cable outer diameter
R '=0.0313575 Resistance taken from Okonite book

1000 ft

.. Cab ‘Qn

140 = o —
2 { R

140 = 227.307 *amp Ampacity at 40C

ICEAVALUE AT40C IS 272 AMPS. THIS VALUE IS CONSERVATIVE.

v I=( . - l)-‘l(l)
272 amp

V = 16431 % VARIATION




CALC. NO. 96-ENG-01528E2 REVO0 ATTACHMENT B
APPENDIX UUPAGE 1 THERMAL MODEL

PAGEA9%0F 8ot

TEST 4
30in
1.0 Tray Thermal Data R=0.0313575/1000f
- 122 i Width in Tray CaD=2.12
500" ACMTPLX
d=30m Depth of cables in Tray
Ta '=,272.164 40 ) K Ampient Temperature ;_54_“80( 1979)
T B ankoown K Surface Temperature '

Tm =(273.16 4+ 90 ) K
1

Max Cable Temperature

h2=0|0|v(-1-‘c---13‘ * wan  Overall Convective Heat transfer Coeffic ient
‘ K K) il K
h =(0201 )-l“-
i K
R -8 wall
o =053 10 Tt Stephan-Boltzman Constant
£ =0R o Effective thermal emmusivity of cable mass and tray
o surface.
p1=400K--;; effective thermal resistivity of -2~ mass
A ._‘ﬂz Surface area of cable mass per unit iength
=YX sides not included
Te ::Tm+Ta
2
Te = 338.16°K initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature(Tc)
1 1 |
4 4
e (%-%) ‘W (Aspd) ({5-%) ‘W ( As pd) R
T = root] b Tc® 4 +1}Te=Tm= LA AT T
8w B w B-w 8w

Te = 340031 °K
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PAGE 847 OF e

2.2 Caiculated value of total heat{W) per unit length generated in cable tray

1
I

w ::h.(IE-E)
K K

W = nz.'m-%

2.3 Recaiculated Max Cable Temperature(Tm)

!
4
h- (IKE-IK: {As pd)
Tm = *1F
R w

Tm = 363.16

2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise

ATc =Tm—Tc
ATc = 23.129°K

8w  ATc=23.129°K
2.4.2 Air Temperature Drop

ATa =Tc—Ta
ATa = 26871 'K
2.4.2 Total temperature Drop
AT =ATc+ ATa

AT = 50°K
2.5 Heat generated per unit area
w
dw _w_a__n

Q = 1.567 —ﬁ—
inz

Q=

‘As(Tc—Ta)4+ o As'¢ (Tc‘—Ta‘)

Ll

. 4
K) ‘As-pdTa
+

8w

o'As-c'pch‘ _o-As'tpdTa‘
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Ampacity Calculation
n =3 number of conductors
CaD =2.12'in Cable outer diameter
R ‘=00313575 Resistance taken from Okonite book
1000 fi
uo =50 1Q%
2 nR
140 = 242 456 “amp Ampacity at 40C

ICEAVALUE AT40C IS 272 AMPS. THIS VALUE IS CONSERVATIVE.

v I=( e l)-'lm
272 amp

V = 10862 % VARIATION




R=0.06890625/1000f

CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B
APPENDIX R Page 1 THERMAL MODEL
TEST 5
1.0 Tray Thermal Data et
‘=24 inT CaD=161"
w mn Width in Tray
d =30in Depth of cables in Tray
Ta (273164 40) K Ampient Temperature P, 1
Te = unknown K Surtace Temperature

Tm =(273.16 + 90 ) K
I

Te

h = 0.101- (— ——

. Ta)4
K K ftz-K

watt
=001 )'—2—

fi" K
3wm

i K

=053010

4

.ﬁz

Tm+ Ta
2

Te =

Te = 338.16°K

2.0 Thermal Calculation

Max Cable Temperature

Overall Convective Heat ‘ransfer Coeffic ient

Stephan-Boitzman Constant

Effective thermal emmisivity of cable mass and tray
surface.

eftective thermal resistivity of cable mass

Surface area of cable mass per unit length
sides nnt in cluded.

Initial assumed value for Surface Temp. (Tc)

2.1 calculated Value for Surface Temperature(Tc)

e
K

o Asepd

4
Ta

— -] ‘h{Aspd
K) P

|
T

(Tc
K

Tec "= root -Tc‘+

8w

Te = 34283 °K

+1}Tc-—Tm~—

PAGE "' _OF bied.

TABLE 3- 9 ICEA

3

4
— =] ‘h{(Aspd)
) ; . _OAsepd

8w
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2.2 Calculated vaiue of total heat(W) per unit length generated in cable tray

b |-

T T
W =h (—KE—-K:) ~As(Tc—Ta)+0‘AS'£‘(Tc‘—Ta‘!

W=99|44'-"—:';

2.3 Recalculated Max Cable Temperature(Tm)

1 1
R 1
T
h(%—{:) e h('%—?.) APER  hrepen AsepdTa'
T 1= s1ln- 4 SAsepdTc | oAsepdTa
8w 8w 8w 8w

Tm = 363.159
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
ATec =Tm - Tc
ATc = 2033°K
_Wpd
v ATc = 2033°K
2.4 2 Air Temperature Drop
ATa =Tc—Ta
ATa = 2967 °K
2.4.2 Total temperature Drop
AT =ATc+ ATa
AT = 49999 °K
2.5 Heat generated per unit area
Q Z:l watt
d w ﬂ

Q= 1377 "
in2
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Ampacity Calculation
n =3 number of conductors
CaD ‘=161 in Cable outer diameter
: ohm -
R ‘= 006890625 ——r Resistance taken from Okonite book
uo =50 Q%
2 R
140 = 116.452 "amp Tray Z24FL20 Ampacity at 40C

ICEA TABLE 9 VALUE IS 135 AMPS. THiS VALUE IS CONSERVATIVE.

v Z=( —— l)-‘l(ll
135 -amp

V = 13.739 % VARIANCE




CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENTB PAGE!_‘”_G: 8s]
APPENDIX RR Page 1 THERMAL MODEL
TESTS
30 in
1.0 Tray Thermal Data R=0.06890625/1000ft
=24 Widthin T CaD=1.61"
e colll 4/0MCM
d =30in Depth of cables in Tray TABLE 9 ICEA
Ta =(273.164 40) K Ampient Temperature i it
Tc = unknown K Surtace Temperature
Tm =(273.16 4+ 9 ) K Max Cable Temperature
1
. .__:0'("'(E_j_‘_a_)"~ watt  Overall Convective Heat transfer Coeffic ient
K K/ g2k
2 (0201 ) ——
fi“ K
" -g wati
o =0530-10 ~ T Stephan-Boltzman Constant
ﬂ .
‘=08 Effective thermal emmisivity of cable mass and tray
€ =0 surface.
p:=mx»ﬂ:‘- effective thermal resistivity of cable mass
W
e i Surface area of cable mass per unit length
il 3 sides not in cluded.
Te :=Tm+Ta
2
T = 338.16°K Initial assumed value for Surface Temp. (Tc)
2.0 Thermai Calculation
2.1 calculated Vaiue for Surface Temperature(Tc)
i 1
st 3
L (%-{f) W (Aspd) (%-—%) b (Aspd)
T ‘2ol bt Rt 4 1l R-Tm=
8w 8w 8w

Te = 340031 °K

o= o Asepd

8w

Ta%, Te



CALC. NO. 96-ENG-01528E2 REV.0 ATTACHMENT B PAGES?S OF B3

APPENDIX RR PAGE 2
2.2 Calculated value of totai heat(W) per unit length generated in cable tray
i

) Tce Ta . 4 4
W =h -IE---I? ‘As(Tc=Ta)+ o Ase(Tc —Ta )
W= 112797-1;?

2.3 Recaiculated Max Cable Temperature{Tm)

: 1
s 2
T T
h(—Kc--$) (Aspd) h(%—?a) AP o acepdTt | oAsepda
Tm = +1)Te- B
— -y R w 8w
2 4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
ATec =Tm— Tc
ATec = 23.129°K
_Wpd
ATe = 8 w ATc = 23.129*'K
2.4.2 Air Temperature Drop
ATa =Tc— Ta

ATa = 26871 °K
2.4.2 Total temperature Droep
AT =ATc+ ATa

AT = S0°K
2.5 Heat generated per unit area
w
Q== —
dw ft
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APPENDIX RRPAGE 3

Ampacity Calculation
n-=3
CaD ‘= 161in

ohm
1000 fi

R = 0.06820625

wo =50 1Qx
2 nR

140 = 124212 *amp

number of conductors

Cable outer diameter

Resistance taken from Okonite book

Tray Z24FL20 Arapacity at 40C

ICEA TABLE 9 VALUE IS 135 AMPS. THIS VALUE IS CONSERVATIVE.

V= — = 1}-=100
135 -amp

V = 7991 % VARIANCE
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APPENDIXS  PAGE 1 THERMAL MODEL
TEST 6
25 in
1.0 Tray Thermal Data R=0.0658875/10001
w =24 Width in Tray CaD=1.61"
4/0MCM
d=25in Depth of cables in Tray
Ta ‘=(273.16 4 40) K Ampient Temperature ;A?‘Li% 91;0:6&.
Te ‘= unknown K Surtace Temperature
Tm =(273.16 4+ 90 ) K Max Cabie Term:

h'=0|0|-(E-E)‘Am Overall Convective Heat transfer Coeffic ient
' K

K/ &2k
h I=(0201 ) —mn
K
0 =053 10 * :‘" Stephan-Boltzman Constant
ﬂ A
=08 Effective thermal emmisivity of cable mass and tray
i surface.
pZ=AwK'-:c:f- effective thermal resistivity of cable mass
As"'4-ﬁ2 Surface area of cable mass per unit length
.- — .I M. l l l
Te :=Tm+Ta
2
Te = 338.16°K initial S vahue for Surt T _(Te)
2.0 Thermal Calculation
2.1 calculated Value for Surface Temperature(Tc)
3 3
4 4
Tc ®
i ({3-{:) W (Aspd) ('r?) Sihepd) e
T 12 foot] —mmeem- T 4 +1}l=Tm- SNk AL S
8w 8w 8w R w

Te = 342,109 °K
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2.2 Calculated value of total heat(W) per unit length generated in cable tray
1

Tc Ta: 4 4
W =h ?—? As{Tc=Tay+ ocAse(Te —Ta' )
watt

W= 123192 " —
ft

2.3 Recalculated Max Cable Temperature(Tm)

i i
4 4
Ti T T T
h (-'-(5—7:-) (As pd) h ({—-KE) AspdTa PR
Tm = +1|Te- TS A ALIG PR A A AL
R w 8w 8w 8w
Tm = 363.16
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
ATc =Tm - Tc
Afc = 21051 °K
. Wpd
s ATc = 21051 °K
2.4.2 Air Temperature Drop
ATa ‘=Tc—Ta

ATa = 28949 °K
2.4.2 Total temperature Drop

AT ‘=ATc+ ATa

AT = S50°K
2.5 Heat generated per unit area
Q :..\.Y.. watt
dw "
Q= 2053"
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Ampacity Calculation

n-=3 number of conductors

CaD ‘=161 i Cable outer diameter

. ohm i
R ‘= 006890625 - Resistance taken from Okonite book
uo =50 Q%

2 nR

140 = 142,199 “amp Tray Z24F1L20 Ampacity at 40C

ICEA TABLE 9 VALUE IS 153 AMPS. THIS VALUE IS CONSERVATIVE.

VZ=( “0 = 1}-=100
153 amp

V=705 % VARIATION
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APPENDIXSS PAGE 1 THERMAL MODEL
TEST6
T 25 in
1.0 Tray Thermal Data R=0.06890625/1000f
w =24 in Width in Tray CaD=1.61"
4/0MCM
d’=25m Depth of cables in Tray
Ta =(273.16 4 40y K Ampient Temperature ;ASB‘L_E;'E:QE:G
Tc ‘= unknown- K Surface Temperature
Tm ‘=(273.16 4+ 90 ) K Max Cable Temperature

h ;-_-mm.(_T_S__E)‘._ﬂﬂ_ Overall Convective Heat transfer Coeffic ient

K/ a2k
32(0_201 )-.ﬂ
K
. -g  watt
o -=0530-10 © o Stephan-Boltzman Constant
ﬁ »
=08 Effective thermal emmisivity of cable mass and tray
- surface.
p1=4(l}l(~% effective thermal resistivity of cable mass
pol .=4.‘ﬂ_2 Surface area of cable mass per unit iength
' ft sides not inciuded
Te :=Tm+Ta
2
bt i initial assumed value for Surface Temp. (Tc)
2.0 Thermal Calculation
2.1 calculated Vaiue for Surface Temperature(Tc)
3 1
4 ) 4
P ({i—-TKf) h( As-p-d) (%-—%) ‘h(Aspd) e
T 12 ool s P +1lR-Ta- L. Aax AL N LY
8w 8w 8w 8w

Te = 342.109°K
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2.2 Calculated value of total neat{(W) per unit iength generated in cable tray

i
Tc Ta . 4 4
W =h -K——T(- ‘As(Tc—Ta)+ o Ase(ic —Ta )
w = 123192228

ft
2.3 Recalculated Max Cabie Temperature(Tm)

|-

1
™ Ta\? T Ta
h -i-"-; ‘(As'pd) b —K-"'-E- -As-p'd-Ta As: dT‘ P d‘T‘
Tm = - +1}rc- : = e
"W

Sw 8w 8w

Tm = 363.16
2.4 Temperature Rises
2.4.1 Cab le Mass temperature Rise
ATec =Tm - Tc
ATc = 21.051°K
. Wpd
e - ATc = 21051 K
2.4.2 Air Temperature Drop
ATa =Tc—Ta

ATa = 28949 °K
2.4.2 Total temperature Drop

AT ‘=ATc+ ATa

AT = 50°K
2.5 Heat generated per unit area
':_ m
T -
Q=2053"



CALC. NO.96-ENG-01528E2 REV.0 ATTACHMENT B

APPENDIX SS PAGE 3

Armpacity Caiculation
n-=3
CaD ‘= 161'm

ohm
1000 fit

R = 0.06890625

140 :=CaD‘ Qn
2 n R

140 = 142.199 “amp

number of conductors

Cable outer diameter

Resistance taken from Okonite book

Tray Z24FL20 Ampacity at 40C

PAGE#S /PLOF biot|

ICEA TABLE 9 VALUE IS 153 AMPS. THIS VALUE IS CONSERVATIVE.

VZ=( o —I)-'I(X)
153 amp

V=705 % VARIATION




ATTACHMENT C.1

CALC.N . 96- ENG-01528E2 ROO | _ T'PAGEQ__OF’_% .
| ‘ |
TRAYZ14FM1O [ T ‘i T
Lo ST o diust  LoaD
¥  X133BGR+ | | X1/420442C+RG | 0.6]
: _420442C R 1 & 4 I & | S 4_?.; 0.5
__2iac o8 _15{ RERME : ISR
22420 [ o8 " ®R | 0.0
SRR | 004 sel6 | 0.045
 3GG 0.045
51B3X | 0. 0775f RTINS AT
32000 6 R11 | 32009477_)39__,% R
s ' '
pjomm usT LOAD  ZAHVB247/C UST jloap
P1RG 0.09, 2 HYe247 | 0.1392
1FY192 | 0.776] N1HY8247 | 0.1392
N1 FY192 0776, e
3R R 1 0.045 T B
3G G | 0.045 1 1
32009 53 R6 i |32021 12 Rs N
vaazmo uST ~LoAD mvmwc LsT ILOAD
12 HYB247 0.1392, 2 HY8249 0.1392
22 HY8247 0.1392 N1 HY8249 0.1392
A R 0.045 |
% G | 0.048 a5
N1 AGB | 0.185 N ,
38 B ’ 0.045 | ;
32021 12 RS , _[s2021 14 RS | ]
bﬂwewn LUST  [LOAD TUST  lLomp |
12HY8249 | 01392 uzxmw I XET)
22HYB249 | 0.1392, Ata2xeR [ 012
Y 0.045 | i
.G 1 o0as] o
N1 RGB 1 0.135, | RN
3B B i 0. 045 1 | :
32021 14 R5 3 32009 44 R4 ;
. N | DI i B B
| { |
+ 4

Page 1
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CALC.NO. 96- ENG-01528E2] ROO | w,_EA_QE,&z.Q?T_S_.i —]

CONTROL CABLE LOADING | *iA T QRN LU J

S A MR TG R ]l MBAUE RS
BB LST ’ﬁLOAD‘_f;f_f.f_'_’_'_’_f.ijfi;;_:.__ MR I
_ PIRGB+74 | 01835 T
_ N1RGB+74+ | L e

S R ——— W S —

. FY196

988 | oo |
32000 54 R6 j RS

Page 1



ATTACHMENT C.2

CALC. NO. 96- ENG-01528E2)  R0O | PAGE €3 OF c5_
| i
CONTROL CABLELOADING | N T Y
Z25XA10 N1 L2 T SR
me UST ~ LoAD ] oA
HY517 11 0.0776HYS17 | 11l 0.0776
O 3R, 0.045R T 33R 0.045
G | s ‘_7_707.045*16 33G| 0.045
AN , N11,  0.1676 RIN N11| 0.1676
32009 35 R4. = 432009 TN
[B2cHs10%€ LsT ,,ELQAD ST loap |
HY519 ’ 11 0.0776 HYS518 l 11 0.0776
R _ 33R 0.045 RN | N1 0.1676
G . 336G, 0.045R ] 3R 0.045
RTN _ N1t 0. 1676 G ‘ 3G 0.045
32009 37 RS 32009 37 RS | O
Wé‘bﬁs’m usT LOAD mﬁ' usT  LoAD
RTN P1 0.2126 HY2525 41 0.0776
HY2525 . 21, 00776 HY2525 | 51, 0.0776)
HY2525 11, 0.0776 ATN ¥ P11 0.2126
HY2525 1 0.0776/G 33G/ 0.045
HY2525 N1 0.0776 R 33R 0.045
R 3R 0.045 B 338 0.045
G . 3G 0.045 |
B % 3B 0.045 t
32009 39 R6 | 132009 39 RG .
lz2Hv2s28/H LisT LOAD  @BNFOQ/F . LIST o
HY2525 61 0.0776 H21 ARM | 11] 1.57
HY2525 N11/ 0.0776/H21 FLD | 12, 0.807
32009 39 R6 | ARMH21 | 13 1587
] FLDH21 N1, 0.852
, 132020 42 R10
m usT LOAD LUST  LOAD
H2IFLD 1 1.57 HYS279 | 21 o.281
H21FLD _ 2| 0.807 HY5278,74-1,8 N 0.3445
H21 ARM 3 1.57 1 .
H21 FLD,W N1 0.852 |
32020 42 R10 [ 32012 22 R10

Page 1



ATTACHMENT C.2

— o4

|

e — -1 A NEP IS [N

I

G 3G | 0.045Hys2re 51 0.281
Sk L SR | ———ey P

R i e ““:‘ ik "’”’.’_f" “:': """ FSLT"’“—““_; s i - ;éé‘ G i 4

sy 1
301222 R10
i Il

|

SRS TE—
|
|

CALC. NO. 96- ENG-01528E2  R00 PAGEC4 OF ¢5

7418 | N21  0.063|




ATTACHMENT C.3

0.0667

0.1334)
~ 0.0667

0.0667|

. 0.0667|
_0.0667

0.1392

0.1392
0.045
0.045

0. 2742
0.045

0.1392

0.1392
0.045,
0.045
_0.1544
0.0451

_ 0. 0667

~ 0.0667

CALC.NO.96- ENG-01528E2] RO0 | _|PAGE &% OF Kz
ATTACHMENT 8 I | = 1 I
CONTROL CABLE LOADING | WF SR ]
TRAY 224FL20 ALV 8  Im——"
05/G . LST _|LOAD -,,,,_/mum - ;L, AD
- X831 42X+42X+42)§ . L Wfutiitely [ 442xs . |-
42 1 2.2831) 12 42X-6+42X-7 |
442 | 2083 1342x-8 |
181 NONE | B ) 1/42X-6 |
| U42xsa2x+42X _q.zoou  2ex7 |
“ " 342X-8 1
32009 42A R1 1 azoos 42A m |
\
bwnwc UsT  |LOAD mm usT ILoAD
2 HYB133 . 0.1382 12/HY8133
N1 HYB133 0.1392 22 HY8133
| 3R R
: | 1 GG
; | N1 HY8133+RGB |
| [ 3BB
32021 13 RS | 132021 13 RS | !
Z2HV8248/C LIST LOAD Z2Hve248/D LIST LOAD
2 HYB248 - 0.1392 12 HY8248
N1 HYB248 0.1392 22 HYB248
3 R
GG
N1 RGB,74-1
3B B
32021 15 RS 132021 15 RS |
D«MB/F LIST Loap mcvow usT 'LOAD
21 FX+F+CR+63 | 0.304) 142X
31 FX+F«CR 0.174, 11 42X
41 63(HGA) 0.0325 3 1
X1 @ 0.09] 4
3R R | 0.045, . !
3G G 0.045 |
32025 33 R6 I ‘ ,
32009 46 R5

Page 1
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ATTACHMENT D

It B wen that the ampasn ©f 4 wable is dingth  romeruenal 10 s
everall Jiumeter (D4 Tsud invreawng the msulition thickness on 3
gren SRt InTeases (8 JLmeter Jnd (B IRCTEIWS IS aMpasty
when wstallesd 10 o 3Ex iruy, JOr 3 prvest percent (r3y (6 and (he
e (CTperatune amiis

Hery 1t must be ponted out that the ampacities ol the bulky
rubber insukiiet Jahles @ irav s are not ot all the mme 33 ampadities
for the sall crmssisnied b ethykene inwidted cables wih very thun
insuaions. For ¢xumpse. 3 number |2 AWG rubber insulsied cable
with a2 dumeter o o4 mches mayv have an allowsbie heat wmiensity
(from Figsre 4.0 goww 3n ampagity o1 24 amps. the sagg sonductor
insulated with grosnnked pralvethviene would Bave 3 diameter of
only about 16 inones 3nd IRereinee. from eauztion (91 sn ampscity
“of 18 «mrs 1t (2uy Bvonmes nevrisary 1 distinguush between hin
wsll amd 15k wail iesubicd Lbies: throughout this paper, reierence
10 rois ¢12) lene Jubie impures (hin wall msulstion snd nubber imphies
ek » sl usnon.

Ths shone diffvzende im ampaaty cecies irom the fact (hat for 3
gven rer.ent 13y (. more rosslinked pulvethyiene 1thun walll
intulated s mda furt ooa Be ravkad Ity the truy than rubber (Huk
wallimsuited cwdusrars Siace the towal smount of heat which may
be peneruize @ THY Loy must remam CORsiInt. (he heat per fune
Juctor must B¢ kas 197 the small Jiumeter cabies than for the large

anes.

Wi tnr Jhow.bie 2est wivnsuss (rom Figure 4 3nd uung
them =  usdtan (91, Ihe smpaciinm of severul (sbie sizes 3nd
percent 122yt oam Be ottaned. The results sre snown in Fugure 2,
wllen is 2 gra®mical Smraany (uble fur typizl wingle condusier
rubher maicted Jorper Jrndudiun instalied in Janch by Sdanch
cuple wavs. B comrunson, (he prosently pubinied ampaciies tor
Ihe waime 1 e suble are L0 FIONICE! Lhey e lor the assumed cow of
matimum Jersing s Rich 1m 10f <3 O mare Jonducion in the By,
" At (he amradiy of 3 threr candusior cabie = 3w,

snd thus Jre 50

10X e 2o
e e -
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- - - - -—d'-— ‘d'_l’:.z‘
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Fuig. & Ampacines v n rnal‘mhbn insulsred enpper cabier m 7 x

247 pravs 3 dowermened brothis study emd compared with
IPCEA and NFC saines tor travy cvmiginug swre than 41
Eromdncrors, ¥ neranmg lempervture in g <* C gmbient

This garhical comrarson, along eith test resulls presenied
later. makes 51 quuie Jlear 15Jt the present ampacilies lor (271 woih
hign percent (lis e 1oo Sigt or small conducior sizes, while being

wo ww for the Lugy cunducior wees. Note that tor the thin wall
XLP insulaied Sbies. the ampaatics are even lower than for the
thiek wall rubber cabiesn and the iety of the present ampacitier
would br even more aueshionable.

This peint & made 1o supniement one of the (avorzbie |
erues of ihe small Jiameter XLP aoies, Specifically, more \.
cabls can be installed 1n 2 cable wray than other kinds of insulsied
Gbies. and (hus there is economy in vung fewer cadble v Along
with being 3bie 10 insiall more cables in 3 troy it IS esseniial that the
thin wall cables crry fess current than the hezver insulsted cabies. I
this & not done, there will be overheating of the XLP cabkes and the
sccriersied Joss of cabie life resulling m p ture cabie fail

The best seservztion 10 be made (rom the theory is reisted 1o
heat genersion i cabwme v being in proporion e the cross
secuonsi 2rea of each cxble. A somewhat evident justificson for the
requirement con De seen (rom the 1ollowing rezsoning,

The most elementary esustion dexknibing conveslion heat llow

Q= M,.‘.T
where A @ (he vonveciiun hest iransier coeiliaent, Agis the surtaee
area convecting hest 10 the 3w, snd 27 is temperature differency
briween (he cable suelavr and the ambient auir, The Bane eaustion
for conduciion hest irsnasier iy
£T

ne j.,\‘:—
Tix

where & & the thermal conducuvity of the heat vonducting medium,
A, (he cromsectionsl ez througs which hest tflows, and &7 is thw
tempersiure drop over 3 disisnce Lt in the direction of heal flow.
Note 3t cpaveciion heat Now s pregortionsl o suriace ares w'
conduction hest ilow is pruperiunal 19 crosssectional arez. Sin .. i
conduction i the governing method of heat Now within 4 ughtly
racked @bie m3st wr sheuld be cancerned with erosswectional arels
of cabies mther than periphers/ or Jurtaer areas.

TEST PROCIDURE

Five different czbie iray arantements hive been thorouehly
tesied in order 10 detvrmune the heat transier properties of esch
armsngement. Twe of Ihe itests invobed randomiy arranged calhs of
vimous sues in Jdeinch wide 172vs and three 1esls were perioemed on
124neh wide trmvs wath only one cable swe in the trey, Tabk |
summarzes the Tarious lests which were periormed and Fipure 6
shows the overall test setup,

TASLE | - Surmary of Tests Conducted to Support
Analvtical Resylcs

TRAAT  PERCONT  CABLE SIZES  IMSWLATION
sizE i TESTES TYee
34" 20 N2 te 40 Rubder)
e £ 1t 4n  Russer § THF
212" 40 3/C-e12  Rusber

e T it npr ) tain
3312 %0 1/8-500 nre wall

Some details of the testing which were common o all 12sis &an
be scen from Figure 6. 500 volt rated copper conducton Sabies were
id in 3 2400t long cabke troy and lermperztures were measines
threr difTerent Wy (ross sections: ome was in the middengpth of Us
3y and two others 3t the quarter kengihs. In many cases cabkes
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ATTACHMENT D

The system mwmun mu the sum of the drop through
the macked cable masms (AT) and the drop through the ur £7,)
aound the cable tray. : ' .

Therelore

AT = AT+ 4T, (4
I The lnr through the cble mas (AT.) cn be obiained frem
-~ the equation given by Hotmae® for 2 reciangular si2b with uniform _ °
- insernal beat pmum' T o, 7w 'n;?é i = e
. o 8 1 o doy g ine " N

T LR L &

test results 10 be presented Later show this value 1o e valid Tor esther

_ mubber of potyeihyiene maulated cables which are ughtly packed.

Al ths pownt wr must defline cabke 13y perern: fill 33 the sum
of the crows-ectionsl aress of 3l czbies in e tray (including
.conductor, insubztion. and @eket) divided by the lotal availabie
croucctional area in the cable tray (wigih times hewght 1. 1t can be
seen that 3 cable w3y which is packed a3 nghl as possibic and level

~ auross he top is filled 10 acout 75 ", hecawse about 2570 ol the 12y

ama s void area betwern the circular eables. From the ahave perern
‘w=v 0l defininon it i apparent that 3 banch deep tray with 207 Gl

& s the mme den(h of packed cble 2 3 Jumch derr 1By wilh 407

5, < et TN A ;
e ‘i S0 =autat Wod ... mzawspent Tl v @ Tt e
L L ot T ‘ 5 ol B - .. W
iy LSRR DR PO RN L v ¥ =
) .

Lt Y ESLS OIS S L R

where # = effective thermsl resistivity of cable mass

.t 4= depth of cabie mass = il
w = width of @bic mass and tray _
W ® the total heat penernied in the tray per unil kn::h:

Equatien (518 specificzlly for one d'wngwoml heat Now oul the 1op
and bawom of the tray and if ignores any hest fow sut the sides of
the tay. This is 3 realisiic simplificzion which s secursie for fminch
-ang wider mble Ty B Ly -

The tempersture drop Urough the air (AT,) b obtzmned from 2
heat balsnee hetwresn cenveciion snd rudiation heat New, Using basic
equations from MeAgams® we find

WoeRAAT, = oA 0l T - T,%) (4
® the hest loss (ram the try duc 19
convesiion
the hest loss from (he trey due 10
radiauon .
oveszll conweetion hest transfer coelTicient
for tmay
swrfser arvs of cuble mass per wmil
ey keneth
¢ *® Siefan=TNaltzmane contunt
¢ = pffectivy thermal emissiaty of
cuhie mass and troy surface
avemapy Cabie mass surfacy temperatere

where hAr.‘.T‘
W Al A

and h =

1\‘ .

T *
The threv equations (41, (51, and () have threy unkaowns and they
&n be sobved 10 gt the totul allowable heat wingh cun be genenied
in 3 atic trzy (W), Siner equstion 16) i gune non-lincar, the
nhmog‘lo the three equstions must be obiained by iterauec. thus,
for genemal snplicstion the solution for W s done most cauly on 3

computer, -

Having the total hest genersied in the cable 13y, the heal
gENCTIVON peT unit ares 1 umply

"

o tnwi

The ampacity of each csbic in the ir2y 1 finally determined
with equations (1) & (T,

| ~= THEORETICAL RLSULTS®

vonib . ¥
i L .

g mym .

T solution 10 equations (41, (51, and (#) for W and several
degrees of cahie trzy fill will result in curves milar 1o (hose shown
m Fipure 4. |1 is seen that 25 the cabic tray pereent [l ineresses, the
allowabic heat intensiry decTeases due (o Zreater temperature drop in
the wphtly packed cable mass. Figure 4 wae made lor an elievive
thermal rontivity of the cuhlc masn heing 300 Camowati, and the

LSS

e

.

.-rs -y

i gl . . .
n l.flﬂh‘il( equations /11 3nd 12110 pet the ampaaty of speailic

" ennductor mies io 3 pvea cable ir3y. 38 mnierrsting obsenILON €20
_be made, The cabie smpacuy thimgiven by

w [ "

and wﬁnntuuu for the curcular Crosssrctiondl srva of each b (A

WL ek s
. l‘-?'/% ‘ v
23
e T 1]
2Ig sp ' |
2 \L!
;I:"o % ' N ¢ 90%¢ 1
. 8D L S U N 24 18% ~
Y . AT A B
A N LN, 4
- I N f/f\\ K
: . A% \\ |
o N A
gD LA INLA
g ENENE
*\k \
s G N TN
|

20 2 X - © 0 60 7080
PERCENT TRAY FiLl

.

© 1%

Fig. 4. Allowshic hevt armemurs (M b mainidin nehbev-bike OF
pribvethrione peNies 3t e specitnd iemneraiuee i Jan et
decp by Sdanchvs wide truts aperating in e 47 ( amhunl

b e
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L3 \mml’n' i
the preobiom RO BN ealaPiindt the slleme bl hedt iy o
varnus vable 1123 csutivuraiens

The rezsoning presented (Sus (3 b upniticanty dilferent irom
that wsed for c2bie tray raungs we ndw vie. To show this vonsner 3
Larwr csble tray randemly filled with, way 300 ughtly packed 00 volt
Ebles of assoried wies Accurding 10 the mung published 30 fur,
every cable in this trzy must be Jerated (0 5O of the ampacuy for 3
J<onducior cable in 3ir.* =8 Figure I shows that seves sngie
conductor 17 cubles can worury about the same area in the truy &
one 4/0 whle. Cumpanng (he hest which is pencrsied within the
equal areas of cxbies it €30 be seen (hat iaree 1o feur limes more heat
it produesd in the bundie of wven #12 cibles 25 in 3 ungle =4 0
cably. even though (% [wo con
the lilkd 13y,

\rurations ovsury (he same area in |

s etiet 13 cA0TlY what we wanl (€ cuminaie i 4G

“E=blv iray mstsilaton bevzuse 113 pussbie (0 get bundies ot smull |

coohes which prisduce locsily ntense it soures ané rouit in hot
spots within the cadle 173V (TOIFaan ION, .

Fie 1 Crmsssert om sice 'mun § rndomis wrrdiged vl gkl
cuhly irav

Fie 2 Physicul $i2c comparison al 23 pioal mbber wessebiind abics
This Sumpatsn can v msdv iver and wwr with the present
ampaatis Kor cables in trave The result B3t snll cvnducior sue
bk are allvwvd 1o work ™ furder trun the Lansy sise cables when
thwy are all pliced 1 4 common randem Y. Actually, 4l cabke
should N worked smidnemiyv by comiag 10 ihe sume oreraning

lempwerature in the 12y,
ANALYTICAL MODEL

Whenevet cuble ampacitics csn be established wirh sslovlinons.
instead ©f an empincal approach, & betier undrsianding o the

%)

C g )
Tieectinal sted ol cach componie wble, Thus overall heat transier mechamesm s possible. A umple snah ueal

solution 10 the heat irangier from (he meneral. Bypothetical @bie
tray i Figure } has been made. and some rather sublie findings irom
the anah us v':l b pointed out,

CABLE MASS
WITH UNIFORM
MEAT GENERATION

.

Fig. J. Sumphiicd uneiviical mode! for heat trensicr jrom g ighily
pucked catic sy comiuonny wil power cubie,

Befnre proceeding with the anaivsis, twe sdditional condibwns
must he specificd. The lirst condition is ¢abics in any Iy must de
installed 3t 3 constant, or umiferm, depth, This B 10 rrevent Sabivs
irem being hesped on one ude 0f 3 sy With 3 resuliing vIvuni spacy
on the other nde. The wvond cunditien 15 10 2xsume. 3¢ tiesl, 1Rat 3l
e vablet 1n the 172y 3y power cabies which will unormiy genemie
Ledt inroughoul the tray, Thew condinuns sllow the sndom
mniurs of cable W be trezied 29 3 homezenevus ndisagulsr MEs
WILA unniomm et generstion,

The tusk new is 10 umniv Gnd the sliowsbie heat intennty 10}
je¢ 1rave contining vensbly amuunts of cabiv, Once wy find the heat
Stemsity, (h: hest which 3a b gencrmmwed by each ande
sendudtor i) can be @icviaiew from

)

A aundyt ol Geinduvtors in Gabiv
A= gowewviions Jres of the naunductor cabiv.
Q * allowsbir ezt por nnit Jres generaivd in the (e

w here

and. o soune,

.

ta)

G !:R

- nere

| » masimutn aliowabie current for 3 condudine

8 e 3z resistance of conducior €1 the MILImUm OATRNNg
weperaturr of the msulition matumial in the cadle 1ty !

fiedt generated in any tightly packed cable tray must P
through two medi: | the e3ble mags, and 2) the 3ir mmeduicl)
sound the trov. Sinee hest fows through the media there B 2
resulting tempersture drop in each, a3 shown in Figure 0
through the cables and AT thruugh Ihe it

Te J;'ncmme the tntal amount of hest (W1 whwh an be
dnairated by 3 vEBiv irsy in an amiwent lemperatune T and
mantain it heghest lemperarure 3t or Meiow the apwersiing omIpNT
ature 1T 1 of the cable nsuiation in the trey, we must fn
nsiem temperature drop (AT 0 b

2T ® T Ts 13
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> cel 7L AMPACITIES FOR CABLLS IN RANDOMLY FILLED TRAYS
1. Stoipe
£ . Southern Calivurnus Ednor Company
" Los Angrles. California > » -
\BSTRACT 3 , PROBLEM DEFINITION
The sliowsbie currens which ma) e camied by @ given condux- The fist of many varibles 10 be eazmined is the extent to

o s uhll has bern thoroughly invesugied i simosi every
mmNt h'rr of bl installavon. One arex which has not had
much nmmu up 1o now i3 the allow abie current which cn b
rmed by cables in cable 12y, of irourds. This pm prosents 3

‘ mpknn ;rarnl method (or cziculating the mnmn of eczbies in ..
cahle 72w it has heen dertved [rom eiementary heat Wransfer theory .

and smpiy werilied with mani (ullacsie tests. The method shows (hat
currenthy published 3mpacities for small cables in hughly filled travs
roust b reduced, out m larpe esbiv ampueitivs @n be safely

fay *

INETIR d.

INT RODLCTION

- A

S "

in the slulws ‘hn’ﬂ have boen uudr on the nmm amang
abiliny of elestrw powrr Sublea. the. musl umpic o of ene b
omersung in 3ar Ms e eapanded W multiple ubh‘s in 2 conguit. !
muliipls cshies or cundu.is 1n stavked hanks® and sever2i m3bles
pulicd mie ster! rocvwsy s The results of thow siudies atr incorpo-
mird 16 wstious ealvnty n both the AILRLINC
Ampacitivs and the Nononal Eleciny Conds,

The ampavitics. or dersting (3oion. whivh e bera driers
minvg 30 far are for esbles winch arv 10 some form of an erderly
serangement: 3 further simplifcstion which has bern exsily 1ustified

LA Power Cubw ~

which the csbles in any tray ‘are packed, It s Spparent that cubies in
3 very loose srmangrment are ementially immersed i 3ir which cn

. freely fiow through the vacant space in 3 1723 AC the Space butween
" eables is reduced. by packing cables closer tocetner, free flow of 2

Wrough the pock o gradwally resimvied. Takine this 1o Uw pois:
where adiaceni czbies are l.tls.'ual esch other on all sides, the
continuous (mee space between. cabics becomes practicsih nen-
cusient and only small air pockets neman hetween the cables.

Apphing thus reasoning 10 best flow frum cbles in a at;lc tray
we v 1Bt 3 loose macking B desirshie since air can satunally Now
arvund each esbic. The hext will then rse out of the pack and be
terlaved with cuoler i from the hotiom. When =hles iome
tghtly pack-d. ther is no air Now througa the bundic. and ths heat
eannot b camicd out of the bundl M astursl s Now. In (3.1, the
onls w3y for heat 10 Mow out of the uzht dundk is B heat
conduviion thmu';h the conglomerstiom of cuabk conducton. nsula-
uon. and Jif POUETIL '

(atle ampacities in randomily filod iravs must he Based on the
assumrnon that esbies are tightly packod and 1hat we nnot depend
o heat being s2rned out of the dundle by air Nowing through it.
Without quesuon, this tightly packed condiuon does not exist &8
ever eabiv irsv, bul it dews randemily oveur ofien raough thst, for
s3iety, each eabie Uay mund b designed as thouss it w2t poing 10 be

uehily pucked, 1t B not even necessany 1hat the eanre cabie U=y be
inhily pached. mner 3 packed width o enly abou! thiee inches &

in the past is all the conduciors considered werr IRC Sme tie,
[’ Unlorunately. this stmpiilving treaimeni cannot by justificd when /
r-—’-’

| tonsidenag ampaciiirs of randomly armanged 3bles in iEvs,

A tvpreal @bl ey instalizuen waivh i lousd in the cleetne
power pengretion Ind disinibution ndustry cun B Yauslived 1 3
Junch deep 24-inch wide mattal trough contuining anywiere irom 20
10 400 mademly amrzaced singh o mults omductor power and
coniral cables ranging in size from =12 SNT 1o 750 MO The array
of cabies b wseully sevured along The Fobk 12y with 0w ties Lo
prevent the cables alreséy in the tray from shilung If sddinional
eabies should be pulled nie the 1rey. During consiniztion 3s cabies
are eoured in the 119y, group by proup. they fun hevome packed
1opether ight enough that air is wnabic 10 circulaic through the mass
of cables. With the physicz! ties and the normul vibrsnon which i
present in mosi plants, even many of the initalh loew cable 33
can be experted 10 settle and thus become more O leys restnciing 10
air low.,

Several other variables tend to complicate the deierminstion of
ampacies of cabies in 1r3vs. Seme of the more apparent ones are the
Tuliness of 3 i3y, diverzity of Ipading of cabies in 3 Imy, deiesmiming
ine locasian of the hoticst spot over the tray sremaccuon, and (he
amount of power cabic (which peneraiey heat! in proportion 10 the
amoun! ol mml rhlr (which penerates neghgible heal) in 2 tray,
All the above’ nmbk: nn be, and m accounted fm 1 the method
deseribed herein.

.

Paper 70 TT S57-PWR recommended and approved by the Insula-
ted Cenduciors Committee of the INEL Power Group for presente-
ven 31 the ICEL Summer Powsr Mecting and EINV Conierence, Len

weies. Calif. July 12:17, 1970, Manussnpt submitivd September

, 19a%; mady availabie for prnung Apnl 2K, 1970,

suificrent 10 producs 3 het spat in an otherew ene’ 173y .

With the emienion ol ught cable packing estobinhed, 1t » then
tequired 10 deicrmine bow (he heat geacmunn » Jisiribuied in the
tray crossewenion The many cxbie sl posubi. both ungic and
multiwonductew, and esch earmars 3 diflerent curmeni apparentiy
makes 1 guite dilTicuit 1o plaev alinwshie currents on such 2
heteropenenus misiure, However, looking 3t (he probiem frum Lhe
standpoint that we do ol want 3ny hol jpol it the sable 1737, the
probiem can wy soived,

liot spots in 3 thermal sysiem are praduced by locaily intense
heat soureTs: thus, in every ares of the cable U3y we must chmenang-
such rondinons. In other wards, the hest ie ares of
cabic troy Crow-esl A . Tha n the key 19 the entire
probiem_of ampacitees_far randomly armanged gaties i ahic 1r3ys,
and the conerpl of vmiform_beat genersnon @nnel br  overs
emnhasard. -

—— it

Conuder Figure | showinz 2 hypothencal sher of area from 2
typical. tightly packed eabi tray. The beat tntenuty within each unit

. arta, expreased in watid/ft, per square inch of mtmoul wra,

must be constant all the wsv dnwn 1o the smallest ‘unit area inside
the tr3y. which is the smaliest cbie in the oy, We therefore nlaeT
ampssities of cubles, such as shown in Figure |, in propanion 10 (he
everull crossawcctional ares of the individial gubies. including the
conducior and nsulauen.

i we hnow the slwable hest intenmty for 3 pven cable
1ray . we gan immedately place ampacities on every cuhic in the Ay

< gt
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ATTACHMENT E
B61 MCC Bus Loading

Reference:

Drawing 25203 30011 Sheet 39 Rev. 16 (Ref. 3.1.39)

Drawing 25203 30011 Sheet 40 Rev. 21 (Ref. 3.1.38)

Drawing 25203 30011 Sheet 41 Rev. 18 (Ref. 3.1.15)

EWR M296024 (Ref. 3.1.45)

Only the continuous loads specified on these drawings are considered. MOV loads are not continuous and

do not contribute to heat loading of cable in tray. (Assumption 4.3) (Note the feeder cable load is
determined in accordance with Assumption 4.2)

BREAKER | RATING | AMPS |MULT. |LOAD
AF4 100HP 112518 |1.25 156.47
BF1 25HP 31 1.00 31
CF1 25HP 3129 11.00 31.29
HF1 45KVA | 17.90* [ 1.0 17.90*
HF3 0.75HP | 0.94 1.00 0.94
BR3 6.75KW |0 1.00 0

BR4 6.75KW {0 1.00 0

CR3 15KVA | 18.04 |[1.00 18.04
CR4 15KVA | 18.04 |1.00 18.04
CRS 15SKVA | 18.04 |1.00 18.04
DR2 SHP 6.26 1.00 6.26
DR4 15KVA | 3.15* |[1.00 3.15%
ER2 4.5KW | 6.37 1.00 6.37
ER3 0.75HP | 0.94 1.00 0.94
FR1 1.93KW | 2.73 1.00 2.73
GRI S8KW | 8.21 1.00 8.21
GR4 1 SHP 18.78 [1.00 18.78
HR4 40HP 50.07 |1.00 50.07
ER4B 30KVA | 36.08 |1.00 36.08
ERS 3HP 3.76 1.00 3.76
TOTAL 397.38

* See following page for details

HP x 746 . A

FLA = —= [EFF = 0.88, PF = 0.85)

v3 X E X EFF X PF

W x
P8 = Kl 1000

E X PF x /3

KVA x 1000
AMPS - —————

EXVS
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Note 1 - per Drawing 25203-30012 Sheet 12 (Ref. 3.1.41) the connected load is 2220
watts.

I=__ 2220 = 3.15amps [DR4]
480 x /3 x0.85

Note 2 - The Boric Acid Tank Heaters are no longer required since the concentration of
boric acid has been reduced. The load for these heaters is thus 0 amps. [BR3, BR4]

Note 3 - UAC2 per Drawing 25203-30022 Sheet 12 Revision 23 (Ref. 3.1.40) has a
connected load of 12648 watts.

= 12648 = 17.90 amps [HF1]
480 x /3 x 0.85
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B62 MCC Bus Loading

Reference:
Drawing 25203 30011 Sheet 42 Rev. 21(Ref. 3.1.55)
Drawing 25203 30011 Sheet 43 Ref. 17 (Ref. 3.1.66)
Only the continuous loads identified on the drawing(s) are considered. MOV loads are
not continuous and do not contribute to heat loading of cable in tray. (Assumption 4.3)
(Note the feeder cable load is determined in accordance with Assumption 4.2)

BREAKER | RATING | AMPS |MULT. LOAD
DF4 30KVA |[32+* 1.00 32*
EF2 UPS 81%* 1.00 g%
BR2 3HP 3.76 1.00 3.76
CR2 SHP 6.26 1.00 6.26
CR3 1SKVA | 1804 [1.00 18.04
CR4 1SKVA | 1804 |1.00 18.04
CRS ISKVA | 18.04 [1.00 18.04
DRI 25HP 3129 11.00 31.29
DR2 7.5HP 9.39 1.00 9.39
DR3 15KVA 11804 11.00 18.04
FR1 20HP 2504 11.00 25.04
FR4 SOKW [8349 |1.00 83.49
CR1 15HP 18.78 [1.00 18.78
ER2B 40HP 50.07 |1.25 62.59
FR2 20HP 25.04 | 1.00 25.04
TOTAL 450.8

* = 80% of breaker value used.

**=References 3.1.74 and 3.1.75 identify the battery charger and inverter loads as 31 and
50 amps respecitively.

FLA ® ~ppmiib X 146 (EFF = 88, PF = 85)
v3 X E X EFF X PF

AMPS = 5 1000,_
E X PF x +3
KV 1000

AMPS = __'ﬂ_x____

E X 43
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INDEPENDENT REVIEWER EVALUATION

(Enter “X" or “NA” to indicate applicability to review)

Are the commitments provided in the Safety Analysis Report (SAR) and the Design Inputs X
documents correctly incorporated into the design documents”?

Does the proposed design affect or modify a Unit Safety Techmical Specification in an way”? N/A
If yes, will the initiation of a Technical Specification Change Request (TSCR) be required? (Re:
NGP 4 02/NARC)

Will the implementation of the proposed design require the initiation of a Final Safety Analysis  N/A
Report (FSAR) change? (Re: NGP 4 03/NARC)

Are assumptions necessary to perform the design activity adequately described and reasonable”? X
Are the assumptions identified for subsequent reverification when the detailed design activities
are complete”

Does the design meet the requirements of applicable codes, standards, and regulatory X
requirements”’

Has applicable construction and operating expenence been considered”? X
Have the design interface requirements been satisfied” X
Was an appropnate design method used” AN
Are the specified parts, equipment and processes suitable for the required application and have X
all conditions been considered”

Are accessibility and other design provisions adequate for performance of needed in-service N/A
inspections, maintenance, and repair” Are adequate maintenance features included and

requirements satisfied” s adequate accessibility provided for performance of the expected

inservice inspection required during plant hfe”?

Has the design properly considered radiation exposure to the public and Unit personnel? N/A
(ALARA, Reg Guide 8 8, NGP 5 16)

Have adequate preoperational and subsequent periodic test requirements been appropnately /A

incorporated into the design”

Are appropriate Quality Assurance and ANS Safety Classification requirements specified such ~ N/A
as mspections to be performed, acceptance critena, specialized training/skills needed, personnel
qualifications, matenial procurement, and matenial handling requirements”

Are the applicable codes, standards, and regulatory requirements, including 1ssue and addenda
properly identified”

X
Are the mputs correctly stated and incorporated into the design package and the output X
reasonable compared to inputs”?

NUC DCM FORM 4-1A
Rev 03
Page 1 of 4



16

17.

18

19
20
21
2

3.

24
25
26
27
28

29

30.

31

32
33

C.Je No. 96-ENG-01528E2 REV. 00
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Page G2 OF G4
INDEPENDENT REVIEWER EVALUATION
Are the specified matenals compatible with each other and with the design environmen:tal N/A

conditions to which the matenal will be exposed? (Nonmetallic materials require an evaluation
of their suitability relative to temperature and radiation environments - Normal and Post-
Accident.) Are non-metallic components or parts relied upon structurally, where there integrity
under varied conditions is not assured by engineering analysis”?

Have adequate maintenance features and requirements been specified?

Are the acceptance criteria incorporated in the design documcats sufficient to allow verification
that the design requirements have been satisfactonly accomplished? Are adequate preoperational
and subsequent penodic test requirements appropnately specified”

Are adequate handhing, storage, cleaning, and shipping requirements specified”?

Are adequate identification requirements specified”

Are requirements for record preparation, review, approval, retention, etc., adequately specified”

Is the design such that potentiz' crud traps are not built into radioactive fluid lines (long-radius
elbows, quantity of valves miminuzed, ball valves used to extent possible)?

Have new equipment tag numbers been identified”

Are equipment failure effects on existing critical components addressed”

Has the affect on seismic structures been addressed”

Are all welds 1dentified (allow for use of piping being removed)?

Are installatic - fire safeguards identified”

Will the authorized inspector be contacted and a repair package submutted”

Are necessary spare parts identified”?

Are any barriers (1 ¢, fire, C02, halon, ventilation, water, flood, tornado, high energy line break,
andlmm)bemgmmdorpmwdmdmﬂubmerdmmbmsmqumnmbmng

Have human factors requirements been considered (workplace design, accessibility, hghting and
noise, human computer interaction, man machine interface, labeling, layout, etc )?

Is the design consistent with Station Spill Prevention Control and Countermeasure Plan(SPCC)?
Wauld the design change increase the potential for flooding, reduce the capability to 1solatc or

cope *vith local compartment flc 4ine, or locate essential equipment where it would be
sruceptible to flooding”?

N/A
NA
NA
NA
NA
NA
NA
NA

N/A

N/A
N/A

NUC DCM FORM 4-1A

Rev. 03
Page 2 of 4
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INDEPENDENT REVIEWER EVALUATION

Page G3 OF G4

Have the failure modes and affects with adjacent high energy piping systems been considered for NA

pipe whip, Jet impingement, and/or environmental effects (Stress Ana'ysis Engineering should be
contacted if a review is required)

Has consideration been given in the design process for power supply surge withstand capability  N/A
and mintmizing the probability, affect and/or generation of electromagnetic noise interference on
the design modification or adjacent systems”

Has NPRDS component failure history been considered?

N
Has the design change properly considered all operational aspects; 1.¢., has the design change X
taken challenges to the operator into consideration?

Are appropriate measures specified to prevent debris/foreign matenial from entering Unit N/A
systems, and is the potential impact of debnis/ foreign material on relevant Unit systems

assessed” Has the design considered the non-use of materials which could plug containment

sumps (Re: NRC Bulletin 93-02)?

Have all Quality Software requirements been considered”? X

Have applicable vendor manuals been checked, to ensure designs incorporate appropriate N/A
installation guidelines” e
Has the use of low Cobalt matenal been specified for systems which communicate with the N/A

reactor coolant system (¢ g . valve seats)’

Has the Design incorporated ALARA principles to reduce occupational exposure?(Re NGP N/A
5 27/Engineering Design Standard 37120)

Is Structural Integrity assured (including Fatigue and Corrosion)? N/A
Have weep holes for drainage been installed in non-safety related components (lighting panels, N/A
termination boxes, and motor connection boxes) which are located in harsh environments” (Re

ISEG Report E91 -006)?

Have all SBOQA(Station Blackout) requirements been considered”? X
Has Relay Selection (electrical contact rating and life cycles) been analyzed, and documented” N/A
Have pressure locking and thermal binding of gate valves been considered” N/A

Have additions/deletions to the containment inventories of Zinc, Alumunum and Steel been N/A
recorded and the Containment Inventory Tracking Program updated”?

Are conclusions drawn in the 10 CFR 50 59 Evaluation fully supported by adequate discussion X
in the text or the 10 CFR 50 59 Evaluation itself?

NUC DCM FORM 4-1A
Rev. 03
Page 3 of 4



50 Has the integrated design package considered appropnate supplemental reviews by other
engineermng disciplines (seismic, electrical, etc ) and affected departments (Operations,

Maintenance, etc.)?

51. Are drawings, sketches, calculations, rzferences, etc included in the design package

appropriately”

52 Are calculations included or referenced in the design package that requires revision, reviewed

Calc. No. 96-ENG-01528E2 REV. 00
ATTACHMENT G

INDEPENDENT REVIEWER EVALUATION

and approved with appropnate changes”

53. Has the design considered the elimination of possible obstructions to ladders (OSHA 1910 .27)?
54 Has the design ensured that adjacent unit(s) interfaces were addressed”

Page G4 OF G4

B

e

N/A
-

I have completed my Independent Review of this package by utihizing the "Design Review" method  All concerns were

addressed satisfactonly

/2-13-9¢,

M@é:;gr_u

reparer(s) Signature(s)

Date
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