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Proposed Change to Exemption K1 

(Excerpt from Unit I UFSAR) 

Exemption K1 

An exemption was granted from Section III-G.2.d of Appendix R by the NRC (Reference 14) where 
the containment cables and associated non-safety circuits of redundant trains are not in all cases 
separated by 20 ft. with no intervening combustibles.  

Evaluation K1 

a) A Reactor Cooling Pump Oil Collection System is provided to collect pressurized and 
unpressurized leaks from each of the Reactor Coolant Pump Lube Oil Systems. This 
installation confines the major portion of combustible inventory to a separate oil collection tank 
in accordance with Appendix R, Section 111-0. The remaining combustible loading in the fire 
area is low.  

b) Fire detection is provided as shown on drawing 8770-G-424, Figures 9.5A-8 through 9.5A-17.  

c) Redundant safety-related equipment is protected from exposure to localized combustible 
sources by spatial separation and/or the use of existing barriers/partitions (i.e., concrete walls, 
floors and ceilings) having greater than three hours fire resistive rating.  

Separation is provided to maintain independence of electrical circuits and equipment so that the 
protective function required during any design basis event can be accomplished. The degree 
and method of separation varies with the potential hazards in a particular area. This is 
accomplished by use of spatial separation, barriers, and radiant energy shields where required.  

d) Electrical cables are concentrated at the penetration areas at EL. 23.00 ft. between Column 
Lines 6 and 8. The cables trays are immediately separated and routed to the several items of 
equipment.  

A radiant energy shield is provided between safety-related A and B cables trays in the cable 
penetration area to provide separation.  

e) Non-IEEE-383 1974 cables in Fire Area "K" were coated with Flamemastic fire protective 
coating system. New cables meet the IEEE-383 1974 criteria.  

f) Fire Area "K" is a high radiation area and personnel access is limited, thus minimizing the 
probability of introducing transient combustibles.  

g) The large free volume (2.5 million cubic feet) of Fire Area "K" allows for dissipation of hot off
gas temperatures and reduces the effect of stratified hot gases at essential components.  

h) Instrument cable trays are covered.  

i) Separation of redundant cables in cable trays between column lines 2 and 6 above and below 
EL. 45.00 ft. is by more than 7 feet horizontally. Addition of any combustibles must be 
reconciled with PSL-FPER-01-053 (including cable to the cable trays).
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Proposed Change to Exemption Kl(cont.) 

(Excerpt from Unit I UFSAR) 

Conclusion Ki 

Based on our evaluation, the existing features in Fire Area "K" provide adequate separation for a 
fire in transient or in situ combustibles. Additional modification would not augment or materially 
enhance the safety of the plant since it would not aid in the prevention of fire damage to redundant 
components essential for safe shutdown. Therefore, we conclude, this is an acceptable exemption 
to Appendix R to 10 CFR 50, Section III-G.2.d.
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Response to NRC Request for Additional Information 

NRC QUESTION 1 

The original exemption dated February 21, 1985, addressed the entire containment annular 
region. FP & L has stated that corrective actions have been completed in several areas 
and an exemption is needed only for a segment of the containment annular region between 
columns 2 and 6 above and below the 45' elevation. Provide specific details of the area 
requiring the exemption.  

FPL RESPONSE: 

The specific scope of this assessment involves the space defined by the containment 
structure and the interior biological shield between radial lines 2 and 6. The width of this 
area is approximately 20 ft. The electrical raceways in this area are divided into two 
separate sections defined by the divisional assignment of circuits: system SA, MA, MC and 
system SB, MB, MD. The electrical raceways in the containment structure are arranged 
with 'system' SA raceways installed along the biological shield wall (inner wall of the area).  
The 'system' SB raceways are installed along the outer wall of the area. Between radial 
lines 2 and 6, raceways are installed to allow the routing of circuits around the containment 
structure at both 23 ft-0 in. and 45 ft-0 in. elevations. The area is described in more detail 
in Attachment 3 to L-2001-267, Section 3.  

NRC QUESTION 2 

The revised exemption dated March 5, 1987, indicated that there were limited "intervening 
combustibles" in the containment annular region. Provide a full description of any 
intervening combustibles in the area for which the exemption is sought and include them in 
the fire model.  

FPL RESPONSE: 

Insitu combustibles and ignition sources in the area are discussed and evaluated 
generically in Sections 3 and 8.3 of the fire hazard assessment (Attachment 3 to 
L-2001-267).  

As evaluated in Attachment 3 to L-2001-267, the insignificant quantities and relative 
locations of the combustibles do not pose a potential threat to any safe shutdown cables.  

NRC QUESTION 3 (PART 1) 

Radiant exposure was listed as the only credible scenario. Can the set of cable trays on 
the lower elevation involve the cable trays in the same train on the upper elevation? 

FPL RESPONSE: 

The upper tray stack is the same train as the lower tray stack. Therefore, involvement of 
both tray stacks of one train would not present a concern for safe shutdown.  

The potential for multiple burning cable tray stacks is evaluated in Section 8.2.2 of 
Attachment 3 to L-2001-267.
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Response to NRC Request for Additional Information (cont.) 

NRC QUESTION 3 (PART 2) 

Are there any other structures, systems or components important to safety, which could be 

in the plume? 

FPL RESPONSE: 

Yes. Structures, systems, and components important to safety could be in the plume.  

However, essential equipment (e.g., structures, systems, and components required to 
achieve and maintain safe shutdown following a fire) have been identified and evaluated.  
The essential systems and components are unaffected by fire, adequately separated from 
redundant counterparts, or protected. Conduits containing safe shutdown cables have 
been identified and protected where required.  

NRC QUESTION 4 

Provide the basis for the assumption that solid enclosures of cable trays eliminates them as 
a fuel source.  

FPL RESPONSE: 

Attachment 3 to L-2001-267, Section 7.2 provides the bases for the number of trays 
considered in the analysis. The bottom instrumentation tray was excluded from the 
maximum expected fire scenario (MEFS), since no credible heating mechanism is present 
and an internal tray fire would not contribute significantly to the heat release rate. In the 
limiting fire scenarios (LFS), the fourth tray is included and evaluated in Section 9 of 
Attachment 3 to L-2001-267.  

NRC QUESTION 5 

The bench scale heat release rate uses an average of one type of non-rated cable and two 
types of rated cables. Is this representative of the amount of non-rated cable installed? 
Why not assume all non-rated cable to obtain bounding results? 

FPL RESPONSE: 

This value (bench scale heat release rate) is discussed in Attachment 3 to L-2001-267, 
Section 7.1 & Table 2. In the analysis, the bench scale heat release rate is varied from 200 
to 1000 kW/m 2 in the LFS, with 400 kW/m 2 assumed in the MEFS.
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Response to NRC Request for Additional Information (cont.) 

NRC QUESTION 6 (PART 1) 

What are the pass/fail criteria? 

FPL RESPONSE: 

Pass/fail criteria (critical temperature) are discussed in detail in Attachment 3 to 
L-2001-267, Section 5. The failure criteria used in Attachment 3 to L-2001-267 are as 
follows: 

IEEE 383 qualified cables 
"* Failure temperature of 3710C [EPRI, 1991], 
"* Critical incident heat flux of 11.4 kW/m 2 [EPRI, 1991]; and 

Non-IEEE 383 qualified cables 
"* Failure temperature of 218 0C [EPRI, 1991], and 
"* Critical incident heat flux of 5.7 kW/m 2 [EPRI, 1991].  

The analysis in Attachment 3 to L-2001-267 takes credit in some scenarios (exceeding the 
MEFS) for the ability of the coating to increase the damage threshold to a level consistent 
with IEEE 383 qualified cables.  

NRC QUESTION 6 (PART 2) 

What is the maximum credible length of cable in a cable tray that can be involved in a fire? 

FPL RESPONSE: 

This value (Spread Distance) is discussed in Section 6.6 of Attachment 3 to L-2001-267.  
The spread distance in the MEFS is approximately 3 meters (Reference Attachment 3 to 
L-2001-267, Section 8, Table 3). In the LFS, the spread distance varies from less than .5 
meters to more than 8 meters depending on the assumptions used (Reference Attachment 
3 to L-2001-267, Section 9, Table 5a - 5h).  

NRC QUESTION 6 (PART 3) 

How fast will a fire in a cable tray grow? 

FPL RESPONSE: 

This value (Spread Rate or Flame Spread Velocity) is discussed in Section 6.5 of 
Attachment 3 to L-2001-267. The maximum expected fire scenario (MEFS) is based upon 
a flame spread rate of 1.8 mm/s (Reference Attachment 3 to L-2001-267, Section 8, Table 
3). In the LFS, the flame spread rate is varied from .33 mm/s to 12.60 mm/s depending on 
assumptions used (Reference Attachment 3 to L-2001-267, Section 9, Table 5a - 5h).
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Response to NRC Request for Additional Information (cont.) 

NRC QUESTION 6 (PART 4) 

Will a fire in cable tray risers grow faster than in horizontal cable trays, and how does it 
affect the analysis? 

FPL RESPONSE: 

Yes, fire growth in a cable tray riser would grow faster than in a horizontal tray. The vertical 
risers were considered in the analysis and determined to not represent the MEFS (See 
Section 8.2.1 of Attachment 3 to L-2001-267).  

NRC QUESTION 6 (PART 5) 

What is the response time for the fire brigade to extinguish a fire in a containment cable tray 
at full power or following a plant trip? 

FPL RESPONSE: 

Based upon previous announced and unannounced drills to locations near the containment 
entrance, the Fire Brigade, Security, and Health Physics support will arrive at the 
containment personnel hatch between 5 to 10 minutes after receipt of a fire alarm.  
(Reference fire drills dated 6/14/01 (U1 Hot Chemistry Room), 7/18/01(UI Cold Chemistry 
Lab), and 9/19/01 (U1 "A" Cable Loft). Entry into containment is estimated to occur within 5 
to 10 minutes of arrival. Therefore, it is estimated that brigade response to the fire location 
will occur within 10 to 20 minutes of the alarm.  

The actual time required to extinguish a fire cannot be accurately estimated since it is 
dependent upon the location and size of the fire. Based upon the MEFS (i.e., relatively light 
loading of the cable trays, the duration to bum out, the flame spread rate, lack of 
intervening combustibles, etc.), the fire would be expected to have peaked prior to brigade 
entry. The brigade would therefore have two smaller fires to extinguish (with a burned out 
section of tray between). These trays are fairly accessible to immediate brigade fire 
extinguishment activities from the grated floor above and from the floor below. Since the 
trays are lightly loaded and all equipment necessary for prompt response is readily 
available, suppression efforts using portable fire extinguishers would occur promptly upon 
brigade arrival. Extinguishment is estimated to occur from 10 to 30 minutes from arrival of 
the brigade at the fire with the 'flaming" portion of the fire extinguished early in the attack.  

Therefore the time from initial alarm to extinguishment is between 20 and 50 minutes with 
the "flaming" portion of the fire extinguished early in the attack. However, as indicated in 
Attachment 3 to L-2001-267, while the amount of burned cable in the tray section may 
increase, the growth of the fire (overall fire size) will not. Instead, the fire will bum out at the 
point of origination and the fire will separate into two smaller fires. This arrangement 
represents a diminished threat to the redundant tray stack that is at least 7 feet horizontally 
separated from the fire location.
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Fire Hazard Assessment of 
Exposure to Safe Shutdown Raceways, St. Lucie Unit 1 

1. Introduction 

Exemption KI accepted 7 ft horizontal and 25 ft vertical separation without radiant 
energy shields between redundant safe shutdown trains (cable trays) in containment. In a 
submittal dated October 4, 2000, Florida Power and Light Company (FPL) requested a revised 

(clarified) Exemption KI that requires only 7 ft of horizontal separation (no vertical separation).  
FPL contended that the 25 ft vertical separation requirement was erroneously stipulated by NRC 

(an administrative error) due to a misinterpretation of past FPL's submittal(s) related to 
Exemption K1. On August 31, 2001 (following a phone conference on August 16, 2001), NRC 
requested additional information that supports a deterministic approach for resolving the issue 

identified in the October 4, 2000 FPL submittal.  

As part of preparing a response to the August 31, 2001 NRC Request for Additional 

Information, Hughes Associates, Inc. was contracted by FPL to perform a fire hazard 

assessment/fire model of the area of concern. The fire hazard assessment was performed to 
demonstrate that 7 ft of horizontal separation without a radiant energy shield is adequate for the 
redundant cable trays located in the Unit 1 containment above and below the 45 ft elevation and 
between radial lines 2 and 6. The analysis employs methods and procedures in accordance with 

Appendix C of NFPA 805 [2001].  

2. Scope 

The specific scope of this assessment involves the space defined by the containment 

structure and the interior biological shield between radial lines 2 and 6. The width of this area is 
approximately 20 ft. The electrical raceways in this area are divided into two separate sections 
defined by the divisional assignment of circuits: system SA, MA, MC and system SB, MB, MD.  
The electrical raceways in the containment structure are arranged with 'system' SA raceways 

installed along the biological shield wall (inner wall of the area). The 'system' SB raceways are 
installed along the outer wall of the area. Between radial lines 2 and 6, raceways are installed to 
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allow the routing of circuits around the containment structure at both 23 ft-0 in. and 45 ft-0 in.  

elevations.  

3. Problem Geometry and Conditions 

The space between the containment structure and the interior biological shield between 

radial lines 2 and 6 does not contain any significant fire exposure sources. An engineering 

walkdown conducted during refueling outage SL1-17 to identify potential fire ignition sources 

found a limited number of motor operated valves (MOVs) and electrical cabinets to be located in 

the area as defined in Section 3.2.  

3.1 Cable Raceway Geometry 

The trays are arranged in vertical stacks. The bottom tray in each stack is an 

instrumentation tray that is provided with a solid bottom and top cover. The circuits in the 

instrumentation trays are considered to be low energy circuits that are not potential ignition 

sources. The top tray in each stack also has a solid cover where exposed to overhead traffic (i.e., 

directly beneath a grating or opening). The top tray in each stack typically carries 480 VAC 

power circuits. Between the top and bottom tray are either one or two control circuit trays. All 

trays are coated with Flamemastic.  

In the area of interest, the system SA trays are arranged in two stacks as described above.  

One stack is located on the 23 ft nominal elevation with another located directly above it at the 

45 ft nominal elevation. The highest tray on the 23 ft nominal elevation is at 42 ft-0 in. The 

lowest tray on the 45 ft nominal elevation is at 54 ft-2 in. A similar configuration exists for the 

system SB trays. The highest tray on the 23 ft nominal elevation is at 42 ft-0 in. The lowest tray 

on the 45 ft nominal elevation is at 57 ft-2 in. However, in the area between radial lines 5 and 6, 

the 'lower' stack of system SB trays transitions to the upper elevation via cable tray risers. The 

arrangement of these trays is shown in the Figures 1 and 2.
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M127 59 ft-0 in.  

I C121 I 58ft-lin.  

I L131 I 57ft-2 in.  

I M102 I 55ft-8in.  

I 0103 54ft-l lin.  

I L111 I 54ft-2in.  

approx. 7 ft 

I M100 I 42ft-O in. I M120 I 42 ft-0 in.  

I 0100 I 41ft-2in.  

I 0101 I 40ft-4in. 
0120 40ft-l1in.  

I L lOl I 39ft-6in. L120 39 1-lin.  

System SA System SB 

Figure 1 - Arrangement of trays between Radial Lines 2 and 5.5 

- not to scale 

I M127 I 59 f-0 in.  

I C121 I 58f-l in.  

I L131 [ 571f-2 in.  

I M102 I 55 ft-8 in.  

I C103 I 541tt-ll in.  

I L111 I 54 ft-2in.  

I M120 51ft-2 in.  

I 0120 I 501f-3 in.  

I L120 I 49 ft-4 in.  

I M100 I 4211-oin.  

I C100 I 41 ft-2 in.  

I C101 I 40 ft-4 in.  

I LiOl I 3911-6 in.  

System SA System SB 

Figure 2 - Arrangement of trays between Radial Lines 5.5 and 6 

- not to scale -
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The system SA and SB tray stacks are separated by a horizontal distance of 

approximately 7 ft. Based on these elevations, the key interactions distances are 12 ft vertically 

and 7 ft horizontally.

Target Distances 
Postulated 
Fire Source SA SB 

Vertical Horizontal Vertical Horizontal 

SA - 15 ft-2 in. 7 ft 

SB 12 ft-2 in.1 7ft

Note 1: the vertical spacing distances are applicable only between column lines 2 
and 5.5. Between column lines 5.5 and 6, the trays of have limited vertical 
spacing, but maintain the 7 ft horizontal spacing.  

The minimum 'available' vertical separation of the redundant systems of cable trays is about 

12 ft with a horizontal separation of 7 ft. The configuration of this area involves grating that 

forms the nominal floor elevations at 23 ft-0 in., 45 ft-0 in., and 62 ft-0 in.  

3.2 Walkdown Summary 

A walkdown of the 23 and 45 ft elevations of containment was conducted on 04/7/2001 

during SLI-17 to assess the potential ignition sources and combustibles available in the area 

from radial line 6 (immediately outside the penetration area) to radial line 2 [FPL, 2001]. Only 

one SB tray is routed past radial line 3 towards radial line 1.  

Below are the detailed walkdown observations: 

3.2.1 23 ft Elevation 

At the 23 ft elevation, the A and B cable tray stacks are routed approximately 13 ft to 

16 ft above the floor and generally follow the bioshield wall (system SA trays) and the 

outside/annulus wall (system SB trays). Between radial lines 1 and 3, a slab exists at the 45 ft 
elevation. The system SA trays end near radial line 2, two of three system SB trays end at radial 

line 3, and the third SB tray ends prior to radial line 1.
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The ignition sources present above the 23 ft elevation (below the 45 ft elevation) are 

relatively small MOVs for the following: 

Charging and auxiliary spray valves - I-SE-02-1, 2, 3, & 4; 

Supply valves for RCP seal injection - MV-02-1 & 2; and 

Safety injection tank 1B1 outlet valve - V3634.  

The charging/auxiliary spray valves are located approximately 5 ft to 9 ft-6 in. above 

floor elevation, between radial lines 1 and 2, and below the slab. The system SB cable tray is 

located approximately 5 ft above and 3 ft offset from the charging/auxiliary spray valves; all 

system SA trays ended near radial line 2. The RCP seal injection supply and safety injection 

tank lB 1 outlet valves are located near the floor elevation. The system SA trays are located 

directly above these valves by approximately 13 ft. The valves/motors contain an insignificant 

quantity of grease and do not represent a hazard to either the system SA or SB trays. Electrical 

cabinets/boxes throughout the area do not contain openings or vents.  

No exposed in situ combustibles are located between the cable tray stacks. The area 

between the tray stacks (below the 45 ft elevation grating) contains support steel, piping, conduit, 

etc. The area below the trays along the bioshield wall contains numerous instruments, tubing, 

cabinets, and transmitters. None of this equipment is considered a potential ignition source(s) for 

the cable trays because of the vertical separation. In various locations at the 23 ft elevation, 

Thermo-Lag 330-1 has been used as a radiant energy shield on conduit. In all cases, the 

Thermo-lag is encased in stainless steel sheet metal. Therefore, the Thermo-lag material in the 

radiant energy shields is not considered an intervening combustible.
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3.2.2 45 ft Elevation 

The A and B cable tray stacks are routed approximately 5 to 15 ft above the floor 

elevation and generally follow the bioshield wall (system SA trays) and the outside/annulus wall 

(system SB trays). The system SA trays end near radial line 2; the system SB trays end near 

radial line 3.  

No major ignition sources are present above the 45 ft elevation (below the 62 ft 

elevation) with exception to four of the eight heater distribution bank panels (PP-124 through 

PP-13 1). The heater distribution bank panels are mounted on the bioshield wall and above the 

41 ft elevation slab between radial lines 1 and 3. PP-124, PP-126, PP-127, and PP--128 are 

located approximately 4 feet below and 2 feet offset from the system SA cable trays. These 

distribution panels contain no openings or vents. The other four panels are located nearer to 

radial line 1 where no cable trays are present. The system SA trays are located above these 

panels between radial lines 2 and 3. At this location, the tray loading is significantly diminished 

since many cables have previously exited the trays.  

The motor for the containment fan cooler CFC- lB is located between radial lines l and 2 

where no trays are routed. The system SA trays stop at radial line 2 while the system SB trays 

stop near radial line 3. The containment fan cooler and motor does not contain significant 

quantities of combustibles.  

Between radial lines 3 and 5, the system SB trays (near the outside/annular wall) are 

routed directly above and within inches of a heavy gauge metal 3-ft wide HVAC duct. This duct 

will provide significant protection (heat shield) to the trays should a fire originate below. No 

exposed in situ combustibles are located between the cable tray stacks. The area between the 

tray stacks (below the 62 ft elevation grating) contains support steel, piping, conduit, etc. In 

various locations at the 45 ft elevation, Thermo-lag 330-1 has been used as a radiant energy 

shield on conduit. In all cases, the Thermo-lag material is encased in stainless steel sheet metal.  

Therefore, the Thermo-lag material in the radiant energy shields is not considered an intervening 

combustible.
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The area below the system SA trays (bioshield wall) contains numerous instruments, 

tubing, cabinets, and transmitters. None of this equipment is considered a potential ignition 

source(s) to the cable trays because of the vertical separation. The bottoms of the safety 

injection tanks are at the 48 ft-4 in. elevation and the tops are well above the 62 ft elevation 

(-80 ft elevation). These relatively large diameter tanks (-9 ft-2 in. diameter each) are located 

between the system SA and SB trays and provide a significant amount of shielding above the 

45 ft elevation. Considering the HVAC duct, the system SB trays are relatively well shielded 

from a fire below. The safety injection tanks provide significant shielding from the system SA 

trays. Where only spatial separation exists between the system SA and SB trays, no 

combustibles or ignition sources are present. As with the 23 ft elevation, electrical cabinets 

throughout the area do not contain openings.  

3.2.3 Walkdown Conclusions 

Potential ignition sources between radial lines 1 and 6 do not contain sufficient quantities 

of combustibles and are spatially separated such that there is no pathway to propagate a fire to 

other combustibles. No significant intervening combustibles are present between the system SA 

and SB trays on either elevation.  

On the 45 ft elevation, the system SB trays are shielded for approximately 18 ft from the 

system SA trays by the safety injection tanks. If a fire occurred below the 45 ft elevation, the 

system SB trays are shielded from below by an HVAC duct from radial lines 3 to 5. The same 

HVAC duct is routed between the cable tray stacks from radial line 5 to 6.  

The top tray in every stack is covered with a sheet metal top when located under grating 

or other areas subject to dirt and oil drippings; the cover extends approximately 3 ft beyond the 

hazard area (Reference drawing 8770-B-328, Sheet 5). All instrument (bottom) trays have solid 

bottoms. All trays are coated with Flamemastic.
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4. Modeling and Calculations 

The scenarios evaluated involve the ignition of one of the two raceway systems through 

some unspecified electrical fault, subsequent growth and spread of the fire along the initially 

involved set of cable trays, and calculation of the resultant radiant exposure to the uninvolved 

raceway set. Since the precise ignition, flame spread, and energy release rates of the cables 

involved are unknown, a range of values is evaluated. The cable tray conditions modeled are 

described in Section 6 based on the geometries described in Section 3. A typical cross-section is 

shown in Figure 3.  
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Figure 3 - Schematic diagram of the SA cable tray array
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Once ignited, the flame is assumed to travel at a fixed horizontal spread rate in two 

directions in three or four cable trays in a vertical bank. The fire spreads horizontally to a 
maximum distance determined by the spread rate and burning duration (see Figures 4a-4d). The 
burning duration is determined by the fuel loading and the energy release rate. The flame 

geometry is then fixed by the length of trays burning and the flame height. This flame then 
radiates energy to the target trays located 7 ft away horizontally. The calculations used to 

estimate the spread and thermal radiation levels are detailed in Section 6.  

In addition to the horizontal cable tray array scenario, a combination of a horizontal tray 
length and a vertical cable array were evaluated. The vertical flame spread is assumed to be 

instantaneous. The analysis that demonstrates the horizontal tray array poses a higher exposure 

threat is given in Section 8.  

The radiant exposure to the horizontally separated safe shutdown system is calculated at 

this maximum flame length. Beyond the maximum burning duration, the fire at the point of 

ignition begins to burnout due to fuel consumption.  

This calculation is done across a range of horizontal spread rates and heat release rates.  
The flux calculated is the steady state radiation from a thick line flame of fixed length. The 

calculated flux and cable surface temperatures are compared to critical flux and temperature 

levels for both IEEE 383 qualified and unqualified cable as detailed in Section 9. There are three 

failure parameters evaluated for both qualified and unqualified cables: 

* Failure temperature, 

* Critical incident heat flux, and 

* Critical steady state heat flux (minimum heat flux required to heat cables to the 

failure temperature given the specific orientation).  

Section 8 presents results for the Maximum Expected Fire Scenario. The sensitivity 

analysis of this base case and resulting limiting fife scenarios are given in Section 9.
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Section 10 is a calculation of the quantity of additional cable that could be placed in the 

raceway systems under certain conditions. The results of the analysis conducted are compared 

with the analogous calculations using the FIVE Methodology.  

5. Failure Criteria 

Three failure criteria are used in this report, for both IEEE 383 qualified and unqualified 

cables. Two failure temperatures and critical incident heat fluxes are taken from EPRI 
references and used in the FIVE Methodology [1991] and are generally accepted as conservative 

values. The third "critical steady state heat flux" relates these baseline values to the geometry 

under consideration by accounting for radiative, convective, and conductive losses, for the 
particular geometry under evaluation. The critical steady state heat flux is calculated in Section 

12, and is only used to demonstrate additional conservatism in the analysis when comparing 

calculated results to the critical temperature and incident heat flux values used.  

The failure criteria used in this report are as follows: 

1. IEEE 383 qualified cables 

a. Failure temperature of 371PC [EPRI, 1991], 

b. Critical incident heat flux of 11.4 kW/m2 [EPRI, 1991]; and 

2. Non-IEEE 383 qualified cables 

a. Failure temperature of 218'C [EPRI, 1991], and 

b. Critical incident heat flux of 5.7 kW/m2 [EPRI, 1991].  

The analysis takes credit in some scenarios (exceeding the Maximum Expected Fire 

Scenario) for the ability of the coating to increase the damage threshold to a level consistent with 

IEEE 383 qualified cables (11.4 kW/m2/3710C for IEEE 383 versus 5.7 kW/m2/2180C for non

IEEE 383 cables). This is justified following the data of Klamerus and the conclusion that in all 

cases coated nonqualified cables yielded improved performance over the IEEE 383 qualified 

cables. In tests involving two 40% filled cable trays subject to a gas burner exposure, the time to 

damage for the coated nonqualified cables (as measured by a short circuit) exceeded by a factor
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of two (14 minutes v. 7 minutes) those of the IEEE qualified cables. Further, there was no flame 

propagation from the lower to the upper cable tray for the Flamemastic coated cables while 

propagation occurred for the qualified cable.  

This analysis assumes that the Flamemastic coated cables have damage thresholds 

equivalent to IEEE 383 qualified cables. While the assumption of a damage threshold equivalent 

to IEEE 383 qualified cables is justified as described above, in many cases, the damage threshold 
for unqualified cables is not exceeded, particularly when a transient thermal analysis is 

performed.  

6. Horizontal Cable Fire Spread and Thermal Radiation Tray Model Description 

The incident heat flux is calculated using several aspects of the assumed flame spread, 

the geometry, and test data. Each component of the model is described below. Figures 4a 

through 4d depict the various stages of the multi-tiered cable tray fire growth.  

6.1 Specific Assumptions 

The analysis method described in this section is subject to certain cable loading and 

geometry conditions. The individual trays within the SA and SB systems are vertically 

separated by I to 2 ft. All cable trays are 2-ft wide [PSL-FPER-01-052, 2001]. The bottom tray 
is fully enclosed with galvanized steel; the top tray is enclosed only where there is overhead 

traffic.  

The elevation of the SA and SB systems relative to each other is variable; the minimum 

horizontal separation is 7 ft.  

The SA cable tray system considered in this analysis is shown in Figure 3. The array 

consists of the following individual cable trays [PSL-FPER-01-052, 2001]: 

* M100, 17.7 percent filled, 42 ft elevation, partially covered; 

* C100, 2.4 percent filled, 41.2 ft elevation; 

* ClOl, 5.9 percent filled, 40.3 ft elevation; and
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* L101, 5.3 percent filled, 39.5 ft elevation, fully covered.  

These sections represent the most heavily loaded portions of the SA tray system and are 

thus most conservative for use in this evaluation. The individual cable tray constituents of the 

SB cable tray system are not material because they are the assumed targets. A fire that originates 

in the SB cable tray system would be less severe than one that occurs in the SA system because 

there are fewer cable trays and a less overall energy content.  

All combustible portions of the cable jacket are black Polyvinyl Chloride (PVC). The 

insulation material is either black PVC, cross linked polyethylene (XLPE), or polyethylene (PE).  

The middle trays are filled 2 and 6 percent respectively; the top tray is filled about 16-18 percent 

filled [PSL-FPER-01-052, 2001]. The bottom tray is not considered because there is no credible 

heating mechanism.  

The material properties for the PVC, XLPE, and the PE insulation and jacket materials 

that are of importance to this analysis are the density and the heat of combustion. Table 1 

summarizes these parameters [Babrauskas, 1997; Babrauskas and Grayson, 1992; Johnson, 

1994].  

Table 1. Material Properties of Cable Jacket and Insulation Materials 

Material Density (kg/m) Heat of Combustion kJ/k 
PVC 1,441 17,950 

XLPE 924 23,800 
PE 924 46,500 

The combustible energy load within the cable trays was determined using the material 

properties and the cable loading tables and cable dimensions that were provided by the facility.  

Refer to Appendix A and C for a summary of the cable load and the cable energy load 

calculations. The energy load for each of the four cable trays considered is as follows: 

* M100- 83,980 kJ/m; 

* C100- 11,700 kJ/m; 

* C101 - 33,960 kJ/m; and
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L10I- 39,190kJ/m.  

The peak steady state incident heat flux is estimated under the assumption that the fire 

originates at a single point and spreads away from the ignition location in two directions. The 

peak incident heat flux occurs when the fire has spread farthest from the point of origin, but 

before any portion of the tray has become depleted of combustible fuel.  

The source fire is treated as a line fire with a base positioned at the lowest burning cable 

tray. This assumption results in the most conservative (greatest) radiant heat flux exposure to a 

target cable tray when compared to a pool fire type fire exposure.  

6.2 Flame Height 

The flame height from a line fire is given by the following equation [Tu and Quintiere, 

1991]: 

Fh = 0.0424,'3 (1) 

where 4 ,ot is the heat release rate per unit length of the entire cable tray system (kW/m).  

6.3 Heat Release Rate 

The release rate of the cable tray system is a function of the plan area of the cables as 

follows: 

IAof = .% %, (2) 

where 4ý is the full-scale single cable tray heat release rate (kW/m2) and Wp,o is the maximum 

plan width of the cables (m). The plan width is equal to the sum of all individual cable outer 

diameters.  

The full-scale heat release rate is determined using the equation [Lee, 1985]: 

4ý' = 0.45.4g" (3)
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where 4' is the heat release rate per unit area measured at an incident heat flux of 60 kW/m2 in a 

bench-scale (cone calorimeter) apparatus.  

6.4 Burning Duration 

The burning duration at a single point is in direct proportion to the quantity of 

combustible material available and the burning rate. The following equation is used to determine 

the burning duration: 

tb- =o, (4) 

where tb is the fire duration at a specific location (s), and Q' is the energy load of the cable tray 

system (kJ/m).  

6.5 Spread Rate 

Evidence suggests the spread rate in cable tray fires is a function of the bench-scale heat 

release rate [Lee, 1985]. Lee [1985] correlated bench-scale data to moderate-scale tests in terms 

of an area spread rate for a single cable tray array. The cable tray array contained six tiers or 

two cable trays. Each individual tray within the array was 0.46 m wide [Sumitra, 1982].  

As noted by Lee [1985], the correlated area spread rate is valid "...only to [for] cable tray 

arrangements, cable packing densities, and exposure fires similar to those tested by Sumitra." 

The arrangement of the SA cable tray system is considerably smaller than those that were 

tested. Consequently, some modification to the Lee [1985] methods is required before the test 

results can be applied to the configuration at hand.  

There are two key assumptions, both of which would tend to produce an overestimate of 

the flame spread rate in the SA system. The first addresses the significance of the cable packing 

density. The packing density of the Sumitra tests was on the order of 40 percent [Sumitra, 1982; 

Lee, 1985]. The SA system has a maximum packing density of 18 percent, with some trays as 
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low as 2-5 percent. In fact, none of the trays under consideration have a sufficient number of 

cables to uniformly cover the entire width of a single cable tray. The assumption made in this 

analysis is that the flame spread rate in a sparsely packed cable tray would not significantly 

change from that of a moderately packed cable tray. It is expected that a sparse cable layout 

would tend to slow or limit flame spread because of gaps between the combustible material and 

other localized effects. The assumption is thus conservative.  

The second assumption is that the flame spread rate calculated using the Sumitra data 

would overpredict the flame spread rate because there is no pool fire ignition source assumed in 

the SA cable tray system. Sumitra [1982] used a 1.5-ft by 3-ft wide heptane pool fire below the 
cable tray array as an ignition source. Such a source undoubtedly has a major impact on the 

maximum flame spread as well as the flame spread velocity. Ignoring the impact of the ignition 

source clearly imparts conservatism to the analysis.  

Given the above assumptions, the correlation derived by Lee was modified using the 
actual test observations by Sumitra [1982]. Sumitra noted the number of trays involved before 

the onset of suppression for each test. This information, along with the burn area at the time 

suppression as determined by Lee [1985] was used to calculate the actual flame spread rate.  
Figure 5 shows the flame spread rate versus bench-scale heat release rate along with a linear 

curve fit. The following correlation was obtained from the linear curve fit: 

v, = (7.55E - 3).4b' - 1.25 (5) 

where v, is the area spread rate (mm/s).
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Figure 5 - Flame spread rate as a function of unit heat release rate 

The flame spread velocity as calculated using Equation 5 was compared to other test data 

on cable trays and cable fires for validity. Factory Mutual researcher's observations indicate that 
the horizontal spread velocity in a communications cables is about 0.63 mm/s for a three-tiered 
cable tray arrangement [Tewarson et al., 1993]. Investigations of a power cable fault fire [FTIC, 
1989] concluded that the spread velocity in these cables was about 2 mm/s. Vertical cable trays 

with various types of cables have been shown to have a flame spread rate between 2 mm/s and 
7 mm/s [Tewarson and Kahn, 1988]. Thus, the flame spread rate is expected to lie between 

0.63 mm/s and 7-mm/s, which is nearly the case for Equation 5.  

Test data on vertical cable tray tests indicates that the flame spread rate in cables is 

sensitive to the packing density [Hasegawa et al., 1983]. Hasegawa et al. [1983] found that 
cable trays with a packing density of 25 percent had a 50 percent or greater reduction in the 
flame spread rate. The cable trays that are under consideration have a maximum packing density 

of 18 percent and may be as low as 2 to 6 percent filled. Figure 3 shows a scaled drawing of the 
three open cable trays (M1O0, C1O0, and C101), indicating how sparse the packing actually is.
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While this effect is not explicitly accounted for in this analysis, it is worthwhile to note because 

it introduces an element of conservatism.  

6.6 Spread Distance 

The maximum flame spread distance from the point of origin in one direction is 

X, = tdurv. (6) 

where X, is the distance the flame spreads from the origin before the onset of burnout (m). Note 

that the total spread distance is twice this value because it is assumed that flame spread occurs in 

two directions.  

6.7 Emissive Power 

The emissive power is the heat flux per unit area that a source fire emits as radiation.  

The emissive power may be estimated from the fraction of energy released as radiation and the 

assumed shape of the flame.  

The fraction of energy released as radiation, I-Ir, depends on the material and the size of 

the fire. Most materials have a radiant fraction between 0.2 and 0.4 [Tewarson, 1995]. This 

analysis assumes a value of 0.4; a conservative upper bound of 0.5 is also used for comparison.  

The radiant heat release rate is thus 

Q0 = ZrQ (7) 

where Qr is the radiant heat released (kW) and C is the total heat released (kW). The total heat 

release rate is easily determined from the width of the cable tray and the maximum flame spread 

length as follows: 

( .= (2. A.) (8) 

where all terms have been defined.
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6.8 Incident Heat Flux to Target 

The peak heat flux exposure from one burning tray to the exposed side of another tray is 

calculated from the estimated emissive power of the burning cable tray. The heat flux at a target 

is given by the following equation: 

F= ,_,E, (9) 

where 4,' is the incident heat flux at the target (kW/m 2) (SB cable tray system), F,.t is the 

radiation shape factor between the source fire and the target, and E, is the emissive power of the 

source fire (kW/m2).  

Because the relative elevation of the trays varies, the worst case incident flux location 

occurs when there is some part of the SB system directly across from the horizontal and vertical 

centerline of the rectangular SA system flame. The configuration factor for this case is as 

follows [Tien et al., 1995]: 

tan' + tan 1+X 

with 

X 0.5. F 

Y = X ., 

( 1 1 

S 

where Fh is the flame height (m), S is the cable tray separation (2.1 m), and X, is the maximum 

flame spread length from the point of origin in either direction (m).  

The emissive power of the source fire is calculated assuming that the radiant energy is 

emitted from the flame and from the top of the cable tray. The following equation is used: 

Es = OR(12) Cs 2. X.,.Fj) + Wt (2 

where W, is the width of the top cable tray (m).  
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7. Parameters 

There are four parameters that have a significant impact on the results of the incident heat 

flux calculation, described in Section 6: 

* The bench-scale heat release rate per unit area, 4'; 

* The number of cable trays involved in the fire; 

* The linear flame spread velocity; and 

* The radiant heat release rate fraction.  

7.1 Bench-scale Heat Release Rate 

The bench-scale heat release rate is a measured value that is generally between 88 and 

963 kW/m 2 for cable jacket and insulation materials [Lee, 1985; EPRI, 1991]. The bench-scale 

heat release rate for most cable materials is between 184 and 530 kW/m2 . The average bench 

scale heat release rate for non-IEEE cables per the FIVE methodology is 423 kW/m2 [EPRI, 

1991]. Values between 200 and 1,000 are assumed in this analysis. Fire propagation in 

materials with a lower unit heat release rate is questionable, as evidenced by the correlation 

developed by Lee [1985] using data obtained by Sumitra [1982].  

Appendix A contains a listing of the type and location of the cables in the general area.  

The dominant types of cables in the SA tray array considered in this analysis are the following: 

* PVC/XLPP: Polyvinyl chloride and cross-linked polyethylene; 

* PVC/XLPPP: Polyvinyl chloride and thermosetting polyethylene; and 

* PVC/XLPN: Polyvinyl chloride and flame resistant thermosetting polyethylene.  

There are lesser quantities of various types of signal cables, coaxial cables, and low power 

cables.  

Most cables considered in this analysis consist of PVC jackets and XLPE or insulation.  

The heat release rate for these types of materials is varied. EPRI [1991] reports values for 
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PE/PVC cable between 312 kW/m2 and 589 kW/m2. Cables that contain nylon, PVC and PE are 

reported to have a unit heat release rate of 212-263 kW/m2 [EPRI, 1991]. Table 2 summarizes 

the range of values reported for cables that contain PVC and PE materials. Note that the unit 

heat release rate is sensitive to the exposure heat flux. The heat flux can vary considerably; 

however, a typical value is between 50 and 75 kW/m2. Most of the heat release rate data was 

obtained using a 60 kW/m2 or 75 kW/m2 exposure flux.  

Table 2 indicates that most cables with PVC have a unit heat release rate less than 

400 kW/m2 . The bulk of the test data suggests that the heat release rate is on the order of 200

300 kW/m2 even for materials that are not fire retardant. Thus, a maximum expected fire 

scenario value of 400 kW/m2 is conservatively assumed in this evaluation.  

7.2 Number of Cable Trays Involved 

The maximum number of cable trays in close proximity (less than 4 ft vertical separation) 

is four in the SA system and three in the SB system. The bottom cable tray is enclosed.  

However, there is no credible mechanism to heat the bottom tray such that the cables pyrolize 

and contribute fuel to the fire. The worst case scenario in a bottom tray would involve an 

internal cable fire that heats the metal which then radiates to the surroundings. This scenario 

would be bounded by an open fire in the trays located above. Hence, the bottom tray is not 

included in the maximum expected fire scenario. The maximum number of trays for the 

Maximum Expected Fire Loss (MEFL) is thus three for the SA system.  

7.3 Flame Spread Velocity 

The flame spread velocity calculated using the modified Lee [1985] correlation is 

expected to provide the most realistic estimate. However, the results of this correlation are 

doubled in order to observe the impact on the results. In addition, the measured/estimated 

horizontal cable tray flame spread rates of 0.63 mm/s and 2 mm/s are used in this evaluation for 

comparison.
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Table 2. Summary of Heat Release Rate Data for Cables that Contain PVC and PE 

Exposure Flux Average Unit Heat Cable Type (kW/m 2) Release (kW/m 2) Reference 

PE/PVC 60 312 EPRI [1991] 
PEiPVC 60 395 EPRI [1991] 
PE/PVC 60 589 EPRI [1991] 

PE/PVC/Nylon 60 212 EPRI [1991] 
PE/PVC/Nylon 60 263 EPRI [1991] 

PE/PVC 60 359 Lee [1985] 
PE/PVC/Nylon 60 231 Lee [1985] 

PVC/PVC 75 210 Braun et al. [1989] 
PVC/PVC 100 260 Braun et al. [1989] 

PVC/XLPE 75 1,123' Grayson et al. [2000] 
PVC/XLPE 75 223' Grayson et al. [2000] 

RPPVC/XLPE 75 3641 Grayson et al. [2000] 
PVC/XLPE 75 358' Grayson et al. [2000] 

RPPVC/XLPE 75 2111 Grayson et al. [2000] 
PVC/XLPE 75 1761 Grayson et al. [2000] 

RPPVC/XLPE 75 522' Grayson et al. [2000] 
PVC/XLPE 75 3571 Grayson et al. [2000] 

RPPVC/XLPE 75 358' Grayson et al. [2000] 
PVC/PVC 75 3941 Grayson et al. [2000] 
PVC/PVC 75 2111 Grayson et al. [2000] 

RPPVC/PVC 75 254' Grayson et al. [2000] 
PVC/PVC 75 2191 Grayson et al. [2000] 
PVC/PVC 75 2431 Grayson et al. [2000] 
PVC/PE 75 2031 Grayson et al [2000] 
PVC/PE 75 516' Grayson et al. [2000] 

PVC/PVC 75 4831 Grayson et al. [2000] 
PVC/PE 75 2721 Grayson et al [2000] 
PVC/PE 75 642' Grayson et al. [2000] 

PVC/PVC 75 435' Grayson et al. [2000] 
PVC/PE 75 233' Grayson et al. [2000] 
PVC/PB 75 409' Grayson et al. [2000] PVC/PE 75 396' Grayson et al. [2000] 

'Peak heat release rate

XLPE - Cross Linked Polyethylene 

PE - Polyethylene

RPPVC - Reduced Propagation PVC 

PVC - Polyvinyl chloride

7.4 Radiant Heat Release Rate Fraction
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The radiant heat release rate for cable tray fires is expected to lie between 0.2 and 0.4. A 

fraction of 0.4 is conservatively used; values of 0.3 and 0.5 are used to quantify the impact of 

this parameter on the calculation results.  

8. Maximum Expected Fire Scenario 

8.1 Maximum Expected Scenario Results 

A maximum expected fire scenario may be constructed from the parameters described in 

Section 7.0. The maximum expected fire scenario is defined as the worst case credible scenario.  

This would consist of three cable trays containing IEEE-3 83 cables or equivalent, a bench-scale 

unit heat release rate of 400 kW/m2, a horizontal flame spread rate of 1.8 mm/s, and a radiant 

fraction of 0.4. The target is assumed to be the side of the cable tray located directly across from 

the burning tray array. As will be shown, this target orientation bounds the one in which the 

cable is assumed to be heated directly through the gap between cable trays. The results of this 

maximum expected fire scenario are given in Table 3. The peak fire length is the greatest 

distance the flames can spread before the onset of burnout. The spread distance (in one 

direction), which is the velocity multiplied by the total burn time, constantly increases until the 

fire is extinguished.  

Table 3. Incident Heat Flux Calculation for Maximum Expected Fire Scenario 

qb5  Number of Xr VS td Maximum Fire 
(kW/m2) Trays (mm/s) (s) Length (2-X,) (kW/m 2) 

(m) 
400 3 0.4 1.8 834 2.97 3.79 

The heat flux from the burning maximum expected fire scenario array to the target array 

was calculated using the methods described in Section 6. The target heat flux is predicted to be 

3.79 kW/m2 . This flux is less than the critical incident heat flux for non-IEEE 383 cable 

(5.7 kW/m2). The heat flux is significantly less than the critical incident value of 11.4 kW/m2 for 

IEEE 383 cables. The maximum expected fire scenario, or worst case credible scenario, thus 

would not exceed the critical incident heat flux or heat the cables in the SB cable tray array
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above the critical temperature. This conclusion holds true even if the maximum expected fire 

scenario cables were assumed non-IEEE 383 compliant.  

8.2 Alternative Cable Tray Arrangements 

In addition to the baseline maximum expected scenario described in Section 8.1, two 

additional cable tray arrangements were evaluated in order to establish the maximum expected 

fire scenario: 

1. Target located directly across from a horizontal and vertical cable tray 

arrangement; and 

2. Target located across from a seven tray horizontal array with 7-ft vertical 

separation.  

These are described below.  

8.2.1 Horizontal and Vertical Cable Tray Arrangement 

Figure 6 shows the location and geometry considered. The source fire cable tray involves 

a horizontal and vertical tray component. Figure 6 indicates the assumed ignition location as 

well as the shape of the flame. Appendix A summarizes the cable loading in this tray system.  

A single fire scenario was evaluated in the horizontal/vertical configuration, and the 
results compared to those that would be obtained if the tray were horizontal. The following 

parameters were assumed: 

"* Unit Cable Heat Release Rate of 500 kW/m2; 

"* Radiant Fraction of 0.4; 

"* Two cable trays (C120 and M120);
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- 42' 

- 40' 11" 

- 39' 10"

(NOT TO SCALE) 

HORIZONTAL AND VERTICAL CABLE TRAY LAYOUT

FLAME 
SPREAD

FLAME 
HEIGHT

4- 15" -0

/ 

/"

------------- -- --------- A--L-i-- - -- ]----- L120 (NOT INVOLVED) 

TARGET 

ASSUMED FLAME SHAPE IN HORIZONTAL AND VERTICAL CABLE TRAYS 

Figure 6 - Horizontal-vertical cable tray configuration 

* A flame spread rate of 2 mm/s (horizontal portion); and 
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* Instantaneous vertical flame spread.  

The intent of this calculation is to determine the worst case raceway geometry, i.e., 

whether the horizontal tray array or vertical/horizontal combination results in higher target heat 

fluxes. Hence, the relation of parameters is somewhat arbitrary since the comparative target heat 

flux is what is being calculated.  

Figure 7 shows the heat flux to the target as a function of time up to the peak heat flux.  

The figure indicates that the horizontal/vertical orientation is considerably less severe that the 

analogous horizontal cable tray arrangement described above. The result is due to two factors: 

there are fewer cable trays (albeit loaded with more cable) and the shape factor from the vertical 

burning cable tray is less than the horizontal. The assumption that the horizontal cable tray 

arrangement is worst case is therefore validated.  

8.2.2 Horizontal Array with Vertical Separation 

An alternate tray arrangement comprised of seven cable trays as indicated in Figure 2 was 

evaluated. The analysis consisted of evaluating the possibility of ignition of the three tray array 

located above the 42 ft-0 in. elevation. If the three trays were ignited, then the total heat flux 

exposure to the SB cable tray system may exceed the calculated heat flux for the Maximum 

Expected Fire Scenario. If the three trays do not ignite, then the calculated heat flux would 

always exceed the heat flux for the cases shown in Figure 2 because the SB system is assumed to 

be located at mid-flame height.  

The potential for a multiple cable tray arrays was evaluated by calculating the maximum 

centerline thermal plume temperature from the lower burning array at the elevation of the upper, 

target array. A specific arrangement is shown in Figure 2. The exposing array consists of cable 

trays ,101, C101, CiOO, and M101. The target cable tray array consists of trays 111, C103, 

and M102. If the second cable tray were to ignite, then there is the potential for larger incident 

heat fluxes to the redundant SB cable tray system.
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Cable Trays M120 and C120 
Unit Heat Release Rate = 500 kW/m 
Radiant Fraction = 0.4 
Flame Spread Rate = 2 mmIs 

Figure 7 - Comparison of heat flux to target cable tray at various locations 

The centerline plume temperature for a line fire is given by the following equation:

TC= + (•.83.1T/2. 1).Z-1 (13)

where T, is the centerline plume temperature (K), T'4 is the ambient temperature (K), and Z is the 

height of the base of the target cable tray array above the base of the burning cable tray array 
(in). The height of the target cable tray array is 4.5-rn (14.7-ti) above the base of the exposing 
cable tray. The resulting centerline plume temperature is 88'C. This is significantly less than 
the ignition temperature of PVC, thus ignition of the upper cable tray is not possible given a fire 

in the lower tray array.  

Cable tray system SB was evaluated in the same manner (refer to Figure 2). The vertical 
separation is less (6-ti), however the number of trays involved is only two (M120 and C120).
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The calculated plume center line temperature at the base of cable tray L131 is 114 'C, which is 

also significantly less than the ignition temperature of PDC.  

The results of these calculations indicate that the worst case scenario is a 3 or 4 horizontal 

tray array radiating to a target directly across from the centerline of the flame. This scenario 

described in Section 8.1 forms the basis for the maximum expected scenario.  

8.3 Incidental Combustibles 

In order to establish that the exposure from one horizontal cable tray array was the worst 

case, an evaluation of other combustibles located below the two raceway system was evaluated.  

The minimum heat release rate/fire size need to expose both SA and SB cable tray 

systems was calculated using thermal plume and flame height correlations [Beyler, 1986].  

Specific fire scenarios are not evaluated; rather, the minimum fire size that could expose two 

overhead cable trays separated by 7 ft to a temperature of 218'C was determined.  

Two types of source fires were considered: a miscellaneous Class A material fire with a 

unit heat release rate of 400 kW/m2 and a combustible liquid fire with a unit heat release rate of 

2,000 kW/m2 . Cable tray elevations above the floor are between 5 and 20 ft.  

The minimum fire size necessary to expose both trays was first determined using thermal 

plume equations. The required fire diameter in all cases was found to be greater than 7 ft, 

typically on the order of 20 ft. The flame height was then calculated using the heat release rate 

that was calculated. In all cases, the flame height exceeded the height of the cable tray; thus, the 

flame height correlation is the determining factor. Table 4 summarizes the minimum fire size 

(heat release rate and diameter) that could cause flame impingement to the cable tray. The 

minimum diameter is 7 ft, the separation of the two cable trays.  

Based on the physical geometry and walkdown results presented in Sections 3.1 and 3.2 

and the small size of any fires involving these fuel packages, there is no thermal exposure risk to 

the redundant sets of arrays.
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Table 4. Minimum Size Fires that Could Damage Two Cable Tray Systems Located 7 ft Apart 

Elevation Class A Material Fire Combustible Liquid 
Heat Release Diameter (m Heat Release Diameter (m [ft]) (kW) [1ft) (kW) (m [t]1) 

1.5 (5) 1,385 2.1 (7.0) 7,150 2.1 (7.0) 
3.0 (10) 3,880 3.5 (11.5) 7,150 2.1 (7.0) 
4.6(15) 11,300 6.0(20.0) 11,300 2.7 (8.8) 
6.1(20) 22,900 8.5(28) 22,900 3.8(12.5) 

9. Sensitivity Analysis and Limiting Fire Scenarios 

This section of the report presents results of a systematic variation in the parameters 

discussed in Section 7. Using the Maximum Expected Fire Scenario (MEFS) as a baseline, this 
analysis demonstrates the sensitivity of the results of the calculations to variations in the 
parameters. These results clarify the degree of conservatism and the factors of safety inherent in 
the calculations. In addition, these calculations are completed over a parameter space that 
includes conditions that will result in failure. These Limiting Fire Scenario calculations are 

required by Appendix C of NFPA 805 [2001].  

The varied parameters include the following: 

"* Heat release rate of cable, 

"* Number of cable trays involved, 

"* Flame spread rate, 

"* Burning duration (as calculated), and 

"* Radiative fraction.  

Parameters and conditions calculated for the MEFS are given on each table for comparison. The 
results of the analysis are shown in Table 5a-5h. Incident heat fluxes that exceed the critical 
incident heat flux of 11.4 kW/m2 for IEEE 383 qualified cable are shown in bold.
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Table 5a. Cable Tray Incident Heat Flux Results (200 kW/m 2 Unit Heat Release Rate for Cables) 

Variable Parameters I Results

Boldface indicates 383 cables.
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Table 5b. Cable Tray Incident Heat Flux Results (300 kW/m2 Unit Heat Release Rate for Cables) 

Variable Parameters Results 
Maximum (Wm No. Trays v (mm/s) II td Fire Length q, (2.X,) (m) (kW/m2) 

0.3 0.55 
1.02 0.4 93 1.93 0.74 

0.5 0.92 
0.3 0.85 

2.04 0,4 186 3.86 1.14 
300 20.5 945 1.42 

0.3 0.37 
0.63 0.4 58 1.19 0.49 

0.5 0.61 
0.3 0.85 

2.0 0.4 183 3.78 1.13 
0.5 1.41 
0.3 1.74 

1.02 0.4 264 2.28 2.32 
0.5 2.91 

S0.3 2.54 
2.04 0.4 529 4.57 3.39 

300 30.5 1,117 4.24 
0.3 1,11.18 

0.63 0.4 163 1.47 1.57 
0.5 1.97 
0.3 2.53 

2.0 0.4 519 4.47 3.37 
0.5 4.21 
0.3 2.3 

1.02 0.4 335 2.16 3.07 
0.5 3.83 
S0.3 3.42 

2.04 0.4 670 4.33 4.56 
300 4 0.5 5.7 

1.55 
0.63 0.4 207 1.34 2.07 

0.5 2.58 

S0.3 3.4 
2.0 0.4 656 4.24 4.53 

0.5 5.66 
MAXIMUM EXPECTED FIRE SCENARIO 834 459 2.97 3.79 

Boldface indicates that the incident heat flux (4r) exceeds the critical incident heat flux for IEEE 383 cables.
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Table 5c. Cable Tray Incident Heat Flux Results (400 kW/m2 Unit Heat Release Rate for Cables) 

Variable Parameters Results 
Maximum (k/, No. Trays v, (mm/s) Hr td (S) Q Fire Length (kW/M2) Trys (mi h(2.X) () (kW/m2) 

0.3 0.95 
1.77 0.4 162 2.51 1.26 

0.5 1.58 
0.3 1.33 

3.54 0.4 323 5.02 1.78 
400 2 0.5 709 2.22 

0.3 0.4 
0.63 0.4 58 0.89 0.53 

0.5 0.66 
0.3 1.02 

2.0 0.4 183 2.84 1.37 
0.5 1.71 
0.3 2.84 

1.77 0.4 459 2.97 3.79 
0.5 4.74 
0.3 3.77 

3.54 0.4 918 5.93 5.03 
400 3 0.5 834 6.28 

0.3 1.25 
0.63 0.4 163 1.06 1.67 

0.5 2.08 
S0.3 3.04 

2.0 0.4 519 3.35 4.06 
0.5 5.07 
0.3 3.73 

1.77 0.4 581 2.81 4.97 
0.5 6.21 
0.3 5.05 

3.54 0.4 1,162 5.63 6.74 
400 4 0.5 795 8.42 

0.3 1.61 
0.63 0.4 308 1.0 2.15 

0.5 2.68 
0.3 4.0 

2.0 0.4 657 3.18 5.34 
1 0.5 6.68 

MAXIMUM EXPECTED FIRE SCENARIO 834 459 [ 2.97 [ 3.79 
Boldface indicates that the incident heat flux (4qr) exceeds the critical incident heat flux for IEEE 383 cables.
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Table 5d. Cable Tray Incident Heat Flux Results (500 kW/m2 Unit Heat Release Rate for Cables) 

Variable Parameters Results 
(¢b• Maximum 

(kW/m 2) No. Trays v, (mrn/s) HIr td (s) (kW) Mimu q,L 
td QM2 Fire Length ^m (2.Xý) (n) (kW/m2) 

0.3 1.34 

2.52 0.4 230 2.86 1.78 
0.5 2.23 
0.3 1.79 

5.04 0.4 430 5.72 2.39 
500 20.5 567 2.99 

0.3 0.42 
0.63 0.4 58 0.71 0.56 

0.5 0.7 
0.3 1.15 

2.0 0.4 183 2.27 1.53 
0.5 1.91 

0.3 3.87 
2.52 0.4 653 3.38 5.16 

0.5 6.45 
0.3 4.91 

5.04 0.4 1,307 6.75 6.55 
500 3 0.5 670 8.19 

0.3 1.28 
0.63 0.4 163 0.84 1.71 

0.5 2.14 
0.3 3.38 

2.0 0.4 519 2.68 4.51 
0.5 5.63 
0.3 5.05 

2.52 0.4 827 3.21 6.73 
0.5 8.41 
0.3 6.54 

5.04 0.4 1,655 6.41 8.72 
500 4 0.5 636 10.9 

0.3 1.63 
0.63 0.4 207 0.8 2.18 

0.5 2.72 
0.3 4.37 

2.0 0.4 657 2.54 5.83 
0.5 7.29 

MAXIMUM EXPECTED FIRE SCENARIO 834 459 [ 2.97 [ 3.79 
Boldface indicates that the incident heat flux (4,-) exceeds the critical incident heat flux for IEEE 383 cables.
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Table 5e. Cable Tray Incident Heat Flux Results (600 kW/m2 Unit Heat Release Rate for Cables) 

Variable Parameters Results 
Maximum (kW/m2) No. Trays v, (mm/s) IIr td (S) Qp (kW) Fire Length qr 

_____ _(2.X,) (m) (kW/m2) 

0.3 1.73 
3.28 0.4 300 3.1 2.31 

0.5 2.88 
0.3 2.26 

6.6 0.4 603 6.24 3.01 
600 20.5 473 3.77 

0.3 0.43 
0.63 0.4 58 0.6 0.57 

0.5 0.72 
0.3 1.23 

2.0 0.4 163 1.89 1.64 
0.5 2.05 
0.3 4.87 

3.28 0.4 851 3.66 6.49 
0.5 8.11 
0.3 6.02 

6.6 0.4 1,711 7.37 8.03 
600 3 0.5 558 10.04 

0.3 1.3 
0.63 0.4 163 0.7 1.73 

0.5 2.16 
0.3 3.59 

2.0 0.4 519 2.23 4.79 
0.5 5.99 

0.3 6.3 
3.28 0.4 1,077 3.48 8.4, 

0.5 10.5 
0.3 7.96 

6.6 0.4 2,167 7.0 10.61 
600 4 0.5 530 13.27 

0.3 1.63 
0.63 0.4 207 0.67 2.18 

0.5 2.72 
0.3 4.58 

2.0 0.4 657 2.12 6.11 
0.5 7.64 

MAXIMUM EXPECTED FIRE SCENARIO 834 459 2.97 3.79 
Boldface indicates that the incident heat flux (4r) exceeds the critical incident heat flux for IEEE 383 cables.
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Table 5f Cable Tray Incident Heat Flux Results (700 kW/m2 Unit Heat Release Rate for Cables) 

Variable Parameters Results 
Maximum qb( No. Trays v, (mm/s) td (S) Op (k F L 

No. v., (kW) Fire Length q, (2.X.) (m) (kW/m2) 

0.3 2.12 
4.04 0.4 367 3.27 2.82 

0.5 3.54 
0.3 2.72 

8.08 0.4 738 6.55 3.62 
700 2 0.5 405 4.53 

0.3 0.44 
0.63 0.4 58 0.51 0.59 

0.5 0.73 
0.3 1.29 

2 0.4 183 1.62 1.72 
0.5 __2.16 

0.3 5.82 
4.04 0.4 1,046 3.86 7.76 

0.5 9.70 
0.3 7.09 

8.08 0.4 2,095 7.73 9.45 
700 3 0.5 479 11.81 

0.3 1.30 
0.63 0.4 163 0.60 1.73 

0.5 2.17 
0.3 3.72 

2 0.4 519 1.91 4.96 
0.5 6.20 
0.3 7.59 

4.04 0.4 1,363 3.77 10.12 
0.5 12.65 
0.3 9.34 

8.08 0.4 2,729 7.55 12.46 
700 4 0.5 467 15.57 

0.3 1.67 
0.63 0.4 213 0.59 2.22 

0.5 2.78 
0.3 4.80 

2 0.4 675 1.87 6.40 
0.5 8.00 

MAXIMUM EXPECTED FIRE SCENARIO 834 459 2.97 3.79 
Boldface indicates that the incident heat flux ('yr) exceeds the critical incident heat flux for IEEE 383 cables.
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Table 5g. Cable Tray Incident Heat Flux Results (800 kW/m2 Unit Heat Release Rate for Cables) 

Variable Parameters Results 
Maximum (kW/m2) No. Trays v, (mr/s) 1r td (S) Q(kW) Fire Length q,) (kW/(2X) (nm) (kW/m2) 

0.3 2.51 
4.79 0.4 438 3.40 3.35 

0.5 4.18 
0.3 3.17 

9.58 0.4 875 6.79 4.23 
800 20.5 354 5.29 

0.3 0.45 
0.63 0.4 58 0.45 0.60 

0.5 0.75 
0.3 1.34 

2 0.4 183 1.42 1.78 
0.5 2.23 
0.3 6.74 

4.79 0.4 1,242 4.01 8.99 
0.5 11.24 
0.3 8.13 

9.58 0.4 2,484 8.02 10.83 
800 3 0.5 419 13.54 

0.3 1.30 
0.63 0.4 163 0.53 1.73 

0.5 2.16 
0.3 3.80 
0.4 519 1.68 5.06 
0.5 6.33 
0.3 8.73 

4.79 0.4 1,618 3.92 11.64 
0.5 14.55 
0.3 10.64 

9.58 0.4 3,235 7.83 14.18 
800 4 0.5 409 17.73 

0.3 1.65 
0.63 0.4 213 0.52 2.20 

0.5 2.75 
0.3 4.85 

2 0.4 675 1.64 6.47 
1_0.5 8.08 

MAXIMUM EXPECTED FIRE SCENARIO 834 459 2.97 3.79 
Boldface indicates that the incident heat flux ( qr) exceeds the critical incident heat flux for IEEE 383 cables.
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Table 5h. Cable Tray Incident Heat Flux Results (1,000 kW/m2 Unit Heat Release Rate for Cables) 

Variable Parameters Results 
qb, Maximum 

(kW/m2) No. Trays v, (mm/s) III td (s) Q (kW) Fire Length q,2 
__I(2.X,) (m) (kW/m2 ) 

0.3 3.28 
6.30 0.4 575 3.57 4.38 

0.5 5.47 
0.3 4.08 

12.60 0.4 1,151 7.14 5.44 
1,000 2 0.5 284 6.81 

0.3 0.46 
0.63 0.4 58 0.36 0.61 

0.5 0.76 
0.3 1.39 

2 0.4 183 1.13 1.86 
0.5 2.32 
0.3 8.50 

6.30 0.4 1,634 4.22 11.33 
0.5 14.17 
0.3 10.11 

12.60 0.4 3,267 8.44 13.49 
1,000 3 0.5 335 16.86 

0.3 1.28 
0.63 0.4 163 0.42 1.70 

0.5 2.13 
0.3 3.85 

2 0.4 519 1.34 5.14 
0.5 6.42 
0.3 10.86 

6.30 0.4 2,127 4.12 14.49 
- 0.5 18.11 

0.3 13.07 
12.60 0.4 4,255 8.24 17.43 

1,000 4 0.5 327 21.79 
0.3 1.60 

0.63 0.4 213 0.41 2.13 
0.5 2.67 
0.3 4.84 

2 0.4 675 1.31 6.45 
1 0.5 8.06 

MAXIMUM EXPECTED FIRE SCENARIO 834 459 2.97 ] 3.79 
Boldface indicates that the incident heat flux (qr) exceeds the critical incident heat flux for IEEE 383 cables.
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The results summarized in these tables indicate that under worst case credible conditions, 

the critical incident flux for IEEE 383 qualified cables is not exceeded until the heat release rate 
per unit area exceeds 11.4 kW/m2 , which is approximately twice the expected maximum heat 

release rate.  

If it is assumed that the covered lower instrumentation tray of the four tray array becomes 
involved, the critical flux is not exceeded until the heat release rate is approximately 600 kW/m2.  

The results of these calculations indicate that the failure conditions are not exceeded until 

the following critical conditions are met or exceeded, as summarized below.  

Heat Release I Target Heat Flux 
Rate (kW/m2) Number of Trays v, (mm/sec) XrI (kW/m 2) 

400 3 1.8 0.4 3.79 
600 4 6.6 0.5 13.27 
700 3 8.08 0.5 11.81 
700 4 4.04 0.5 12.65 
800 3 9.58 0.5 13.34 
800 4 4.79 0.4 11.64 
1000 3 6.3 0.5 14.17 
1000 4 6.3 0.4 14.49 

Bold indicates the Maximum Expected Fire Scenario 

These results demonstrate a substantial degree of conservatism relative to the MEFS and 
indicate that extreme variations of the expected parameters is required to exceed the failure 

criteria.  

Additional analysis and calculations presented in Sections 12 and 13 indicate the 

significant additional conservatism in the analysis.

45 of 62



L-2001-267 
Attachment 3 

10. Maximum Allowable Cable Loading 

In order to evaluate a limiting condition represented by placing additional cables in the 
three tray array evaluated as the maximum expected fire scenario, calculations of the maximum 

allowable cable loading were conducted. A representative cable with the following 

characteristics was assumed: 

* 0.823-inch outer diameter; 

* 45-mil PVC jacket; 

* 55-mil XLPE insulation; and 

* 400 kW/m2 unit heat release rate.  

This cable contains the maximum combustible content among the cables in trays C 100, C 101, 

and M101. Cables were added until the incident heat flux exceeded the maximum allowable heat 
flux for IEEE-383 qualified cables, or 11.4 kW/m2. The results indicated that 177 of the 
representative cables may be added in any combination in trays MI01, C101, and C100 before 

the incident heat flux exceeds 11.4 kW/m2.  

While the precise number depends on the cable size and construction, a reasonable limit, 
with a safety factor of 2, is 85 additional cables meeting the following conditions: 

1. IEEE 383 qualified, and 

2. Heat release rate less than 400 kW/m2 .  

11. FIVE Methodology 

The FIVE Methodology for screening potential exposure hazards was used for 

comparison to the results obtained in Sections 9 and 10. The critical separation distance is based 

on the classical point source equation [EPRI, 1991; SFPE, 1999], which is given by the 

following equation:
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R Qr (14) 

where Ror is the critical separation distance (m), 0, is the radiant heat release rate (kW), and c" 

is the critical heat flux exposure to the target (kW/m2). The suggested radiant heat release rate 

per the FIVE methodology is 40 percent of the full heat release rate [EPRI, 1991]. The critical 
incident heat flux for non-IEEE 383 cables is 5.7 kW/m2, and the critical steady state heat flux 

was shown to be between 6 kW/m2 and 7 kW/m2.  

The total and radiant heat release rate components are a function of the flame spread 

velocity only, as may be seen by examining Equations 1-11. Table 6 summarizes the results for 

the five most rapid spread velocities identified in Tables 5a-5h. The maximum heat release rate 

per flame spread velocity was obtained from Tables 5a-5h.  

Table 6. Critical Separation Distances using the FIVE Screening Methodology 

Spread Velocity Radiant Heat Separation for 
(mrm/s) Release (kW) 11.4 kW/m2 (m [ftj) 
12.60 3267 3.02 (9.90) 
9.58 2484 2.63 (8.64) 
8.08 2095 2.42 (7.93) 
6.60 1711 2.18(7.17) 
6.30 1634 2.14 (7.00) 
5.04 1307 1.91 (6.30)

The minimum actual cable tray separation is 7 ft; thus, scenarios with flame spread rates 
less than 6.3 mm/s would not exceed the critical heat flux for IEEE 383 qualified or equivalent 

cables.
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12. Steady State Critical Heat Flux 

This section of the report describes an additional series of calculations that adjust the 

EPRI/FIVE Methodology critical incident heat flux to the actual conditions of the problem 

analyzed in this report. A modified incident heat flux for failure is calculated, called the steady 

state critical heat flux. The steady state critical heat flux is the minimum heat flux required to 

heat the surface of the target cable to the critical temperature. The critical flux is a function of 

the orientation of the cable relative to the exposure fire and the heat losses to ambient. This 

calculation relates the critical heat flux and failure temperature given in the FIVE Methodology 

to the cable geometry and exposure problem considered in this report.  

This calculated steady state critical heat flux is higher than the failure criteria previously 

described because it accounts for radiative cooling, convective cooling, and conduction losses 

that exist in the problem being modeled. It is intended to demonstrate additional conservatism in 

the analysis.  

The steady state critical heat flux was calculated for IEEE 383 rated cable and for non

IEEE 383 rated cable using the finite difference heat transfer model HEATING [Childs, 1998].  

HEATING is a finite difference numerical heat transfer program that was developed at Oak 

Ridge National Laboratories Radiation Safety Information Computation Center to analyze the 

thermal impact of various high energy research projects. It has one of the longest development 

histories among computational heat transfer software [Fowler and Volk, 1959; Childs, 1991; 

Childs, 1998]. Validation studies for this software by Oak Ridge National Laboratories are 

available in Bryan et al. [1986] and Chu [1989]. These validation studies demonstrate that the 

implementation of the heat transfer equations is correct in HEATING.  

The thermal material properties for steel were obtained from Abrams [ 1978], copper from 

Holman [1990], and PVC from Marks [1996]. Appendix B summarizes the material properties 

for each material used in this evaluation. There are two possible exposure scenarios as shown in 

Figures 8 and 9. The orientation shown in Figure 8, which involves direct exposure to the side of
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} TARGET TRAY

COVERED TRAY

HEAT FLUX; 
RADIATION LOSS 

TO AMBIENT 
FRACTION; 
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RADIATION AND 
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.CONVECTIVE HEAT 
LOSS TO AMBIENT

0.41 IN. DIAM. CABLE

Figure 8 - Target cable tray and cable located directly across burning cable tray
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7ft

COVERED TRAY

Figure 9 - Direct exposure of cable on far side of target cable tray
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the target cable tray and with heat conduction into cable as shown, was evaluated first. The 

cable was assumed to be square, with each side equal to the smallest size cable diameter [See 

Appendix A for cable loading information]. This approximation was necessary because of the 

difficulty encountered when mixing rectilinear and cylindrical coordinate systems. The density 

of the copper was decreased by a factor of 0.78 (area of cylinder cross section divided by area of 
square cross section) such that the thermal capacity of the core remained constant. The net result 

is very conservative because the heat flow into the cable is greatly overestimated whereas the 

thermal capacity remains the same. The energy that is lost to the surroundings is a function of 

the configuration factor between the fire and the target. The configuration factor will fall 

between nearly 0 to about 0.4, depending on the size of the fire. Figure 10 summarizes the 
critical steady state heat flux for non-IEEE 383 qualified cables as a function of the shape factor.

7.5
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a) 
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7.0 
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6.0

5.5 + 
0.0i0

SIII I 1 1 
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Shape Factor

0.40

Figure 10. Critical steady state heat flux as a function of the shape factor for non-WEEE 383 

qualified cables
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IEEE 383 Qualified Cables 

* Failure temperature of 371 'C [EPRI, 1991]; 

* Critical incident heat flux of 11.4 kW/m2 [EPRI, 1991]; and 

* Critical steady state heat flux between 18.5 kW/m2 and 19.5 kW/m2.  

non-IEEE 383 Qualified Cables 

* Failure temperature of 218 'C [EPRI, 1991]; 

* Critical incident heat flux of 5.7 kW/m2 ; and 

* Critical steady state heat flux between 6.0 kW/m2 and 7.0 kW/m2 (Figure 10).  

The critical steady state heat flux is greater than the critical incident heat flux because the 
specific geometry is evaluated. The critical incident heat flux is based on small scale test data 

and generally represents a worst case scenario.  

It is evident that steady state conditions, which account for heat losses and the actual 
cable orientation, allow for an incident heat flux exposure that is reported by EPRI [ 1991].  

The second configuration shown in Figures 4a-4d was analyzed next. The cable is 

assumed located in the far comer of the cable tray and intercepts radiation through the aperture 
formed between the two trays. Because the cable is located further from the flame in this 

orientation, for a given fire scenario the maximum configuration factor and incident heat flux 
will alway be less than the corresponding exposure to the side tray. A bounding approximation 

thus assumes that the shape factor is the same for both the side exposure and direct exposure 

orientations.  

Another important consideration for this case is that the radiant heat flux decreases 

rapidly in either direction when moving away from the maximum, as shown in Figure 9.
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The critical steady state heat flux for non-IEEE 383 cables was estimated and calculated 

using HEATING to be 19.8 kW/m2 assuming a shape factor of 0.24. The heating calculation 

includes radiation and convection heat losses, which are particularly important in this case due to 

the surface dependent incident heat flux. This means that this configuration is bounded by the 

exposure to the tray that conducts into the cable. This is made obvious by comparing the 6.5 
kW/m 2 critical steady state heat flux obtained using a shape factor of 0.24 (see Figure 10) to the 

19.8 kW/m2 critical steady state heat flux. Consequently, the direct cable exposure configuration 

is not considered further in this evaluation.  

12.1 Sensitivity of Steady-State Critical Heat Flux to Boundary Conditions 

The sensitivity of the steady state critical heat flux to the assumed target tray boundary 

conditions was evaluated in accordance with NFPA 805 [2001]. The thermal material properties 

of the steel, copper, and PVC are well established and do not require parametric study.  

There are two key boundary condition assumptions: the radiation emissivity of the cable 

tray is 0.8 and the convection coefficient is 5.0 W/m2-oC. The emissivity was selected assuming 

that there would be a coating of Flamemastic. The emissivity of galvanized steel may be as low 

as 0.3. The emissivity of the Flamemastic may also be greater than 0.8 but must be less than 1.0.  

The emissivity is thus assumed to vary between 0.3 and 1.0.  

The convection coefficient is based on the local air flow and is difficult to estimate 

without intensive computation. A value of 5 W/m2-°C is on the low end of fire exposure 

conditions. This parameter was varied from 5 W/m2-°C to 15.0 W/m2-oC.  

The results are summarized in Table 7 for non-IEEE 383 cables. The table indicates that 

the steady state critical heat flux is somewhat sensitive to both boundary conditions. The table 

suggests that the maximum expected fire scenario critical heat flux is likely under-estimated 

because the only instances where the value decreased are unrealistic: either zero convection heat 

loss or complete absorbtion of all incident thermal radiation.
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Table 7. Sensitivity of Steady-State Critical Heat Flux to Boundary Conditions 

(non-IEEE 383 cables) 

Parameter Modification Steady State Critical ParameterModificationHeat Flux (kW/m 2) Impact 

MAXIMUM EXPECTED FIRE SCENARIO 6.5 N/A 
Target Emissivity Decreased to 0.3 8.2 + 1.7 W/m2 

Target Emissivity Decreased to 0.5 7.6 + 1.1 W/m2 

Target Emissivity Increased to 1.0 6.1 - 0.4 W/m2 

Target Convection Decreased to 0.0 W/m2ý-C 5.5 - 1.0 W/m2 

Target Convection Increased to 10.0 W/m2ý-C 7.8 + 1.3 W/m2 

Target Convection Increased to 15.0 W/m2 -°C 9.1 + 2.4 W/m2 

It should be noted that the calculated steady state heat flux is below the critical exposure 
heat flux of 5.7 kW/m2 when convection is ignored. This provides strong evidence cables in 

general. This seemingly anomalous result arises because conservative boundary condition 

parameters were selected for the exterior of the cable tray. A blackbody temperature of 293'C 
would produce a heat flux of 5.7 kW/m2 . This means that the critical heat flux incorporates 

some cable surface boundary condition parameters (emissivity and absorbtivity).  

13. Transient Heat Transfer Analysis 

An additional analysis was performed that models the transient thermal response of the 

exposed cables. It focuses on the transient response of non-IEEE qualified cable, and is intended 
to demonstrate that if the exposed cables were treated as non-qualified cables, the critical failure 
temperature of these cables would not be exceeded for cases where the critical steady state heat 
flux for non-qualified cables is exceeded in the calculations presented in Section 10. For IEEE 

383 qualified cables or equivalent, this analysis is not important.  

A transient heat transfer analysis was performed using basic principles of heat transfer 

and thermal equilibrium and the finite difference computer model HEATING [Childs, 1998].  

The configuration considered is shown in Figure 8. Because of the complexity that arises 

when mixing cylindrical and rectilinear coordinate systems, the cable cross section was assumed
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square with a side dimension equal to the diameter of the cable. The density of the copper was 
reduced in proportion with the increase in volume, namely the thermal capacity of the round and 
square systems remains constant. The boundary conditions and material properties are as 

described in Section 6.  

The critical temperature is known to be 218'C for non-IEEE 383 compliant cables and 
371'C for IEEE 383 cables. Ambient temperature is assumed to be 200 C. A conservative 

estimate of the convection coefficient is 5 W/m2-K [Babrauskas, 1979], and the emissivity of the 
steel is assumed to be 0.8 due to the presence of the Flamemastic fire retardant material. The 
radiation configuration factor varies from scenario to scenario because of the different fire sizes; 
however, the maximum radiation shape factor between the target and the fire identified in the 
evaluations summarized in Table 5a-5h is 0.27. The critical steady state heat flux in this case is 
6.5 kW/m2. Only scenarios with an incident target heat flux greater than 6.5 kW/m2 were 

modeled.  

A transient heat transfer analysis of the scenarios shown in Table 5a-5f that exceed the 
critical steady state heat flux was performed using HEATING for the side of the cable tray 
exposure. A two-dimensional analysis was performed as shown in Figure 8. In all cases, the 
smallest cable (0.41 in. diameter) was assumed because there is a smaller heat sink. Figure 8 
also depicts the assumed boundary conditions on the cable tray and the cable jacket. The 
transient analysis calculates the temperature response of the surface of the cable as the fire grows 
and spreads away from the point of origin. Table 8 summarizes the peak cable surface 
temperature for each scenario in which the incident heat flux exceeded the critical steady state 

heat flux.  

Table 8 indicates that none of the scenarios where the incident heat flux exceeded the 
critical steady state value would result in a surface temperature greater than 218 'C.
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Table 8. Results of Transient Heat Transfer Analysis for Select Cases from Table 2.  
(€•'sPeak Temp 

(kW/m2 No. Trays v, (min/s) I-r q" (kw/m2) Pa 

0.4 6.74 158 
400 4 0.5 8.42 183 

2.0 0.5 6.68 170 
0.4 6.55 141 
0.5 8.19 164 
0.4 6.73 160 

500 0.5 8.41 186 
4 0.3 6.54 140 

5.04 0.4 8.72 170 
0.5 10.9 198 

2.0 0.5 7.29 176 
0.4 6.49 146 3 0.5 8.11 169 

0.4 8.03 148 0.5 10.04 173 

600 3.28 0.4 8.4 173 
0.5 10.5 201 

4 0.3 7.96 146 
6.6 0.4 10.61 179 

0.5 13.27 208 
1 1 2.0 0.5 7.64 179

13.1 Impact of Ambient Temperature on Transient Temperature Calculations 

The impact of the ambient temperature on the results was performed in accordance with 

NFPA 805 [2001]. A bounding estimate of the ambient temperature is 49°C. Table 9 

summarizes the results of this calculation modification.
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Table 9. Impact of Increasing Ambient Temperature to 49'C on Transient Heat Transfer Results 

(kW/m2) No. Trays vs (mmi/s) fIr 1" (kW/m2) Peak Temp 
^/_) (oC) 

0.4 6.74 176 
400 4 0.5 8.42 200 

2.0 0.5 6.68 186 
0.4 6.55 162 
0.5 8.19 197 
0.4 6.73 178 

500 0.5 8.41 202 
4 0.3 6.54 161 

5.04 0.4 8.72 190 
0.5 10.9 216 

2.0 0.5 7.29 192 
0.4 6.49 165 3 0.5 8.11 187 

0.4 8.03 170 0.5 10.04 193 

600 3.28 0.4 8.4 191 
0.5 10.5 217 

4 0.3 7.96 168 
6.6 0.4 10.61 199 

0.5 13.27 226 
1 2.0 0.5 7.64 195 

Boldface font indicates scenario causes target to exceed critical temperature of 218 0C for non
IEEE 383 cables (Limiting Fire Scenario).

Comparing Tables 8 and 9 lead to the conclusion that the increase in ambient to 490 C 

causes the maximum cable insulation temperature to increase by about 16-17 0C. Even with this 
increase, only one scenario is identified that would exceed the non-IEEE 383 critical temperature 

of 218'C, and none exceeded the IEEE 383 critical temperature of 3710C.
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14. Conclusions 

14.1 A 7-ft horizontal separation between the SA and SB cable tray systems is adequate to 

ensure that fire induced failure of both systems will not occur given the fire hazard 

present.  

14.2 The Flamemastic coated cables are equivalent to IEEE qualified cables from the 

standpoint of damageability performance.  

14.3 The critical incident heat flux for IEEE 383 qualified cables is 11.4 kW/m2. When 
adjusted for the specific conditions of this installation, the critical steady state heat flux is 
increased to between 18.5 kW/m2 and 19.5 kW/m2. For unqualified cables, the critical 
incident flux is 5.7 kW/m2, and the steady state critical flux is between 6.0 kW/m2 and 

7.0 kW/m2.  

14.4 The maximum expected fire scenario as defined in NFPA 805 [2001], Appendix C, 

consists of a three cable tray array exposing a target cable tray located 7 ft away. A heat 
release rate of 400 kW/m2 with a radiative fraction of 0.4 and a flame spread rate of 

1.8 mm/s forms the fire source for this maximum expected fire scenario.  

14.5 The results of the maximum expected fire scenario indicate that the critical incident flux 
conditions are not exceeded for either IEEE 383 qualified or unqualified cables.  

14.6 The limiting fire scenario for the condition evaluated requires a heat release rate of 
800 kW/m2 and a flame spread rate of 9.6 mm/s with three trays involved. If the covered 
bottom tray is assumed to contribute, the limiting fire scenario requires a heat release rate 
of 700 kW/m2 and greater than expected flame spread rate. A complete sensitivity 

analysis and evaluation of limiting fire scenarios is given.
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14.7 The use of a steady state critical heat flux that is related to failure temperature results in 

additional conservatism in the analysis.  

14.8 If the Flamemastic coated cables are assumed to have performance equivalent to non
IEEE 383 qualified cables, the limiting fire scenarios can be achieved with a heat release 

rate of 500 kW/m2 and a elevated flame spread velocity.  

14.9 For cases where an unqualified cable is assumed and heat release rates do not exceed 
600 kW/m2, a transient heat transfer analysis indicates that the failure temperature will 

not be reached.  

14.10 An analysis of limiting conditions of adding additional cables indicates that IEEE 383 
qualified cable is used and the heat release rate is limited to 400 kW/m2, up to 170 cables 
of a fixed size and construction can be added to a three tray array. If a safety factor of 
two is assumed, then 85 cables can be added without exceeding the critical heat flux of 

11.4 kW/m2 for IEEE 383 qualified cables.  
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Appendix A - Page 4 of 28 

Page 1 of 3 
ulrcbplanptsBOM R01 

.,

M100O : 17.7% 13 -1VC #4/0 IXLPP I D02-03 1 24 FLO-8770-291-A
0100 2.4% 171C #12 1)XLPN D10-42 I 4 :FL0-8770-2924K 
0101 15.9% 121C #12 iXLPPP 003.08 I 4 IFLO-8770-292-A 

2/,C #12 WOLN D 10-40 i 4 !FLO-877-/Oa2924 

iklic 41f, 'PUN 1 D10-4' 7 IFLO-770-2>92-K 
IS/C #16 ;IA-PPP D 03-11 2 iFLO--8770-292.A 
12/C #16 1xi.PPP D 03-12 5 IFLO-8770-292-.A 
121C #I6 CXLPN I010-43 ..- FL 0.870-,n2-K 

1101 !5.3% IRG.59/U iC0A 0 10.60 4 'FL0-8770.292.J
IRG.71�/tJ z�0A .010-61I 2 i LO-8770-292-J
6/C #18 SH MXPN 1MC) DO53 1 P10-8770-292-a 
2/C #16 (CC) !XLPSMP (TE) 005-01 a P10O-8770.292.0 
V/C #16 I-STP !X.LPSN (1) DIO-51 2 .FLO-8770-292-K 
2/C #14 I-STP XLPSMP 0 04-02 2 P10O-8770.292-A 

!3/C #16 I-STT IXLPSMP I004-06 5 P10-8770-292-A 
14/C #16 SH IxLPSN (1-M/C) I D10-52 1 2 :10FL-8770.292-a 
iRG-58A/U IXLPE 1010-17 1 'IFLO-8770.292-E 
i2/C#16 TC (CA) ITEW I 071-01 2 iFLO-2998-293-AA 

;ZC 16 (CC) _____________________

:2!C- #14 1 -STP
M1oo i 17.7% :,-1/C#4/0

IXLPSN
ixL-pp

010-50 2 IFLO-8770-292-J
002.03 i 24 !FLO0-8770-291 -A

C100 f0.0% I 
C101 I5.4% 11/C #16 ixLppp 003-11 2 !FLO-8770-292-A 

.2/C #12 bq.PPP 1 003-08 1 4 FL0-8770.292-A 
12/C #16 IXLPPP D03-12 i 6 IFLO-8770-292-A 
15,C #-w IXIPN D01044 6i P10-87-0-29,2-v 
:121C :12 !XLPN 3 IFLO-8-770-292-K 

L101 5.0% 'RG-59/U iCOA I010-60 4 !F1.-8770-292-J
I RG-71 B/U iCOA 010-61 : 2 -IP10-8770.292.a
;6/C #18 SH iXLPSN (14M/C) f010-53 1 P10F-8770-292-aj 
12/C #16 (CC) iX1PSMP (72) 005S-01 3 'FLO-8770-292-C 
!21C#161I-STP IX'LPSN (1) I010-51 2 iP1O-8770-292-K 
;31C #16 1-STT 1xLPSMP D 04-06 6 P10-877D-292-A 
;2/C #14 1-STP 1XLPSMP D 04-02) 2 !PF0-8770.292-A 

121C#16 TC (CA) ITE 1I 071-01 2 :P10O-2998.293.A 
!V/C #16 CC) 1IEPOMHYP 00S-04 ! 1 FLO-8770-9.

12/C VU 1-STP IXLPSN
M100 17.7% ;3-1]C#4/0

C101 1 5.3% i210 #12 !XL-PPP
S/iC #16

0a0-V0, 3 iF104-770.2z92..j 
D02-03 2^4 P10O-8770-291-A 
003-08 I 3 !FLO-8770.292.A
003-11 2 P10-8770.292-A

'21C #16 XLPpP 1D03-12 3 P10O-8770-292-A 
!SIC #12 ;XIPN D 10.41 1 IPFLO-8770.292-J 
2/C '12 ;XL.PN 0)10-40 4 P10O-47 70-292-K
S5iC #.16

1101 1 3.3%
:XLPN

;RG -591U :COA
11RG-71 B1U ;COA

D10.-44 fu _10"-8770-292-K 
010-60 4 !P10-8770.292.J 
D1 0-61 2 IFLO-8770-292-J

V/C#18 SH ;XIPSN (I NVC) I010-53 1 IP10-M77-292.J 
,2/C#161.-STP :XLPSN (1) DI 0-51 I P10O-8770-292-K 
!210 #14 1-STP DIPSMP D04.02 2 IFLO-8770-292-A

2:305

2320

2393

I PSM D10-50 ; 3 ;FLO-87'10-2292-J

-31C #16 I-STT ,XLPSMP 004-06 : 5 IFLO-87'70-292-A
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10/12/2001 8:47 AM 
Prepared by. ~E Ro 
Verified by. MRZg.kin

St. Luce Plant Unit No. I 
RCB - Cable Trays at Floor El 23.00*

Page 2 of 3 
ultcbplanptsBOM ROl

L101 (Conrd) 12JC #16 TC (CA)
I2/ #1VI4 1 -STP
12/C #10 'jCC)

ITEW
I I*
lxlpsm'
IXLPSMP

D71-01
D410-50
005-01

2 PFLO-2998-293.AA 
1 IFLO-8770-292-J
2) IFrlO877ci-292-C

2306 M100 I13.3% .3- 1/C #410 XejPP D 02-03 18 IPLO-8r77-291.A 
C101 3.1% 121C #12 X(LPPP D03-08 ] 1 iFLO-8770-292-A 

15/C #16 X(LPPP D 03-11 1 P10O-87-70-292-A 
Sr/C P'12 XLPN t"10-40 3 !PLO04770-292-K 

& #CXIPN D 10-44 4 !FLO-8T70-n2924 
1 2/C #16 XJPPP 003-12 3 1 FL"T870-292.A 

L11 18 2/C #16 1-STP A(PSMP(1 DIO-51 I P10-8770-292-A 
LIl 18% 12/C #16 1-STP XLPSNP (D)010-2 1 FLO-8T70-292-A 

1/ 11 STXLPSMN D4-~06 ____ T70___292 __A 

210/ #14 1-ST7 XLPSN MP- 1 FL]2 770292-A 
2369..- m12o 20.4% 15/C #12 !MCCC I D52-07 1 2 [P10-2998292 

i3 -1I/C# $WO PP D02-03 24 FLO-8T70-29 1-A 
:3/C #12 IX(LPN 010.31 2 ILO8770-292-K 
;3- 1/C #2 IXLPP 002-06 3 IFLO-8770-29 1-A 

C 120 7.8% W7C #12 IXLPN D10-42 2 IFL"-770-2924( 
j5IC #12 Mtccc L152-07 4 111,0-2998-292 
19/C #12 IMCCC D52-05 1 FLO-2998-292 
15/C #16 IXPP003.11 3 IFLO-8770-292-A 
.2/C #12 JLP003.08 1 P10-8770-292-A 
;21C #16 I XLPPP 003.12 7 FLO-8770-292-A 
V7C #1 I mccC D52,)6 I P10O-2998-252 

.21/C-112 )(WN' J 01-40 1 IFLO-8770.292-K 
150 # 16 XLPN D10-44 IPLO-WT/0.292-l< 

L120 I8.2% ý12/C #16 6-STP XL.PSMP I004-03 i FL0-8770-292-A 
.2/C #16 I-STP INSTS 061-05 5 IFLO-~~-29&S3-AA 
313C #16 1.STT XLPSMP 004-06 2 !FLO-8770-292-A 
:2/C #16 (CC) IXLPSMP (TE) 005-01 I P10O-8770-292-C 
.2/C #14 1-STP ~ XPSN 00-00 .3 'IPLO-8770-292-J 
14/C #16 SH IXLPSN (I4-/C) D1 0-52 2 P10-8770-292-J 
.2/C PIG (rCCe) IEPEMHYP 1005-04 2 PLO-877TO-M9-1 
14,'C #16 CSH IOXLPP D04-14 3 FLO-8;70-2-92-C 
W/C 914 1 -STR InLPsMP 004-02 FL P1-77-9-A 

12'C #16 1-STP IXIPVSMp 004-07 3 P10-87710-292-A, _H-4 
.41CGl $01 7 IIT NSTS DO1-08 1. FLO-299P,293,AA 

2307 M12 20.4% IS/C #12 IMCCC D52-07 2 FLO-2998-292 
13- 1/C #4/0 IXLPP D02-03[24 P087-1A 
13/C #12 IXLPN D 1 0-3 2 FLO-8770-292-K( 
3 -i/C #2 X)LPP D 02-06 13 FLO-8770-291 -A 

C120 8.9% 7/C#1(ILPN D10-42 I FLOP1-8770-292-K 
5 /C #12 IMCCC D52-07 I 6 IP10-2M9-292 

19/C #12 IMCCC D52-05 I FLO02998292 
SI;1 XLPPP 003-11 I 3 1P10-8770-292-A 

12/C #12 IXLPPP D03-08 I -IP O-87 -22A 
2/ýC #16 iXLPPP I003-12 [ 7 P10O-8770-292-A 

71C #1 2 imccc 0s2-06 [ FLP1-2948-292 
Z2/C P12 IXLPN D-10-40 I F" M9
sl(C #16 IXLPN D10-44 1 1 LO870-292-K

2393



... ~ . . . . .
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10/12/2001 8:47AM 
Prepared by.- D R 
Verified by. MR Zka

SI. Lucia Plan~t Unit No. 1 
RCS - Cable Trays at Floor El 23.00.

Page 3 of 3 
ulrcbpianptsB0M ROI

2307 L120 6.5% 12/C #16 6.STP XLPsmp D 04-03 0 L-8770-292-A I2JC #16 1 -STP IINSTS 061-O5 5_____ 3-2998-293-AA 
3/C #16 I-STT MXPSMP D04-06 2 __ 0-8770-292-A 
V/C #16 (CC) bOLP-SMP (TE) D05-01 1_____ 0-8770-292-C 
2/C #14 1-STP )6LPSPP D04-02 2 !:0-8770-292-A 
14/C #16 SH ;XLPP 1004-14 Z IF: 0-8770-292-C 
12/C #16 ('CC) !EPDMHtYP 006-04 1 1 R ý- 7,70 -2 92-~ 

[2/C 0114 I-STP --------!XLPSN j 10-50 2 IFL347,70-292-j 
[2/C :16 1-STP :,kLPSM4P I004-07 3 I F L-4770-292-A. -H 
V~C #16 COST IINSTS 061-08 1 F02J823A 

2308 I~M120 J17.7% 3 -1/C #4/0 -:)pp 002-ý03 _____IFL___8770 __291_A 

C120 I2.6% 2/C #12 :XLPN DIO-40 j 1 JFL0-8770-292-K 
S/C #16 X.LPN D-:0-44 i j FL O-8770-292-K 

- I7/C #12 ')LPN 010-42 I1IFL-C-8770-292-K 

5/C #12 MCCCj 02.-0 1 !F!.0-2998-292 
2/C #16 :XLPPP 1 003-112 5 IFLC-8770-292-A 

L 2 .% 12/C #16 6-STP .XLPSMP [D04-03 i iFLC-8770-292-A 
2/C #16 1-STP ;INSIS D 61-05 j 5 jFL0-2998-293-AA 
3/C #16 I-STT XL.PSMP D 04-06 I 2 11 :-8770-292.A 
2/C #16 (CC) XLPSMP (rE) D05-01 I IF'-C-8770-292.C 

12/C #14 1 -STP 13SIj 10-50 2 !FL'--8770-292.J 
2/ #6(C)EPOMI-IYP DO5-04 1 IFtLZ-8/70-29240 

12JC #16 1 -STI? XLPSMIP D04-07 1 !FLý3-870-292-A



(WE:) 7. 1 1 01 IS: 29/ST. IS: 27./NW.4862005115 F 7

7/111201 B.SSAM 
* Pr%-aed by, 0ERcxas

St. Lucle Plant Unit No. 11 
RCS - Cable Trays at Floor El 4S.00'

--~ M, - h
M102 I1.2% 3/C 88 bcXLPP D02-07 FL0-a8M291-Agj

131C 812 IXLPN DI 01 031 1 jFLO-8770-292-K 
CI 104% -12/c #16 XLPPP D03-12 16 JFLO-a770292-A 

21C 912 1XPP 003-08 14 JFLO-a77o-292.A 

S/C 016 !XLPPP D03-11 7 IFLO-8770-292-A 
7/C 112 IXLPN D10-42 1 FrLO-8770-292-K 
21C 12.Armored cabje IXLPE D03-I6 2 _I 

IS/C #12 !XLPN 0`104-41 1 I FLoar77-292-J 

Lillt 13.7% 12./C #16 1.-STP JXLPSN (1) 010l-51 11 IFLO-8770292.K
2/C #14 1 -ST XLPSMP 7 FLO-6770-292-A

3/C 016 I-STT XLPSMP 004-06 AO P10-8770292-A 

4/C N16 SH XLPSN (11-WiC) D10-52 2 FLO-8770-292-J
COAXC 1/C V22 & 2/C M2 COA

- -t
Mlfl2 0.4% 3/C #12 XLPN

010-71

010-31

9 FLO-677o-2g22-i

P104770-292-K

C103 6.3% 21C #16 !XLPPP ID03-12 3 FLO-4770-292-A 2/C #12 _________ D03-08 6 FLO-8770-=9-A 

5/c #16 IXLPPP 003-11 4 FLO-8770-2g2-A 
7iC #12 IXLPN 010-42 4 FLO-8770-292-K 
12/C#12 - Amwed catzle JXLPE 003-16 1 _________ 

__________5/c 012 IXLPN t{10.41_ I FL"-77M24.

M127 I 3.4%

2/C 1114 1 ZTP XLPSMP D04-02 5 P10-877-292-A

31C #16 1 -STT JXLPSMP 1 0406 3a- 4FLO-e770-292-A

COAX 1/C 822£ 2/C 920

&/C #a

COA

XI-PP

010-71

002-07

8 P10-8770-292.4

FLO-8770-291 -A
13/C #12 fXJ.PN DI0-31 I jIr10770-292.K 

ji /C #2/ tXLPH 0110-30 3 IFLO4877D-2922.  

C121[ 15e.6% 12JC #16 !XLPPP D03.12 13 FLO-8770222-A 

15/c #10 IxLppp _ D03M0 1 FLO-8770-292-A 
17/C 012 lXLPN 010-42 1 7 FL0-8770-292-K 

12/C #12 XLPPP D03-08 17 P10-87 20-22-A 

SIC 112 XLPN 010-41 G FL0-8770-292-J 

SIC 01I XLPPP 003-11 I 11 IFLO-6770-202-A 

21C #12 Annmord abie XLPE 003-46 3 J 
L131 7.4% 3/C #16 1-STT XI.PSMP D04-06 I15 IPLO-STM0292-A

2/C 016 I-STP

2/C #14 1 -STP

XLPSN (1) 010-51 17
+ .+ * '

XLPSMP 004-02 8 P10-8770-292-A

_M127 3.4% J3/C9 #a JP D02-07 I IFLO-8770-2gi-A 

13/C #12 XLPN 010-31 j I P104-7'70-292-K 
[1 /C 92/0 XLPN D10-30 3 L-772gJ 

C121 18.M1% 2/C 916 XLPPP 003.12 13 IFL"-770-292-A 
5/C 91 D XLPPP 003-02 1 IFLO-S770-292-A 
7/C S12 XLPN 010-42 7 IFLO-4770-29-K 

2/C #12 XLPPP 003-08 17 IFLO-a770292-A 

5/C 912 XLPN D10-41 6 IFL046770-292-J 

w/0#11s XLPPP D03-11 11 IFLO-5770-292-A 

12/C # 12- Arnoed cable WEP D03-16 3 f

'7

FRO94
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2245

2247

2221

0

- H-W -ýM - ý--Waz

I DIO-71 a FLO-8770-2924 S2AX I/C 022 21C 020 COA __+

I

1

FLO-877CI-222-K
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FROM- (WED 1 7. 11*.01 15: 30/ST. 15:27/NO. 4862005125 P 9 
hojeer Identification 

C~able Requicmenzt rAsco SPIEflCAMON 211-6.9 -No.' FL0..8770..291j- 0 
She at No. 3 rE11CTR1C CABLES IsueDae:e Sp~t 18 1970 

PART ONE SIECPFC REQUIENM;7s R T: No, 25.,f970 

Rev 2: Aug 16, 1971 
Sybo Rev 3: October 21. 1971 

GroupR2 a - Single and Three Conductor 600 Volt Power Cables Rv~:Arl 117 

Application - Por underground and aboveground applications in wet or dfry locations and direct burial.  

Conductor - CaLn I concentric smazdad, aznnealid uncoated copper per AS7M 3 3 and ASTIM 1 1.  

lnswaiaon . Carbotablalck cres-Unkted polyethylue ie nsulation, naectn thie electrical and PhYzic,1 requirements 

Qj Interim Standard No. 2, ZrPa-A Pub. No. S-66 -524, NE)AA Publication N4o. WC7. 71e insulation 

ibai meet the horizontal. Oasm test as indicated to UL. No. ", Rubber -Insulated Wires and Cables.  

The insulatiou shall be suitable at condluctor temapcratta'e of 9Q0 C (194F).  

Insulatioun 
Thickmss 6 00 Volt%: 14 Awg to 9 Awt _6ý30 mils, S Awl to 2 Awl a 4S -mils, I Awl to 410 Awg a 55 mi~s, 

225 MCM4 to 300 MOC4 8 6S 7miii, 523 MCvI to 1000 MCvi - 80 .ii1.  

* Jacket - -- or vle co uctor cable 
- -- pq l~ryv3n arh d Rak3Lm 

pat araph-.3.8. ofL.TECA S.- .fl ThAckes shal 10 4.MA Odsc&-il, 
.. Table 4-6.  

a -Jacket over the insul~ation sahll be 75 C b lack-Aolyvi 1..j.  
* chilorid~e meetiY& the~ A..r!liennL 1 8 of'.  
* CE'-1-9-81. Thikes babe.acr-fC-"' 

Table 4-4. "** 

c -overall Jacket shall be 750a C black pqlyvin 1-c 4loride jacket 
mieeting physica 1 r~q~u Igezents of. Paragxzaph..A.8 oI. PcLA. S-64-402.  

Thicknss shall be.r Aroq.dance,_with Tahle 4L -6 

Tests - Akll tests shall meet the interim Standard No. 2, IPCEA Pub. No. S-66-524, 

,;EMA Pub.- No. WC?.  

- Majitnaz pertiii ib ie. R2 

Nc~iflal *.-Maximumn 

Cable Ouan Thickness -outside Reels 
e=ea Conductors No. of lasul Jacket Diameter el -

Feet Size jj-j ;7 Strands Hjjl~s. Mijls. _Inches No- Fe 

-Z 3,000 1 1000 Mcm 61 80 65 1.53 1 thru 3 1000 ea R-2

.2 5,001 00 M.1cm 37 65 65 1.17 1. thru *j5 3000 es, ?L 

-3 11.~o _ 47Tl 4?A. 19 55 45 -.823 1 thru 17 f3200 e& R 

-40 1 L/0 Awg 19 55 45 .712 1. thru 7 3000 ea. t 

=r: -qp 1 2 .v 7 4 45 .582 1 thru--ii 3000 ealAl 

-5 20,0"-% 3 #2 Avg L5 5:0 1. 1.tru~jlSOO 

.4: inny%--8 Avg 7 45 - 15-60 .846 1 thru .2 2500 en ?tL 

.8 3T ý12 Awl 7 30 -15 -45 .619 1 thru.5 3000 eA It 

_CA 500 1 46 Avg T ~45 ~45 2.tbhru 6 2500 ee R 

-7-

r/
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FROM

Cable Requirement

St-et No. I of 

Symbol 

Croup Cla3

(WED) 7. 1i 01 15:30/ST. 15:27/NO. 4862005115 P '0 

.. - -- hoject dentiflcation

* 2 (Cha3) EUCTRIC CA ES No. FLO-8770-292-A 
PART ONE - SPECI•TC AEQUiREMwNrS - Daggs March S, 1971 

RI: July 6. 1971 
& O•*b~r 6S, 1972 

- XI. 1R4:January IS 1972 - LtplR6: 
Aur 

6t l e 1a7 ATR: Arrf LZ. I 973 - M ultiple Conductor 600 Volt Noushielded Control Cable andl Low Energy Power Circuti s

Application For s-c and d-c control, relay and inatrument circuits, and selected low energy power circmia 
undergrouud and abovegrouad applications in wet or dry locaowom and direct burial.  

Conductor Class D, concentric stranded, 7 rt-amdz, tinned or alloy coated annealed c per 
ASTh B 33 or ASTM B 8; and ASTh B 189; IPCEA S-61-402, NE•J-WC 5,.- 2.  

Imulation Carbon - black pigmnted omu-linked therrmocttlg polyetbyleue meeting electrical and physical 
squireuments of It.erinm standard 02 for 600 volta and Interim Stand-sd $1 for 1000voln of IPCEA S-66-524, NEA Pub. No. WC7. The insuhati" shall meet t~a Im6lrb l flame tas U 
indicated in UL No. 44, Rubber-Insulated Wines and Cables. The lrulagtioo shell be suitable lor 
we at a conductor temperatr of05 9(C (194)

Insulation 

ThijCes e 
Jacket Over

- .$ominalValues - 600volt: 14 Awg - 9Awt F 30m=i, SAwg - 2Awg a 4S mals.

Insulation Material: Extruded wall of 7S0C polyvinyl chloride jackst me-eting physical requirments of 
7aegxph 3.8 and Color coded in accorda•ne with Method I (PigmenzationL 
Paragraph 5.6.3, U`CEA S-61.402.  

Thickness: Nominal values - CA S-61 -402, Table 4-4.  
Cabling The rquired number of im %dated-Jacketed cobducton shall be cabled round with nonbygroscopic 

thermopastic fiRles.  
Binder Tape - A binder tape applied over the cabled conductors.  
Jacket - 7S`C black polyvinyl chloride Jacket meeting physical requirmevnts of 

Paragraph 3.8 of IPCEA S-6:-402. Thicknem sh"ll be ii accordance with Table 7-8.  
Tess - All tests shall meet applicable standards of IPCEA S-66-S24.  
Rzdiation - The completed cable shall withstand a total radiation do" of 3.5 x 105 Rad. which 1s the normal 

radlation of I Rad per hou for I 40 year lUe.  
- Seller to furnish indicated datz.

Qua2n C-rductors 

Feet' No. Slag 

270 00 2/C #10

No. of 

7

ominal Thicknems 

3acket 
Over

M30 
30

lmu, 

Is

Overall 
Mils 

45

Maximmm 

Diameter 
Inches 

.55

Reeb 
B/M Reel Lengtb, 
No. No. Feet

FPP-z 49.500 'S/C sto 7 30 is 6o .74 D3-2 
PPP-3 13. 00 7/C #10 7 30 is 60 .81 D3-1 
PPP-4 ppn 2/C #12 7 30 iS 45 .50 Ds-1

120,000 S/C 

75. 000 IC 

140,000 .?iC

012 

r12

7 

7 

7

30 

30 

30

is 

IS 
Is

60 

60

.68 

.74 

.81

D3-7 

D3-6 

03-S

R4

Item

R3

/?PP- I

No 

XL 

×X 

XL 

XL 

XL~ 

XL

PPp-s 

PPP-6 

PPP-7

22 

R4 

R4 

R7

T'SiA "M t FEA- &r A.A J N 211-69

0

D3-3.



* . . N.  
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27/NO. 4862005115 P 11

Cable Requirement 
Sheet No. 2 of 2 (Cla3) 

item Quan Conductors 

No. Feet No. Size 

.ppp.-8 20,000 12/C #12 

.pPF-9 220,,oo... 2/C #16 

.ppp-lO 186.ooo 5/C #16 

.PP?- 11 _8o0O0 9/C 016 

.ppp-12 20,000 12/C #16 

PPP-13 8,000 6/C" #16

EBASCO SPECIFICATION 211-69 
ELECTRIC CABLES 

PART ONE - SPECIFIC REQUIREMENTS

No. of 
Strands 

7 

7 

7 

7 

7 

7

Nominal Thickness* 
Jacket 

Over 
Insul Insul Overall 
Mils Mils Mils 

30 15 80 

25 15 45 

25 15 4.5 

25 15 60 

25 15 60 

25 15 45

Maximum* 
Outside 

Diameter 
Inches 

1.00 

.4f 

.52 

.69 

.77

Projoect IdentLfication 

No. FL-8770-292-A
Issue Date. March 5, 197 
Ri: July 6, 1971 
R3: October 6, 1971 

lanusryt 1 927 

B/M Reel Length 
No. No. Feet 

D3-4~6 
D3-12 .T.  
D3-11 - W?

D3-1O 

D3-9
R..4

* D3-13

-6-

117



L-2001-267 
Attachment 3 

Appendix A - Page 12 of 28

FROM 

Cable Requirement 
.- Sheet No. . of 2 (E1C) 

P 

'vmbol - XLPSHP (12)

(WED) 7. 11"01 15:31/ST. 15:27/NO. 4862005115 P 12

ProJect Identification
EBASCO SPECIFICATION 211-69

ELECTRIC CAZLES No. FL0-8770-292-A 
ART ONE - SPECIFIC REQUIREMENTS =*sue Date- March 5, 1971 

R4: January 18, 1972 
LS: March 16, 1972 
R6: August 16, 1972

Group E Ic 

Application 

Conductot 

Insulation

Jacket Over 
Insulation

Color Code 

Pair 

Drain Wire

Shielding 
Tape 

Cabling 

Jacket

Twisted Pairs and Three Twisted Conductors - 300 Volt Instrumentation, 
Cocminication and C==nuter Transducer Cable.  

For underground and aboveground in wet or dry locations and direct 

burial.  

Class B, concentric stranded, 7 scrands,.tlnned or alloy coated 

annealed copper conductors per ASTH B 33 or ASTM B 8; and 

ASTh B 189; IPCEA S-61-402, NEMA WC 5, Part 2.  

- 25 mils nominal of carbon - black pigmented cross-linked polyethylene 

meeting electrical and physical requirementa of Interim Standard No. 2 

to IPCEA S-66-524, NEMA Pub No. WC7 for 600 Volts. The Pnsulation 

shall be suitable for use at conductor temperature of 90 C (194 F).  

- 15 mils nominal of 75 C polyvinyl chloride jacket meeting physical 

requirements of Parzgraph 3.8 of IPCEA S-61-402. The individual 

insulated and jacketed conductors shall met the horizontal flame 

test as indicated in UL No. 44.  

Twisted Pairs (Each Pair Individually Shielded) - 1 Pair, 2 Pairs, 

3 pairs and 6 Pairs 

- One pair shall be coded "white" and "black". Additional pairs shall 

be color coded per Paragraph 7.4.5.3 of IPCEA S-61-402 by Method 1 

(full color).  

- Twisted to maximum lay of 2 in. with a 1 mil, mylar tape helically 

applied over each pair, providing 100 percent coverage.  

- Class B, 7 strand, annealed uncoated copper drain wire (not less 

than two Awg sizes smaller than the insulated conductors) to be laid 

spirally withbe game direction and lay as the twisted pair.

100 percent coverage of 1.7 nil copper-mylar with the metallic face 

of the tape in continuous contact with the drain wire. The twisted 

pairs should be isolated from each other by applying an additional 

tape over the individual pairs.  

Cable round with nonhygroscopic fillers and a binder tape.  

750 C black polyvinyl chloride jacket meeting physical requirements 

of ?aragraph 3.8 of IPCEA S-61-402. Thickness shall be in accordance 

with Table 7-8.

1h.-!, Twisged ConductorN 

Color Code CoIlor coded "white", "black'. and "rvd" per IPCEA S-61-4U2.  

paragraph 5.6.3, mcthod 3 (Printing),.  

Cabling - Cabled to a maxicum lay of 2 in.  

Bedding Tape - Cables to be wrapped vith one (1) oil thick mylar tape.

1'
- 7-

BE

R6 
R 6 

R5

4tt ol - XLPSNP(12) ý &WWN



Cable R1Wrement 
Sheet of 2 (EIC)

Item 
6..  

XLPSH(12)-l.  

XLPSHP(12)-2 

XLPSIIP(12)-3 
XLPSHP(12)-4 

XLPSHP(12)-5 

XLPSHP(12)-6 

.KLPSKP(12)-7

Type 
tio.  
Pairo Cond 

1 2 

3 6 

1 2 

3 

2 4 

3 6 

6 12

EBASCO SPECIFIC90N 211-69 
ELECTRIC CABLES 

PART OHE - SPECIFIC REQUIRDIENTS 

Nominsl Thickness*

quon 
Feet 

00,000 

5,000 

190,000 

70,000 
10,000 

5,000 

10.000

Conductors 
Size 

014 

#14 

#16 

016 

016 

016 

#16

No. of 
Strands 

7/W 

7/W 

7/W 

7/W 

7/1 

7/U 

7/W-

l/C Insul 
Hilo 

30 

25 

25 

25 

25 

25 

25

1/c 
Jacket 

Hils 

15 

15 

15 

15 

15 

15 

15

Jacket 
Milo 

45 
60 

45 

45 

60 

60 

80

Pzoject Identificato 

No. FLO-8770-292-A 
Issue Date: March 5, 1971 
R4: January 15, 1972 
R.5: Harch 16, 197? 
R6: August 16, 1972 
RTC April 11 1973 

Maximum* 
Outside Reelm 
Diameter B/H Reel Length 
Inches No. No. Feet 

.50 , 4-2 

.89 D4-1 

.41 D4-7 

.43 D)4-6 

.75 D4-5 

.79 D)4-4 

1.10 D)4-3

I

R6 

R6 

RT 

R7 

R6 

R6 

R6
t.  

C

(D 
-U> "0 

0 (D 

N) -1- 0) 

00 (A),,-

I I .... .... Z -- - v

I

I
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FROM.  

Shec L o. I ofI(,.C I

.Symbol~
EMLSCO SPECCWICA 

ELECTMC 
PAXT ONE -. SrECWF!C

. XL7ShlP ITE)

(WED) 7. 1 1O* 015I:31 /ST. 15: 27 /NO. g6t1.euPy.
4 

.TIO\ 211 -69 Issue Dm:~ March' S, !97! 

.ALLZS Rh1 July 6, 1!-7! 

*rkEQII~rEMEZ:TS R3-. Ju.v~uarr 4, 19~72 

KB8: Jan 15, 1974 
R9: Masy 20, 197!,

Croup T2 c 

AVpI ic.tion

-Sln;Ie Tivisttd Fair Terilhocotipl Extetnsion Witt.  

y or undergrokmrd and abcve~rmu-d Itutallation in wt or dry 1,ueati-it.

CoJCtC -~ 1 -~LX T~L~ wie hioel ~ Wife -Cox:nstrn or ANSI TF.pe :X, N v 

wire - Cbromel, n.:;ative wvire. Alumel, '6 A%--- soli4I allov wife MAtChed andI czil.brateed to 

ANSI C 96. 1, l3ICsz edjilo, IC; O?::Roco:Irc cxtenuiol1 wime 

Insutatlan 30 inl13 nomir.-1 of filled, ncA-Iark, chemically c:--lne po11-hyleneyI meeteitz elee-ZiC3I z...  

ph-,sicaI requiremcats of lCIA S-66-S2.. prr 3, 1.\VMA Pub. %o. %VC7 to: ;03 voh%. ~: 
- ~~~~InrItIuion sltuI b,: Coverei w-.ith flame rcssu::rana .int and sh.1l Alert the oi,:L.1.11 

aes indicateS in UL No. 44, Au'.i1br 1I.-ulated =Jesu~ Czblcs. The insulatlon shall t'c sui:z~1tr.  

use at A ConalmCL01 termpctutivc ef 5 00C (194 F).  

Color CCe ANSI COICT CoJ- - Typ.e EX: r~.it%-c %vire - )'.r 1 le, ne~ativit wire - PRed; Type KX: moitive t*-:iz 

yellow., ne;atilvc wire i- Re.  

Lay of Twist Wf -3imurn of 21: -1 4, 4 inces~ %witt non~hurefco,-c filer.

Drain Wire C1.s B. 7 stind, annealed uwiozicd co;r~tr r:3in% vtrc (not less V=.b11u A~v- ,iss' Ie,: 

Insidated conductor.) to he 1310 tfritC1y with the s.&nic direction zntt lay as the i~ 

ShIeldiu; Tare - 103 P.:rccnt cr~venu:e of 1.7 3:til %o-cIwth t*r.he ,nct.-fIL; 'uct of tic tulT in tr~ 

Contact with the t:..ift wire. :- .- -- -` . -- .  

Jack~et 7S'JC rclyvinyl C'tloridc cutsz-niulid mccezin7 reiione of Plcrp 3. S of II\EA S-f1-V2 

both 1uIn.-u1ticr and .130 Ct. kc1,esshall ibe in zczw%:ancc w~th Table 7-6. LNNI cole.:: 

Tests - 'Type LK-Purr-le, Type l'CX-Y1ellc. .3 

Tests ~1. hior toeulNin; time indivi.luz~d insulated co~cducter1 shall bc ziven a 2SOO v~olta spirlu: 

2. The com.IAcdi cable slizl be siven the kicie'winr tea= 

U *s)Dielectric test rf :030 voltu a-c for five minutes. cwtdamclot to condv.ctot, ard coi:c-~c:c 

-to shield.  
*(b) JACi-.Ct shall be subjected to ant a-c sp-,ri of 3000 volty minimsati:.  

Inlto c.istsoee rmc~.;atremeres re:- lICL, S-Z]-*02, P~rz-sv~h 6. 12.  

Rasdiation . The 5ornpIletod cubic shall ..ithlt.cd 4 total radiation e~e o.f 3.5 1 0 Rails %--WhchI it thme nr.rtAl 

rzdai~tiu of I Rid per hour for a 410 year life.  

C . Scller to furnish indicatcd d~atz.

Item -- 

TE-1 Chromtl
Alurnel fK.X)

-ýQkizz CC-111uetet 
- Feet ?-Z Si" 

6,000 2/C 015

liutal " 2c ke t 
%tils - Mill 

30 45

TE-2 Citoritl-' i28,000 21C ;6 3

Out~idc 

Diamecter 
Inches

0.35

BlM Reel UIe;tlt 

RN~ I-. o . Frce 

DS -2 

DS-1

-7 -
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FROM. (WED) 7. 1 V01 15:31/ST. 15:27/NO. 4862005115 P 15 

Cable P*qurement ELASCO SPEC3CATION 211-69 Phoject 4Ibemdci2oO 

Sheet No. ELECTRIC CUMLE No. FLO-3770292D 

PATOE- STECMC REQUIREMENTS merae enary 7 1972 
ev : ril 2ý 1972 

Symwo . CZAC_ 

Group - 600 Volt Multiple Conductor Noomhaelded Power Cablft.  

Applica~ticc For underground and abovevuamd a3,plicatioct in wet or dry locatiors and direct burial.  

Conductor - ClS B, concntic manded, 7 m~an&a, annealed uncoated copper per AST M 3 3 and 

ASTM B 8;. IPCEA S-62-402, NLYA WC 5, PaM 2.  

Separator A separar" may be used to prevent insulation from sticking to canductoro to prevent 

binulation from being exuuded into nrandt. If =ylr tapir is ued, it should have a black color.  

lzuulation . filed, non-blackC, cheznicilly cra-i~nkcd tb~rcetU~ng Polyethzylene =ac~ting electrical and 

physical requiremena cd IPCEA S-66-54, Part 3. The lngulation shall pan the vertical flame 

test per IPCEA S-19-31, Paragraph 6. 19.6. The Insulation ahail be suitble far we at a 

conductor temperature of 90 C (1947.  

-Thickness -. NominalValves 14 Awg -9 Awg 30 =is, 8 Awg -2 Awg a45 =LISi, ,Awg -4/0 Awg 

-SS =11s, 22S mcinSOO 3 6S tails, S25 =mcinIOO Mem 1 80 miii.  

jacket Over 

Inrulation - 7S C black polyvinyl chloride jzcliet meeting the phyiycal requirentsfal of paragaph 3. 8 of 

IFCEA S-61-402 for both inmLai~on and jacket. Thiclatin LhfLU be in accordance with 

Table 4 - 4. .  

Color Code - Color coded, in accordance with IPCEA S-19-81, Paragraph S. 6.3, Vethod L 

Cabinog - The requied numbers of -mductor shanl b4t cabled rottmd with wnhygracpi~c ~filen.  

Binder Tape A A OAh)yp&oaO C bindW tape iPplitd over thke cabled conducutor.  

Jacket Samne as over individual inulited conductors except in accordance with Table 7 -a.  

Radiation - The completed cable shall withstand a total tadiation of 3. 5 X 10 SRinds which is the normal 

radiation of 1 Rad per bo for a 40 year lie..  

* - Seller to furnish indicated data, 

Majdmum * 

Cale QunNomimal _Tbicknez, outriade Lvels 

Itern Cir.cuit Linear - Cociductors No. of insul Jacket Diametcr BIM Reel Circuit 

No. feet Feet No. Site Mea Strands JýU C 01 or~ M.lsj 

1 51, .000 2/c 04 cu 7 45 Blk 80 1.01 ~-l D21 E 

21 V.OO2C #40 CU 7 45 Blk 80 1.60 Cat 5 

3 30,000 sic ES CU 7 4S a1k 80 1.17 D2-12 10 I

- Combined =nder tdi £a-e Jacket.  

-4-
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F,.0M LI,. l '- 01O 15:321.U, 15s274•O,4862005115 P 16 

i"zue Date: Octolher 15, 197 

rart One - Specific rcquirc-cnts RI: )Krch 12, 1974

Cable Requirement 
Sheet Nao. 3 of 4

Characteristics 

Nu•-er of AUC 
a) conductors (Co7per) 

22 

2 18 

ONE RC-59/U1 24 

OiE RG-58A/U* 20 

JACKET 
(all fillers shall

(13 Conductor Composite Cable) 

Volt. Number of Insulation 
R 22in- Strands Thickness 

300 7/.009G A025 

300 16/30 .025 

2300 19/36 .055 

1900 19/.0071 .031 

.060 
be flame retardant glass fiber)

Type of 
InsiO]ntion 
Silicone 
Rubber 

Silicone 
Rubber 

XLPE 

XLPE 

Chloro
sulphonated 
polyethlene

b) Completed cable shall pass the IPCEA vertical flame test 

c) All tests shall meet nnplicable standards of IPCZA S-1981 

d) RC-59/U has bare copper shield, RG-58A/U has tinned copper shield; all 

other conductors are identified by printed color code, IPCEA Method 3.  

BM QUANTITY NOMINAL I=X DqTh1 

NUMBER (FT) OD OD 

D1O-17 3,000 0.640 0.675 

*NOTE: .010 Hica tape over insulation, 736 AVG copper braided shield, 907.  

covera.-e, polyester tzpc for shield isolation.

- 5h -

Compound 
Ratinr 

100 C 

100 C 

90° 
90 C 

90 0C

900C

Fý,O - 0 7 70 - 1192 -"
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*FROM 

Group 2 

*Conjucivi, 

* separitot

(WEI 71 *01 15: 32/ST. I 5,;7<JO..A-JAZ9D51 1 5 P 17 

LEL1CTRIC CA WACS so. FLO-8770-2 923 il 

PAR~T ONE - SPECIFIC REQUIRLEMENTS 153-a Datft: .4/ L / Ill 

R.1:-. 4/29/74 R.6:10/17/71 

it.2: 5/22/74 R.7:11/25/7

XLPN(600Vo~1L:R3: 
7/15/74 p..8:12/20/7: 

NMultlpic Csinducio, . GooC vOlt \Onsj)ilidcd Controt Cableamid Lowtvl Lis~rt..: rdwirr Usrculrs.

*For 3-c and d-c conatrol. t V1J3v and ill-drtsmt C111l-Circuit%. ;Istd 10 I low r~ei power C;rcitfi 

umtd~r~roumnd and ibv-ill. ;pplkC060Ist ;& wet Or drjocatittais ji dircc: buriAI jld 

* ~cbi l~co ttdncrk on uu,_E . ýba' ,1trl ed -tin coated co Dner per AST~?* B 33 afld P .  

ASTj it. co:tiPcti -mand524.Jt2. (item .52-1, 1)rd-A -Ras class c Stranding) R1.  

* A S X He~ 3~ 8: I C Ac S -fGa I Z4 La r% iI tulj kt rro omi suc1~ilts to k~c con tluct er of to prtcVatK 

insttlm soft from 166110 rstruded intro the strr~ds. If fnvlar tazpe 1 uscd. it I h;'.d hth~t 

color.  

*Flbna resist-1r11 U010"'"md.LC ther1owtitirly. pIyetilykcitt rnsettiIn elckcuicl :Tl phylicaI 

requiremcall, of IPCEA S-66-5124. Til insubatiolit' :1 uitzI o OI,3UU s 

-condtjiclOr Iculper~tiIrr TII W~ C~rsCd 900C(I 940F). Thr inaividU3I ill.u!Jtv Cogduclar, 

s~~I utrt w PCA .61-4 .J CrsiC~ Rattle tstu iiijiltill; to 1ew-t g1j11" rý tv-' tatcp.1

Colo~r CoJc 

Tv C~'i it

I t -.

2,500

D52-3 5,000

D52-5 

V5 -.1 

D52-12 

1 2 -13 

D5 2-14 

D52-17

5,000 

40,000 

15,000 

1 -V, 000 

3,000 

3,000 

20, 000

*No~n.I ý112,vaur, 6no 'vuh, a 30 nnill 

C:ulot coded ill Jccoadl,",: wish IPCEA 5.03 -4(1.P 0 ,A S*3 .h'~1 i~tn~i" 

*Highly flam=-e resistaflt, radiation cross-1knked, nca1

corrosive POIYOLIfefln (Flamtrol) m,,ecinj; reouirrC=we--t Of 

ICEA4 s-66-524..,i 

*All gyshi 'k.,ll tllý:V 3:*1;j .lowIt-c:tuiletniiI'I' Or il'cr.A S.66.324. irtiul u ~it 

CosnJitiost is rct3uittC.  

it. is 10

Coh ~ No.' of 0 rll JCk I).JI1,Xtcr DIMl 

No Sar Stfndi M~ils Mi- In1chl. No.  

1/C ý2 /0 337 55 45 .712 DO3 

31C VS 7 45 60 .846 D10-32 

5/C rr12 7 30 45 .68 D010-41 

1 /C C-4/ID 19 5545 .81 D2-3.  

1/C `:2!0 19 5545 .701 D2 -4 

*~~r ~ 4 80 .06D2-5 
7 45s 1.02 0-

3 /c ~ 
1/c iý6

79 455

7 45

45 .064

30
1.0

DIO-33 
D2-9

.9

R

V.3 

R3 

R6 -

. SCILI
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(WED) 7. 11V01 15:32/ST. 15:27/NO. 486200• I2 r It 

EBASCO SPECIFICATION 211-73 Project IdeuCifidetit 

ELECTRIC CABLES No. FLO-8770-2923 

PART ONE - SPECIFIC REQUIREMNTS Issue Date: 2/12/74 

Rev. 1: 4129/74 

Rev 2: 5/22/74 

Rev. 3: 7/15/74

Group_ 6_8 - Multiple Conductor 600 Volt Control Cable 

Application'- For underground and aboveground in wet or dry locations and 
direct burial \£SCR condition(s) a,b,c & d.  

Conductor - Class B, concerntric stranded, 7 strands, annealed tin coated coppef 

conductors per ASTM B33and ASTM B8, IPCEA S-6 6 - 5 2 4 , Part 2.  

Separator A separator may be used to prevent insulation from sticking to the 

conductor or to prevent insulation from being extruded into -the 
strands. If mylar tape is used, it 3hould have a uhite color.

Insulation 

Color Code

- 20 I[ils nominal of flame resistant cross-linked thermosetting 

polyethylene meeting electrical and physical requirements of 

IPCEA S-66-524. The insulation is suitable for continuous operatiod 

at conductor temperature not to exceed 90 0 C (194 0 F). The individdal 

insulated conductors shall meet the IPCEA 3-61-402 vertical flame 

test (painting to meet flame test not acceptable).  

- Color coded in accordance with IPCEA S-61-402 Paragraph 5.6.3, 

Hethod I (Pigmentation).

Cabling Cabled round with tillers which are flae resistant 
and nonhySroscop ic.

Drain %lire - Class B, 7 strands, annealed uncoated copper drain wire(same 
Awg sizes as the insulated conductors) to be laid longitudinally

Shielding Tape- 100 Percent coverage of 1.7 mril aluminum-mylar with metallic face 
of tape in continuouz contact with the drain wire.  

Jacket Highly flame resistant, radiation cross-linked, non-corrosive 

polyolefin (Flamcrol). meeting requirements of IPCEA S-1&-S24.  

Tests - All tests shzll be in accordance with IPCEA s-66-524. Proof of 

mceting flame cest and NESCR condition is requircd.  

- Seller to furnish indicated data.

Conductor 
No.. size 

4/C 016

No of 
Strandr 

7

maximum* 
Nominal Thickness* Outside 

Insul Jacket Diameter 
mils 'il s Inches 

.5 
20 45 .525

r.1FC' 11

FROM

Cable Requirement 
Sheet No. 21

Svmbol

Item 
No.  

D68-1 
D68-2

Quan 
Feet 

7,500 
5,000

a

13/H 
No.  

D10-52-

I1

_ýb I el 018
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,et No. I of 2 (COA)

(WED) 7. 1I'01 15r32/ST. 15: 
EIECTRIC CABLES __.____-___ -z__ -'____ 

PART ONE - SPECIFIC REQUIREMENTS Issue Dare: •Cb.dLj 

Rev. 1: 4/29/74 
Rev. 2: 5/2Z/74

- COA
'U

Coaxial Cables 

Pressurized water Reactor - power Range and Start-UP 

Range Detectors Inside Nuclear Containment Vessel 

Process Radiation Monitoring Instrumentation, NESCR 

conditions a,b,c,d.

Low noise type RG-59/U and RG
with MIL-C-17 and specified as

71"'B/U, in accorda,ýU follows: 

RG-71"BfU

physical Characteristics

1) conductor 

2) Dielectric 

3) Shicld

0 ) Jacket 

5) Noise frcc 
treatment 

6) Cable outside 
diameter

El~cctrical Charactcristics 

1) Impedance 

2) Capacitance 

3) Dielectric Strength 
(Bet. cond. & shield) 

4) Operating Voltage 

5) Insulation 
Resiscance

#22 Awg stranded tin coated 
copper 

Treated for high temperature 
and radiation 

Single copper braid, having 
coverage not less than 90Z 

Plame resistant polyolefin 

radiation, cross-linkednon
corrosive (Flamtrol) 

.242t .008

62 ohms R1

25.7 pico F/ft nominal 

7000 volt 1Is 

2300 volt, R'.s, max.  

o012 ohm/1000 ft, minimum

R1 

Rl

#23 Avg Coppef clad steel
F.

Same as forRG-59/t 

Tinned copper, doub: 
braid

R1 Same as for RG-59/U 

.2724-.010 

9j ohms 

13.2 pico F/ft nomi 

2000 volt Fs 

1 000 voltns, xmax, 

1011 ohm/1O000fa

Corona initiation 
volts

2.3 kV (a-c) 
Ninicnlun1

1.0 kV (a-c) minimum

12

•oup GI

,plication

,iS gn

RG-591U/

6)

(I

A
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"FROM (WED) 7. 11"01 15:32/ST. 15:27/NO.4862005115 P ?0 

PART ONE - SPECIFIC REQU1TRE.-NTS Issue Date: Feb.12,1974 
R2- 5/22/174 R9: 7/31/75 

"" ts: InSulation resistance shall be measured between cable shield 

and center conductor w4ith General Radio CR 1230A electrometer, 

vith a CR 1230-Pi component shield applying a 9.2 d-c volt.  

Other similar instruments may. be used, but voltages greater 

than 10 volts d-c shall not be usod. Charging time for the 

cable shall not ex:eed one hour. Prior to testing dielectric 

shall be cleaned with a 200-proof denatured anhydrous alcohol.  

All measurement shall be made under standard conditions of 

temperature, pressure, and humidity.  

* Seller to furnish indicated data.

- 01 

.21 
0* 

�j 'C.  
.1 
01 O*

.LI 

43 

a .0 
"-l ai.

r= -4 

:3 '

z 

-fi

~JIZ

'4" 
0 *0 

I.W 

.- 4 A 
cinv 

a-L 

U4~ ''

-4.  

-4 

N 

0 
-4

C 

;I 

CN 

'4 

'.4 

0 

""1 

-I% 

I .,

V4 

I0: 

S.

N 

in 
C%

C4

0 
U 
C 

U

C.) 

'_1

It

09
I t



L-2001-267 
Attachment 3 

Appendix A -Page 21 of 28 

(WED) 7. 1 1*01 15:32/ST 15:27/NO. 48620051 15 P 21

C Requiucinent 
.cctO.1

Group M22

Contlucloo

ji0suuallook 

I iIIUl136611 
TlackicL&cu 
Color Code' 
cablin7: 
JscLkCf 

9Trits

EtASCO SPECIFICATION 211-73 Profrci Ilde*ssritcijsoi
ELECTP IC CA ISLES No. -FUf-8770-292 K~ 

PART ONE - sMCIFIC REQLV1REMENTS Issue Date: 4/29/74 
R0-: 5/22/74 P.G: 2/4/ 
R2- 71171.74 Rs 8/2C.  

XLP4 600VoIls R.3: - 8/13/74 R9: 9/1S1 

Mulipl Coduior 60 Vo, onskid~dCouroIC~le aidLo~ R5: 1115175 RIO: 10/` 
Niulipl Coducor 60 V~t ''onh~cdi~ Cotro Caliaid o-%r Eivrg Powqr Circuir.,.

*For z-c und d-c comnrol. r:j~y and jiIstruilk,il, IcUIIjj... Md ýIe-ctvd ink% L.Iwr~y pociwr circu;1% 

uisderpourtJ zflJ above;,ound :pplicztioei ;n wct or iry 1orziiioa' .Jnd direct I1-urL&J s 

NESCR couditioa~si a,b~c, d.  

*ClassB.I concesittic sttndcJ.7 stfrid. a stchj .AA -tinned .5opper per .ASTMl 333 2n 
AS.TM B 8; IPCL'. S-66-324. Psi: 2.  

*A separator snay be Stied to prvn iiatdjiion fr sti kimig to the~ :ouiducr of to rc w i 

insulation from bruist c-.%rudrd istao the strsnds. If iny6r rspc is uw~J. it s~hould have -a %Iwhtc 

color.  
M Fani ;ritn the iosrrt polrethyleiit ,Iacc~nj r!ectruica wiA physi;cal 

requitrmcelis or IPCEA S-66-524. The insulation is suitable for cowitiuuI.~ opersaoimat 52 

*coinductor ocitpctaturr not tri cxcerd 900C 19g4%F). Tltc buaiv~dual iu.uI.S:Cd coaaduclor%.  
slialI meet the IPCEA S-614102 vertiiCl flainc. Irs (plituzia:; to nievc 11Isnw tcci ISO( 

v oialue - 6OU-011 =~l 30 mails.* 
. Color coded ii .accordimaac -4h IPCEA S.61-402. Paragrsipl 5.G3. Mctho4 I ^picn..1Litios,.  

. Csb~cc round -i.I. iýkrs -td 6iendvr tzpv -bich arc I1~asic rcsifltaoa and ftoe~hv~roccepk.  

. Black hc~vy duty' ntcprci%,: jcIxat narctiin! the phaysical rcquirccIrilt, of ASTM 0 7i2 5 Jrt 

.,,arsph 4.1.3.3 of IPCEA S-1 9-8 I with timicLitsrs in accorJdmcc ..iih Txhdk 4-1 or 

I PCF.A S- 19 -31.  

. All tests %hall meetr 2ppi~cuble requirenicrsiS of iPCEA S-66-524. Pron ofranerthis.4 NESCR 
condit'son. is rcc~uired.  

is.. is not 

. seller to futialul. illdic~a:cad isc:.

R2

Ite= Qtuan 
No0. Feet

DS25 20,000

D52Z-4 135w 0-00

D532-6 
b32-7 
'D52 -8 
1252-18

5,000 
53000 

57,500 
250, 000

D52-9 20,000 

1252-10 65,000 

D252-15 50.000 
D252 -1 50)000 
jn 219 6,000 

2.'25,000o 
100.000 

Irsgiation thicknes3

Conductors 
No. Size

Nontinal Thuickness 
No. of Imaul J.1c kC t 
Str2rads *I?.i . Miii

Ma aillluns* 
Outside 

13iaimcter 

lncha-s
BA)M 

No.

3/c -112 7 .69 DIO-31. ' 

2/C C12 7 .5 D16-40 /' 

7/c imr12 7 71 h DO-42~ 

'"1C V--12 '1.81- D1O-43b., 
5/c :-F16 7 .52 D310-4-47ý.  
21c %-r!16 7 D23-12 ~ 

2 /c MO0 7 Dl3-3 K( 

.S/C ^12 7D13-7 Y'

9/c a16 7 D23-101.  
5/C 0- 6 7 D_1Y

2/c VI10 
2/c A~16 

!or Items D52- 8 ,

7 

15, 16 ar.d B/2'- 120-4S is 15 oil$
D1 0-46'

R1

R1 

P.3

I
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FROM ~3rii mwl 

SCmmINo. 1

___ SvinhI XLJ'SN (1) 

crouWitp~ TwisteJ 
ication

Patirs 

0

I~tscu 11~~~t~ 15: 33/ST. 15; ?,ýVO. 
4 8 1300

5 11
5 P,,22 

I C.IC: AIt:Ii. i:S -No. FLO-R*/70-2,''12 K 
pARLT ONE: - SilIl2.01J c tutlIMNr ±usue MILL!: 1111~JIlt 

Rl: 5/22/714 

Tt2: 7/17/71; 
R7: 3f/Y/75

Pairs and Conudctors 300 Volt Inst~rumefltation. C61LWIlUi

and Comuputer Iniput Cable.
R7?

AppmIficatC- For sindirrmrriimnd 311d 21,m(ivr~roI&1J ian wetz or dry locatiouns jad direct burial~ -NESCRt 

CU11jurtor C121 It. mcoflwreii,: immsimJj. 7 imrjoirdt. joircimxad tinned copper con~ductors per ASTrk B33 
anmd ASr.A1 It H. 1!CCA S-66-524. Pits~ 2. For tcle'i~nmmc rxtctmuon ilr uic III Aw5.  

Sopimr~sior A sepsatmor inj 1-c u~.,J to prvvt issl a front stickingi, mut th osiducgo or to1rea, i 

intosabtiomi front Lriotr iritmmJv3 tt i~ists th Stralds. 11' M) lz tape~ i% Uad. it imuusid have~t a whmim, Cour.  

.lsblo 25 NMil mzmnoiimnal vf i1jiam, frm~islant cros-i,1i43r therntrmtic:all; jruiycSi')IlVtc mn111eim¶n e~le~ctical .11IJ 

phmystca etlaoiiucmeIisuti ta II'CEA 54 8 &.3'4. Tla ,imuiticott it su'laihl(cofr cc !imrnuoua opcramuaa 41 

conductor acmnjPcr~turc 110t tu C.CmCCd 9OCJ 94). -nw i.,itjiidual mirntdlted coiJuc:,nrs &6ij1 

mnir tltc II'CCA S.61-102 tertkica Illstc test (paxmiwiet. to rnicc fl3sn tet~s not accrptiblei.  

Twhtmr PAirt (reaclo pair imu1livimluIIy shaicJcd) 

C:lut Codr orrnat i~cIau.t PA 1ij Additiosrnz1 pairs s-hall be color coded per 

/Conducter rjrrarartapm 7.4.5.3 of IP1CEA S.&I.402 by Meth~od I (Iligmcmmiitium). 1.  
/ConducYors d to a inuxinstine lay of' 2 .42 inches.F? 

Iteddiiig Tape Twuim-.rd pair so 1wn wriprpd kvitii numn (1) mail slaick nivlar taipe.  

Dtraim Wite C lamss It, 7 %-:ramls. mmaIlintdcopper drain. wire (Not lens than two At~g -Z.2 

si~ze sniallcr than cho insulatcd conductors) to be laid spirally 
with the samec direction and Izy as thc twis~tcd pair.  

sIt;cJd;otg T31ic . o 100Pt-cett covenUrg of ! 2 .0 Tmit A4lun-rny ar with =eta1l.ic face of tnpe -l 

in continuous contact uith the drain wire. 'The tv:isted pairs S1h.111 
be isolated from cvzch ocher by applying an adtdition tap-- over the 
the-indi vidual:p rs

ýCablinC 

jacket

-rairs, to be cabled round with fillers and binclcr tape vihich a-rc 

flame rc~istant znd nonhy--roscopic.  
BlDack hecavy duty neop'rene jachct vreeting the physical requiremenfts 

of-.AST'I D 752 -nP~ 4.13.3 of i~cEA 51-lwith thickness in 

accordanice withl 1Tablc 4-JS of IrCZA S-1.9-81.  
- All test:- zhall be in accordance with IPCZA sf-60524. rroof of 

*meeting YC! conlitlon is required.  

Seller to furnish indicated *data. is~mm

Crolid.acicr No. or Intui Jacket 12..uinctcr B11/f 

Inichest No

D,61-2- 10,000 1

Dri - 3 40,000 

1,61-4 151000 

1,61-5 25,000 3 
Z.&Do 

Isulztioll to lie 30 mil~s

I;

1 11

I 
1C 
3

PIG 

4 22

.7 -.41. DIO0-51
#IGr 7

7 

7 

7

D1,0-7 
D4 -6

R1.  

R7 

r. 7

4 /C Tw cS hic-3kic C-m1e

V'j;r .1.0- *

V it

Item 
No.

Qua No.



FROM

Sheet No. 2 

Symbol - MCCC (600V)

Group D52 

Application 

Conductor 

Insulation

Color Code 

Cabling 

Jacket 

Tests

- Multiple Conductor - 600 Volt Nonshielded Control Cable and 
Lower Energy Power Circuits.  

- For ac and dc control , relay and instrument circuits, and 
selected low energy poaer circuits underground and abovezround 
application in vet and/or dry locations and NESCR condition(s) 
a,b,c,d.  

- Class B concentric stranded, 7 strands, tinned copper per ASTH 
B33 and ASTh BS, IPCEA S-66-524, Part II1 

Flame resistant insulation suitable for continuous operation 
at a conductor temperature not to exceed 90 0 C (194°F). The 
individual insulated conductors shall meet the IPCEA S-61-402 
vertical flame test (painting or spraying to meat flame test 
nor acceptable). See Table Sheet 2a. page 6 for dimensions.  

Color coded in accordance with IPCEA S-61-402, Paragraph 5.5, 

Method 3 (printed color name and number).  

Cabled round with fillers and binder tape which are 
compatible with other components of the cable.  

Black heavy duty flame resistant jacket. See Tablm Sheet 2a, 
page 6, for dimensions.  

As per Paragraph 6, Part II of this Specification. Proof of 
meeting NESCR condition is required.

5
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(WED) 7. 11' 01 15:33/ST. 15:27/NO. 4862005115 P 23 

Xbasco Specification 
Electric Cables 
Part One - Specific Requirements 
Project Identification No. rL0 2998.292 

Issue Date: 10/28/77 

Cable Requirement

IR

I



Pd:..'oe- Spec1.~Lc Requi~eugentq 

Project Identilic.tlon No. FLO 2998.292 
Isaue Date: 10128/77 
Cable Requirement 
Sheet Ho.2a

Conductor 
ho. Size 

7/G 010

No of 
Strands 

7

minimum 
Average Thickness+ 
Insul Jacket 
Hil4 6ils 
40 65

Outside 
Di ameter44 

Inches 

.76

I)52-O2 8 (7 ,()* O 

052-0) 171*o0o

0)52-04 22 ,*(( 

D52-05 62 .UUO

** 052-016 bb6.0(0l 

052-07 236.000

5/C 010

2/C #10

12/C: 012 

9/C 112

7/C 012 

5/C 012

7

7

7

a40

40

40

7

7 

7

65

50

80 

80

40 65 

S0() 65

-6-

KeV iv: '314

BIn 
No 

1152-(01 1 4 1(500

"0

.70

.53

t.J 
t4

.99 

.89

1'1 

0 

a) 

IJ 

an 

"*1

.69 

.64

"(D 
23 x 

-U 
(D 

0.  

3>0 

0 CD "h M 
K) -4-• 0

S• llJ I III I I I

J

I
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IWED) 7. 1 "01 I5:33/ST. 15:27/NO. 4862005115 P-25

Cable Requirement 
Sheet No 2(1 of 3)

Symbol

EIASCO SPECIFICATION 211-73 
I ELECTRIC CABLES 

PART onE - SPECIrIC REQuiRaw~Ts

Project Identification 
No FLO-2998-293AA 
jssue Date: 11/2679 

Rev. 4: 8/19/80

INSTS

Group D61 Twisted Pairs 600 Volt Instrumentation, Communication 
and Computer Input Cable.

Application 

Conductor 

Insulation

Color Code

0

Pairs 

Quad 

Bedding 

Drain Wire 

Shielding Tape 

Cab ling

Suitable for use'in alternate vet and dry locations in 
e~xpofedoconuits 6 trays, and underground ducts. NESCR 
cond tion(s) a.-S c, d1 

Class, B concentric stranded, 7 strands, tinned or alloy 

coated copper per AS2I B33 and ASTM -38. IPCEA S-.§6-524 
Part 2.  

R2 

Kerite Type FR-Il thernoaetlng insulation shall be suitable for 

continuous operation at the cunductor temperature not to exceed 9O0C.  
It shall be radiation, heat, flame, and moisture resistant, meeting 

the electrical and physical requirements of applicable Kerite R: 

Standards. Twisted Pairs (each pair individually shielded). The 

insulation resistance measurements shall be provided between conductor 
to conductor and conductor to shield during all conditions of the R: 
NESCR 

One pair ahall be color coded "white" and "black". Additional 
pairs shall be color coded per Paragraph 7.T4.5.3 of IPF.A S-61-4C2 
by Method 3 (Printed color name and number).  

Quad shall be color coded "black"."white"."red" and "green" and 
other conductors of the composite cable to be color coded per R, 

ICEA S-61-402 in accordance with method 3 (Printed color name and 
number) table 5-1 omitting '"olack"."white","red" and "green".  

hulticonductor cable shall be color coded per ICEA S-61-402 in 
accordance with method 3 (Printed color name and number) table 5-1. R4

Twisted to a maximum lay of 2 inches.  

Twisted to a maximum lay of 6 inches.

Twisted pair/Quad will have an extruded 10 cil polymer layer

Solid 0.0262 in. tinned copper drain wires. The number of wires 
used shall be equivalent to not less than two AWC sizes smaller 
than the insulated conductors (4 for #14 AWG conductors, 3 for 
#16 AWG conductors) and shall be laid spirally with the same di
rection and lay as the twisted pair.  

100 Percent coverage of 2 mil aluminum-mylar with metallic face 
of tape in continuoas contact with the drain wire. The twisted 
pairs shall b!e Isolated from each other by applying an additional 
6 mil glass-mylar tape over the individual pairs.  

Pairs to be cabled round with fillers and binder tape which are 
compatible with other components of the cable. Their presence in 
the cable shall aot adversely affect the completed-cable specified 
flame resistance or water absorption properties.

R4

• R2,R-

R2 

R2 

R.2 

R2

,J.

FROM:

R4
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Cable Requireuwfnts 
Sheet No2 (2 of 3)

(WED) 7. " 15:33/ST15-27 .486201 P 26 rBASCO SPECIFICATION I1 -7 ro e dent fc at n 

ELZCTRICAL CABLES No FLO-2998-293,AA 
JLua 1.at*e: LIA01 17

/ev 2 8 J81 
Rev 9: 12/29/81 
Rev 12: 5/20/82 

Overall Drain Wire: Same as drain wire when specified Rev 14: 7/2/82 
Rev 15: 7/8/82 

Overall Shielding Tape: Same as shielding tape when specified

Overall Jacket 

Tests

Kerite type FR self extinguishing radiation, abrasion, oil 
and moisture resistant thermosetting jacket meeting the 

physical requirements of applicable Kerite Standards. The 
water absorption characteristics of the jacket shall not 

exceed 20 mg/sq in. when tested per IPCEA Cravimatric 
Method.  

All tests shall be in accordance with Paragraph 6. Part 11.  
Proof of meeting NESCR condition Is required.  

See attachment 1 sht 2 

Retyped for clarity

R4 

R4 

R2

-7-

N

FROM

R16 

0 

9
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Project Identification 
No. TIO-2998-293AA

(WED) 7. 11"01 1 5:33/ST. 15:27/NO. 4862005115 P 27 
Rev 16: 10/6/82 
Rev 17: 1115/82 

ATTACHHaNT 1 Rev 19: 4/18/84

CABLE GROUP D61

Quan 
teet

50.000

No 
Pairs 

1

Conductor 
Size 

#14

3

330.000 2 

:10,000 3/C 

900,000 1

5,000 

10,000

3/C 

12

15,000 4/c 

7,000 4

5,000 
1.000 

1,000 

3.000 

1,000 

10,000

16/C 

48/C 

24/C 

5

.16

It 6 

014 

016 

016 

P16 

0 16 

016 

#16 

t16 

#16 

F 16

No. of 
Strands 

7

Nominal Thickness 
Insul. Jacket 
Mils Mils 

-++40 50

Maximum* Outside Reels 

Diameter Reel Length 

Inches B/M No. Feet* 

0.51 D61-01/ 5,000

' ' '1-12, 14-36 

D61-01/13 

7 +30 65 0.77 D61-02/ 
I to 10 

7 +30 65 0.73 D61-03/ 
1 to 66 

7 +30 so 0.45 D61-04/ 
1 to 36 

7 +30 50 0.43 D61-05/ 
1 to 193 

7 ++40 50 0.53 D61-06/1 

7 +30 80 1.27 D61-07/ 
1,2 

7 +30 50 0.51 D61-08/ 
1,2,3 

7 +30 65 0.84 D61-09/1 
D61-09/2 

7 30 65 0.805 D61-10-1 

7 30 80 1.32 D61-11/1 

7 30 80 1.016 D61-12/1 

7 30 65 0.754 D61-13/1 

7 30 65 0.86 D61-1411 

7 30 65 later D61-15/ 
1,2

1,000 
5,000 

5,000 

5,000 

5,000 

5,000 

5.000 

5,000 

5,000 
2,000 

5,000 

1,000 

1,000 

.3,000 

1,000 

5,000

! D61-04 and D61-06 are shielded twisted triples cables 

H! D61-08 is a double overall shielded tvisted 4/C cable. Each shield Shall have 

individual drain wire with insulation between shield.  

O*ertical Tray Flame Test to be performed on this cable to qualify all cables of this 

* group. The tesc shall be as per paragraph .6, Part 2.

-2-

B/M 
No.  

?~t.,-nif

D61-02 

D61-03 

D 061-O0 

*AD61-05 

0,1-06 

D61-07 

! :D61-08 

! 3D61-09 

!T:6l-l0 

! !D61-11 

! !D61-12 

D61-13 

D61-14 

D61-15

136 000 1
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(WED) 7. 2 1'03 15:34/sr. 2 5:27/No. 48620051215 P 28

a ,* esas-uprg n

Expimratio:

72:4I1l7 
1 12M!0 
12;i2Dmo ,

Ta: FLORIDA POWER & LIGHT

Atm: SISVE FRISCHING

17'2 Sterhing Suz-..  
C1 Cimn oMA 0.1.510 
Tel: 978I36S-633l 
T=x 97R/3165-4054 

For: 

Tel: (973)365-1220 Vaice (97S)365-1=rs

We we vlev1a7 to crrt~ ;m :he (oigL o _____________ 

NA Qady Produc fDevery Price Wi.-A 
It I Codmet D____ fescription ARC Wks 9Pe f Per A 

1 5000 I N/A 12C -012 7tT.C_ .03 0 l 4-16.W's S3,o&&oo 368 
Kininý !0 CSEpaC~b~rd 
~JM ~ with RIMl~ Mylar WzzIp, 

lrnrrlocked Galvaniztd 
t~c~ IStec! A~or, Orvcrafll60 

Mi HypC a JkI 600V I_____ ____ 

2 2. Jz00' NIA 2C 46 71.C...043 14 -16 W-k- S6,0S3.00 790 
'XLPF'.0S-0 CSPE1 Caboled 
with Fillers. Mylar WT~p, 
intcrloctkd Galvanized 
Stteel Axinor, OvemU .80 
NU Hly~aionJkt 600V 

_____ _______90 C

A.doucwanjr'iotr3 Cci La Z-nakBOV-r LI t:M QjU07---.ARZNU-CEAR CLASS MB RA-TEED CAB-LE JAC)KFT3 TO 
BE INK PRINTED -NOT DMEN IYEMOSSED ?RPhTM.D

"MIircium Order: 
Tulemnjces
'T rms O PAN"Menc 
Ouota VaIjidicr 

P rigt&1 TE-ator: 

C ikdTest Dam: 

Cimiaft CbUres:

TenHU and COlddiOILT (Or OUMrTiopis 
sS;00.00 
Shipping =n4 -Len~ih Tolerzaee. Plus I0 OF. \uia. I o% 
'Nt 30 DMay Peding C~ndi A~proyal.  
30 DaV5 
Llnk.=- wherwi-c specified b-tin. qtcis ii bastd on Jonc±~r htngt's possible.  
Mrien wi' kC subject Lo cd4jus--nent C' -e cf Skiprcnt -For chann-es ir the cos~t a,-* 
.Opp ar ` SODg2 per ;onnd Comm.  
M Fir= Pncz-.rfrr !me~i~e S:Oek Ordr an& Shirmcan.  
POD C*Ule curfhnt o. Wanhouse, lavrr cost hieht s~lowed io dcia~n ia th : = 
Alasa a.nd X-aff~ for shid~mcriov~cr .100 pouncid 
If required. =4 45S0 pa or'der. plus S-7. per line item.  

1L~ JC../C 1C- It 1./c & Over 
9 AWO Smaller 120 S-0 S40 S50 
RAWG.2AWG 30 '60 
I AWG -410AWG 45 90 
2S5 MM 4 J,.acr *7S 200 

L:aglh 2,01iD wul Smle 510.90 Kash~pinj rel.-L 

I L - - * rwirfl 'A C*'

0

1'.4 rICV *r"
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Thermal Material Properties used to Calculated Temperature Response of Target Cable 
Tray System to Incident Heat Flux 

BL. Thermal Conductivity 

The thermal conductivity for steel as a function of temperature is shown in Table B 1.  

Because the failure threshold for the cable jacket material is less than 400 'C, the thermal 

conductivity of the copper and PVC jacket material are essentially temperature independent in 

this analysis.

Copper [Holman. 1990]: 

PVC [Marks, 1996]:

386 W/m-0 C 

0.17 W/m-0 C

Table B 1 - Temperature Dependent Thermal Conductivity of Steel [Abrams, 1978] 
K k ] k k 

T (°C) (W/m 0C) T (°C) (Im. oC) T (OC)0 (W/m-°C) T (OC) OV/m.oC) 

20.0 46.02 316.0 42.75 649.0 32.84 816.0 29.03 
38.0 46.02 371.0 41.04 677.0 32.1 843.0 27.15 
73.0 46.4 427.0 39.45 704.0 31.42 871.0 26.40 
149.0 45.73 482.0 37.82 732.0 30.92 899.0 26.73 
204.0 44.76 538.0 36.44 760.0 30.45 927.0 26.78 
260.0 43.84 593.0 34.73 788.0 30.0 1038.0 27.74

B2. Thermal Heat Capacity 

The thermal heat capacity for steel as a function of temperature is shown in Table B2.  

The thermal heat capacity for PVC as a function of temperature over the range of interest is 

shown in Table B3. The heat capacity for copper is essentially constant of the temperature range 

expected in the cable core.

1 of 2
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Copper [Holman, 1990]: 383 J/kg-0 C

Table B2 - Temperature Dependant Heat Capacity of Steel [Abrams, 1978] 

T (OC) CP T (°C) CP T (°C) CP T (OC) 
(J/kg-°C) (J/kg-OC) (J/kg-°C) (J/kg-OC) 

20.0 467 316.0 558 649.0 777 816.0 568 

38.0 471 371.0 580 677.0 810 843.0 535 

73.0 484 427.0 606 704.0 1098 871.0 522 

149.0 501 482.0 641 732.0 1410 899.0 533 

204.0 518 538.0 690 760.0 1012 927.0 568 

260.0 536 593.0 736 788.0 727 1038.0 584

Table B3 - Temperature Dependant Heat Capacity of PVC [Marks, 1996]

B3 Density

The density for the steel, PVC, and copper is constant of the temperature range 

considered.

Steel [Abrams, 1978]: 

Copper [Holman, 1990]: 

PVC [Johnson, 1994]:

7800.0 kg/n 3 

8954.0 kg/m3 

1500.0 kg/m3

2 of 2
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Cable Tray Fuel Load Calculations

1 of 21
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Cable Tray ID 

Cable Type 

Outside Diameter (inches) 

Insulation Thickness (mils) 

Jacket Thickness (mils) 

Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area 

Total Volume of Jacket (m3) 

Total Volume of Insulation (M3) 

Total Combustiable Volume (M3)

Total Mass of Jacket (kg) 

Total Mass of Insulation (kg) 

Total Combustiable Mass (kg) 

Number of Cables Rx: . . ..... ..  

Total Width of Cables (m) 0.502

M100 
,A-1/ir. A/iN

XLPP

0.020904 meters 

0.001397 meters 

0.001143 meters 

16459 meters

0.0104521 m 

0.000343208 M
2 

7.09593E-05m 2 

7.55805E-05 m
2

1.167934 

1.243994 

2.411928

1683.9 

1149.9 

2833.9

Insulation Material 

Insulation Density (kg/m 3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/M 3) 
Jacket Heat of Combustion (kJ/kg)

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustiable Mass per meter (kg/m)

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 
Combustable Fuel Load per meter per cable (kJ/m) 
Combustable Fuel Load per meter (kJ/m)

0.1023 

0.0699 

0.1722 

1836.4 

1662.8 

3499.3 

83982.6

2 of 21
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Cable Tray ID 

Cable Type 

Outside Diameter (inches) 

Insulation Thickness (mils) 

Jacket Thickness (mils) 

Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area 

Total Volume of Jacket (m 3) 

Total Volume of Insulation (M3) 

Total Combustible Volume (me)

Total Mass of Jacket (kg) 

Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 
Total Width of Cables (m)

C1100 
7/C #12

0.018796 

0.000762 
0.001524

XLPN

meters 

meters 
meters

22860 meters

0.009398m 

0.000277473 m
2 

8.26947E-05 m
2 

3.58749E-05 m
2

1.8904 

0.8201 

2.7105 

2725.6 

758.1 

3483.7

Insulation Material 

Insulation Density (kg/m 3) 
Insulation Heat of Combustion (kJ/kg) 

Jacket Material 

Jacket Density (kg/m 3) 
Jacket Heat of Combustion (kJ/kg)

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m) 

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter 
(kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

0.1192 

0.0332 

0.1524 

2140.2 

789.3 

2929.4 

11717.7........... ......  
..... X.4 ...............  

. . ................  ............ X : ..  .. ............  

0.075
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L-2001-267 
Attachment 3

Cable Tray ID 

Cable Type 

Outside Diameter (inches) 

Insulation Thickness (mils) 

Jacket Thickness (mils) 

Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

C101 
I/C #12

0.0127 Meters 

0.000762 Meters 

0.001143 Meters 

67056 Meters

0.00635m 

0.000126677m
2 

4.14993E-05 m
2 

2.31059E-05m
2

XLPPP 
Insulation Material 

Insulation Density (kg/M 3) 

Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/M 3) 

Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (m3) 

Total Volume of Insulation (M3) 

Total Combustible Volume (M3) 

Total Mass of Jacket (kg) 

Total Mass of Insulation (kg) 

Total Combustible Mass (kg)

2.78278 

1.549387 

4.332167 

4012.2 

1432.3 

5444.5

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m) 

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

N um ber of C ables ................ 4.................  

Total Width of Cables (m) 0.051

4 of 21
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0.0598 

0.0214 

0.0812 

1074.0 
508.3 

1582.4 

6329.4



L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area 

Total Volume of Jacket (M3) 

Total Volume of Insulation (M3) 

Total Combustible Volume (m3)

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 

Total Width of Cables (m)

0.0127 meters 

0.000762 meters 

0.001143 meters 

67056 meters

0.00635m 

0.000126677m
2 

4.14993E-05 m
2 

2.31059E-05m
2

2.78278 

1.549387 

4.332167

4012.2 

1432.3 

5444.5

XLPN 

Insulation Material 

Insulation Density (kg/m 3) 

Insulation Heat of Combustion (kJ/kg) 

Jacket Material 

Jacket Density (kg/m 3) 
Jacket Heat of Combustion (kJ/kg)

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m)

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 

Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

0.0598 

0.0214 

0.0812 

1074.0 
508.3 

1582.4 
6329.4

0.051
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L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

r•/ Ar

0.013208 meters 

0.000635 meters 

0.001143 meters 

56693 meters

0.006604m 

0.000137014m
2 

4.33235E-05 m
2 

2.05217E-05m
2

XLPN 

Insulation Material 

Insulation Density (kg/m 3) 

Insulation Heat of Combustion (kJ/kg) 

Jacket Material 

Jacket Density (kg/M 3) 

Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (M3) 

Total Volume of Insulation (M3) 

Total Combustible Volume (mi3 )

Total Mass of Jacket (kg) 

Total Mass of Insulation (kg) 

Total Combustible Mass (kg) 

Number of Cables 

Total Width of Cables (in

2.45613 

1.16343 

3.61956 

3541.2 

1075.5 

4616.7

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m) 

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter 
(kJ/m) 

Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

0.092
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0.0625 

0.0190 

0.0814 

1121.2 

451.5 

1572.7 

11009.0



L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

5/C #16

0.013208 meters 

0.000635 meters 

0.001143 meters 

56693 meters

0.006604m 

0.000137014 m
2 

4.33235E-05 m
2 

2.05217E-05m
2

XLPPP 
Insulation Material 

Insulation Density (kg/m 3) 

Insulation Heat of Combustion (kJ/kg) 

Jacket Material 

Jacket Density (kg/m 3) 

Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (M3 ) 

Total Volume of Insulation (M3) 

Total Combustible Volume (M3)

Total Mass of Jacket (kg) 

Total Mass of Insulation (kg) 

Total Combustible Mass (kg) 

Number of Cables 

Total Width of Cables (m)

2.45613 

1.16343 

3.61956 

3541.2 

1075.5 

4616.7

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m) 

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter 
(kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

0.026

7of 21

0.0625 

0.0190 

0.0814 

1121.2 

451.5 

1572.7 

3145.4



L-2001-267 
Attachment 3

Cable Type 

Outside Diameter (inches) 

Insulation Thickness (mils) 

Jacket Thickness (mils) 

Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area 

Total Volume of Jacket (M3) 

Total Volume of Insulation (M3) 

Total Combustible Volume (m3)

Total Mass of Jacket (kg) 

Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 
Total Width of Cables (m)

0.010414 

0.000635 

0.001143 

67056

meters 

meters 
meters 
meters

0.005207m 

8.51775E-05m
2 

3.32907E-05 m
2 

1.49479E-05m
2

2.23234 

1.002344 

3.234684

3218.6 

926.6 

4145.2

XLPPP 

Insulation Material 

Insulation Density (kg/m 3) 

Insulation Heat of Combustion (kJ/kg) 

Jacket Material 

Jacket Density (kg/M 3) 

Jacket Heat of Combustion (kJ/kg)

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m) 

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter 
(kJ/m) 

Combustible Fuel Load per meter per cable (kJ/m) 

Combustible Fuel Load per meter (kJ/m)

:::: :::..........:::: ... .....  

...... .... ......... ...... ...... .... . . ..  .... .4.....  

.. . .. . .. ... . .. .

0.0480 

0.0138 

0.0618 

861.6 

328.9 
1190.4 
5952.2

.,................ ........ .,......,...,.....,.  

0.052
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L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

2/C #16 .041iiiiii i iii~iiiiiii~i 

.. 2..... 0...................

0.010414 

0.000635 

0.001143 
67056

meters 

meters 
meters 
meters

0.005207m 

8.51775E-05 M
2 

3.32907E-05 m
2 

1.49479E-05m
2

XLPN 
Insulation Material 

Insulation Density (kg/M 3) 

Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/M 3) 

Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (M3) 

Total Volume of Insulation (M
3) 

Total Combustible Volume (M3)

Total Mass of Jacket (kg) 

Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 
Total Width of Cables (m)

2.23234 

1.002344 

3.234684

3218.6 

926.6 

4145.2

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m) 

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter 
(kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

0.010

Combination of Cables 
Total heat of combustion energy per meter (kJ/m) 
Total Width of Cables (m)

33956.0 
0.283
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0.0480 

0.0138 

0.0618 

861.6 

328.9 
1190.4 
1190.4



L-2001-267 
Attachment 3

Cable Tray ID 
Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

LI 01 
RG-59/U

0.006147 meters 

0 meters 
0.002438 meters 

6096 meters

0.0030734M 

2.96748E-05 m2 

2.8408E-05 m
2 

0m 2

COA 
Insulation Material 
Insulation Density (kg/m3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/m3) 
Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (M3 ) 

Total Volume of Insulation (M3) 

Total Combustible Volume (m3)

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables .4. ........... ..  

Total Width of Cables (m) 0.025

0.173175 

0 
0.173175

249.7 
0.0 

249.7

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m)

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

10 of 21

0.0410 

0.0000 

0.0410 

1904.6 
0.0 

1904.6 
7618.3



L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

0.006909 meters

0 
0.00254 

2438

meters 
meters 
meters

0.0034544m 
3.74882E-05 m

2 

3.48615E-05m
2 

0m
2

COA 
Insulation Material 
Insulation Density (kg/m 3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/m3) 
Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (m3) 

Total Volume of Insulation (m3) 

Total Combustible Volume (m3) 

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg)

0.085006 

0 

0.085006 

122.6 
0.0 

122.6

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m) 

Jacket heat of combustion energy per meter (kJ/m) 

Insulation heat of combustion energy per meter (kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

Number of Cables 
Tnt~l Width nf CAhlI.. (m• 00D14

11 of 21

0.0503 

0.0000 

0.0503 

902.2 
0.0 

902.2 
1804.5

Total Width of Cables (m) 0014



L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

0.013335 
0.000508 
0.001143 

1524

meters 
meters 
meters 
meters

0.0066675m 

0.000139661 m2 

4.37795E-05 m
2 

1.68227E-05m
2

XLPSN (1-M/C) 
Insulation Material 
Insulation Density (kg/m3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/m3) 
Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (m3) 

Total Volume of Insulation (m3) 

Total Combustible Volume (m3)

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 
Total Width of Cables (m)

0.06672 

0.025638 

0.092358

96.2 
23.7 
119.9

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m)

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

0.013
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0.0631 
0.0156 
0.0787 

1133.0 
370.1 
1503.1 
1503.1



L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ift) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

0.00889 meters 

0.000762 meters 
0.001143 meters 

39014 meters

0.004445m 
6.20717E-05m

2 

2.78182E-05m
2 

1.39851 E-05m
2

XLPSMP (TE) 
Insulation Material 
Insulation Density (kg/m 3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/m3) 

Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (m3) 

Total Volume of Insulation (m3) 

Total Combustible Volume (m3)

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 
Total Width of Cables (m)

1.085312 

0.545621 

1.630933

1564.8 
504.4 

2069.2

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m)

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 

Combustible Fuel Load per meter (kJ/m)

0.027
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0.0401 
0.0129 

0.0530 

719.9 
307.7 
1027.6 
3082.9



L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

0.010414 
0.000635 
0.001143 

3048

meters 
meters 
meters 
meters

0.005207m 

8.51775E-05m
2 

3.32907E-05 m
2 

1.49479E-05m
2

XLPSN (1) 
Insulation Material 
Insulation Density (kg/m3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/m 3) 
Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (m3) 

Total Volume of Insulation (m3) 

Total Combustible Volume (m3)

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 
Total Width of Cables (m)

0.10147 
0.045561 

0.147031

146.3 
42.1 
188.4

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m)

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

0.021
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0.0480 
0.0138 

0.0618 

861.6 
328.9 

1190.4 
2380.9



L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 

Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

2/C #14 1-STP
0.0127 

0.000762 
0.001143 

30480

meters 
meters 
meters 
meters

0.00635m 

0.000126677 m
2 

4.14993E-05m
2 

2.31059E-05m
2

XLPSMP 
Insulation Material 
Insulation Density (kg/m3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/m 3) 
Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (mi) 

Total Volume of Insulation (m3) 

Total Combustible Volume (m3) 

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 
Total Width of 

Cables (m)

1.2649 

0.704267 

1.969167 

1823.7 
651.0 
2474.8

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m) 

Jacket heat of combustion energy per meter (kJ/m) 

Insulation heat of combustion energy per meter (kJ/m) 

Combustible Fuel Load per meter per cable (kJ/m) 

Combustible Fuel Load per meter (kJ/m)

0.025
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0.0598 
0.0214 

0.0812 

1074.0 
508.3 
1582.4 
3164.7



L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

H4/tl 41r, 1_•T-r

0.010922 meters 
0.000635 meters 
0.001143 meters 

21336 meters

0.005461 m 
9.36902E-05 m

2 

3.51148E-05m
2 

1.59613E-05 m
2

XLPSMP 
Insulation Material 
Insulation Density (kg/ma) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/ma) 
Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (ma) 

Total Volume of Insulation (ma) 

Total Combustible Volume (ma) 

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg)

0.74921 

0.34055 

1.08976 

1080.2 
314.8 
1395.0

Mass of Jacket per meter (kg/m) 
Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m) 

Jacket heat of combustion energy per meter (kJ/m) 

Insulation heat of combustion energy per meter (kJ/m) 

Combustible Fuel Load per meter per cable (kJ/m) 

Combustible Fuel Load per meter (kJ/m)

Number of Cables ......  

Total Width of Cables (m) 0.055
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0.0506 
0.0148 

0.0654 

908.8 
351.2 
1259.9 
6299.7



L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 

Jacket Thickness (mils) 
Cable Length (if) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

0.0127 
0.000508 
0.001143 

2286

meters 
meters 
meters 
meters

0.00635m 

0.000126677m
2 

4.14993E-05 m2 

1.58093E-05m
2

XLPSN (1-M/C) 
Insulation Material 
Insulation Density (kg/m3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 

Jacket Density (kg/m3) 
Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (m3) 

Total Volume of Insulation (m3) 

Total Combustible Volume (m3) 

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg)

Number of Cables
n n-nr

0.094867 

0.03614 

0.131007 

136.8 
33.4 
170.2

Mass of Jacket per meter (kg/m) 
Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m) 

Jacket heat of combustion energy per meter (kJ/m) 

Insulation heat of combustion energy per meter (kJ/m) 

Combustible Fuel Load per meter per cable (kJ/m) 

Combustible Fuel Load per meter (kJ/m)

IU IVjI 01I MUM UI 01II U.Uls .J
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0.0598 
0.0146 

0.0744 

1074.0 
347.8 

1421.8 
2843.7



L-2001-267 
Attachment 3

Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 

Cable Length (if) 

Outside Radius 

Total Cable Area (A3) C 

Jacket Area 

Insulation Area 

Total Volume of Jacket (m3)

Total Volume of Insulation (m3) 

Total Combustible Volume (m3)

Total Mass of Jacket (kg) 

Total Mass of Insulation (kg) 

Total Combustible Mass (kg) 

Number of Cables 

Total Width of Cables (m)

0.017145 

0.000787 
0.001524

meters 
meters 
meters

914 meters

0.0085725m 
3.000230869 m

2 

7.479E-05 m
2 

5.29238E-05 m
2

0.068388 

0.030106 

0.098494

98.6 
27.8 
126.4

XLPE 
Insulation Material 
Insulation Density (kg/m3) 

Insulation Heat of Combustion (kJ/kg) 

Jacket Material 

Jacket Density (kg/m3) 
Jacket Heat of Combustion (kJ/kg)

Mass of Jacket per meter (kg/m) 
Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m)

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

0.1078 
0.0304 

0.1383 

1935.6 
724.3 

2659.9 
2659.9

0.017
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Cable Type 
Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

2/C #16 TC 
(CA) 

0.00889 meters 

............ 0.000762 meters 

0.001143 meters 

. . . .. ... 8.......... 1 9 m eters 

0.004445m 

6.20717E-05m
2 

2.78182E-05 m
2 

1.39851 E-05m
2

Insulation Material 
Insulation Density (kg/m 3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 
Jacket Density (kg/m3) 
Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (m3) 

Total Volume of Insulation (m3) 

Total Combustible Volume (m3)

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 

Total Width of Cables (m)

0.050874 
0.025576 

0.07645

73.4 
23.6 
97.0

Mass of Jacket per meter (kg/m) 
Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m)

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 

Combustible Fuel Load per meter per cable (kJ/m) 

Combustible Fuel Load per meter (kJ/m)

0.018
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719.9 
307.7 
1027.6 
2055.3
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Cable Type 

Outside Diameter (inches) 

Insulation Thickness (mils) 

Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

2/C #16 TC

0.00889 meters 

0.000762 meters 
0.001143 meters 

39014 meters

0.004445m 

6.20717E-05m
2 

2.78182E-05m
2 

1.39851 E-05m
2

Insulation Material 
Insulation Density (kg/m3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 
Jacket Density (kg/m3) 
Jacket Heat of Combustion (kJ/kg)

Total Volume of Jacket (m3) 

Total Volume of Insulation (m3) 

Total Combustible Volume (m3)

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 

Total Width of Cables (m)

1.085312 

0.545621 

1.630933

1564.8 
504.4 

2069.2

Mass of Jacket per meter (kg/m) 
Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m)

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 

Combustible Fuel Load per meter per cable (kJ/m) 

Combustible Fuel Load per meter (kJ/m)

. .........  ..... 1: .............  
0.009

0.0401 
0.0129 
0.0530 

719.9 
307.7 
1027.6 
1027.6
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Cable Type 

Outside Diameter (inches) 

Insulation Thickness (mils) 
Jacket Thickness (mils) 
Cable Length (ft) 

Outside Radius 

Total Cable Area (A3) 

Jacket Area 

Insulation Area

0.0127 meters 
0.000762 meters 
0.001143 meters 

30480 meters

0.00635m 

0.000126677 m
2 

4.14993E-05 m
2 

2.31059E-05 m
2

Insulation Material 
Insulation Density (kg/m3) 
Insulation Heat of Combustion (kJ/kg) 
Jacket Material 
Jacket Density (kg/m3) 
Jacket Heat of Combustion (kJ/kg)

I

Total Volume of Jacket (m3) 

Total Volume of Insulation (m3) 

Total Combustible Volume (m3)

Total Mass of Jacket (kg) 
Total Mass of Insulation (kg) 
Total Combustible Mass (kg) 

Number of Cables 
Total Width of Cables (m)

1.2649 

0.704267 

1.969167

1823.7 
651.0 

2474.8

Mass of Jacket per meter (kg/m) 

Mass of Insulation per meter (kg/m) 

Total Combustible Mass per meter (kg/m)

Jacket heat of combustion energy per meter (kJ/m) 
Insulation heat of combustion energy per meter (kJ/m) 
Combustible Fuel Load per meter per cable (kJ/m) 
Combustible Fuel Load per meter (kJ/m)

0.038

Combination of Cables 
Total heat of combustion energy per meter (kJ/m) 
Total Width of Cables (m)

39187.7 
0.287
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0.0598 
0.0214 
0.0812 

1074.0 
508.3 
1582.4 
4747.1


