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Memorandum

Date: 6/14/2024

To: Shane Moulton

From: Gustavo Contreras

Subject: Dominion Golden to Mars - 230kV and 500-kV Underground Cable     
Preliminary Ampacity Study

In support of the 230-kV and 500-kV Dominion (DEV) Golden to Mars UG Transmission Line 
project, Burns & McDonnell Engineering Company, Inc. (BMcD) has performed preliminary 
ampacity calculations to identify the underground conductor size and the number of cables-per-
phase (CPP) needed to meet the target circuit loading requirements. In a previous study, it was 
determined that a five (5) CPP configuration was required to meet the ampacity ratings for the 
500-kV circuit, within a single duct bank. It was also determined that a four (4) CPP configuration 
was required for the 230-kV circuit, within a single duct bank. Dominion has requested BMcD 
additional ampacity calculations to evaluate two different cases, Case 1 and Case 2. 

For Case 1, the 500-kV circuit is split into two (2) duct banks and the number of CPP is reduced 
to four (4) CPP. For Case 2, both the 230-kV and 500-kV single circuit duct banks are reduced by 
one (1) CPP to identify the maximum ampacity rating that can be achieved by running the cables 
to their maximum operating temperature of 90°C. The following writeup summarizes the results 
for both cases. 

Ampacity calculations were computed using the CYMCAP ampacity program by CYME. The 
CYMCAP software utilizes the Neher-McGrath method of calculating the achievable ampacities 
of underground cables and conforms to IEC standards 60287 and 60853. This software is accepted 
as the industry standard for performing ampacity calculations for underground electrical systems. 
The individual CYMCAP execution reports for all calculations included as part of this Memo can 
be seen in Appendix A.

DESIGN PARAMETERS AND INSTALLATION CONDITIONS
The parameters for these ampacity calculations are based on engineering judgment and the design 
criteria established for this project during the preliminary analysis memo (PAM) phase. The design 
parameters used for the 230-kV and 500-kV circuits can be seen below in Table 1 and Table 2, 
respectively. The underground cable systems operating environment can be seen below in Table 
3.
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Table 1  230-kV Design Parameters

Design Parameter Parameter Value Source
Nominal Operating Voltage 230-kV Dominion

Nominal Frequency 60 Hz Industry Standard
Circuit Rating 3,950 A Dominion

Maximum Normal Conductor Temperature 90°C Industry Standard
Maximum Emergency Conductor Temperature 105°C Industry Standard

Daily Load Factor (DLF) 85% and 100 % Dominion
Sheath Bonding Single Point Assumed

Table 2  500-kV Design Parameters

Design Parameter Parameter Value Source
Nominal Operating Voltage 500-kV Dominion

Nominal Frequency 60 Hz Industry Standard
Circuit Rating 5,000 A Dominion

Maximum Normal Conductor Temperature 90°C Industry Standard
Maximum Emergency Conductor Temperature 105°C Industry Standard

Daily Load Factor (DLF) 85% and 100 % Dominion
Sheath Bonding Single Point Assumed
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Table 3  Environmental Criteria

Description Value Source

Summer Ambient Earth Temperature
(3’<= d < 8)

28°C Assumed

Summer Ambient Earth Temperature
(8’<= d < 20)

20°C Assumed

Summer Ambient Earth Temperature
(20’<= d)

12°C Assumed

Native Soil Thermal Resistivity* 150°C-cm/W - 85% DLF
115°C-cm/W - 100% DLF

Assumed

Concrete Thermal Resistivity 0.60°C-m/W Assumed
Thermal Backfill (FTB) 0.60°C-m/W Assumed

Minimum Burial Depth to Top of 
Concrete

3 feet Assumed

Installation Conditions Concrete Encased Duct Bank BMcD Preliminary 
Study

*Actual native soil thermal resistivity is unknown, and conservative values are being assumed. It is lower for the 100% 
DLF, as this is the maximum allowable value to meet ampacity requirements.

Constraints: Right-of-Way Width
To minimize the thermal effects of each circuit on the other, the spacing between each duct bank 
must be maximized.  For this study, a maximum right-of-way (ROW) width of 115-feet is assumed 
based on results from a previous preliminary route study. 

Open Trench Installation Types from Previous Study
A total of two (2) civil installation types were originally evaluated for this project. For each 
configuration, both 85% DLF and 100% DLF will be evaluated. The duct bank configurations for 
each circuit as evaluated in the previous study is shown Table 4 in below. The new circuits will be 
installed in concrete encased duct banks.
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Table 4 Open Cut Trench Installation Types
Circuit Voltage Conduit Size 

(SCH 40)
Vertical 

Spacing C-C*
Horizontal 

Spacing C-C*
Assumed Native Soil 

Thermal Resistivity**
230-kV, 85% DLF 8” 2’-0” 2’-0” 150 °C-cm/W
230-kV, 100% DLF 8” 2’-0” 2’-0” 115 °C-cm/W
500-kV, 85% DLF 8” 1’-6” 4’-0” 150 °C-cm/W
500-kV, 100% DLF 8” 2’-0” 4’-0” 115 °C-cm/W
*C-C = Centerline to Centerline
**Actual native soil thermal resistivity is unknown, and conservative values are being assumed. It is lower for the 
100% DLF, as this is the maximum allowable value to meet ampacity requirements.

1. Each voltage class is installed in separate duct bank(s). The circuits are installed in separate 
ROWs and far enough apart to be considered thermally isolated. 
a. For 230-kV - 4x4 duct configuration (Figure 1)
b. For 500-kV - 4x5 duct configuration (Figure 2 and Figure 3)

Figure 1 230-kV Single Circuit Duct Banks 85% DLF and 100% DLF
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Figure 2 500-kV Single Circuit Duct Bank 85% DLF

Figure 3 500-kV Single Circuit Duct Bank 100% DLF
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THERMAL PINCH POINT IDENTIFICATION AND NEW INSTALLATION 
SCENARIOS
A previous study found that the 230-kV circuit would need four (4) cables per phase and 500-kV 
would need five (5) cables per phase to meet rating requirements. Following the request from 
DEV for additional calculations, Case 1 and Case 2 installation scenarios were computed. The 
following sections detail the installation scenarios for each case.

CASE 1 INSTALLATION SCENARIOS – 500-KV CIRCUIT SPLIT INTO TWO 
SEPARATE DUCT BANKS
As part of the new study request for Case 1, the 500-KV circuit CPP were reduced by one (1) and 
the duct bank was split into two (2) separate duct banks. Each smaller duct bank contains two CPP 
for a total of four (4) CPP for the 500-kV circuit. A baseline calculation was run with just the 500-
kV circuit in the split duct bank configuration. After establishing the baseline, the 230-kV circuit 
was placed in parallel with the 500-kV split duct bank circuit and the maximum achievable 
ampacity ratings were calculated. All other design criteria from the previous study remained the 
same including thermal resistivity, ambient temperature, duct spacing, and depth of cover.

See the below installation scenarios that were modeled as a part of this Case 1 study:
1. 500-kV Circuit with four (4) CPP split into two duct banks
2. 230-kV and 500-kV Circuit Duct Banks within same ROW

a. 115-foot assumed ROW

Case 1: Baseline – 500-kV Circuit Split Duct Bank with Four (4) Cables per Phase
To determine the spacing for the split circuit duct banks it was first necessary to identify the 
criteria for getting the minimum required amps (5,000A) using only four (4) CPP. 

For the 100% DLF isolated case, the 500-kV circuit meets the minimum ampacity requirement 
with only four (4) CPP if a minimum of 27 feet separation is maintained between the duct bank 
edges. Figure 4 below shows the duct bank configuration for this case. See ampacity execution B1 
for detailed results.
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Figure 4 500-kV Duct Bank Configuration with Four Cables per Phase, 100% DLF

For the isolated case with DLF of 85%, the 500-kV circuit meets the minimum ampacity 
requirement with only four (4) CPP if a minimum of 30 feet separation is maintained between 
the duct bank edges. Figure 5 below shows the duct bank configuration for this case. See
ampacity execution B2 for detailed results.

Figure 5 500-kV Duct Bank Configuration with Four Cables per Phase, 85% DLF

Please note that the difference in duct bank separation between the 85% and 100% DLF is due to 
the proposed change of native soil thermal resistivity (reduced native soil thermal resistivity to 
meet required ampacity) being used for the 100% DLF option.
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Case 1: Two Circuits– 230-kV and 500-kV Duct Banks with Four Cables Per Phase
For the 100% DLF case, to maintain the proposed 115 feet ROW width, the 230-kV duct bank 
must be placed at a maximum of 38’-9” from the edge of the closest 500-kV duct bank, see Figure 
6 below. The 230-kV circuit was set to meet the minimum ampacity requirement and the 500-kV 
circuit was run to 90°C. It was determined that the 500-kV circuit could not meet the required 
minimum ampacity given the space restriction and the 500-kV circuit was only able to achieve 
4,906 A. See ampacity execution T4.1a for detailed results. 

Figure 6 Double Circuit Duct Bank with Four Cables per phase, 100% DLF

For the 85% DLF case, to maintain the proposed 115 feet ROW width, the 230-kV duct bank 
must be placed at a maximum of 35’ – 9” from the edge of the closest 500-kV duct bank, see 
Figure 7 below. The 230-kV circuit was set to meet the minimum ampacity requirement and the 
500-kV circuit was run to 90°C conductor operating temperature. It was determined that the 500-
kV circuit could not meet the required minimum ampacity given the space restriction and the 500-
kV circuit was only able to achieve 4,926 A. See. See ampacity execution T4.1.b for detailed results. 

Figure 7 Double Circuit Duct Bank with Four Cables per Phase, 85% DLF

38.75 feet 27 feet

230-kV Circuit: 
Ampacity fixed

500-kV Circuit: 
Run to 90°C

35.75 feet 30 feet

230-kV Circuit: 
Ampacity fixed

500-kV Circuit: 
Run to 90°C

85 feet
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CASE 2 INSTALLATION SCENARIOS – 230-KV AND 500-KV CIRCUITS REDUCED 
BY ONE CABLE PER PHASE
As part of an additional study request (Case 2), the cables per phase for both the 230-kV and 500-
KV circuits were reduced by one (1) CPP and maximum achievable ampacity ratings are being 
provided based on this request for both circuits. For this Case 2 ampacity request, the 230-kV 
circuit was reduced to three (3) CPP and 500-kV was reduced to four (4) CPP. All other design 
criteria from the previous study remained the same including thermal resistivity, ambient 
temperature, duct spacing, and depth of cover. 

See the below installation scenarios that were modeled as a part of this Case 2 study:

1. 230-kV Circuit with three (3) CPP, in a single duct bank
2. 500-kV Circuit with four (4) CPP, in a single duct bank
3. 230-kV and 500-kV Circuit Duct Banks within same ROW

a. 115-foot assumed ROW

Case 2: 230-kV Circuit with Three Cables per Phase, 100% DLF
For the 230-kV circuit, a duct bank consisting of three (3) CPP and a 100% DLF run to 90°C was 
used to determine the maximum achievable ampacity rating. With this configuration, the 230-kV 
circuit was able to achieve 3,548 A (see ampacity execution T1.1a1 for detailed results). Figure 8 
below shows the duct bank configuration for this case. 

Figure 8: 230-kV, Three Cables per Phase, 100%DLF
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Case 2 Study: 500-kV Circuit with Four Cables per Phase, 100% DLF
For the 500-kV circuit, a duct bank consisting of four (4) CPP and a 100% DLF run to 90°C was 
used to determine the maximum ampacity rating. With this configuration, the 500-kV circuit was 
able to achieve 4,331 A (see ampacity execution T2.1a1 for detailed results).  Figure 9 below 
shows the duct bank configuration for this case. 

Figure 9: 500-kV Circuit with Four Cables per Phase, 100% DLF

Case 2: 230-kV and 500-kV Circuits, 100% DLF
For the 230-kV and 500-kV duct bank systems, consisting of three and four CPP, respectively, a 
100% DLF run to 90°C was used to determine the maximum ampacity rating. The circuits were 
separated 35 feet edge to edge. With this configuration, the 230-kV circuit was able to achieve 
3,425 A and 500-kV circuit was able to achieve 4,194 A (see ampacity execution T3.1a1 for 
detailed results). See Figure 10 below. 
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Figure 10: Combined 230-kV and 500-kV, 100% DLF

Case 2: 230-kV Circuit with Three Cables per Phase, 85% DLF
For the 230-kV circuit, a system consisting of three CPP and an 85% DLF run to 90°C was used 
to determine the maximum ampacity rating. With this configuration, the 230-kV circuit was able 
to achieve 3,661 A (see ampacity execution T1.1a2 for detailed results). Figure 11 below shows 
the duct bank configuration for this case. 

Figure 11: 230-kV, Three Cables per Phase, 85%DLF
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Case 2: 500-kV Circuit with Four Cables per Phase, 85% DLF
For the 500-kV circuit, a system consisting of four (4) CPP and an 85% DLF run to 90°C was used 
to determine the maximum ampacity rating. With this configuration, the 500-kV circuit was able 
to achieve 4,415 A (see ampacity execution T2.1a2 for detailed results). Figure 12 below shows 
the duct bank configuration for this case. 

Figure 12: 500-kV Circuit with Four Cables per Phase, 85% DLF

Case 2: 230-kV and 500-kV, 85% DLF
For the 230-kV and 500-kV duct bank systems, consisting of three (3) and four (4) CPP, 
respectively, an 85% DLF run to 90°C was used to determine the maximum rating. The circuits 
were separated 35’ edge to edge. With this configuration, the 230-kV circuit was able to achieve 
3,543 A and 500-kV circuit was able to achieve 4,266 A (see ampacity execution T3.1a2 for 
detailed results). Figure 13 below shows the duct bank configuration for this case. 

Figure 13: Combined 230-kV and 500-kV, 85% DLF
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SUMMARY OF RESULTS
The following summarizes the results of the additional ampacity case studies for the 230-kV and 
500-kV cable systems when operating under the design parameters and installation conditions 
outlined in this memo. 

Case 1 – 500-kV Duct Bank Split  

The 500-kV circuit is only able to produce 4,926A and 4,906A for 85% DLF and 100% DLF, 
respectively, when in parallel with the proposed 230-kV Duct Bank. The 500-kV split duct bank 
circuit does not meet the required target rating of 5,000 amps.

Case 2 – 230-kV and 500-kV Duct Banks Reduced by One Cable per Phase

The results yielded an expected decrease in ratings from the preliminary study due to the 
reduction in cables per phase; 230-kV circuit was reduced to three (3) CPP and 500-kV to four 
(4) CPP. 

For an 85% DLF, the single 230-kV duct bank system achieved 3,661A, while the single 500-kV 
duct bank system achieved 4,415A. The parallel 230-kV and 500-kV duct bank systems resulted 
in 3,543A and 4,266A, respectively. 

For a 100% DLF, the 230-kV duct bank system achieved 3,548A, while the 500-kV system 
achieved 4,331A. The parallel 230-kV and 500-kV duct bank systems resulted in 3,425A and 
4,194A, respectively. 

For ampacity calculation summary table and detailed results of all executions refer to Appendix 
A. See Appendix B for UG cable cut sheets used for this ampacity analysis. 

Sincerely, 

Gustavo Contreras
Underground Lead Engineer, BMcD

Appendix A: Ampacity Execution Reports
Appendix B: UG Cable Cutsheets



APPENDIX A AMPACITY SUMMARY TABLE AND EXECUTION REPORTS

























































































































APPENDIX B UG CABLE CUTSHEETS
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XLPE insulated, concentric neutral high voltage power cable with segmental oxidized 
Copper conductor, metal moisture barrier tape, HDPE jacket 

Type Designation: P/N 20235918 5000 kcmil Segmental Oxidized Copper 230kV 
Reference Standards  ICEA S-108-720, AEIC CS9 
Temperature Rating  Maximum conductor operating temperature: 90° C 

 Maximum conductor emergency operation temperature: 105° C  
 Maximum permissible conductor temperature at short circuit: 250° C  

Construction:    
Conductor  Class B segmental compacted oxidized Copper conductor 

 Nominal cross-sectional area 5000 kcmil 2535 mm² 
 Number of segments 6
 Number of strands per segment (1 Aluminum center wire) 85 
Approximate diameter 2.540 inches 64.5 mm 

Conductor Shield [2] Semi-conducting tape applied helical intercalated 50% overlap  
[2] Semi-conducting tape applied helical intercalated 50% overlap  
[1] Extruded semi-conducting thermoset Super Smooth  

 Minimum point thickness 30 mils 0.76 mm 

Insulation  Extruded cross-linked polyethylene compound Super Clean  
 Minimum point thickness 815 mils 20.7 mm 
 Nominal thickness 906 mils 23.0 mm 
 Maximum eccentricity  (Tmax-Tmin)/Tmax 10%

Insulation Shield [1] Extruded semi-conducting thermoset 
 Minimum point thickness 40 mils 1.02 mm 
 Maximum point thickness 100 mils 2.54 mm 

Bedding [2] Water swellable semi-conducting tape applied helical intercalated 50% overlap  

Concentric Neutral [46] Wires, #14 AWG, solid bare soft drawn copper 1.63 mm 

Bedding [1] Copper tape gapped  
[2] Water swellable semi-conducting tape applied helical  50% overlap  

Metal Moisture Barrier [1] Laminated Copper tape applied longitudinally folded and bonded to 
the jacket 

6 mils 0.15 mm 

Jacket  Extruded black high density polyethylene compound, graphite coated  
 Minimum point thickness 125 mils 3.18 mm 
 Maximum point thickness 185 mils 4.70 mm 

Complete Cable Approximate diameter 5.22 inches 132.5 mm 
Approximate weight 22.8 lbs/ft 33.9 kg/m 
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Marking:    
Marks of Origin  Emboss or indent print on the outer sheath: manufacturer, type of 

insulation, insulation thickness, conductor size and material, rated 
voltage, year of manufacture at intervals of not more than three feet. 
Length marking 

Electrical Data:   
 Nominal voltage 230 kV  
 Highest system voltage 242 kV  
 Basic impulse insulation level (BIL) 1050 kV  
 Maximum DC resistance of conductor at 25 °C 0.00224 /kft
 Maximum voltage stress 
(conductor shield / insulation interface) 

196 V/mil 7.7 kV/mm 

 Minimum voltage stress 
(insulation / insulation shield interface) 

117 V/mil 4.6 kV/mm 

 Capacitance (nominal) 0.080 μF/kft 0.262 μF/km 
Dielectric Constant 2.4 
 Maximum permissible short-circuit current (thermal) 15 Cycles  
 Composite Metallic Sheath (concentric neutral and laminated copper 
sheath) - ICEA P-45-482 (Tinit at 75 °C and Tfinal 200 °C) 

40 kA  

Mechanical Data:     
  Minimum bending radius 104 inches 2.64 m 
  Maximum pulling tension (with pulling eye) 40,000 lbs 18,143.7 kg 
  Maximum sidewall-pressure 1,500 lbs/ft 2,232.2 kg/m 
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Prepared by: Approved by: 
Dale Vinczi Frank Kuchta 

Notes:
1. All dimensions are nominal and subject to manufacturing tolerances 
2. Drawing is not to scale 

CONDUCTOR:
Diameter= 2.540" (64.5mm) 

CONDUCTOR SHIELD:
Diameter= 2.74" (69.6mm) 

INSULATION:
Diameter= 4.55" (115.6mm) 

INSULATION SHIELD:
Diameter= 4.65" (118.1mm) 

BEDDING TAPE:
Diameter= 4.69" (119.1mm) 

CONCENTRIC NEUTRAL:
Diameter= 4.82" (122.4mm) 

BEDDING TAPE:
Diameter= 4.90" (124.5mm) 

METALLIC BARRIER:
Diameter= 4.92" (125.0mm) 

JACKET:
Diameter= 5.22" (132.6mm) 

APPROXIMATE WEIGHT:
22.8 lbs/ft  (33.9 kg/m) 





 

 

 



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 1 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 21,387 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 4.06 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 267,924 212.20$             56,853,472.80$          25.47$                         6,824,024.28$               63,677,497.08$             
U02 L.F. 2,800 212.20$             594,160.00$                -$                             -$                               594,160.00$                  
U03 EA. 24 19,098.00$        458,352.00$                26,525.00$                  636,600.00$                  1,094,952.00$               
U04 EA. 1 19,098.00$        19,098.00$                  -$                             -$                               19,098.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 108 20,689.50$        2,234,466.00$            26,525.00$                  2,864,700.00$               5,099,166.00$               
U08 EA. 1 20,689.50$        20,689.50$                  -$                             -$                               20,689.50$                    
U09 EA. 24 7,427.00$          178,248.00$                3,713.50$                    89,124.00$                    267,372.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 89,308 12.74$                1,137,783.92$            8.49$                           758,224.92$                  1,896,008.84$               
U12 EA. 40 5,305.00$          212,200.00$                1,803.70$                    72,148.00$                    284,348.00$                  
U13 EA. 40 7,957.50$          318,300.00$                1,803.70$                    72,148.00$                    390,448.00$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 22,327 4.34$                  96,865.58$                  5.42$                           121,025.00$                  217,890.58$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 124,972.22$      124,972.22$                534,506.18$                534,506.18$                  659,478.40$                  
U18 L.S. 1 5,878.17$          5,878.17$                    150,470.20$                150,470.20$                  156,348.37$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             238,031.63$                238,031.63$                  238,031.63$                  

SUBTOTAL 62,261,913.19$          12,361,002.21$             74,622,915.40$             
CONTINGENCY 20.00% 12,452,382.64$          2,472,200.44$               14,924,583.08$             

TOTAL 74,714,295.83$    14,833,202.65$      89,547,498.48$      

8
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ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 21,140 190.28$             4,022,417.63$            334.93$                       7,080,335.18$               11,102,752.81$             
C02 C.Y. 9,827 -$                   -$                             203.57$                       2,000,439.95$               2,000,439.95$               
C03a L.F. 21,140 786.17$             16,619,633.80$          2,047.10$                    43,275,694.00$             59,895,327.80$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 40,858 135.39$             5,531,624.51$            22.92$                         936,441.91$                  6,468,066.42$               
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 1,450 124.65$             180,745.02$                185.30$                       268,687.59$                  449,432.61$                  

C07 EA. 18 75,671.08$        1,362,079.44$            -$                             -$                               1,362,079.44$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 18 26,692.85$        480,471.30$                43,289.75$                  779,215.50$                  1,259,686.80$               
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 101,227.50$      101,227.50$                101,227.50$                101,227.50$                  202,455.00$                  
C10 EA. 9 7,810.77$          70,296.93$                  11,716.15$                  105,445.35$                  175,742.28$                  
C11 L.S. 1 74,983.33$        74,983.33$                  524,883.33$                524,883.33$                  599,866.66$                  
C12 EA. 8 31,170.30$        249,362.40$                35,999.98$                  287,999.84$                  537,362.24$                  
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 579,321.45$      579,321.45$                492,510.71$                492,510.71$                  1,071,832.16$               
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 72,627.50$        72,627.50$                  1,847,073.70$            1,847,073.70$               1,919,701.20$               
C19 L.F. 0 -$                   -$                             -$                             -$                               -$                               
C20 L.S. 1 44,196.84$        44,196.84$                  4,668,301.05$            4,668,301.05$               4,712,497.89$               
C21 L.S. 1 -$                   -$                             4,271,982.02$            4,271,982.02$               4,271,982.02$               
C22 L.S. 1 913,231.84$      913,231.84$                1,522,327.26$            1,522,327.26$               2,435,559.10$               
C23 L.S. 1 -$                   -$                             1,242,536.29$            1,242,536.29$               1,242,536.29$               
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             448,682.94$                448,682.94$                  448,682.94$                  

SUBTOTAL 30,302,219.49$          69,853,784.12$             100,156,003.61$           
CONTINGENCY 20.00% 6,060,443.90$            13,970,756.82$             20,031,200.72$             

TOTAL 36,362,663.39$    83,824,540.94$      120,187,204.33$    

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 45,326.60$        45,326.60$                  861,205.40$                861,205.40$                  906,532.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 391,500.00$      391,500.00$                7,438,500.00$            7,438,500.00$               7,830,000.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 10,486,735.14$ 10,486,735.14$          10,486,735.14$          10,486,735.14$             20,973,470.28$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 10,923,561.74$    18,786,440.54$      29,710,002.28$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 74,714,295.83$          14,833,202.65$             89,547,498.48$             
LOT 36,362,663.39$          83,824,540.94$             120,187,204.33$           
LOT 10,923,561.74$          18,786,440.54$             29,710,002.28$             
LOT 122,000,520.96$  117,444,184.14$    239,444,705.09$    

COST / MILE 30,119,359.92$    28,994,496.29$      59,113,856.22$      

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 1 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 21,387 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 4.06 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $906532 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV Golden to Mars UG Route 1 Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 21387-ft for a (1)-Circuit, (4)-cables per 
phase cable system. The estimated was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in 
High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city 
cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (459)-total working days for duct bank trenching activities. (45)-total working days for splice vault installations. (60)-total 
working days for cable pulling. (132)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $7830000 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV
PROJECT NAME: Golden to Mars UG Route 1 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 21,387 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 4.06 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

8 5
16 86-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (120)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 267924-ft, with an additional spare cable length of 2800-ft. The accessories to be installed include: 
(24)- 230 kV Open Air Terminators, with (1)-Spare 230 kV Open Air Terminators. (108)-230 kV Cable Splice, with (1)-Spare 230 kV Cable Splice. (24)-230 kV Lightning Arrester, with (1)-Spare 230 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.32% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2800-ft and standard splice vault spacing of 2400-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 21140-ft with an average duct bank depth of cover of 5.39 feet, with a further breakdown 

Not Used

A total of 9827-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 9811-Cubic Yards of rock were assumed for open cut trenching and 15-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 21140-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (16)-8-inch power conduits as 
well as (5)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 86-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 40858-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 1450-linear feet. Surface restoration costs also included (5)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (18) splice vaults as well as excavation for (18) splice vaults. Assumed splice vault dimensions were: 10-ft width by 26-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (18)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (9)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (16)-power conduits for (10)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 19937-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
Not Used
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.45% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (605)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars, UG Route 1, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,239 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.65 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 305,985 265.25$             81,162,521.25$          25.47$                         7,793,437.95$               88,955,959.20$             
U02 L.F. 2,000 265.25$             530,500.00$                -$                             -$                               530,500.00$                  
U03 EA. 30 38,196.00$        1,145,880.00$            53,050.00$                  1,591,500.00$               2,737,380.00$               
U04 EA. 1 38,196.00$        38,196.00$                  -$                             -$                               38,196.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 165 41,379.00$        6,827,535.00$            53,050.00$                  8,753,250.00$               15,580,785.00$             
U08 EA. 1 41,379.00$        41,379.00$                  -$                             -$                               41,379.00$                    
U09 EA. 30 7,427.00$          222,810.00$                3,713.50$                    111,405.00$                  334,215.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 20,399 12.74$                259,883.26$                8.49$                           173,187.51$                  433,070.77$                  
U12 EA. 60 5,305.00$          318,300.00$                1,803.70$                    108,222.00$                  426,522.00$                  
U13 EA. 60 7,957.50$          477,450.00$                1,803.70$                    108,222.00$                  585,672.00$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 20,399 4.34$                  88,500.96$                  5.42$                           110,574.15$                  199,075.11$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 177,043.98$      177,043.98$                711,300.21$                711,300.21$                  888,344.19$                  
U18 L.S. 1 6,531.30$          6,531.30$                    167,189.11$                167,189.11$                  173,720.41$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             388,262.86$                388,262.86$                  388,262.86$                  

SUBTOTAL 91,303,957.75$          20,016,550.79$             111,320,508.54$           
CONTINGENCY 20.00% 18,260,791.55$          4,003,310.16$               22,264,101.71$             

TOTAL 109,564,749.30$  24,019,860.95$      133,584,610.25$    

8
20

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 18,783 186.72$             3,506,999.20$            395.55$                       7,429,385.94$               10,936,385.14$             
C02 C.Y. 16,138 -$                   -$                             203.56$                       3,285,004.89$               3,285,004.89$               
C03a L.F. 18,783 1,180.21$          22,167,884.43$          2,594.33$                    48,729,300.39$             70,897,184.82$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 80,755 135.39$             10,933,142.52$          22.92$                         1,850,858.25$               12,784,000.77$             
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 630 282.02$             177,673.52$                390.41$                       245,959.78$                  423,633.30$                  

C07 EA. 33 91,292.60$        3,012,655.80$            -$                             -$                               3,012,655.80$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 33 24,148.00$        796,884.00$                43,150.63$                  1,423,970.79$               2,220,854.79$               
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 185,583.75$      185,583.75$                185,583.75$                185,583.75$                  371,167.50$                  
C10 EA. 13 7,810.77$          101,540.01$                11,716.15$                  152,309.95$                  253,849.96$                  
C11 L.S. 1 112,474.99$      112,474.99$                787,324.99$                787,324.99$                  899,799.98$                  
C12 EA. 10 61,651.75$        616,517.50$                71,354.68$                  713,546.80$                  1,330,064.30$               
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 542,288.68$      542,288.68$                460,903.62$                460,903.62$                  1,003,192.30$               
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 71,974.38$        71,974.38$                  1,830,463.33$            1,830,463.33$               1,902,437.71$               
C19 L.F. 0 -$                   -$                             -$                             -$                               -$                               
C20 L.S. 1 39,269.01$        39,269.01$                  5,717,348.79$            5,717,348.79$               5,756,617.80$               
C21 L.S. 1 -$                   -$                             5,365,218.31$            5,365,218.31$               5,365,218.31$               
C22 L.S. 1 823,648.64$      823,648.64$                1,373,585.16$            1,373,585.16$               2,197,233.80$               
C23 L.S. 1 -$                   -$                             2,273,557.10$            2,273,557.10$               2,273,557.10$               
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             749,477.15$                749,477.15$                  749,477.15$                  

SUBTOTAL 43,088,536.43$          82,573,798.99$             125,662,335.42$           
CONTINGENCY 20.00% 8,617,707.29$            16,514,759.80$             25,132,467.08$             

TOTAL 51,706,243.72$    99,088,558.79$      150,794,802.50$    

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 45,545.35$        45,545.35$                  865,361.65$                865,361.65$                  910,907.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 426,937.50$      426,937.50$                8,111,812.50$            8,111,812.50$               8,538,750.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 13,105,765.55$ 13,105,765.55$          13,105,765.55$          13,105,765.55$             26,211,531.10$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 13,578,248.40$    22,082,939.70$      35,661,188.10$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 109,564,749.30$        24,019,860.95$             133,584,610.25$           
LOT 51,706,243.72$          99,088,558.79$             150,794,802.50$           
LOT 13,578,248.40$          22,082,939.70$             35,661,188.10$             
LOT 174,849,241.42$  145,191,359.44$    320,040,600.85$    

COST / MILE 47,986,069.69$    39,846,685.27$      87,832,754.95$      

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 69-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars, UG Route 1, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,239 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.65 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 6
20 206-in Wide X 69-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV Golden to Mars, UG Route 1, 85%DLF Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 19239-ft for a (1)-Circuit, (5)-
cables per phase cable system. The estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide 
X 69-in High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans 
combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (408)-total working days for duct bank trenching activities. (66)-total working days for splice vault installations. (90)-total 
working days for cable pulling. (195)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $8538750 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $910907 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars, UG Route 1, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,239 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.65 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 6
20 206-in Wide X 69-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
Not Used
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.6% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (1288)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Not Used

A total of 16138-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 16106-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock 
This cost estimate included an assumed total installation length of 18783-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as 
well as (6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 69-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 80755-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 630-linear feet. Surface restoration costs also included (5)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (33) splice vaults as well as excavation for (33) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (33)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (13)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (12)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 18609-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 18783-ft with an average duct bank depth of cover of 5.39 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 305985-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: 
(30)- 500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (165)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.35% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.
This cost estimate included the following assumptions for cable system testing: (180)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 1, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,239 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.65 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 305,985 265.25$             81,162,521.25$          25.47$                         7,793,437.95$               88,955,959.20$             
U02 L.F. 2,000 265.25$             530,500.00$                -$                             -$                               530,500.00$                  
U03 EA. 30 38,196.00$        1,145,880.00$            53,050.00$                  1,591,500.00$               2,737,380.00$               
U04 EA. 1 38,196.00$        38,196.00$                  -$                             -$                               38,196.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 165 41,379.00$        6,827,535.00$            53,050.00$                  8,753,250.00$               15,580,785.00$             
U08 EA. 1 41,379.00$        41,379.00$                  -$                             -$                               41,379.00$                    
U09 EA. 30 7,427.00$          222,810.00$                3,713.50$                    111,405.00$                  334,215.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 20,399 12.74$                259,883.26$                8.49$                           173,187.51$                  433,070.77$                  
U12 EA. 60 5,305.00$          318,300.00$                1,803.70$                    108,222.00$                  426,522.00$                  
U13 EA. 60 7,957.50$          477,450.00$                1,803.70$                    108,222.00$                  585,672.00$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 20,399 4.34$                  88,500.96$                  5.42$                           110,574.15$                  199,075.11$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 177,043.98$      177,043.98$                711,300.21$                711,300.21$                  888,344.19$                  
U18 L.S. 1 6,531.30$          6,531.30$                    167,189.11$                167,189.11$                  173,720.41$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             388,262.86$                388,262.86$                  388,262.86$                  

SUBTOTAL 91,303,957.75$          20,016,550.79$             111,320,508.54$           
CONTINGENCY 20.00% 18,260,791.55$          4,003,310.16$               22,264,101.71$             

TOTAL 109,564,749.30$  24,019,860.95$      133,584,610.25$    

8
20

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 18,783 190.29$             3,574,042.92$            414.62$                       7,787,575.73$               11,361,618.65$             
C02 C.Y. 18,235 -$                   -$                             203.57$                       3,712,133.28$               3,712,133.28$               
C03a L.F. 18,783 1,335.16$          25,078,310.28$          2,626.12$                    49,326,411.96$             74,404,722.24$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 80,755 135.39$             10,933,142.52$          22.92$                         1,850,858.25$               12,784,000.77$             
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 630 282.02$             177,673.52$                390.41$                       245,959.78$                  423,633.30$                  

C07 EA. 33 91,292.60$        3,012,655.80$            -$                             -$                               3,012,655.80$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 33 24,148.00$        796,884.00$                43,150.63$                  1,423,970.79$               2,220,854.79$               
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 185,583.75$      185,583.75$                185,583.75$                185,583.75$                  371,167.50$                  
C10 EA. 13 7,810.77$          101,540.01$                11,716.15$                  152,309.95$                  253,849.96$                  
C11 L.S. 1 112,474.99$      112,474.99$                787,324.99$                787,324.99$                  899,799.98$                  
C12 EA. 10 61,651.75$        616,517.50$                71,354.68$                  713,546.80$                  1,330,064.30$               
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 542,288.68$      542,288.68$                460,903.62$                460,903.62$                  1,003,192.30$               
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 71,974.38$        71,974.38$                  1,830,463.33$            1,830,463.33$               1,902,437.71$               
C19 L.F. 0 -$                   -$                             -$                             -$                               -$                               
C20 L.S. 1 39,269.01$        39,269.01$                  5,931,323.93$            5,931,323.93$               5,970,592.94$               
C21 L.S. 1 -$                   -$                             5,579,193.45$            5,579,193.45$               5,579,193.45$               
C22 L.S. 1 823,648.64$      823,648.64$                1,373,585.16$            1,373,585.16$               2,197,233.80$               
C23 L.S. 1 -$                   -$                             2,273,557.10$            2,273,557.10$               2,273,557.10$               
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             752,264.11$                752,264.11$                  752,264.11$                  

SUBTOTAL 46,066,006.00$          84,386,965.98$             130,452,971.98$           
CONTINGENCY 20.00% 9,213,201.20$            16,877,393.20$             26,090,594.40$             

TOTAL 55,279,207.20$    101,264,359.18$    156,543,566.38$    

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 45,545.35$        45,545.35$                  865,361.65$                865,361.65$                  910,907.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 426,937.50$      426,937.50$                8,111,812.50$            8,111,812.50$               8,538,750.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 14,506,408.83$ 14,506,408.83$          14,506,408.83$          14,506,408.83$             29,012,817.66$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 14,978,891.68$    23,483,582.98$      38,462,474.66$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 109,564,749.30$        24,019,860.95$             133,584,610.25$           
LOT 55,279,207.20$          101,264,359.18$           156,543,566.38$           
LOT 14,978,891.68$          23,483,582.98$             38,462,474.66$             
LOT 179,822,848.18$  148,767,803.10$    328,590,651.28$    

COST / MILE 49,351,038.95$    40,828,213.54$      90,179,252.50$      

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 1, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,239 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.65 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 6
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $910907 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 19239-ft for a (1)-Circuit, (5)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 87-in High. Unit Costs based upon 
3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (408)-total working days for duct bank trenching activities. (66)-total working days for splice vault installations. (90)-total 
working days for cable pulling. (195)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $8538750 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 1, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,239 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.65 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 6
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (180)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 305985-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: 
(30)- 500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (165)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.35% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 18783-ft with an average duct bank depth of cover of 5.39 feet, with a further breakdown 

Not Used

A total of 18235-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 18203-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock 
This cost estimate included an assumed total installation length of 18783-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as 
well as (6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 80755-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 630-linear feet. Surface restoration costs also included (5)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (33) splice vaults as well as excavation for (33) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (33)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (13)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (12)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 18609-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
Not Used
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.58% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (1288)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 2 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 18,377 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.49 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 230,364 212.20$             48,883,240.80$          25.47$                         5,867,371.08$               54,750,611.88$             
U02 L.F. 2,800 212.20$             594,160.00$                -$                             -$                               594,160.00$                  
U03 EA. 24 19,098.00$        458,352.00$                26,525.00$                  636,600.00$                  1,094,952.00$               
U04 EA. 1 19,098.00$        19,098.00$                  -$                             -$                               19,098.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 84 20,689.50$        1,737,918.00$            26,525.00$                  2,228,100.00$               3,966,018.00$               
U08 EA. 1 20,689.50$        20,689.50$                  -$                             -$                               20,689.50$                    
U09 EA. 24 7,427.00$          178,248.00$                3,713.50$                    89,124.00$                    267,372.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 76,788 12.74$                978,279.12$                8.49$                           651,930.12$                  1,630,209.24$               
U12 EA. 32 5,305.00$          169,760.00$                1,803.70$                    57,718.40$                    227,478.40$                  
U13 EA. 32 7,957.50$          254,640.00$                1,803.70$                    57,718.40$                    312,358.40$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 19,197 4.34$                  83,286.09$                  5.42$                           104,058.62$                  187,344.71$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 124,972.22$      124,972.22$                519,509.52$                519,509.52$                  644,481.74$                  
U18 L.S. 1 1,959.39$          1,959.39$                    50,156.73$                  50,156.73$                    52,116.12$                    
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             223,210.11$                223,210.11$                  223,210.11$                  

SUBTOTAL 53,512,030.12$          10,485,496.98$             63,997,527.10$             
CONTINGENCY 20.00% 10,702,406.02$          2,097,099.40$               12,799,505.42$             

TOTAL 64,214,436.14$    12,582,596.38$      76,797,032.52$      

8
16

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 18,185 151.16$             2,748,795.18$            282.66$                       5,140,070.78$               7,888,865.96$               
C02 C.Y. 3,920 -$                   -$                             203.56$                       798,042.98$                  798,042.98$                  
C03a L.F. 18,185 786.17$             14,296,501.45$          2,047.10$                    37,226,513.50$             51,523,014.95$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 30,087 135.39$             4,073,375.76$            22.92$                         689,576.77$                  4,762,952.53$               
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 500 221.58$             110,790.83$                189.37$                       94,686.75$                    205,477.58$                  

C07 EA. 14 75,671.08$        1,059,395.12$            -$                             -$                               1,059,395.12$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 14 26,692.85$        373,699.90$                43,423.89$                  607,934.46$                  981,634.36$                  
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 78,732.50$        78,732.50$                  78,732.50$                  78,732.50$                    157,465.00$                  
C10 EA. 9 7,810.77$          70,296.93$                  11,716.15$                  105,445.35$                  175,742.28$                  
C11 L.S. 1 59,986.67$        59,986.67$                  419,906.66$                419,906.66$                  479,893.33$                  
C12 EA. 8 31,170.30$        249,362.40$                35,999.98$                  287,999.84$                  537,362.24$                  
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 520,721.61$      520,721.61$                442,591.95$                442,591.95$                  963,313.56$                  
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 9,796.88$          9,796.88$                    249,155.63$                249,155.63$                  258,952.51$                  
C19 L.F. 14,820 63.13$                935,586.60$                94.69$                         1,403,305.80$               2,338,892.40$               
C20 L.S. 1 38,018.75$        38,018.75$                  3,880,964.75$            3,880,964.75$               3,918,983.50$               
C21 L.S. 1 -$                   -$                             3,540,045.46$            3,540,045.46$               3,540,045.46$               
C22 L.S. 1 790,363.72$      790,363.72$                1,319,206.86$            1,319,206.86$               2,109,570.58$               
C23 L.S. 1 -$                   -$                             930,418.18$                930,418.18$                  930,418.18$                  
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             454,465.12$                454,465.12$                  454,465.12$                  

SUBTOTAL 25,415,424.30$          57,669,063.34$             83,084,487.64$             
CONTINGENCY 20.00% 5,083,084.86$            11,533,812.67$             16,616,897.53$             

TOTAL 30,498,509.16$    69,202,876.01$      99,701,385.17$      

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 41,264.10$        41,264.10$                  784,017.90$                784,017.90$                  825,282.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 292,500.00$      292,500.00$                5,557,500.00$            5,557,500.00$               5,850,000.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 8,824,920.88$   8,824,920.88$            8,824,920.88$            8,824,920.88$               17,649,841.76$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 9,158,684.98$      15,166,438.78$      24,325,123.76$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 64,214,436.14$          12,582,596.38$             76,797,032.52$             
LOT 30,498,509.16$          69,202,876.01$             99,701,385.17$             
LOT 9,158,684.98$            15,166,438.78$             24,325,123.76$             
LOT 103,871,630.28$  96,951,911.16$      200,823,541.45$    

COST / MILE 29,843,946.67$    27,855,802.96$      57,699,749.62$      

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 2 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 18,377 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.49 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $825282 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 18377-ft for a (1)-Circuit, (4)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in High. Unit Costs based upon 
3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (329)-total working days for duct bank trenching activities. (35)-total working days for splice vault installations. (48)-total 
working days for cable pulling. (108)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $5850000 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV
PROJECT NAME: Golden to Mars UG Route 2 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 18,377 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.49 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

8 5
16 86-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (96)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 230364-ft, with an additional spare cable length of 2800-ft. The accessories to be installed include: 
(24)- 230 kV Open Air Terminators, with (1)-Spare 230 kV Open Air Terminators. (84)-230 kV Cable Splice, with (1)-Spare 230 kV Cable Splice. (24)-230 kV Lightning Arrester, with (1)-Spare 230 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.35% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2800-ft and standard splice vault spacing of 2400-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 18185-ft with an average duct bank depth of cover of 4.47 feet, with a further breakdown 

Not Used

A total of 3920-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 3913-Cubic Yards of rock were assumed for open cut trenching and 8-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 18185-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (16)-8-inch power conduits as 
well as (5)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 86-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 30087-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 500-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (14) splice vaults as well as excavation for (14) splice vaults. Assumed splice vault dimensions were: 10-ft width by 26-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (14)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (9)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (16)-power conduits for (8)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 17877-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 14820-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.55% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (432)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 2, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,064 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.62 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 301,860 265.25$             80,068,365.00$          25.47$                         7,688,374.20$               87,756,739.20$             
U02 L.F. 2,000 265.25$             530,500.00$                -$                             -$                               530,500.00$                  
U03 EA. 30 38,196.00$        1,145,880.00$            53,050.00$                  1,591,500.00$               2,737,380.00$               
U04 EA. 1 38,196.00$        38,196.00$                  -$                             -$                               38,196.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 165 41,379.00$        6,827,535.00$            53,050.00$                  8,753,250.00$               15,580,785.00$             
U08 EA. 1 41,379.00$        41,379.00$                  -$                             -$                               41,379.00$                    
U09 EA. 30 7,427.00$          222,810.00$                3,713.50$                    111,405.00$                  334,215.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 20,124 12.74$                256,379.76$                8.49$                           170,852.76$                  427,232.52$                  
U12 EA. 60 5,305.00$          318,300.00$                1,803.70$                    108,222.00$                  426,522.00$                  
U13 EA. 60 7,957.50$          477,450.00$                1,803.70$                    108,222.00$                  585,672.00$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 20,124 4.34$                  87,307.88$                  5.42$                           109,083.49$                  196,391.37$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 177,043.98$      177,043.98$                711,300.21$                711,300.21$                  888,344.19$                  
U18 L.S. 1 5,094.41$          5,094.41$                    130,407.51$                130,407.51$                  135,501.92$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             383,902.00$                383,902.00$                  383,902.00$                  

SUBTOTAL 90,203,668.03$          19,866,519.17$             110,070,187.20$           
CONTINGENCY 20.00% 18,040,733.61$          3,973,303.83$               22,014,037.44$             

TOTAL 108,244,401.64$  23,839,823.00$      132,084,224.64$    

8
20

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 18,608 147.59$             2,746,337.49$            341.16$                       6,348,067.71$               9,094,405.20$               
C02 C.Y. 7,362 -$                   -$                             203.55$                       1,498,590.34$               1,498,590.34$               
C03a L.F. 18,608 1,180.21$          21,961,347.68$          2,594.33$                    48,275,292.64$             70,236,640.32$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 68,484 135.39$             9,271,813.91$            22.92$                         1,569,613.97$               10,841,427.88$             
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 500 316.91$             158,454.49$                359.72$                       179,861.89$                  338,316.38$                  

C07 EA. 33 91,292.60$        3,012,655.80$            -$                             -$                               3,012,655.80$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 33 28,117.22$        927,868.26$                50,007.32$                  1,650,241.56$               2,578,109.82$               
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 185,583.75$      185,583.75$                185,583.75$                185,583.75$                  371,167.50$                  
C10 EA. 13 7,810.77$          101,540.01$                11,716.15$                  152,309.95$                  253,849.96$                  
C11 L.S. 1 112,474.99$      112,474.99$                787,324.99$                787,324.99$                  899,799.98$                  
C12 EA. 8 61,651.75$        493,214.00$                71,354.68$                  570,837.44$                  1,064,051.44$               
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 541,835.50$      541,835.50$                460,450.43$                460,450.43$                  1,002,285.93$               
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 13,715.63$        13,715.63$                  348,817.88$                348,817.88$                  362,533.51$                  
C19 L.F. 14,801 63.13$                934,387.13$                94.69$                         1,401,506.69$               2,335,893.82$               
C20 L.S. 1 38,903.13$        38,903.13$                  5,447,549.68$            5,447,549.68$               5,486,452.81$               
C21 L.S. 1 -$                   -$                             5,098,700.07$            5,098,700.07$               5,098,700.07$               
C22 L.S. 1 819,327.15$      819,327.15$                1,367,318.34$            1,367,318.34$               2,186,645.49$               
C23 L.S. 1 -$                   -$                             1,914,261.97$            1,914,261.97$               1,914,261.97$               
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             758,885.04$                758,885.04$                  758,885.04$                  

SUBTOTAL 41,319,458.92$          78,015,214.34$             119,334,673.26$           
CONTINGENCY 20.00% 8,263,891.78$            15,603,042.87$             23,866,934.65$             

TOTAL 49,583,350.70$    93,618,257.21$      143,201,607.91$    

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 43,714.10$        43,714.10$                  830,567.90$                830,567.90$                  874,282.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 39,562.50$        39,562.50$                  751,687.50$                751,687.50$                  791,250.00$                  
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 12,663,589.76$ 12,663,589.76$          12,663,589.76$          12,663,589.76$             25,327,179.52$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 12,746,866.36$    14,245,845.16$      26,992,711.52$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 108,244,401.64$        23,839,823.00$             132,084,224.64$           
LOT 49,583,350.70$          93,618,257.21$             143,201,607.91$           
LOT 12,746,866.36$          14,245,845.16$             26,992,711.52$             
LOT 170,574,618.70$  131,703,925.37$    302,278,544.07$    

COST / MILE 47,242,655.62$    36,476,957.93$      83,719,613.55$      

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 69-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 2, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,064 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.62 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 6
20 206-in Wide X 69-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV Golden to Mars UG Route 2, 85%DLF Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 19064-ft for a (1)-Circuit, (5)-
cables per phase cable system. The estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide 
X 69-in High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans 
combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (337)-total working days for duct bank trenching activities. (83)-total working days for splice vault installations. (90)-total 
working days for cable pulling. (195)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $791250 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $874282 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 2, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,064 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.62 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 6
20 206-in Wide X 69-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 14801-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.64% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (1058)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Not Used

A total of 7362-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 7346-Cubic Yards of rock were assumed for open cut trenching and 16-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 18608-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as 
well as (6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 69-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 68484-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 500-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (33) splice vaults as well as excavation for (33) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (33)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (13)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (12)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 18564-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 18608-ft with an average duct bank depth of cover of 4.47 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 301860-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: 
(30)- 500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (165)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.35% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.
This cost estimate included the following assumptions for cable system testing: (180)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 2, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,064 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.62 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 303,360 265.25$             80,466,240.00$          25.47$                         7,726,579.20$               88,192,819.20$             
U02 L.F. 2,000 265.25$             530,500.00$                -$                             -$                               530,500.00$                  
U03 EA. 30 38,196.00$        1,145,880.00$            53,050.00$                  1,591,500.00$               2,737,380.00$               
U04 EA. 1 38,196.00$        38,196.00$                  -$                             -$                               38,196.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 165 41,379.00$        6,827,535.00$            53,050.00$                  8,753,250.00$               15,580,785.00$             
U08 EA. 1 41,379.00$        41,379.00$                  -$                             -$                               41,379.00$                    
U09 EA. 30 7,427.00$          222,810.00$                3,713.50$                    111,405.00$                  334,215.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 101,120 12.74$                1,288,268.80$            8.49$                           858,508.80$                  2,146,777.60$               
U12 EA. 60 5,305.00$          318,300.00$                1,803.70$                    108,222.00$                  426,522.00$                  
U13 EA. 60 7,957.50$          477,450.00$                1,803.70$                    108,222.00$                  585,672.00$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 TBD 0 -$                   -$                             -$                             -$                               -$                               
U16 EA. 1 279,240.82$      279,240.82$                76,824.63$                  76,824.63$                    356,065.45$                  
U17 L.S. 1 177,043.98$      177,043.98$                711,300.21$                711,300.21$                  888,344.19$                  
U18 L.S. 1 5,094.41$          5,094.41$                    130,407.51$                130,407.51$                  135,501.92$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             347,204.91$                347,204.91$                  347,204.91$                  

SUBTOTAL 91,825,365.01$          20,523,424.26$             112,348,789.27$           
CONTINGENCY 20.00% 18,365,073.00$          4,104,684.85$               22,469,757.85$             

TOTAL 110,190,438.01$  24,628,109.11$      134,818,547.12$    

8
20

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 18,608 151.16$             2,812,660.74$            361.12$                       6,719,473.41$               9,532,134.15$               
C02 C.Y. 8,394 -$                   -$                             203.56$                       1,708,696.05$               1,708,696.05$               
C03a L.F. 18,608 1,335.16$          24,844,657.28$          2,626.12$                    48,866,840.96$             73,711,498.24$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 68,484 135.39$             9,271,813.91$            22.92$                         1,569,613.97$               10,841,427.88$             
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 500 316.91$             158,454.49$                359.72$                       179,861.89$                  338,316.38$                  

C07 EA. 33 91,292.60$        3,012,655.80$            -$                             -$                               3,012,655.80$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 33 28,117.22$        927,868.26$                50,007.32$                  1,650,241.56$               2,578,109.82$               
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 185,583.75$      185,583.75$                185,583.75$                185,583.75$                  371,167.50$                  
C10 EA. 13 7,810.77$          101,540.01$                11,716.15$                  152,309.95$                  253,849.96$                  
C11 L.S. 1 112,474.99$      112,474.99$                787,324.99$                787,324.99$                  899,799.98$                  
C12 EA. 10 61,651.75$        616,517.50$                71,354.68$                  713,546.80$                  1,330,064.30$               
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 541,835.50$      541,835.50$                460,450.43$                460,450.43$                  1,002,285.93$               
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 13,715.63$        13,715.63$                  348,817.88$                348,817.88$                  362,533.51$                  
C19 L.F. 14,801 63.13$                934,387.13$                94.69$                         1,401,506.69$               2,335,893.82$               
C20 L.S. 1 38,903.13$        38,903.13$                  5,662,938.57$            5,662,938.57$               5,701,841.70$               
C21 L.S. 1 -$                   -$                             5,314,088.96$            5,314,088.96$               5,314,088.96$               
C22 L.S. 1 819,327.15$      819,327.15$                1,367,318.34$            1,367,318.34$               2,186,645.49$               
C23 L.S. 1 -$                   -$                             1,914,261.97$            1,914,261.97$               1,914,261.97$               
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             752,711.16$                752,711.16$                  752,711.16$                  

SUBTOTAL 44,392,395.27$          79,755,587.33$             124,147,982.60$           
CONTINGENCY 20.00% 8,878,479.05$            15,951,117.47$             24,829,596.52$             

TOTAL 53,270,874.32$    95,706,704.80$      148,977,579.12$    

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 43,714.10$        43,714.10$                  830,567.90$                830,567.90$                  874,282.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 396,562.50$      396,562.50$                7,534,687.50$            7,534,687.50$               7,931,250.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 14,189,806.31$ 14,189,806.31$          14,189,806.31$          14,189,806.31$             28,379,612.62$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 14,630,082.91$    22,555,061.71$      37,185,144.62$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 110,190,438.01$        24,628,109.11$             134,818,547.12$           
LOT 53,270,874.32$          95,706,704.80$             148,977,579.12$           
LOT 14,630,082.91$          22,555,061.71$             37,185,144.62$             
LOT 178,091,395.25$  142,889,875.62$    320,981,270.86$    

COST / MILE 49,324,515.68$    39,575,038.99$      88,899,554.67$      

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 2, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,064 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.62 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 6
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 19064-ft for a (1)-Circuit, (5)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 87-in High. Unit Costs based upon 
3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (337)-total working days for duct bank trenching activities. (83)-total working days for splice vault installations. (90)-total 
working days for cable pulling. (195)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $7931250 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $874282 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 2, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,064 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.62 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 6
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 14801-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.61% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (1058)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Not Used

A total of 8394-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 8378-Cubic Yards of rock were assumed for open cut trenching and 16-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 18608-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as 
well as (6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 68484-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 500-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (33) splice vaults as well as excavation for (33) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (33)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (13)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (12)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 18564-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 18608-ft with an average duct bank depth of cover of 4.47 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 303360-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: 
(30)- 500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (165)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.31% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.
This cost estimate included the following assumptions for cable system testing: (180)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 3 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,539 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.95 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 195,588 212.20$             41,503,773.60$          25.47$                         4,981,626.36$               46,485,399.96$             
U02 L.F. 2,800 212.20$             594,160.00$                -$                             -$                               594,160.00$                  
U03 EA. 24 19,098.00$        458,352.00$                26,525.00$                  636,600.00$                  1,094,952.00$               
U04 EA. 1 19,098.00$        19,098.00$                  -$                             -$                               19,098.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 72 20,689.50$        1,489,644.00$            26,525.00$                  1,909,800.00$               3,399,444.00$               
U08 EA. 1 20,689.50$        20,689.50$                  -$                             -$                               20,689.50$                    
U09 EA. 24 7,427.00$          178,248.00$                3,713.50$                    89,124.00$                    267,372.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 65,196 12.74$                830,597.04$                8.49$                           553,514.04$                  1,384,111.08$               
U12 EA. 28 5,305.00$          148,540.00$                1,803.70$                    50,503.60$                    199,043.60$                  
U13 EA. 28 7,957.50$          222,810.00$                1,803.70$                    50,503.60$                    273,313.60$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 16,299 4.34$                  70,713.13$                  5.42$                           88,349.82$                    159,062.95$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 124,972.22$      124,972.22$                512,011.18$                512,011.18$                  636,983.40$                  
U18 L.S. 1 3,788.15$          3,788.15$                    96,969.69$                  96,969.69$                    100,757.84$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             234,959.80$                234,959.80$                  234,959.80$                  

SUBTOTAL 45,672,812.64$          9,203,962.09$               54,876,774.73$             
CONTINGENCY 20.00% 9,134,562.53$            1,840,792.42$               10,975,354.95$             

TOTAL 54,807,375.17$    11,044,754.51$      65,852,129.68$      

8
16

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 15,374 205.06$             3,152,623.09$            354.58$                       5,451,374.42$               8,603,997.51$               
C02 C.Y. 7,142 -$                   -$                             203.55$                       1,453,666.18$               1,453,666.18$               
C03a L.F. 15,374 786.17$             12,086,577.58$          2,047.10$                    31,472,115.40$             43,558,692.98$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 29,622 135.39$             4,010,421.00$            22.92$                         678,919.24$                  4,689,340.24$               
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 1,020 141.95$             144,785.61$                173.48$                       176,946.94$                  321,732.55$                  

C07 EA. 12 75,671.08$        908,052.96$                -$                             -$                               908,052.96$                  
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 12 26,692.85$        320,314.20$                43,289.75$                  519,477.00$                  839,791.20$                  
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 67,485.00$        67,485.00$                  67,485.00$                  67,485.00$                    134,970.00$                  
C10 EA. 8 7,810.77$          62,486.16$                  11,716.15$                  93,729.20$                    156,215.36$                  
C11 L.S. 1 52,488.33$        52,488.33$                  367,418.33$                367,418.33$                  419,906.66$                  
C12 EA. 8 31,170.30$        249,362.40$                35,999.98$                  287,999.84$                  537,362.24$                  
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 425,391.13$      425,391.13$                361,368.21$                361,368.21$                  786,759.34$                  
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 39,318.13$        39,318.13$                  999,944.58$                999,944.58$                  1,039,262.71$               
C19 L.F. 3,760 63.13$                237,368.80$                94.69$                         356,034.40$                  593,403.20$                  
C20 L.S. 1 32,142.78$        32,142.78$                  3,431,338.49$            3,431,338.49$               3,463,481.27$               
C21 L.S. 1 -$                   -$                             3,143,109.87$            3,143,109.87$               3,143,109.87$               
C22 L.S. 1 668,304.75$      668,304.75$                1,115,474.86$            1,115,474.86$               1,783,779.61$               
C23 L.S. 1 -$                   -$                             899,487.55$                899,487.55$                  899,487.55$                  
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             454,664.67$                454,664.67$                  454,664.67$                  

SUBTOTAL 22,457,121.92$          51,330,554.18$             73,787,676.10$             
CONTINGENCY 20.00% 4,491,424.38$            10,266,110.84$             14,757,535.22$             

TOTAL 26,948,546.30$    61,596,665.02$      88,545,211.32$      

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 39,526.60$        39,526.60$                  751,005.40$                751,005.40$                  790,532.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 281,812.50$      281,812.50$                5,354,437.50$            5,354,437.50$               5,636,250.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 7,719,867.05$   7,719,867.05$            7,719,867.05$            7,719,867.05$               15,439,734.10$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 8,041,206.15$      13,825,309.95$      21,866,516.10$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 54,807,375.17$          11,044,754.51$             65,852,129.68$             
LOT 26,948,546.30$          61,596,665.02$             88,545,211.32$             
LOT 8,041,206.15$            13,825,309.95$             21,866,516.10$             
LOT 89,797,127.62$    86,466,729.47$      176,263,857.10$    

COST / MILE 30,512,184.43$    29,380,547.76$      59,892,732.19$      

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 3 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,539 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.95 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $790532 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV Golden to Mars UG Route 3 Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 15539-ft for a (1)-Circuit, (4)-cables per 
phase cable system. The estimated was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in 
High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city 
cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (333)-total working days for duct bank trenching activities. (30)-total working days for splice vault installations. (42)-total 
working days for cable pulling. (96)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $5636250 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV
PROJECT NAME: Golden to Mars UG Route 3 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,539 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.95 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

8 5
16 86-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (84)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 195588-ft, with an additional spare cable length of 2800-ft. The accessories to be installed include: 
(24)- 230 kV Open Air Terminators, with (1)-Spare 230 kV Open Air Terminators. (72)-230 kV Cable Splice, with (1)-Spare 230 kV Cable Splice. (24)-230 kV Lightning Arrester, with (1)-Spare 230 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.43% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 2400-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 15374-ft with an average duct bank depth of cover of 5.37 feet, with a further breakdown 

Not Used

A total of 7142-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 7126-Cubic Yards of rock were assumed for open cut trenching and 15-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 15374-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (16)-8-inch power conduits as 
well as (5)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 86-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 29622-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 1020-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (12) splice vaults as well as excavation for (12) splice vaults. Assumed splice vault dimensions were: 10-ft width by 26-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (12)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (8)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (16)-power conduits for (7)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 14519-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 3760-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.62% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (439)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 3, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,445 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.55 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 216,375 265.25$             57,393,468.75$          25.47$                         5,511,071.25$               62,904,540.00$             
U02 L.F. 2,000 265.25$             530,500.00$                -$                             -$                               530,500.00$                  
U03 EA. 30 38,196.00$        1,145,880.00$            53,050.00$                  1,591,500.00$               2,737,380.00$               
U04 EA. 1 38,196.00$        38,196.00$                  -$                             -$                               38,196.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 120 38,196.00$        4,583,520.00$            53,050.00$                  6,366,000.00$               10,949,520.00$             
U08 EA. 1 38,196.00$        38,196.00$                  -$                             -$                               38,196.00$                    
U09 EA. 30 7,427.00$          222,810.00$                3,713.50$                    111,405.00$                  334,215.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 72,125 12.74$                918,872.50$                8.49$                           612,341.25$                  1,531,213.75$               
U12 EA. 45 5,305.00$          238,725.00$                1,803.70$                    81,166.50$                    319,891.50$                  
U13 EA. 45 7,957.50$          358,087.50$                1,803.70$                    81,166.50$                    439,254.00$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 14,425 4.34$                  62,582.79$                  5.42$                           78,191.68$                    140,774.47$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 177,043.98$      177,043.98$                683,181.46$                683,181.46$                  860,225.44$                  
U18 L.S. 1 18,026.39$        18,026.39$                  461,441.96$                461,441.96$                  479,468.35$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             349,636.45$                349,636.45$                  349,636.45$                  

SUBTOTAL 65,733,335.91$          15,927,102.05$             81,660,437.96$             
CONTINGENCY 20.00% 13,146,667.18$          3,185,420.41$               16,332,087.59$             

TOTAL 78,880,003.09$    19,112,522.46$      97,992,525.55$      

8
20

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 13,113 201.50$             2,642,249.89$            415.19$                       5,444,429.74$               8,086,679.63$               
C02 C.Y. 11,175 -$                   -$                             203.53$                       2,274,502.73$               2,274,502.73$               
C03a L.F. 13,113 1,151.00$          15,093,063.00$          2,469.76$                    32,385,962.88$             47,479,025.88$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 56,203 135.39$             7,609,131.44$            22.92$                         1,288,140.50$               8,897,271.94$               
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 1,700 155.21$             263,858.11$                337.90$                       574,431.69$                  838,289.80$                  

C07 EA. 24 91,292.60$        2,191,022.40$            -$                             -$                               2,191,022.40$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 24 28,117.22$        674,813.28$                49,728.08$                  1,193,473.92$               1,868,287.20$               
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 134,970.00$      134,970.00$                134,970.00$                134,970.00$                  269,940.00$                  
C10 EA. 10 7,810.77$          78,107.70$                  11,716.15$                  117,161.50$                  195,269.20$                  
C11 L.S. 1 84,356.25$        84,356.25$                  590,493.74$                590,493.74$                  674,849.99$                  
C12 EA. 10 61,651.75$        616,517.50$                71,354.68$                  713,546.80$                  1,330,064.30$               
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 340,673.74$      340,673.74$                289,672.44$                289,672.44$                  630,346.18$                  
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 39,840.63$        39,840.63$                  1,013,232.88$            1,013,232.88$               1,053,073.51$               
C19 L.F. 3,414 63.13$                215,525.82$                94.69$                         323,271.66$                  538,797.48$                  
C20 L.S. 1 27,415.65$        27,415.65$                  3,991,836.98$            3,991,836.98$               4,019,252.63$               
C21 L.S. 1 -$                   -$                             3,745,997.14$            3,745,997.14$               3,745,997.14$               
C22 L.S. 1 580,730.10$      580,730.10$                969,992.81$                969,992.81$                  1,550,722.91$               
C23 L.S. 1 -$                   -$                             1,586,522.33$            1,586,522.33$               1,586,522.33$               
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             758,900.26$                758,900.26$                  758,900.26$                  

SUBTOTAL 30,592,275.51$          57,396,540.00$             87,988,815.51$             
CONTINGENCY 20.00% 6,118,455.10$            11,479,308.00$             17,597,763.10$             

TOTAL 36,710,730.61$    68,875,848.00$      105,586,578.61$    

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 38,945.35$        38,945.35$                  739,961.65$                739,961.65$                  778,907.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 316,125.00$      316,125.00$                6,006,375.00$            6,006,375.00$               6,322,500.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 9,362,350.83$   9,362,350.83$            9,362,350.83$            9,362,350.83$               18,724,701.66$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 9,717,421.18$      16,108,687.48$      25,826,108.66$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 78,880,003.09$          19,112,522.46$             97,992,525.55$             
LOT 36,710,730.61$          68,875,848.00$             105,586,578.61$           
LOT 9,717,421.18$            16,108,687.48$             25,826,108.66$             
LOT 125,308,154.88$  104,097,057.94$    229,405,212.82$    

COST / MILE 49,209,896.45$    40,880,064.40$      90,089,960.86$      

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 69-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 2

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 3, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,445 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.55 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 2
20 206-in Wide X 69-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $778907 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV Golden to Mars UG Route 3, 85%DLF Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 13445-ft for a (1)-Circuit, (5)-
cables per phase cable system. The estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (2) smaller conduits with overall ductbank dimensions of 206-in Wide 
X 69-in High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans 
combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (284)-total working days for duct bank trenching activities. (60)-total working days for splice vault installations. (68)-total 
working days for cable pulling. (150)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $6322500 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 3, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,445 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.55 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 2
20 206-in Wide X 69-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (135)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 216375-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: 
(30)- 500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (120)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.43% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 13113-ft with an average duct bank depth of cover of 5.37 feet, with a further breakdown 

Not Used

A total of 11175-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 11143-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock 
This cost estimate included an assumed total installation length of 13113-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as 
well as (2)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 69-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 56203-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 1700-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (24) splice vaults as well as excavation for (24) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (24)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (10)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (9)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 11745-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 3414-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.87% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (896)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 3, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,445 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.55 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 216,375 265.25$             57,393,468.75$          25.47$                         5,511,071.25$               62,904,540.00$             
U02 L.F. 2,000 265.25$             530,500.00$                -$                             -$                               530,500.00$                  
U03 EA. 30 38,196.00$        1,145,880.00$            53,050.00$                  1,591,500.00$               2,737,380.00$               
U04 EA. 1 38,196.00$        38,196.00$                  -$                             -$                               38,196.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 120 41,379.00$        4,965,480.00$            53,050.00$                  6,366,000.00$               11,331,480.00$             
U08 EA. 1 41,379.00$        41,379.00$                  -$                             -$                               41,379.00$                    
U09 EA. 30 7,427.00$          222,810.00$                3,713.50$                    111,405.00$                  334,215.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 72,125 12.74$                918,872.50$                8.49$                           612,341.25$                  1,531,213.75$               
U12 EA. 45 5,305.00$          238,725.00$                1,803.70$                    81,166.50$                    319,891.50$                  
U13 EA. 45 7,957.50$          358,087.50$                1,803.70$                    81,166.50$                    439,254.00$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 14,425 4.34$                  62,582.79$                  5.42$                           78,191.68$                    140,774.47$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 177,043.98$      177,043.98$                631,109.71$                631,109.71$                  808,153.69$                  
U18 L.S. 1 18,026.39$        18,026.39$                  461,441.96$                461,441.96$                  479,468.35$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             351,068.65$                351,068.65$                  351,068.65$                  

SUBTOTAL 66,118,478.91$          15,876,462.50$             81,994,941.41$             
CONTINGENCY 20.00% 13,223,695.78$          3,175,292.50$               16,398,988.28$             

TOTAL 79,342,174.69$    19,051,755.00$      98,393,929.69$      

8
20

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 13,113 205.06$             2,688,985.64$            434.27$                       5,694,570.71$               8,383,556.35$               
C02 C.Y. 12,639 -$                   -$                             203.54$                       2,572,613.04$               2,572,613.04$               
C03a L.F. 13,113 1,305.94$          17,124,791.22$          2,501.55$                    32,802,825.15$             49,927,616.37$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 56,203 135.39$             7,609,131.44$            22.92$                         1,288,140.50$               8,897,271.94$               
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 1,700 155.21$             263,858.11$                337.90$                       574,431.69$                  838,289.80$                  

C07 EA. 24 91,292.60$        2,191,022.40$            -$                             -$                               2,191,022.40$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 24 28,117.22$        674,813.28$                49,728.08$                  1,193,473.92$               1,868,287.20$               
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 134,970.00$      134,970.00$                134,970.00$                134,970.00$                  269,940.00$                  
C10 EA. 10 7,810.77$          78,107.70$                  11,716.15$                  117,161.50$                  195,269.20$                  
C11 L.S. 1 84,356.25$        84,356.25$                  590,493.74$                590,493.74$                  674,849.99$                  
C12 EA. 10 61,651.75$        616,517.50$                71,354.68$                  713,546.80$                  1,330,064.30$               
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 340,673.74$      340,673.74$                289,672.44$                289,672.44$                  630,346.18$                  
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 39,840.63$        39,840.63$                  1,013,232.88$            1,013,232.88$               1,053,073.51$               
C19 L.F. 3,414 63.13$                215,525.82$                94.69$                         323,271.66$                  538,797.48$                  
C20 L.S. 1 27,415.65$        27,415.65$                  4,141,209.68$            4,141,209.68$               4,168,625.33$               
C21 L.S. 1 -$                   -$                             3,895,369.83$            3,895,369.83$               3,895,369.83$               
C22 L.S. 1 580,730.10$      580,730.10$                969,992.81$                969,992.81$                  1,550,722.91$               
C23 L.S. 1 -$                   -$                             1,586,522.33$            1,586,522.33$               1,586,522.33$               
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             751,749.58$                751,749.58$                  751,749.58$                  

SUBTOTAL 32,670,739.48$          58,653,248.26$             91,323,987.74$             
CONTINGENCY 20.00% 6,534,147.90$            11,730,649.65$             18,264,797.55$             

TOTAL 39,204,887.38$    70,383,897.91$      109,588,785.29$    

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 38,945.35$        38,945.35$                  739,961.65$                739,961.65$                  778,907.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 316,125.00$      316,125.00$                6,006,375.00$            6,006,375.00$               6,322,500.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 10,399,135.75$ 10,399,135.75$          10,399,135.75$          10,399,135.75$             20,798,271.50$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 10,754,206.10$    17,145,472.40$      27,899,678.50$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 79,342,174.69$          19,051,755.00$             98,393,929.69$             
LOT 39,204,887.38$          70,383,897.91$             109,588,785.29$           
LOT 10,754,206.10$          17,145,472.40$             27,899,678.50$             
LOT 129,301,268.17$  106,581,125.31$    235,882,393.48$    

COST / MILE 50,778,036.14$    41,855,585.10$      92,633,621.24$      

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 2

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 3, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,445 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.55 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 2
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $778907 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV Golden to Mars UG Route 3, 100%DLF Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 13445-ft for a (1)-Circuit, (5)-
cables per phase cable system. The estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (2) smaller conduits with overall ductbank dimensions of 206-in Wide 
X 87-in High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans 
combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (284)-total working days for duct bank trenching activities. (60)-total working days for splice vault installations. (68)-total 
working days for cable pulling. (150)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $6322500 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 3, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,445 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.55 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 2
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (135)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 216375-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: 
(30)- 500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (120)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.43% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 13113-ft with an average duct bank depth of cover of 5.37 feet, with a further breakdown 

Not Used

A total of 12639-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 12607-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock 
This cost estimate included an assumed total installation length of 13113-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as 
well as (2)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 56203-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 1700-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (24) splice vaults as well as excavation for (24) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (24)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (10)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (9)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 11745-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 3414-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.83% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (896)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 4 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,894 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.02 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 200,568 212.20$               42,560,529.60$            25.47$                          5,108,466.96$                47,668,996.56$              
U02 L.F. 2,800 212.20$               594,160.00$                 -$                              -$                                594,160.00$                   
U03 EA. 24 19,098.00$          458,352.00$                 26,525.00$                   636,600.00$                   1,094,952.00$                
U04 EA. 1 19,098.00$          19,098.00$                   -$                              -$                                19,098.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 84 20,689.50$          1,737,918.00$              26,525.00$                   2,228,100.00$                3,966,018.00$                
U08 EA. 1 20,689.50$          20,689.50$                   -$                              -$                                20,689.50$                     
U09 EA. 24 7,427.00$            178,248.00$                 3,713.50$                     89,124.00$                     267,372.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 66,856 12.74$                 851,745.44$                 8.49$                            567,607.44$                   1,419,352.88$                
U12 EA. 32 5,305.00$            169,760.00$                 1,803.70$                     57,718.40$                     227,478.40$                   
U13 EA. 32 7,957.50$            254,640.00$                 1,803.70$                     57,718.40$                     312,358.40$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 16,714 4.34$                   72,513.61$                   5.42$                            90,599.36$                     163,112.97$                   
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 124,972.22$        124,972.22$                 519,509.52$                 519,509.52$                   644,481.74$                   
U18 L.S. 1 1,567.51$            1,567.51$                     40,125.39$                   40,125.39$                     41,692.90$                     
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              242,722.92$                 242,722.92$                   242,722.92$                   

SUBTOTAL 47,051,620.88$            9,638,292.39$                56,689,913.27$              
CONTINGENCY 20.00% 9,410,324.18$              1,927,658.48$                11,337,982.65$              

TOTAL 56,461,945.06$     11,565,950.87$       68,027,895.92$       

8
16

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 15,702 125.65$               1,972,872.42$              243.58$                        3,824,591.78$                5,797,464.20$                
C02 C.Y. 6,509 -$                    -$                              203.55$                        1,324,963.63$                1,324,963.63$                
C03a L.F. 15,702 786.17$               12,344,441.34$            2,047.10$                     32,143,564.20$              44,488,005.54$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 23,842 135.39$               3,227,886.62$              22.92$                          546,444.95$                   3,774,331.57$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 350 288.58$               101,002.07$                 203.11$                        71,090.24$                     172,092.31$                   

C07 EA. 14 75,671.08$          1,059,395.12$              -$                              -$                                1,059,395.12$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 14 26,692.85$          373,699.90$                 43,289.75$                   606,056.50$                   979,756.40$                   
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 78,732.50$          78,732.50$                   78,732.50$                   78,732.50$                     157,465.00$                   
C10 EA. 9 7,810.77$            70,296.93$                   11,716.15$                   105,445.35$                   175,742.28$                   
C11 L.S. 1 59,986.67$          59,986.67$                   419,906.66$                 419,906.66$                   479,893.33$                   
C12 EA. 8 31,170.30$          249,362.40$                 35,999.98$                   287,999.84$                   537,362.24$                   
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 454,640.69$        454,640.69$                 386,277.24$                 386,277.24$                   840,917.93$                   
C15 TBD 0 -$                    -$                              -$                              -$                                -$                                
C16 TBD 0 -$                    -$                              -$                              -$                                -$                                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 1,045.00$            1,045.00$                     26,576.60$                   26,576.60$                     27,621.60$                     
C19 L.F. 15,352 63.13$                 969,171.76$                 94.69$                          1,453,680.88$                2,422,852.64$                
C20 L.S. 1 32,827.49$          32,827.49$                   3,348,878.40$              3,348,878.40$                3,381,705.89$                
C21 L.S. 1 -$                    -$                              3,054,509.88$              3,054,509.88$                3,054,509.88$                
C22 L.S. 1 688,354.30$        688,354.30$                 1,150,339.41$              1,150,339.41$                1,838,693.71$                
C23 L.S. 1 -$                    -$                              744,522.00$                 744,522.00$                   744,522.00$                   
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              441,795.23$                 441,795.23$                   441,795.23$                   

SUBTOTAL 21,683,715.21$            50,015,375.29$              71,699,090.50$              
CONTINGENCY 20.00% 4,336,743.04$              10,003,075.06$              14,339,818.10$              

TOTAL 26,020,458.25$     60,018,450.35$       86,038,908.60$       

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 39,626.60$          39,626.60$                   752,905.40$                 752,905.40$                   792,532.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 278,276.90$        278,276.90$                 5,287,261.10$              5,287,261.10$                5,565,538.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 7,703,340.23$     7,703,340.23$              7,703,340.23$              7,703,340.23$                15,406,680.46$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 8,021,243.73$       13,743,506.73$       21,764,750.46$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 56,461,945.06$            11,565,950.87$              68,027,895.92$              
LOT 26,020,458.25$            60,018,450.35$              86,038,908.60$              
LOT 8,021,243.73$              13,743,506.73$              21,764,750.46$              

LOT 90,503,647.04$     85,327,907.95$       175,831,554.98$     
COST / MILE 30,065,386.71$     28,346,001.88$       58,411,388.59$       

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 4 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,894 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.02 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 15894-ft for a (1)-Circuit, (4)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in High. Unit Costs based upon 3% 
Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (259)-total working days for duct bank trenching activities. (35)-total working days for splice vault installations. (48)-total 
working days for cable pulling. (108)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $5565538 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $792532 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 4, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,894 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.02 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 254,910 265.25$               67,614,877.50$            25.47$                          6,492,557.70$                74,107,435.20$              
U02 L.F. 2,000 265.25$               530,500.00$                 -$                              -$                                530,500.00$                   
U03 EA. 30 38,196.00$          1,145,880.00$              53,050.00$                   1,591,500.00$                2,737,380.00$                
U04 EA. 1 38,196.00$          38,196.00$                   -$                              -$                                38,196.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 150 41,379.00$          6,206,850.00$              53,050.00$                   7,957,500.00$                14,164,350.00$              
U08 EA. 1 41,379.00$          41,379.00$                   -$                              -$                                41,379.00$                     
U09 EA. 30 7,427.00$            222,810.00$                 3,713.50$                     111,405.00$                   334,215.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 84,970 12.74$                 1,082,517.80$              8.49$                            721,395.30$                   1,803,913.10$                
U12 EA. 55 5,305.00$            291,775.00$                 1,803.70$                     99,203.50$                     390,978.50$                   
U13 EA. 55 7,957.50$            437,662.50$                 1,803.70$                     99,203.50$                     536,866.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 16,994 4.34$                   73,728.39$                   5.42$                            92,117.11$                     165,845.50$                   
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 177,043.98$        177,043.98$                 701,927.30$                 701,927.30$                   878,971.28$                   
U18 L.S. 1 3,918.78$            3,918.78$                     100,313.47$                 100,313.47$                   104,232.25$                   
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              335,445.91$                 335,445.91$                   335,445.91$                   

SUBTOTAL 77,874,565.95$            18,302,568.79$              96,177,134.74$              
CONTINGENCY 20.00% 15,574,913.19$            3,660,513.76$                19,235,426.95$              

TOTAL 93,449,479.14$     21,963,082.55$       115,412,561.69$     

8
20

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 15,479 122.08$               1,889,667.40$              296.21$                        4,585,023.75$                6,474,691.15$                
C02 C.Y. 11,745 -$                    -$                              203.53$                        2,390,399.40$                2,390,399.40$                
C03a L.F. 15,479 1,180.21$            18,268,470.59$            2,594.33$                     40,157,634.07$              58,426,104.66$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 52,283 135.39$               7,078,416.08$              22.92$                          1,198,296.35$                8,276,712.43$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 350 415.19$               145,314.96$                 373.75$                        130,813.48$                   276,128.44$                   

C07 EA. 30 91,292.60$          2,738,778.00$              -$                              -$                                2,738,778.00$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 30 28,117.22$          843,516.60$                 49,728.08$                   1,491,842.40$                2,335,359.00$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 168,712.50$        168,712.50$                 168,712.50$                 168,712.50$                   337,425.00$                   
C10 EA. 12 7,810.77$            93,729.24$                   11,716.15$                   140,593.80$                   234,323.04$                   
C11 L.S. 1 103,102.08$        103,102.08$                 721,714.57$                 721,714.57$                   824,816.65$                   
C12 EA. 10 61,651.75$          616,517.50$                 71,354.68$                   713,546.80$                   1,330,064.30$                
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 454,640.69$        454,640.69$                 386,277.24$                 386,277.24$                   840,917.93$                   
C15 TBD 0 -$                    -$                              -$                              -$                                -$                                
C16 TBD 0 -$                    -$                              -$                              -$                                -$                                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 1,306.25$            1,306.25$                     33,220.75$                   33,220.75$                     34,527.00$                     
C19 L.F. 15,138 63.13$                 955,661.94$                 94.69$                          1,433,417.22$                2,389,079.16$                
C20 L.S. 1 32,362.30$          32,362.30$                   4,555,533.05$              4,555,533.05$                4,587,895.35$                
C21 L.S. 1 -$                    -$                              4,265,335.91$              4,265,335.91$                4,265,335.91$                
C22 L.S. 1 688,502.45$        688,502.45$                 1,150,582.84$              1,150,582.84$                1,839,085.29$                
C23 L.S. 1 -$                    -$                              1,450,927.47$              1,450,927.47$                1,450,927.47$                
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              633,936.45$                 633,936.45$                   633,936.45$                   

SUBTOTAL 34,078,698.58$            65,607,808.05$              99,686,506.63$              
CONTINGENCY 20.00% 6,815,739.72$              13,121,561.61$              19,937,301.33$              

TOTAL 40,894,438.30$     78,729,369.66$       119,623,807.96$     

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 41,626.60$          41,626.60$                   790,905.40$                 790,905.40$                   832,532.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 363,683.40$        363,683.40$                 6,909,984.60$              6,909,984.60$                7,273,668.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 10,790,047.14$   10,790,047.14$            10,790,047.14$            10,790,047.14$              21,580,094.28$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 11,195,357.14$     18,490,937.14$       29,686,294.28$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 93,449,479.14$            21,963,082.55$              115,412,561.69$            
LOT 40,894,438.30$            78,729,369.66$              119,623,807.96$            
LOT 11,195,357.14$            18,490,937.14$              29,686,294.28$              

LOT 145,539,274.58$   119,183,389.35$     264,722,663.92$     
COST / MILE 48,348,267.88$     39,592,820.92$       87,941,088.81$       

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 69-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 4, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,894 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.02 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 69-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV Golden to Mars UG Route 4, 85%DLF Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 15894-ft for a (1)-Circuit, (5)-cables 
per phase cable system. The estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 69-in 
High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost 
index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (255)-total working days for duct bank trenching activities. (75)-total working days for splice vault installations. (83)-total 
working days for cable pulling. (180)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $7273668 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $832532 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 4, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,894 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.02 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 69-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 15138-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.64% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (792)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Not Used

A total of 11745-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 11713-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 15479-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as well as 
(6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 69-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 52283-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 350-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of continuous 
Steel Plating.

This cost estimate included material for (30) splice vaults as well as excavation for (30) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (30)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (12)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (11)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 15544-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 15479-ft with an average duct bank depth of cover of 4.02 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 254910-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: (30)- 
500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (150)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.35% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.
This cost estimate included the following assumptions for cable system testing: (165)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 4, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,894 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.02 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 254,910 265.25$               67,614,877.50$            25.47$                          6,492,557.70$                74,107,435.20$              
U02 L.F. 2,000 265.25$               530,500.00$                 -$                              -$                                530,500.00$                   
U03 EA. 30 38,196.00$          1,145,880.00$              53,050.00$                   1,591,500.00$                2,737,380.00$                
U04 EA. 1 38,196.00$          38,196.00$                   -$                              -$                                38,196.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 150 41,379.00$          6,206,850.00$              53,050.00$                   7,957,500.00$                14,164,350.00$              
U08 EA. 1 41,379.00$          41,379.00$                   -$                              -$                                41,379.00$                     
U09 EA. 30 7,427.00$            222,810.00$                 3,713.50$                     111,405.00$                   334,215.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 84,970 12.74$                 1,082,517.80$              8.49$                            721,395.30$                   1,803,913.10$                
U12 EA. 55 5,305.00$            291,775.00$                 1,803.70$                     99,203.50$                     390,978.50$                   
U13 EA. 55 7,957.50$            437,662.50$                 1,803.70$                     99,203.50$                     536,866.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 TBD 0 -$                    -$                              -$                              -$                                -$                                
U16 EA. 1 265,227.48$        265,227.48$                 69,867.41$                   69,867.41$                     335,094.89$                   
U17 L.S. 1 177,043.98$        177,043.98$                 701,927.30$                 701,927.30$                   878,971.28$                   
U18 L.S. 1 3,918.78$            3,918.78$                     100,313.47$                 100,313.47$                   104,232.25$                   
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              297,633.91$                 297,633.91$                   297,633.91$                   

SUBTOTAL 78,066,065.04$            18,242,507.09$              96,308,572.13$              
CONTINGENCY 20.00% 15,613,213.01$            3,648,501.42$                19,261,714.43$              

TOTAL 93,679,278.05$     21,891,008.51$       115,570,286.56$     

8
20

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 15,479 125.65$               1,944,910.06$              315.28$                        4,880,223.76$                6,825,133.82$                
C02 C.Y. 13,456 -$                    -$                              203.55$                        2,738,873.91$                2,738,873.91$                
C03a L.F. 15,479 1,335.16$            20,666,941.64$            2,626.12$                     40,649,711.48$              61,316,653.12$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 52,283 135.39$               7,078,416.08$              22.92$                          1,198,296.35$                8,276,712.43$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 350 415.19$               145,314.96$                 373.75$                        130,813.48$                   276,128.44$                   

C07 EA. 30 91,292.60$          2,738,778.00$              -$                              -$                                2,738,778.00$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 30 28,117.22$          843,516.60$                 49,728.08$                   1,491,842.40$                2,335,359.00$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 168,712.50$        168,712.50$                 168,712.50$                 168,712.50$                   337,425.00$                   
C10 EA. 12 7,810.77$            93,729.24$                   11,716.15$                   140,593.80$                   234,323.04$                   
C11 L.S. 1 103,102.08$        103,102.08$                 721,714.57$                 721,714.57$                   824,816.65$                   
C12 EA. 10 61,651.75$          616,517.50$                 71,354.68$                   713,546.80$                   1,330,064.30$                
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 454,640.69$        454,640.69$                 386,277.24$                 386,277.24$                   840,917.93$                   
C15 TBD 0 -$                    -$                              -$                              -$                                -$                                
C16 TBD 0 -$                    -$                              -$                              -$                                -$                                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 1,306.25$            1,306.25$                     33,220.75$                   33,220.75$                     34,527.00$                     
C19 L.F. 15,138 63.13$                 955,661.94$                 94.69$                          1,433,417.22$                2,389,079.16$                
C20 L.S. 1 32,362.30$          32,362.30$                   4,731,696.84$              4,731,696.84$                4,764,059.14$                
C21 L.S. 1 -$                    -$                              4,441,499.71$              4,441,499.71$                4,441,499.71$                
C22 L.S. 1 688,502.45$        688,502.45$                 1,150,582.84$              1,150,582.84$                1,839,085.29$                
C23 L.S. 1 -$                    -$                              1,450,927.47$              1,450,927.47$                1,450,927.47$                
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              628,265.62$                 628,265.62$                   628,265.62$                   

SUBTOTAL 36,532,412.29$            67,090,216.74$              103,622,629.03$            
CONTINGENCY 20.00% 7,306,482.46$              13,418,043.35$              20,724,525.81$              

TOTAL 43,838,894.75$     80,508,260.09$       124,347,154.84$     

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 41,626.60$          41,626.60$                   790,905.40$                 790,905.40$                   832,532.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 363,683.40$        363,683.40$                 6,909,984.60$              6,909,984.60$                7,273,668.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 11,995,872.07$   11,995,872.07$            11,995,872.07$            11,995,872.07$              23,991,744.14$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 12,401,182.07$     19,696,762.07$       32,097,944.14$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 93,679,278.05$            21,891,008.51$              115,570,286.56$            
LOT 43,838,894.75$            80,508,260.09$              124,347,154.84$            
LOT 12,401,182.07$            19,696,762.07$              32,097,944.14$              

LOT 149,919,354.87$   122,096,030.67$     272,015,385.53$     
COST / MILE 49,803,334.19$     40,560,402.79$       90,363,736.98$       

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 4, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,894 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.02 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $832532 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 15894-ft for a (1)-Circuit, (5)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 87-in High. Unit Costs based upon 3% 
Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (255)-total working days for duct bank trenching activities. (75)-total working days for splice vault installations. (83)-total 
working days for cable pulling. (180)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $7273668 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 4, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,894 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.02 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (165)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 254910-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: (30)- 
500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (150)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.31% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 15479-ft with an average duct bank depth of cover of 4.02 feet, with a further breakdown 

Not Used

A total of 13456-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 13424-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 15479-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as well as 
(6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 52283-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 350-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of continuous 
Steel Plating.

This cost estimate included material for (30) splice vaults as well as excavation for (30) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (30)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (12)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (11)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 15544-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 15138-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.61% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (792)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 5 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,841 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.01 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 199,932 212.20$               42,425,570.40$            25.47$                          5,092,268.04$                47,517,838.44$              
U02 L.F. 2,800 212.20$               594,160.00$                 -$                              -$                                594,160.00$                   
U03 EA. 24 19,098.00$          458,352.00$                 26,525.00$                   636,600.00$                   1,094,952.00$                
U04 EA. 1 19,098.00$          19,098.00$                   -$                              -$                                19,098.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 84 20,689.50$          1,737,918.00$              26,525.00$                   2,228,100.00$                3,966,018.00$                
U08 EA. 1 20,689.50$          20,689.50$                   -$                              -$                                20,689.50$                     
U09 EA. 24 7,427.00$            178,248.00$                 3,713.50$                     89,124.00$                     267,372.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 66,644 12.74$                 849,044.56$                 8.49$                            565,807.56$                   1,414,852.12$                
U12 EA. 32 5,305.00$            169,760.00$                 1,803.70$                     57,718.40$                     227,478.40$                   
U13 EA. 32 7,957.50$            254,640.00$                 1,803.70$                     57,718.40$                     312,358.40$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 16,661 4.34$                   72,283.67$                   5.42$                            90,312.07$                     162,595.74$                   
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 124,972.22$        124,972.22$                 519,509.52$                 519,509.52$                   644,481.74$                   
U18 L.S. 1 26,125.20$          26,125.20$                   668,756.46$                 668,756.46$                   694,881.66$                   
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              244,860.07$                 244,860.07$                   244,860.07$                   

SUBTOTAL 46,938,288.55$            10,250,774.52$              57,189,063.07$              
CONTINGENCY 20.00% 9,387,657.71$              2,050,154.90$                11,437,812.61$              

TOTAL 56,325,946.26$     12,300,929.42$       68,626,875.68$       

8
16

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 15,649 125.65$               1,966,180.52$              243.78$                        3,814,811.67$                5,780,992.19$                
C02 C.Y. 6,311 -$                    -$                              203.54$                        1,284,469.04$                1,284,469.04$                
C03a L.F. 15,649 786.17$               12,302,774.33$            2,047.10$                     32,035,067.90$              44,337,842.23$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 23,761 135.39$               3,216,920.31$              22.92$                          544,588.48$                   3,761,508.79$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 6,263 77.89$                 487,794.31$                 160.98$                        1,008,248.77$                1,496,043.08$                

C07 EA. 14 75,671.08$          1,059,395.12$              -$                              -$                                1,059,395.12$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 14 26,692.85$          373,699.90$                 43,289.75$                   606,056.50$                   979,756.40$                   
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 78,732.50$          78,732.50$                   78,732.50$                   78,732.50$                     157,465.00$                   
C10 EA. 9 7,810.77$            70,296.93$                   11,716.15$                   105,445.35$                   175,742.28$                   
C11 L.S. 1 59,986.67$          59,986.67$                   419,906.66$                 419,906.66$                   479,893.33$                   
C12 EA. 8 31,170.30$          249,362.40$                 35,999.98$                   287,999.84$                   537,362.24$                   
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 280,996.33$        280,996.33$                 238,676.10$                 238,676.10$                   519,672.43$                   
C15 TBD 0 -$                    -$                              -$                              -$                                -$                                
C16 TBD 0 -$                    -$                              -$                              -$                                -$                                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 17,503.75$          17,503.75$                   445,158.05$                 445,158.05$                   462,661.80$                   
C19 L.F. 9,386 63.13$                 592,538.18$                 94.69$                          888,760.34$                   1,481,298.52$                
C20 L.S. 1 32,716.68$          32,716.68$                   3,361,442.01$              3,361,442.01$                3,394,158.69$                
C21 L.S. 1 -$                    -$                              3,068,067.13$              3,068,067.13$                3,068,067.13$                
C22 L.S. 1 686,135.33$        686,135.33$                 1,146,653.24$              1,146,653.24$                1,832,788.57$                
C23 L.S. 1 -$                    -$                              741,397.70$                 741,397.70$                   741,397.70$                   
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              443,613.19$                 443,613.19$                   443,613.19$                   

SUBTOTAL 21,475,033.26$            50,519,094.47$              71,994,127.73$              
CONTINGENCY 20.00% 4,295,006.65$              10,103,818.89$              14,398,825.55$              

TOTAL 25,770,039.91$     60,622,913.36$       86,392,953.28$       

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 39,207.85$          39,207.85$                   744,949.15$                 744,949.15$                   784,157.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 277,348.95$        277,348.95$                 5,269,630.05$              5,269,630.05$                5,546,979.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 7,750,991.45$     7,750,991.45$              7,750,991.45$              7,750,991.45$                15,501,982.90$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 8,067,548.25$       13,765,570.65$       21,833,118.90$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 56,325,946.26$            12,300,929.42$              68,626,875.68$              
LOT 25,770,039.91$            60,622,913.36$              86,392,953.28$              
LOT 8,067,548.25$              13,765,570.65$              21,833,118.90$              

LOT 90,163,534.42$     86,689,413.44$       176,852,947.86$     
COST / MILE 30,052,614.21$     28,894,646.99$       58,947,261.20$       

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 5 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,841 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.01 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $784157 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 15841-ft for a (1)-Circuit, (4)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in High. Unit Costs based upon 3% 
Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (258)-total working days for duct bank trenching activities. (35)-total working days for splice vault installations. (48)-total 
working days for cable pulling. (108)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $5546979 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV
PROJECT NAME: Golden to Mars UG Route 5 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,841 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.01 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (96)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 199932-ft, with an additional spare cable length of 2800-ft. The accessories to be installed include: (24)- 
230 kV Open Air Terminators, with (1)-Spare 230 kV Open Air Terminators. (84)-230 kV Cable Splice, with (1)-Spare 230 kV Cable Splice. (24)-230 kV Lightning Arrester, with (1)-Spare 230 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.43% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2800-ft and standard splice vault spacing of 2400-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 15649-ft with an average duct bank depth of cover of 4.02 feet, with a further breakdown 

Not Used

A total of 6311-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 6295-Cubic Yards of rock were assumed for open cut trenching and 15-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 15649-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (16)-8-inch power conduits as well as 
(5)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 86-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 23761-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 6263-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of continuous 
Steel Plating.

This cost estimate included material for (14) splice vaults as well as excavation for (14) splice vaults. Assumed splice vault dimensions were: 10-ft width by 26-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (14)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (9)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (16)-power conduits for (8)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 9578-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 9386-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.62% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (334)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 5, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,841 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.01 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 254,115 265.25$               67,404,003.75$            25.47$                          6,472,309.05$                73,876,312.80$              
U02 L.F. 2,000 265.25$               530,500.00$                 -$                              -$                                530,500.00$                   
U03 EA. 30 38,196.00$          1,145,880.00$              53,050.00$                   1,591,500.00$                2,737,380.00$                
U04 EA. 1 38,196.00$          38,196.00$                   -$                              -$                                38,196.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 150 41,379.00$          6,206,850.00$              53,050.00$                   7,957,500.00$                14,164,350.00$              
U08 EA. 1 41,379.00$          41,379.00$                   -$                              -$                                41,379.00$                     
U09 EA. 30 7,427.00$            222,810.00$                 3,713.50$                     111,405.00$                   334,215.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 84,705 12.74$                 1,079,141.70$              8.49$                            719,145.45$                   1,798,287.15$                
U12 EA. 55 5,305.00$            291,775.00$                 1,803.70$                     99,203.50$                     390,978.50$                   
U13 EA. 55 7,957.50$            437,662.50$                 1,803.70$                     99,203.50$                     536,866.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 16,941 4.34$                   73,498.45$                   5.42$                            91,829.82$                     165,328.27$                   
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 177,043.98$        177,043.98$                 701,927.30$                 701,927.30$                   878,971.28$                   
U18 L.S. 1 69,754.29$          69,754.29$                   1,785,579.75$              1,785,579.75$                1,855,334.04$                
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              340,744.34$                 340,744.34$                   340,744.34$                   

SUBTOTAL 77,725,921.67$            19,970,347.71$              97,696,269.38$              
CONTINGENCY 20.00% 15,545,184.33$            3,994,069.54$                19,539,253.88$              

TOTAL 93,271,106.00$     23,964,417.25$       117,235,523.26$     

8
20

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 15,426 122.08$               1,883,201.42$              296.65$                        4,576,112.10$                6,459,313.52$                
C02 C.Y. 11,317 -$                    -$                              203.53$                        2,303,368.27$                2,303,368.27$                
C03a L.F. 15,426 1,180.21$            18,205,919.46$            2,594.33$                     40,020,134.58$              58,226,054.04$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 52,104 135.39$               7,054,181.88$              22.92$                          1,194,193.77$                8,248,375.65$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 6,263 106.17$               664,955.18$                 331.64$                        2,077,060.73$                2,742,015.91$                

C07 EA. 30 91,292.60$          2,738,778.00$              -$                              -$                                2,738,778.00$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 30 28,117.22$          843,516.60$                 49,728.08$                   1,491,842.40$                2,335,359.00$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 168,712.50$        168,712.50$                 168,712.50$                 168,712.50$                   337,425.00$                   
C10 EA. 12 7,810.77$            93,729.24$                   11,716.15$                   140,593.80$                   234,323.04$                   
C11 L.S. 1 103,102.08$        103,102.08$                 721,714.57$                 721,714.57$                   824,816.65$                   
C12 EA. 10 61,651.75$          616,517.50$                 71,354.68$                   713,546.80$                   1,330,064.30$                
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 280,996.33$        280,996.33$                 238,676.10$                 238,676.10$                   519,672.43$                   
C15 TBD 0 -$                    -$                              -$                              -$                                -$                                
C16 TBD 0 -$                    -$                              -$                              -$                                -$                                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 21,422.50$          21,422.50$                   544,820.30$                 544,820.30$                   566,242.80$                   
C19 L.F. 9,327 63.13$                 588,813.51$                 94.69$                          883,173.63$                   1,471,987.14$                
C20 L.S. 1 32,251.49$          32,251.49$                   4,624,645.85$              4,624,645.85$                4,656,897.34$                
C21 L.S. 1 -$                    -$                              4,335,442.35$              4,335,442.35$                4,335,442.35$                
C22 L.S. 1 686,283.48$        686,283.48$                 1,146,896.67$              1,146,896.67$                1,833,180.15$                
C23 L.S. 1 -$                    -$                              1,446,241.01$              1,446,241.01$                1,446,241.01$                
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              643,901.16$                 643,901.16$                   643,901.16$                   

SUBTOTAL 33,982,381.17$            67,271,076.59$              101,253,457.76$            
CONTINGENCY 20.00% 6,796,476.23$              13,454,215.32$              20,250,691.55$              

TOTAL 40,778,857.40$     80,725,291.91$       121,504,149.31$     

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 41,626.60$          41,626.60$                   790,905.40$                 790,905.40$                   832,532.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 363,683.40$        363,683.40$                 6,909,984.60$              6,909,984.60$                7,273,668.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 10,960,020.93$   10,960,020.93$            10,960,020.93$            10,960,020.93$              21,920,041.86$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 11,365,330.93$     18,660,910.93$       30,026,241.86$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 93,271,106.00$            23,964,417.25$              117,235,523.26$            
LOT 40,778,857.40$            80,725,291.91$              121,504,149.31$            
LOT 11,365,330.93$            18,660,910.93$              30,026,241.86$              

LOT 145,415,294.34$   123,350,620.09$     268,765,914.43$     
COST / MILE 48,468,704.89$     41,114,277.76$       89,582,982.65$       

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 69-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 5, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,841 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.01 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 69-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $832532 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV Golden to Mars UG Route 5, 85%DLF Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 15841-ft for a (1)-Circuit, (5)-cables 
per phase cable system. The estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 69-in 
High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost 
index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (254)-total working days for duct bank trenching activities. (75)-total working days for splice vault installations. (83)-total 
working days for cable pulling. (180)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $7273668 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 5, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,841 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.01 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 69-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (165)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 254115-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: (30)- 
500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (150)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.35% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 15426-ft with an average duct bank depth of cover of 4.02 feet, with a further breakdown 

Not Used

A total of 11317-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 11285-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 15426-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as well as 
(6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 69-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 52104-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 6263-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of continuous 
Steel Plating.

This cost estimate included material for (30) splice vaults as well as excavation for (30) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (30)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (12)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (11)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 9578-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 9327-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.64% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (789)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 5, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,841 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.01 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 254,115 265.25$               67,404,003.75$            25.47$                          6,472,309.05$                73,876,312.80$              
U02 L.F. 2,000 265.25$               530,500.00$                 -$                              -$                                530,500.00$                   
U03 EA. 30 38,196.00$          1,145,880.00$              53,050.00$                   1,591,500.00$                2,737,380.00$                
U04 EA. 1 38,196.00$          38,196.00$                   -$                              -$                                38,196.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 150 41,379.00$          6,206,850.00$              53,050.00$                   7,957,500.00$                14,164,350.00$              
U08 EA. 1 41,379.00$          41,379.00$                   -$                              -$                                41,379.00$                     
U09 EA. 30 7,427.00$            222,810.00$                 3,713.50$                     111,405.00$                   334,215.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 84,705 12.74$                 1,079,141.70$              8.49$                            719,145.45$                   1,798,287.15$                
U12 EA. 55 5,305.00$            291,775.00$                 1,803.70$                     99,203.50$                     390,978.50$                   
U13 EA. 55 7,957.50$            437,662.50$                 1,803.70$                     99,203.50$                     536,866.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 TBD 0 -$                    -$                              -$                              -$                                -$                                
U16 EA. 1 264,997.54$        264,997.54$                 69,753.26$                   69,753.26$                     334,750.80$                   
U17 L.S. 1 177,043.98$        177,043.98$                 701,927.30$                 701,927.30$                   878,971.28$                   
U18 L.S. 1 69,754.29$          69,754.29$                   1,785,579.75$              1,785,579.75$                1,855,334.04$                
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              302,327.34$                 302,327.34$                   302,327.34$                   

SUBTOTAL 77,917,420.76$            19,909,854.15$              97,827,274.91$              
CONTINGENCY 20.00% 15,583,484.15$            3,981,970.83$                19,565,454.98$              

TOTAL 93,500,904.91$     23,891,824.98$       117,392,729.89$     

8
20

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 15,426 125.65$               1,938,247.22$              315.72$                        4,870,309.06$                6,808,556.28$                
C02 C.Y. 13,022 -$                    -$                              203.54$                        2,650,511.64$                2,650,511.64$                
C03a L.F. 15,426 1,335.16$            20,596,178.16$            2,626.12$                     40,510,527.12$              61,106,705.28$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 52,104 135.39$               7,054,181.88$              22.92$                          1,194,193.77$                8,248,375.65$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 6,263 106.17$               664,955.18$                 331.64$                        2,077,060.73$                2,742,015.91$                

C07 EA. 30 91,292.60$          2,738,778.00$              -$                              -$                                2,738,778.00$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 30 28,117.22$          843,516.60$                 49,728.08$                   1,491,842.40$                2,335,359.00$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 168,712.50$        168,712.50$                 168,712.50$                 168,712.50$                   337,425.00$                   
C10 EA. 12 7,810.77$            93,729.24$                   11,716.15$                   140,593.80$                   234,323.04$                   
C11 L.S. 1 103,102.08$        103,102.08$                 721,714.57$                 721,714.57$                   824,816.65$                   
C12 EA. 10 61,651.75$          616,517.50$                 71,354.68$                   713,546.80$                   1,330,064.30$                
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 280,996.33$        280,996.33$                 238,676.10$                 238,676.10$                   519,672.43$                   
C15 TBD 0 -$                    -$                              -$                              -$                                -$                                
C16 TBD 0 -$                    -$                              -$                              -$                                -$                                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 21,422.50$          21,422.50$                   544,820.30$                 544,820.30$                   566,242.80$                   
C19 L.F. 9,327 63.13$                 588,813.51$                 94.69$                          883,173.63$                   1,471,987.14$                
C20 L.S. 1 32,251.49$          32,251.49$                   4,800,199.69$              4,800,199.69$                4,832,451.18$                
C21 L.S. 1 -$                    -$                              4,510,996.19$              4,510,996.19$                4,510,996.19$                
C22 L.S. 1 686,283.48$        686,283.48$                 1,146,896.67$              1,146,896.67$                1,833,180.15$                
C23 L.S. 1 -$                    -$                              1,446,241.01$              1,446,241.01$                1,446,241.01$                
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              637,679.98$                 637,679.98$                   637,679.98$                   

SUBTOTAL 36,427,685.67$            68,747,695.96$              105,175,381.63$            
CONTINGENCY 20.00% 7,285,537.13$              13,749,539.19$              21,035,076.33$              

TOTAL 43,713,222.80$     82,497,235.15$       126,210,457.96$     

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 41,626.60$          41,626.60$                   790,905.40$                 790,905.40$                   832,532.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 363,683.40$        363,683.40$                 6,909,984.60$              6,909,984.60$                7,273,668.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 12,180,159.39$   12,180,159.39$            12,180,159.39$            12,180,159.39$              24,360,318.78$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 12,585,469.39$     19,881,049.39$       32,466,518.78$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 93,500,904.91$            23,891,824.98$              117,392,729.89$            
LOT 43,713,222.80$            82,497,235.15$              126,210,457.96$            
LOT 12,585,469.39$            19,881,049.39$              32,466,518.78$              

LOT 149,799,597.11$   126,270,109.52$     276,069,706.63$     
COST / MILE 49,930,046.89$     42,087,379.48$       92,017,426.36$       

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 5, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,841 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.01 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $832532 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 15841-ft for a (1)-Circuit, (5)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 87-in High. Unit Costs based upon 3% 
Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (254)-total working days for duct bank trenching activities. (75)-total working days for splice vault installations. (83)-total 
working days for cable pulling. (180)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $7273668 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 5, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 15,841 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.01 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (165)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 254115-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: (30)- 
500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (150)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.31% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 15426-ft with an average duct bank depth of cover of 4.02 feet, with a further breakdown 

Not Used

A total of 13022-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 12990-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 15426-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as well as 
(6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 52104-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 6263-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of continuous 
Steel Plating.

This cost estimate included material for (30) splice vaults as well as excavation for (30) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (30)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (12)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (11)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 9578-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 9327-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.61% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (789)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 6 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 17,970 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.41 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 225,480 212.20$             47,846,856.00$          25.47$                         5,742,975.60$               53,589,831.60$             
U02 L.F. 2,800 212.20$             594,160.00$                -$                             -$                               594,160.00$                  
U03 EA. 24 19,098.00$        458,352.00$                26,525.00$                  636,600.00$                  1,094,952.00$               
U04 EA. 1 19,098.00$        19,098.00$                  -$                             -$                               19,098.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 84 20,689.50$        1,737,918.00$            26,525.00$                  2,228,100.00$               3,966,018.00$               
U08 EA. 1 20,689.50$        20,689.50$                  -$                             -$                               20,689.50$                    
U09 EA. 24 7,427.00$          178,248.00$                3,713.50$                    89,124.00$                    267,372.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 75,160 12.74$                957,538.40$                8.49$                           638,108.40$                  1,595,646.80$               
U12 EA. 32 5,305.00$          169,760.00$                1,803.70$                    57,718.40$                    227,478.40$                  
U13 EA. 32 7,957.50$          254,640.00$                1,803.70$                    57,718.40$                    312,358.40$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 18,790 4.34$                  81,520.32$                  5.42$                           101,852.45$                  183,372.77$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 124,972.22$      124,972.22$                519,509.52$                519,509.52$                  644,481.74$                  
U18 L.S. 1 21,422.66$        21,422.66$                  548,380.30$                548,380.30$                  569,802.96$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             239,752.22$                239,752.22$                  239,752.22$                  

SUBTOTAL 52,472,602.10$          10,859,839.29$             63,332,441.39$             
CONTINGENCY 20.00% 10,494,520.42$          2,171,967.86$               12,666,488.28$             

TOTAL 62,967,122.52$    13,031,807.15$      75,998,929.67$      

8
16

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 17,778 205.65$             3,655,905.20$            355.57$                       6,321,191.90$               9,977,097.10$               
C02 C.Y. 8,131 -$                   -$                             203.56$                       1,655,139.71$               1,655,139.71$               
C03a L.F. 17,778 786.17$             13,976,530.26$          2,047.10$                    36,393,343.80$             50,369,874.06$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 34,360 135.39$             4,651,882.57$            22.92$                         787,511.48$                  5,439,394.05$               
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 5,800 78.84$                457,273.10$                160.88$                       933,085.46$                  1,390,358.56$               

C07 EA. 14 75,671.08$        1,059,395.12$            -$                             -$                               1,059,395.12$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 14 26,692.85$        373,699.90$                43,289.75$                  606,056.50$                  979,756.40$                  
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 78,732.50$        78,732.50$                  78,732.50$                  78,732.50$                    157,465.00$                  
C10 EA. 9 7,810.77$          70,296.93$                  11,716.15$                  105,445.35$                  175,742.28$                  
C11 L.S. 1 59,986.67$        59,986.67$                  419,906.66$                419,906.66$                  479,893.33$                  
C12 EA. 8 31,170.30$        249,362.40$                35,999.98$                  287,999.84$                  537,362.24$                  
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 354,417.32$      354,417.32$                301,245.76$                301,245.76$                  655,663.08$                  
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 53,686.88$        53,686.88$                  1,365,372.83$            1,365,372.83$               1,419,059.71$               
C19 L.F. 0 -$                   -$                             -$                             -$                               -$                               
C20 L.S. 1 37,167.83$        37,167.83$                  3,979,597.88$            3,979,597.88$               4,016,765.71$               
C21 L.S. 1 -$                   -$                             3,646,308.94$            3,646,308.94$               3,646,308.94$               
C22 L.S. 1 770,066.06$      770,066.06$                1,284,499.68$            1,284,499.68$               2,054,565.74$               
C23 L.S. 1 -$                   -$                             1,043,205.60$            1,043,205.60$               1,043,205.60$               
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             450,802.35$                450,802.35$                  450,802.35$                  

SUBTOTAL 25,848,402.74$          59,659,446.24$             85,507,848.98$             
CONTINGENCY 20.00% 5,169,680.55$            11,931,889.25$             17,101,569.80$             

TOTAL 31,018,083.29$    71,591,335.49$      102,609,418.78$    

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 41,314.10$        41,314.10$                  784,967.90$                784,967.90$                  826,282.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 324,562.50$      324,562.50$                6,166,687.50$            6,166,687.50$               6,491,250.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 8,930,417.42$   8,930,417.42$            8,930,417.42$            8,930,417.42$               17,860,834.84$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 9,296,294.02$      15,882,072.82$      25,178,366.84$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 62,967,122.52$          13,031,807.15$             75,998,929.67$             
LOT 31,018,083.29$          71,591,335.49$             102,609,418.78$           
LOT 9,296,294.02$            15,882,072.82$             25,178,366.84$             
LOT 103,281,499.83$  100,505,215.46$    203,786,715.28$    

COST / MILE 30,346,484.09$    29,530,747.78$      59,877,231.87$      

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 6 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 17,970 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.41 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV Golden to Mars UG Route 6 Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 17970-ft for a (1)-Circuit, (4)-cables per 
phase cable system. The estimated was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in 
High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city 
cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (386)-total working days for duct bank trenching activities. (35)-total working days for splice vault installations. (48)-total 
working days for cable pulling. (108)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $6491250 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $826282 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV
PROJECT NAME: Golden to Mars UG Route 6 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 17,970 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 3.41 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 8/30/2024

8 5
16 86-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
Not Used
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.53% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (509)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Not Used

A total of 8131-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 8116-Cubic Yards of rock were assumed for open cut trenching and 15-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 17778-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (16)-8-inch power conduits as 
well as (5)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 86-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 34360-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 5800-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (14) splice vaults as well as excavation for (14) splice vaults. Assumed splice vault dimensions were: 10-ft width by 26-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (14)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (9)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (16)-power conduits for (8)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 12170-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 17778-ft with an average duct bank depth of cover of 5.39 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 225480-ft, with an additional spare cable length of 2800-ft. The accessories to be installed include: 
(24)- 230 kV Open Air Terminators, with (1)-Spare 230 kV Open Air Terminators. (84)-230 kV Cable Splice, with (1)-Spare 230 kV Cable Splice. (24)-230 kV Lightning Arrester, with (1)-Spare 230 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.38% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2800-ft and standard splice vault spacing of 2400-ft.
This cost estimate included the following assumptions for cable system testing: (96)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 6, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,325 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 214,575 265.25$             56,916,018.75$          25.47$                         5,465,225.25$               62,381,244.00$             
U02 L.F. 2,000 265.25$             530,500.00$                -$                             -$                               530,500.00$                  
U03 EA. 30 38,196.00$        1,145,880.00$            53,050.00$                  1,591,500.00$               2,737,380.00$               
U04 EA. 1 38,196.00$        38,196.00$                  -$                             -$                               38,196.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 120 41,379.00$        4,965,480.00$            53,050.00$                  6,366,000.00$               11,331,480.00$             
U08 EA. 1 41,379.00$        41,379.00$                  -$                             -$                               41,379.00$                    
U09 EA. 30 7,427.00$          222,810.00$                3,713.50$                    111,405.00$                  334,215.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 71,525 12.74$                911,228.50$                8.49$                           607,247.25$                  1,518,475.75$               
U12 EA. 45 5,305.00$          238,725.00$                1,803.70$                    81,166.50$                    319,891.50$                  
U13 EA. 45 7,957.50$          358,087.50$                1,803.70$                    81,166.50$                    439,254.00$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 14,305 4.34$                  62,062.17$                  5.42$                           77,541.21$                    139,603.38$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 177,043.98$      177,043.98$                683,181.46$                683,181.46$                  860,225.44$                  
U18 L.S. 1 37,228.41$        37,228.41$                  952,977.95$                952,977.95$                  990,206.36$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             506,350.76$                506,350.76$                  506,350.76$                  

SUBTOTAL 65,652,066.31$          16,523,761.88$             82,175,828.19$             
CONTINGENCY 20.00% 13,130,413.26$          3,304,752.38$               16,435,165.64$             

TOTAL 78,782,479.57$    19,828,514.26$      98,610,993.83$      

8
20

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 12,993 201.86$             2,622,746.27$            415.93$                       5,404,155.10$               8,026,901.37$               
C02 C.Y. 10,964 -$                   -$                             203.53$                       2,231,483.37$               2,231,483.37$               
C03a L.F. 12,993 1,151.00$          14,954,943.00$          2,469.76$                    32,089,591.68$             47,044,534.68$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 55,776 135.39$             7,551,321.37$            22.92$                         1,278,353.90$               8,829,675.27$               
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 3,500 120.56$             421,967.50$                333.23$                       1,166,316.57$               1,588,284.07$               

C07 EA. 24 91,292.60$        2,191,022.40$            -$                             -$                               2,191,022.40$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 24 28,117.22$        674,813.28$                49,728.08$                  1,193,473.92$               1,868,287.20$               
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 134,970.00$      134,970.00$                134,970.00$                134,970.00$                  269,940.00$                  
C10 EA. 10 7,810.77$          78,107.70$                  11,716.15$                  117,161.50$                  195,269.20$                  
C11 L.S. 1 84,356.25$        84,356.25$                  590,493.74$                590,493.74$                  674,849.99$                  
C12 EA. 10 61,651.75$        616,517.50$                71,354.68$                  713,546.80$                  1,330,064.30$               
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 288,215.57$      288,215.57$                244,810.20$                244,810.20$                  533,025.77$                  
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 53,556.25$        53,556.25$                  1,362,050.75$            1,362,050.75$               1,415,607.00$               
C19 L.F. 0 -$                   -$                             -$                             -$                               -$                               
C20 L.S. 1 27,164.77$        27,164.77$                  3,983,281.92$            3,983,281.92$               4,010,446.69$               
C21 L.S. 1 -$                   -$                             3,739,691.81$            3,739,691.81$               3,739,691.81$               
C22 L.S. 1 575,670.60$      575,670.60$                961,577.20$                961,577.20$                  1,537,247.80$               
C23 L.S. 1 -$                   -$                             1,568,088.93$            1,568,088.93$               1,568,088.93$               
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             757,373.45$                757,373.45$                  757,373.45$                  

SUBTOTAL 30,275,372.46$          57,536,420.84$             87,811,793.30$             
CONTINGENCY 20.00% 6,055,074.49$            11,507,284.17$             17,562,358.66$             

TOTAL 36,330,446.95$    69,043,705.01$      105,374,151.96$    

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 45,545.35$        45,545.35$                  865,361.65$                865,361.65$                  910,907.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 315,000.00$      315,000.00$                5,985,000.00$            5,985,000.00$               6,300,000.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 8,499,381.07$   8,499,381.07$            8,499,381.07$            8,499,381.07$               16,998,762.14$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 8,859,926.42$      15,349,742.72$      24,209,669.14$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 78,782,479.57$          19,828,514.26$             98,610,993.83$             
LOT 36,330,446.95$          69,043,705.01$             105,374,151.96$           
LOT 8,859,926.42$            15,349,742.72$             24,209,669.14$             
LOT 123,972,852.94$  104,221,961.98$    228,194,814.93$    

COST / MILE 49,123,952.24$    41,297,708.01$      90,421,660.25$      

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 69-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 2

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 6, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,325 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 2
20 206-in Wide X 69-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $910907 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV Golden to Mars UG Route 6, 85%DLF Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 13325-ft for a (1)-Circuit, (5)-
cables per phase cable system. The estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (2) smaller conduits with overall ductbank dimensions of 206-in Wide 
X 69-in High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans 
combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (282)-total working days for duct bank trenching activities. (60)-total working days for splice vault installations. (68)-total 
working days for cable pulling. (150)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $6300000 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 6, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,325 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 2
20 206-in Wide X 69-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (135)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 214575-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: 
(30)- 500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (120)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.62% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 12993-ft with an average duct bank depth of cover of 5.38 feet, with a further breakdown 

Not Used

A total of 10964-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 10932-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock 
This cost estimate included an assumed total installation length of 12993-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as 
well as (2)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 69-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 55776-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 3500-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (24) splice vaults as well as excavation for (24) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (24)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (10)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (9)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 9825-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
Not Used
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.87% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (889)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 6, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,325 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 214,575 265.25$             56,916,018.75$          25.47$                         5,465,225.25$               62,381,244.00$             
U02 L.F. 2,000 265.25$             530,500.00$                -$                             -$                               530,500.00$                  
U03 EA. 30 38,196.00$        1,145,880.00$            53,050.00$                  1,591,500.00$               2,737,380.00$               
U04 EA. 1 38,196.00$        38,196.00$                  -$                             -$                               38,196.00$                    
U05 EA. 0 -$                   -$                             -$                             -$                               -$                               
U06 EA. 0 -$                   -$                             -$                             -$                               -$                               
U07 EA. 120 41,379.00$        4,965,480.00$            53,050.00$                  6,366,000.00$               11,331,480.00$             
U08 EA. 1 41,379.00$        41,379.00$                  -$                             -$                               41,379.00$                    
U09 EA. 30 7,427.00$          222,810.00$                3,713.50$                    111,405.00$                  334,215.00$                  
U10 EA. 1 7,427.00$          7,427.00$                    -$                             -$                               7,427.00$                      
U11 L.F. 71,525 12.74$                911,228.50$                8.49$                           607,247.25$                  1,518,475.75$               
U12 EA. 45 5,305.00$          238,725.00$                1,803.70$                    81,166.50$                    319,891.50$                  
U13 EA. 45 7,957.50$          358,087.50$                1,803.70$                    81,166.50$                    439,254.00$                  
U14 EA. 0 -$                   -$                             -$                             -$                               -$                               
U15 L.F. 14,305 4.34$                  62,062.17$                  5.42$                           77,541.21$                    139,603.38$                  
U16 EA. 0 -$                   -$                             -$                             -$                               -$                               
U17 L.S. 1 177,043.98$      177,043.98$                631,109.71$                631,109.71$                  808,153.69$                  
U18 L.S. 1 37,228.41$        37,228.41$                  952,977.95$                952,977.95$                  990,206.36$                  
U19 TBD 0 -$                   -$                             -$                             -$                               -$                               
U20 TBD 0 -$                   -$                             -$                             -$                               -$                               
U21 L.S. 1 -$                   -$                             350,954.84$                350,954.84$                  350,954.84$                  

SUBTOTAL 65,652,066.31$          16,316,294.21$             81,968,360.52$             
CONTINGENCY 20.00% 13,130,413.26$          3,263,258.84$               16,393,672.10$             

TOTAL 78,782,479.57$    19,579,553.05$      98,362,032.62$      

8
20

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 12,993 205.42$             2,669,045.23$            435.00$                       5,652,016.07$               8,321,061.30$               
C02 C.Y. 12,415 -$                   -$                             203.54$                       2,526,886.55$               2,526,886.55$               
C03a L.F. 12,993 1,305.94$          16,968,078.42$          2,501.55$                    32,502,639.15$             49,470,717.57$             
C03b L.F. 0 -$                   -$                             -$                             -$                               -$                               
C04 C.Y. 55,776 135.39$             7,551,321.37$            22.92$                         1,278,353.90$               8,829,675.27$               
C05 C.Y. 0 -$                   -$                             -$                             -$                               -$                               

C06 L.F. 3,500 120.56$             421,967.50$                333.23$                       1,166,316.57$               1,588,284.07$               

C07 EA. 24 91,292.60$        2,191,022.40$            -$                             -$                               2,191,022.40$               
C07a NA. 0 -$                   -$                             -$                             -$                               -$                               
C08 EA. 24 28,117.22$        674,813.28$                49,728.08$                  1,193,473.92$               1,868,287.20$               
C08a NA. 0 -$                   -$                             -$                             -$                               -$                               
C09 L.S. 1 134,970.00$      134,970.00$                134,970.00$                134,970.00$                  269,940.00$                  
C10 EA. 10 7,810.77$          78,107.70$                  11,716.15$                  117,161.50$                  195,269.20$                  
C11 L.S. 1 84,356.25$        84,356.25$                  590,493.74$                590,493.74$                  674,849.99$                  
C12 EA. 10 61,651.75$        616,517.50$                71,354.68$                  713,546.80$                  1,330,064.30$               
C13 EA. 0 -$                   -$                             -$                             -$                               -$                               
C14 L.S. 1 288,215.57$      288,215.57$                244,810.20$                244,810.20$                  533,025.77$                  
C15 TBD 0 -$                   -$                             -$                             -$                               -$                               
C16 TBD 0 -$                   -$                             -$                             -$                               -$                               
C17 TBD 0 -$                   -$                             -$                             -$                               -$                               
C18 L.S. 1 53,556.25$        53,556.25$                  1,362,050.75$            1,362,050.75$               1,415,607.00$               
C19 L.F. 0 -$                   -$                             -$                             -$                               -$                               
C20 L.S. 1 27,164.77$        27,164.77$                  4,131,288.71$            4,131,288.71$               4,158,453.48$               
C21 L.S. 1 -$                   -$                             3,887,698.59$            3,887,698.59$               3,887,698.59$               
C22 L.S. 1 575,670.60$      575,670.60$                961,577.20$                961,577.20$                  1,537,247.80$               
C23 L.S. 1 -$                   -$                             1,568,088.93$            1,568,088.93$               1,568,088.93$               
C24 TBD 0 -$                   -$                             -$                             -$                               -$                               
C25 TBD 0 -$                   -$                             -$                             -$                               -$                               
C26 L.S. 1 -$                   -$                             759,075.91$                759,075.91$                  759,075.91$                  

SUBTOTAL 32,334,806.84$          58,790,448.49$             91,125,255.33$             
CONTINGENCY 20.00% 6,466,961.37$            11,758,089.70$             18,225,051.07$             

TOTAL 38,801,768.21$    70,548,538.19$      109,350,306.40$    

ITEM 
NO. ITEM

UNI
T QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 45,545.35$        45,545.35$                  865,361.65$                865,361.65$                  910,907.00$                  
P02 NA. 0 -$                   -$                             -$                             -$                               -$                               
P03 NA. 0 -$                   -$                             -$                             -$                               -$                               
P04 NA. 0 -$                   -$                             -$                             -$                               -$                               
P05 NA. 0 -$                   -$                             -$                             -$                               -$                               
P06 NA. 0 -$                   -$                             -$                             -$                               -$                               
P07 L.S. 1 315,000.00$      315,000.00$                5,985,000.00$            5,985,000.00$               6,300,000.00$               
P08 NA. 0 -$                   -$                             -$                             -$                               -$                               
P09 NA. 0 -$                   -$                             -$                             -$                               -$                               
P10 NA. 0 -$                   -$                             -$                             -$                               -$                               
P11 NA. 0 -$                   -$                             -$                             -$                               -$                               
P12 NA. 0 -$                   -$                             -$                             -$                               -$                               
P13 L.S. 1 10,385,616.95$ 10,385,616.95$          10,385,616.95$          10,385,616.95$             20,771,233.90$             
P14 NA. 0 -$                   -$                             -$                             -$                               -$                               
P15 NA. 0 -$                   -$                             -$                             -$                               -$                               
P16 NA. 0 -$                   -$                             -$                             -$                               -$                               
P17 NA. 0 -$                   -$                             -$                             -$                               -$                               
P18 NA. 0 -$                   -$                             -$                             -$                               -$                               

TOTAL 10,746,162.30$    17,235,978.60$      27,982,140.90$      

UNIT MATERIAL COST 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

LOT 78,782,479.57$          19,579,553.05$             98,362,032.62$             
LOT 38,801,768.21$          70,548,538.19$             109,350,306.40$           
LOT 10,746,162.30$          17,235,978.60$             27,982,140.90$             
LOT 128,330,410.08$  107,364,069.84$    235,694,479.92$    

COST / MILE 50,850,624.03$    42,542,760.88$      93,393,384.91$      

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS
PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 2
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 6, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,325 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 2
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV Golden to Mars UG Route 6, 100%DLF Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 13325-ft for a (1)-Circuit, (5)-
cables per phase cable system. The estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (2) smaller conduits with overall ductbank dimensions of 206-in Wide 
X 87-in High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans 
combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' 
and should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (282)-total working days for duct bank trenching activities. (60)-total working days for splice vault installations. (68)-total 
working days for cable pulling. (150)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $6300000 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with 
an overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $910907 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 6, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,325 NUMBER OF CIRCUITS: 1 PREPARED BY Akaylia Morgan 8/30/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 8/30/2024

8 2
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
Not Used
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.84% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (889)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Not Used

A total of 12415-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 12383-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock 
This cost estimate included an assumed total installation length of 12993-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as 
well as (2)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 55776-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 3500-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.
This cost estimate included material for (24) splice vaults as well as excavation for (24) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside 
dimensions).
This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (24)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (10)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (9)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 9825-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 12993-ft with an average duct bank depth of cover of 5.38 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 214575-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: 
(30)- 500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (120)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.43% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.
This cost estimate included the following assumptions for cable system testing: (135)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 7 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 16,195 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.07 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 204,180 212.20$               43,326,996.00$            25.47$                          5,200,464.60$                48,527,460.60$              
U02 L.F. 2,800 212.20$               594,160.00$                 -$                              -$                                594,160.00$                   
U03 EA. 24 19,098.00$          458,352.00$                 26,525.00$                   636,600.00$                   1,094,952.00$                
U04 EA. 1 19,098.00$          19,098.00$                   -$                              -$                                19,098.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 84 20,689.50$          1,737,918.00$              26,525.00$                   2,228,100.00$                3,966,018.00$                
U08 EA. 1 20,689.50$          20,689.50$                   -$                              -$                                20,689.50$                     
U09 EA. 24 7,427.00$            178,248.00$                 3,713.50$                     89,124.00$                     267,372.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 68,060 12.74$                 867,084.40$                 8.49$                            577,829.40$                   1,444,913.80$                
U12 EA. 32 5,305.00$            169,760.00$                 1,803.70$                     57,718.40$                     227,478.40$                   
U13 EA. 32 7,957.50$            254,640.00$                 1,803.70$                     57,718.40$                     312,358.40$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 17,015 4.34$                   73,819.50$                   5.42$                            92,230.95$                     166,050.45$                   
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 124,972.22$        124,972.22$                 519,509.52$                 519,509.52$                   644,481.74$                   
U18 L.S. 1 15,152.62$          15,152.62$                   387,878.75$                 387,878.75$                   403,031.37$                   
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              248,090.61$                 248,090.61$                   248,090.61$                   

SUBTOTAL 47,848,317.24$            10,095,264.63$              57,943,581.87$              
CONTINGENCY 20.00% 9,569,663.45$              2,019,052.93$                11,588,716.37$              

TOTAL 57,417,980.69$     12,114,317.56$       69,532,298.24$       

8
16

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 16,003 190.28$               3,045,003.57$              335.01$                        5,361,071.14$                8,406,074.71$                
C02 C.Y. 7,366 -$                    -$                              203.56$                        1,499,394.93$                1,499,394.93$                
C03a L.F. 16,003 786.17$               12,581,078.51$            2,047.10$                     32,759,741.30$              45,340,819.81$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 30,930 135.39$               4,187,506.63$              22.92$                          708,897.85$                   4,896,404.48$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 3,664 88.15$                 322,966.31$                 166.97$                        611,765.40$                   934,731.71$                   

C07 EA. 14 75,671.08$          1,059,395.12$              -$                              -$                                1,059,395.12$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 14 26,692.85$          373,699.90$                 43,289.75$                   606,056.50$                   979,756.40$                   
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 78,732.50$          78,732.50$                   78,732.50$                   78,732.50$                     157,465.00$                   
C10 EA. 7 7,810.77$            54,675.39$                   11,716.15$                   82,013.05$                     136,688.44$                   
C11 L.S. 1 59,986.67$          59,986.67$                   419,906.66$                 419,906.66$                   479,893.33$                   
C12 EA. 8 31,170.30$          249,362.40$                 35,999.98$                   287,999.84$                   537,362.24$                   
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 367,516.38$        367,516.38$                 312,174.54$                 312,174.54$                   679,690.92$                   
C15 TBD 0 -$                    -$                              -$                              -$                                -$                                
C16 TBD 0 -$                    -$                              -$                              -$                                -$                                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 55,123.75$          55,123.75$                   1,401,915.65$              1,401,915.65$                1,457,039.40$                
C19 L.F. 0 -$                    -$                              -$                              -$                                -$                                
C20 L.S. 1 33,456.80$          33,456.80$                   3,566,874.77$              3,566,874.77$                3,600,331.57$                
C21 L.S. 1 -$                    -$                              3,266,863.16$              3,266,863.16$                3,266,863.16$                
C22 L.S. 1 695,751.32$        695,751.32$                 1,161,047.72$              1,161,047.72$                1,856,799.04$                
C23 L.S. 1 -$                    -$                              944,165.12$                 944,165.12$                   944,165.12$                   
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              472,643.83$                 472,643.83$                   472,643.83$                   

SUBTOTAL 23,164,255.25$            53,541,263.96$              76,705,519.21$              
CONTINGENCY 20.00% 4,632,851.05$              10,708,252.79$              15,341,103.84$              

TOTAL 27,797,106.30$     64,249,516.75$       92,046,623.05$       

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 39,307.85$          39,307.85$                   746,849.15$                 746,849.15$                   786,157.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 326,103.55$        326,103.55$                 6,195,967.45$              6,195,967.45$                6,522,071.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 8,078,946.06$     8,078,946.06$              8,078,946.06$              8,078,946.06$                16,157,892.12$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 8,444,357.46$       15,021,762.66$       23,466,120.12$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 57,417,980.69$            12,114,317.56$              69,532,298.24$              
LOT 27,797,106.30$            64,249,516.75$              92,046,623.05$              
LOT 8,444,357.46$              15,021,762.66$              23,466,120.12$              

LOT 93,659,444.45$     91,385,596.97$       185,045,041.42$     
COST / MILE 30,535,465.68$     29,794,131.03$       60,329,596.71$       

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route 7 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 16,195 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.07 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV Golden to Mars UG Route 7 Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 16195-ft for a (1)-Circuit, (4)-cables per phase 
cable system. The estimated was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in High. Unit 
Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 
0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (348)-total working days for duct bank trenching activities. (35)-total working days for splice vault installations. (48)-total 
working days for cable pulling. (108)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $6522071 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $786157 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV
PROJECT NAME: Golden to Mars UG Route 7 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 16,195 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.07 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
Not Used
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.62% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (458)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Not Used

A total of 7366-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 7351-Cubic Yards of rock were assumed for open cut trenching and 15-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 16003-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (16)-8-inch power conduits as well as 
(5)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 86-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 30930-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 3664-linear feet. Surface restoration costs also included (4)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of continuous 
Steel Plating.

This cost estimate included material for (14) splice vaults as well as excavation for (14) splice vaults. Assumed splice vault dimensions were: 10-ft width by 26-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (14)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (7)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (16)-power conduits for (8)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 12531-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 16003-ft with an average duct bank depth of cover of 5.39 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 204180-ft, with an additional spare cable length of 2800-ft. The accessories to be installed include: (24)- 
230 kV Open Air Terminators, with (1)-Spare 230 kV Open Air Terminators. (84)-230 kV Cable Splice, with (1)-Spare 230 kV Cable Splice. (24)-230 kV Lightning Arrester, with (1)-Spare 230 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.43% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2800-ft and standard splice vault spacing of 2400-ft.
This cost estimate included the following assumptions for cable system testing: (96)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars, UG Route 7, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,323 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 214,545 265.25$               56,908,061.25$            25.47$                          5,464,461.15$                62,372,522.40$              
U02 L.F. 2,000 265.25$               530,500.00$                 -$                              -$                                530,500.00$                   
U03 EA. 30 38,196.00$          1,145,880.00$              53,050.00$                   1,591,500.00$                2,737,380.00$                
U04 EA. 1 38,196.00$          38,196.00$                   -$                              -$                                38,196.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 120 41,379.00$          4,965,480.00$              53,050.00$                   6,366,000.00$                11,331,480.00$              
U08 EA. 1 41,379.00$          41,379.00$                   -$                              -$                                41,379.00$                     
U09 EA. 30 7,427.00$            222,810.00$                 3,713.50$                     111,405.00$                   334,215.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 71,515 12.74$                 911,101.10$                 8.49$                            607,162.35$                   1,518,263.45$                
U12 EA. 45 5,305.00$            238,725.00$                 1,803.70$                     81,166.50$                     319,891.50$                   
U13 EA. 45 7,957.50$            358,087.50$                 1,803.70$                     81,166.50$                     439,254.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 14,303 4.34$                   62,053.50$                   5.42$                            77,530.37$                     139,583.87$                   
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 177,043.98$        177,043.98$                 683,181.46$                 683,181.46$                   860,225.44$                   
U18 L.S. 1 39,057.18$          39,057.18$                   999,790.91$                 999,790.91$                   1,038,848.09$                
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              506,596.83$                 506,596.83$                   506,596.83$                   

SUBTOTAL 65,645,801.51$            16,569,961.07$              82,215,762.58$              
CONTINGENCY 20.00% 13,129,160.30$            3,313,992.21$                16,443,152.52$              

TOTAL 78,774,961.81$     19,883,953.28$       98,658,915.10$       

8
20

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 12,991 186.71$               2,425,608.25$              395.84$                        5,142,302.88$                7,567,911.13$                
C02 C.Y. 10,960 -$                    -$                              203.53$                        2,230,653.22$                2,230,653.22$                
C03a L.F. 12,991 1,180.21$            15,332,108.11$            2,594.33$                     33,702,941.03$              49,035,049.14$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 55,855 135.39$               7,562,016.91$              22.92$                          1,280,164.54$                8,842,181.45$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 3,664 120.52$               441,579.02$                 337.30$                        1,235,856.37$                1,677,435.39$                

C07 EA. 24 91,292.60$          2,191,022.40$              -$                              -$                                2,191,022.40$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 24 24,148.00$          579,552.00$                 43,150.63$                   1,035,615.12$                1,615,167.12$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 134,970.00$        134,970.00$                 134,970.00$                 134,970.00$                   269,940.00$                   
C10 EA. 10 7,810.77$            78,107.70$                   11,716.15$                   117,161.50$                   195,269.20$                   
C11 L.S. 1 84,356.25$          84,356.25$                   590,493.74$                 590,493.74$                   674,849.99$                   
C12 EA. 10 61,651.75$          616,517.50$                 71,354.68$                   713,546.80$                   1,330,064.30$                
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 281,812.07$        281,812.07$                 239,491.83$                 239,491.83$                   521,303.90$                   
C15 TBD 0 -$                    -$                              -$                              -$                                -$                                
C16 TBD 0 -$                    -$                              -$                              -$                                -$                                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 50,421.25$          50,421.25$                   1,282,320.95$              1,282,320.95$                1,332,742.20$                
C19 L.F. 0 -$                    -$                              -$                              -$                                -$                                
C20 L.S. 1 27,160.58$          27,160.58$                   4,046,292.23$              4,046,292.23$                4,073,452.81$                
C21 L.S. 1 -$                    -$                              3,802,739.61$              3,802,739.61$                3,802,739.61$                
C22 L.S. 1 575,803.74$        575,803.74$                 961,864.19$                 961,864.19$                   1,537,667.93$                
C23 L.S. 1 -$                    -$                              1,571,213.23$              1,571,213.23$                1,571,213.23$                
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              769,677.37$                 769,677.37$                   769,677.37$                   

SUBTOTAL 30,381,035.78$            58,857,304.61$              89,238,340.39$              
CONTINGENCY 20.00% 6,076,207.16$              11,771,460.92$              17,847,668.08$              

TOTAL 36,457,242.94$     70,628,765.53$       107,086,008.47$     

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 38,357.85$          38,357.85$                   728,799.15$                 728,799.15$                   767,157.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 325,219.45$        325,219.45$                 6,179,169.55$              6,179,169.55$                6,504,389.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 9,465,088.55$     9,465,088.55$              9,465,088.55$              9,465,088.55$                18,930,177.10$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 9,828,665.85$       16,373,057.25$       26,201,723.10$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 78,774,961.81$            19,883,953.28$              98,658,915.10$              
LOT 36,457,242.94$            70,628,765.53$              107,086,008.47$            
LOT 9,828,665.85$              16,373,057.25$              26,201,723.10$              

LOT 125,060,870.60$   106,885,776.07$     231,946,646.66$     
COST / MILE 49,562,515.71$     42,359,596.01$       91,922,111.72$       

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 69-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars, UG Route 7, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,323 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 69-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $767157 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV Golden to Mars, UG Route 7, 85%DLF Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 13323-ft for a (1)-Circuit, (5)-cables 
per phase cable system. The estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 69-in 
High. Unit Costs based upon 3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost 
index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (282)-total working days for duct bank trenching activities. (48)-total working days for splice vault installations. (68)-total 
working days for cable pulling. (150)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $6504389 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars, UG Route 7, 85%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,323 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 69-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (135)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 214545-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: (30)- 
500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (120)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.62% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 12991-ft with an average duct bank depth of cover of 5.39 feet, with a further breakdown 

Not Used

A total of 10960-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 10928-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 12991-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as well as 
(6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 69-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 55855-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 3664-linear feet. Surface restoration costs also included (4)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of continuous 
Steel Plating.

This cost estimate included material for (24) splice vaults as well as excavation for (24) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (24)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (10)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (9)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 9659-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
Not Used
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.87% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (891)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 7, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,323 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 214,545 265.25$               56,908,061.25$            25.47$                          5,464,461.15$                62,372,522.40$              
U02 L.F. 2,000 265.25$               530,500.00$                 -$                              -$                                530,500.00$                   
U03 EA. 30 38,196.00$          1,145,880.00$              53,050.00$                   1,591,500.00$                2,737,380.00$                
U04 EA. 1 38,196.00$          38,196.00$                   -$                              -$                                38,196.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 120 41,379.00$          4,965,480.00$              53,050.00$                   6,366,000.00$                11,331,480.00$              
U08 EA. 1 41,379.00$          41,379.00$                   -$                              -$                                41,379.00$                     
U09 EA. 30 7,427.00$            222,810.00$                 3,713.50$                     111,405.00$                   334,215.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 71,515 12.74$                 911,101.10$                 8.49$                            607,162.35$                   1,518,263.45$                
U12 EA. 45 5,305.00$            238,725.00$                 1,803.70$                     81,166.50$                     319,891.50$                   
U13 EA. 45 7,957.50$            358,087.50$                 1,803.70$                     81,166.50$                     439,254.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 14,303 4.34$                   62,053.50$                   5.42$                            77,530.37$                     139,583.87$                   
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 177,043.98$        177,043.98$                 683,181.46$                 683,181.46$                   860,225.44$                   
U18 L.S. 1 39,057.18$          39,057.18$                   999,790.91$                 999,790.91$                   1,038,848.09$                
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              506,596.83$                 506,596.83$                   506,596.83$                   

SUBTOTAL 65,645,801.51$            16,569,961.07$              82,215,762.58$              
CONTINGENCY 20.00% 13,129,160.30$            3,313,992.21$                16,443,152.52$              

TOTAL 78,774,961.81$     19,883,953.28$       98,658,915.10$       

8
20

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 12,991 190.28$               2,471,952.05$              414.91$                        5,390,073.73$                7,862,025.78$                
C02 C.Y. 12,410 -$                    -$                              203.54$                        2,526,032.94$                2,526,032.94$                
C03a L.F. 12,991 1,335.16$            17,345,063.56$            2,626.12$                     34,115,924.92$              51,460,988.48$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 55,855 135.39$               7,562,016.91$              22.92$                          1,280,164.54$                8,842,181.45$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 3,664 121.23$               444,182.60$                 339.43$                        1,243,667.14$                1,687,849.74$                

C07 EA. 24 91,292.60$          2,191,022.40$              -$                              -$                                2,191,022.40$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 24 24,148.00$          579,552.00$                 43,150.63$                   1,035,615.12$                1,615,167.12$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 134,970.00$        134,970.00$                 134,970.00$                 134,970.00$                   269,940.00$                   
C10 EA. 10 7,810.77$            78,107.70$                   11,716.15$                   117,161.50$                   195,269.20$                   
C11 L.S. 1 84,356.25$          84,356.25$                   590,493.74$                 590,493.74$                   674,849.99$                   
C12 EA. 10 61,651.75$          616,517.50$                 71,354.68$                   713,546.80$                   1,330,064.30$                
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 281,812.07$        281,812.07$                 239,491.83$                 239,491.83$                   521,303.90$                   
C15 TBD 0 -$                    -$                              -$                              -$                                -$                                
C16 TBD 0 -$                    -$                              -$                              -$                                -$                                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 50,421.25$          50,421.25$                   1,282,320.95$              1,282,320.95$                1,332,742.20$                
C19 L.F. 0 -$                    -$                              -$                              -$                                -$                                
C20 L.S. 1 27,160.58$          27,160.58$                   4,194,794.80$              4,194,794.80$                4,221,955.38$                
C21 L.S. 1 -$                    -$                              3,951,242.18$              3,951,242.18$                3,951,242.18$                
C22 L.S. 1 575,803.74$        575,803.74$                 961,864.19$                 961,864.19$                   1,537,667.93$                
C23 L.S. 1 -$                    -$                              1,571,213.23$              1,571,213.23$                1,571,213.23$                
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              798,586.19$                 798,586.19$                   798,586.19$                   

SUBTOTAL 32,442,938.61$            60,147,163.80$              92,590,102.41$              
CONTINGENCY 20.00% 6,488,587.72$              12,029,432.76$              18,518,020.48$              

TOTAL 38,931,526.33$     72,176,596.56$       111,108,122.89$     

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 38,357.85$          38,357.85$                   728,799.15$                 728,799.15$                   767,157.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 325,219.45$        325,219.45$                 6,179,169.55$              6,179,169.55$                6,504,389.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 10,488,351.90$   10,488,351.90$            10,488,351.90$            10,488,351.90$              20,976,703.80$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 10,851,929.20$     17,396,320.60$       28,248,249.80$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 78,774,961.81$            19,883,953.28$              98,658,915.10$              
LOT 38,931,526.33$            72,176,596.56$              111,108,122.89$            
LOT 10,851,929.20$            17,396,320.60$              28,248,249.80$              

LOT 128,558,417.34$   109,456,870.44$     238,015,287.79$     
COST / MILE 50,948,618.45$     43,378,539.06$       94,327,157.51$       

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route 7, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,323 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $767157 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 13323-ft for a (1)-Circuit, (5)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 87-in High. Unit Costs based upon 3% 
Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (282)-total working days for duct bank trenching activities. (48)-total working days for splice vault installations. (68)-total 
working days for cable pulling. (150)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $6504389 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route 7, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 13,323 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 2.53 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (135)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 214545-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: (30)- 
500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (120)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.62% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 12991-ft with an average duct bank depth of cover of 5.39 feet, with a further breakdown 

Not Used

A total of 12410-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 12379-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 12991-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as well as 
(6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 55855-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 3664-linear feet. Surface restoration costs also included (5)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of continuous 
Steel Plating.

This cost estimate included material for (24) splice vaults as well as excavation for (24) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (24)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (10)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (9)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 9659-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
Not Used
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.87% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (891)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route R1 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 22,089 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.19 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 276,348 212.20$               58,641,045.60$            25.47$                          7,038,583.56$                65,679,629.16$              
U02 L.F. 2,800 212.20$               594,160.00$                 -$                              -$                                594,160.00$                   
U03 EA. 24 19,098.00$          458,352.00$                 26,525.00$                   636,600.00$                   1,094,952.00$                
U04 EA. 1 19,098.00$          19,098.00$                   -$                              -$                                19,098.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 108 20,689.50$          2,234,466.00$              26,525.00$                   2,864,700.00$                5,099,166.00$                
U08 EA. 1 20,689.50$          20,689.50$                   -$                              -$                                20,689.50$                     
U09 EA. 24 7,427.00$            178,248.00$                 3,713.50$                     89,124.00$                     267,372.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 92,116 12.74$                 1,173,557.84$              8.49$                            782,064.84$                   1,955,622.68$                
U12 EA. 40 5,305.00$            212,200.00$                 1,803.70$                     72,148.00$                     284,348.00$                   
U13 EA. 40 7,957.50$            318,300.00$                 1,803.70$                     72,148.00$                     390,448.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 23,029 4.34$                   99,911.21$                   5.42$                            124,830.24$                   224,741.45$                   
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 124,972.22$        124,972.22$                 534,506.18$                 534,506.18$                   659,478.40$                   
U18 L.S. 1 783.76$               783.76$                        20,062.69$                   20,062.69$                     20,846.45$                     
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              267,112.93$                 267,112.93$                   267,112.93$                   

SUBTOTAL 64,083,211.13$            12,501,880.44$              76,585,091.57$              
CONTINGENCY 20.00% 12,816,642.23$            2,500,376.09$                15,317,018.31$              

TOTAL 76,899,853.36$     15,002,256.53$       91,902,109.88$       

8
16

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 20,212 125.64$               2,539,455.43$              243.58$                        4,923,096.96$                7,462,552.39$                
C02 C.Y. 8,382 -$                    -$                              203.56$                        1,706,340.27$                1,706,340.27$                
C03a L.F. 20,212 786.17$               15,890,068.04$            2,047.10$                     41,375,985.20$              57,266,053.24$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 30,690 135.39$               4,155,013.86$              22.92$                          703,397.18$                   4,858,411.04$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 197 435.42$               85,782.59$                   158.29$                        31,185.18$                     116,967.77$                   

C07 EA. 18 75,671.08$          1,362,079.44$              -$                              -$                                1,362,079.44$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 18 26,692.85$          480,471.30$                 43,289.75$                   779,215.50$                   1,259,686.80$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 101,227.50$        101,227.50$                 101,227.50$                 101,227.50$                   202,455.00$                   
C10 EA. 11 7,810.77$            85,918.47$                   11,716.15$                   128,877.65$                   214,796.12$                   
C11 L.S. 1 74,983.33$          74,983.33$                   524,883.33$                 524,883.33$                   599,866.66$                   
C12 EA. 8 31,170.30$          249,362.40$                 35,999.98$                   287,999.84$                   537,362.24$                   
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 592,176.37$        592,176.37$                 503,195.37$                 503,195.37$                   1,095,371.74$                
C15 L.F. 330 - 188,900.00$                 - 230,877.78$                   419,777.78$                   
C16 L.F. 1,300 - 2,012,000.00$              - 2,459,111.11$                4,471,111.11$                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 653.13$               653.13$                        16,610.38$                   16,610.38$                     17,263.51$                     
C19 L.F. 20,012 63.13$                 1,263,357.56$              94.69$                          1,894,936.28$                3,158,293.84$                
C20 L.S. 1 42,256.65$          42,256.65$                   4,538,202.52$              4,538,202.52$                4,580,459.17$                
C21 L.S. 1 -$                    -$                              4,159,281.44$              4,159,281.44$                4,159,281.44$                
C22 L.S. 1 879,583.93$        879,583.93$                 1,468,010.85$              1,468,010.85$                2,347,594.78$                
C23 L.S. 1 -$                    -$                              957,287.20$                 957,287.20$                   957,287.20$                   
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              532,361.56$                 532,361.56$                   532,361.56$                   

SUBTOTAL 30,003,290.00$            67,322,083.10$              97,325,373.10$              
CONTINGENCY 20.00% 6,000,658.00$              13,464,416.62$              19,465,074.62$              

TOTAL 36,003,948.00$     80,786,499.72$       116,790,447.72$     

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 50,376.60$          50,376.60$                   957,155.40$                 957,155.40$                   1,007,532.00$                
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 539,240.80$        539,240.80$                 10,245,575.20$            10,245,575.20$              10,784,816.00$              
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 10,434,627.88$   10,434,627.88$            10,434,627.88$            10,434,627.88$              20,869,255.76$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 11,024,245.28$     21,637,358.48$       32,661,603.76$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 76,899,853.36$            15,002,256.53$              91,902,109.88$              
LOT 36,003,948.00$            80,786,499.72$              116,790,447.72$            
LOT 11,024,245.28$            21,637,358.48$              32,661,603.76$              

LOT 123,928,046.64$   117,426,114.73$     241,354,161.36$     
COST / MILE 29,622,893.12$     28,068,716.82$       57,691,609.94$       

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route R1 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 22,089 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.19 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $1007532 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 22089-ft for a (1)-Circuit, (4)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in High. Unit Costs based upon 3% 
Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (333)-total working days for duct bank trenching activities. (45)-total working days for splice vault installations. (60)-total 
working days for cable pulling. (132)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $10784816 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV
PROJECT NAME: Golden to Mars UG Route R1 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 22,089 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.19 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (120)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 276348-ft, with an additional spare cable length of 2800-ft. The accessories to be installed include: (24)- 
230 kV Open Air Terminators, with (1)-Spare 230 kV Open Air Terminators. (108)-230 kV Cable Splice, with (1)-Spare 230 kV Cable Splice. (24)-230 kV Lightning Arrester, with (1)-Spare 230 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.35% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2800-ft and standard splice vault spacing of 2400-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 20212-ft with an average duct bank depth of cover of 4.02 feet, with a further breakdown 

This cost estimate included (4)-Jack & Bore with a total length of installation of 330-L.F.and an assumed bore diameter of 36-inches, including bore spacers and grouting. The assumed depth of bore 
sending and receiving pits were 30-feet below grade, with (0)pairs of sending and recieving pits.

A total of 8382-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 8367-Cubic Yards of rock were assumed for open cut trenching and 15-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 20212-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (16)-8-inch power conduits as well as 
(5)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 86-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 30690-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 197.01-linear feet. Surface restoration costs also included (0)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.

This cost estimate included material for (18) splice vaults as well as excavation for (18) splice vaults. Assumed splice vault dimensions were: 10-ft width by 26-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (18)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (11)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (16)-power conduits for (10)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 20274-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

This cost estimate included (4)-Horizontal Directional Drill with a total length of installation of 1300-L.F.and an assumed bore diameter of 36-inches, including bore spacers and grouting.

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 20012-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.55% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (432)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route R1, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 22,089 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.19 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 350,535 265.25$               92,979,408.75$            25.47$                          8,928,126.45$                101,907,535.20$            
U02 L.F. 2,000 265.25$               530,500.00$                 -$                              -$                                530,500.00$                   
U03 EA. 30 38,196.00$          1,145,880.00$              53,050.00$                   1,591,500.00$                2,737,380.00$                
U04 EA. 1 38,196.00$          38,196.00$                   -$                              -$                                38,196.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 195 41,379.00$          8,068,905.00$              53,050.00$                   10,344,750.00$              18,413,655.00$              
U08 EA. 1 41,379.00$          41,379.00$                   -$                              -$                                41,379.00$                     
U09 EA. 30 7,427.00$            222,810.00$                 3,713.50$                     111,405.00$                   334,215.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 116,845 12.74$                 1,488,605.30$              8.49$                            992,014.05$                   2,480,619.35$                
U12 EA. 70 5,305.00$            371,350.00$                 1,803.70$                     126,259.00$                   497,609.00$                   
U13 EA. 70 7,957.50$            557,025.00$                 1,803.70$                     126,259.00$                   683,284.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 TBD 0 -$                    -$                              -$                              -$                                -$                                
U16 EA. 1 292,885.39$        292,885.39$                 83,598.75$                   83,598.75$                     376,484.14$                   
U17 L.S. 1 177,043.98$        177,043.98$                 730,046.05$                 730,046.05$                   907,090.03$                   
U18 L.S. 1 2,220.64$            2,220.64$                     56,844.30$                   56,844.30$                     59,064.94$                     
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              451,550.54$                 451,550.54$                   451,550.54$                   

SUBTOTAL 105,923,636.06$          23,542,353.14$              129,465,989.20$            
CONTINGENCY 20.00% 21,184,727.21$            4,708,470.63$                25,893,197.84$              

TOTAL 127,108,363.27$   28,250,823.77$       155,359,187.04$     

8
20

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 19,920 125.64$               2,502,775.82$              315.27$                        6,279,996.86$                8,782,772.68$                
C02 C.Y. 17,324 -$                    -$                              203.56$                        3,526,431.61$                3,526,431.61$                
C03a L.F. 19,920 1,335.16$            26,596,387.20$            2,626.12$                     52,312,310.40$              78,908,697.60$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 67,282 135.39$               9,109,079.26$              22.92$                          1,542,064.82$                10,651,144.08$              
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 197 642.86$               126,650.91$                 328.63$                        64,744.22$                     191,395.13$                   

C07 EA. 39 91,292.60$          3,560,411.40$              -$                              -$                                3,560,411.40$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 39 28,117.22$          1,096,571.58$              49,728.08$                   1,939,395.12$                3,035,966.70$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 219,326.24$        219,326.24$                 219,326.25$                 219,326.25$                   438,652.49$                   
C10 EA. 15 7,810.77$            117,161.55$                 11,716.15$                   175,742.25$                   292,903.80$                   
C11 L.S. 1 131,220.83$        131,220.83$                 918,545.82$                 918,545.82$                   1,049,766.65$                
C12 EA. 10 61,651.75$          616,517.50$                 71,354.68$                   713,546.80$                   1,330,064.30$                
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 592,176.37$        592,176.37$                 503,195.37$                 503,195.37$                   1,095,371.74$                
C15 L.F. 330 - 236,125.00$                 - 288,597.22$                   524,722.22$                   
C16 L.F. 1,300 - 2,515,000.00$              - 3,073,888.89$                5,588,888.89$                
C17 TBD 0 -$                    -$                              -$                              -$                                -$                                
C18 L.S. 1 783.75$               783.75$                        19,932.45$                   19,932.45$                     20,716.20$                     
C19 L.F. 19,739 63.13$                 1,246,123.07$              94.69$                          1,869,085.91$                3,115,208.98$                
C20 L.S. 1 41,646.16$          41,646.16$                   6,366,514.16$              6,366,514.16$                6,408,160.32$                
C21 L.S. 1 -$                    -$                              5,993,067.44$              5,993,067.44$                5,993,067.44$                
C22 L.S. 1 879,784.41$        879,784.41$                 1,468,341.21$              1,468,341.21$                2,348,125.62$                
C23 L.S. 1 -$                    -$                              1,866,772.53$              1,866,772.53$                1,866,772.53$                
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              804,629.59$                 804,629.59$                   804,629.59$                   

SUBTOTAL 49,587,741.05$            89,946,128.92$              139,533,869.97$            
CONTINGENCY 20.00% 9,917,548.21$              17,989,225.78$              27,906,773.99$              

TOTAL 59,505,289.26$     107,935,354.71$     167,440,643.97$     

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 54,251.60$          54,251.60$                   1,030,780.40$              1,030,780.40$                1,085,032.00$                
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 696,061.20$        696,061.20$                 13,225,162.80$            13,225,162.80$              13,921,224.00$              
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 16,139,991.55$   16,139,991.55$            16,139,991.55$            16,139,991.55$              32,279,983.10$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 16,890,304.35$     30,395,934.75$       47,286,239.10$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 127,108,363.27$          28,250,823.77$              155,359,187.04$            
LOT 59,505,289.26$            107,935,354.71$            167,440,643.97$            
LOT 16,890,304.35$            30,395,934.75$              47,286,239.10$              

LOT 203,503,956.88$   166,582,113.22$     370,086,070.11$     
COST / MILE 48,644,161.91$     39,818,622.75$       88,462,784.65$       

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route R1, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 22,089 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.19 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 22089-ft for a (1)-Circuit, (5)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 87-in High. Unit Costs based upon 3% 
Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (328)-total working days for duct bank trenching activities. (98)-total working days for splice vault installations. (105)-total 
working days for cable pulling. (225)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $13921224 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $1085032 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route R1, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 22,089 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.19 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

This cost estimate included (5)-Horizontal Directional Drill with a total length of installation of 1300-L.F.and an assumed bore diameter of 36-inches, including bore spacers and grouting.

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 19739-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.58% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (1019)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

This cost estimate included (5)-Jack & Bore with a total length of installation of 330-L.F.and an assumed bore diameter of 36-inches, including bore spacers and grouting. The assumed depth of bore 
sending and receiving pits were 30-feet below grade, with (0)pairs of sending and recieving pits.

A total of 17324-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 17292-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 19920-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as well as 
(6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 67282-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 197.01-linear feet. Surface restoration costs also included (0)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.

This cost estimate included material for (39) splice vaults as well as excavation for (39) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (39)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (15)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (14)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 20274-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 19920-ft with an average duct bank depth of cover of 4.02 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 350535-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: (30)- 
500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (195)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.35% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.
This cost estimate included the following assumptions for cable system testing: (210)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route R2 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,013 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.61 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 237,996 212.20$               50,502,751.20$            25.47$                          6,061,758.12$                56,564,509.32$              
U02 L.F. 2,800 212.20$               594,160.00$                 -$                              -$                                594,160.00$                   
U03 EA. 24 19,098.00$          458,352.00$                 26,525.00$                   636,600.00$                   1,094,952.00$                
U04 EA. 1 19,098.00$          19,098.00$                   -$                              -$                                19,098.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 84 20,689.50$          1,737,918.00$              26,525.00$                   2,228,100.00$                3,966,018.00$                
U08 EA. 1 20,689.50$          20,689.50$                   -$                              -$                                20,689.50$                     
U09 EA. 24 7,427.00$            178,248.00$                 3,713.50$                     89,124.00$                     267,372.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 79,332 12.74$                 1,010,689.68$              8.49$                            673,528.68$                   1,684,218.36$                
U12 EA. 32 5,305.00$            169,760.00$                 1,803.70$                     57,718.40$                     227,478.40$                   
U13 EA. 32 7,957.50$            254,640.00$                 1,803.70$                     57,718.40$                     312,358.40$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 19,833 4.34$                   86,045.38$                   5.42$                            107,506.10$                   193,551.48$                   
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 124,972.22$        124,972.22$                 519,509.52$                 519,509.52$                   644,481.74$                   
U18 L.S. 1 12,801.35$          12,801.35$                   327,690.67$                 327,690.67$                   340,492.02$                   
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              230,778.82$                 230,778.82$                   230,778.82$                   

SUBTOTAL 55,177,552.33$            10,990,032.71$              66,167,585.04$              
CONTINGENCY 20.00% 11,035,510.47$            2,198,006.54$                13,233,517.01$              

TOTAL 66,213,062.80$     13,188,039.25$       79,401,102.05$       

8
16

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 17,741 180.02$               3,193,722.23$              319.90$                        5,675,161.11$                8,868,883.34$                
C02 C.Y. 7,939 -$                    -$                              203.56$                        1,616,060.95$                1,616,060.95$                
C03a L.F. 17,741 786.17$               13,947,441.97$            2,047.10$                     36,317,601.10$              50,265,043.07$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 32,250 135.39$               4,366,216.91$              22.92$                          739,151.49$                   5,105,368.40$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 3,577 87.19$                 311,876.19$                 162.42$                        580,957.37$                   892,833.56$                   

C07 EA. 14 75,671.08$          1,059,395.12$              -$                              -$                                1,059,395.12$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 14 26,692.85$          373,699.90$                 43,289.75$                   606,056.50$                   979,756.40$                   
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 78,732.50$          78,732.50$                   78,732.50$                   78,732.50$                     157,465.00$                   
C10 EA. 9 7,810.77$            70,296.93$                   11,716.15$                   105,445.35$                   175,742.28$                   
C11 L.S. 1 59,986.67$          59,986.67$                   419,906.66$                 419,906.66$                   479,893.33$                   
C12 EA. 8 31,170.30$          249,362.40$                 35,999.98$                   287,999.84$                   537,362.24$                   
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 420,465.66$        420,465.66$                 357,527.87$                 357,527.87$                   777,993.53$                   
C15 L.F. 330 - 188,900.00$                 - 230,877.78$                   419,777.78$                   
C16 L.F. 100 - 85,400.00$                   - 104,377.78$                   189,777.78$                   
C17 L.F. 650 - 332,900.00$                 - 406,877.78$                   739,777.78$                   
C18 L.S. 1 11,756.25$          11,756.25$                   298,986.75$                 298,986.75$                   310,743.00$                   
C19 L.F. 14,101 63.13$                 890,196.13$                 94.69$                          1,335,223.69$                2,225,419.82$                
C20 L.S. 1 37,090.47$          37,090.47$                   4,003,693.16$              4,003,693.16$                4,040,783.63$                
C21 L.S. 1 -$                    -$                              3,671,097.88$              3,671,097.88$                3,671,097.88$                
C22 L.S. 1 770,676.90$        770,676.90$                 1,286,169.91$              1,286,169.91$                2,056,846.81$                
C23 L.S. 1 -$                    -$                              985,405.95$                 985,405.95$                   985,405.95$                   
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              470,554.85$                 470,554.85$                   470,554.85$                   

SUBTOTAL 26,448,116.23$            59,577,866.26$              86,025,982.49$              
CONTINGENCY 20.00% 5,289,623.25$              11,915,573.25$              17,205,196.50$              

TOTAL 31,737,739.48$     71,493,439.52$       103,231,178.99$     

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 50,039.10$          50,039.10$                   950,742.90$                 950,742.90$                   1,000,782.00$                
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 495,635.30$        495,635.30$                 9,417,070.70$              9,417,070.70$                9,912,706.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 9,131,614.05$     9,131,614.05$              9,131,614.05$              9,131,614.05$                18,263,228.10$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 9,677,288.45$       19,499,427.65$       29,176,716.10$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 66,213,062.80$            13,188,039.25$              79,401,102.05$              
LOT 31,737,739.48$            71,493,439.52$              103,231,178.99$            
LOT 9,677,288.45$              19,499,427.65$              29,176,716.10$              

LOT 107,628,090.72$   104,180,906.42$     211,808,997.14$     
COST / MILE 29,888,829.70$     28,931,530.32$       58,820,360.01$       

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route R2 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,013 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.61 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 19013-ft for a (1)-Circuit, (4)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in High. Unit Costs based upon 3% 
Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (340)-total working days for duct bank trenching activities. (35)-total working days for splice vault installations. (48)-total 
working days for cable pulling. (108)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $9912706 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $1000782 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV
PROJECT NAME: Golden to Mars UG Route R2 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,013 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.61 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 14101-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.55% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (472)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Not Used

A total of 7939-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 7924-Cubic Yards of rock were assumed for open cut trenching and 15-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 17741-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (16)-8-inch power conduits as well as 
(5)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 86-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 32250-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 3576.82-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.

This cost estimate included material for (14) splice vaults as well as excavation for (14) splice vaults. Assumed splice vault dimensions were: 10-ft width by 26-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (14)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (9)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (16)-power conduits for (8)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 14500-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 17741-ft with an average duct bank depth of cover of 5.01 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 237996-ft, with an additional spare cable length of 2800-ft. The accessories to be installed include: (24)- 
230 kV Open Air Terminators, with (1)-Spare 230 kV Open Air Terminators. (84)-230 kV Cable Splice, with (1)-Spare 230 kV Cable Splice. (24)-230 kV Lightning Arrester, with (1)-Spare 230 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.35% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2800-ft and standard splice vault spacing of 2400-ft.
This cost estimate included the following assumptions for cable system testing: (96)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route R2, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,013 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.61 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 300,795 265.25$               79,785,873.75$            25.47$                          7,661,248.65$                87,447,122.40$              
U02 L.F. 2,000 265.25$               530,500.00$                 -$                              -$                                530,500.00$                   
U03 EA. 30 38,196.00$          1,145,880.00$              53,050.00$                   1,591,500.00$                2,737,380.00$                
U04 EA. 1 38,196.00$          38,196.00$                   -$                              -$                                38,196.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 135 41,379.00$          5,586,165.00$              53,050.00$                   7,161,750.00$                12,747,915.00$              
U08 EA. 1 41,379.00$          41,379.00$                   -$                              -$                                41,379.00$                     
U09 EA. 30 7,427.00$            222,810.00$                 3,713.50$                     111,405.00$                   334,215.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 100,265 12.74$                 1,277,376.10$              8.49$                            851,249.85$                   2,128,625.95$                
U12 EA. 50 5,305.00$            265,250.00$                 1,803.70$                     90,185.00$                     355,435.00$                   
U13 EA. 50 7,957.50$            397,875.00$                 1,803.70$                     90,185.00$                     488,060.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 TBD 0 -$                    -$                              -$                              -$                                -$                                
U16 EA. 1 278,498.94$        278,498.94$                 76,456.30$                   76,456.30$                     354,955.24$                   
U17 L.S. 1 177,043.98$        177,043.98$                 692,554.38$                 692,554.38$                   869,598.36$                   
U18 L.S. 1 30,566.49$          30,566.49$                   782,445.06$                 782,445.06$                   813,011.55$                   
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              381,128.37$                 381,128.37$                   381,128.37$                   

SUBTOTAL 89,784,841.26$            19,490,107.61$              109,274,948.87$            
CONTINGENCY 20.00% 17,956,968.25$            3,898,021.52$                21,854,989.77$              

TOTAL 107,741,809.51$   23,388,129.13$       131,129,938.64$     

8
20

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 17,560 180.02$               3,161,124.59$              397.49$                        6,979,757.26$                10,140,881.85$              
C02 C.Y. 16,374 -$                    -$                              203.56$                        3,333,063.57$                3,333,063.57$                
C03a L.F. 17,560 1,335.16$            23,445,409.60$            2,626.12$                     46,114,667.20$              69,560,076.80$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 71,007 135.39$               9,613,394.23$              22.92$                          1,627,439.68$                11,240,833.91$              
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 3,577 119.65$               427,976.25$                 331.57$                        1,185,962.81$                1,613,939.06$                

C07 EA. 27 91,292.60$          2,464,900.20$              -$                              -$                                2,464,900.20$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 27 28,117.22$          759,164.94$                 49,728.08$                   1,342,658.16$                2,101,823.10$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 151,841.25$        151,841.25$                 151,841.25$                 151,841.25$                   303,682.50$                   
C10 EA. 11 7,810.77$            85,918.47$                   11,716.15$                   128,877.65$                   214,796.12$                   
C11 L.S. 1 93,729.16$          93,729.16$                   656,104.16$                 656,104.16$                   749,833.32$                   
C12 EA. 10 61,651.75$          616,517.50$                 71,354.68$                   713,546.80$                   1,330,064.30$                
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 420,465.66$        420,465.66$                 357,527.87$                 357,527.87$                   777,993.53$                   
C15 L.F. 330 - 236,125.00$                 - 288,597.22$                   524,722.22$                   
C16 L.F. 100 - 106,750.00$                 - 130,472.22$                   237,222.22$                   
C17 L.F. 650 - 416,125.00$                 - 508,597.22$                   924,722.22$                   
C18 L.S. 1 12,540.00$          12,540.00$                   318,919.20$                 318,919.20$                   331,459.20$                   
C19 L.F. 14,198 63.13$                 896,319.74$                 94.69$                          1,344,408.62$                2,240,728.36$                
C20 L.S. 1 36,712.05$          36,712.05$                   5,634,079.39$              5,634,079.39$                5,670,791.44$                
C21 L.S. 1 -$                    -$                              5,304,877.46$              5,304,877.46$                5,304,877.46$                
C22 L.S. 1 770,772.72$        770,772.72$                 1,286,326.39$              1,286,326.39$                2,057,099.11$                
C23 L.S. 1 -$                    -$                              1,996,118.78$              1,996,118.78$                1,996,118.78$                
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              714,093.85$                 714,093.85$                   714,093.85$                   

SUBTOTAL 43,715,786.36$            80,117,936.77$              123,833,723.13$            
CONTINGENCY 20.00% 8,743,157.27$              16,023,587.35$              24,766,744.63$              

TOTAL 52,458,943.63$     96,141,524.12$       148,600,467.75$     

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 54,351.60$          54,351.60$                   1,032,680.40$              1,032,680.40$                1,087,032.00$                
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 638,489.30$        638,489.30$                 12,131,296.70$            12,131,296.70$              12,769,786.00$              
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 13,986,520.32$   13,986,520.32$            13,986,520.32$            13,986,520.32$              27,973,040.64$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 14,679,361.22$     27,150,497.42$       41,829,858.64$       

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 107,741,809.51$          23,388,129.13$              131,129,938.64$            
LOT 52,458,943.63$            96,141,524.12$              148,600,467.75$            
LOT 14,679,361.22$            27,150,497.42$              41,829,858.64$              

LOT 174,880,114.36$   146,680,150.67$     321,560,265.04$     
COST / MILE 48,565,034.65$     40,733,771.40$       89,298,806.05$       

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route R2, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,013 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.61 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $1087032 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 19013-ft for a (1)-Circuit, (5)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 87-in High. Unit Costs based upon 3% 
Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (337)-total working days for duct bank trenching activities. (68)-total working days for splice vault installations. (75)-total 
working days for cable pulling. (165)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $12769786 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route R2, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 19,013 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 3.61 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9
CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (150)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 300795-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: (30)- 
500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (135)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.35% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 17560-ft with an average duct bank depth of cover of 5.01 feet, with a further breakdown 

Not Used

A total of 16374-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 16342-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 17560-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as well as 
(6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 71007-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 3576.82-linear feet. Surface restoration costs also included (2)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.

This cost estimate included material for (27) splice vaults as well as excavation for (27) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (27)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (11)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (10)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 14500-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The 
unit rates have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 14198-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.58% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (1119)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route R3 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 23,987 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.55 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 300,564 212.20$               63,779,680.80$            25.47$                          7,655,365.08$                71,435,045.88$              
U02 L.F. 2,800 212.20$               594,160.00$                 -$                              -$                                594,160.00$                   
U03 EA. 24 19,098.00$          458,352.00$                 26,525.00$                   636,600.00$                   1,094,952.00$                
U04 EA. 1 19,098.00$          19,098.00$                   -$                              -$                                19,098.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 132 20,689.50$          2,731,014.00$              26,525.00$                   3,501,300.00$                6,232,314.00$                
U08 EA. 1 20,689.50$          20,689.50$                   -$                              -$                                20,689.50$                     
U09 EA. 24 7,427.00$            178,248.00$                 3,713.50$                     89,124.00$                     267,372.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 100,188 12.74$                 1,276,395.12$              8.49$                            850,596.12$                   2,126,991.24$                
U12 EA. 48 5,305.00$            254,640.00$                 1,803.70$                     86,577.60$                     341,217.60$                   
U13 EA. 48 7,957.50$            381,960.00$                 1,803.70$                     86,577.60$                     468,537.60$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 25,047 4.34$                   108,666.29$                 5.42$                            135,768.94$                   244,435.23$                   
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 124,972.22$        124,972.22$                 549,502.85$                 549,502.85$                   674,475.07$                   
U18 L.S. 1 91,568.83$          91,568.83$                   2,343,991.39$              2,343,991.39$                2,435,560.22$                
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              257,886.83$                 257,886.83$                   257,886.83$                   

SUBTOTAL 70,026,871.76$            16,193,290.41$              86,220,162.17$              
CONTINGENCY 20.00% 14,005,374.35$            3,238,658.08$                17,244,032.43$              

TOTAL 84,032,246.11$      19,431,948.49$        103,464,194.60$      

8
16

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 23,685 217.08$               5,141,433.41$              373.64$                        8,849,547.63$                13,990,981.04$              
C02 C.Y. 11,050 -$                    -$                              203.58$                        2,249,501.39$                2,249,501.39$                
C03a L.F. 23,685 786.17$               18,620,436.45$            2,047.10$                     48,485,563.50$              67,105,999.95$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 50,649 135.39$               6,857,194.42$              22.92$                          1,160,846.01$                8,018,040.43$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 21,180 69.73$                 1,476,878.94$              161.18$                        3,413,703.09$                4,890,582.03$                

C07 EA. 22 75,671.08$          1,664,763.76$              -$                              -$                                1,664,763.76$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 22 26,692.85$          587,242.70$                 43,289.75$                   952,374.50$                   1,539,617.20$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 123,722.50$        123,722.50$                 123,722.50$                 123,722.50$                   247,445.00$                   
C10 EA. 13 7,810.77$            101,540.01$                 11,716.15$                   152,309.95$                   253,849.96$                   
C11 L.S. 1 89,980.00$          89,980.00$                   629,859.99$                 629,859.99$                   719,839.99$                   
C12 EA. 8 31,170.30$          249,362.40$                 35,999.98$                   287,999.84$                   537,362.24$                   
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 85,049.73$          85,049.73$                   72,028.11$                   72,028.11$                     157,077.84$                   

C15 TBD TBD - - - - -

C16 TBD 0 - - - - -
C17 TBD 0 - - - - -
C18 L.S. 1 79,811.88$          79,811.88$                   2,029,787.83$              2,029,787.83$                2,109,599.71$                
C19 L.F. 2,505 63.13$                 158,140.65$                 94.69$                          237,198.45$                   395,339.10$                   
C20 L.S. 1 49,517.73$          49,517.73$                   5,542,254.80$              5,542,254.80$                5,591,772.53$                
C21 L.S. 1 -$                    -$                              5,098,222.63$              5,098,222.63$                5,098,222.63$                
C22 L.S. 1 1,020,740.14$     1,020,740.14$              1,700,479.92$              1,700,479.92$                2,721,220.06$                
C23 L.S. 1 -$                    -$                              1,523,723.79$              1,523,723.79$                1,523,723.79$                
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              475,259.75$                 475,259.75$                   475,259.75$                   

SUBTOTAL 36,305,814.72$            82,984,383.68$              119,290,198.40$            
CONTINGENCY 20.00% 7,261,162.94$              16,596,876.74$              23,858,039.68$              

TOTAL 43,566,977.66$      99,581,260.42$        143,148,238.08$      

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 49,820.35$          49,820.35$                   946,586.65$                 946,586.65$                   996,407.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 419,971.55$        419,971.55$                 7,979,459.45$              7,979,459.45$                8,399,431.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 12,330,621.63$   12,330,621.63$            12,330,621.63$            12,330,621.63$              24,661,243.26$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 12,800,413.53$      21,256,667.73$        34,057,081.26$        

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 84,032,246.11$            19,431,948.49$              103,464,194.60$            
LOT 43,566,977.66$            99,581,260.42$              143,148,238.08$            
LOT 12,800,413.53$            21,256,667.73$              34,057,081.26$              

LOT 140,399,637.31$    140,269,876.64$      280,669,513.94$      
COST / MILE 30,904,660.23$      30,876,097.41$        61,780,757.64$        

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route R3 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 23,987 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.55 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $996407 of pre-contingency overall project costs. This 
was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 23987-ft for a (1)-Circuit, (4)-cables per phase cable system. The estimated 
was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in High. Unit Costs based upon 3% Escalation, 
Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (564)-total working days for duct bank trenching activities. (55)-total working days for splice vault installations. (72)-total 
working days for cable pulling. (156)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $8399431 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV
PROJECT NAME: Golden to Mars UG Route R3 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 23,987 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.55 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9

CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (144)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 300564-ft, with an additional spare cable length of 2800-ft. The accessories to be installed include: (24)- 
230 kV Open Air Terminators, with (1)-Spare 230 kV Open Air Terminators. (132)-230 kV Cable Splice, with (1)-Spare 230 kV Cable Splice. (24)-230 kV Lightning Arrester, with (1)-Spare 230 kV Lightning 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-days 
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.3% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2800-ft and standard splice vault spacing of 2400-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 23685-ft with an average duct bank depth of cover of 6.07 feet, with a further breakdown 

Not Used

A total of 11050-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 11034-Cubic Yards of rock were assumed for open cut trenching and 15-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 23685-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (16)-8-inch power conduits as well as 
(5)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 86-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 50649-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 21180-linear feet. Surface restoration costs also included (7)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of continuous 
Steel Plating.

This cost estimate included material for (22) splice vaults as well as excavation for (22) splice vaults. Assumed splice vault dimensions were: 10-ft width by 26-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (22)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (13)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (16)-power conduits for (12)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 2807-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 2505-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.4% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (764)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME:
Golden to Mars UG Route R3, 
100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE

ROUTE LENGTH (ft): 23,987 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.55 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 380,805 265.25$               101,008,526.25$          25.47$                          9,699,103.35$                110,707,629.60$            
U02 L.F. 2,000 265.25$               530,500.00$                 -$                              -$                                530,500.00$                   
U03 EA. 30 38,196.00$          1,145,880.00$              53,050.00$                   1,591,500.00$                2,737,380.00$                
U04 EA. 1 38,196.00$          38,196.00$                   -$                              -$                                38,196.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 225 41,379.00$          9,310,275.00$              53,050.00$                   11,936,250.00$              21,246,525.00$              
U08 EA. 1 41,379.00$          41,379.00$                   -$                              -$                                41,379.00$                     
U09 EA. 30 7,427.00$            222,810.00$                 3,713.50$                     111,405.00$                   334,215.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 126,935 12.74$                 1,617,151.90$              8.49$                            1,077,678.15$                2,694,830.05$                
U12 EA. 80 5,305.00$            424,400.00$                 1,803.70$                     144,296.00$                   568,696.00$                   
U13 EA. 80 7,957.50$            636,600.00$                 1,803.70$                     144,296.00$                   780,896.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 TBD 0 -$                    -$                              -$                              -$                                -$                                
U16 EA. 1 301,640.47$        301,640.47$                 87,945.39$                   87,945.39$                     389,585.86$                   
U17 L.S. 1 177,043.98$        177,043.98$                 748,791.88$                 748,791.88$                   925,835.86$                   
U18 L.S. 1 233,820.55$        233,820.55$                 5,985,370.31$              5,985,370.31$                6,219,190.86$                
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              441,666.86$                 441,666.86$                   441,666.86$                   

SUBTOTAL 115,695,650.15$          31,968,302.94$              147,663,953.09$            
CONTINGENCY 20.00% 23,139,130.03$            6,393,660.59$                29,532,790.62$              

TOTAL 138,834,780.18$    38,361,963.53$        177,196,743.71$      

8
20

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 23,365 217.08$               5,071,949.68$              457.88$                        10,698,088.19$              15,770,037.87$              
C02 C.Y. 22,545 -$                    -$                              203.58$                        4,589,699.13$                4,589,699.13$                
C03a L.F. 23,365 1,335.16$            31,196,013.40$            2,626.12$                     61,359,293.80$              92,555,307.20$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 111,145 135.39$               15,047,540.41$            22.92$                          2,547,379.60$                17,594,920.01$              
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 21,180 93.90$                 1,988,723.57$              331.67$                        7,024,711.03$                9,013,434.60$                

C07 EA. 45 91,292.60$          4,108,167.00$              -$                              -$                                4,108,167.00$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 45 28,117.22$          1,265,274.90$              49,728.08$                   2,237,763.60$                3,503,038.50$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 253,068.74$        253,068.74$                 253,068.75$                 253,068.75$                   506,137.49$                   
C10 EA. 17 7,810.77$            132,783.09$                 11,716.15$                   199,174.55$                   331,957.64$                   
C11 L.S. 1 149,966.66$        149,966.66$                 1,049,766.65$              1,049,766.65$                1,199,733.31$                
C12 EA. 10 61,651.75$          616,517.50$                 71,354.68$                   713,546.80$                   1,330,064.30$                
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 85,049.73$          85,049.73$                   72,028.11$                   72,028.11$                     157,077.84$                   

C15 TBD TBD - - - - -

C16 TBD 0 - - - - -
C17 TBD 0 - - - - -
C18 L.S. 1 92,090.63$          92,090.63$                   2,342,062.88$              2,342,062.88$                2,434,153.51$                
C19 L.F. 2,734 63.13$                 172,597.42$                 94.69$                          258,882.46$                   431,479.88$                   
C20 L.S. 1 48,848.70$          48,848.70$                   7,972,743.06$              7,972,743.06$                8,021,591.76$                
C21 L.S. 1 -$                    -$                              7,534,710.18$              7,534,710.18$                7,534,710.18$                
C22 L.S. 1 1,020,940.63$     1,020,940.63$              1,700,810.28$              1,700,810.28$                2,721,750.91$                
C23 L.S. 1 -$                    -$                              3,142,426.46$              3,142,426.46$                3,142,426.46$                
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              699,782.75$                 699,782.75$                   699,782.75$                   

SUBTOTAL 61,249,532.06$            114,395,938.28$            175,645,470.34$            
CONTINGENCY 20.00% 12,249,906.41$            22,879,187.66$              35,129,094.07$              

TOTAL 73,499,438.47$      137,275,125.94$      210,774,564.41$      

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 52,470.35$          52,470.35$                   996,936.65$                 996,936.65$                   1,049,407.00$                
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 548,865.90$        548,865.90$                 10,428,452.10$            10,428,452.10$              10,977,318.00$              
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 19,398,565.41$   19,398,565.41$            19,398,565.41$            19,398,565.41$              38,797,130.82$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 19,999,901.66$      30,823,954.16$        50,823,855.82$        

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 138,834,780.18$          38,361,963.53$              177,196,743.71$            
LOT 73,499,438.47$            137,275,125.94$            210,774,564.41$            
LOT 19,999,901.66$            30,823,954.16$              50,823,855.82$              

LOT 232,334,120.31$    206,461,043.62$      438,795,163.94$      
COST / MILE 51,141,207.96$      45,446,046.21$        96,587,254.16$        

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME: Golden to Mars UG Route R3, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 23,987 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.55 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 23987-ft for a (1)-Circuit, (5)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 87-in High. Unit Costs based upon 
3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (557)-total working days for duct bank trenching activities. (113)-total working days for splice vault installations. (120)-
total working days for cable pulling. (255)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $10977318 of pre-contingency overall 
project costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $1049407 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV
PROJECT NAME: Golden to Mars UG Route R3, 100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 23,987 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 4.55 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9

CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 2734-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 0.4% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (1804)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Not Used

A total of 22545-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 22513-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 23365-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as well 
as (6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 111145-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 21180-linear feet. Surface restoration costs also included (7)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.

This cost estimate included material for (45) splice vaults as well as excavation for (45) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (45)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (17)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (16)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 2807-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 23365-ft with an average duct bank depth of cover of 6.07 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 380805-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: (30)- 
500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (225)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.3% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.
This cost estimate included the following assumptions for cable system testing: (240)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:
POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route R4 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 8,284 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 1.57 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 106,368 212.20$               22,571,289.60$            25.47$                          2,709,192.96$                25,280,482.56$              
U02 L.F. 2,800 212.20$               594,160.00$                 -$                              -$                                594,160.00$                   
U03 EA. 24 19,098.00$          458,352.00$                 26,525.00$                   636,600.00$                   1,094,952.00$                
U04 EA. 1 19,098.00$          19,098.00$                   -$                              -$                                19,098.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 36 20,689.50$          744,822.00$                 26,525.00$                   954,900.00$                   1,699,722.00$                
U08 EA. 1 20,689.50$          20,689.50$                   -$                              -$                                20,689.50$                     
U09 EA. 24 7,427.00$            178,248.00$                 3,713.50$                     89,124.00$                     267,372.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 35,456 12.74$                 451,709.44$                 8.49$                            301,021.44$                   752,730.88$                   
U12 EA. 16 5,305.00$            84,880.00$                   1,803.70$                     28,859.20$                     113,739.20$                   
U13 EA. 16 7,957.50$            127,320.00$                 1,803.70$                     28,859.20$                     156,179.20$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 L.F. 8,864 4.34$                   38,456.42$                   5.42$                            48,047.91$                     86,504.33$                     
U16 EA. 0 -$                    -$                              -$                              -$                                -$                                
U17 L.S. 1 124,972.22$        124,972.22$                 489,516.18$                 489,516.18$                   614,488.40$                   
U18 L.S. 1 6,531.30$            6,531.30$                     167,189.11$                 167,189.11$                   173,720.41$                   
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              247,050.12$                 247,050.12$                   247,050.12$                   

SUBTOTAL 25,427,955.48$            5,700,360.12$                31,128,315.60$              
CONTINGENCY 20.00% 5,085,591.10$              1,140,072.02$                6,225,663.12$                

TOTAL 30,513,546.58$      6,840,432.14$          37,353,978.72$        

8
16

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 8,202 180.02$               1,476,465.37$              319.92$                        2,623,812.40$                4,100,277.77$                
C02 C.Y. 3,669 -$                    -$                              203.48$                        746,639.51$                   746,639.51$                   
C03a L.F. 8,202 786.17$               6,448,166.34$              2,047.10$                     16,790,314.20$              23,238,480.54$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 14,910 135.39$               2,018,613.77$              22.92$                          341,728.64$                   2,360,342.41$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 1,890 103.92$               196,416.32$                 158.02$                        298,664.50$                   495,080.82$                   

C07 EA. 6 75,671.08$          454,026.48$                 -$                              -$                                454,026.48$                   
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 6 26,692.85$          160,157.10$                 43,289.75$                   259,738.50$                   419,895.60$                   
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 33,742.50$          33,742.50$                   33,742.50$                   33,742.50$                     67,485.00$                     
C10 EA. 5 7,810.77$            39,053.85$                   11,716.15$                   58,580.75$                     97,634.60$                     
C11 L.S. 1 29,993.34$          29,993.34$                   209,953.33$                 209,953.33$                   239,946.67$                   
C12 EA. 8 31,170.30$          249,362.40$                 35,999.98$                   287,999.84$                   537,362.24$                   
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 187,418.17$        187,418.17$                 159,204.68$                 159,204.68$                   346,622.85$                   

C15 TBD TBD - - - - -

C16 TBD 0 - - - - -
C17 TBD 0 - - - - -
C18 L.S. 1 5,747.50$            5,747.50$                     146,171.30$                 146,171.30$                   151,918.80$                   
C19 L.F. 6,312 63.13$                 398,476.56$                 94.69$                          597,683.28$                   996,159.84$                   
C20 L.S. 1 17,147.07$          17,147.07$                   1,834,773.48$              1,834,773.48$                1,851,920.55$                
C21 L.S. 1 -$                    -$                              1,681,013.43$              1,681,013.43$                1,681,013.43$                
C22 L.S. 1 366,488.44$        366,488.44$                 614,730.37$                 614,730.37$                   981,218.81$                   
C23 L.S. 1 -$                    -$                              460,210.20$                 460,210.20$                   460,210.20$                   
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              392,262.36$                 392,262.36$                   392,262.36$                   

SUBTOTAL 12,081,275.21$            27,537,223.27$              39,618,498.48$              
CONTINGENCY 20.00% 2,416,255.04$              5,507,444.65$                7,923,699.70$                

TOTAL 14,497,530.25$      33,044,667.92$        47,542,198.18$        

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 32,020.35$          32,020.35$                   608,386.65$                 608,386.65$                   640,407.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 145,038.75$        145,038.75$                 2,755,736.25$              2,755,736.25$                2,900,775.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 4,244,808.85$     4,244,808.85$              4,244,808.85$              4,244,808.85$                8,489,617.70$                
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 4,421,867.95$        7,608,931.75$          12,030,799.70$        

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 30,513,546.58$            6,840,432.14$                37,353,978.72$              
LOT 14,497,530.25$            33,044,667.92$              47,542,198.18$              
LOT 4,421,867.95$              7,608,931.75$                12,030,799.70$              

LOT 49,432,944.78$      47,494,031.82$        96,926,976.60$        
COST / MILE 31,507,236.65$      30,271,425.40$        61,778,662.05$        

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 5
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 86-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV

PROJECT NAME: Golden to Mars UG Route R4 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 8,284 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 1.57 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19

NA.

NA.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 230 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 8284-ft for a (1)-Circuit, (4)-cables per phase cable system. The estimated 
was prepared based upon a ductbank composed of (16)-8in power conduits with (5) smaller conduits with overall ductbank dimensions of 86-in Wide X 87-in High. Unit Costs based upon 3% Escalation, 
Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (158)-total working days for duct bank trenching activities. (15)-total working days for splice vault installations. (24)-total 
working days for cable pulling. (60)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $2900775 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $640407 of pre-contingency overall project costs. This 
was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 230 kV
PROJECT NAME: Golden to Mars UG Route R4 CABLE SIZE/TYPE: 5000 kcmil Cu XLPE
ROUTE LENGTH (ft): 8,284 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 1.57 NUMBER OF CABLES PER PHASE: 4 CHECKED BY Gustavo Constreras 12/2/2024

8 5
16 86-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9

CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 6312-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 1% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (219)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Not Used

A total of 3669-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 3654-Cubic Yards of rock were assumed for open cut trenching and 15-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 8202-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (16)-8-inch power conduits as well as (5)-
smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 86-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 14910-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 1890-linear feet. Surface restoration costs also included (0)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of continuous 
Steel Plating.

This cost estimate included material for (6) splice vaults as well as excavation for (6) splice vaults. Assumed splice vault dimensions were: 10-ft width by 26-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (6)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in this 
This cost estimate included material and installation for (5)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (16)-power conduits for (4)-vault to vault or vault to termination segments.

This cost estimate included (8)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 6394-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 8202-ft with an average duct bank depth of cover of 5.01 feet, with a further breakdown 

The cost estimate for the proposed cable system is composed of a total installed cable length of 106368-ft, with an additional spare cable length of 2800-ft. The accessories to be installed include: (24)- 
230 kV Open Air Terminators, with (1)-Spare 230 kV Open Air Terminators. (36)-230 kV Cable Splice, with (1)-Spare 230 kV Cable Splice. (24)-230 kV Lightning Arrester, with (1)-Spare 230 kV Lightning 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-days 
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.8% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2800-ft and standard splice vault spacing of 2400-ft.
This cost estimate included the following assumptions for cable system testing: (48)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

Summary 3



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME:
Golden to Mars UG Route R4, 
100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE

ROUTE LENGTH (ft): 8,284 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 1.57 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

U01 L.F. 136,260 265.25$               36,142,965.00$            25.47$                          3,470,542.20$                39,613,507.20$              
U02 L.F. 2,000 265.25$               530,500.00$                 -$                              -$                                530,500.00$                   
U03 EA. 30 38,196.00$          1,145,880.00$              53,050.00$                   1,591,500.00$                2,737,380.00$                
U04 EA. 1 38,196.00$          38,196.00$                   -$                              -$                                38,196.00$                     
U05 EA. 0 -$                    -$                              -$                              -$                                -$                                
U06 EA. 0 -$                    -$                              -$                              -$                                -$                                
U07 EA. 75 41,379.00$          3,103,425.00$              53,050.00$                   3,978,750.00$                7,082,175.00$                
U08 EA. 1 41,379.00$          41,379.00$                   -$                              -$                                41,379.00$                     
U09 EA. 30 7,427.00$            222,810.00$                 3,713.50$                     111,405.00$                   334,215.00$                   
U10 EA. 1 7,427.00$            7,427.00$                     -$                              -$                                7,427.00$                       
U11 L.F. 45,420 12.74$                 578,650.80$                 8.49$                            385,615.80$                   964,266.60$                   
U12 EA. 30 5,305.00$            159,150.00$                 1,803.70$                     54,111.00$                     213,261.00$                   
U13 EA. 30 7,957.50$            238,725.00$                 1,803.70$                     54,111.00$                     292,836.00$                   
U14 EA. 0 -$                    -$                              -$                              -$                                -$                                
U15 TBD 0 -$                    -$                              -$                              -$                                -$                                
U16 EA. 1 230,909.99$        230,909.99$                 52,829.79$                   52,829.79$                     283,739.78$                   
U17 L.S. 1 177,043.98$        177,043.98$                 655,062.72$                 655,062.72$                   832,106.70$                   
U18 L.S. 1 20,247.03$          20,247.03$                   518,286.26$                 518,286.26$                   538,533.29$                   
U19 TBD 0 -$                    -$                              -$                              -$                                -$                                
U20 TBD 0 -$                    -$                              -$                              -$                                -$                                
U21 L.S. 1 -$                    -$                              428,076.18$                 428,076.18$                   428,076.18$                   

SUBTOTAL 42,637,308.80$            11,300,289.95$              53,937,598.75$              
CONTINGENCY 20.00% 8,527,461.76$              2,260,057.99$                10,787,519.75$              

TOTAL 51,164,770.56$      13,560,347.94$        64,725,118.50$        

8
20

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

C01 L.F. 8,077 180.02$               1,453,932.28$              397.54$                        3,210,720.50$                4,664,652.78$                
C02 C.Y. 7,528 -$                    -$                              203.48$                        1,531,884.79$                1,531,884.79$                
C03a L.F. 8,077 1,335.16$            10,784,087.32$            2,626.12$                     21,211,171.24$              31,995,258.56$              
C03b L.F. 0 -$                    -$                              -$                              -$                                -$                                
C04 C.Y. 32,660 135.39$               4,421,725.40$              22.92$                          748,548.45$                   5,170,273.85$                
C05 C.Y. 0 -$                    -$                              -$                              -$                                -$                                

C06 L.F. 1,890 145.70$               275,365.12$                 328.82$                        621,475.73$                   896,840.85$                   

C07 EA. 15 91,292.60$          1,369,389.00$              -$                              -$                                1,369,389.00$                
C07a NA. 0 -$                    -$                              -$                              -$                                -$                                
C08 EA. 15 28,117.22$          421,758.30$                 49,728.08$                   745,921.20$                   1,167,679.50$                
C08a NA. 0 -$                    -$                              -$                              -$                                -$                                
C09 L.S. 1 84,356.25$          84,356.25$                   84,356.25$                   84,356.25$                     168,712.50$                   
C10 EA. 7 7,810.77$            54,675.39$                   11,716.15$                   82,013.05$                     136,688.44$                   
C11 L.S. 1 56,237.49$          56,237.49$                   393,662.50$                 393,662.50$                   449,899.99$                   
C12 EA. 10 61,651.75$          616,517.50$                 71,354.68$                   713,546.80$                   1,330,064.30$                
C13 EA. 0 -$                    -$                              -$                              -$                                -$                                
C14 L.S. 1 187,418.17$        187,418.17$                 159,204.68$                 159,204.68$                   346,622.85$                   

C15 TBD TBD - - - - -

C16 TBD 0 - - - - -
C17 TBD 0 - - - - -
C18 L.S. 1 7,184.38$            7,184.38$                     182,714.13$                 182,714.13$                   189,898.51$                   
C19 L.F. 6,234 63.13$                 393,552.42$                 94.69$                          590,297.46$                   983,849.88$                   
C20 L.S. 1 16,885.73$          16,885.73$                   2,625,031.99$              2,625,031.99$                2,641,917.72$                
C21 L.S. 1 -$                    -$                              2,473,615.41$              2,473,615.41$                2,473,615.41$                
C22 L.S. 1 366,584.25$        366,584.25$                 614,886.86$                 614,886.86$                   981,471.11$                   
C23 L.S. 1 -$                    -$                              922,607.41$                 922,607.41$                   922,607.41$                   
C24 TBD 0 -$                    -$                              -$                              -$                                -$                                
C25 TBD 0 -$                    -$                              -$                              -$                                -$                                
C26 L.S. 1 -$                    -$                              574,213.27$                 574,213.27$                   574,213.27$                   

SUBTOTAL 20,509,669.00$            37,485,871.72$              57,995,540.72$              
CONTINGENCY 20.00% 4,101,933.80$              7,497,174.34$                11,599,108.14$              

TOTAL 24,611,602.80$      44,983,046.06$        69,594,648.86$        

ITEM 
NO. ITEM UNIT QUANTITY

MATERIAL UNIT 
PRICE ($USD)

MATERIAL COST 
($USD)

LABOR UNIT PRICE 
($USD) LABOR COST ($USD) TOTAL COST ($USD)

P01 L.S. 1 33,370.35$          33,370.35$                   634,036.65$                 634,036.65$                   667,407.00$                   
P02 NA. 0 -$                    -$                              -$                              -$                                -$                                
P03 NA. 0 -$                    -$                              -$                              -$                                -$                                
P04 NA. 0 -$                    -$                              -$                              -$                                -$                                
P05 NA. 0 -$                    -$                              -$                              -$                                -$                                
P06 NA. 0 -$                    -$                              -$                              -$                                -$                                
P07 L.S. 1 189,552.90$        189,552.90$                 3,601,505.10$              3,601,505.10$                3,791,058.00$                
P08 NA. 0 -$                    -$                              -$                              -$                                -$                                
P09 NA. 0 -$                    -$                              -$                              -$                                -$                                
P10 NA. 0 -$                    -$                              -$                              -$                                -$                                
P11 NA. 0 -$                    -$                              -$                              -$                                -$                                
P12 NA. 0 -$                    -$                              -$                              -$                                -$                                
P13 L.S. 1 6,715,988.37$     6,715,988.37$              6,715,988.37$              6,715,988.37$                13,431,976.74$              
P14 NA. 0 -$                    -$                              -$                              -$                                -$                                
P15 NA. 0 -$                    -$                              -$                              -$                                -$                                
P16 NA. 0 -$                    -$                              -$                              -$                                -$                                
P17 NA. 0 -$                    -$                              -$                              -$                                -$                                
P18 NA. 0 -$                    -$                              -$                              -$                                -$                                

TOTAL 6,938,911.62$        10,951,530.12$        17,890,441.74$        

UNIT
MATERIAL COST 

($USD)
LABOR COST ($USD) TOTAL COST ($USD)

LOT 51,164,770.56$            13,560,347.94$              64,725,118.50$              
LOT 24,611,602.80$            44,983,046.06$              69,594,648.86$              
LOT 6,938,911.62$              10,951,530.12$              17,890,441.74$              

LOT 82,715,284.98$      69,494,924.12$        152,210,209.10$      
COST / MILE 52,720,509.98$      44,294,205.62$        97,014,715.60$        

PROJECT TOTAL
PROJECT TOTAL

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

CIVIL WORKS

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS: 206-in Wide X 87-in High

CIVIL WORKS

SUMMARY OF COSTS
UNDERGROUND CABLE SYSTEM & ACCESSORIES

PROJECT OVERHEAD COSTS

PROJECT OVERHEAD COSTS

UNDERGROUND CABLE SYSTEM & ACCESSORIES

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS: 6

Summary 1



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME:
Golden to Mars UG Route R4, 
100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE

ROUTE LENGTH (ft): 8,284 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 1.57 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

GENERAL PROJECT SUMMARY

GEN-1

GEN-2

GEN-3

GEN-4

PROJECT OVERHEAD COSTS SUMMARY

PR OH-1

PR OH-2

PR OH-3

PR OH-4

PR OH-5

PR OH-6

PR OH-7

PR OH-8

PR OH-9

PR OH-10

PR OH-11

PR OH-12

PR OH-13

PR OH-14

PR OH-15

PR OH-16

PR OH-17

PR OH-18

PR OH-19 AFUDC / Client costs are not included. 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:

NA.

NA.

NA.

NA.

NA.

The Design Engineering was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $667407 of pre-contingency overall project costs. 
This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

The 500 kV  Project being estimated for Dominion Energy by Burns & McDonnell includes an overall route installation length of 8284-ft for a (1)-Circuit, (5)-cables per phase cable system. The 
estimated was prepared based upon a ductbank composed of (20)-8in power conduits with (6) smaller conduits with overall ductbank dimensions of 206-in Wide X 87-in High. Unit Costs based upon 
3% Escalation, Per Year from 2024 to 2026 for a Total of 6.1% Escalation. Unit Costs include an assumed 6% Tax. Unit Costs based upon an RSMeans combined city cost index of 0.926.

This cost estimate included 20% contingency for the cable system. This cost estimate included 20% contingency for the civil system.  These contingency values represent project 'known unknowns' and 
should be adjusted based upon the level of field investigation and design completed for the Project.

This cost estimate was prepared based upon the following assumed durations: (155)-total working days for duct bank trenching activities. (38)-total working days for splice vault installations. (45)-total 
working days for cable pulling. (105)-total working days for cable splicing.

This cost estimate is an AACE class 5 estimate, with a range of -50% to 100%

NA.

The Construction Management was estimated based upon the following assumptions: The costs were MANUAL ENTERED based upon a total lump sum of $3791058 of pre-contingency overall project 
costs. This was assumed with an overall 5% material precentage to 95% labor percentage. 

NA.

NA.

NA.

NA.

NA.

Contractor Markup and Profit was estimated based upon the following assumptions: The costs were PERCENTAGE based upon 10% of pre-contingency overall project costs. This was assumed with an 
overall 50% material percentage to 50% labor percentage. 

NA.

Summary 2



PROJECTED ESTIMATE OF PROJECT COST

CLIENT NAME: Dominion Energy VOLTAGE CLASS: 500 kV

PROJECT NAME:
Golden to Mars UG Route R4, 
100%DLF CABLE SIZE/TYPE: 5000 kcmil Cu XLPE

ROUTE LENGTH (ft): 8,284 NUMBER OF CIRCUITS: 1 PREPARED BY Juan Morales 12/1/2024
ROUTE LENGTH (mile): 1.57 NUMBER OF CABLES PER PHASE: 5 CHECKED BY Gustavo Constreras 12/2/2024

8 6
20 206-in Wide X 87-in High

ELECTRICAL CABLE SYSTEM SUMMARY

ELEC-1

ELEC-2
ELEC-3
ELEC-4
ELEC-5
ELEC-6

ELECTRICAL 
PRICING 

ASSUMPTIONS:

CIVIL SUMMARY
CIV-1
CIV-2

CIV-3

CIV-4

CIV-5

CIV-6

CIV-7

CIV-8
CIV-9

CIV-10

CIV-11

CIV-12

CIV-13

CIV-14

CIV-15

CIV-16
CIV-17
CIV-18
CIV-19
CIV-20
CIV-21
CIV-22
CIV-23

CIVIL PRICING 
ASSUMPTIONS:

POWER CABLE DUCT SIZE: NUMBER OF OTHER DUCTS:
NUMBER OF POWER CABLE DUCTS: TYPICAL DUCT BANK DIMENSIONS:

This cost estimate included the following assumptions for cable system testing: (90)-Cables for Jacket Integrity Test. (1)-AC HiPot Test. (1)-24 Hour Soak. No Type Test. No PQ Test.

The cost estimate for the proposed cable system is composed of a total installed cable length of 136260-ft, with an additional spare cable length of 2000-ft. The accessories to be installed include: (30)- 
500 kV Open Air Terminators, with (1)-Spare 500 kV Open Air Terminators. (75)-500 kV Cable Splice, with (1)-Spare 500 kV Cable Splice. (30)-500 kV Lightning Arrester, with (1)-Spare 500 kV 
The cost estimate for the proposed cable system assumed the following production rates for the cable system installation: Cable Pulling; (3)-Days per vault per set of three cables. Cable Splicing; (6)-
The cost estimate for the proposed cable system included: (1)-Lump Sum Traffic Control, Flagger & Police (Cable System) composed of (2)-crew. Each crew was composed of: (2)-Police officers 
The cost estimate for the proposed cable system included: (1)-Lump Sum Admin / Mob / De-Mob by Contractor (Electrical) calculated based upon a 0.8% of Total Electrical Cost.
The cost estimate for the proposed cable system assumed a maximum standard cable reel length of 2400-ft and standard splice vault spacing of 1700-ft.

Electrical cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

The costs estimated for the open cut trenching activities were based upon an overall trenching route length of 8077-ft with an average duct bank depth of cover of 5.01 feet, with a further breakdown 

Not Used

A total of 7528-Cubic Yards of rock excavation have been included in this cost estimate. Of this total; 7497-Cubic Yards of rock were assumed for open cut trenching and 32-Cubic Yards of rock were 
This cost estimate included an assumed total installation length of 8077-Linear Feet of concrete encased duct bank. The concrete encased duct bank consisted of (20)-8-inch power conduits as well as 
(6)-smaller conduits for communications and grounding. The overall concrete encased duct bank outside dimensions were 206-in Wide X 87-in High.

No direct buried duct banks were included in this cost estimate.

This cost estimate included a total of 32660-Cubic Yards of Fluidized Thermal Backfill installed above the duct bank. 

This cost estimate included a total surface restoration length of 1890-linear feet. Surface restoration costs also included (0)-Traffic Signal Loop Detector Repair, as well as 100-Linear Feet of 
continuous Steel Plating.

This cost estimate included material for (15) splice vaults as well as excavation for (15) splice vaults. Assumed splice vault dimensions were: 15-ft width by 40-ft length by 8-ft height (inside dimensions).

This cost estimate included (1)-Lump Sum Grounding System (Civil). This includes (15)-vault grounding systems (one per vault). There were no ground conductors embedded in concrete included in 
This cost estimate included material and installation for (7)-Communication Handholes.
This cost estimate included Conduit Proofing (Civil) for (20)-power conduits for (6)-vault to vault or vault to termination segments.

This cost estimate included (10)-Substation Termination Structures each with (3)-terminations per structure. This cost estimate did not include any OH to UG Termination Structures.

This cost estimate included Clearing/Grubbing and Loam/Seed as follows: 6394-linear feet of the route requiring clearing and grubbing with a right-of-way width of 38-feet wide, and an assumed 

Note:  The individual unit rates and quantities represented in this Cost Estimate provide a preliminary estimate of the associated costs prior to design.  The unit rates may vary in construction bids and during construction due to placement of the contractors profit and contingency.  The unit rates 
have been increased in an effort to anticipate unforeseen conditions and unknown market fluctuations.  Although the unit rates may vary, the overall cost per mile is within the industry standard level of accuracy.

Not Used

Not Used

The cost estimate for the proposed civil installation included: (1)-Lump Sum Traffic Control, Flagger & Police (Civil) composed of (2)-crew. Each crew was composed of: (2)-Police officers during 
This cost estimate included 6234-L.F. of Grading and Access Road with an assumed width of 24-ft, and Low amount of regrading required to construct the access road.
This cost estimate included (1)-Lump Sum Contaminated Material Testing & Disposal based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Utility Protection and Relocation (known and unknown) based upon 5% of total civil cost
This cost estimate included (1)-Lump Sum Dewatering for the project based upon groundwater present at an assumed average depth of 5-ft below grade. It was assumed that 100% of the overall route 
This cost estimate for the proposed installation included: (1)-Lump Sum Admin/Mob/De-Mob by Contractor (Civil) calculated based upon a 1% of Total Civil Cost.
This cost estimate included thermal resistivity testing as follows: (515)-samples related to C04 - Fluidized Thermal Backfill. (0)-samples related to C05 - Native Soil Backfill. (0)-samples related to C15 & 
Note: Construction Staking has been lumped into the unit rates of trenching, splice vault installation, horizontal directional drill, and jack and bore, as applicable. 

Civil cost estimate pricing was based upon BMcD internal pricing. Vendor pricing was used if listed here: 

Summary 3
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Memorandum 
 
 
Date: 11/05/2024 
 
To: Corey Anderson 
 
From: Gustavo Contreras 
 

 Subject: Dominion Golden to Mars - 230kV and 500-kV Underground Cable     
Preliminary Ampacity Study – Trenchless Crossings 
 
 
In support of the 230-kV and 500-kV Dominion (DEV) Golden to Mars UG Transmission Line 
project, Burns & McDonnell Engineering Company, Inc. (BMcD) has performed preliminary 
ampacity calculations to identify the underground conductor size, and the number of cables-per-
phase (CPP) needed to meet the target circuit loading requirements. In a previous study, it was 
determined that for open-cut installation of both 230-kV and 500-kV circuits in the same right of 
way (ROW), a five (5) CPP configuration was required to meet the ampacity ratings for the 500-
kV circuit, within a single duct bank, and a four (4) CPP configuration was required for the 230-
kV circuit, within a single duct bank. Dominion has requested BMcD additional ampacity 
calculations to evaluate the minimum ROW required considering both circuits in the same ROW 
for trenchless installations of four (4) new routes provided by Dominion. 
 
The trenchless installations considered correspond to three (3) alternatives: Jack & Bore (J&B), 
Microtunneling, and Horizontal directional Drilling (HDD). J&B and Micortunneling are analyzed 
with two (2) maximum probable bore depths that are assumed to cover all the J&B and 
Microtunneling crossings in these new routes; 40 feet and 30 feet. HDD is considered as an 
alternative to Microtunneling at Horsepen Pond and WMATA Dulles Railway crossing on 
Loudoun Water Sewer route and is analyzed with 45 feet maximum probable depth of cover. These 
trenchless installations are investigated with the same number of CPP for open-cut installation 
from the previous study to determine the minimum trenchless ROW required to meet cable ratings. 
This is accomplished by running the cables to their maximum operating temperature of 90°C at 
different bore depths and adjusting the bores center-to-center separation. The following writeup 
summarizes the results for these installations. 
 
Ampacity calculations were computed using the CYMCAP ampacity program by CYME. The 
CYMCAP software utilizes the Neher-McGrath method of calculating the achievable ampacities 
of underground cables and conforms to IEC standards 60287 and 60853. This software is accepted 
as the industry standard for performing ampacity calculations for underground electrical systems. 
The individual CYMCAP execution reports and an ampacity table for all calculations included as 
part of this Memo can be seen in Appendix A. 
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DESIGN PARAMETERS AND INSTALLATION CONDITIONS 

The parameters for these ampacity calculations are based on engineering judgment and the design 
criteria established for this project in Sections 3.1 and 3.2 of Dominion Golden to Mars – 230-kV 
and 500-kV Underground Feasibility Report, Revision 4 dated 09/10/2024. The design parameters 
used for the 230-kV and 500-kV circuits can be seen below in Table 1 and Table 2, respectively. 
Since these circuits’ purpose is to feed data centers, a single daily load factor (DLF) equal to 1.0 
was used hereinafter. The underground cable systems operating environment can be seen below in 
Table 3.  
 

Table 1  230-kV Design Parameters 

Design Parameter Parameter Value Source 

Nominal Operating Voltage 230-kV Dominion 

Nominal Frequency 60 Hz Industry Standard 

Circuit Rating 3,950 A Dominion 

Maximum Normal Conductor Temperature 90°C Industry Standard 

Maximum Emergency Conductor Temperature 105°C Industry Standard 

Daily Load Factor (DLF) 100 % Dominion 

Sheath Bonding Single Point Assumed 
 

 

Table 2  500-kV Design Parameters 

Design Parameter Parameter Value Source 

Nominal Operating Voltage 500-kV Dominion 

Nominal Frequency 60 Hz Industry Standard 

Circuit Rating 5,000 A Dominion 

Maximum Normal Conductor Temperature 90°C Industry Standard 

Maximum Emergency Conductor Temperature 105°C Industry Standard 

Daily Load Factor (DLF) 100 % Dominion 

Sheath Bonding Single Point Assumed 
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Table 3  Environmental Criteria 

Description Value Source 

Summer Ambient Earth Temperature 
(20’<= d) 

12°C Assumed 

Native Soil Thermal Resistivity* 115°C-cm/W - 100% DLF Assumed 

Grout Thermal Resistivity 80°C-cm/W Assumed 

Minimum Burial Depth to Top of Bore 10 feet Assumed 

Installation Conditions Bore Casign BMcD Preliminary 
Study 

*Actual native soil thermal resistivity is unknown. This value is being assumed equal to the one used for DLF=1.0 in 
Dominion Golden to Mars – 230-kV and 500-kV Underground Feasibility Report, Revision 4 dated 09/10/2024. When 
data from filed investigations are available this value may need to be revised and analysis results in this memo may 
change. 
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THERMAL PINCH POINT IDENTIFICATION AND NEW INSTALLATION 
SCENARIOS 

A previous study found that the 230-kV circuit would need four (4) cables per phase and 500-kV 
would need five (5) cables per phase to meet rating requirements for both circuits in the same 
ROW with open-cut installation. The new routes provided by DEV are assumed to be covered by 
those previous analysis for the open-cut segments. Following the request from DEV for additional 
calculations for trenchless crossings of those new routes, to determine the minimum 230-kV bores 
center-to-center spacing and minimum 500-kV bores center-to-center spacing in the same ROW 
able to satisfy the required load defined in Table 1 and Table 2, a series of parametric studies were 
performed for three (3) different installation cases iterating the spacing between bores until the 
minimum ratings were met or slightly exceeded with cables at 90°C operating temperature. The 
following sections detail the installation scenarios for each case. 

 

CASE 1 INSTALLATION SCENARIOS – MICROTUNNELING AND J&B AT 40 FEET 
MAXIMUM DEPTH 

As part of the new study request, in this Case 1, both 230-kV and 500-kV circuits are set in the 
same trenchless ROW, then the bore is modeled at 40 feet maximum depth to calculate the 
minimum ROW required to meet cable ampacities. 

Below are the installation scenarios that were modeled as part of this Case 1 study:  
1. Each 230-kV and 500-kV CPP is set in a single bore, that is: 

a. Four (4) 230-kV bores and five (5) 500-kV bores in the same ROW, nine (9) bores 
in total. 

i. Each bore will have a 36” HOBAS casing, with three (3) cables conduits 
and one (1) spare conduit. See Figure 1 for bore cross section. 

2. Two (2) 230-kV CPP are set in the same bore, and each 500-kV CPP is set in a single bore, 
that is: 

a. Two (2) 230-kV bores and five (5) 500-kV bores in the same ROW, seven (7) bores 
in total. 

i. Each 230-kV bore will have a 48” HOBAS casing, with six (6) cables 
conduits and two (2) spare conduits. See Figure 2 for bore cross section. 

ii. Each 500-kV bore will have a 36” HOBAS casing, with three (3) cables 
conduits and one (1) spare conduit. See Figure 1 for bore cross section. 
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Figure 1  Preliminary 230-kV and 500-kV Single Phase XLPE Microtunneling and J&B 
Cross Section (Section A) Not to Scale (NTS) 

 
 

Figure 2  Preliminary 230-kV Double Phase XLPE Microtunneling and J&B Cross Section 
(Section B) NTS 

 
 

 

Case 1: Four (4) 230-kV 36” Bores and Five (5) 500-kV 36” Bores - Nine (9) Bores at 40 
Feet Depth in the Same ROW 
The parametric study detailed in H execution series, showed that 230-kV and 500-kV circuits 
meet the minimum ampacity requirements with a bore center-to-center separation of 15 feet 
between 230-kV 36” bores, 60 feet between 230-kV 36” and 500-kV 36” bores, and 60 feet 
between 500-kV 36” bores, for a total minimum ROW required of 375 feet, including 15 feet at 
each end assumed for work space and steering tolerances, for all nine (9) bores to be installed in 
the same ROW. The convergence case, detailed in execution H105, indicates that ampacities 
achieved are 3,972A for 230-kV circuit and 5,140A for 500-kV with 375 feet ROW. Figure 3 
below shows the Microtunneling and J&B configuration for this case. 
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Figure 3  Preliminary Microtunneling and J&B Configuration for Nine 36” Bores - 230-kV 
and 500-kV Circuits in the Same ROW at 40 Feet Depth NTS 

 
 

 

Case 1: Two (2) 230-kV 48” Bores and Five (5) 500-kV 36” Bores - Nine (9) Bores at 40 
Feet Depth in the Same ROW 
The parametric study detailed in G execution series, showed that 230-kV and 500-kV circuits 
meet the minimum ampacity requirements with a bore center-to-center separation of 90 feet 
between 230-kV 48” bores, 90 feet between 230-kV 48” and 500-kV 36” bores, and 52 feet 
between 500-kV 36” bores, for a total minimum ROW required of 418 feet, including 15 feet at 
each end assumed for work space and steering tolerances, for all nine (9) bores to be installed in 
the same ROW. The convergence case, detailed in execution G104, indicates that ampacities 
achieved are 3,974A for 230-kV circuit and 5,084A for 500-kV with 418 feet ROW. Figure 4 
below shows the Microtunneling and J&B configuration for this case. 
 

Figure 4  Microtunneling and J&B Configuration for Two 48” Bores and Five 36” Bores - 
230-kV and 500-kV Circuits in the Same ROW at 40 Feet Depth NTS 
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CASE 2 INSTALLATION SCENARIOS – MICROTUNNELING AND J&B AT 30 FEET 
MAXIMUM DEPTH 

Similar to Case 1, both 230-kV and 500-kV circuits are set in the same trenchless ROW, then the 
bore is modeled at 30 feet maximum depth to calculate the minimum ROW required to meet cable 
ampacities. 

The installation scenarios that were modeled as part of this Case 2 study are similar to the ones 
detailed in Case 1, but the assumed maximum depth is changed to 30 feet of cover. 

Case 2: Four (4) 230-kV 36” Bores and Five (5) 500-kV 36” Bores - Nine (9) Bores at 30 
Feet Depth in the Same ROW 
The parametric study detailed in J execution series, showed that 230-kV and 500-kV circuits 
meet the minimum ampacity requirements with a bore center-to-center separation of 15 feet 
between 230-kV 36” bores, 15 feet between 230-kV 36” and 500-kV 36” bores, and 45 feet 
between 500-kV 36” bores, for a total minimum ROW required of 270 feet, including 15 feet at 
each end assumed for work space and steering tolerances, for all nine (9) bores to be installed in 
the same ROW. The convergence case, detailed in execution J103, indicates that ampacities 
achieved are 4,047A for 230-kV circuit and 5,043A for 500-kV with 270 feet ROW. Figure 5 
below shows the Microtunneling and J&B configuration for this case. 
 

Figure 5  Microtunneling and J&B Configuration for Nine 36” Bores - 230-kV and 500-kV 
Circuits in the Same ROW at 30 Feet Depth NTS 

 
 

 

Case 2: Two (2) 230-kV 48” Bores and Five (5) 500-kV 36” Bores - Nine (9) Bores at 30 
Feet Depth in the Same ROW 
The parametric study detailed in I execution series, showed that 230-kV and 500-kV circuits 
meet the minimum ampacity requirements with a bore center-to-center separation of 60 feet 
between 230-kV 48” bores, 60 feet between 230-kV 48” and 500-kV 36” bores, and 35 feet 
between 500-kV 36” bores, for a total minimum ROW required of 290 feet, including 15 feet at 
each end assumed for work space and steering tolerances, for all nine (9) bores to be installed in 
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the same ROW. The convergence case, detailed in execution I103, indicates that ampacities 
achieved are 4,016A for 230-kV circuit and 5,043A for 500-kV with 290 feet ROW. Figure 6 
below shows the Microtunneling and J&B configuration for this case. 
 

Figure 6  Microtunneling and J&B Configuration for Two 48” Bores and Five 36” Bores - 
230-kV and 500-kV Circuits in the Same ROW at 30 Feet Depth NTS 

 

 

CASE 3 INSTALLATION SCENARIO – HDD AT 45 FEET MAXIMUM DEPTH 

In this Case 3, both 230-kV and 500-kV circuits are set in the same trenchless ROW, then the bore 
is modeled at 45 feet maximum depth to calculate the minimum HDD ROW required to meet cable 
ampacities. 

Since Case 1 and Case 2 showed that trenchless installation scenarios with double phase bores 
yielded larger ROW, for Case 3 the only installation scenario considered corresponds to single 
phase bores as indicated below: 

1. Each 230-kV and 500-kV CPP is set in a single bore, that is: 
a. Four (4) 230-kV bores and five (5) 500-kV bores in the same ROW, nine (9) bores 

in total. 
i. Each bore will have a 36” HDPE DR 13.5 casing, with three (3) cables 

conduits and one (1) spare conduit. See Figure 7 for bore cross section. 
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Figure 7  Preliminary 230-kV and 500-kV Single Phase XLPE HDD Cross Section    
(Section C) NTS 

 
 

Case 3: Four (4) 230-kV 36” Bores and Five (5) 500-kV 36” Bores - Nine (9) Bores at 45 
Feet Depth in the Same ROW 
The parametric study detailed in K execution series, showed that 230-kV and 500-kV circuits 
meet the minimum ampacity requirements with a bore center-to-center separation of 20 feet 
between 230-kV 36” bores, 70 feet between 230-kV 36” and 500-kV 36” bores, and 65 feet 
between 500-kV 36” bores, for a total minimum ROW required of 420 feet, including 15 feet at 
each end assumed for work space and steering tolerances, for all nine (9) bores to be installed in 
the same ROW. The convergence case, detailed in execution K104, indicates that ampacities 
achieved are 4,061A for 230-kV circuit and 5,006A for 500-kV with 420 feet ROW. Figure 8 
below shows the HDD configuration for this case. 
 

Figure 8  HDD Configuration for Nine 36” Bores - 230-kV and 500-kV Circuits in the Same 
ROW at 45 Feet Depth NTS 
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SUMMARY OF RESULTS 

The following summarizes the results of the additional ampacity case studies for the 230-kV and 
500-kV cable systems when operating under the design parameters and installation conditions 
outlined in this memo.  
 
For Case 1 and Case 2, microtunneling and J&B Installations at 40 feet and 30 feet maximum 
depths, respectively, the trenchless installations analyzed yielded consistently to a larger ROW 
for the case of two (2) 48” bores and five (5) 36” bores in the same corridor, when compared 
with nine (9) 36” bores configuration. Therefore, at 40 feet maximum installation depth, the 
minimum ROW achieved in the parametric study was 375 feet, corresponding to (9) 36” single 
phase bores for the parallel 230-kV and 500-kV cable systems arriving to 3,972A and 5,140A, 
respectively, meeting the required target ratings of 3,950A for 230-kV and 5,000A for 500-kV. 
Likewise, at 30 feet maximum installation depth, the (9) 36” single phase bores configuration 
produced the minimum ROW equal to 270 feet, arriving to 4,047A and 5,043A for 230-kV and 
500-kV cable systems in parallel, respectively. These values meet the target ratings. 
 
Case 3 – HDD Installation at 45 Feet Maximum Depth 
 
The parametric analysis performed arrived to a minimum ROW equal to 420 for (9) 36” single 
phase bores in this HDD installation, where the parallel 230-kV and 500-kV cable systems are in 
the same corridor, yielding to 4,061A and 5,006A, respectively, satisfying the target ratings. 
 
For ampacity calculation summary table and detailed results of all executions refer to Appendix 
A. See Appendix B for UG cable cut sheets used for this ampacity analysis.  
 

 
Sincerely,  

 
Gustavo Contreras 
Underground Transmission Lead Engineer, BMcD 
  
  
 
Appendix A: Ampacity Execution Reports 
Appendix B: UG Cable Cutsheets 



APPENDIX A AMPACITY SUMMARY TABLE AND EXECUTION REPORTS 

 

 



C
L

IE
N

T
 N

A
M

E
:

D
O

M
IN

IO
N

 E
N

E
R

G
Y

, 
V

IR
G

IN
IA

 (
D

E
V

)
V

O
L

T
A

G
E

 C
L

A
S

S
:

23
0-

kV
 &

 5
00

-k
V

P
R

O
JE

C
T

 N
A

M
E

:
G

O
LD

E
N

 T
O

 M
A

R
S

 T
R

A
N

S
M

IS
S

IO
N

 L
IN

E
 -

 4
 N

E
W

 R
O

U
T

E
S

R
O

U
T

E
 L

E
N

G
T

H
 [

ft
]:

V
ar

ie
s

P
re

p
ar

ed
 B

y:
J.

 M
or

al
es

D
at

e:
20

24
-1

0-
31

R
ev

ie
w

ed
 B

Y
:

G
. C

on
tr

er
as

D
at

e:
20

24
-1

1-
01

P
A

C
K

A
G

E
:

IF
R

U
si

ng
 T

ai
ha

n 
an

d 
P

ry
sm

ia
n 

R
ef

er
ne

ce
 C

ab
le

 C
ut

sh
ee

ts

U
n

d
er

g
ro

u
n

d
 T

ra
n

sm
is

si
on

 C
ab

le
 S

ys
te

m
IT

E
R

A
T

IO
N

 #
1

E
xe

cu
tio

n
V

o
lta

g
e 

(k
V

)
T

re
n

ch
le

ss
 

T
ec

h
n

o
lo

g
y

(6
)

C
as

in
g

 C
o

n
fig

u
ra

tio
n

C
as

in
g

 S
iz

e 
an

d
 M

at
er

ia
l

(1
)

C
as

in
g

 H
o

ri
zo

n
ta

l 
S

ep
ar

at
io

n
 

(C
en

te
r 

to
 C

en
te

r)
(f

t)

A
p

p
ro

xi
m

at
e 

R
O

W
w

/1
5f

t 
at

 E
ac

h
 E

n
d

(f
t)

 C
o

n
d

u
it 

B
u

n
d

le
 

D
u

ct
 S

iz
e 

an
d

 M
at

er
ia

l 

G
ro

u
t 

T
h

er
m

al
 

R
es

is
tiv

ity
 

(°
C

-m
/W

)
(2

)

N
at

iv
e 

so
il 

T
h

er
m

al
 

R
es

is
tiv

ity
 (

°C
-m

/W
)

(3
)

D
ep

th
 o

f 
C

o
v

er
 

to
 T

o
p

 o
f 

C
as

in
g

 
(f

t)
(5

)

A
m

b
ie

n
t 

T
em

p
er

at
u

re
 

(°
C

)

C
o

n
d

u
ct

o
r 

S
iz

e/
T

yp
e

(4
)

N
u

m
b

er
 

o
f 

C
ir

cu
its

C
ab

le
s 

p
er

 
P

h
as

e 
(C

P
P

)
D

L
F

R
at

in
g

 
(M

V
A

)
R

at
in

g
 

(A
m

p
s)

D
E

V
's

 T
ar

g
et

 
A

m
p

ac
ity

/
C

ir
cu

it
(A

m
p

s)

A
m

p
ac

ity
 

C
ap

ac
ity

/
C

ir
cu

it
(A

m
p

s)

P
ro

p
o

se
d

 
T

ra
n

sm
is

si
o

n
 C

ab
le

 
m

ax
 T

em
p

 (
°C

)

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

37
72

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

51
69

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

38
44

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

49
85

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

39
19

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

51
27

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

39
46

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

50
72

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

39
74

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

50
84

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

43
69

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

47
89

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

44
54

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

48
93

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

44
99

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

51
52

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

43
55

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

51
47

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

39
72

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

51
40

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

42
22

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

55
90

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

41
95

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

54
20

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

40
52

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

48
57

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

40
16

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

50
43

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

43
07

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

56
50

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

41
62

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

48
88

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

41
56

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

51
84

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

40
47

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

50
43

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

38
25

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

48
78

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

42
29

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

50
92

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

40
32

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

49
74

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

40
47

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

49
90

90

23
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
4

15
72

39
47

39
50

40
61

90

50
0

5,
00

0k
cm

il 
In

s 
C

u 
X

LP
E

1
5

43
30

50
00

50
00

50
06

90

* 
N

A
: N

ot
 A

pp
lic

ab
le

L
E

G
E

N
D

:

: A
m

pa
ci

ty
 a

ch
ie

ve
d 

do
es

 n
ot

 m
ee

t D
E

V
's

 ta
rg

et
 a

m
pa

ci
ty

: C
on

ve
rg

en
ce

 c
as

e

N
O

T
E

S
:

1. 2.
G

ro
ut

 T
he

rm
al

 r
es

is
tiv

ity
 a

ss
um

ed
.

3. 4.
E

na
m

el
 X

LP
E

 c
ab

le
s 

fr
om

 c
ab

le
 r

ef
er

en
ce

 c
ut

sh
ee

ts
 fr

om
 P

ry
sm

ia
n 

an
d 

Ta
ih

an
. 

5. 6.

45
.0

0
12

1.
00

C
as

in
g 

si
ze

 a
nd

 m
at

er
ia

l b
as

ed
 o

ff 
hi

gh
-le

ve
l a

nd
 g

en
er

ic
 in

fo
rm

at
io

n.
 W

he
n 

ea
ch

 c
ro

ss
in

g 
si

te
-s

pe
ci

fic
 g

eo
te

ch
ni

ca
l i

nv
es

tig
at

io
n 

is
 a

va
ila

bl
e 

th
ey

 m
ay

 n
ee

d 
to

 b
e 

re
vi

se
d 

an
d 

an
ly

si
s 

re
su

lts
 in

 th
is

 m
em

o 
m

ay
 c

ha
ng

e.

A
ct

ua
l s

ite
-s

pe
ci

fic
 g

eo
te

ch
ni

ca
l i

nv
es

tig
at

io
n 

fo
r 

ea
ch

 c
ro

ss
in

g 
is

 n
ot

 a
va

ila
bl

e 
fo

r 
th

is
 h

ig
h-

le
ve

l a
na

ly
si

s.
 T

he
re

fo
re

, d
ep

th
 m

ay
 c

ha
ng

e 
de

pe
nd

in
g 

on
 th

e 
si

te
 c

ro
ss

in
g 

sp
ec

ifi
c 

co
nd

iti
on

s 
/ r

oc
k 

st
ra

ta
 q

ua
lit

y,
 a

nd
 r

es
ul

ts
 o

f t
hi

s 
m

em
o 

m
ay

 c
ha

ng
e.

* 
23

0-
kV

   
- 

4 
C

P
P

   
- 

5,
00

0k
cm

il 
In

s 
C

u
 X

L
P

E
* 

50
0-

kV
  -

 5
 C

P
P

  -
 5

,0
00

kc
m

il 
In

s 
C

u
 X

L
P

E
S

te
ad

y 
S

ta
te

 L
oa

di
ng

Tr
en

ch
le

ss
 

S
E

T
 1

: 
23

0-
kV

 &
 5

00
-

kV
 in

  S
am

e 
R

O
W

A
ct

ua
l s

ite
-s

pe
ci

fic
 g

eo
te

ch
ni

ca
l i

nv
es

tig
at

io
n 

fo
r 

ea
ch

 c
ro

ss
in

g 
is

 n
ot

 a
va

ila
bl

e 
fo

r 
th

is
 h

ig
h-

le
ve

l a
na

ly
si

s.
 T

he
re

fo
re

, d
ep

en
di

ng
 o

n 
th

e 
si

te
 c

ro
ss

in
g 

sp
ec

ifi
c 

co
nd

iti
on

s 
/ r

oc
k 

st
ra

ta
 q

ua
lit

y,
 tr

en
ch

le
ss

 te
ch

no
lo

gy
 a

t e
ac

h 
cr

os
si

ng
 a

nd
 r

es
ul

ts
 o

f t
hi

s 
m

em
o 

m
ay

 c
ha

ng
e.

K
10

4
H

D
D

9 
- 

4 
w

ith
 (

1)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
9 

- 
36

" 
H

D
P

E
 D

R
 1

3.
5

20
 fo

r 
23

0-
kV

 H
D

P
E

s,
 7

0 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

D
P

E
s 

&
 6

5 
fo

r 
50

0-
kV

 H
D

P
E

s

42
0.

00
4-

8"
 H

D
P

E
 D

R
 1

1 
fo

r 
23

0-
kV

 3
6"

 H
D

P
E

 
4-

10
" 

H
D

P
E

 D
R

 1
1 

fo
r 

50
0-

kV
 3

6"
 H

D
P

E
 

0.
80

1.
15

12
1.

00

K
10

3
H

D
D

9 
- 

4 
w

ith
 (

1)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
9 

- 
36

" 
H

D
P

E
 D

R
 1

3.
5

20
 fo

r 
23

0-
kV

 H
D

P
E

s,
 6

5 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

D
P

E
s 

&
 6

5 
fo

r 
50

0-
kV

 H
D

P
E

s

41
5.

00
4-

8"
 H

D
P

E
 D

R
 1

1 
fo

r 
23

0-
kV

 3
6"

 H
D

P
E

 
4-

10
" 

H
D

P
E

 D
R

 1
1 

fo
r 

50
0-

kV
 3

6"
 H

D
P

E
 

0.
80

1.
15

45
.0

0
12

1.
00

H
10

1
J&

B
 a

nd
M

ic
ro

tu
nn

el
in

g
9 

- 
4 

w
ith

 (
1)

 2
30

-k
V

 C
P

P
 a

nd
 5

 w
ith

 
(1

) 
50

0-
kV

 C
P

P
 e

ac
h.

0.
80

1.
15

H
10

2
J&

B
 a

nd
M

ic
ro

tu
nn

el
in

g
9 

- 
4 

w
ith

 (
1)

 2
30

-k
V

 C
P

P
 a

nd
 5

 w
ith

 
(1

) 
50

0-
kV

 C
P

P
 e

ac
h.

9 
- 

36
" 

H
O

B
A

S

30
 fo

r 
23

0-
kV

 H
O

B
A

S
, 5

0 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

O
B

A
S

 
&

 5
0 

fo
r 

50
0-

kV
 H

O
B

A
S

G
10

0
J&

B
 a

nd
M

ic
ro

tu
nn

el
in

g
7 

- 
2 

w
ith

 (
2)

 2
30

-k
V

 C
P

P
 a

nd
 5

 w
ith

 
(1

) 
50

0-
kV

 C
P

P
 e

ac
h.

2 
- 

48
" 

H
O

B
A

S
 

5 
- 

36
" 

H
O

B
A

S
60

.0
0

37
0.

00

G
10

1
J&

B
 a

nd
M

ic
ro

tu
nn

el
in

g
7 

- 
2 

w
ith

 (
2)

 2
30

-k
V

 C
P

P
 a

nd
 5

 w
ith

 
(1

) 
50

0-
kV

 C
P

P
 e

ac
h.

2 
- 

48
" 

H
O

B
A

S
 

5 
- 

36
" 

H
O

B
A

S
70

 fo
r 

48
" 

H
O

B
A

S
&

 5
0 

fo
r 

36
" 

H
O

B
A

S

40
.0

0

M
o

d
el

in
g

 S
ce

n
ar

io

9 
- 

36
" 

H
O

B
A

S
30

 fo
r 

23
0-

kV
 H

O
B

A
S

&
 5

0 
fo

r 
50

0-
kV

 H
O

B
A

S
35

0.
00

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 
0.

80
1.

15
40

.0
0

12
1.

00

12
1.

00

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 
0.

80
40

.0
0

1.
15

12
1.

00

39
0.

00
8-

8"
 S

C
H

40
 P

V
C

 P
er

 4
8"

 H
O

B
A

S
 &

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 

41
0.

00
8-

8"
 S

C
H

40
 P

V
C

 P
er

 4
8"

 H
O

B
A

S
 &

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 
0.

80
1.

15
40

.0
0

37
0.

00
8-

8"
 S

C
H

40
 P

V
C

 P
er

 4
8"

 H
O

B
A

S
 &

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 
0.

80
1.

15
40

.0
0

9 
- 

36
" 

H
O

B
A

S

30
 fo

r 
23

0-
kV

 H
O

B
A

S
, 6

0 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

O
B

A
S

 
&

 6
0 

fo
r 

50
0-

kV
 H

O
B

A
S

12
1.

00

G
10

3
J&

B
 a

nd
M

ic
ro

tu
nn

el
in

g
7 

- 
2 

w
ith

 (
2)

 2
30

-k
V

 C
P

P
 a

nd
 5

 w
ith

 
(1

) 
50

0-
kV

 C
P

P
 e

ac
h.

2 
- 

48
" 

H
O

B
A

S
 

5 
- 

36
" 

H
O

B
A

S
85

 fo
r 

48
" 

H
O

B
A

S
&

 5
2 

fo
r 

36
" 

H
O

B
A

S
12

1.
00

40
8.

00
8-

8"
 S

C
H

40
 P

V
C

 P
er

 4
8"

 H
O

B
A

S
 &

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 
0.

80
1.

15
40

.0
0

G
10

2
J&

B
 a

nd
M

ic
ro

tu
nn

el
in

g
7 

- 
2 

w
ith

 (
2)

 2
30

-k
V

 C
P

P
 a

nd
 5

 w
ith

 
(1

) 
50

0-
kV

 C
P

P
 e

ac
h.

2 
- 

48
" 

H
O

B
A

S
 

5 
- 

36
" 

H
O

B
A

S
80

 fo
r 

48
" 

H
O

B
A

S
&

 5
5 

fo
r 

36
" 

H
O

B
A

S

9 
- 

36
" 

H
O

B
A

S

15
 fo

r 
23

0-
kV

 H
O

B
A

s,
 6

0 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

O
B

A
S

s 
&

 6
0 

fo
r 

50
0-

kV
 H

O
B

A
S

s

12
1.

00

H
10

4
J&

B
 a

nd
M

ic
ro

tu
nn

el
in

g
9 

- 
4 

w
ith

 (
1)

 2
30

-k
V

 C
P

P
 a

nd
 5

 w
ith

 
(1

) 
50

0-
kV

 C
P

P
 e

ac
h.

9 
- 

36
" 

H
O

B
A

S

25
 fo

r 
23

0-
kV

 H
O

B
A

S
, 6

0 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

O
B

A
S

 
&

 6
0 

fo
r 

50
0-

kV
 H

O
B

A
S

40
5.

00
4-

8"
 S

C
H

40
 P

V
C

 P
er

 3
6"

 H
O

B
A

S
 

0.
80

1.
15

40
.0

0
12

1.
00

42
0.

00
4-

8"
 S

C
H

40
 P

V
C

 P
er

 3
6"

 H
O

B
A

S
 

0.
80

1.
15

40
.0

0
H

10
3

J&
B

 a
nd

M
ic

ro
tu

nn
el

in
g

9 
- 

4 
w

ith
 (

1)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.

90
 fo

r 
48

" 
H

O
B

A
S

&
 5

2 
fo

r 
36

" 
H

O
B

A
S

12
1.

00

G
10

4
J&

B
 a

nd
M

ic
ro

tu
nn

el
in

g
7 

- 
2 

w
ith

 (
2)

 2
30

-k
V

 C
P

P
 a

nd
 5

 w
ith

 
(1

) 
50

0-
kV

 C
P

P
 e

ac
h.

2 
- 

48
" 

H
O

B
A

S
 

5 
- 

36
" 

H
O

B
A

S
90

 fo
r 

48
" 

H
O

B
A

S
&

 5
2 

fo
r 

36
" 

H
O

B
A

S
41

8.
00

8-
8"

 S
C

H
40

 P
V

C
 P

er
 4

8"
 H

O
B

A
S

 &
4-

8"
 S

C
H

40
 P

V
C

 P
er

 3
6"

 H
O

B
A

S
 

0.
80

1.
15

40
.0

0
12

1.
00

37
5.

00
4-

8"
 S

C
H

40
 P

V
C

 P
er

 3
6"

 H
O

B
A

S
 

0.
80

1.
15

40
.0

0
H

10
5

J&
B

 a
nd

M
ic

ro
tu

nn
el

in
g

9 
- 

4 
w

ith
 (

1)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.

12
1.

00

I1
01

J&
B

 a
nd

M
ic

ro
tu

nn
el

in
g

7 
- 

2 
w

ith
 (

2)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
2 

- 
48

" 
H

O
B

A
S

 
5 

- 
36

" 
H

O
B

A
S

85
 fo

r 
48

" 
H

O
B

A
S

&
 4

5 
fo

r 
36

" 
H

O
B

A
S

38
0.

00
8-

8"
 S

C
H

40
 P

V
C

 P
er

 4
8"

 H
O

B
A

S
 &

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 
0.

80
1.

15
30

.0
0

12
1.

00

41
8.

00
8-

8"
 S

C
H

40
 P

V
C

 P
er

 4
8"

 H
O

B
A

S
 &

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 
0.

80
1.

15
30

.0
0

I1
00

J&
B

 a
nd

M
ic

ro
tu

nn
el

in
g

7 
- 

2 
w

ith
 (

2)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
2 

- 
48

" 
H

O
B

A
S

 
5 

- 
36

" 
H

O
B

A
S

12
1.

00

I1
03

J&
B

 a
nd

M
ic

ro
tu

nn
el

in
g

7 
- 

2 
w

ith
 (

2)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
2 

- 
48

" 
H

O
B

A
S

 
5 

- 
36

" 
H

O
B

A
S

60
 fo

r 
48

" 
H

O
B

A
S

&
 3

5 
fo

r 
36

" 
H

O
B

A
S

29
0.

00
8-

8"
 S

C
H

40
 P

V
C

 P
er

 4
8"

 H
O

B
A

S
 &

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 
0.

80
1.

15
30

.0
0

12
1.

00

28
0.

00
8-

8"
 S

C
H

40
 P

V
C

 P
er

 4
8"

 H
O

B
A

S
 &

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 
0.

80
1.

15
30

.0
0

I1
02

J&
B

 a
nd

M
ic

ro
tu

nn
el

in
g

7 
- 

2 
w

ith
 (

2)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
2 

- 
48

" 
H

O
B

A
S

 
5 

- 
36

" 
H

O
B

A
S

65
 fo

r 
48

" 
H

O
B

A
S

&
 3

0 
fo

r 
36

" 
H

O
B

A
S

J1
00

J&
B

 a
nd

M
ic

ro
tu

nn
el

in
g

9 
- 

4 
w

ith
 (

1)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
9 

- 
36

" 
H

O
B

A
S

15
 fo

r 
23

0-
kV

 H
O

B
A

S
, 6

0 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

O
B

A
S

 
&

 6
0 

fo
r 

50
0-

kV
 H

O
B

A
S

37
5.

00
4-

8"
 S

C
H

40
 P

V
C

 P
er

 3
6"

 H
O

B
A

S
 

0.
80

1.
15

30
.0

0
12

1.
00

12
1.

00

J1
02

J&
B

 a
nd

M
ic

ro
tu

nn
el

in
g

9 
- 

4 
w

ith
 (

1)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
9 

- 
36

" 
H

O
B

A
S

15
 fo

r 
23

0-
kV

 H
O

B
A

S
, 3

0 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

O
B

A
S

 
&

 4
5 

fo
r 

50
0-

kV
 H

O
B

A
S

28
5.

00
4-

8"
 S

C
H

40
 P

V
C

 P
er

 3
6"

 H
O

B
A

S
 

0.
80

1.
15

30
.0

0
12

1.
00

25
0.

00
4-

8"
 S

C
H

40
 P

V
C

 P
er

 3
6"

 H
O

B
A

S
 

0.
80

1.
15

30
.0

0
J1

01
J&

B
 a

nd
M

ic
ro

tu
nn

el
in

g
9 

- 
4 

w
ith

 (
1)

 2
30

-k
V

 C
P

P
 a

nd
 5

 w
ith

 
(1

) 
50

0-
kV

 C
P

P
 e

ac
h.

9 
- 

36
" 

H
O

B
A

S

15
 fo

r 
23

0-
kV

 H
O

B
A

S
, 3

5 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

O
B

A
S

 
&

 3
5 

fo
r 

50
0-

kV
 H

O
B

A
S

12
1.

00
27

0.
00

4-
8"

 S
C

H
40

 P
V

C
 P

er
 3

6"
 H

O
B

A
S

 
0.

80
1.

15
30

.0
0

J1
03

J&
B

 a
nd

M
ic

ro
tu

nn
el

in
g

9 
- 

4 
w

ith
 (

1)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
9 

- 
36

" 
H

O
B

A
S

15
 fo

r 
23

0-
kV

 H
O

B
A

S
, 1

5 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

O
B

A
S

 
&

 4
5 

fo
r 

50
0-

kV
 H

O
B

A
S

0.
80

1.
15

45
.0

0
12

1.
00

K
10

0
H

D
D

9 
- 

4 
w

ith
 (

1)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
9 

- 
36

" 
H

D
P

E
 D

R
 1

3.
5

15
 fo

r 
23

0-
kV

 H
D

P
E

s,
 6

0 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

D
P

E
s 

&
 6

0 
fo

r 
50

0-
kV

 H
D

P
E

s

37
5.

00
4-

8"
 H

D
P

E
 D

R
 1

1 
fo

r 
23

0-
kV

 3
6"

 H
D

P
E

 
4-

10
" 

H
D

P
E

 D
R

 1
1 

fo
r 

50
0-

kV
 3

6"
 H

D
P

E
 

0.
80

1.
15

45
.0

0
12

1.
00

A
ct

ua
l n

at
iv

e 
so

il 
th

er
m

al
 r

es
is

tiv
ity

 is
 u

nk
no

w
n.

 T
hi

s 
va

lu
e 

is
 b

ei
ng

 a
ss

um
ed

 e
qu

al
 to

 th
e 

on
e 

us
ed

 fo
r 

D
LF

=1
.0

 in
 D

om
in

io
n 

G
ol

de
n 

to
 M

ar
s 

– 
23

0-
kV

 a
nd

 
50

0-
kV

 U
nd

er
gr

ou
nd

 F
ea

si
bi

lit
y 

R
ep

or
t, 

R
ev

is
io

n 
4 

da
te

d 
09

/1
0/

20
24

. W
he

n 
da

ta
 fr

om
 fi

le
d 

in
ve

st
ig

at
io

ns
 a

re
 a

va
ila

bl
e 

th
is

 v
al

ue
 m

ay
 n

ee
d 

to
 b

e 
re

vi
se

d 
an

d 
an

al
ys

is
 r

es
ul

ts
 in

 th
is

 m
em

o 
m

ay
 c

ha
ng

e.
 

K
10

2
H

D
D

9 
- 

4 
w

ith
 (

1)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
9 

- 
36

" 
H

D
P

E
 D

R
 1

3.
5

20
 fo

r 
23

0-
kV

 H
D

P
E

s,
 6

0 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

D
P

E
s 

&
 6

5 
fo

r 
50

0-
kV

 H
D

P
E

s

41
0.

00
4-

8"
 H

D
P

E
 D

R
 1

1 
fo

r 
23

0-
kV

 3
6"

 H
D

P
E

 
4-

10
" 

H
D

P
E

 D
R

 1
1 

fo
r 

50
0-

kV
 3

6"
 H

D
P

E
 

0.
80

1.
15

45
.0

0
12

1.
00

K
10

1
H

D
D

9 
- 

4 
w

ith
 (

1)
 2

30
-k

V
 C

P
P

 a
nd

 5
 w

ith
 

(1
) 

50
0-

kV
 C

P
P

 e
ac

h.
9 

- 
36

" 
H

D
P

E
 D

R
 1

3.
5

25
 fo

r 
23

0-
kV

 H
D

P
E

s,
 7

0 
be

tw
ee

n 
23

0-
kV

 a
nd

 5
00

-k
V

 
H

D
P

E
s 

&
 7

0 
fo

r 
50

0-
kV

 H
D

P
E

s

45
5.

00
4-

8"
 H

D
P

E
 D

R
 1

1 
fo

r 
23

0-
kV

 3
6"

 H
D

P
E

 
4-

10
" 

H
D

P
E

 D
R

 1
1 

fo
r 

50
0-

kV
 3

6"
 H

D
P

E
 



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

-60.0 41.933 3.517 3.517 0.8

0.0 41.429 2.6 2.6 0.8

-120.0 41.933 3.517 3.517 0.8

60.0 41.429 2.6 2.6 0.8

120.0 41.429 2.6 2.6 0.8

180.001 41.429 2.6 2.6 0.8

240.001 41.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase
Cable 

Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 230C5.00X1 1 A 60.0 1.0 -61.08 41.88 90.0 956.0

2 230C5.00X1 1 B 60.0 1.0 -60.5 41.05 88.5 956.0

3 230C5.00X1 1 C 60.0 1.0 -59.5 41.05 87.7 956.0

4 230C5.00X1 2 A 60.0 1.0 -60.0 43.38 89.9 871.2

5 230C5.00X1 2 B 60.0 1.0 -59.22 42.88 88.4 871.2

6 230C5.00X1 2 C 60.0 1.0 -60.78 42.88 90.0 871.2

7 500C5.00X 3 A 60.0 1.0 -0.5 41.93 90.0 994.0

8 500C5.00X 3 B 60.0 1.0 -0.5 40.93 89.2 994.0

9 500C5.00X 3 C 60.0 1.0 0.5 40.93 88.4 994.0

10 230C5.00X1 4 A 60.0 1.0 -121.08 41.88 90.0 1014.5

11 230C5.00X1 4 B 60.0 1.0 -120.5 41.05 88.5 1014.5

12 230C5.00X1 4 C 60.0 1.0 -119.5 41.05 87.8 1014.5

13 230C5.00X1 5 A 60.0 1.0 -120.0 43.38 89.9 929.9

14 230C5.00X1 5 B 60.0 1.0 -119.22 42.88 88.5 929.9

15 230C5.00X1 5 C 60.0 1.0 -120.78 42.88 90.0 929.9

16 500C5.00X 6 A 60.0 1.0 59.5 41.93 90.0 1005.6

17 500C5.00X 6 B 60.0 1.0 59.5 40.93 89.2 1005.6

18 500C5.00X 6 C 60.0 1.0 60.5 40.93 88.4 1005.6

19 500C5.00X 7 A 60.0 1.0 119.5 41.93 90.0 1014.7

20 500C5.00X 7 B 60.0 1.0 119.5 40.93 89.2 1014.7

21 500C5.00X 7 C 60.0 1.0 120.5 40.93 88.4 1014.7

22 500C5.00X 8 A 60.0 1.0 179.5 41.93 90.0 1037.2

23 500C5.00X 8 B 60.0 1.0 179.5 40.93 89.3 1037.2

24 500C5.00X 8 C 60.0 1.0 180.5 40.93 88.4 1037.2

25 500C5.00X 9 A 60.0 1.0 239.5 41.93 90.0 1117.4

26 500C5.00X 9 B 60.0 1.0 239.5 40.93 89.3 1117.4

27 500C5.00X 9 C 60.0 1.0 240.5 40.93 88.2 1117.4

Results Summary

NSTD DB5

NSTD DB6

NSTD DB7

Layer Name

NSTD DB1

NSTD DB2

NSTD DB3

NSTD DB4

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: G100-230_500kV,40_DOC,60_,5000kcmilInCu,@3772_5169A DLF1

Date: 11/3/2024 11:40:46 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: G100-230_500kV,40_DOC,60_,5000kcmilInCu,@3772_5169A DLF1

Date: 11/3/2024 11:40:46 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: G100-230_500kV,40_DOC,60_,5000kcmilInCu,@3772_5169A DLF1

Date: 11/3/2024 11:40:46 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

-70.0 41.933 3.517 3.517 0.8

0.0 41.429 2.6 2.6 0.8

-140.0 41.933 3.517 3.517 0.8

50.0 41.429 2.6 2.6 0.8

100.0 41.429 2.6 2.6 0.8

150.0 41.429 2.6 2.6 0.8

200.001 41.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 230C5.00X1 1 A 60.0 1.0 -71.08 41.88 90.0 976.5

2 230C5.00X1 1 B 60.0 1.0 -70.5 41.05 88.5 976.5

3 230C5.00X1 1 C 60.0 1.0 -69.5 41.05 87.6 976.5

4 230C5.00X1 2 A 60.0 1.0 -70.0 43.38 89.8 891.8

5 230C5.00X1 2 B 60.0 1.0 -69.22 42.88 88.3 891.8

6 230C5.00X1 2 C 60.0 1.0 -70.78 42.88 90.0 891.8

7 500C5.00X 3 A 60.0 1.0 -0.5 41.93 90.0 987.3

8 500C5.00X 3 B 60.0 1.0 -0.5 40.93 89.2 987.3

9 500C5.00X 3 C 60.0 1.0 0.5 40.93 88.5 987.3

10 230C5.00X1 4 A 60.0 1.0 -141.08 41.88 90.0 1029.8

11 230C5.00X1 4 B 60.0 1.0 -140.5 41.05 88.5 1029.8

12 230C5.00X1 4 C 60.0 1.0 -139.5 41.05 87.7 1029.8

13 230C5.00X1 5 A 60.0 1.0 -140.0 43.38 89.9 946.2

14 230C5.00X1 5 B 60.0 1.0 -139.22 42.88 88.4 946.2

15 230C5.00X1 5 C 60.0 1.0 -140.78 42.88 90.0 946.2

16 500C5.00X 6 A 60.0 1.0 49.5 41.93 90.0 959.5

17 500C5.00X 6 B 60.0 1.0 49.5 40.93 89.2 959.5

18 500C5.00X 6 C 60.0 1.0 50.5 40.93 88.5 959.5

19 500C5.00X 7 A 60.0 1.0 99.5 41.93 90.0 962.6

20 500C5.00X 7 B 60.0 1.0 99.5 40.93 89.2 962.6

21 500C5.00X 7 C 60.0 1.0 100.5 40.93 88.4 962.6

22 500C5.00X 8 A 60.0 1.0 149.5 41.93 90.0 989.3

23 500C5.00X 8 B 60.0 1.0 149.5 40.93 89.3 989.3

24 500C5.00X 8 C 60.0 1.0 150.5 40.93 88.4 989.3

25 500C5.00X 9 A 60.0 1.0 199.5 41.93 90.0 1085.9

26 500C5.00X 9 B 60.0 1.0 199.5 40.93 89.3 1085.9

27 500C5.00X 9 C 60.0 1.0 200.5 40.93 88.2 1085.9

Results Summary

NSTD DB5

NSTD DB6

NSTD DB7

Layer Name

NSTD DB1

NSTD DB2

NSTD DB3

NSTD DB4

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: G101-230_500kV,40_DOC,70__50_,5000kcmilInCu,@3844_4985A DLF1

Date: 11/3/2024 10:29:35 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: G101-230_500kV,40_DOC,70__50_,5000kcmilInCu,@3844_4985A DLF1

Date: 11/3/2024 10:29:35 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: G101-230_500kV,40_DOC,70__50_,5000kcmilInCu,@3844_4985A DLF1

Date: 11/3/2024 10:29:35 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

-80.0 41.933 3.517 3.517 0.8

0.0 41.429 2.6 2.6 0.8

-160.001 41.933 3.517 3.517 0.8

55.0 41.429 2.6 2.6 0.8

110.0 41.429 2.6 2.6 0.8

165.001 41.429 2.6 2.6 0.8

220.001 41.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 230C5.00X1 1 A 60.0 1.0 -81.08 41.88 90.0 999.0

2 230C5.00X1 1 B 60.0 1.0 -80.5 41.05 88.5 999.0

3 230C5.00X1 1 C 60.0 1.0 -79.5 41.05 87.5 999.0

4 230C5.00X1 2 A 60.0 1.0 -80.0 43.38 89.8 915.3

5 230C5.00X1 2 B 60.0 1.0 -79.22 42.88 88.2 915.3

6 230C5.00X1 2 C 60.0 1.0 -80.78 42.88 90.0 915.3

7 500C5.00X 3 A 60.0 1.0 -0.5 41.93 90.0 1022.6

8 500C5.00X 3 B 60.0 1.0 -0.5 40.93 89.2 1022.6

9 500C5.00X 3 C 60.0 1.0 0.5 40.93 88.5 1022.6

10 230C5.00X1 4 A 60.0 1.0 -161.08 41.88 90.0 1043.6

11 230C5.00X1 4 B 60.0 1.0 -160.5 41.05 88.5 1043.6

12 230C5.00X1 4 C 60.0 1.0 -159.5 41.05 87.6 1043.6

13 230C5.00X1 5 A 60.0 1.0 -160.0 43.38 89.8 961.1

14 230C5.00X1 5 B 60.0 1.0 -159.22 42.88 88.3 961.1

15 230C5.00X1 5 C 60.0 1.0 -160.78 42.88 90.0 961.1

16 500C5.00X 6 A 60.0 1.0 54.5 41.93 90.0 992.2

17 500C5.00X 6 B 60.0 1.0 54.5 40.93 89.2 992.2

18 500C5.00X 6 C 60.0 1.0 55.5 40.93 88.4 992.2

19 500C5.00X 7 A 60.0 1.0 109.5 41.93 90.0 993.1

20 500C5.00X 7 B 60.0 1.0 109.5 40.93 89.2 993.1

21 500C5.00X 7 C 60.0 1.0 110.5 40.93 88.4 993.1

22 500C5.00X 8 A 60.0 1.0 164.5 41.93 90.0 1015.8

23 500C5.00X 8 B 60.0 1.0 164.5 40.93 89.3 1015.8

24 500C5.00X 8 C 60.0 1.0 165.5 40.93 88.4 1015.8

25 500C5.00X 9 A 60.0 1.0 219.5 41.93 90.0 1103.2

26 500C5.00X 9 B 60.0 1.0 219.5 40.93 89.3 1103.2

27 500C5.00X 9 C 60.0 1.0 220.5 40.93 88.2 1103.2

Results Summary

NSTD DB5

NSTD DB6

NSTD DB7

Layer Name

NSTD DB1

NSTD DB2

NSTD DB3

NSTD DB4

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: G102-230_500kV,40_DOC,80__55_,5000kcmilInCu,@3919_5127A DLF1

Date: 11/3/2024 9:03:50 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: G102-230_500kV,40_DOC,80__55_,5000kcmilInCu,@3919_5127A DLF1

Date: 11/3/2024 9:03:50 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: G102-230_500kV,40_DOC,80__55_,5000kcmilInCu,@3919_5127A DLF1

Date: 11/3/2024 9:03:50 PM

Description

Cables Report
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Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

-85.0 41.933 3.517 3.517 0.8

0.0 41.429 2.6 2.6 0.8

-170.001 41.933 3.517 3.517 0.8

52.0 41.429 2.6 2.6 0.8

104.0 41.429 2.6 2.6 0.8

156.001 41.429 2.6 2.6 0.8

208.001 41.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 230C5.00X1 1 A 60.0 1.0 -86.08 41.88 90.0 1006.8

2 230C5.00X1 1 B 60.0 1.0 -85.5 41.05 88.4 1006.8

3 230C5.00X1 1 C 60.0 1.0 -84.5 41.05 87.5 1006.8

4 230C5.00X1 2 A 60.0 1.0 -85.0 43.38 89.8 923.4

5 230C5.00X1 2 B 60.0 1.0 -84.22 42.88 88.2 923.4

6 230C5.00X1 2 C 60.0 1.0 -85.78 42.88 90.0 923.4

7 500C5.00X 3 A 60.0 1.0 -0.5 41.93 90.0 1021.3

8 500C5.00X 3 B 60.0 1.0 -0.5 40.93 89.2 1021.3

9 500C5.00X 3 C 60.0 1.0 0.5 40.93 88.5 1021.3

10 230C5.00X1 4 A 60.0 1.0 -171.08 41.88 90.0 1049.1

11 230C5.00X1 4 B 60.0 1.0 -170.5 41.05 88.5 1049.1

12 230C5.00X1 4 C 60.0 1.0 -169.5 41.05 87.5 1049.1

13 230C5.00X1 5 A 60.0 1.0 -170.0 43.38 89.8 967.0

14 230C5.00X1 5 B 60.0 1.0 -169.22 42.88 88.2 967.0

15 230C5.00X1 5 C 60.0 1.0 -170.78 42.88 90.0 967.0

16 500C5.00X 6 A 60.0 1.0 51.5 41.93 90.0 978.8

17 500C5.00X 6 B 60.0 1.0 51.5 40.93 89.2 978.8

18 500C5.00X 6 C 60.0 1.0 52.5 40.93 88.5 978.8

19 500C5.00X 7 A 60.0 1.0 103.5 41.93 90.0 977.4

20 500C5.00X 7 B 60.0 1.0 103.5 40.93 89.2 977.4

21 500C5.00X 7 C 60.0 1.0 104.5 40.93 88.4 977.4

22 500C5.00X 8 A 60.0 1.0 155.5 41.93 90.0 1001.2

23 500C5.00X 8 B 60.0 1.0 155.5 40.93 89.3 1001.2

24 500C5.00X 8 C 60.0 1.0 156.5 40.93 88.4 1001.2

25 500C5.00X 9 A 60.0 1.0 207.5 41.93 90.0 1093.5

26 500C5.00X 9 B 60.0 1.0 207.5 40.93 89.3 1093.5

27 500C5.00X 9 C 60.0 1.0 208.5 40.93 88.2 1093.5

Results Summary

NSTD DB5

NSTD DB6

NSTD DB7

Layer Name

NSTD DB1

NSTD DB2

NSTD DB3

NSTD DB4

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: G103-230_500kV,40_DOC,85__52_,5000kcmilInCu,@3946_5072A DLF1

Date: 11/3/2024 7:30:44 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: G103-230_500kV,40_DOC,85__52_,5000kcmilInCu,@3946_5072A DLF1

Date: 11/3/2024 7:30:44 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: G103-230_500kV,40_DOC,85__52_,5000kcmilInCu,@3946_5072A DLF1

Date: 11/3/2024 7:30:44 PM

Description

Cables Report
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No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

-90.0 41.933 3.517 3.517 0.8

0.0 41.429 2.6 2.6 0.8

-180.001 41.933 3.517 3.517 0.8

52.0 41.429 2.6 2.6 0.8

104.0 41.429 2.6 2.6 0.8

156.001 41.429 2.6 2.6 0.8

208.001 41.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 230C5.00X1 1 A 60.0 1.0 -91.08 41.88 90.0 1014.9

2 230C5.00X1 1 B 60.0 1.0 -90.5 41.05 88.4 1014.9

3 230C5.00X1 1 C 60.0 1.0 -89.5 41.05 87.5 1014.9

4 230C5.00X1 2 A 60.0 1.0 -90.0 43.38 89.8 931.9

5 230C5.00X1 2 B 60.0 1.0 -89.22 42.88 88.2 931.9

6 230C5.00X1 2 C 60.0 1.0 -90.78 42.88 90.0 931.9

7 500C5.00X 3 A 60.0 1.0 -0.5 41.93 90.0 1028.6

8 500C5.00X 3 B 60.0 1.0 -0.5 40.93 89.2 1028.6

9 500C5.00X 3 C 60.0 1.0 0.5 40.93 88.5 1028.6

10 230C5.00X1 4 A 60.0 1.0 -181.08 41.88 90.0 1054.2

11 230C5.00X1 4 B 60.0 1.0 -180.5 41.05 88.4 1054.2

12 230C5.00X1 4 C 60.0 1.0 -179.5 41.05 87.5 1054.2

13 230C5.00X1 5 A 60.0 1.0 -180.0 43.38 89.8 972.5

14 230C5.00X1 5 B 60.0 1.0 -179.22 42.88 88.2 972.5

15 230C5.00X1 5 C 60.0 1.0 -180.78 42.88 90.0 972.5

16 500C5.00X 6 A 60.0 1.0 51.5 41.93 90.0 981.1

17 500C5.00X 6 B 60.0 1.0 51.5 40.93 89.2 981.1

18 500C5.00X 6 C 60.0 1.0 52.5 40.93 88.5 981.1

19 500C5.00X 7 A 60.0 1.0 103.5 41.93 90.0 978.3

20 500C5.00X 7 B 60.0 1.0 103.5 40.93 89.2 978.3

21 500C5.00X 7 C 60.0 1.0 104.5 40.93 88.4 978.3

22 500C5.00X 8 A 60.0 1.0 155.5 41.93 90.0 1001.5

23 500C5.00X 8 B 60.0 1.0 155.5 40.93 89.3 1001.5

24 500C5.00X 8 C 60.0 1.0 156.5 40.93 88.4 1001.5

25 500C5.00X 9 A 60.0 1.0 207.5 41.93 90.0 1093.6

26 500C5.00X 9 B 60.0 1.0 207.5 40.93 89.3 1093.6

27 500C5.00X 9 C 60.0 1.0 208.5 40.93 88.2 1093.6

Results Summary

NSTD DB5

NSTD DB6

NSTD DB7

Layer Name

NSTD DB1

NSTD DB2

NSTD DB3

NSTD DB4

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: G104-230_500kV,40_DOC,90__52_,5000kcmilInCu,@3974_5084A DLF1

Date: 11/3/2024 5:42:47 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



V
ar

ia
bl

e
U

ni
t

C
ab

le
 N

o.
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

C
ab

le
 I

D
23

0C
5.

00
X

1
23

0C
5.

00
X

1
23

0C
5.

00
X

1
23

0C
5.

00
X

1
23

0C
5.

00
X

1
23

0C
5.

00
X

1
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

C
irc

ui
t 

N
o.

1
1

1
2

2
2

3
3

3
4

4
4

5
5

5
6

6
6

7
7

7
8

8
8

9
9

9

P
ha

se
A

B
C

A
B

C
A

B
C

A
B

C
A

B
C

A
B

C
A

B
C

A
B

C
A

B
C

F
q

[H
z]

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

x
[f

t]
-9

1.
08

-9
0.

5
-8

9.
5

-9
0.

0
-8

9.
22

-9
0.

78
-0

.5
-0

.5
0.

5
-1

81
.0

8
-1

80
.5

-1
79

.5
-1

80
.0

-1
79

.2
2

-1
80

.7
8

51
.5

51
.5

52
.5

10
3.

5
10

3.
5

10
4.

5
15

5.
5

15
5.

5
15

6.
5

20
7.

5
20

7.
5

20
8.

5

y
[f

t]
41

.8
8

41
.0

5
41

.0
5

43
.3

8
42

.8
8

42
.8

8
41

.9
3

40
.9

3
40

.9
3

41
.8

8
41

.0
5

41
.0

5
43

.3
8

42
.8

8
42

.8
8

41
.9

3
40

.9
3

40
.9

3
41

.9
3

40
.9

3
40

.9
3

41
.9

3
40

.9
3

40
.9

3
41

.9
3

40
.9

3
40

.9
3

D
LF

[p
.u

.]
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1 

C
on

du
ct

or
 1

 
P

oi
nt

 B
on

de
d 

T
ria

n g
ul

ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

I
[A

]
10

14
.9

10
14

.9
10

14
.9

93
1.

9
93

1.
9

93
1.

9
10

28
.6

10
28

.6
10

28
.6

10
54

.2
10

54
.2

10
54

.2
97

2.
5

97
2.

5
97

2.
5

98
1.

1
98

1.
1

98
1.

1
97

8.
3

97
8.

3
97

8.
3

10
01

.5
10

01
.5

10
01

.5
10

93
.6

10
93

.6
10

93
.6

c
[°

C
]

90
.0

88
.4

87
.5

89
.8

88
.2

90
.0

90
.0

89
.2

88
.5

90
.0

88
.4

87
.5

89
.8

88
.2

90
.0

90
.0

89
.2

88
.5

90
.0

89
.2

88
.4

90
.0

89
.3

88
.4

90
.0

89
.3

88
.2

s
[°

C
]

86
.2

84
.6

83
.7

86
.5

84
.9

86
.7

84
.2

83
.5

82
.8

85
.9

84
.4

83
.5

86
.3

84
.7

86
.5

84
.6

83
.9

83
.1

84
.7

83
.9

83
.1

84
.5

83
.7

82
.9

83
.7

83
.0

81
.9

a
[°

C
]

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

su
rf

[°
C

]
85

.8
84

.2
83

.3
86

.2
84

.6
86

.4
83

.2
82

.5
81

.8
85

.5
83

.9
83

.0
85

.9
84

.3
86

.1
83

.7
82

.9
82

.2
83

.7
83

.0
82

.2
83

.5
82

.8
81

.9
82

.6
81

.9
80

.8

du
ct

[°
C

]
82

.1
80

.5
79

.6
83

.0
81

.4
83

.2
78

.4
77

.7
76

.9
81

.5
80

.0
79

.1
82

.5
80

.8
82

.6
79

.2
78

.4
77

.6
79

.2
78

.4
77

.6
78

.9
78

.1
77

.2
77

.3
76

.7
75

.5

R
[

/m
ile

]
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6

R
[

/m
ile

]
0.

01
66

6
0.

01
66

0.
01

65
6

0.
01

66
8

0.
01

66
2

0.
01

66
9

0.
01

66
3

0.
01

66
0.

01
65

8
0.

01
66

6
0.

01
66

0.
01

65
7

0.
01

66
8

0.
01

66
2

0.
01

66
9

0.
01

66
3

0.
01

66
0.

01
65

7
0.

01
66

3
0.

01
66

0.
01

65
7

0.
01

66
3

0.
01

66
0.

01
65

7
0.

01
66

3
0.

01
66

1
0.

01
65

6

ys
0.

16
15

7
0.

16
29

4
0.

16
37

6
0.

16
17

4
0.

16
31

5
0.

16
15

7
0.

16
15

4
0.

16
21

9
0.

16
28

4
0.

16
15

7
0.

16
29

3
0.

16
37

5
0.

16
17

3
0.

16
31

4
0.

16
15

7
0.

16
15

4
0.

16
22

0.
16

28
8

0.
16

15
4

0.
16

22
0.

16
29

0.
16

15
4

0.
16

21
8

0.
16

29
3

0.
16

15
4

0.
16

21
3

0.
16

31
2

yp
0.

00
91

8
0.

00
92

5
0.

00
92

9
0.

01
1

0.
01

10
9

0.
01

09
9

0.
00

71
3

0.
00

71
6

0.
00

71
8

0.
00

91
7

0.
00

92
4

0.
00

92
9

0.
01

1
0.

01
10

9
0.

01
09

9
0.

00
71

3
0.

00
71

6
0.

00
71

8
0.

00
71

3
0.

00
71

6
0.

00
71

8
0.

00
71

3
0.

00
71

5
0.

00
71

8
0.

00
71

3
0.

00
71

5
0.

00
71

9

W
c

[W
/f

t]
3.

25
03

8
3.

23
86

1
3.

23
16

3
2.

74
34

8
2.

73
33

2
2.

74
47

1
3.

33
28

6
3.

32
70

6
3.

32
14

3.
50

66
9

3.
49

40
7

3.
48

66
2

2.
98

76
2

2.
97

65
2

2.
98

88
7

3.
03

23
7

3.
02

70
1

3.
02

15
7

3.
01

46
6

3.
00

93
4

3.
00

37
8

3.
15

95
8

3.
15

41
7

3.
14

79
3.

76
74

5
3.

76
14

8
3.

75
17

1

W
d

[W
/f

t]
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
2.

01
33

2
2.

01
33

2
2.

01
33

2
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2

W
s

[W
/f

t]
0.

17
45

1
0.

17
53

4
0.

17
58

3
0.

17
65

3
0.

17
73

9
0.

17
64

3
0.

30
45

3
0.

30
51

8
0.

30
58

2
0.

18
84

3
0.

18
93

2
0.

18
98

4
0.

19
23

8
0.

19
33

2
0.

19
22

7
0.

27
67

6
0.

27
73

6
0.

27
79

7
0.

27
51

2
0.

27
57

2
0.

27
63

5
0.

28
85

1
0.

28
91

2
0.

28
98

2
0.

34
48

1
0.

34
54

8
0.

34
65

9

W
a

[W
/f

t]
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0

W
t

[W
/f

t]
3.

97
92

8
3.

96
83

4
3.

96
18

5
3.

47
44

3.
46

51
3.

47
55

3
5.

65
07

2
5.

64
55

7
5.

64
05

5
4.

24
95

2
4.

23
77

8
4.

23
08

6
3.

73
44

3.
72

42
4

3.
73

55
4

5.
32

24
5

5.
31

77
5.

31
28

6
5.

30
31

1
5.

29
83

9
5.

29
34

5
5.

46
14

1
5.

45
66

1
5.

45
10

4
6.

12
55

9
6.

12
02

9
6.

11
16

2

0.
05

36
9

0.
05

41
4

0.
05

44
1

0.
06

43
4

0.
06

49
0.

06
42

8
0.

09
13

7
0.

09
17

3
0.

09
20

8
0.

05
37

3
0.

05
41

8
0.

05
44

5
0.

06
43

9
0.

06
49

5
0.

06
43

3
0.

09
12

7
0.

09
16

3
0.

09
2

0.
09

12
6

0.
09

16
2

0.
09

2
0.

09
13

1
0.

09
16

6
0.

09
20

7
0.

09
15

2
0.

09
18

5
0.

09
23

8

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

T
1

[K
.m

/W
]

0.
32

84
3

0.
32

84
3

0.
32

84
3

0.
32

84
3

0.
32

84
3

0.
32

84
3

0.
40

49
0.

40
49

0.
40

49
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

40
49

0.
40

49
0.

40
49

0.
40

49
0.

40
49

0.
40

49
0.

40
49

0.
40

49
0.

40
49

0.
40

49
0.

40
49

0.
40

49

T
2

[K
.m

/W
]

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

T
3

[K
.m

/W
]

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

T
4

[K
.m

/W
]

5.
64

98
2

5.
54

61
2

5.
48

44
6

6.
50

70
3

6.
38

32
1

6.
52

09
3

3.
84

22
9

3.
80

56
3.

76
97

3
5.

26
86

4
5.

17
22

5
5.

11
53

8
6.

03
13

2
5.

91
59

2
6.

04
32

4.
10

54
7

4.
06

57
9

4.
02

53
7

4.
12

20
1

4.
08

22
3

4.
04

05
1

3.
99

02
2

3.
95

28
3

3.
90

93
2

3.
51

15
5

3.
48

08
8

3.
43

05
9

in
t

[°
C

]
57

.5
56

.0
55

.3
59

.8
58

.4
60

.1
48

.6
47

.8
47

.2
56

.0
54

.5
53

.8
58

.3
56

.9
58

.6
50

.4
49

.5
48

.9
50

.5
49

.6
49

.0
49

.6
48

.8
48

.1
45

.9
45

.1
44

.1

[V
/m

ile
]

20
9.

13
19

5.
62

23
9.

08
20

3.
42

19
2.

9
17

7.
62

21
1.

7
18

9.
86

20
6.

71
21

9.
47

19
9.

84
24

8.
08

21
4.

33
19

8.
34

18
8.

14
20

0.
71

17
9.

22
19

9.
59

19
9.

3
17

7.
53

20
0.

6
20

3.
1

18
0.

65
20

7.
04

22
0.

06
19

5.
62

22
8.

96

[V
/m

ile
]

21
1.

94
19

8.
41

24
1.

7
20

6.
0

19
5.

43
17

9.
65

21
3.

92
19

2.
12

20
8.

94
22

2.
39

20
2.

75
25

0.
82

21
7.

03
20

0.
98

19
0.

25
20

2.
83

18
1.

38
20

1.
71

20
1.

42
17

9.
68

20
2.

72
20

5.
27

18
2.

86
20

9.
21

22
2.

44
19

8.
02

23
1.

34

[A
]

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

O
th

er
s

T
em

pe
ra

tu
re

 r
is

e 
du

e 
to

 s
ur

ro
un

di
ng

 h
ea

t 
so

ur
ce

s

In
du

ce
d 

V
ol

ta
ge

 (
st

an
di

ng
) 

on
 S

he
at

h

In
du

ce
d 

V
ol

ta
ge

 (
st

an
di

ng
) 

on
 C

on
ce

nt
ric

 W
ire

s

In
du

ce
d 

cu
rr

en
t 

on
 M

et
al

lic
 S

cr
ee

n

A
rm

ou
r 

Lo
ss

 F
ac

to
r 

+
 P

ip
e 

Lo
ss

 F
ac

to
r

T
h

er
m

al
 r

es
is

ta
n

ce
s

T
he

rm
al

 r
es

is
ta

nc
e 

of
 in

su
la

tio
n

T
he

rm
al

 r
es

is
ta

nc
e 

of
 b

ed
di

ng
/m

ed
iu

m
 in

si
de

 p
ip

e-
ty

pe

T
he

rm
al

 r
es

is
ta

nc
e 

of
 o

ut
er

 c
ov

er
in

g

E
xt

er
na

l t
he

rm
al

 r
es

is
ta

nc
e

C
on

du
ct

or
 L

os
se

s

D
ie

le
ct

ric
 L

os
se

s

M
et

al
lic

 S
cr

ee
n 

Lo
ss

es

A
rm

or
/P

ip
e 

Lo
ss

es

T
ot

al
 L

os
se

s

S
cr

ee
n 

Lo
ss

 F
ac

to
r

R
es

is
ta

n
ce

s

D
C

 R
es

is
ta

nc
e 

of
 t

he
 c

on
du

ct
or

 a
t 

20
°C

A
C

 R
es

is
ta

nc
e 

of
 t

he
 C

on
du

ct
or

 a
t 

O
pe

ra
tin

g 
T

em
pe

ra
tu

re

S
ki

n 
E

ff
ec

t 
F

ac
to

r

P
ro

xi
m

ity
 E

ff
ec

t 
F

ac
to

r

L
o

ss
es

T
em

p
er

at
u

re
s

C
on

du
ct

or
 t

em
pe

ra
tu

re

S
he

at
h/

S
hi

el
d 

te
m

pe
ra

tu
re

A
rm

ou
r 

te
m

pe
ra

tu
re

C
ab

le
 s

ur
fa

ce
 t

em
pe

ra
tu

re

D
uc

t 
su

rf
ac

e 
te

m
pe

ra
tu

re

X
 c

oo
rd

in
at

e

Y
 c

oo
rd

in
at

e

D
ai

ly
 L

oa
d 

F
ac

to
r

B
on

di
ng

 T
yp

e

A
m

p
ac

it
y

S
te

ad
y 

S
ta

te
 A

m
pa

ci
ty

C
ab

le
 I

nd
ex

 N
um

be
r

G
en

er
al

 In
p

u
t 

D
at

a C
ab

le
 E

qu
ip

m
en

t 
ID

C
irc

ui
t 

N
o.

C
ab

le
 P

ha
se

O
pe

ra
tin

g 
F

re
qu

en
cy

C
o

n
si

d
er

 E
le

ct
ri

ca
l i

n
te

ra
ct

io
n

 b
et

w
ee

n
 c

ir
cu

it
s

N
o

In
d

u
ce

d
 c

u
rr

en
t 

in
 m

et
al

lic
 la

ye
rs

 a
s 

a 
fr

ac
ti

o
n

 o
f 

co
n

d
u

ct
o

r 
cu

rr
en

t 
(a

p
p

lie
d

 t
o

 a
ll 

si
n

g
le

 
p

h
as

e 
ci

rc
u

it
s)

0

D
es

cr
ip

ti
on

C
ab

le
s

N
at

iv
e 

S
o

il 
T

h
er

m
al

 R
es

is
ti

vi
ty

 [
K

.m
/W

]
1.

15

C
o

n
si

d
er

 N
o

n
-I

so
th

er
m

al
 E

ar
th

 S
u

rf
ac

e
N

o

C
o

n
si

d
er

 e
ff

ec
t 

o
f 

so
il 

d
ry

 o
u

t
N

o

In
st

al
la

ti
o

n
 t

yp
e:

M
ul

tip
le

 D
uc

tb
an

ks

S
te

ad
y 

S
ta

te
 O

p
ti

o
n

U
ne

qu
al

ly
 L

oa
de

d

A
m

b
ie

n
t 

te
m

p
er

at
u

re
 [

°C
]

12

E
xe

cu
ti

o
n

:
G

10
4-

23
0_

50
0k

V
,4

0_
D

O
C

,9
0_

_5
2_

,5
00

0k
cm

ilI
nC

u,
@

39
74

_5
08

4A
 D

LF
1

D
at

e:
11

/3
/2

02
4 

5:
42

:4
7 

P
M

S
im

ul
at

io
n 

D
at

a

S
te

ad
y 

S
ta

te
 S

um
m

ar
y

C
Y

M
C

A
P

 V
er

si
o

n
8.

1 
R

ev
is

io
n 

2

S
tu

d
y:

G
ol

de
n 

to
 M

ar
s_

G
2M

_N
ew

 3
 R

ou
te

s



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: G104-230_500kV,40_DOC,90__52_,5000kcmilInCu,@3974_5084A DLF1

Date: 11/3/2024 5:42:47 PM

Description

Cables Report
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No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: G104-230_500kV,40_DOC,90__52_,5000kcmilInCu,@3974_5084A DLF1
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No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 41.429 2.6 2.6 0.8

50.0 41.429 2.6 2.6 0.8

100.0 41.429 2.6 2.6 0.8

150.0 41.429 2.6 2.6 0.8

200.001 41.429 2.6 2.6 0.8

-30.0 41.429 2.6 2.6 0.8

-60.0 41.429 2.6 2.6 0.8

-90.0 41.429 2.6 2.6 0.8

-120.0 41.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 41.93 90.0 845.6

2 500C5.00X 1 B 60.0 1.0 -0.5 40.93 89.2 845.6

3 500C5.00X 1 C 60.0 1.0 0.5 40.93 88.3 845.6

4 500C5.00X 2 A 60.0 1.0 49.5 41.93 90.0 925.6

5 500C5.00X 2 B 60.0 1.0 49.5 40.93 89.2 925.6

6 500C5.00X 2 C 60.0 1.0 50.5 40.93 88.4 925.6

7 500C5.00X 3 A 60.0 1.0 99.5 41.93 90.0 950.4

8 500C5.00X 3 B 60.0 1.0 99.5 40.93 89.2 950.4

9 500C5.00X 3 C 60.0 1.0 100.5 40.93 88.4 950.4

10 500C5.00X 4 A 60.0 1.0 149.5 41.93 90.0 984.2

11 500C5.00X 4 B 60.0 1.0 149.5 40.93 89.3 984.2

12 500C5.00X 4 C 60.0 1.0 150.5 40.93 88.4 984.2

13 500C5.00X 5 A 60.0 1.0 199.5 41.93 90.0 1083.6

14 500C5.00X 5 B 60.0 1.0 199.5 40.93 89.3 1083.6

15 500C5.00X 5 C 60.0 1.0 200.5 40.93 88.2 1083.6

16 230C5.00X1 6 A 60.0 1.0 -30.5 41.93 90.0 1039.9

17 230C5.00X1 6 B 60.0 1.0 -30.5 40.93 89.0 1039.9

18 230C5.00X1 6 C 60.0 1.0 -29.5 40.93 88.4 1039.9

19 230C5.00X1 7 A 60.0 1.0 -60.5 41.93 90.0 1042.3

20 230C5.00X1 7 B 60.0 1.0 -60.5 40.93 89.0 1042.3

21 230C5.00X1 7 C 60.0 1.0 -59.5 40.93 88.5 1042.3

22 230C5.00X1 8 A 60.0 1.0 -90.5 41.93 90.0 1080.1

23 230C5.00X1 8 B 60.0 1.0 -90.5 40.93 89.1 1080.1

24 230C5.00X1 8 C 60.0 1.0 -89.5 40.93 88.5 1080.1

25 230C5.00X1 9 A 60.0 1.0 -120.5 41.93 90.0 1206.5

26 230C5.00X1 9 B 60.0 1.0 -120.5 40.93 89.1 1206.5

27 230C5.00X1 9 C 60.0 1.0 -119.5 40.93 88.7 1206.5

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: H101-230_500kV,40_DOC,30__50_,5000kcmilInCu,@4369_4789A DLF1

Date: 11/4/2024 5:04:45 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



V
ar

ia
bl

e
U

ni
t

C
ab

le
 N

o.
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

C
ab

le
 I

D
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

50
0C

5.
00

X
50

0C
5.

00
X

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

23
0C

5.
00

X
1

C
irc

ui
t 

N
o.

1
1

1
2

2
2

3
3

3
4

4
4

5
5

5
6

6
6

7
7

7
8

8
8

9
9

9

P
ha

se
A

B
C

A
B

C
A

B
C

A
B

C
A

B
C

A
B

C
A

B
C

A
B

C
A

B
C

F
q

[H
z]

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

60
.0

x
[f

t]
-0

.5
-0

.5
0.

5
49

.5
49

.5
50

.5
99

.5
99

.5
10

0.
5

14
9.

5
14

9.
5

15
0.

5
19

9.
5

19
9.

5
20

0.
5

-3
0.

5
-3

0.
5

-2
9.

5
-6

0.
5

-6
0.

5
-5

9.
5

-9
0.

5
-9

0.
5

-8
9.

5
-1

20
.5

-1
20

.5
-1

19
.5

y
[f

t]
41

.9
3

40
.9

3
40

.9
3

41
.9

3
40

.9
3

40
.9

3
41

.9
3

40
.9

3
40

.9
3

41
.9

3
40

.9
3

40
.9

3
41

.9
3

40
.9

3
40

.9
3

41
.9

3
40

.9
3

40
.9

3
41

.9
3

40
.9

3
40

.9
3

41
.9

3
40

.9
3

40
.9

3
41

.9
3

40
.9

3
40

.9
3

D
LF

[p
.u

.]
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1.

0
1 

C
on

du
ct

or
 1

 
P

oi
nt

 B
on

de
d 

T
ria

n g
ul

ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

1 
C

on
du

ct
or

 1
 

P
oi

nt
 B

on
de

d 
T

ria
n g

ul
ar

I
[A

]
84

5.
6

84
5.

6
84

5.
6

92
5.

6
92

5.
6

92
5.

6
95

0.
4

95
0.

4
95

0.
4

98
4.

2
98

4.
2

98
4.

2
10

83
.6

10
83

.6
10

83
.6

10
39

.9
10

39
.9

10
39

.9
10

42
.3

10
42

.3
10

42
.3

10
80

.1
10

80
.1

10
80

.1
12

06
.5

12
06

.5
12

06
.5

c
[°

C
]

90
.0

89
.2

88
.3

90
.0

89
.2

88
.4

90
.0

89
.2

88
.4

90
.0

89
.3

88
.4

90
.0

89
.3

88
.2

90
.0

89
.0

88
.4

90
.0

89
.0

88
.5

90
.0

89
.1

88
.5

90
.0

89
.1

88
.7

s
[°

C
]

85
.7

84
.9

84
.0

85
.1

84
.3

83
.5

84
.9

84
.1

83
.3

84
.6

83
.9

83
.0

83
.8

83
.1

82
.0

86
.0

85
.1

84
.5

86
.0

85
.1

84
.5

85
.7

84
.8

84
.3

84
.8

83
.8

83
.5

a
[°

C
]

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

n/
a

su
rf

[°
C

]
84

.9
84

.1
83

.2
84

.2
83

.4
82

.6
84

.0
83

.2
82

.4
83

.7
82

.9
82

.1
82

.7
82

.0
80

.9
85

.6
84

.6
84

.0
85

.5
84

.6
84

.0
85

.3
84

.3
83

.8
84

.2
83

.2
82

.9

du
ct

[°
C

]
81

.1
80

.3
79

.4
80

.0
79

.2
78

.4
79

.6
78

.8
78

.1
79

.1
78

.4
77

.5
77

.5
76

.8
75

.7
81

.8
80

.8
80

.2
81

.7
80

.8
80

.2
81

.2
80

.3
79

.7
79

.2
78

.3
77

.9

R
[

/m
ile

]
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6
0.

01
11

6

R
[

/m
ile

]
0.

01
66

3
0.

01
66

0.
01

65
7

0.
01

66
3

0.
01

66
0.

01
65

7
0.

01
66

3
0.

01
66

0.
01

65
7

0.
01

66
3

0.
01

66
0.

01
65

7
0.

01
66

3
0.

01
66

1
0.

01
65

6
0.

01
66

3
0.

01
66

0.
01

65
7

0.
01

66
3

0.
01

66
0.

01
65

8
0.

01
66

4
0.

01
66

0.
01

65
8

0.
01

66
4

0.
01

66
0.

01
65

8

ys
0.

16
15

5
0.

16
22

5
0.

16
29

8
0.

16
15

4
0.

16
22

4
0.

16
29

1
0.

16
15

3
0.

16
22

2
0.

16
29

1
0.

16
15

3
0.

16
21

9
0.

16
29

3
0.

16
15

3
0.

16
21

4
0.

16
31

3
0.

16
15

9
0.

16
24

2
0.

16
29

5
0.

16
15

8
0.

16
24

1
0.

16
29

0.
16

15
7

0.
16

23
8

0.
16

28
5

0.
16

15
7

0.
16

23
9

0.
16

27
2

yp
0.

00
71

3
0.

00
71

6
0.

00
71

9
0.

00
71

3
0.

00
71

6
0.

00
71

8
0.

00
71

3
0.

00
71

6
0.

00
71

8
0.

00
71

3
0.

00
71

5
0.

00
71

8
0.

00
71

3
0.

00
71

5
0.

00
71

9
0.

00
74

2
0.

00
74

6
0.

00
74

8
0.

00
74

2
0.

00
74

6
0.

00
74

8
0.

00
74

2
0.

00
74

5
0.

00
74

7
0.

00
74

2
0.

00
74

5
0.

00
74

7

W
c

[W
/f

t]
2.

25
21

8
2.

24
79

5
2.

24
36

1
2.

69
90

6
2.

69
39

9
2.

68
92

1
2.

84
53

3
2.

84
01

2
2.

83
49

5
3.

05
11

6
3.

04
58

2
3.

03
98

2
3.

69
90

9
3.

69
31

3
3.

68
34

6
3.

40
71

7
3.

39
96

2
3.

39
48

5
3.

42
27

1
3.

41
51

9
3.

41
07

6
3.

67
54

9
3.

66
75

7
3.

66
31

4.
58

63
5

4.
57

62
9

4.
57

23
4

W
d

[W
/f

t]
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
2.

01
33

2
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9
0.

55
43

9

W
s

[W
/f

t]
0.

20
49

5
0.

20
54

3
0.

20
59

1
0.

24
60

2
0.

24
65

9
0.

24
71

3
0.

25
94

9
0.

26
00

8
0.

26
06

6
0.

27
84

8
0.

27
90

8
0.

27
97

5
0.

33
84

5
0.

33
91

2
0.

34
02

1
0.

14
78

7
0.

14
83

0.
14

85
7

0.
14

85
5

0.
14

89
7

0.
14

92
2

0.
15

96
4

0.
16

00
9

0.
16

03
4

0.
19

97
9

0.
20

03
6

0.
20

05
9

W
a

[W
/f

t]
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0
0.

0

W
t

[W
/f

t]
4.

47
04

6
4.

46
67

4.
46

28
5

4.
95

84
1

4.
95

39
1

4.
94

96
6

5.
11

81
4

5.
11

35
2

5.
10

89
3

5.
34

29
6

5.
33

82
2

5.
33

29
6.

05
08

7
6.

04
55

7
6.

03
69

9
4.

10
94

4
4.

10
23

1
4.

09
78

1
4.

12
56

5
4.

11
85

5
4.

11
43

8
4.

38
95

2
4.

38
20

6
4.

37
78

4
5.

34
05

3
5.

33
10

4
5.

32
73

2

0.
09

1
0.

09
13

8
0.

09
17

8
0.

09
11

5
0.

09
15

3
0.

09
19

0.
09

12
0.

09
15

7
0.

09
19

4
0.

09
12

7
0.

09
16

3
0.

09
20

3
0.

09
14

9
0.

09
18

2
0.

09
23

6
0.

04
34

0.
04

36
2

0.
04

37
6

0.
04

34
0.

04
36

2
0.

04
37

5
0.

04
34

3
0.

04
36

5
0.

04
37

7
0.

04
35

6
0.

04
37

8
0.

04
38

7

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

T
1

[K
.m

/W
]

0.
40

49
0.

40
49

0.
40

49
0.

40
49

0.
40

49
0.

40
49

0.
40

49
0.

40
49

0.
40

49
0.

40
49

0.
40

49
0.

40
49

0.
40

49
0.

40
49

0.
40

49
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3
0.

32
84

3

T
2

[K
.m

/W
]

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

T
3

[K
.m

/W
]

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
05

40
8

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

0.
03

38
7

T
4

[K
.m

/W
]

4.
96

82
4

4.
91

74
5

4.
86

52
7

4.
43

79
1

4.
39

25
5

4.
34

96
4

4.
28

63
5

4.
24

36
6

4.
20

11
7

4.
08

82
3

4.
04

93
1

4.
00

54
1

3.
56

03
1

3.
52

89
2

3.
47

77
2

5.
45

60
9

5.
39

47
5

5.
35

57
9

5.
43

35
5.

37
29

4
5.

33
71

8
5.

08
62

2
5.

03
07

4.
99

92
2

4.
11

87
4

4.
07

25
9

4.
05

45
5

in
t

[°
C

]
55

.0
54

.1
53

.4
52

.3
51

.5
50

.8
51

.5
50

.6
50

.0
50

.2
49

.4
48

.7
46

.2
45

.4
44

.5
56

.8
55

.8
55

.3
56

.7
55

.7
55

.3
55

.3
54

.3
53

.9
50

.2
49

.2
49

.0

[V
/m

ile
]

17
0.

52
15

0.
55

17
7.

14
18

8.
12

16
5.

94
19

1.
65

19
2.

88
17

0.
17

19
7.

2
19

9.
03

17
5.

68
20

5.
29

21
7.

57
19

2.
25

22
8.

49
22

5.
8

20
0.

83
22

7.
43

22
8.

23
20

2.
79

22
4.

98
23

8.
41

21
1.

65
23

0.
23

26
9.

72
23

9.
18

25
2.

04

[V
/m

ile
]

17
2.

36
15

2.
42

17
8.

98
19

0.
13

16
7.

98
19

3.
66

19
4.

94
17

2.
26

19
9.

26
20

1.
17

17
7.

85
20

7.
42

21
9.

93
19

4.
64

23
0.

84
22

8.
64

20
3.

72
23

0.
27

23
1.

08
20

5.
68

22
7.

83
24

1.
35

21
4.

64
23

3.
19

27
3.

0
24

2.
53

25
5.

34

[A
]

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

O
th

er
s

T
em

pe
ra

tu
re

 r
is

e 
du

e 
to

 s
ur

ro
un

di
ng

 h
ea

t 
so

ur
ce

s

In
du

ce
d 

V
ol

ta
ge

 (
st

an
di

ng
) 

on
 S

he
at

h

In
du

ce
d 

V
ol

ta
ge

 (
st

an
di

ng
) 

on
 C

on
ce

nt
ric

 W
ire

s

In
du

ce
d 

cu
rr

en
t 

on
 M

et
al

lic
 S

cr
ee

n

A
rm

ou
r 

Lo
ss

 F
ac

to
r 

+
 P

ip
e 

Lo
ss

 F
ac

to
r

T
h

er
m

al
 r

es
is

ta
n

ce
s

T
he

rm
al

 r
es

is
ta

nc
e 

of
 in

su
la

tio
n

T
he

rm
al

 r
es

is
ta

nc
e 

of
 b

ed
di

ng
/m

ed
iu

m
 in

si
de

 p
ip

e-
ty

pe

T
he

rm
al

 r
es

is
ta

nc
e 

of
 o

ut
er

 c
ov

er
in

g

E
xt

er
na

l t
he

rm
al

 r
es

is
ta

nc
e

C
on

du
ct

or
 L

os
se

s

D
ie

le
ct

ric
 L

os
se

s

M
et

al
lic

 S
cr

ee
n 

Lo
ss

es

A
rm

or
/P

ip
e 

Lo
ss

es

T
ot

al
 L

os
se

s

S
cr

ee
n 

Lo
ss

 F
ac

to
r

R
es

is
ta

n
ce

s

D
C

 R
es

is
ta

nc
e 

of
 t

he
 c

on
du

ct
or

 a
t 

20
°C

A
C

 R
es

is
ta

nc
e 

of
 t

he
 C

on
du

ct
or

 a
t 

O
pe

ra
tin

g 
T

em
pe

ra
tu

re

S
ki

n 
E

ff
ec

t 
F

ac
to

r

P
ro

xi
m

ity
 E

ff
ec

t 
F

ac
to

r

L
o

ss
es

T
em

p
er

at
u

re
s

C
on

du
ct

or
 t

em
pe

ra
tu

re

S
he

at
h/

S
hi

el
d 

te
m

pe
ra

tu
re

A
rm

ou
r 

te
m

pe
ra

tu
re

C
ab

le
 s

ur
fa

ce
 t

em
pe

ra
tu

re

D
uc

t 
su

rf
ac

e 
te

m
pe

ra
tu

re

X
 c

oo
rd

in
at

e

Y
 c

oo
rd

in
at

e

D
ai

ly
 L

oa
d 

F
ac

to
r

B
on

di
ng

 T
yp

e

A
m

p
ac

it
y

S
te

ad
y 

S
ta

te
 A

m
pa

ci
ty

C
ab

le
 I

nd
ex

 N
um

be
r

G
en

er
al

 In
p

u
t 

D
at

a C
ab

le
 E

qu
ip

m
en

t 
ID

C
irc

ui
t 

N
o.

C
ab

le
 P

ha
se

O
pe

ra
tin

g 
F

re
qu

en
cy

C
o

n
si

d
er

 E
le

ct
ri

ca
l i

n
te

ra
ct

io
n

 b
et

w
ee

n
 c

ir
cu

it
s

N
o

In
d

u
ce

d
 c

u
rr

en
t 

in
 m

et
al

lic
 la

ye
rs

 a
s 

a 
fr

ac
ti

o
n

 o
f 

co
n

d
u

ct
o

r 
cu

rr
en

t 
(a

p
p

lie
d

 t
o

 a
ll 

si
n

g
le

 
p

h
as

e 
ci

rc
u

it
s)

0

D
es

cr
ip

ti
on

C
ab

le
s

N
at

iv
e 

S
o

il 
T

h
er

m
al

 R
es

is
ti

vi
ty

 [
K

.m
/W

]
1.

15

C
o

n
si

d
er

 N
o

n
-I

so
th

er
m

al
 E

ar
th

 S
u

rf
ac

e
N

o

C
o

n
si

d
er

 e
ff

ec
t 

o
f 

so
il 

d
ry

 o
u

t
N

o

In
st

al
la

ti
o

n
 t

yp
e:

M
ul

tip
le

 D
uc

tb
an

ks

S
te

ad
y 

S
ta

te
 O

p
ti

o
n

U
ne

qu
al

ly
 L

oa
de

d

A
m

b
ie

n
t 

te
m

p
er

at
u

re
 [

°C
]

12

E
xe

cu
ti

o
n

:
H

10
1-

23
0_

50
0k

V
,4

0_
D

O
C

,3
0_

_5
0_

,5
00

0k
cm

ilI
nC

u,
@

43
69

_4
78

9A
 D

LF
1

D
at

e:
11

/4
/2

02
4 

5:
04

:4
5 

P
M

S
im

ul
at

io
n 

D
at

a

S
te

ad
y 

S
ta

te
 S

um
m

ar
y

C
Y

M
C

A
P

 V
er

si
o

n
8.

1 
R

ev
is

io
n 

2

S
tu

d
y:

G
ol

de
n 

to
 M

ar
s_

G
2M

_N
ew

 3
 R

ou
te

s



No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: H101-230_500kV,40_DOC,30__50_,5000kcmilInCu,@4369_4789A DLF1

Date: 11/4/2024 5:04:45 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: H101-230_500kV,40_DOC,30__50_,5000kcmilInCu,@4369_4789A DLF1

Date: 11/4/2024 5:04:45 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 41.429 2.6 2.6 0.8

50.0 41.429 2.6 2.6 0.8

100.0 41.429 2.6 2.6 0.8

150.0 41.429 2.6 2.6 0.8

200.001 41.429 2.6 2.6 0.8

-50.0 41.429 2.6 2.6 0.8

-80.0 41.429 2.6 2.6 0.8

-110.0 41.429 2.6 2.6 0.8

-140.0 41.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 41.93 90.0 926.3

2 500C5.00X 1 B 60.0 1.0 -0.5 40.93 89.2 926.3

3 500C5.00X 1 C 60.0 1.0 0.5 40.93 88.4 926.3

4 500C5.00X 2 A 60.0 1.0 49.5 41.93 90.0 941.4

5 500C5.00X 2 B 60.0 1.0 49.5 40.93 89.2 941.4

6 500C5.00X 2 C 60.0 1.0 50.5 40.93 88.4 941.4

7 500C5.00X 3 A 60.0 1.0 99.5 41.93 90.0 955.4

8 500C5.00X 3 B 60.0 1.0 99.5 40.93 89.2 955.4

9 500C5.00X 3 C 60.0 1.0 100.5 40.93 88.4 955.4

10 500C5.00X 4 A 60.0 1.0 149.5 41.93 90.0 986.0

11 500C5.00X 4 B 60.0 1.0 149.5 40.93 89.3 986.0

12 500C5.00X 4 C 60.0 1.0 150.5 40.93 88.4 986.0

13 500C5.00X 5 A 60.0 1.0 199.5 41.93 90.0 1084.3

14 500C5.00X 5 B 60.0 1.0 199.5 40.93 89.3 1084.3

15 500C5.00X 5 C 60.0 1.0 200.5 40.93 88.2 1084.3

16 230C5.00X1 6 A 60.0 1.0 -50.5 41.93 90.0 1098.2

17 230C5.00X1 6 B 60.0 1.0 -50.5 40.93 89.0 1098.2

18 230C5.00X1 6 C 60.0 1.0 -49.5 40.93 88.2 1098.2

19 230C5.00X1 7 A 60.0 1.0 -80.5 41.93 90.0 1059.5

20 230C5.00X1 7 B 60.0 1.0 -80.5 40.93 89.0 1059.5

21 230C5.00X1 7 C 60.0 1.0 -79.5 40.93 88.4 1059.5

22 230C5.00X1 8 A 60.0 1.0 -110.5 41.93 90.0 1087.0

23 230C5.00X1 8 B 60.0 1.0 -110.5 40.93 89.1 1087.0

24 230C5.00X1 8 C 60.0 1.0 -109.5 40.93 88.5 1087.0

25 230C5.00X1 9 A 60.0 1.0 -140.5 41.93 90.0 1209.9

26 230C5.00X1 9 B 60.0 1.0 -140.5 40.93 89.1 1209.9

27 230C5.00X1 9 C 60.0 1.0 -139.5 40.93 88.7 1209.9

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: H102-230_500kV,40_DOC,30__50_,5000kcmilInCu,@4454_4893A DLF1

Date: 11/4/2024 2:45:57 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: H102-230_500kV,40_DOC,30__50_,5000kcmilInCu,@4454_4893A DLF1

Date: 11/4/2024 2:45:57 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: H102-230_500kV,40_DOC,30__50_,5000kcmilInCu,@4454_4893A DLF1

Date: 11/4/2024 2:45:57 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 41.429 2.6 2.6 0.8

60.0 41.429 2.6 2.6 0.8

120.0 41.429 2.6 2.6 0.8

180.001 41.429 2.6 2.6 0.8

240.001 41.429 2.6 2.6 0.8

-60.0 41.429 2.6 2.6 0.8

-90.0 41.429 2.6 2.6 0.8

-120.0 41.429 2.6 2.6 0.8

-150.0 41.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 41.93 90.0 984.9

2 500C5.00X 1 B 60.0 1.0 -0.5 40.93 89.2 984.9

3 500C5.00X 1 C 60.0 1.0 0.5 40.93 88.4 984.9

4 500C5.00X 2 A 60.0 1.0 59.5 41.93 90.0 1001.9

5 500C5.00X 2 B 60.0 1.0 59.5 40.93 89.2 1001.9

6 500C5.00X 2 C 60.0 1.0 60.5 40.93 88.4 1001.9

7 500C5.00X 3 A 60.0 1.0 119.5 41.93 90.0 1013.0

8 500C5.00X 3 B 60.0 1.0 119.5 40.93 89.2 1013.0

9 500C5.00X 3 C 60.0 1.0 120.5 40.93 88.4 1013.0

10 500C5.00X 4 A 60.0 1.0 179.5 41.93 90.0 1036.1

11 500C5.00X 4 B 60.0 1.0 179.5 40.93 89.3 1036.1

12 500C5.00X 4 C 60.0 1.0 180.5 40.93 88.4 1036.1

13 500C5.00X 5 A 60.0 1.0 239.5 41.93 90.0 1116.6

14 500C5.00X 5 B 60.0 1.0 239.5 40.93 89.3 1116.6

15 500C5.00X 5 C 60.0 1.0 240.5 40.93 88.2 1116.6

16 230C5.00X1 6 A 60.0 1.0 -60.5 41.93 90.0 1125.0

17 230C5.00X1 6 B 60.0 1.0 -60.5 40.93 89.0 1125.0

18 230C5.00X1 6 C 60.0 1.0 -59.5 40.93 88.1 1125.0

19 230C5.00X1 7 A 60.0 1.0 -90.5 41.93 90.0 1069.9

20 230C5.00X1 7 B 60.0 1.0 -90.5 40.93 89.1 1069.9

21 230C5.00X1 7 C 60.0 1.0 -89.5 40.93 88.4 1069.9

22 230C5.00X1 8 A 60.0 1.0 -120.5 41.93 90.0 1091.8

23 230C5.00X1 8 B 60.0 1.0 -120.5 40.93 89.1 1091.8

24 230C5.00X1 8 C 60.0 1.0 -119.5 40.93 88.5 1091.8

25 230C5.00X1 9 A 60.0 1.0 -150.5 41.93 90.0 1212.4

26 230C5.00X1 9 B 60.0 1.0 -150.5 40.93 89.1 1212.4

27 230C5.00X1 9 C 60.0 1.0 -149.5 40.93 88.7 1212.4

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: H103-230_500kV,40_DOC,30__60_,5000kcmilInCu,@4499_5152A DLF1

Date: 11/4/2024 12:54:32 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: H103-230_500kV,40_DOC,30__60_,5000kcmilInCu,@4499_5152A DLF1

Date: 11/4/2024 12:54:32 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: H103-230_500kV,40_DOC,30__60_,5000kcmilInCu,@4499_5152A DLF1

Date: 11/4/2024 12:54:32 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 41.429 2.6 2.6 0.8

60.0 41.429 2.6 2.6 0.8

120.0 41.429 2.6 2.6 0.8

180.001 41.429 2.6 2.6 0.8

240.001 41.429 2.6 2.6 0.8

-60.0 41.429 2.6 2.6 0.8

-85.0 41.429 2.6 2.6 0.8

-110.0 41.429 2.6 2.6 0.8

-135.0 41.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 41.93 90.0 981.0

2 500C5.00X 1 B 60.0 1.0 -0.5 40.93 89.2 981.0

3 500C5.00X 1 C 60.0 1.0 0.5 40.93 88.4 981.0

4 500C5.00X 2 A 60.0 1.0 59.5 41.93 90.0 1000.9

5 500C5.00X 2 B 60.0 1.0 59.5 40.93 89.2 1000.9

6 500C5.00X 2 C 60.0 1.0 60.5 40.93 88.4 1000.9

7 500C5.00X 3 A 60.0 1.0 119.5 41.93 90.0 1012.7

8 500C5.00X 3 B 60.0 1.0 119.5 40.93 89.2 1012.7

9 500C5.00X 3 C 60.0 1.0 120.5 40.93 88.4 1012.7

10 500C5.00X 4 A 60.0 1.0 179.5 41.93 90.0 1035.9

11 500C5.00X 4 B 60.0 1.0 179.5 40.93 89.3 1035.9

12 500C5.00X 4 C 60.0 1.0 180.5 40.93 88.4 1035.9

13 500C5.00X 5 A 60.0 1.0 239.5 41.93 90.0 1116.5

14 500C5.00X 5 B 60.0 1.0 239.5 40.93 89.3 1116.5

15 500C5.00X 5 C 60.0 1.0 240.5 40.93 88.2 1116.5

16 230C5.00X1 6 A 60.0 1.0 -60.5 41.93 90.0 1096.7

17 230C5.00X1 6 B 60.0 1.0 -60.5 40.93 89.0 1096.7

18 230C5.00X1 6 C 60.0 1.0 -59.5 40.93 88.1 1096.7

19 230C5.00X1 7 A 60.0 1.0 -85.5 41.93 90.0 1027.6

20 230C5.00X1 7 B 60.0 1.0 -85.5 40.93 89.1 1027.6

21 230C5.00X1 7 C 60.0 1.0 -84.5 40.93 88.5 1027.6

22 230C5.00X1 8 A 60.0 1.0 -110.5 41.93 90.0 1049.4

23 230C5.00X1 8 B 60.0 1.0 -110.5 40.93 89.1 1049.4

24 230C5.00X1 8 C 60.0 1.0 -109.5 40.93 88.6 1049.4

25 230C5.00X1 9 A 60.0 1.0 -135.5 41.93 90.0 1180.8

26 230C5.00X1 9 B 60.0 1.0 -135.5 40.93 89.1 1180.8

27 230C5.00X1 9 C 60.0 1.0 -134.5 40.93 88.8 1180.8

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

Execution: H104-230_500kV,40_DOC,25__60_,5000kcmilInCu,@4355_5147A DLF1

Date: 11/4/2024 10:35:02 AM

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: H104-230_500kV,40_DOC,25__60_,5000kcmilInCu,@4355_5147A DLF1

Date: 11/4/2024 10:35:02 AM

Description

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Thickness

Diameter



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22

Execution: H104-230_500kV,40_DOC,25__60_,5000kcmilInCu,@4355_5147A DLF1

Date: 11/4/2024 10:35:02 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Diameter



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 41.429 2.6 2.6 0.8

60.0 41.429 2.6 2.6 0.8

120.0 41.429 2.6 2.6 0.8

180.001 41.429 2.6 2.6 0.8

240.001 41.429 2.6 2.6 0.8

-60.0 41.429 2.6 2.6 0.8

-75.0 41.429 2.6 2.6 0.8

-90.0 41.429 2.6 2.6 0.8

-105.0 41.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 41.93 90.0 975.5

2 500C5.00X 1 B 60.0 1.0 -0.5 40.93 89.2 975.5

3 500C5.00X 1 C 60.0 1.0 0.5 40.93 88.4 975.5

4 500C5.00X 2 A 60.0 1.0 59.5 41.93 90.0 999.8

5 500C5.00X 2 B 60.0 1.0 59.5 40.93 89.2 999.8

6 500C5.00X 2 C 60.0 1.0 60.5 40.93 88.4 999.8

7 500C5.00X 3 A 60.0 1.0 119.5 41.93 90.0 1012.4

8 500C5.00X 3 B 60.0 1.0 119.5 40.93 89.2 1012.4

9 500C5.00X 3 C 60.0 1.0 120.5 40.93 88.4 1012.4

10 500C5.00X 4 A 60.0 1.0 179.5 41.93 90.0 1035.9

11 500C5.00X 4 B 60.0 1.0 179.5 40.93 89.3 1035.9

12 500C5.00X 4 C 60.0 1.0 180.5 40.93 88.4 1035.9

13 500C5.00X 5 A 60.0 1.0 239.5 41.93 90.0 1116.5

14 500C5.00X 5 B 60.0 1.0 239.5 40.93 89.3 1116.5

15 500C5.00X 5 C 60.0 1.0 240.5 40.93 88.2 1116.5

16 230C5.00X1 6 A 60.0 1.0 -60.5 41.93 90.0 1020.1

17 230C5.00X1 6 B 60.0 1.0 -60.5 40.93 89.1 1020.1

18 230C5.00X1 6 C 60.0 1.0 -59.5 40.93 88.0 1020.1

19 230C5.00X1 7 A 60.0 1.0 -75.5 41.93 90.0 918.1

20 230C5.00X1 7 B 60.0 1.0 -75.5 40.93 89.2 918.1

21 230C5.00X1 7 C 60.0 1.0 -74.5 40.93 88.6 918.1

22 230C5.00X1 8 A 60.0 1.0 -90.5 41.93 90.0 938.2

23 230C5.00X1 8 B 60.0 1.0 -90.5 40.93 89.2 938.2

24 230C5.00X1 8 C 60.0 1.0 -89.5 40.93 88.8 938.2

25 230C5.00X1 9 A 60.0 1.0 -105.5 41.93 90.0 1095.4

26 230C5.00X1 9 B 60.0 1.0 -105.5 40.93 89.1 1095.4

27 230C5.00X1 9 C 60.0 1.0 -104.5 40.93 89.2 1095.4

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: H105-230_500kV,40_DOC,15__60_,5000kcmilInCu,@3972_5140A DLF1

Date: 11/4/2024 8:26:44 AM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: H105-230_500kV,40_DOC,15__60_,5000kcmilInCu,@3972_5140A DLF1

Date: 11/4/2024 8:26:44 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: H105-230_500kV,40_DOC,15__60_,5000kcmilInCu,@3972_5140A DLF1

Date: 11/4/2024 8:26:44 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

-90.0 31.933 3.517 3.517 0.8

0.0 31.429 2.6 2.6 0.8

-180.001 31.933 3.517 3.517 0.8

52.0 31.429 2.6 2.6 0.8

104.0 31.429 2.6 2.6 0.8

156.001 31.429 2.6 2.6 0.8

208.001 31.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 230C5.00X1 1 A 60.0 1.0 -91.08 31.88 90.0 1086.9

2 230C5.00X1 1 B 60.0 1.0 -90.5 31.05 88.2 1086.9

3 230C5.00X1 1 C 60.0 1.0 -89.5 31.05 87.2 1086.9

4 230C5.00X1 2 A 60.0 1.0 -90.0 33.38 89.8 999.1

5 230C5.00X1 2 B 60.0 1.0 -89.22 32.88 88.0 999.1

6 230C5.00X1 2 C 60.0 1.0 -90.78 32.88 90.0 999.1

7 500C5.00X 3 A 60.0 1.0 -0.5 31.93 90.0 1133.7

8 500C5.00X 3 B 60.0 1.0 -0.5 30.93 89.1 1133.7

9 500C5.00X 3 C 60.0 1.0 0.5 30.93 88.3 1133.7

10 230C5.00X1 4 A 60.0 1.0 -181.08 31.88 90.0 1111.5

11 230C5.00X1 4 B 60.0 1.0 -180.5 31.05 88.2 1111.5

12 230C5.00X1 4 C 60.0 1.0 -179.5 31.05 87.2 1111.5

13 230C5.00X1 5 A 60.0 1.0 -180.0 33.38 89.8 1024.9

14 230C5.00X1 5 B 60.0 1.0 -179.22 32.88 88.0 1024.9

15 230C5.00X1 5 C 60.0 1.0 -180.78 32.88 90.0 1024.9

16 500C5.00X 6 A 60.0 1.0 51.5 31.93 90.0 1091.9

17 500C5.00X 6 B 60.0 1.0 51.5 30.93 89.1 1091.9

18 500C5.00X 6 C 60.0 1.0 52.5 30.93 88.2 1091.9

19 500C5.00X 7 A 60.0 1.0 103.5 31.93 90.0 1087.5

20 500C5.00X 7 B 60.0 1.0 103.5 30.93 89.1 1087.5

21 500C5.00X 7 C 60.0 1.0 104.5 30.93 88.2 1087.5

22 500C5.00X 8 A 60.0 1.0 155.5 31.93 90.0 1102.7

23 500C5.00X 8 B 60.0 1.0 155.5 30.93 89.1 1102.7

24 500C5.00X 8 C 60.0 1.0 156.5 30.93 88.2 1102.7

25 500C5.00X 9 A 60.0 1.0 207.5 31.93 90.0 1173.9

26 500C5.00X 9 B 60.0 1.0 207.5 30.93 89.2 1173.9

27 500C5.00X 9 C 60.0 1.0 208.5 30.93 88.0 1173.9

Results Summary

NSTD DB5

NSTD DB6

NSTD DB7

Layer Name

NSTD DB1

NSTD DB2

NSTD DB3

NSTD DB4

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: I100-230_500kV,30_DOC,90__52_,5000kcmilInCu,@4222_5590A DLF1

Date: 11/3/2024 3:21:12 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: I100-230_500kV,30_DOC,90__52_,5000kcmilInCu,@4222_5590A DLF1

Date: 11/3/2024 3:21:12 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: I100-230_500kV,30_DOC,90__52_,5000kcmilInCu,@4222_5590A DLF1

Date: 11/3/2024 3:21:12 PM

Description

Cables Report
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No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

-85.0 31.933 3.517 3.517 0.8

0.0 31.429 2.6 2.6 0.8

-170.001 31.933 3.517 3.517 0.8

45.0 31.429 2.6 2.6 0.8

90.0 31.429 2.6 2.6 0.8

135.0 31.429 2.6 2.6 0.8

180.001 31.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 230C5.00X1 1 A 60.0 1.0 -86.08 31.88 90.0 1078.3

2 230C5.00X1 1 B 60.0 1.0 -85.5 31.05 88.2 1078.3

3 230C5.00X1 1 C 60.0 1.0 -84.5 31.05 87.2 1078.3

4 230C5.00X1 2 A 60.0 1.0 -85.0 33.38 89.8 989.7

5 230C5.00X1 2 B 60.0 1.0 -84.22 32.88 88.0 989.7

6 230C5.00X1 2 C 60.0 1.0 -85.78 32.88 90.0 989.7

7 500C5.00X 3 A 60.0 1.0 -0.5 31.93 90.0 1105.1

8 500C5.00X 3 B 60.0 1.0 -0.5 30.93 89.1 1105.1

9 500C5.00X 3 C 60.0 1.0 0.5 30.93 88.3 1105.1

10 230C5.00X1 4 A 60.0 1.0 -171.08 31.88 90.0 1107.1

11 230C5.00X1 4 B 60.0 1.0 -170.5 31.05 88.2 1107.1

12 230C5.00X1 4 C 60.0 1.0 -169.5 31.05 87.2 1107.1

13 230C5.00X1 5 A 60.0 1.0 -170.0 33.38 89.8 1020.1

14 230C5.00X1 5 B 60.0 1.0 -169.22 32.88 88.0 1020.1

15 230C5.00X1 5 C 60.0 1.0 -170.78 32.88 90.0 1020.1

16 500C5.00X 6 A 60.0 1.0 44.5 31.93 90.0 1052.4

17 500C5.00X 6 B 60.0 1.0 44.5 30.93 89.1 1052.4

18 500C5.00X 6 C 60.0 1.0 45.5 30.93 88.2 1052.4

19 500C5.00X 7 A 60.0 1.0 89.5 31.93 90.0 1046.8

20 500C5.00X 7 B 60.0 1.0 89.5 30.93 89.1 1046.8

21 500C5.00X 7 C 60.0 1.0 90.5 30.93 88.2 1046.8

22 500C5.00X 8 A 60.0 1.0 134.5 31.93 90.0 1065.9

23 500C5.00X 8 B 60.0 1.0 134.5 30.93 89.1 1065.9

24 500C5.00X 8 C 60.0 1.0 135.5 30.93 88.2 1065.9

25 500C5.00X 9 A 60.0 1.0 179.5 31.93 90.0 1150.4

26 500C5.00X 9 B 60.0 1.0 179.5 30.93 89.2 1150.4

27 500C5.00X 9 C 60.0 1.0 180.5 30.93 88.0 1150.4

Results Summary

NSTD DB5

NSTD DB6

NSTD DB7

Layer Name

NSTD DB1

NSTD DB2

NSTD DB3

NSTD DB4

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: I101-230_500kV,30_DOC,85__45_,5000kcmilInCu,@4195_5420A DLF1

Date: 11/3/2024 2:11:08 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



Variable Unit
Cable No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Cable ID 230C5.00X1 230C5.00X1 230C5.00X1 230C5.00X1 230C5.00X1 230C5.00X1 500C5.00X 500C5.00X 500C5.00X 230C5.00X1 230C5.00X1 230C5.00X1 230C5.00X1 230C5.00X1 230C5.00X1 500C5.00X 500C5.00X 500C5.00X 500C5.00X 500C5.00X 500C5.00X 500C5.00X 500C5.00X 500C5.00X 500C5.00X 500C5.00X 500C5.00X

Circuit No. 1 1 1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 7 7 7 8 8 8 9 9 9

Phase A B C A B C A B C A B C A B C A B C A B C A B C A B C

Fq [Hz] 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0

x [ft] -86.08 -85.5 -84.5 -85.0 -84.22 -85.78 -0.5 -0.5 0.5 -171.08 -170.5 -169.5 -170.0 -169.22 -170.78 44.5 44.5 45.5 89.5 89.5 90.5 134.5 134.5 135.5 179.5 179.5 180.5

y [ft] 31.88 31.05 31.05 33.38 32.88 32.88 31.93 30.93 30.93 31.88 31.05 31.05 33.38 32.88 32.88 31.93 30.93 30.93 31.93 30.93 30.93 31.93 30.93 30.93 31.93 30.93 30.93

DLF [p.u.] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

1 Conductor 1 
Point Bonded 

Triangular

I [A] 1078.3 1078.3 1078.3 989.7 989.7 989.7 1105.1 1105.1 1105.1 1107.1 1107.1 1107.1 1020.1 1020.1 1020.1 1052.4 1052.4 1052.4 1046.8 1046.8 1046.8 1065.9 1065.9 1065.9 1150.4 1150.4 1150.4

c [°C] 90.0 88.2 87.2 89.8 88.0 90.0 90.0 89.1 88.3 90.0 88.2 87.2 89.8 88.0 90.0 90.0 89.1 88.2 90.0 89.1 88.2 90.0 89.1 88.2 90.0 89.2 88.0

s [°C] 85.8 84.0 83.0 86.2 84.4 86.4 83.6 82.7 81.9 85.5 83.8 82.8 86.0 84.2 86.2 84.0 83.1 82.3 84.1 83.2 82.3 83.9 83.0 82.1 83.1 82.3 81.1

a [°C] n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

surf [°C] 85.3 83.5 82.5 85.7 83.9 85.9 82.5 81.6 80.8 85.0 83.3 82.3 85.5 83.7 85.7 83.0 82.1 81.2 83.1 82.1 81.3 82.9 82.0 81.0 82.0 81.2 80.0

duct [°C] 81.2 79.4 78.4 82.2 80.4 82.4 77.1 76.2 75.5 80.7 79.0 78.0 81.8 80.0 82.0 78.0 77.1 76.3 78.1 77.2 76.3 77.8 76.9 76.0 76.3 75.5 74.3

R [ /mile] 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116 0.01116

R [ /mile] 0.01666 0.01659 0.01655 0.01668 0.01661 0.01669 0.01663 0.0166 0.01657 0.01666 0.01659 0.01655 0.01668 0.01661 0.01669 0.01663 0.0166 0.01656 0.01663 0.0166 0.01656 0.01663 0.0166 0.01656 0.01663 0.0166 0.01655

ys 0.16157 0.16312 0.16405 0.16175 0.16333 0.16157 0.16154 0.16232 0.16301 0.16157 0.1631 0.16401 0.16173 0.16332 0.16157 0.16154 0.16235 0.16309 0.16154 0.16235 0.16311 0.16154 0.16233 0.16314 0.16154 0.16225 0.16331

yp 0.00918 0.00926 0.0093 0.011 0.0111 0.01099 0.00713 0.00716 0.00719 0.00918 0.00926 0.0093 0.011 0.0111 0.01099 0.00713 0.00716 0.00719 0.00713 0.00716 0.00719 0.00713 0.00716 0.00719 0.00713 0.00716 0.0072

Wc [W/ft] 3.66871 3.65366 3.64486 3.09384 3.08096 3.09527 3.84723 3.83925 3.8323 3.86762 3.85195 3.84283 3.28723 3.27358 3.28864 3.48858 3.4811 3.4743 3.45184 3.44439 3.43749 3.57908 3.57158 3.56392 4.16889 4.16097 4.14932

Wd [W/ft] 0.55439 0.55439 0.55439 0.55439 0.55439 0.55439 2.01332 2.01332 2.01332 0.55439 0.55439 0.55439 0.55439 0.55439 0.55439 2.01332 2.01332 2.01332 2.01332 2.01332 2.01332 2.01332 2.01332 2.01332 2.01332 2.01332 2.01332

Ws [W/ft] 0.19729 0.19835 0.19898 0.19931 0.2004 0.19919 0.35222 0.35312 0.35391 0.20812 0.20923 0.20988 0.21188 0.21304 0.21176 0.31895 0.31979 0.32056 0.31555 0.31638 0.31716 0.32734 0.32818 0.32904 0.38214 0.38303 0.38435

Wa [W/ft] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Wt [W/ft] 4.4204 4.40641 4.39823 3.84754 3.83575 3.84885 6.21277 6.20569 6.19953 4.63014 4.61557 4.6071 4.05351 4.04101 4.0548 5.82086 5.81422 5.80819 5.78071 5.7741 5.76797 5.91974 5.91309 5.90629 6.56435 6.55732 6.547

0.05378 0.05429 0.05459 0.06442 0.06504 0.06435 0.09155 0.09198 0.09235 0.05381 0.05432 0.05461 0.06446 0.06508 0.06439 0.09143 0.09187 0.09227 0.09141 0.09185 0.09227 0.09146 0.09189 0.09233 0.09166 0.09205 0.09263

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

T1 [K.m/W] 0.32843 0.32843 0.32843 0.32843 0.32843 0.32843 0.4049 0.4049 0.4049 0.32843 0.32843 0.32843 0.32843 0.32843 0.32843 0.4049 0.4049 0.4049 0.4049 0.4049 0.4049 0.4049 0.4049 0.4049 0.4049 0.4049 0.4049

T2 [K.m/W] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

T3 [K.m/W] 0.03387 0.03387 0.03387 0.03387 0.03387 0.03387 0.05408 0.05408 0.05408 0.03387 0.03387 0.03387 0.03387 0.03387 0.03387 0.05408 0.05408 0.05408 0.05408 0.05408 0.05408 0.05408 0.05408 0.05408 0.05408 0.05408 0.05408

T4 [K.m/W] 5.05154 4.94589 4.88393 5.84219 5.71689 5.85523 3.45627 3.41673 3.38217 4.80713 4.70768 4.64966 5.52917 5.41062 5.54044 3.71758 3.67376 3.63385 3.74636 3.70195 3.66068 3.64841 3.60639 3.56331 3.24846 3.21429 3.16389

int [°C] 56.0 54.3 53.4 58.4 56.9 58.8 46.6 45.6 45.0 54.8 53.1 52.3 57.3 55.7 57.6 48.7 47.7 47.0 48.9 47.9 47.2 48.1 47.1 46.4 44.6 43.7 42.6

[V/mile] 222.28 208.02 253.67 216.15 205.15 188.27 227.87 204.46 221.37 230.72 209.86 260.23 225.09 208.13 197.19 215.36 192.46 213.85 213.14 190.03 214.73 215.85 192.19 220.74 230.84 205.44 241.76

[V/mile] 225.27 210.99 256.46 218.9 207.84 190.43 230.26 206.89 223.76 233.79 212.91 263.1 227.92 210.89 199.4 217.63 194.78 216.13 215.41 192.34 217.0 218.16 194.53 223.05 233.34 207.97 244.25

[A] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Others
Temperature rise due to surrounding heat sources

Induced Voltage (standing) on Sheath

Induced Voltage (standing) on Concentric Wires

Induced current on Metallic Screen

Armour Loss Factor + Pipe Loss Factor

Thermal resistances
Thermal resistance of insulation

Thermal resistance of bedding/medium inside pipe-type

Thermal resistance of outer covering

External thermal resistance

Conductor Losses

Dielectric Losses

Metallic Screen Losses

Armor/Pipe Losses

Total Losses

Screen Loss Factor

Resistances
DC Resistance of the conductor at 20°C

AC Resistance of the Conductor at Operating Temperature

Skin Effect Factor

Proximity Effect Factor

Losses

Temperatures
Conductor temperature

Sheath/Shield temperature

Armour temperature

Cable surface temperature

Duct surface temperature

X coordinate

Y coordinate

Daily Load Factor

Bonding Type

Ampacity
Steady State Ampacity

Cable Index Number

General Input Data
Cable Equipment ID

Circuit No.

Cable Phase

Operating Frequency

Consider Electrical interaction between circuits No

Induced current in metallic layers as a fraction of conductor current (applied to all 
single phase circuits) 0

Description Cables

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

Consider effect of soil dry out No

Installation type: Multiple Ductbanks

Steady State Option Unequally Loaded

Ambient temperature [°C] 12

Execution: I101-230_500kV,30_DOC,85__45_,5000kcmilInCu,@4195_5420A DLF1

Date: 11/3/2024 2:11:08 PM

Simulation Data

Steady State Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: I101-230_500kV,30_DOC,85__45_,5000kcmilInCu,@4195_5420A DLF1

Date: 11/3/2024 2:11:08 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: I101-230_500kV,30_DOC,85__45_,5000kcmilInCu,@4195_5420A DLF1

Date: 11/3/2024 2:11:08 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

-65.0 31.933 3.517 3.517 0.8

0.0 31.429 2.6 2.6 0.8

-130.0 31.933 3.517 3.517 0.8

30.0 31.429 2.6 2.6 0.8

60.0 31.429 2.6 2.6 0.8

90.0 31.429 2.6 2.6 0.8

120.0 31.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 230C5.00X1 1 A 60.0 1.0 -66.08 31.88 90.0 1034.3

2 230C5.00X1 1 B 60.0 1.0 -65.5 31.05 88.3 1034.3

3 230C5.00X1 1 C 60.0 1.0 -64.5 31.05 87.3 1034.3

4 230C5.00X1 2 A 60.0 1.0 -65.0 33.38 89.9 942.1

5 230C5.00X1 2 B 60.0 1.0 -64.22 32.88 88.1 942.1

6 230C5.00X1 2 C 60.0 1.0 -65.78 32.88 90.0 942.1

7 500C5.00X 3 A 60.0 1.0 -0.5 31.93 90.0 998.6

8 500C5.00X 3 B 60.0 1.0 -0.5 30.93 89.0 998.6

9 500C5.00X 3 C 60.0 1.0 0.5 30.93 88.5 998.6

10 230C5.00X1 4 A 60.0 1.0 -131.08 31.88 90.0 1083.0

11 230C5.00X1 4 B 60.0 1.0 -130.5 31.05 88.3 1083.0

12 230C5.00X1 4 C 60.0 1.0 -129.5 31.05 87.4 1083.0

13 230C5.00X1 5 A 60.0 1.0 -130.0 33.38 89.9 993.3

14 230C5.00X1 5 B 60.0 1.0 -129.22 32.88 88.2 993.3

15 230C5.00X1 5 C 60.0 1.0 -130.78 32.88 90.0 993.3

16 500C5.00X 6 A 60.0 1.0 29.5 31.93 90.0 921.6

17 500C5.00X 6 B 60.0 1.0 29.5 30.93 89.0 921.6

18 500C5.00X 6 C 60.0 1.0 30.5 30.93 88.3 921.6

19 500C5.00X 7 A 60.0 1.0 59.5 31.93 90.0 915.2

20 500C5.00X 7 B 60.0 1.0 59.5 30.93 89.0 915.2

21 500C5.00X 7 C 60.0 1.0 60.5 30.93 88.3 915.2

22 500C5.00X 8 A 60.0 1.0 89.5 31.93 90.0 948.1

23 500C5.00X 8 B 60.0 1.0 89.5 30.93 89.1 948.1

24 500C5.00X 8 C 60.0 1.0 90.5 30.93 88.2 948.1

25 500C5.00X 9 A 60.0 1.0 119.5 31.93 90.0 1072.6

26 500C5.00X 9 B 60.0 1.0 119.5 30.93 89.1 1072.6

27 500C5.00X 9 C 60.0 1.0 120.5 30.93 87.8 1072.6

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

Execution: I102-230_500kV,30_DOC,65__30_,5000kcmilInCu,@4052_4857A DLF1

Date: 11/3/2024 11:03:17 AM

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

NSTD DB4

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

Layer Name

NSTD DB1

NSTD DB2

NSTD DB3

Results Summary

NSTD DB5

NSTD DB6

NSTD DB7
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No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22

Execution: I102-230_500kV,30_DOC,65__30_,5000kcmilInCu,@4052_4857A DLF1

Date: 11/3/2024 11:03:17 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Diameter



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian



No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: I102-230_500kV,30_DOC,65__30_,5000kcmilInCu,@4052_4857A DLF1

Date: 11/3/2024 11:03:17 AM

Description

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Thickness

Diameter



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

-60.0 31.933 3.517 3.517 0.8

0.0 31.429 2.6 2.6 0.8

-120.0 31.933 3.517 3.517 0.8

35.0 31.429 2.6 2.6 0.8

70.0 31.429 2.6 2.6 0.8

105.0 31.429 2.6 2.6 0.8

140.0 31.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 230C5.00X1 1 A 60.0 1.0 -61.08 31.88 90.0 1024.2

2 230C5.00X1 1 B 60.0 1.0 -60.5 31.05 88.3 1024.2

3 230C5.00X1 1 C 60.0 1.0 -59.5 31.05 87.3 1024.2

4 230C5.00X1 2 A 60.0 1.0 -60.0 33.38 89.9 931.5

5 230C5.00X1 2 B 60.0 1.0 -59.22 32.88 88.2 931.5

6 230C5.00X1 2 C 60.0 1.0 -60.78 32.88 90.0 931.5

7 500C5.00X 3 A 60.0 1.0 -0.5 31.93 90.0 1016.5

8 500C5.00X 3 B 60.0 1.0 -0.5 30.93 89.0 1016.5

9 500C5.00X 3 C 60.0 1.0 0.5 30.93 88.4 1016.5

10 230C5.00X1 4 A 60.0 1.0 -121.08 31.88 90.0 1075.6

11 230C5.00X1 4 B 60.0 1.0 -120.5 31.05 88.3 1075.6

12 230C5.00X1 4 C 60.0 1.0 -119.5 31.05 87.4 1075.6

13 230C5.00X1 5 A 60.0 1.0 -120.0 33.38 89.9 985.1

14 230C5.00X1 5 B 60.0 1.0 -119.22 32.88 88.2 985.1

15 230C5.00X1 5 C 60.0 1.0 -120.78 32.88 90.0 985.1

16 500C5.00X 6 A 60.0 1.0 34.5 31.93 90.0 965.4

17 500C5.00X 6 B 60.0 1.0 34.5 30.93 89.0 965.4

18 500C5.00X 6 C 60.0 1.0 35.5 30.93 88.3 965.4

19 500C5.00X 7 A 60.0 1.0 69.5 31.93 90.0 964.4

20 500C5.00X 7 B 60.0 1.0 69.5 30.93 89.0 964.4

21 500C5.00X 7 C 60.0 1.0 70.5 30.93 88.2 964.4

22 500C5.00X 8 A 60.0 1.0 104.5 31.93 90.0 993.7

23 500C5.00X 8 B 60.0 1.0 104.5 30.93 89.1 993.7

24 500C5.00X 8 C 60.0 1.0 105.5 30.93 88.2 993.7

25 500C5.00X 9 A 60.0 1.0 139.5 31.93 90.0 1103.4

26 500C5.00X 9 B 60.0 1.0 139.5 30.93 89.1 1103.4

27 500C5.00X 9 C 60.0 1.0 140.5 30.93 87.9 1103.4

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

Execution: I103-230_500kV,30_DOC,60__35_,5000kcmilInCu,@4016_5043A DLF1

Date: 11/3/2024 9:06:24 AM

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

NSTD DB4

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

Layer Name

NSTD DB1

NSTD DB2

NSTD DB3

Results Summary

NSTD DB5

NSTD DB6

NSTD DB7
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No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22

Execution: I103-230_500kV,30_DOC,60__35_,5000kcmilInCu,@4016_5043A DLF1

Date: 11/3/2024 9:06:24 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Diameter



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian



No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: I103-230_500kV,30_DOC,60__35_,5000kcmilInCu,@4016_5043A DLF1

Date: 11/3/2024 9:06:24 AM

Description

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Thickness

Diameter



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 31.429 2.6 2.6 0.8

60.0 31.429 2.6 2.6 0.8

120.0 31.429 2.6 2.6 0.8

180.001 31.429 2.6 2.6 0.8

240.001 31.429 2.6 2.6 0.8

-60.0 31.429 2.6 2.6 0.8

-75.0 31.429 2.6 2.6 0.8

-90.0 31.429 2.6 2.6 0.8

-105.0 31.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 31.93 90.0 1089.8

2 500C5.00X 1 B 60.0 1.0 -0.5 30.93 89.1 1089.8

3 500C5.00X 1 C 60.0 1.0 0.5 30.93 88.1 1089.8

4 500C5.00X 2 A 60.0 1.0 59.5 31.93 90.0 1112.1

5 500C5.00X 2 B 60.0 1.0 59.5 30.93 89.1 1112.1

6 500C5.00X 2 C 60.0 1.0 60.5 30.93 88.2 1112.1

7 500C5.00X 3 A 60.0 1.0 119.5 31.93 90.0 1120.1

8 500C5.00X 3 B 60.0 1.0 119.5 30.93 89.1 1120.1

9 500C5.00X 3 C 60.0 1.0 120.5 30.93 88.2 1120.1

10 500C5.00X 4 A 60.0 1.0 179.5 31.93 90.0 1134.2

11 500C5.00X 4 B 60.0 1.0 179.5 30.93 89.1 1134.2

12 500C5.00X 4 C 60.0 1.0 180.5 30.93 88.2 1134.2

13 500C5.00X 5 A 60.0 1.0 239.5 31.93 90.0 1193.4

14 500C5.00X 5 B 60.0 1.0 239.5 30.93 89.2 1193.4

15 500C5.00X 5 C 60.0 1.0 240.5 30.93 88.0 1193.4

16 230C5.00X1 6 A 60.0 1.0 -60.5 31.93 90.0 1113.5

17 230C5.00X1 6 B 60.0 1.0 -60.5 30.93 88.9 1113.5

18 230C5.00X1 6 C 60.0 1.0 -59.5 30.93 87.6 1113.5

19 230C5.00X1 7 A 60.0 1.0 -75.5 31.93 90.0 1004.0

20 230C5.00X1 7 B 60.0 1.0 -75.5 30.93 88.9 1004.0

21 230C5.00X1 7 C 60.0 1.0 -74.5 30.93 88.3 1004.0

22 230C5.00X1 8 A 60.0 1.0 -90.5 31.93 90.0 1018.6

23 230C5.00X1 8 B 60.0 1.0 -90.5 30.93 88.9 1018.6

24 230C5.00X1 8 C 60.0 1.0 -89.5 30.93 88.5 1018.6

25 230C5.00X1 9 A 60.0 1.0 -105.5 31.93 90.0 1170.9

26 230C5.00X1 9 B 60.0 1.0 -105.5 30.93 88.9 1170.9

27 230C5.00X1 9 C 60.0 1.0 -104.5 30.93 89.0 1170.9

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: J100-230_500kV,30_DOC,15__60_,5000kcmilInCu,@4307_5650A DLF1

Date: 11/3/2024 2:09:47 AM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: J100-230_500kV,30_DOC,15__60_,5000kcmilInCu,@4307_5650A DLF1

Date: 11/3/2024 2:09:47 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: J100-230_500kV,30_DOC,15__60_,5000kcmilInCu,@4307_5650A DLF1

Date: 11/3/2024 2:09:47 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 31.429 2.6 2.6 0.8

35.0 31.429 2.6 2.6 0.8

70.0 31.429 2.6 2.6 0.8

105.0 31.429 2.6 2.6 0.8

140.0 31.429 2.6 2.6 0.8

-35.0 31.429 2.6 2.6 0.8

-50.0 31.429 2.6 2.6 0.8

-65.0 31.429 2.6 2.6 0.8

-80.0 31.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 31.93 90.0 913.2

2 500C5.00X 1 B 60.0 1.0 -0.5 30.93 89.0 913.2

3 500C5.00X 1 C 60.0 1.0 0.5 30.93 88.2 913.2

4 500C5.00X 2 A 60.0 1.0 34.5 31.93 90.0 934.4

5 500C5.00X 2 B 60.0 1.0 34.5 30.93 89.0 934.4

6 500C5.00X 2 C 60.0 1.0 35.5 30.93 88.2 934.4

7 500C5.00X 3 A 60.0 1.0 69.5 31.93 90.0 951.8

8 500C5.00X 3 B 60.0 1.0 69.5 30.93 89.0 951.8

9 500C5.00X 3 C 60.0 1.0 70.5 30.93 88.2 951.8

10 500C5.00X 4 A 60.0 1.0 104.5 31.93 90.0 987.8

11 500C5.00X 4 B 60.0 1.0 104.5 30.93 89.1 987.8

12 500C5.00X 4 C 60.0 1.0 105.5 30.93 88.2 987.8

13 500C5.00X 5 A 60.0 1.0 139.5 31.93 90.0 1100.6

14 500C5.00X 5 B 60.0 1.0 139.5 30.93 89.1 1100.6

15 500C5.00X 5 C 60.0 1.0 140.5 30.93 87.9 1100.6

16 230C5.00X1 6 A 60.0 1.0 -35.5 31.93 90.0 1036.7

17 230C5.00X1 6 B 60.0 1.0 -35.5 30.93 88.8 1036.7

18 230C5.00X1 6 C 60.0 1.0 -34.5 30.93 87.8 1036.7

19 230C5.00X1 7 A 60.0 1.0 -50.5 31.93 90.0 967.6

20 230C5.00X1 7 B 60.0 1.0 -50.5 30.93 88.9 967.6

21 230C5.00X1 7 C 60.0 1.0 -49.5 30.93 88.4 967.6

22 230C5.00X1 8 A 60.0 1.0 -65.5 31.93 90.0 999.0

23 230C5.00X1 8 B 60.0 1.0 -65.5 30.93 88.9 999.0

24 230C5.00X1 8 C 60.0 1.0 -64.5 30.93 88.5 999.0

25 230C5.00X1 9 A 60.0 1.0 -80.5 31.93 90.0 1158.9

26 230C5.00X1 9 B 60.0 1.0 -80.5 30.93 88.9 1158.9

27 230C5.00X1 9 C 60.0 1.0 -79.5 30.93 89.0 1158.9

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: J101-230_500kV,30_DOC,15__35_,5000kcmilInCu,@4162_4888A DLF1

Date: 11/3/2024 1:28:03 AM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: J101-230_500kV,30_DOC,15__35_,5000kcmilInCu,@4162_4888A DLF1

Date: 11/3/2024 1:28:03 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: J101-230_500kV,30_DOC,15__35_,5000kcmilInCu,@4162_4888A DLF1

Date: 11/3/2024 1:28:03 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 31.429 2.6 2.6 0.8

45.0 31.429 2.6 2.6 0.8

90.0 31.429 2.6 2.6 0.8

135.0 31.429 2.6 2.6 0.8

180.001 31.429 2.6 2.6 0.8

-30.0 31.429 2.6 2.6 0.8

-45.0 31.429 2.6 2.6 0.8

-60.0 31.429 2.6 2.6 0.8

-75.0 31.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 31.93 90.0 932.0

2 500C5.00X 1 B 60.0 1.0 -0.5 30.93 89.0 932.0

3 500C5.00X 1 C 60.0 1.0 0.5 30.93 88.0 932.0

4 500C5.00X 2 A 60.0 1.0 44.5 31.93 90.0 1011.1

5 500C5.00X 2 B 60.0 1.0 44.5 30.93 89.0 1011.1

6 500C5.00X 2 C 60.0 1.0 45.5 30.93 88.2 1011.1

7 500C5.00X 3 A 60.0 1.0 89.5 31.93 90.0 1033.0

8 500C5.00X 3 B 60.0 1.0 89.5 30.93 89.0 1033.0

9 500C5.00X 3 C 60.0 1.0 90.5 30.93 88.2 1033.0

10 500C5.00X 4 A 60.0 1.0 134.5 31.93 90.0 1060.5

11 500C5.00X 4 B 60.0 1.0 134.5 30.93 89.1 1060.5

12 500C5.00X 4 C 60.0 1.0 135.5 30.93 88.2 1060.5

13 500C5.00X 5 A 60.0 1.0 179.5 31.93 90.0 1147.9

14 500C5.00X 5 B 60.0 1.0 179.5 30.93 89.2 1147.9

15 500C5.00X 5 C 60.0 1.0 180.5 30.93 88.0 1147.9

16 230C5.00X1 6 A 60.0 1.0 -30.5 31.93 90.0 1029.9

17 230C5.00X1 6 B 60.0 1.0 -30.5 30.93 88.8 1029.9

18 230C5.00X1 6 C 60.0 1.0 -29.5 30.93 87.9 1029.9

19 230C5.00X1 7 A 60.0 1.0 -45.5 31.93 90.0 966.8

20 230C5.00X1 7 B 60.0 1.0 -45.5 30.93 88.9 966.8

21 230C5.00X1 7 C 60.0 1.0 -44.5 30.93 88.4 966.8

22 230C5.00X1 8 A 60.0 1.0 -60.5 31.93 90.0 999.4

23 230C5.00X1 8 B 60.0 1.0 -60.5 30.93 88.9 999.4

24 230C5.00X1 8 C 60.0 1.0 -59.5 30.93 88.6 999.4

25 230C5.00X1 9 A 60.0 1.0 -75.5 31.93 90.0 1159.4

26 230C5.00X1 9 B 60.0 1.0 -75.5 30.93 88.9 1159.4

27 230C5.00X1 9 C 60.0 1.0 -74.5 30.93 89.0 1159.4

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: J102-230_500kV,30_DOC,15__45_,5000kcmilInCu,@4156_5184A DLF1

Date: 11/3/2024 12:40:13 AM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: J102-230_500kV,30_DOC,15__45_,5000kcmilInCu,@4156_5184A DLF1

Date: 11/3/2024 12:40:13 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: J102-230_500kV,30_DOC,15__45_,5000kcmilInCu,@4156_5184A DLF1

Date: 11/3/2024 12:40:13 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 31.429 2.6 2.6 0.8

45.0 31.429 2.6 2.6 0.8

90.0 31.429 2.6 2.6 0.8

135.0 31.429 2.6 2.6 0.8

180.001 31.429 2.6 2.6 0.8

-15.0 31.429 2.6 2.6 0.8

-30.0 31.429 2.6 2.6 0.8

-45.0 31.429 2.6 2.6 0.8

-60.0 31.429 2.6 2.6 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 31.93 90.0 809.5

2 500C5.00X 1 B 60.0 1.0 -0.5 30.93 89.0 809.5

3 500C5.00X 1 C 60.0 1.0 0.5 30.93 87.8 809.5

4 500C5.00X 2 A 60.0 1.0 44.5 31.93 90.0 997.3

5 500C5.00X 2 B 60.0 1.0 44.5 30.93 89.0 997.3

6 500C5.00X 2 C 60.0 1.0 45.5 30.93 88.1 997.3

7 500C5.00X 3 A 60.0 1.0 89.5 31.93 90.0 1029.4

8 500C5.00X 3 B 60.0 1.0 89.5 30.93 89.0 1029.4

9 500C5.00X 3 C 60.0 1.0 90.5 30.93 88.2 1029.4

10 500C5.00X 4 A 60.0 1.0 134.5 31.93 90.0 1059.3

11 500C5.00X 4 B 60.0 1.0 134.5 30.93 89.1 1059.3

12 500C5.00X 4 C 60.0 1.0 135.5 30.93 88.2 1059.3

13 500C5.00X 5 A 60.0 1.0 179.5 31.93 90.0 1147.5

14 500C5.00X 5 B 60.0 1.0 179.5 30.93 89.2 1147.5

15 500C5.00X 5 C 60.0 1.0 180.5 30.93 88.0 1147.5

16 230C5.00X1 6 A 60.0 1.0 -15.5 31.93 90.0 955.6

17 230C5.00X1 6 B 60.0 1.0 -15.5 30.93 88.9 955.6

18 230C5.00X1 6 C 60.0 1.0 -14.5 30.93 88.3 955.6

19 230C5.00X1 7 A 60.0 1.0 -30.5 31.93 90.0 945.4

20 230C5.00X1 7 B 60.0 1.0 -30.5 30.93 88.9 945.4

21 230C5.00X1 7 C 60.0 1.0 -29.5 30.93 88.4 945.4

22 230C5.00X1 8 A 60.0 1.0 -45.5 31.93 90.0 991.0

23 230C5.00X1 8 B 60.0 1.0 -45.5 30.93 88.9 991.0

24 230C5.00X1 8 C 60.0 1.0 -44.5 30.93 88.6 991.0

25 230C5.00X1 9 A 60.0 1.0 -60.5 31.93 90.0 1155.3

26 230C5.00X1 9 B 60.0 1.0 -60.5 30.93 88.9 1155.3

27 230C5.00X1 9 C 60.0 1.0 -59.5 30.93 89.0 1155.3

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: J103-230_500kV,30_DOC,15__45_,5000kcmilInCu,@4047_5043A DLF1

Date: 11/3/2024 12:00:14 AM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: J103-230_500kV,30_DOC,15__45_,5000kcmilInCu,@4047_5043A DLF1

Date: 11/3/2024 12:00:14 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 PVC Duct in Concrete

66 [K.m/W] 6

67 Air

68 [in] 7.942

69 [in] 8.625

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: J103-230_500kV,30_DOC,15__45_,5000kcmilInCu,@4047_5043A DLF1

Date: 11/3/2024 12:00:14 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 PVC Duct in Concrete

71 [K.m/W] 6

72 Air

73 [in] 7.942

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 46.265 2.3 2.3 0.8

60.0 46.265 2.3 2.3 0.8

120.0 46.265 2.3 2.3 0.8

180.001 46.265 2.3 2.3 0.8

240.001 46.265 2.3 2.3 0.8

-60.0 46.265 2.3 2.3 0.8

-75.0 46.265 2.3 2.3 0.8

-90.0 46.265 2.3 2.3 0.8

-105.0 46.265 2.3 2.3 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 46.76 90.0 918.5

2 500C5.00X 1 B 60.0 1.0 -0.5 45.76 89.1 918.5

3 500C5.00X 1 C 60.0 1.0 0.5 45.76 88.3 918.5

4 500C5.00X 2 A 60.0 1.0 59.5 46.76 90.0 943.4

5 500C5.00X 2 B 60.0 1.0 59.5 45.76 89.2 943.4

6 500C5.00X 2 C 60.0 1.0 60.5 45.76 88.3 943.4

7 500C5.00X 3 A 60.0 1.0 119.5 46.76 90.0 957.9

8 500C5.00X 3 B 60.0 1.0 119.5 45.76 89.2 957.9

9 500C5.00X 3 C 60.0 1.0 120.5 45.76 88.3 957.9

10 500C5.00X 4 A 60.0 1.0 179.5 46.76 90.0 985.2

11 500C5.00X 4 B 60.0 1.0 179.5 45.76 89.2 985.2

12 500C5.00X 4 C 60.0 1.0 180.5 45.76 88.2 985.2

13 500C5.00X 5 A 60.0 1.0 239.5 46.76 90.0 1072.8

14 500C5.00X 5 B 60.0 1.0 239.5 45.76 89.2 1072.8

15 500C5.00X 5 C 60.0 1.0 240.5 45.76 88.0 1072.8

16 230C5.00X1 6 A 60.0 1.0 -60.5 46.76 90.0 978.7

17 230C5.00X1 6 B 60.0 1.0 -60.5 45.76 89.3 978.7

18 230C5.00X1 6 C 60.0 1.0 -59.5 45.76 88.3 978.7

19 230C5.00X1 7 A 60.0 1.0 -75.5 46.76 90.0 882.6

20 230C5.00X1 7 B 60.0 1.0 -75.5 45.76 89.4 882.6

21 230C5.00X1 7 C 60.0 1.0 -74.5 45.76 88.8 882.6

22 230C5.00X1 8 A 60.0 1.0 -90.5 46.76 90.0 904.5

23 230C5.00X1 8 B 60.0 1.0 -90.5 45.76 89.4 904.5

24 230C5.00X1 8 C 60.0 1.0 -89.5 45.76 89.0 904.5

25 230C5.00X1 9 A 60.0 1.0 -105.5 46.76 90.0 1058.9

26 230C5.00X1 9 B 60.0 1.0 -105.5 45.76 89.4 1058.9

27 230C5.00X1 9 C 60.0 1.0 -104.5 45.76 89.4 1058.9

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: K100-230_500kV,45_DOC,15__60_,5000kcmilInCu,@3825_4878A DLF1

Date: 11/2/2024 9:43:17 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: K100-230_500kV,45_DOC,15__60_,5000kcmilInCu,@3825_4878A DLF1

Date: 11/2/2024 9:43:17 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 Polyethylene in Concrete

66 [K.m/W] 3.5

67 Air

68 [in] 8.678

69 [in] 10.75

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: K100-230_500kV,45_DOC,15__60_,5000kcmilInCu,@3825_4878A DLF1

Date: 11/2/2024 9:43:17 PM
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Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 Polyethylene in Concrete

71 [K.m/W] 3.5

72 Air

73 [in] 6.963

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 46.265 2.3 2.3 0.8

70.0 46.265 2.3 2.3 0.8

140.0 46.265 2.3 2.3 0.8

210.001 46.265 2.3 2.3 0.8

280.001 46.265 2.3 2.3 0.8

-70.0 46.265 2.3 2.3 0.8

-95.0 46.265 2.3 2.3 0.8

-120.0 46.265 2.3 2.3 0.8

-145.0 46.265 2.3 2.3 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 46.76 90.0 971.5

2 500C5.00X 1 B 60.0 1.0 -0.5 45.76 89.1 971.5

3 500C5.00X 1 C 60.0 1.0 0.5 45.76 88.2 971.5

4 500C5.00X 2 A 60.0 1.0 69.5 46.76 90.0 993.0

5 500C5.00X 2 B 60.0 1.0 69.5 45.76 89.2 993.0

6 500C5.00X 2 C 60.0 1.0 70.5 45.76 88.2 993.0

7 500C5.00X 3 A 60.0 1.0 139.5 46.76 90.0 1004.2

8 500C5.00X 3 B 60.0 1.0 139.5 45.76 89.2 1004.2

9 500C5.00X 3 C 60.0 1.0 140.5 45.76 88.2 1004.2

10 500C5.00X 4 A 60.0 1.0 209.5 46.76 90.0 1025.1

11 500C5.00X 4 B 60.0 1.0 209.5 45.76 89.2 1025.1

12 500C5.00X 4 C 60.0 1.0 210.5 45.76 88.2 1025.1

13 500C5.00X 5 A 60.0 1.0 279.5 46.76 90.0 1098.3

14 500C5.00X 5 B 60.0 1.0 279.5 45.76 89.3 1098.3

15 500C5.00X 5 C 60.0 1.0 280.5 45.76 88.0 1098.3

16 230C5.00X1 6 A 60.0 1.0 -70.5 46.76 90.0 1072.5

17 230C5.00X1 6 B 60.0 1.0 -70.5 45.76 89.3 1072.5

18 230C5.00X1 6 C 60.0 1.0 -69.5 45.76 88.3 1072.5

19 230C5.00X1 7 A 60.0 1.0 -95.5 46.76 90.0 996.0

20 230C5.00X1 7 B 60.0 1.0 -95.5 45.76 89.3 996.0

21 230C5.00X1 7 C 60.0 1.0 -94.5 45.76 88.7 996.0

22 230C5.00X1 8 A 60.0 1.0 -120.5 46.76 90.0 1015.4

23 230C5.00X1 8 B 60.0 1.0 -120.5 45.76 89.4 1015.4

24 230C5.00X1 8 C 60.0 1.0 -119.5 45.76 88.9 1015.4

25 230C5.00X1 9 A 60.0 1.0 -145.5 46.76 90.0 1145.3

26 230C5.00X1 9 B 60.0 1.0 -145.5 45.76 89.4 1145.3

27 230C5.00X1 9 C 60.0 1.0 -144.5 45.76 89.1 1145.3

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: K101-230_500kV,45_DOC,25__70_,5000kcmilInCu,@4229_5092A DLF1

Date: 11/2/2024 7:22:55 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: K101-230_500kV,45_DOC,25__70_,5000kcmilInCu,@4229_5092A DLF1

Date: 11/2/2024 7:22:55 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 Polyethylene in Concrete

66 [K.m/W] 3.5

67 Air

68 [in] 8.678

69 [in] 10.75

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: K101-230_500kV,45_DOC,25__70_,5000kcmilInCu,@4229_5092A DLF1

Date: 11/2/2024 7:22:55 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 Polyethylene in Concrete

71 [K.m/W] 3.5

72 Air

73 [in] 6.963

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 46.265 2.3 2.3 0.8

65.0 46.265 2.3 2.3 0.8

130.0 46.265 2.3 2.3 0.8

195.001 46.265 2.3 2.3 0.8

260.001 46.265 2.3 2.3 0.8

-60.0 46.265 2.3 2.3 0.8

-80.0 46.265 2.3 2.3 0.8

-100.0 46.265 2.3 2.3 0.8

-120.0 46.265 2.3 2.3 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 46.76 90.0 933.4

2 500C5.00X 1 B 60.0 1.0 -0.5 45.76 89.1 933.4

3 500C5.00X 1 C 60.0 1.0 0.5 45.76 88.2 933.4

4 500C5.00X 2 A 60.0 1.0 64.5 46.76 90.0 966.7

5 500C5.00X 2 B 60.0 1.0 64.5 45.76 89.2 966.7

6 500C5.00X 2 C 60.0 1.0 65.5 45.76 88.3 966.7

7 500C5.00X 3 A 60.0 1.0 129.5 46.76 90.0 981.5

8 500C5.00X 3 B 60.0 1.0 129.5 45.76 89.2 981.5

9 500C5.00X 3 C 60.0 1.0 130.5 45.76 88.3 981.5

10 500C5.00X 4 A 60.0 1.0 194.5 46.76 90.0 1006.0

11 500C5.00X 4 B 60.0 1.0 194.5 45.76 89.2 1006.0

12 500C5.00X 4 C 60.0 1.0 195.5 45.76 88.2 1006.0

13 500C5.00X 5 A 60.0 1.0 259.5 46.76 90.0 1086.3

14 500C5.00X 5 B 60.0 1.0 259.5 45.76 89.3 1086.3

15 500C5.00X 5 C 60.0 1.0 260.5 45.76 88.0 1086.3

16 230C5.00X1 6 A 60.0 1.0 -60.5 46.76 90.0 1021.8

17 230C5.00X1 6 B 60.0 1.0 -60.5 45.76 89.3 1021.8

18 230C5.00X1 6 C 60.0 1.0 -59.5 45.76 88.3 1021.8

19 230C5.00X1 7 A 60.0 1.0 -80.5 46.76 90.0 940.8

20 230C5.00X1 7 B 60.0 1.0 -80.5 45.76 89.3 940.8

21 230C5.00X1 7 C 60.0 1.0 -79.5 45.76 88.8 940.8

22 230C5.00X1 8 A 60.0 1.0 -100.5 46.76 90.0 963.4

23 230C5.00X1 8 B 60.0 1.0 -100.5 45.76 89.4 963.4

24 230C5.00X1 8 C 60.0 1.0 -99.5 45.76 88.9 963.4

25 230C5.00X1 9 A 60.0 1.0 -120.5 46.76 90.0 1105.7

26 230C5.00X1 9 B 60.0 1.0 -120.5 45.76 89.3 1105.7

27 230C5.00X1 9 C 60.0 1.0 -119.5 45.76 89.2 1105.7

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Execution: K102-230_500kV,45_DOC,20__65_,5000kcmilInCu,@4032_4974A DLF1

Date: 11/2/2024 5:01:41 PM

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Thickness

Diameter

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: K102-230_500kV,45_DOC,20__65_,5000kcmilInCu,@4032_4974A DLF1

Date: 11/2/2024 5:01:41 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 Polyethylene in Concrete

66 [K.m/W] 3.5

67 Air

68 [in] 8.678

69 [in] 10.75

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22Diameter

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: K102-230_500kV,45_DOC,20__65_,5000kcmilInCu,@4032_4974A DLF1

Date: 11/2/2024 5:01:41 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 Polyethylene in Concrete

71 [K.m/W] 3.5

72 Air

73 [in] 6.963

74 [in] 8.625

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 46.265 2.3 2.3 0.8

65.0 46.265 2.3 2.3 0.8

130.0 46.265 2.3 2.3 0.8

195.001 46.265 2.3 2.3 0.8

260.001 46.265 2.3 2.3 0.8

-65.0 46.265 2.3 2.3 0.8

-85.0 46.265 2.3 2.3 0.8

-105.0 46.265 2.3 2.3 0.8

-125.0 46.265 2.3 2.3 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 46.76 90.0 946.0

2 500C5.00X 1 B 60.0 1.0 -0.5 45.76 89.1 946.0

3 500C5.00X 1 C 60.0 1.0 0.5 45.76 88.2 946.0

4 500C5.00X 2 A 60.0 1.0 64.5 46.76 90.0 969.4

5 500C5.00X 2 B 60.0 1.0 64.5 45.76 89.2 969.4

6 500C5.00X 2 C 60.0 1.0 65.5 45.76 88.3 969.4

7 500C5.00X 3 A 60.0 1.0 129.5 46.76 90.0 982.3

8 500C5.00X 3 B 60.0 1.0 129.5 45.76 89.2 982.3

9 500C5.00X 3 C 60.0 1.0 130.5 45.76 88.3 982.3

10 500C5.00X 4 A 60.0 1.0 194.5 46.76 90.0 1006.3

11 500C5.00X 4 B 60.0 1.0 194.5 45.76 89.2 1006.3

12 500C5.00X 4 C 60.0 1.0 195.5 45.76 88.2 1006.3

13 500C5.00X 5 A 60.0 1.0 259.5 46.76 90.0 1086.4

14 500C5.00X 5 B 60.0 1.0 259.5 45.76 89.3 1086.4

15 500C5.00X 5 C 60.0 1.0 260.5 45.76 88.0 1086.4

16 230C5.00X1 6 A 60.0 1.0 -65.5 46.76 90.0 1029.9

17 230C5.00X1 6 B 60.0 1.0 -65.5 45.76 89.3 1029.9

18 230C5.00X1 6 C 60.0 1.0 -64.5 45.76 88.3 1029.9

19 230C5.00X1 7 A 60.0 1.0 -85.5 46.76 90.0 944.7

20 230C5.00X1 7 B 60.0 1.0 -85.5 45.76 89.4 944.7

21 230C5.00X1 7 C 60.0 1.0 -84.5 45.76 88.8 944.7

22 230C5.00X1 8 A 60.0 1.0 -105.5 46.76 90.0 965.5

23 230C5.00X1 8 B 60.0 1.0 -105.5 45.76 89.4 965.5

24 230C5.00X1 8 C 60.0 1.0 -104.5 45.76 88.9 965.5

25 230C5.00X1 9 A 60.0 1.0 -125.5 46.76 90.0 1106.9

26 230C5.00X1 9 B 60.0 1.0 -125.5 45.76 89.4 1106.9

27 230C5.00X1 9 C 60.0 1.0 -124.5 45.76 89.2 1106.9

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

Execution: K103-230_500kV,45_DOC,20__65_,5000kcmilInCu,@4047_4990A DLF1

Date: 11/2/2024 12:58:32 PM

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: K103-230_500kV,45_DOC,20__65_,5000kcmilInCu,@4047_4990A DLF1

Date: 11/2/2024 12:58:32 PM

Description

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Thickness

Diameter



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 Polyethylene in Concrete

66 [K.m/W] 3.5

67 Air

68 [in] 8.678

69 [in] 10.75

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22

Execution: K103-230_500kV,45_DOC,20__65_,5000kcmilInCu,@4047_4990A DLF1

Date: 11/2/2024 12:58:32 PM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Diameter



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 Polyethylene in Concrete

71 [K.m/W] 3.5

72 Air

73 [in] 6.963

74 [in] 8.625

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian



X [ft] Y [ft] Width [ft] Height [ft]
Thermal 

Resistivity 
[K.m/W]

0.0 46.265 2.3 2.3 0.8

65.0 46.265 2.3 2.3 0.8

130.0 46.265 2.3 2.3 0.8

195.001 46.265 2.3 2.3 0.8

260.001 46.265 2.3 2.3 0.8

-70.0 46.265 2.3 2.3 0.8

-90.0 46.265 2.3 2.3 0.8

-110.0 46.265 2.3 2.3 0.8

-130.0 46.265 2.3 2.3 0.8

Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency
Daily Load 

Factor
X coordinate

[ft]
Y coordinate

[ft]
Conductor 

temperature [°C]
Ampacity [A]

1 500C5.00X 1 A 60.0 1.0 -0.5 46.76 90.0 957.4

2 500C5.00X 1 B 60.0 1.0 -0.5 45.76 89.1 957.4

3 500C5.00X 1 C 60.0 1.0 0.5 45.76 88.3 957.4

4 500C5.00X 2 A 60.0 1.0 64.5 46.76 90.0 972.0

5 500C5.00X 2 B 60.0 1.0 64.5 45.76 89.2 972.0

6 500C5.00X 2 C 60.0 1.0 65.5 45.76 88.3 972.0

7 500C5.00X 3 A 60.0 1.0 129.5 46.76 90.0 983.2

8 500C5.00X 3 B 60.0 1.0 129.5 45.76 89.2 983.2

9 500C5.00X 3 C 60.0 1.0 130.5 45.76 88.3 983.2

10 500C5.00X 4 A 60.0 1.0 194.5 46.76 90.0 1006.6

11 500C5.00X 4 B 60.0 1.0 194.5 45.76 89.2 1006.6

12 500C5.00X 4 C 60.0 1.0 195.5 45.76 88.2 1006.6

13 500C5.00X 5 A 60.0 1.0 259.5 46.76 90.0 1086.5

14 500C5.00X 5 B 60.0 1.0 259.5 45.76 89.3 1086.5

15 500C5.00X 5 C 60.0 1.0 260.5 45.76 88.0 1086.5

16 230C5.00X1 6 A 60.0 1.0 -70.5 46.76 90.0 1037.3

17 230C5.00X1 6 B 60.0 1.0 -70.5 45.76 89.3 1037.3

18 230C5.00X1 6 C 60.0 1.0 -69.5 45.76 88.3 1037.3

19 230C5.00X1 7 A 60.0 1.0 -90.5 46.76 90.0 948.2

20 230C5.00X1 7 B 60.0 1.0 -90.5 45.76 89.4 948.2

21 230C5.00X1 7 C 60.0 1.0 -89.5 45.76 88.8 948.2

22 230C5.00X1 8 A 60.0 1.0 -110.5 46.76 90.0 967.4

23 230C5.00X1 8 B 60.0 1.0 -110.5 45.76 89.4 967.4

24 230C5.00X1 8 C 60.0 1.0 -109.5 45.76 88.9 967.4

25 230C5.00X1 9 A 60.0 1.0 -130.5 46.76 90.0 1108.2

26 230C5.00X1 9 B 60.0 1.0 -130.5 45.76 89.4 1108.2

27 230C5.00X1 9 C 60.0 1.0 -129.5 45.76 89.2 1108.2

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

Execution: K104-230_500kV,45_DOC,20__65_,5000kcmilInCu,@4061_5006A DLF1

Date: 11/2/2024 10:42:47 AM

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on  due to magnetic armour CYMCAPGuidance

Factor on  due to magnetic duct CIGREGuidance

Factor on  due to ' CYMCAPGuidance

''  computation CIGREGuidance

pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 12.0

NSTD DB6

Native Soil Thermal Resistivity [K.m/W] 1.15

Consider Non-Isothermal Earth Surface No

Layer Name

NSTD DB2

NSTD DB4

NSTD DB5

Results Summary

NSTD DB7

NSTD DB6

NSTD DB7

NSTD DB8

NSTD DB9
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No. Unit 1

1 500C5.00X

2 Single Core

3 [kV] 500

4 [in²] 3.93

5 [in] 5.99

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.49

19 [in] 0.059

20 [in] 2.608

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 1.22

27 [in] 5.049

28 Semi Conducting Screen

29 [in] 0.059

30 [in] 5.167

31
EXTRUDED SEMICONDUCTIVE 

SCREEN
32 [K.m/W] 2.5

33 [in] 0.037

34 [in] 5.241

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 36

44 Undefined

45 [in] 0.087

46 [in] 5.414

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Non Corrugated

54 [in] 0.011

55 [in] 5.436

56 Polyethylene

57 [K.m/W] 3.5

58 [in] 0.277

59 [in] 5.99

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Execution: K104-230_500kV,45_DOC,20__65_,5000kcmilInCu,@4061_5006A DLF1

Date: 11/2/2024 10:42:47 AM

Description

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Corrugation Type

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Thickness

Diameter



No. Unit 1

60 500C5.00X

61 [Hz] 60

62 1 Conductor 1 Point Bonded Triangular

63 0.3

64 n/a

65 Polyethylene in Concrete

66 [K.m/W] 3.5

67 Air

68 [in] 8.678

69 [in] 10.75

Cable Frequency

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Description

Specific Installation Data
Cable Equipment ID

Cable Title 500kV, 5000kcmil Cu - 6 Seg, 1221 XLPE, Cu Conc, Taihan

Duct filling material

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 500C5.00X



No. Unit 1

1 230C5.00X1

2 Single Core

3 [kV] 230

4 [in²] 3.931

5 [in] 5.22

6 [°C] 90

7 [°C] 105

8 Copper

9 [μ .cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Insulated Wires

16 0.35

17 0.2

18 [in] 2.54

19 [in] 0.1

20 [in] 2.74

21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [�.1000ft] 1858

26 [in] 0.906

27 [in] 4.552

28 Semi Conducting Screen

29 [in] 0.05

30 [in] 4.652

31 EXTRUDED SEMICONDUCTIVE SCREEN

32 [K.m/W] 2.5

33 [in] 0.02

34 [in] 4.692

35 n/a

36 Copper

37 [μ .cm] 1.7241

38 [1/K] 0.00393

39 [K] 234.5

40 [J/(K*cm³)] 3.45

41 Round Wires

42 [in] 45.562

43 46

44 14

45 [in] 0.064

46 [in] 4.82

47 n/a

48 Copper

49 [μ .cm] 1.7241

50 [1/K] 0.00393

51 [K] 234.5

52 [J/(K*cm³)] 3.45

53 Longitudinally Corrugated

54 [in] 0.006

55 [in] 0.499999999

56 [in] 15.91299998

57 [in] 0.008

58 1.2

59 [in] 0.006

60 [in] 4.912

61 Polyethylene

62 [K.m/W] 3.5

63 [in] 0.154

64 [in] 5.22

Execution: K104-230_500kV,45_DOC,20__65_,5000kcmilInCu,@4061_5006A DLF1

Date: 11/2/2024 10:42:47 AM

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: Golden to Mars_G2M_New 3 Routes

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Diameter

Insulation Screen
Material

Thickness

Diameter

Non Metallic Layer - Water Swellable Tape 1

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Wire Type

Material

Thermal Resistivity

Thickness

Diameter

Concentric neutral/Skid wires
Are Concentric Neutral Wires Around Each Core?

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Length of Lay

Number of Wires

Wire Gauge

Thickness

Diameter

Sheath

Thickness

Diameter

Jacket
Material

Thermal Resistivity

Thickness

Corrugation Type

Corrugation height

Tape overlap

Tape width

Tape thickness

Accumulaton factor

Diameter



No. Unit 1

65 230C5.00X1

66 [Hz] 60

67 1 Conductor 1 Point Bonded Triangular

68 0.3

69 n/a

70 Polyethylene in Concrete

71 [K.m/W] 3.5

72 Air

73 [in] 6.963

74 [in] 8.625

Sheath / Shield Bonding

Loss Factor Constant (ALOS)

Spacing Between Cables in Section

Duct construction

Duct material thermal resistivity

Duct filling material

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : 230C5.00X1
Cable Title 230kV, 5000 kcmil Cu - 6 Seg, 906 XLPE, Cu cn, Prysmian
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XLPE insulated, concentric neutral high voltage power cable with segmental oxidized 
Copper conductor, metal moisture barrier tape, HDPE jacket 

Type Designation: P/N 20235918 5000 kcmil Segmental Oxidized Copper 230kV 
Reference Standards  ICEA S-108-720, AEIC CS9 
Temperature Rating  Maximum conductor operating temperature: 90° C 

 Maximum conductor emergency operation temperature: 105° C  
 Maximum permissible conductor temperature at short circuit: 250° C  

Construction:    
Conductor  Class B segmental compacted oxidized Copper conductor 

 Nominal cross-sectional area 5000 kcmil 2535 mm² 
 Number of segments 6
 Number of strands per segment (1 Aluminum center wire) 85 
Approximate diameter 2.540 inches 64.5 mm 

Conductor Shield [2] Semi-conducting tape applied helical intercalated 50% overlap  
[2] Semi-conducting tape applied helical intercalated 50% overlap  
[1] Extruded semi-conducting thermoset Super Smooth  

 Minimum point thickness 30 mils 0.76 mm 

Insulation  Extruded cross-linked polyethylene compound Super Clean  
 Minimum point thickness 815 mils 20.7 mm 
 Nominal thickness 906 mils 23.0 mm 
 Maximum eccentricity  (Tmax-Tmin)/Tmax 10%

Insulation Shield [1] Extruded semi-conducting thermoset 
 Minimum point thickness 40 mils 1.02 mm 
 Maximum point thickness 100 mils 2.54 mm 

Bedding [2] Water swellable semi-conducting tape applied helical intercalated 50% overlap  

Concentric Neutral [46] Wires, #14 AWG, solid bare soft drawn copper 1.63 mm 

Bedding [1] Copper tape gapped  
[2] Water swellable semi-conducting tape applied helical  50% overlap  

Metal Moisture Barrier [1] Laminated Copper tape applied longitudinally folded and bonded to 
the jacket 

6 mils 0.15 mm 

Jacket  Extruded black high density polyethylene compound, graphite coated  
 Minimum point thickness 125 mils 3.18 mm 
 Maximum point thickness 185 mils 4.70 mm 

Complete Cable Approximate diameter 5.22 inches 132.5 mm 
Approximate weight 22.8 lbs/ft 33.9 kg/m 
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Marking:    
Marks of Origin  Emboss or indent print on the outer sheath: manufacturer, type of 

insulation, insulation thickness, conductor size and material, rated 
voltage, year of manufacture at intervals of not more than three feet. 
Length marking 

Electrical Data:   
 Nominal voltage 230 kV  
 Highest system voltage 242 kV  
 Basic impulse insulation level (BIL) 1050 kV  
 Maximum DC resistance of conductor at 25 °C 0.00224 /kft
 Maximum voltage stress 
(conductor shield / insulation interface) 

196 V/mil 7.7 kV/mm 

 Minimum voltage stress 
(insulation / insulation shield interface) 

117 V/mil 4.6 kV/mm 

 Capacitance (nominal) 0.080 μF/kft 0.262 μF/km 
Dielectric Constant 2.4 
 Maximum permissible short-circuit current (thermal) 15 Cycles  
 Composite Metallic Sheath (concentric neutral and laminated copper 
sheath) - ICEA P-45-482 (Tinit at 75 °C and Tfinal 200 °C) 

40 kA  

Mechanical Data:     
  Minimum bending radius 104 inches 2.64 m 
  Maximum pulling tension (with pulling eye) 40,000 lbs 18,143.7 kg 
  Maximum sidewall-pressure 1,500 lbs/ft 2,232.2 kg/m 
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Prepared by: Approved by: 
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Notes:
1. All dimensions are nominal and subject to manufacturing tolerances 
2. Drawing is not to scale 

CONDUCTOR:
Diameter= 2.540" (64.5mm) 

CONDUCTOR SHIELD:
Diameter= 2.74" (69.6mm) 

INSULATION:
Diameter= 4.55" (115.6mm) 

INSULATION SHIELD:
Diameter= 4.65" (118.1mm) 

BEDDING TAPE:
Diameter= 4.69" (119.1mm) 

CONCENTRIC NEUTRAL:
Diameter= 4.82" (122.4mm) 

BEDDING TAPE:
Diameter= 4.90" (124.5mm) 

METALLIC BARRIER:
Diameter= 4.92" (125.0mm) 

JACKET:
Diameter= 5.22" (132.6mm) 

APPROXIMATE WEIGHT:
22.8 lbs/ft  (33.9 kg/m) 





 
 

 


