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Executive Summary 
Cable thermal analysis plays a critical role in system design. Cable thermal analysis is 
important for overheating, safety, cable efficiency, and extending cable lifespan. Cable 
thermal analysis is a module in ETAP which uses a U/G Thermal Neher-McGrath calculation 
method to determine the cable temperature and ampacity ratings. It employs a thermal 
circuit model to represent heat flow situations. For this module, it is assumed that the 
cables have been carrying a load long enough that the heat flow has reached its steady-
state. 

To run a cable thermal analysis in ETAP, we need to know cable sizes, lengths, insulation 
type, minimum coverage for cables buried in a conduit, and we need to know the type of 
soil and temperature it will be buried in. Once this information is obtained from the one-
line, cable schedule and with assumptions given from our client, we can create a study 
case for each cable we are testing. Once we have these, we can add the cables into the 
conduit and test the cables using the Neher-McGrath calculation method in ETAP. 

The cable thermal analysis module in ETAP was used to simulate a cable raceway system 
that can be tested at specified load conditions. The module calculations determined the 
temperature of all the cable conductors involved in a raceway system. The calculation 
method used to test the Ames BESS system used the U/G Thermal Neher-McGrath 
approach. It was assumed that the cables had been carrying the specified load long 
enough that the heat flow had reached its steady state. The simulation assumes worst-
case scenarios in its calculations. This approach calculates the cables based on user-
defined load factors, thermal resistivity, power factor, loss factor, and dialectical 
constants. 

 

 

Standards 
U/G Thermal Neher McGrath 

NEC 310.16 (Low Voltage) 

NEC 310.15 (Low Voltage Ambient Temperature Correction Factor)  

NEC 311.60 (Medium Voltage) 

NEC 300.50 (Minimal coverage) 
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Methodology 
For the cable thermal analysis on the Ames Battery Energy Storage System (BESS), four 
main groups of cables were analyzed: cables between PCS skids one through six, home run 
cables, auxiliary cables, and the auxiliary equipment pad cables. All raceways were placed 
underground in conduit. NEC Article 300.50 was used to determine minimum coverage 
depths which were 36 inches and 30 inches for medium-voltage and low-multiple cables 
respectively. The resistivity of the soil (rho) was 108 Ω/m. Additionally, the client, Burns & 
McDonnell, required that only aluminum conductors be used, and have a maximum size of 
1000 kcmil.  

The system was modeled using ETAP software. To avoid mutual heating1, six case studies 
were simulated, one for each of the following groups of cables: PCS1-2, PCS2-3, PCS4-5, 
PCS5-6, auxiliary equipment pad cables, and auxiliary switchboard cables. For preliminary 
analyses, the cable schedule created in the previous semester was used. This cable 
schedule included conductors’ sizes, insulation types, lengths, and number of conductors 
per phase. These initial analyses indicated that all four groups of cables needed to be 
upsized. To recalculate the cables sizes Equation 1 was used, and the cable schedule was 
updated to reflect these changes. 

 

Equation 1 

For this project, cables may not be placed in a triplexed placement, thus “random lie” was 
used to place the cables in a raceway.   

 

System Data 
For our initial cable analyses input data for our system was obtained from 

• Previous semester calculation 
• One line diagram 
• Cable schedule 

 
1 Phenomenon where cable(s) under load heat adjacent cables 
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Assumptions 
Conductor Material & Configuration 

• Medium-voltage (MW) cables are triplexed and directly buried  
• Raceways may be at least 5 feet apart to minimize heat transfer between cables 
• Medium-voltage (MW) cables are buried at least 36 inches 
• Low-voltage (LV) cables are buried at least 30 inches 

Cable and Insulation Specifications 

• Medium-voltage (MW) cables’ insulation withstand 105°C 
• Low-voltage (LV) cables’ insulation withstand 95°C 
• Cables are in separate raceways 
• Studies were calculated for 5 hours 
• XLPE and RHW2 insulation are used 

Environmental Conditions 

• Ambient temperature of 40°C  
 

Study Cases 
Table 1: Study Cases 

Cable Size 
(kc
mil) 

Ampacity 
(A) 

Insulation Length 
(ft) 

Conductors/
Phase 

Min. 
Coverage 
(in) 

PCS1-2 1/0 98.016 XLPE 53.02 1 36 
PCS2-3 3/0 175.112 XLPE 53.02 1 36 
PCS4-5 2/0 154.194 XLPE 53.02 1 36 
PCS5-6 1/0 77.097 XLPE 53.02 1 36 
Home Run 350 483.500 

(total) 
XLPE 572.05 1 36 

Aux Pad 100
0 

1820 RHW2 40 4 36 

Aux 
SWBRD 

1/0 57.134 XLPE 15 1 30 
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Results 

Initial Cable Sizing and Performance 

Using the previous semester’s cable schedule, the simulations indicated that all of the 
cables required upsizing. However, the auxiliary cables were already at the maximum 
allowable size of 1000 kcmil aluminum.  

Design Modifications 

All of the cables were upsized to a minimum of 1/0 aluminum. For the auxiliary cables two 
parallel runs of 1000 kcmil copper were used to meet thermal requirements. This redesign 
adhered to NEC Article 300.50 for burial depths.  

Thermal Performance 

Following the design modifications, simulations confirmed that the new design met steady-
state temperature requirements. By using separated raceways mutual heating was 
mitigated and opting for “random lie” ensured simulations accounted for sufficient thermal 
dissipation.  

Case Study Results 

Home Run Cables: These runs were upsized to 350kcmil aluminum, achieving sufficient 
performance over 572 feet.  

PCS Cables: All sections PSC1 through PS6 were resized and met thermal requirements. 

Auxiliary Equipment Pad Cables: By using two parallel runs of 1000 kcmil copper with 
RHW2 insulation the cables were within their thermal insulation ratings. 

Auxiliary Switchboard Cables: Reconfigured with 1/0 aluminum cables to meet 
temperature ratings. 

Conclusion 
Cable thermal studies play a critical role in many applications from everyday technologies 
to system design. This paper examined key considerations in cable selection, methods, 
and materials. This paper takes into account the importance of heat transfer, soil types, 
spacing, material properties and more. By utilizing computational tools such as ETAP we 
are able to confirm design selection will be sufficient in real-world applications.  
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Appendix A: Settings Information 

ETAP setting screenshot 
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Appendix B: Study Results 
Auxiliary Cable Thermal Results 
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Auxiliary Pad Cable Thermal Results 
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Home Run Cable Thermal Results 
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PCS 1 – 2 Cable Thermal Results 
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PCS 2 – 3 Cable Thermal Results 
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PCS 4 – 5 Cable Thermal Results 

 

 



   
 

Iowa State University   16 

PCS 5 – 6 Cable Thermal Results 
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Appendix C: One-Line 
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Appendix D: Supporting Documents 
Cable Schedule 
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Cable Ampacity Calculations  
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NEC Article 311 for Medium Voltage 
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NEC Article 310 for Low Voltage 
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NEC Article 310 for Ambient Temperature Correction Factor 
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NEC Article 300 for Minimum Coverage 
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Battery Datasheet Specification 
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Inverter Datasheet Specifications 

 


