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APPENDIX A – POWER PLANT GENERATION COST ESTIMATES 
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COST ESTIMATE DETAIL 

 
Disclaimer: The cost estimates within this document are preliminary and based on the best information available at the time of this report. 

The estimates are subject to change as plans are developed or modified.  
 
Electrical 

2.4 kV System 

 

 

Bay 7 Site 
Adjustment 

Site Adjusted Cost 

Number Units $/Unit Total High Low 
Underground raceway to 2,400V Swgr, LV and MV        

Demolition      $      80,800  Y  $      242,400   $      161,600  

    Pavement removal and repair 1 LT $       21,500  $      21,500  Y  $        64,500   $        43,000  

    Trench, 2.5 FT x 2 FT 325 LF  $           4.40   $        1,500  Y  $          4,500   $          3,000  

    Reinforced concrete ductbank  50 CY  $         4,310   $    215,500  Y  $      215,500   $      215,500  

    four 4 IN PVC 1400 LF  $         21.60  $      30,300  Y  $        90,900   $        60,600  

    four 2 IN PVC 1400 LF  $           8.70  $      12,200  Y  $        36,600   $        24,400  

    4/0 bare CU ground wire in ductbank 360 LF  $           8.70   $        3,200  Y  $          9,600   $          6,400  

Cable             

  500 kcmil, 5 kV, EPR/PVC shld, 2/PH 2400 LF  $          21.60  $      51,900  Y  $      155,700   $      103,800  

  15 kV terminations 12 EA  $             351   $        4,300  Y  $        12,900   $          8,600  

Circuits/Controls             

  LV power, control, metering and relaying circuits 1 LT  $    161,600   $    161,600  Y  $      484,800   $     323,200  

  Relay settings, relays and equipment testing 1 LT $       32,400  $      32,400  Y  $        97,200   $       64,800  

  Rework raceways to plant 1 LT $       53,900  $      53,900  Y  $      161,700   $     107,800  

  Grounding 1 LT $       10,800  $      10,800  Y  $        32,400   $       21,600  

  Comm circuits and Ovation Integration 1 LT $       53,900   $      53,900  Y  $      161,700   $     107,800  

Total  $    773,800   $   1,770,400  $   1,252,100  
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2.4 kV System, continued 

 

Bay 8 Site 
Adjustment 

Site Adjusted Cost 

Number Units $/Unit Total High Low 

Underground raceway to 2,400 Swgr, LV and MV        
    Demolition     $       80,800 Y  $      242,400   $     161,600  

    Pavement removal and repair 1 LT  $      21,500  $       21,500 Y  $        64,500   $        43,000  

    Trench, 2.5 FT x 2 FT 100 LF  $           4.40  $             440 Y  $          1,500   $          1,000  

    Reinforced concrete ductbank  12 CY  $         4,310  $        51,800 N  $        51,800   $        51,800  

    four 4 IN PVC 400 LF  $        21.60  $          8,700 Y  $        26,100   $        17,400  

    four 2 IN PVC 400 LF  $           8.70  $          3,500 Y  $        10,500   $          7,000  

    4/0 bare CU ground wire in ductbank 120 LF  $           8.70  $          1,100 Y  $          3,300   $          2,200  

Cable           

  500 kcmil, 5 kV, EPR/PVC shld, 2/PH 750 LF  $        21.60  $       16,200 Y  $        48,600   $        32,400  

  15 kV terminations 12 EA  $            351  $          4,300 Y  $        12,900   $          8,600  

Circuits/Controls      Y     

  LV power, control, metering and relaying circuits 1 LT  $    134,700  $     134,700 Y  $      404,100   $     269,400  

  Relay settings, relays and equipment testing 1 LT  $      32,400  $       32,400 Y  $        97,200   $       64,800  

  Rework raceways to plant 1 LT  $      53,900  $       53,900 Y  $      161,700   $     107,800  

  Grounding 1 LT  $      10,800  $       10,800 Y  $        32,400   $       21,600  

  Comm circuits and Ovation Integration 1 LT  $      53,900  $       53,900 Y  $      161,700   $     107,800  

Total $     474,100  $   1,318,700   $     896,400  
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2.4 kV System, continued 

 

Bay 10 Site 
Adjustment 

Site Adjusted Cost 

Number Units High High High Low 

Underground raceway to 2,400 Swgr, LV and MV        
   Demolition      $       80,800  Y  $      242,400   $      161,600  

    Pavement removal and repair 1 LT  $      21,500   $       21,500  Y  $        64,500   $        43,000  

    Trench, 2.5 FT x 2 FT 150 LF  $           4.40   $            700  Y  $           2,100   $          1,400  

    Reinforced concrete ductbank  23 CY  $         4,310   $       99,200  Y  $        99,200   $        99,200  

    four 4 IN PVC 600 LF  $        21.60   $       13,000  Y  $        39,000   $        26,000  

    four 2 IN PVC 600 LF  $           8.70   $         5,300  Y  $        15,900   $        10,600  

    4/0 bare CU ground wire in ductbank 200 LF  $           8.70   $         1,800  Y  $           5,400   $          3,600  

Cable            

  500 kcmil, 5 kV, EPR/PVC shld, 2/PH 1125 LF  $        21.60   $       24,300  Y  $        72,900   $        48,600  

  15 kV terminations 12 EA  $            351   $         4,300  Y  $        12,900   $           8,600  

Circuits/Controls            

  LV power, control, metering and relaying circuits 1 LT  $    161,600   $     161,600  Y  $      484,800   $      323,200  

  Relay settings, relays and equipment testing 1 LT  $      32,400   $       32,400  Y  $        97,200   $        64,800  

  Rework raceways to plant 1 LT  $      53,900   $       53,900  Y  $      161,700   $      107,800  

  Grounding 1 LT  $      10,800   $       10,800  Y  $        32,400   $        21,600  

  Comm circuits and Ovation Integration 1 LT  $      53,900   $       53,900  Y  $      161,700   $      107,800  

Total  $     563,500   $   1,492,100   $   1,027,800  
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2.4 kV System, continued 

 

Bay 12 Site 
Adjustment 

Site Adjusted Cost 

Number Units $/Unit Total High Low 

Underground raceway to 2,400 Swgr, LV and MV        
   Demolition      $      80,800  Y  $      242,400   $      161,600  

    Pavement removal and repair 1 LT  $      21,500   $      21,500  Y  $        64,500   $        43,000  

    Trench, 2.5 FT x 2 FT 300 LF  $           4.40   $        1,400  Y  $           4,200   $           2,800  

    Reinforced concrete ductbank  46 CY  $            431   $    198,300  Y  $      198,300   $      198,300  

    four 4 IN PVC 1200 LF  $        21.60   $      26,000  Y  $        78,000   $        52,000  

    four 2 IN PVC 1200 LF  $           8.70   $      10,500  Y  $        31,500   $        21,000  

    4/0 bare CU ground wire in ductbank 340 LF  $           8.70   $        3,000  Y  $           9,000   $           6,000  

Cable            

  500 kcmil, 5 kV, EPR/PVC shld, 2/PH 2160 LF  $        21.60   $     46,700  Y  $      140,100   $        93,400  

  15 kV terminations 12 EA  $            351   $        4,300  Y  $        12,900   $           8,600  

Circuits/Controls       Y     

  LV power, control, metering and relaying circuits 1 LT  $    161,600   $    161,600  Y  $      484,800   $      323,200  

  Relay settings, relays and equipment testing 1 LT  $      32,400   $       32,400  Y  $        97,200   $        64,800  

  Rework raceways to plant 1 LT  $      53,900   $       53,900  Y  $      161,700   $      107,800  

  Grounding 1 LT  $      10,800   $       10,800  Y  $        32,400   $        21,600  

  Comm circuits and Ovation Integration 1 LT  $      53,900   $       53,900  Y  $      161,700   $      107,800  

Total  $    705,100   $   1,718,700   $   1,211,900  
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12 kV System 

 

Bay 14 Site 
Adjustment 

Site Adjusted Cost 

Number Units $/Unit Total High Low 

Underground raceway to 12kV Swgr, LV and MV        
Demolition      $      80,800  Y  $      242,400   $      161,600  

    Pavement removal and repair 1 LT  $      32,300   $      32,300  Y  $        96,900   $        64,600  

    Trench, 2.5 FT x 2 FT 250 LF  $           4.40   $        1,100  Y  $           3,300   $           2,200  

    Reinforced concrete ductbank  38 CY  $         4,310   $      163,800 Y  $      163,800  $      163,800 

    four 4 IN PVC 1700 LF  $        21.60   $      36,800  Y  $      110,400   $        73,600  

    four 2 IN PVC 1700 LF  $           8.70   $      14,800  Y  $        44,400   $        29,600  

    4/0 bare CU ground wire in ductbank 425 LF  $           8.70   $        3,700  Y  $        11,100   $           7,400  

Cable            

#3/0 15 kV, EPR/EPC shld 950 LF  $        21.60   $      20,600  Y  $        61,800   $        41,200  

  15 kV terminations 6 EA  $            351   $        2,200  Y  $           6,600   $           4,400  

Circuits/Controls            

15 kV Switchgear          

  LV power, control, metering and relaying circuits 1 LT  $    134,700   $     134,700  Y  $      404,100   $      269,400  

  Relay settings, relays and equipment Testing 1 LT  $      32,400   $       32,400  Y  $        97,200   $        64,800  

  Rework raceways to plant 1 LT  $      53,900   $       53,900  Y  $      161,700   $      107,800  

  Grounding 1 LT  $      10,800   $       10,800  Y  $        32,400   $        21,600  

  Comm circuits and Ovation Integration 1 LT  $      53,900   $       53,900  Y  $      161,700   $      107,800  

Total  $     641,800   $   1,597,800   $   1,119,800  

 

  



 

 
Project Number 226818-0000432.02 NV5.COM     

240 V Plant Auxiliary System 

Replace Existing SLP Transformer and Swbrd BA 
Number 
of Units 

Unit of 
Measure 

Total 
Site 

Adjustment 
Site Adjusted Cost 

High Low 

Demolish existing electric equipment and work 1 LT  $     107,700  Y  $        323,100   $        215,400  

450 kW diesel engine-gen, installed 1 LT  $     215,400  Y  $        646,200   $        430,800  

Air compressor 4 VFD and Electric Work 1 LT  $     107,700  Y  $        323,100   $        215,400  

Switchboard BA and transformer, installed 1 EA  $     510,500  Y  $     1,531,500   $     1,021,000  

Electric work 1 LT  $     161,600  Y  $        484,800   $        323,200  

240 V Plant Auxiliary System Total  $  1,102,900   $     3,308,700   $     2,205,800  
Note: Needed to support electrical requirements for propane or LNG options. 

  



 

 
Project Number 226818-0000432.02 NV5.COM     

Engine Generator Sets 

 

  
Cummins 

Site 
ADJ 

Site Adjusted Cost 

High Low High Low 

Capacity: kW/kV 2,127/12 2,127/2.4  2,127/12 2,127/12 2,127/2.4 2,127/2.4 

Engine Generator Set $   2,320,000 $   2,270,000 N $   2,320,000 $   2,320,000 $   2,270,000 $   2,270,000 

Spare/Parts/Tools $           5,000 $           5,000 N $           5,000 $           5,000 $           5,000 $           5,000 

Freight/Delivery $      328,500 $      328,500 N $      328,500 $      328,500 $      328,500 $      328,500 

Structural        

Foundations: Concrete Work $         150,000 $        150,000 N $      150,000 $      150,000 $      150,000 $      150,000 

        

Supports and Platforms: Steel Works $         25,000 $        25,000 Y $        75,000 $        50,000 $        75,000 $        50,000 

Mechanical: Final Connections $         15,000 $        15,000 Y $        45,000 $        30,000 $        45,000 $        30,000 
Controls/Controls Integration $         10,000 $        10,000 Y $        30,000 $        20,000 $        30,000 $        20,000 

Start-up $         30,000 $        30,000 Y $        90,000 $        60,000 $        90,000 $        60,000 

Crane Rental $         10,000 $        10,000 Y $        30,000 $        20,000 $        30,000 $        20,000 

Placement/Installation $       515,000 $       515,000 Y $   1,545,000 $   1,030,000 $   1,545,000 $   1,030,000 

Contingency, 15% $       113,000 $       113,000 Y $      339,000 $      226,000 $      339,000 $      226,000 

Engine Generator Total $   3,521,500 $   3,471,500  $   4,957,500 $   4,239,500 $   4,907,500 $   4,189,500 
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Engine Generator Sets, continued 

  
EMD 

Site 
ADJ 

Site Adjusted Cost 

High Low High Low 

Capacity: kW/kV 2,983/12 2,237/2.4  2,983/12 2,983/12 2,237/2.4 2,237/2.4 

Engine Generator Set $   2,623,400 $   2,435,000 N $   2,623,400 $   2,623,400 $   2,435,000 $   2,435,000 

Spare/Parts/Tools $           5,000 $           5,000 N $           5,000 $           5,000 $           5,000 $           5,000 

Freight/Delivery $      350,000 $      328,500 N $      350,000 $      350,000 $      328,500 $      328,500 

Structural        

Foundations: Concrete Work $      200,000 $      150,000 N $      200,000 $        200,000 $      150,000 $       150,000 

Supports and Platforms: Steel Works $        30,000 $        25,000 Y $        90,000 $         60,000 $        75,000 $         50,000 

Mechanical: Final Connections $        15,000 $        15,000 Y $        45,000 $         30,000 $        45,000 $         30,000 

Controls/Controls Integration $        10,000 $        10,000 Y $        30,000 $         20,000 $        30,000 $         20,000 

Start-up $        30,000 $        30,000 Y $        90,000 $         60,000 $        90,000 $         60,000 

Crane Rental $        10,000 $        10,000 Y $        30,000 $         20,000 $        30,000 $         20,000 

Placement/Installation $      515,000 $      515,000 Y $   1,545,000 $   1,030,000 $   1,545,000 $   1,030,000 

Contingency, 15% $         95,000 $         93,000 Y $      366,000 $      244,000 $      339,000 $      226,000 

Engine Generator Total $   3,910,400 $   3,636,500  $   5,374,400 $   4,462,400 $   5,072,500 $   4,354,500 
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Engine Generator Sets, continued 

  
EMD 

Site 
ADJ 

Site Adjusted Cost 

High Low 

Capacity: kW/kV 1,491/2.4  1,491/2.4 1,491/2.4 

Engine Generator Set $   2,340,000 N  $  2,340,000   $ 2,340,000  

Spare/Parts/Tools $           5,000 N  $          5,000   $        5,000  

Freight/Delivery $      328,500 N  $     328,500   $    328,500  

Structural       

Foundations: Concrete Work $      120,000 N  $     120,000   $    120,000  

Supports and Platforms: Steel Works $        25,000 Y  $       75,000   $      50,000  

Mechanical: Final Connections $        15,000 Y  $       45,000   $      30,000  

Controls/Controls Integration $        10,000 Y  $       30,000   $      20,000  

Start-up $        30,000 Y  $       90,000   $      60,000  

Crane Rental $        10,000 Y  $       30,000   $      20,000  

Placement/Installation $      515,000 Y  $  1,545,000   $ 1,030,000  

Contingency, 15% $      109,000 Y  $     327,000   $    218,000  

Engine Generator Total $   3,507,500   $  4,935,500   $ 4,221,500  
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Engine Generator Sets, continued 

  
Caterpillar, 

Propane 
Site 
ADJ 

Site Adjusted Cost 

High Low 

Capacity: kW/kV 1,382/2.4  1,382/2.4 1,382/2.4 

Engine Generator Set $   1,950,000 N $   1,950,000 $   1,950,000 

Spare/Parts/Tools $           5,000 N $           5,000 $           5,000 

Freight/Delivery $      328,500 N $      985,500 $      657,000 

Structural     

Foundations: Concrete Work $      150,000 N $      150,000 $       150,000 

Supports and Platforms: Steel Works $        25,000 Y $        75,000 $         50,000 

Mechanical: Final Connections $        15,000 Y $        45,000 $         30,000 

Controls/Controls Integration $        15,000 Y $        45,000 $         30,000 

Start-up $        30,000 Y $        90,000 $         60,000 

Crane Rental $        10,000 Y $        30,000 $         20,000 

Placement/Installation $      475,000 Y $   1,425,000 $       950,000 

Contingency, 15% $       108,000 Y $      324,000 $      216,000 

Engine Generator Total $   3,111,500  $   5,124,500 $   4,118,000 
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Engine Generator Sets, continued 

  
Caterpillar, 

Propane 
Site 
ADJ 

Site Adjusted Cost 

High Low 

Capacity: kW/kV 1,382/12  1,382/12 1,382/12 

Engine Generator Set $   2,000,000 N $   2,000,000 $   2,000,000 

Spare/Parts/Tools $           5,000 N $           5,000 $           5,000 

Freight/Delivery $      328,500 N $      985,500 $      657,000 

Structural     

Foundations: Concrete Work $      150,000 N $      150,000 $       150,000 

Supports and Platforms: Steel Works $        25,000 Y $        75,000 $         50,000 

Mechanical: Final Connections $        15,000 Y $        45,000 $         30,000 

Controls/Controls Integration $        15,000 Y $        45,000 $         30,000 

Start-up $        30,000 Y $        90,000 $         60,000 

Crane Rental $        10,000 Y $        30,000 $         20,000 

Placement/Installation $      475,000 Y $   1,425,000 $       950,000 

Contingency, 15% $       108,000 Y $      324,000 $      216,000 

Engine Generator Total $   3,161,500  $   5,174,500 $   4,168,000 
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Engine Generator Sets, continued 

  
Jenbacher, 

Propane 
Site 
ADJ 

Site Adjusted Cost 

High Low 

Capacity: kW/kV 1,382/2.4  2,983/12 2,237/2.4 

Engine Generator Set $   1,214,000 N  $   1,214,000   $   1,214,000  

Spare/Parts/Tools $           5,000 N  $           5,000   $           5,000  

Freight/Delivery $      100,000 N  $      300,000   $      200,000  

Structural     

Foundations: Concrete Work $      150,000 n  $      150,000   $      150,000  

Supports and Platforms: Steel Works $        62,000 Y  $      186,000   $      124,000  

Mechanical: Final Connections $        34,000 Y  $      102,000   $        68,000  

Controls/Controls Integration $        12,000 Y  $        36,000   $        24,000  

Start-up $        30,000 Y  $        90,000   $        60,000  

Crane Rental $        10,000 Y  $        30,000   $        20,000  

Placement/Installation $      387,000 Y  $   1,161,000   $      774,000  

Contingency, 15% $         83,000 Y  $      249,000   $      166,000  

Engine Generator Total $   2,107,000   $   3,583,000   $   2,845,000  
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Fuel Delivery / Urea Systems 

 
Unit Price  

Containment 
Number 
of Units 

Unit of 
Measure 

Total 
Site 

Adjustment 
Site Adjusted Cost 

High Low 

Fuel Delivery        

Pipe Diameter (inches)        

6  $      280  570  LF  $     159,600  Y  $     478,800   $        319,200  

4  $      200  150  LF  $       30,000  Y  $       90,000   $          60,000  

3 $      100  65  LF  $         6,500  Y  $       19,500   $          13,000  

Fittings & Valves 15% $      29,400 Y $      88,200 $      58,800 

Urea System        

Pipe Diameter (inches)        

3 $        120  410  LF  $       49,200  Y  $        147,600   $       98,400  

2.5 $        100  180  LF  $       14,500  Y  $          43,500   $       29,000  
1.5 $        80  190  LF  $       15,200  Y  $          45,600   $       30,400  

Fittings & Valves 15% $        11,800 Y $          35,500 $       23,700 

Concrete Demolition: 6" deep $     16.00  1,370  SF   $       21,900  N  $          21,900   $       21,900  

Demolition Waste: 6" deep  $   19.60  25   CY   $         5,000  N  $            5,000   $         5,000  

Demolition Waste: Pipe removal  $   28.90  15   CY   $         4,300  N  $            4,300   $         4,300  

Trench & Backfill: 24" x 36" deep $     47.00  685   LF   $       32,200  N  $          32,200   $       32,200  

Asphaltic Concrete Paving  $     47.00  1,370   SF   $       64,400  N  $          64,400   $       64,400  

Unknown Detail 25% $      111,000 Y $       269,000 $     190,000 

Fuel Delivery/Urea Systems Total $    555,000  $    1,345,500 $     950,300 
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Propane Storage—100% Propane Engine Generator Scenario 

 
Nominal Cost 

Location Adjustment 

 High Low 

Propane Tanks  $          800,000  N  $          800,000   $       800,000  

Vaporizer  $          300,000  N  $          300,000   $       300,000  

Delivery  $          250,000  N  $          250,000   $       250,000  

Site work  $          975,000  Y  $      2,925,000   $    1,950,000  

Installation/Concrete  $          990,000  Y  $      2,970,000   $    1,980,000  

Propane Office  $          675,000  Y  $      2,025,000   $    1,350,000  

Water Deluge Tank  $       4,500,000  Y  $    13,500,000   $    9,000,000  

Deluge Piping/Pump  $          425,000  Y  $      1,275,000   $       850,000  

Distribution to Plant  $       2,157,000  Y  $      6,471,000   $    4,314,000  

Back-up Generator  $          375,000  N  $          375,000   $       375,000  

Fencing/Security  $          188,000  Y  $          564,000   $       376,000  

Electrical/Controls  $       1,080,000  Y  $      3,240,000   $    2,160,000  

Contingency  $       1,660,000  Y  $      4,577,000   $    3,119,000  

Construction Cost  $    14,375,000    $    39,272,000   $ 26,824,000  

Engineering  $       1,222,000  N  $      1,222,000   $    1,222,000  

Bid Support  $          216,000  N  $          216,000   $       216,000  

Cx  $          288,000  Y  $          864,000   $       576,000  

Project Cost  $    16,101,000    $    41,574,000   $ 28,838,000  
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CONSOLIDATED COST ESTIMATES WITH LOCATION ADJUSTMENTS 

Option 1 – All Engine Replacement 

 

 

Cummins Location Adjustment 

One 2,127 kW/12 kV 
Four 2,127 kW/2.4 kV  

High Low 

Engine Gen-Sets  $   11,400,000  N $   11,400,000  $   11,400,000  

Spare Parts/Tools  $           25,000  N  $           25,000   $           25,000  

Freight/Delivery  $     1,642,500  Y $     4,927,500  $     3,285,000  

Crane Rental  $           50,000  Y $         150,000   $         100,000  

Engine Placement/Installation  $     2,575,000  Y $     7,725,000  $     5,150,000  

Plant Renovations     

Engine Removal/Demolition $     1,250,000  Y $     3,750,000  $     2,500,000  

Structural     

Foundations: Concrete Work  $        750,000  N $         750,000  $         750,000  

Supports/Access Platforms $        125,000  Y $         375,000  $         250,000  

Mechanical Connections  $          75,000  Y $         225,000  $         150,000  

Electrical     

2.4 kV Modifications $     2,476,500  Y $     6,299,900  $     4,388,200  

12 kV Modifications $        641,800  Y $     1,597,800  $     1,119,800  

240V Plant Auxiliary Upgrade  Y   

Controls/Controls Integration  $          50,000  Y $         150,000  $         100,000  

Fuel/Urea System  $        555,000  Y $      1,345,500  $         950,300  

Start-Up  $        150,000  Y $         450,000  $         300,000  

Contingency, 15% $     3,264,900  $     5,875,600  $     4,570,200  

Construction Cost $   25,030,700  $   45,046,300  $   35,038,500  

Engineering $     2,127,600 N $     2,127,300  $     2,127,300  

Bid Support $        375,500 N  $         375,500  $         375,500  

Commissioning $        500,600 Y $     1,126,500  $         751,000  

Project Cost $   28.034,400  $   48,675,900  $   38,292,600  
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CONSOLIDATED COST ESTIMATES WITH LOCATION ADJUSTMENTS, CONTINUED 

Option 1 – All Engine Replacement 

 

 

EMD Location Adjustment 

Two 2,237 kW/2.4 kV 
Two 1,491 kW/2.4 kV 
One 2,983 kW/12 kV  

High Low 

Engine Gen-Sets  $   12,173,400  N  $   12,173,400   $   12,173,400  

Spare Parts/Tools  $           25,000  N  $           25,000   $           25,000  

Freight/Delivery  $     1,642,500  Y  $     4,927,500   $     3,285,000  

Crane Rental  $           50,000  Y  $         150,000   $         100,000  

Engine Placement/Installation  $     2,575,000  Y  $     7,725,000   $     5,150,000  

Plant Renovations     

Engine Removal/Demolition  $     1,250,000  Y  $     3,750,000   $     2,500,000  

Structural     

Foundations: Concrete Work $        740,000  N  $         740,000   $         740,000  

Supports/Access Platforms $        130,000  Y  $         390,000   $         260,000  

Mechanical Connections  $          75,000  Y  $         225,000   $         150,000  

Electrical     

2.4 kV Modifications  $     2,476,500  Y  $     6,299,900   $     4,388,200  

12 kV Modifications  $        641,800  Y  $     1,597,800   $     1,119,800  

240V Plant Auxiliary Upgrade  Y   

Controls/Controls Integration  $          50,000  Y  $         150,000   $         100,000  

Fuel/Urea System  $        555,000  Y  $     1,345,500   $         950,300  

Start-Up  $        150,000  Y  $         450,000   $        300,000  

Contingency, 15%  $     3,380,100    $     5,992,400   $     4,686,300  

Construction Cost  $   25,914,300    $   45,941,500   $   35,928,000  

Engineering  $     2,202,700  N  $     2,202,700   $     2,202,700  

Bid Support $        388,700  N  $         388,700   $         388,700  

Commissioning $        518,300  Y  $     1,554,900   $     1,036,600  

Project Cost  $   29,024,000    $   50,087,800   $   39,556,000  
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CONSOLIDATED COST ESTIMATES WITH LOCATION ADJUSTMENTS, CONTINUED 

Option 1 – All Engine Replacement, 100% Propane 

 

 

Caterpillar Location Adjustment 

Three 1,382 kW/12 kV 
Four  1.382 kW/2.4 kV  

High Low 

Engine Gen-Sets  $    13,800,000  N  $   13,800,000   $    13,800,000  

Spare Parts/Tools  $            35,000  N  $           35,000   $           35,000  

Freight/Delivery  $       2,299,500  Y  $      6,898,500   $      4,599,000  

Crane Rental  $            70,000  Y  $         210,000   $         140,000  

Engine Placement/Installation  $       3,325,000  Y  $      9,975,000   $      6,650,000  

Plant Renovations     

Engine Removal/Demolition  $       1,500,000  Y  $      4,500,000   $      3,000,000  

Structural     

Foundations: Concrete Work  $       1,050,000  N  $      1,050,000   $      1,050,000  

Supports/Access Platforms  $          175,000  Y  $         525,000   $         350,000  

Mechanical Connections  $          105,000  Y  $         315,000   $         210,000  

Electrical     

2.4 kV Modifications  $       2,476,500  Y  $      7,429,500   $      4,953,000  

12 kV Modifications  $       1,845,300  Y  $      5,535,900   $      3,690,600  

240V Plant Auxiliary Upgrade  $       1,102,900  Y  $      3,308,700   $      2,205,800  

Controls/Controls Integration  $          105,000  Y  $         315,000   $         210,000  

Fuel/Urea System  $          555,000  Y  $      1,665,000   $      1,110,000  

Start-Up  $          210,000  Y  $         630,000   $         420,000  

Contingency, 15%  $          944,200    $      2,832,600   $      1,888,400  

Propane Storage  $    14,375,000    $   39,272,000   $    26,824,000  

Construction Cost  $    43,973,400    $   98,297,200   $    71,135,800  

Engineering  $       3,737,900  N  $      3,737,900   $      3,737,900  

Bid Support  $          660,000  N  $         660,000   $         660,000  

Commissioning  $          880,000  Y  $      2,044,500   $      1,462,200  

Project Cost  $    49,251,300    $ 104,739,600   $    76,995,900  
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CONSOLIDATED COST ESTIMATES WITH LOCATION ADJUSTMENTS, CONTINUED 

Option 2 – Two Engine Replacement 

 

 

EMD Location Adjustment 

Two 2,237 kW/2.4 kV  High Low 

Engine Gen-Sets $     4,870,000  N $     4,870,000  $     4,870,000  

Spare Parts/Tools $          10,000  N $          10,000  $          10,000  

Freight/Delivery  $         657,000  Y $     1,971,000  $     1,314,000  

Crane Rental $          20,000  Y $          60,000  $          40,000  

Engine Placement/Installation $     1,030,000  Y $     3,090,000  $     2,060,000  

Plant Renovations     

Engine Removal/Demolition  $         500,000  Y  $    1,500,000   $     1,000,000  

Structural     

Foundations: Concrete Work $        300,000  N $        300,000  $        300,000  

Supports/Access Platforms $          50,000  Y $        150,000  $        100,000  

Mechanical Connections $          30,000  Y $          90,000  $          60,000  

Electrical     

2.4 kV Modifications $     1,037,600 Y $     2,810,800 $     1,924,200 

12 kV Modifications     

240V Plant Auxiliary Upgrade  Y   

Controls/Controls Integration $          20,000  Y $          60,000  $          40,000  

Fuel/Urea System     

Start-Up  $          60,000  Y $         180,000  $         120,000  

Contingency, 15%  $     1,287,700    $    2,263,800   $     1,775,700  

Construction Cost  $     9,872,300    $ 17,355.600   $   13,613,900  

Engineering  $         839,100  N $         839,100  $         839,100  

Bid Support  $         148,100  N $         148,100  $         148,100  

Commissioning  $         197,400  Y $         592,200  $         394,800  

Project Cost  $   11,0565,900    $    18,935,000   $   14,995,900  
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CONSOLIDATED COST ESTIMATES WITH LOCATION ADJUSTMENTS, CONTINUED 

Option 2 – Two Engine Replacement 

 

 

Caterpillar, Propane Location Adjustment 

Two 1,382 kW/2.4 kV  High Low 

Engine Gen-Sets  $     3,800,000  N  $   3,800,000   $    3,800,000  

Spare Parts/Tools  $           10,000  N  $         10,000   $          10,000  

Freight/Delivery  $         657,000  Y  $   1,971,000   $    1,314,000  

Crane Rental  $           20,000  Y  $         60,000   $          40,000  

Engine Placement/Installation  $     1,030,000  Y  $   3,090,000   $    2,060,000  

Plant Renovations     

Engine Removal/Demolition $         500,000  Y  $   1,500,000   $    1,000,000  

Structural     

Foundations: Concrete Work $         300,000  N  $      300,000   $        300,000  

Supports/Access Platforms  $           50,000  Y  $      150,000   $        100,000  

Mechanical Connections  $           30,000  Y  $         90,000   $          60,000  

Electrical     

2.4 kV Modifications  $     1,037,600  Y  $   2,810,800   $    1,924,200  

12 kV Modifications  Y  $                 -     $                   -    

240V Plant Auxiliary Upgrade  $      1,102,900  Y  $   3,308,700   $    2,205,800  

Controls/Controls Integration  $            30,000  Y  $         90,000   $          60,000  

Fuel/Urea System    $                 -     $                   -    

Start-Up  $           60,000  Y  $      180,000   $        120,000  

Contingency, 15%  $     1,294,100    $   2,604,100   $    1,949,100  

Construction Cost  $     9,921,600    $ 19,964,600   $  14,943,100  

Engineering  $         843,300  N  $      843,300   $        843,300  

Bid Support  $         148,800  N  $      148,800   $        148,800  

Commissioning  $         198,400  Y  $      595,200   $        396,800  

Project Cost  $   11,112,100    $ 21,551,900   $  16,332,000  
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CONSOLIDATED COST ESTIMATES WITH LOCATION ADJUSTMENTS, CONTINUED 

Option 2 – Two Engine Replacement 

 

 

Jenbacher, Propane Location Adjustment 

Two 1,025 kW/2.4 kV  High Low 

Engine Gen-Sets $     2,428,000  N $     2,428,000  $     2,428,000  

Spare Parts/Tools  $          10,000  N  $          10,000   $          10,000  

Freight/Delivery $        200,000  Y $        600,000  $        400,000  

Crane Rental  $          20,000  Y  $          60,000   $          40,000  

Engine Placement/Installation $        773,000  Y $     2,319,000  $     1,546,000  

Plant Renovations     

Engine Removal/Demolition $        500,000  Y $     1,500,000  $     1,000,000  

Structural     

Foundations: Concrete Work  $        300,000  N  $        300,000   $        300,000  

Supports/Access Platforms $        123,000  Y $        369,000  $        246,000  

Mechanical Connections  $          67,000  Y $        201,000  $        134,000  

Electrical     

2.4 kV Modifications  $       1,037,600  Y $     2,810,800  $     1,924,200  

12 kV Modifications  Y   

240V Plant Auxiliary Upgrade $     1,102,900  Y $     3,308,700  $     2,205,800  

Controls/Controls Integration  $          24,000  Y  $          72,000   $          48,000  

Fuel/Urea System     

Start-Up  $          58,000  Y $        174,000  $        116,000  

Contingency, 15%  $       997,400   $     2,125,600  $     1,561,500  

Construction Cost $     7,646,900    $   16,296,100   $   11,971,500  

Engineering $        650,000  N $        650,000  $        650,000  

Bid Support $        114,700  N $        114,700  $        114,700  

Commissioning $        152,900  Y $        458,700  $        305,800  

Project Cost $     8,564,500    $   17,519,500   $   13,042,000  
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APPENDIX B – FOSSIL FUEL GENERATION ELECTRICAL DRAWINGS
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Site Number Energy Type

Regulatory 

Complexity 

Rank

1=Low

10=High

Size (acres)

Biological 

Sensitivity 

Rank

Wetland 

Sensitivity 

Rank

Mitigation 

Requirement 

Rank

Grading 

Complexity 

Rank

New Road 

Length 

Estimate 

(Miles)

New Power 

Line 

Estimated 

Length 

(miles)

Electric 

System Gen-

tie Cost 

Estimate

Approximate 

Power 

Generation 

(MW)

Team Comments Site Visit Comments (August 2019) Site Summary Notes from 9-25-19
Tiered Ranking - 

Individual Use
Grouped With

Tiered Ranking - 

When Grouped
Land Owner

1 PV 5 10 2 8 2-8 TBD TBD 0.1 TBD 2

Resource availability, land type, zoning, potential power delivery (size), 

Mitigation dependent on Jurisdictional drainage and presence of wetland or 

riparian habitat (100ft buffer per CDFW), smaller drainages without vegetation 

may only have 10ft buffer. Sites would likely require JD to 401, 404 and 1600 

permits to establish setbacks and impacts.

a) Preferred areas would be located near water body. Due to wetland features, 

overall size would be reduced and fragmented for avoidance. Steeper terrain 

would require grading. 

b) Disturbed habitat areas interlaced with some natural habitat.

c) 12kV line located next to site. 

This site is steeply pitched on towards a wetland. Although close to two 

distribution circuits, the substantial grading and environmental constraints may 

be prohibitive. This site is not feasible. 

LOCATION: BESIDE PATRICK RESERVOIR SLIGHTLY NORTH OF THE RESERVOIR. 

Low Low Conservancy

2 PV 5 6.4 2 8 2-8 TBD TBD 0.05 TBD 1.28

Acceptability to landowner, land user, recreational user, gather info via charrette, 

mitigation dependent on jurisdictional drainage and presence of wetland or 

riparian habitat (100ft buffer per CDFW), smaller drainages without vegetation 

may only have 10ft buffer. Sites would likely require JD to 401, 404 and 1600 

permits to establish setbacks and impacts.

a) Preferred areas would be located near water body. Due to wetland features, 

overall size would be reduced and fragmented for avoidance. Steeper terrain 

would require grading. 

b) Disturbed habitat areas interlaced with some natural habitat.

c) 12kV line located next to site. 3 to 4 poles expected to connect to 12kV line.

This site is steeply pitched on both sides towards a natural drainage and into a 

wetland. Although close to two distribution circuits, the substantial grading and 

environmental constraints may be prohibitive. This site is not feasible. 

LOCATION: BESIDE HAYPRESS RESERVOIR SLIGHTLY NORTH WEST OF THE 

RESERVOIR. 

Low Low Conservancy

3 PV 5 15 2 2-6 1 TBD TBD 0.05 TBD 3

Mitigation dependent on Jurisdictional drainage and presence of wetland or 

riparian habitat (100ft buffer per CDFW), smaller drainages without vegetation 

may only have 10ft buffer. Sites would likely require JD to 401, 404 and 1600 

permits to establish setbacks and impacts.

a) Flat rectangular sites.

b) Site appears to have been previously used for agriculture, but abandoned 

and reverting to natural area.

c) Bordered to the south with steep ridge, winter shading should be evaluated. 

d) Riparian Arroyo borders northern boundary with native flora and fauna.

e) Central portion of site contains riparian features which may affect use areas.

f) Minor site restoration of scrub oak communities by Island Conservancy may 

be incompatible.

g) 12kV line located near site.

This location shows promise because of the available size. Site has been 

previously disturbed. A long, narrow solar array is possible, keeping in mind the 

shading from the ridge and the incized channel. Due to such constraints, 

approximately 5 acres could be available for PV. The site has existing distribution. 

This site is feasible as a Tier 1 option.

LOCATION: BESIDE MIDDLE RANCH RESERVOIR SLIGHTLY SOUTH EAST OF THE 

RESERVOIR AND SLIGHTLY SOUTH EAST OF MIDDLE RANCH WELLS.

High High Conservancy

4 PV 7 2.4 2-6 2 4-8 TBD TBD 1 TBD 0.48

Bio sensitivity related to presence of coastal scrub and rare plants. Mitigation 

needs tied to vegetation impacts. No significant wetland habitat but drainages 

may exist. Power lines contributes to both bio sensitivity and mitigation rankings 

as transmission path has substantial veg habitat and potential tree impacts.

No site visit. No site visit. LOCATION: WEST OF EAGLES NEST SLIGHTLY NORTH WEST OF MIDDLE RANCH 

RESERVOIR. 
Medium Medium Conservancy

5 PV 3 6 2 0 1 TBD TBD 0.01 TBD 1.2

Bio sensitivity related to presence of coastal scrub and rare plants. Mitigation 

needs tied to potential vegetation impacts and historical view scape. Potential 

cultural resources maybe present and would alter rankings appropriately. No 

significant wetland habitat but drainages may exist.

a) Mostly non-native grasses, slope 5% or less, steady low speed breeze.

b) General Plan shows future residential.  

c) 12kV line passes through site.

On Catalina Island Company land. Site has gentle slopes although it's north facing 

and may require civil or other construction work. The site has existing 

distribution. Near barge locations, making the site easier to access than remote 

sites. This site is feasible as a Tier 2 option.

LOCATION: SOUTH EAST OF TWO HARBORS ON A SLOPE.

High High Island Company

6 PV 3 7.22 2 0 1 TBD TBD 0.01 TBD 1.444

Bio sensitivity related to presence of coastal scrub and rare plants. Mitigation 

needs tied to potential vegetation impacts and historical view scape. Potential 

cultural resources maybe present and would alter rankings appropriately. No 

significant wetland habitat but drainages may exist.

a) Mostly non-native grasses, slope 5% or less, steady low speed breeze.

b) General Plan shows future residential.  

c) Moderate wind in area may be suitable for low speed wind energy 

production.

d) 12kV line passes through site.

On Catalina Island Company land. Site has gentle slopes although it's north facing 

and may require civil or other construction work. The site has existing 

distribution. Near barge locations, making the site easier to access than remote 

sites. This site is feasible as Tier 2 option.

LOCATION: SOUTH OF TWO HARBORS ON FLAT LAND. 

Medium Medium Island Company

7 PV 5 13.8 3 0 2 TBD TBD 0.2 TBD 2.76

Avoid Scrub, Bio sensitivity related to presence of coastal scrub and rare plants. 

Mitigation needs tied to vegetation impacts.  No significant wetland habitat but 

drainages may exist. Switchyard contributes to both bio sensitivity and mitigation 

rankings as does transmission path.

a) Gentle slope. Suitable with minimal grading.

b) Site is previously disturbed with non-native grasses.

c) Rectangular shape. Two parcels, each either side of main road.

d) 12kV line located nearby to the west.

e) Visual impact to newly upgraded Ranch may be an issue. PV would be visible 

from key Ranch viewpoints, disturbing natural backdrop to ocean. 

On Catalina Island Company land. Visual impacts to vineyard and B&B are likely. 

The site is flat, constructable with minimal grading expected. The site has existing 

distribution. Adding battery storage would provide optional ability to 'microgrid 

island' this area and support the wells/commercial facility. Although the Catalina 

Island Company may eventually prohibit use, the site from a feasibility 

perspective is a Tier 1 option.

LOCATION: WRIGLEY-RUSACK PROPERTY.

High High Conservancy

8 Wind 8 0.25 TBD TBD 0.36 TBD N/A No analysis outside of wind zone. No site visit. No site visit. No site visit. No site visit.

9 Wind 8 0.25 TBD TBD 1.1 TBD N/A No analysis outside of wind zone. No site visit. No site visit. No site visit. No site visit.

10
Thermo 

Incline
9 500 5 7 5 TBD TBD 10.9 TBD N/A

Offshore sites would require anchored and or suspended or floating 

infrastructure that contribute to biological, waters and mitigation rankings, avoid 

of hard substrate rock influences mitigation needs, USCG and Coastal commission 

contribute to water impacts/mitigation associated with recreation. NFMS is 

expected to have concerns about EFH and marine mammals. Fill associated with 

anchoring under USACE would also need to be mitigated.

No site visit. No site visit. LOCATION: IN THE OCEAN SOUTH OF THE ISLAND SOUTH OF BINNACLE ROCK.

No site visit.

No site visit.

Ocean unknown

11
Wave 

Energy
9 360 5 7 5 TBD TBD 6.2 TBD N/A

Offshore sites would require anchored and or suspended or floating 

infrastructure that contribute to biological, waters and mitigation rankings, avoid 

of hard substrate rock influences mitigation needs, USCG and Coastal commission 

contribute to water impacts/mitigation associated with recreation. NFMS is 

expected to have concerns about EFH and marine mammals. Fill associated with 

anchoring under USACE would also need to be mitigated. However, less 

constraints are expected compared to Site 10 due to depth, habitat and rugosity.

No site visit. No site visit. LOCATION: IN THE OCEAN SOUTH OF THE ISLAND SOUTH EAST OF SOUTHEAST 

ROCK AUXILIARY. 

No site visit.

No site visit.

Ocean unknown

12
Thermo 

cline
9 412 5 7 5 TBD TBD TBD TBD N/A

Offshore sites would require anchored and or suspended or floating 

infrastructure that contribute to biological, waters and mitigation rankings, avoid 

of hard substrate rock influences mitigation needs, USCG and Coastal commission 

contribute to water impacts/mitigation associated with recreation. NFMS is 

expected to have concerns about EFH and marine mammals. Fill associated with 

anchoring under USACE would also need to be mitigated. However, less 

constraints are expected compared to Site 10 due to depth, habitat and rugosity.

No site visit. No site visit. LOCATION: IN THE OCEAN SOUTH OF THE ISLAND SOUTH OF SOUTHEAST ROCK 

AUXILIARY. 

No site visit.

No site visit.

Ocean unknown

13
Floating 

Solar
9

8.75 (4 ac 

usable)
8 5 7 TBD TBD TBD TBD 0.8

Biological sensitivity tied to Eagles foraging on fish species or nesting in shoreline 

trees, input of fill (USACE) contributes to mitigation ranking as does proximity to 

shoreline riparian habitat. Potential impacts to riparian habitat could be 

negotiated out since infrastructure not likely to directly impact habitat.

a) Lake level was at peak during site visit. Peak level offers large viable floating 

PV area.

b) Typical lake level ranges significantly in height. Lower years provide 

approximately 1/3 of current surface.

c) Two Bald Eagle nests are currently occupied. Documented observations 

include eagles fishing at lake. Island Conservancy has observation records that 

may affect a regulatory decision.

d) Steady moderate wind passes over dam. No wind turbine foundations 

allowed in earthen dam (structure just meets safety standards).

e) 12kV line located near site.

Regulatory factors would likely guide decision-making for this site. Assuming 

environmental constraints are minimized, this site shows some promise for 

floating PV and could also reduce natural evaporation. Due to use of water for 

domestic purposes, drought and evaporation, the lake’s east end dries out 

seasonally. Floating PV pontoons could be placed in the shallow areas, allowing 

the system to settle on the lakebed when drying occurs. It is unknown if the 

lakebed is flat enough to support this and if the pontoons can handle being 

mired in subsequent mud. Positioning in the shallow side of the lake may also 

allow wildlife to remain relatively undisturbed when foraging in the deeper parts 

of the lake. An additional ½ acre on land would be needed for collection and 

inversion of energy produced by wave generators. This site is feasible as a Tier 2 

option.

LOCATION: MIDDLE RANCH RESERVOIR.

Medium Medium Conservancy

14
Floating 

Solar
9 0.39 6 5 7 TBD TBD TBD TBD 0.078

Biological sensitivity tied to Eagles foraging on fish species or nesting in shoreline 

trees, input of fill (USACE) contributes to mitigation ranking as does proximity to 

shoreline riparian habitat. Potential impacts to riparian habitat could be 

negotiated out since infrastructure not likely to directly impact habitat.

a) Lake level fluctuates, limited surface area available.

b) Regulating agencies would require assessment to evaluate impacts to 

riparian flora and fauna. 

c) 12kV line located next to site.

d) Approx. 1/2 acre would be needed for power collection and inversion. 

The lake is narrow and supports native species. Additionally, floating PV 

generation and required equipment on land may disrupt animal life including 

federally protected species includign migratory birds. This location, when 

compared to other potential generation sites, is deemed to have too many 

constraints for reasonable level of pursuit. This site is not feasible.

LOCATION: HAYPRESS RESERVOIR. 

Not feasible. Not feasible. Conservancy

15 PV (other) 9 0.6 0 0 0 TBD TBD TBD TBD 0.12

Existing reservoir likely already permitted so no additional mitigation or 

bio/waters constraints expected.

a) The site is owned by SCE and there are no natural environmental issues 

related to using the site. 

b) Due to water quality management practices, the site utilizes a rubber 

bladder (cover) that expands and contracts. Floating PV is not practical due to 

cover.

c) Construction of a roof structure to support PV over the pool is complex. The 

reservoir pool is an engineered concrete basin with regulated berms. 

Penetration of the concrete or installation of roof supporting piers is likely to 

exceed the net benefit of energy production. 

d) 12kV line passes next to site.

This site could provide generation of reasonable amounts of energy. The 

challenge is that mounting of panels would require innovation for the 

mounting/racking design. State drinking water regulations apply to the 

surrounding dams. This site is feasible as a Tier 3 option.

LOCATION: WRIGLEY RESERVOIR. 

Low Low SCE

16 Rooftop PV 2 0.28 0 0 0 TBD TBD TBD TBD 0.056

No constraints expected (Built Environment). a) SCE controls two buildings at the Pebbly Beach Generation Station with 

rooftop area (warehouse and office). 

b) A third warehouse building near the Generation Station has been leased to 

a commercial enterprise.

c) All three rooftops offer some areas for rooftop PV. 

d) Each structure would need to be evaluated for structural integrity.

e) No natural environmental resources would be impacted. 

Construction would require tie-in to customer meter. LOCATION: PEBBLY BEACH GENERATING STATION OFFICE BUILDING ROOF.

Medium Medium SCE
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Site Number Energy Type

Regulatory 

Complexity 

Rank

1=Low

10=High

Size (acres)

Biological 

Sensitivity 

Rank

Wetland 

Sensitivity 

Rank

Mitigation 

Requirement 

Rank

Grading 

Complexity 

Rank

New Road 

Length 

Estimate 

(Miles)

New Power 

Line 

Estimated 

Length 

(miles)

Electric 

System Gen-

tie Cost 

Estimate

Approximate 

Power 

Generation 

(MW)

Team Comments Site Visit Comments (August 2019) Site Summary Notes from 9-25-19
Tiered Ranking - 

Individual Use
Grouped With

Tiered Ranking - 

When Grouped
Land Owner

17 Rooftop PV 2 0.09 0 0 0 TBD TBD TBD TBD 0.018

No constraints expected (Built Environment). a) SCE controls two buildings at the Pebbly Beach Generation Station with 

rooftop area (warehouse and office). 

b) A third warehouse building near the Generation Station has been leased to 

a commercial enterprise.

c) All three rooftops offer some areas for rooftop PV. 

d) Each structure would need to be evaluated for structural integrity.

e) No natural environmental resources would be impacted. 

Construction would require tie-in to customer meter. LOCATION: CONNEX BOXES BESIDE THE PEBBLY BEACH GENERATING STATION 

SLIGHTLY NORTH OF THE STATION. 

Medium Medium Catalina Island Company

18 Wind 8 112 8 1 8 TBD TBD TBD TBD N/A

Bio sensitivity related to presence of coastal scrub and rare plants. Mitigation 

needs tied to potential vegetation in selected sites. No significant wetland 

habitat but drainages may exist. Mitigation related to potential impacts to 

raptors and migratory birds contributes to high ranking.

a) Wind energy maps show lower annual speed range.

b) Most vegetation can be classified as native coastal sage scrub.

c) Road access is steep and narrow. Construction may require helicopter 

support.

d) Suitable wind turbine pad locations are limited.

e) Site is dominated by FAA facility located at 2,100-foot island peak.

f) A 12kV line services the FAA facility, but would require upgrade for 

renewable production.

The data in this area indicates historically low, sporadic wind. This, with the 

additional challenge of finding suitable locations to support large wind 

generation and equipment foundations, essentially eliminates this site as a 

location for wind generation at this time. This site is not feasible.

LOCATION: SOUTH OF THE AIRPORT ON THE RIDGELINE TOWARD MOUNT 

ORIZABA. 

Not feasible. Not feasible. Conservancy

19 Wind 8 232 8 1 8 TBD TBD TBD TBD N/A

Bio sensitivity related to presence of coastal scrub and rare plants. Mitigation 

needs tied to potential vegetation in selected sites. No significant wetland 

habitat but drainages may exist. Mitigation related to potential impacts to 

raptors and migratory birds contributes to high ranking

a) Very narrow ridge limits wind turbine site locations. Possible 1 or 2 locations 

at the eastern site.

b) Native habitat along both sides of ridge.

c) 12kV line located near eastern side ridge.

The data in this area indicates historically low, sporadic wind. This, with the 

additional challenge of finding suitable locations to support large wind 

generation and equipment foundations, essentially eliminates this site as a 

location for wind generation at this time. This site is not feasible.

LOCATION: ALONG DIVIDE ROAD SOUTH OF WRIGLEY RESERVOIR. 

Not feasible. Not feasible.

20
Floating 

Solar
9 12.92 7 N/A 7 TBD TBD TBD TBD 2.584

Offshore sites would require anchored and or suspended or floating 

infrastructure that contribute to biological, waters and mitigation rankings, 

Avoidance of hard substrate rock influences mitigation needs, USCG and Coastal 

commission contribute to water impacts/mitigation associated with recreation. 

NFMS is expected to have concerns about EFH and marine mammals. Fill 

associated with anchoring under USACE would also need to be mitigated

No site visit. No site visit. LOCATION: WHITE'S LANDING. 

No site visit.

No site visit.

Conservancy

21
Floating 

Solar
9 0.53 7 N/A 7 TBD TBD TBD TBD 0.106

Offshore sites would require anchored and or suspended or floating 

infrastructure that contribute to biological, waters and mitigation rankings, 

Avoidance of hard substrate rock influences mitigation needs, USCG and Coastal 

commission contribute to water impacts/mitigation associated with recreation. 

NFMS is expected to have concerns about EFH and marine mammals. Fill 

associated with anchoring under USACE would also need to be mitigated

No site visit. No site visit. LOCATION: JUST OFFSHORE SLIGHTLY EAST OF CATALINA BEVERAGE. 

No site visit.

No site visit.

State Lands Commission?

22 Rooftop PV 2 0.25 N/A TBD TBD TBD TBD 0.05

Located on roof of Catalina Beverage. a) SCE controls two buildings at the Pebbly Beach Generation Station with 

rooftop area (warehouse and office). 

b) A third warehouse building near the Generation Station has been leased to 

a commercial enterprise.

c) All three rooftops offer some areas for rooftop PV. 

d) Each structure would need to be evaluated for structural integrity.

e) No natural environmental resources would be impacted. 

Construction would require tie-in to customer meter. LOCATION: CATALINA BEVERAGE ROOF. 

Would need a lot of analysis to understand if something can work on the roof. 

ROI is likely to be very high relative to cost versus energy produced.

Low Low City of Avalon

23
Floating 

Solar
5 0.1 N/A TBD TBD TBD TBD 0.02

Located on man-made reservoir near cruise ship dock. No site visit. No site visit. LOCATION: MOUNT ADA RESERVOIR? 
Low Low City of Avalon

24 Rooftop PV 2 2.95 N/A TBD TBD TBD TBD 0.59

Located on roof of future building owned by others. a) Existing roof structure would need to be evaluated for integrity.       b) 

Historic resources/visual could prohibit upgrades or infrastructure placement.

Construction would require tie-in to customer meter. LOCATION: FUTURE DEVELOPMENT BESIDE THE AVALON FIRE DEPARTMENT 

JUST EAST OF THE FD BUILDING AND SLIGHTLY SOUTH EAST OF AVALON CITY 

HALL. 

Low Low City of Avalon

25 Rooftop PV 2 0.4 N/A TBD TBD TBD TBD 0.08
Located on Von’s store roof. a) Sloped roof not ideal for panel placement and angle.                        b) 

Existing infrastructure on roof would need redesign to accommodate panels.

Construction would require tie-in to customer meter. LOCATION: HOTEL ATWATER. 
Low Low City of Avalon

26 Rooftop PV 2 0.11 N/A TBD TBD TBD TBD 0.022

Located on SCE’s former reservoir. a) The site is owned by SCE and there are no natural environmental issues 

related to using the site. 

b) Site sits on top of natural hill and is surrounded by residential with limited 

public view into site.

c) Equipment still operates to drain pool.

d) 12kV line passes through site. 

Options exist for this property. Pool could be used as floating hydro pilot project. 

Site could be used for battery storage. 

LOCATION: WHITLEY RESERVOIR. 

More of an "icing on the cake" site when all else is done or has been considered.

Low Low SCE

27
Floating 

Solar
5 0.14 N/A TBD TBD TBD TBD 0.028

Located on SCE’s man-made reservoir located near Avalon Cemetery. LOCATION: CITY OF AVALON RESERVOIR SLIGHTLY WEST OF THE HOLIDAY INN 

EXPRESS. 
No site visit.

No site visit.
City of Avalon

28 PV 7 54.6 TBD TBD TBD TBD 10.92

Located on Island quarry mining operation near Two Harbors. LOCATION: EMPIRE QUARRY EAST OF TWO HARBORS. 

Steep terrain, access to existing distribution is far away.

Low Low

Connelly Pacific Quarry lease

29 PV 7 4.72 TBD TBD TBD TBD 0.944

Located on USC land above North Two Harbors. Area likely subject to Coastal 

Commission jurisdiction may need additional permitting and mitigation needs to 

address sea level rise.  Also this site should be investigated for Cultural resource 

conflicts.

a) Site is currently used as storage yard.

b) Site is valley shaped with steep west slope and moderate east slope. Valley 

portion with moderate upward slope 8% from campus. 

c) Blue line stream (potentially jurisdictional) parallels western boundary, but 

could be avoided. Setbacks would be expected. 

d) Site can be expanded to the south by grading to fence line.

e) Geology is expected to be hard subsurface volcanic rock. Past grading 

efforts approximately 4 times initial expected cost.

f) Renewable facilities can be designed to avoid impacting coastal views.

g) 12kV line located at USC Campus require an extension to reach renewable 

site.

USC seems to be a positive, willing stakeholder to increase renewable power 

availability for their operations. The site is north facing, but with minimal grading 

required, if at all. Near barge location, providing good access. Construction of the 

OH or UG line segment would require that USC and SCE collaborate on the 

design. This site is feasible and a Tier 1 option.

LOCATION: USC WRIGLEY

High High Island Company

30
Wave 

Power
9 0.09 TBD TBD TBD TBD N/A

Site located on existing ship dock at Avalon Harbor Area subject to Coastal 

Commission jurisdiction may need additional permitting and mitigation needs to 

address sea level rise and coastal access. Limited wave energy at this location.

LOCATION: ATTACHED TO THE EAST SIDE OF CATALINA LANDING. 

(NOTE THAT THERE ARE TWO SIGHT # 30's; THE OTHER ONE IS THE ROOF OF THE 

DUMP / RECYCLING CENTER BUILDING.) 

No site visit. No site visit.

City of Avalon

31
Wave 

Power
9 0.4 TBD TBD TBD TBD N/A

Site located existing jetty at Avalon Harbor. Encroaches into Marine Preserve 

used for habitat conservation and recreational diving. Area subject to Coastal 

Commission jurisdiction will need additional permitting and mitigation needs to 

address sea level rise and coastal access. Development of shore based 

infrastructure a concern as Casino is historical building and site has limited space. 

Jetty will likely require significant structural amendments that will likely trigger 

USACE and RWQCB permitting.

LOCATION: BESIDE CASINO SLIGHTLY EAST OF CASINO. No site visit. No site visit.

City of Avalon

32
Wave 

Power
3 0.14 TBD TBD TBD TBD N/A

Site on existing pier. Pier to be rebuilt with Equipment below pier. New structure 

done for residents at no cost. Area subject to Coastal Commission jurisdiction 

would need additional permitting and address sea level rise and coastal access.

a) Steep and windy road access.

b) 12kV line is two phase only. Would require rebuild.

c) Pier/dock appears in good shape; lowers opportunity to rebuild.

d) Dock surroundings support recreational uses.

e) Ocean areas are designated Area of Biological Significance.

f) Wave action low due to sheltered east side island shadow. 

Eastern location on island and reduced wave heights/action. This site is not 

feasible.

LOCATION: GALLAGHER CANYON COVE. Not feasible.

Not feasible. Conservancy

33
Wave 

Power
9 12 9 9 8 TBD TBD TBD TBD N/A

Shark Harbor/Little Harbor Wave Power site - located in coastline, designated 

Area of Biological Significance.

a) Located in Area of Biological Significance (ocean layer)

b) Two primitive recreational camps nearby

c) Multiple recreational uses; ie. beach, surfing, snorkeling, fishing, etc.

d) Boat anchorages

e) 12kV line approximately 5 spans to east.

This west-facing shoreline site would require extensive foundations along the 

coastline, triggering myriad environmental, stakeholder, and other issues. In 

addition, construction to the grid would require building distribution lines up a 

steep slope from the cliffs below. A ½ to 1 acre site on land would be needed for 

collection and inversion of energy produced by wave generators. This site is not 

feasible at this time.

LOCATION: SHARK HARBOR Not feasible.

Not feasible. Conservancy

34 PV 2 0.33 0 0 0 TBD TBD TBD TBD 0.066

Flat unused substation land within fence. a) Two Harbors Substation could accommodate battery storage and some PV. 

Approximately 1.5 acres with 25-foot setback to substation equipment.

b) Good vehicular access to sites.

c) Sites are visible to Two Harbors.

d) 12kV line passes through site.

Substation owned by SCE. Fenced area, close to roads with barge access. 

Generation and/or storage would be intended to support Two Harbors 

community.

LOCATION: TWO HARBORS SUBSTATION

Great site for storage. Some potential for PV, although small

High High Island Company

35 PV 3 0.76 0 4 3 TBD TBD TBD TBD 0.152

Sloping non-native grassland NE of substation. a) North of Two Harbors substation is a smaller non-native grassland, with 10% 

or less slope, square shape.                                                            

b) Grading would be required.                                                                           

c) Good vehicular access to sites.

d) Sites are visible to Two Harbors.

e) 12kV line passes through site.

Land is likely owned by Catalina Island Company. Site is relatively flat but would 

require grading. Site is not in line-of-site from habitable structures or planned 

communities. Generation and/or storage would be intended to support Two 

Harbors community.

LOCATION: BESIDE TWO HARBORS SUBSTATION SLIGHTLY NORTH WEST

This is a good site for a small array to support the larger concept of a north 

microgrid. 
High High Island Company
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36 PV 3 0.55 0 4 3 TBD TBD TBD TBD 0.11

Sloping non-native grassland SW of substation. a) South of Two Harbors substation is a 1 acre non-native grassland, with 10% 

or less slope, rectangular shape.                                                                                      

b) Grading would be required.                                                                                           

c) Good vehicular access to sites.

d) Sites are visible to Two Harbors.

e) 12kV line passes through site.

Land is likely owned by Catalina Island Company. Site is relatively flat but would 

require grading and has a northerly facing slope. Site is not in line-of-site from 

habitable structures or planned communities. Generation and/or storage would 

be intended to support Two Harbors community.

LOCATION: BESIDE TWO HARBORS SUBSTATION SLIGHTLY SOUTH EAST

This is a good site for a small array to support the larger concept of a north 

microgrid. Land looks like it may have been cleared in the past. Native vegetation 

was minimal
High High Island Company

37 PV 7 4.79 0 7 6 TBD TBD TBD TBD 0.958

El Rancho native land west of El Rancho. a) Evaluated site to southwest approximately 2 miles away from El Rancho.

b) Expect hard subsurface. Slopes to the north, approximately 10% grade.

c) Some disturbed grassland areas mixed with native coastal sage scrub.

d) Public trails pass through or near both sites.

e) Site presents visual impact to El Rancho, although located outside of El 

Rancho boundaries. 

f) 12kV line passes through or nearby.

Initially viewed from Site 7 and upon arrival, determined not feasible due to 

potential impacts to natural habitat.

LOCATION: SOUTH OF WRIGLEY-RUSACK PROPERTY EAST OF COTTONWOOD 

BEACH SOUTH EAST OF SHARK HARBOR.

Not feasible.

Not feasible.

38 PV 7 3.5 0 7 6 TBD TBD TBD TBD 0.7

El Rancho native land west of El Rancho. a) Evaluated site to southwest approximately 2 miles away from El Rancho.

b) Expect hard subsurface. Slopes to the north, approximately 10% grade.

c) Some disturbed grassland areas mixed with native coastal sage scrub.

d) Public trails pass through or near both sites.

e) Site presents visual impact to El Rancho, although located outside of El 

Rancho boundaries. 

f) 12kV line passes through or nearby.

Initially viewed from Site 7 and upon arrival, determined not feasible due to 

potential impacts to natural habitat.

LOCATION: SOUTH OF WRIGLEY-RUSACK PROPERTY EAST OF COTTONWOOD 

BEACH SOUTH EAST OF SHARK HARBOR.

Not feasible.

Not feasible. Conservancy

39 PV 2 3.02 O 1 0 TBD TBD TBD TBD 0.604

Conservancy site 1 a) Disturbed grassland unused by Conservancy

b) Gentle slope

c) 12kV line located nearby

This site and neighboring Conservancy sites are relatively flat and have access to 

existing distribution. Land is disturbed with no major known environment 

hurdles. Site development is relatively straight forward and location is free from 

obstructions such as trees and ridgelines. The potential challenge is the 

Conservancy is said to be planning development in this area. However, one or 

more of area sites may be available for a long-term lease or other arrangement 

and is worthy of conversations with the Conservancy. This site is feasible as a Tier 

1 option.

LOCATION: BESIDE MIDDLE RANCH RESERVOIR SLIGHTLY NORTH AND EAST OF 

THE RESERVOIR.

High High Conservancy

40 PV 2 2.1 O 1 0 TBD TBD TBD TBD 0.42

Conservancy site 2 a) Disturbed grassland unused by Conservancy

b) Gentle slope

c) 12kV line located nearby

This site and neighboring Conservancy sites are relatively flat and have access to 

existing distribution. Land is disturbed with no major known environment 

hurdles. Site development is relatively straight forward and location is free from 

obstructions such as trees and ridgelines. The potential challenge is the 

Conservancy is said to be planning development in this area. However, one or 

more of area sites may be available for a long-term lease or other arrangement 

and is worthy of conversations with the Conservancy. This site is feasible as a Tier 

1 option.

LOCATION: BESIDE MIDDLE RANCH RESERVOIR SLIGHTLY NORTH AND EAST OF 

THE RESERVOIR.

High High Conservancy

41 PV 2 2.17 O 1 0 TBD TBD TBD TBD 0.434

Conservancy site 3 a) Disturbed grassland unused by Conservancy

b) Gentle slope

c) 12kV line located nearby

This site and neighboring Conservancy sites are relatively flat and have access to 

existing distribution. Land is disturbed with no major known environment 

hurdles. Site development is relatively straight forward and location is free from 

obstructions such as trees and ridgelines. The potential challenge is the 

Conservancy is said to be planning development in this area. However, one or 

more of area sites may be available for a long-term lease or other arrangement 

and is worthy of conversations with the Conservancy. This site is feasible as a Tier 

1 option.

LOCATION: BESIDE MIDDLE RANCH RESERVOIR SLIGHTLY NORTH AND EAST OF 

THE RESERVOIR.

High High Conservancy

42 PV 2 1.23 3 3 3 TBD TBD TBD TBD 0.246

Conservancy site 4 a) Disturbed grassland unused by Conservancy

a) Gentle slope

b) 12kV line located nearby

This site and neighboring Conservancy sites are relatively flat and have access to 

existing distribution. Land is disturbed with no major known environment 

hurdles. Development on this site would potentially occur near a natural 

drainage and there are smaller ridges on two sides that may create morning and 

afternoon shade. Additionally, the Conservancy may be relocating a historic lodge 

and barn to this site. Based on this information, this site is feasible as a Tier 2 

option.

LOCATION: BESIDE MIDDLE RANCH RESERVOIR SLIGHTLY EAST OF THE 

RESERVOIR.

High High Conservancy

43 PV 2 0.75 6 5 2 TBD TBD TBD TBD 0.15

SCE storage site a) Relatively flat.

b) Native riparian habitat on 3 sides

c) Steep south facing slope may affect winter shadow

d) 12kV line located nearby 

This site is relatively small but appears to be disturbed land with invasive species. 

The proximity to feasible generation sites makes this site ideal for battery 

storage. Additionally, battery storage in this area may be leveraged to provide 

'microgrid island' capabilities for the nearby communities and water pumps. This 

site is feasible as a Tier 1 option for battery storage.

LOCATION: MIDDLE RANCH WELLS BESIDE MIDDLE RANCH RESERVOIR SLIGHTLY 

EAST OF THE RESERVOIR.

High (battery) High (battery) SCE

44 PV 3 4 2 0 1 TBD TBD TBD TBD 0.8

Across the valley from Sites 5 and 6. a) Mostly non-native grasses, slope 5% or less, steady low speed breeze.

b) South facing slope

On Catalina Island Company land. Site has gentle slopes although it's north facing 

and may require civil or other construction work. The site has existing 

distribution. Near barge locations, making the site easier to access than remote 

sites. This site is feasible as a Tier 2 option.

LOCATION: TWO HARBORS SLIGHTLY NORTH WEST FROM SITE 6. 

High High Across

45 PV TBD TBD TBD TBD TBD TBD TBD TBD TBD TBD

Airport

Was a quick (unplanned) look while resting at the airport. Will assess once 

decided if there is an opportunity to include in the feasibility study.

This site is currenly being considered by SCE for a separate project. The proximity 

to load and distribution lines makes this appealing. Reflection may be an issue 

for pilots. Will consider for the study once the scope of SCE's project is known 

and if there is room to expand scope to support the bigger Catalina picture.

LOCATION: AIRPORT. 

No-Go No-Go Conservancy

46 PV TBD TBD TBD TBD TBD TBD TBD TBD TBD TBD

South Quarry

Did not visit. Will further analyze once the availability of land is known. Did not visit. Will further analyze once the availability of land is known.

LOCATION: CONNOLLY PACIFIC SOUTH QUARRY. 

Heavily dependent on permitting/use. Blasting in the area would probably 

prohibit 

No-Go No-Go

Total Generation
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APPENDIX D – CPUC FIRE THREAT MAP AND SCE OVERHEAD 

DISTRIBUTION LINE STANDARDS
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APPENDIX E – GRID UPGRADES COST ESTIMATE
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COST ESTIMATE DETAIL 

 
Disclaimer: The cost estimates within this document are preliminary and based on the best information available at the time of this report. 

The estimates are subject to change as plans are developed or modified.  
 
 

Catalina Island Reconductoring and Pole Installation Cost Estimate 

Task Quantity $/Unit Total Comments 

   Pole 45 $25,000 $1,125,000  

   Conductor 23,760 LF $15 $356,400  

Subtotal   $1,481,400  

   Catalina Multiplier   $1,481,400 2x multiplier, includes copper 

Subtotal   $2,962,800  

     
    SCE Overhead, Labor   $1,333,260 45% planning/design and management 

Subtotal   $4,296,060  

Contingency   $859,212 20% Contingency 

     

Total   $5,155,272  

Cost per Mile   1,096,866 4.7 mile estimate 
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APPENDIX F – 60% RENEWABLE MICROGRID SINGLE-LINE 

DIAGRAM 
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APPENDIX G – UNDERSEA CABLE ROM OPC 
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COST ESTIMATE DETAIL 

 

Disclaimer: The cost estimates within this document are preliminary and based on the best information 

available at the time of this report. The estimates are subject to change as plans are developed or 

modified.  
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HUNTINGTON BEACH GENERATING STATION UPGRADES (HBGS) 

 

PEBBLY BEACH GENERATING STATION UPGRADES (PBGS) 

 

ITEM UNIT COST UNIT QUANTITY TOTAL COST COMMENTS

HUNTINGTON BEACH GENERATING STATION UPGRADES (HBGS)
Mobilization / Demobilization 330,000.00$             LS 1 330,000.00$                         1

Set of gang operated 1200A 66kV rated GOAB Disconnect Switches (HBGS) 5,750.00$                  EA 4 23,000.00$                           2

Set of gang operated 1200A 66kV rated GOAB Disconnect Switches - Foundation & Structure (HBGS) 17,822.22$                EA 4 71,288.89$                           3

Medium Voltage Circuit Breaker - 66kv 1200A 50KA (HBGS) 28,770.00$                EA 2 57,540.00$                           2

Medium Voltage Circuit Breaker - 66kv 1200A 50KA Foundation (HBGS) 8,911.11$                  EA 2 17,822.22$                           3

Potential Transformer - 66kV (HBGS) 10,000.00$                EA 1 10,000.00$                           2

Potential Transformer - 66kV Foundation (HBGS) 8,911.11$                  EA 1 8,911.11$                              3

66kv to 33kv 10MVA OTC step down transformers (with LTC) - Huntington Beach Generating Station (HBGS) 410,000.00$             EA 2 820,000.00$                         2

66kv to 33kv 10MVA OTC transformers (with LTC) - Foundation (HBGS) 76,388.89$                EA 2 152,777.78$                         3

Medium Voltage Circuit Breaker - 33kv 1200A 50KA (HBGS) 28,770.00$                EA 1 28,770.00$                           2

Medium Voltage Circuit Breaker - 33kv 1200A 50KA Foundation (HBGS) 8,911.11$                  EA 1 8,911.11$                              3

Set of gang operated 1200A 38kV rated GOAB Disconnect Switches (HBGS) 5,750.00$                  EA 2 11,500.00$                           2

Set of gang operated 1200A 38kV rated GOAB Disconnect Switches - Foundation (HBGS) 17,822.22$                EA 2 35,644.44$                           3

Potential Transformer - 33kV (HBGS) 10,000.00$                EA 3 30,000.00$                           2

Potential Transformer - 33kV Foundation (HBGS) 6,527.78$                  EA 3 19,583.33$                           3

33kV 3-Phase Fused Bypass Switch 250A (HBGS) 7,500.00$                  EA 1 7,500.00$                              2

33kV 3-Phase Fused Bypass Switch 250A - Foundation (HBGS) 17,822.22$                EA 1 17,822.22$                           3

Miscellaneous Bus, Cable Raceway, Foundations, Grounding, Earthwork, BMPs, etc. (HBGS) 575,000.00$             LS 1 575,000.00$                         4

SUB-TOTAL HBGS UPGRADES 2,226,071.11$       
Risk Contingency 20.00% 445,214.22$                         

TOTAL HBGS UPGRADES 2,671,285.33$       

COMMENTS:

1) Assumes $150k mob/demob with 12M @ $15k/M (Facilities & Supervision)

2) Does not include GC mark-up or logistics

3) Considers Substructure and Concrete

4) As described

UNDERSEA CABLE ROM OPC (ROUGH ORDER OF MAGNITUDE OPINION OF PROBABLE COST)

ITEM UNIT COST UNIT QUANTITY TOTAL COST COMMENTS

PEBBLY BEACH GENERATING STATION UPGRADES (PBGS)
Mobilization / Demobilization 650,000.00$             LS 1 650,000.00$                         1

Set of gang operated 1200A 38kV rated GOAB Disconnect Switches (PBGS) 5,750.00$                  EA 2 11,500.00$                           2

Set of gang operated 1200A 38kV rated GOAB Disconnect Switches - Foundation (PBGS) 59,111.11$                EA 2 118,222.22$                         3

Potential Transformer - 33kV (PBGS) 10,000.00$                EA 1 10,000.00$                           2

Potential Transformer - 33kV Foundation (PBGS) 17,638.89$                EA 1 17,638.89$                           3

Medium Voltage Circuit Breaker - 33kv 1200A 50KA (PBGS) 28,770.00$                EA 1 28,770.00$                           2

Medium Voltage Circuit Breaker - 33kv 1200A 50KA Foundation (PBGS) 29,555.56$                EA 1 29,555.56$                           3

33kV 3-Phase Fused Bypass Switch 250A (PBGS) 7,500.00$                  EA 1 7,500.00$                              2

33kV 3-Phase Fused Bypass Switch 250A - Foundation (PBGS) 41,111.11$                EA 1 41,111.11$                           3

33kv to 12kv 10MVA OTC step down transformers - Pebbly Beach Generating Station (PBGS) 225,000.00$             EA 2 450,000.00$                         2

33kv to 12kv 10MVA OTC  transformers - Foundation (PBGS) 381,944.44$             EA 2 763,888.89$                         3

Set of gang operated 1200A 15.5kV rated GOAB Disconnect Switches (PBGS) 4,500.00$                  EA 3 13,500.00$                           2

Set of gang operated 1200A 15.5kV rated GOAB Disconnect Switches - Foundation (PBGS) 41,111.11$                EA 3 123,333.33$                         3

Medium Voltage Circuit Breaker - 12kv (17kV) 1200A 50KA (PBGS) 28,770.00$                EA 1 28,770.00$                           2

Medium Voltage Circuit Breaker - 12kv (17kV) 1200A 50KA Foundation (PBGS) 29,555.56$                EA 1 29,555.56$                           3

Miscellaneous Bus, Cable Raceway, Foundations, Grounding, Earthwork, BMPs, etc. (PBGS) 475,000.00$             LS 1 475,000.00$                         4

SUB-TOTAL PBGS UPGRADES 2,798,345.56$       
Risk Contingency 20.00% 559,669.11$                         

TOTAL PBGS UPGRADES 3,358,014.67$       

COMMENTS:

1) Assumes $350k mob/demob with 12M @ $25k/M (Facilities & Supervision)

2) Does not include GC mark-up or logistics

3) Considers Substructure and Concrete

4) As described

UNDERSEA CABLE ROM OPC (ROUGH ORDER OF MAGNITUDE OPINION OF PROBABLE COST)
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UNDERSEA CABLE PLUS O&M, UG TRENCHING & SUBSTRUCTURES PLUS HDD 

 

UNDERSEA CABLE PLUS O&M, UG TRENCHING & SUBSTRUCTURES PLUS HDD 

 

ITEM UNIT COST UNIT QUANTITY TOTAL COST COMMENTS

UG TRENCHING & SUBSTRUCTURES PLUS HDD
Underground Trenching Including Cable and Accessories (HB to HBGS) 1,300.00$                  LF 2,500 3,250,000.00$                     1

Horizontal Directional Drilling (PBGS) 15,000,000.00$       LS 1 15,000,000.00$                   2

UNDERSEA CABLE PLUS O&M
Undersea Cable (Manufacture and Supply) 60,000,000.00$       LS 1 60,000,000.00$                   3

Undersea Cable (Delivery / Installation) 100,000,000.00$     LS 1 100,000,000.00$                 4

Undersea Cable (Yearly Operations and Maintenance) 500,000.00$             YR 10 5,000,000.00$                     5

SUB-TOTAL UNDERSEA CABLE WITH O&M, HDD, AND TRENCHING 183,250,000.00$  
Risk Contingency 20.00% 36,650,000.00$                   

TOTAL UNDERSEA CABLE WITH O&M, HDD, AND TRENCHING 225,929,300.00$  

COMMENTS:

2) Shall be considered for the shore crossing from PBGS into the Pacific Ocean. HDD at Huntington Beach Not Yet Considered - 24" Abandoned Pipe to be Used Until Deemed Unavailable.

3) A three core, 33kV armored submarine cable with 400kcmil per phase. ROM costing on manufacture and supply for the cable is roughly $60,000,000.00 

4) ***Assumption for Cable Installation Work***                                                                               

A. Cable burial is assumed at a depth of 2m. Any special cable protection is not included in the pricing.                                                                            

B. Marine survey cost is not included in the pricing.                                                                                 

C. Cable burial and cable installation shall be done in continuous work.                                                                            

D. Cable route and environmental permission shall not be included in Seller’s scope of work.                                                                                

E. The furnishing and installation of the civil infrastructure are not included in Seller’s scope of work.                                                                                

F. Existing cable or debris removal and disposal work are not included in the above pricing.                                                                                

5) Estimated annual costing over the first 10 years. Mainentance does not include any major repairs.

1) For the mainland tie-in from the abandoned 24-inch diameter pipe at Huntington Beach to the nearest overhead (OH) transmission pole tying into HBGS, an underground (UG) costing of 

$1,300.00 per lineal foot will be evaluated for alignment to the OH riser pole located on Beach Boulevard (Huntington Beach-Wave 66kV).

UNDERSEA CABLE ROM OPC (ROUGH ORDER +A65:F87OF MAGNITUDE OPINION OF PROBABLE COST)

ASSUMPTIONS / CLARIFICATIONS - OPC COSTING NOT CURRENTLY CONSIDERED FOR THE FOLLOWING:

UNDERSEA CABLE ROM OPC (ROUGH ORDER OF MAGNITUDE OPINION OF PROBABLE COST)

Geotechnical investigations and testing

Traffic Control Permits

Municipal or Agency Permitting

Easement acquisition

Easement plat and legal description for RR License

SWPPP preparation

Fees associated with submitting and renewing the NOI, annual reporting to the Regional Board, inspections and sampling required by the SWPPP’s Monitoring Program, preparing the 

Notice of Termination and accompanying documentation, any changes made necessary by plan checks or changes in site conditions (SWPPP Amendments), and soil monitoring and/or 

Storm water quality analysis

Storm water Management Plan

Drainage analysis

QSP work related to SWPPP maintenance

Stormwater Quality Management Plan 

Drainage Study

Traffic control or phasing plans

SCE shall provide any relevant as-built information for electrical work in the vicinity of this project

No material ordering or processing will be required of NV5

NV5 will provide scheduling support for the feasibility phases of this project, supplemental to the master SCE schedule only (design, construction, and as-built phases excluded)

Environmental studies or documentation

Right of Way/Encroachment Permits

Excavation permit processing 

NV5 is to be provided with any SCE as-built documentation (if available), standards and/or bulletins necessary to complete the OPC 

SCE shall provide utility and right-of-way AutoCAD drawings

Geological / Geotechnical design conditions are to be provided by SCE.

SCE shall provide phasing diagram for connection to existing facilities, vaults, cable poles, etc.

As-built documentation and subsidence monitoring

Landscape and irrigation plans

Traffic analysis

Seismic analysis 

Construction inspection and construction management
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APPENDIX H – UNDERSEA CABLE SCHEDULE 
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APPENDIX I – UNDERSEA CABLE MISCELLANEOUS 
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HDD FRACTION MITIGATION CONTINGENCY PLAN  

Introduction and Purpose 

Directional drilling operations have a potential to release fluids into the surface through frac-outs. Frac-

outs occur when drilling fluid is released through fractured bedrock into the surrounding rock and sand 

and eventually travels toward the surface or ocean bottom. Drilling fluid (mud) consists of bentonite 

clay, which is a naturally mined mineral, so it does not classify as a hazardous substance. 

Frac-outs can occur in any area of a directional bore. However, they are most likely to occur near the 

entry and exit pits of the bore due to the shallow depths at these points. This Frac-Out Contingency 

Plan establishes operating procedures and responsibilities for prevention, containment, clean up, and 

disposal of drilling fluid if a frac-out does occur. All Boring Contractor personnel and sub-contractors 

must follow this plan during the directional drilling operation. 

The objectives of this plan are: 

1. Minimize the potential for a frac-out associated with directional drilling activities; 

2. Provide the timely detection of frac-outs; 

3. Protect any environmentally sensitive areas; 

4. Ensure an organized, timely, and minimum impact response; 

5. Ensure that all appropriate notifications are made. 

Description of work 

Southern California Edison (SCE) Submarine Electrical Power Cable Project. SCE’s proposed 

Submarine Electrical Power Cable Horizontal Directional Drill (HDD) Project at Catalina Island’s Pebbly 

Beach Generating Station consists of installing 800 feet through a new 10” diameter HDD from the 
seafloor bed at a depth of approximately 75 to 80 feet to the area of the station currently occupied by 

the micro turbines. 

During the drilling operation, a frac-out has the potential to occur during any stage of the drilling 

process. More than likely the frac-out will occur during the pilot process since the mud will only have 

one direction to go, back to the drill entry point. 

In the event a frac-out occurs, the drilling crew will halt drilling operations immediately. Once the stop-

work has occurred, the cleanup shall begin straightaway. The site-supervisor shall notify management 

and safety personnel immediately. A spill kit will be on site and used if a frac-out occurs. A vacuum 

truck will be on site at all times during the drilling operation. Containment materials such as straw 

waddles may be used to help contain the frac-out. The Boring Contractor’s site supervisor will evaluate 

the situation and direct the crew with exact actions that need to be taken. 

1. If a frac-out is of a minor nature and can be easily contained. The proper precautions shall be 
taken in order to ensure that when drilling does resume, the frac-out will be contained. A fluid-
loss drilling additive will be used to help seal off any fluid loss that has already occurred. 

2. If a frac-out has been classified as a major incident, the site supervisor will stop the drilling 
operation and begin the containment process. Once the frac-out has been contained, the drill 
rod will be tripped back toward the drill to alleviate in-hole pressure. Once the frac-out has been 
contained, the Boring Contractor’s vacuum truck will begin the cleanup process. After the frac-
out is contained and cleaned up, the drilling operation will begin again making sure that flow is 
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constant to the bore pit and fluid pressures closely monitored. 

Site Supervisor/ Foremen Responsibilities 

The site supervisor/foremen will have the responsibility for implementing this Frac-Out Contingency 

Plan. The supervisor will ensure that all members of the Boring Contractor’s drill crew are properly 

trained for implementation of the contingency measures and briefed prior to drilling. The site 

supervisor/foremen will be responsible for ensuring that the safety department and management are 

made aware in the event that a frac-out occurs. They will also be responsible for the response, cleanup, 

and notification to the customer if a frac-out occurs. The site supervisor/foreman will ensure that all 

bentonite is cleaned up, properly transported, and disposed of at a legal dumpsite. 

The site supervisor/foremen shall be familiar with all aspects of the drilling process, the Frac-Out 

Contingency Plan contents, and the conditions of approval under which the activity is permitted to take 

place. The site supervisor/foremen will have the authority to stop work and commit the appropriate 

resources to implement this plan. The site supervisor/foremen will have a copy of this plan on site at 

all times and ensure that all Boring Contractor employees on site are familiar with this plan. 

Equipment 

The Site Supervisor shall ensure that: 

1. All Boring Contactor equipment and vehicles are checked daily for any hazardous leaks. 

2. Spill kits and spill containment materials are available on site at all times and that the 
equipment is in good working order. 

3. Equipment required to clean up a frac-out shall be available on site at all times during the 
drilling operation, or at a maximum of 10 minutes away at an off-site yard. 

4. If equipment is required to enter into a riverbed, area absorbent pads shall be placed under 
any motorized equipment while it is in operation to ensure that no fluids contaminate the 
riverbed. 

Training 

Prior to the start of work, the site supervisor must ensure that all Boring Contractor’s crewmembers 

have received training in the following: 

1. The provisions of the Frac-out Contingency Plan, equipment maintenance and site-specific 
requirements. 

2. Inspection procedures for release prevention and containment equipment and materials. 

3. Contractor/crew obligation to immediately stop drilling operations upon first detection of a 
frac-out. 

4. Contractor/crewmember responsibilities during the event of a frac-out. 

5. Operation of release prevention and control equipment and location of release control 
materials. 

Drilling Procedures 

The following procedures shall be followed each day, prior to the start of work. The Frac-Out 

Contingency Plan shall be available on-site during all construction. The site supervisor/foreman shall 
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be on-site at any time that the drilling is occurring or is planned to occur. The site supervisor/foremen 

shall ensure a job briefing meeting is held at the start of each day of drilling to review the appropriate 

procedures to be followed in the event of a frac-out. 

Drilling pressures shall be monitored closely so they do not exceed what is required to successfully 

drill through the formation. The operator shall monitor pressure levels randomly throughout the day. If 

available, the machine pressure levels shall be set to a minimum to minimize the potential for a frac-

out event to occur. 

A spill kit shall be on-site and used if a frac-out occurs. A vacuum truck shall be readily available on-

site prior to, and during, all drilling operations. Containment materials (straw, silt fencing, sand bags, 

and frac-out spill kits.) shall be staged on-site at a location that is easily accessible. Silt fencing shall 

be set up at any storm drains prior to drilling. 

Once the drilling operation has commenced, the operator shall notify the site supervisor/foremen if 

any drops or spikes in pressure occur, or if there is a lack of fluid returns into the entry pit. The site 

shall be monitored for frac-outs at this point. It is important to realize that just because fluid returns 
may be minimal does not mean a frac out is occurring. It is common for the bentonite drilling fluid to 

escape into the surrounding soil where it will eventually form a filter cake to seal off voids. If this occurs 

a fluid loss additive will be added to help reduce the amount of fluid loss. 

Vacuum Truck 

A vacuum truck will be on site or staged at a near-by location so it can be easily mobilized in the event 

that a frac-out occurs. The vacuum truck will suck up the contained frac-out and will dump at a legal 

dumpsite or into the entry pit so the fluid can be recycled. 

Field Response to a Frac-Out occurrence 

The response of the field crew to a frac-out release shall be immediate and in accordance with 

procedures identified in this plan. All appropriate actions that do not pose an additional threat to the 

surrounding area should be taken as follows: 

1. Directional boring will stop immediately. 

2. The drill rod will be tripped back to relieve the down hole pressure. 

3. The site supervisor/foremen will be notified to ensure that management and the safety 
department is notified, as well as an SCE foremen. 

4. The site supervisor/foremen shall evaluate the situation and recommend the type and level 
of response required. 

5. If the frac-out is minor and easily contained, a leak-stopping compound will be added to help 
seal the frac-out. 

6. If the frac-out has reached the surface, a berm will be constructed and the vacuum truck will 
be mobilized to suck up any drilling fluid that has escaped. 

Response Close-out Procedures 

When the release has been contained and cleaned up, response closeout activities will be conducted 

under the direction of the site supervisor/foremen and will include the following: 

1. The recovered drilling fluid will either be disposed of legally or taken over to the entry pit to 
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be recycled. 

2. All containment measures will be removed and cleaned up to the state prior to the frac- out. 

Construction Re-start 

For small releases not requiring external notification, drilling may continue if 100 percent containment 

is achieved through the use of a fluid loss compound. A clean-up crew shall remain at the frac-out 

location under the direction of the foremen. 

For releases requiring external notification, drilling will not continue until SCE gives Boring Contractor 

notice to proceed. 

Notification 

In the event of a frac-out, the site supervisor will notify the safety department and the management 

team. The following information must be documented with 24 hours of a frac-out and given to SCE: 

1. Name and telephone number of person reporting. 

2. Location of the frac-out. 

3. Date and time of the frac-out. 

4. Estimated quantity of drilling fluid released. 

5. How the release occurred. 

6. The type of activity that was occurring during the frac-out. 

7. Description of the methods used to clean up or secure the site. 

Communication with Customer (SCE) 

The site supervisor/foremen will contact Customer when there is a frac-out. They will follow up with the 
above-mentioned documentation. If it is a major frac-out, the Boring Contractor will wait for the 
approval of SCE to resume the drilling operation. Only the site supervisor/foremen are to communicate 
with Customer over the frac-out. 

Documentation 

The site supervisor/foremen shall record the frac-out event in his daily log. The log will include the 

following information:  

1. Details on the frac-out. 

2. Estimate of fluid loss. 

3. Location and time of release. 

4. Size of the affected area. 

5. Sources used to clean up.  

The log report shall also include:  

6. Name and telephone number of the person reporting. 

7. Date. 
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8. How the release occurred.  

9. The type of activity that was occurring when the frac-out happened. 

10. A description of the method used for clean-up.  

This daily log will can be copied and given to Customer upon request. 

CABLE BURIAL BY HAND JETTING PROCEDURE 

The section of cables in bundle configuration from the position where the jet plow stops its work to the 
HDD conduit exit, or abandoned 24-inch pipeline exit, will be buried by divers using hand-jetting systems 
and/or post burial systems. Hand-jetting shall be performed as follows: 

Site Location and Vessel Mooring 

The Dive vessel will anchor over the portion of the cable to be hand jetted. A DGPS navigation/survey 
system, or equivalent, will be used to locate the area and to place the anchors in a 4-point moor. The 
surveyor will determine a safe position when using spuds for remedial work. The stern of the vessel will 
be positioned over the end of the exposed cable where the cable enters or exits the jet plow burial 
trench. 

Diving to Locate Jet Plow Burial Transition 

A small clump weight attached to a down line will be lowered to the seabed from the stern of the dive 
vessel. The diver will descend this line and begin a search for the cable on the seabed. When the cable is 
located the diver will proceed to the point where the cable exits /enters the jet plow burial trench. This 
beginning location will be recorded by the surveyor. 

Hand Jetting Burial 

Once the transition point is located, a balanced head-jetting wand will be lowered to the diver. This is a 
T-shaped burial jet, which provides a 5/8” jet nozzle for jetting and an identical nozzle to provide 
counter thrust in the opposite direction. This jetting wand is supplied by a 3-inch water hose and diesel 
power jetting pump. The diver will begin to jet the seabed soil from under the cable bundle at the jet 
plow transition. Once the bundle is buried to the full depth at the transition, the diver will continue to 
jet the bundle along the portion where the bundle is laying on the seabed surface. This transition from 
full burial to seabed surface is a slope approximately 15 to 25 feet long. The diver will progressively jet 
as this slope is shifted along until the entire exposed section of cable bundle is buried. The ending point 
will be recorded by the surveyor. 

Burial Depth Verification 

The burial depth will be verified using a diver’s pneumo tube and a 6.5 foot (2 meter) probe. The diver 
will place the probe on top of the cable bundle; a pneumo depth will be recorded at the top of the 
probe. A second pneumo depth will be recorded at natural seabed adjacent to the cable trench. A 
comparison will be made to determine the cable depth below natural seabed. 
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INSTALLATION VESSEL CABLE EQUIPMENT 

General Vessel Layout: The cable lay vessel general arrangement includes the main undersea cabling 
coiled in the center of the vessel, the laying and burial systems located at the stern, the main control 
room at the stern to control and direct all shipping operations, with the balance of equipment placed in 
space around these main components. 

Cable Tubs 

The power cable will be coiled in a conventional static tub. The tub is a circular containment structure 
that provides an internal ring and external ring of specific dimension. The cable is coiled in layers within 
these rings using a coiling arm. 

Cable Towers 

The cable towers are an overhead structure that allows the cables to drop into or be pulled out of the 
cable tubs. This overhead configuration allows the cable to transition from the coil to the linear 
cableway and cable traction machines. 

Cable Linear Machines 

The cable will be run through a linear machine on the vessel deck. The machine has a pair of powered 
tracks that grip the cable and moves the cable off or on to the vessel. The machine is controlled to 
provide a coordinated movement of cable. 

 

 

Figure 1 - Linear Cable Machine & Remote Total Control Console 

Cable Chute 

The cable chutes (elephant trunks) are radiused structures generally located at the stern of the vessel 
that controls the bending of the cable in vertical and horizontal position as it is laid from or recovered to 
the installation vessel. 

Dive Systems on the Installation Vessel 

Where applicable, a dive system will be mobilized aboard the cable installation vessel. This will allow all 
phases of the project diving to be performed as the cable is installed. The dive system is capable of 
supporting a hard-hat diver and diver work tasks. The dive system includes a diver with underwater 
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video and voice communications. An umbilical provides this link along with divers breathing air. Air 
compressors, video, communication links, supervision, coordination, and observation are all provided 
from the dive station.
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List of Acronyms 
AC alternating current 

ACF area cost factor 

ATB Annual Technology Baseline 

BESS battery energy storage system 

BTU British thermal units 

CA California 

CAISO California Independent System Operator 

CAPEX capital expenditure or capital costs 

CO2 carbon dioxide 

COD commercial operation date 

DC direct current 

ECM energy conservation measures 

EE energy efficiency 

EIA U.S. Energy Information Association 

EPA Environmental Protection Agency 

FF-1 fossil fuel scenario #1 

FF-2 fossil fuel scenario #2 

FF-3 fossil fuel scenario #3 

FF-4 fossil fuel scenario #4 

FF-5 fossil fuel scenario #5 

FF-6 fossil fuel scenario #6 

FF-EE fossil fuel scenario with energy efficiency sensitivity 

gal gallons 

gm gram 

GWh gigawatt-hours 

HP horsepower 

hr hour 

ITC Investment Tax Credit 

kV kilovolts 

kW kilowatts 

LC-1 minimize lifecycle cost scenario #1 

LC-CAP minimize lifecycle cost scenario with lower PV/BESS capital cost 

sensitivity 

LCC lifecycle costs 

LNG liquified natural gas 

M million 

MACRS Modified Accelerated Cost Recovery System 

MERRA Modern-Era Retrospective analysis for Research and Applications 

MMBTU million British thermal units 

MW megawatts 

MWh megawatt-hours 

NaS sodium-sulfur 

NASA National Aeronautics and Space Administration 

NOx nitrogen oxide 

NREL National Renewable Energy Laboratory 



 

v 

NSRDB National Solar Radiation Database 

O&M operations & maintenance 

PBGS Pebbly Beach Generating Station 

PV photovoltaics 

PVRR present value of revenue required 

RE renewable energy 

RE60-1 60% renewable energy scenario #1 

RE100-1 100% renewable energy scenario #1 

RE60-2 60% renewable energy scenario #2 

RE60-3 60% renewable energy scenario #3 

RE60-CAP 60% renewable energy scenario with lower PV/BESS capital cost 

sensitivity 

RE100-CAP 100% renewable energy scenario with lower PV/BESS capital cost 

sensitivity 

RE60-EE 60% renewable energy scenario with energy efficiency sensitivity 

REopt Renewable Energy Optimization and Integration tool 

ROM rough order of magnitude 

S.B. Senate Bill 

SCAQMD South Coast Air Quality Management District 

SCE Southern California Edison 

tmy typical meteorological year 

UC-1 undersea cable scenario #1 

W watts 

WIND Toolkit Wind Integration National Database Toolkit 

 

 

 

 



 

vi 

Executive Summary 
Engineers at the National Renewable Energy Laboratory (NREL) supported Southern California 

Edison (SCE) and the United States Environmental Protection Agency (EPA) by conducting 

technical and economic analyses for energy systems at Santa Catalina (Catalina) Island, which is 

located 22 miles off the coast of Long Beach, California. This effort was part of a broader 

Repower Catalina Feasibility Study that was also supported by NV5, an engineering consulting 

firm and project partner to NREL for this analysis. This document describes NREL’s techno-

economic modeling and optimization analysis for the first two phases of this project which focus 

on supply-side generation and energy storage options for Catalina. 

SCE’s goal for this analysis is to determine a strategy for electricity generation on Catalina 

Island that results in lower energy costs, improved energy resiliency, and reduced air emissions. 

The U.S. Environmental Protection Agency’s (EPA) goals for this effort are to reduce emissions 

of air pollution and encourage renewable energy development on current and formerly 

contaminated lands when such development is aligned with the community’s vision for the site.   

Currently, an on-island SCE power plant serves the Catalina Island electrical load with six 

reciprocating diesel generators totaling 9.4 MW, 23 propane-fueled microturbines totaling 1.5 

MW, and a 1 MW, 7.2 MWh sodium sulfur (NaS) battery energy storage system (BESS). In 

2017, the electricity consumption on the island was 29.1 GWh, with an average load of 3.3 MW 

and peak load ~5.5 MW.  

Considering new environmental standards on diesel generator emissions from California’s South 

Coast Air Quality Management District (SCAQMD), a 60% renewable energy target for 2030 

laid out in California’s Senate Bill 100, SCE’s Clean Power Electrification Pathway, and the 

characteristics of the island’s existing diesel generators, SCE is seeking to evaluate the technical 

and economic implications of different energy technology options to determine a path forward. 

Phases I and II of the Repower Catalina Feasibility Study summarized in this document, 

evaluated the following: 

 Interconnection with the mainland via an undersea cable 

 On-island fossil-fuel generation, including diesel, propane, and/or liquified natural gas 

(LNG) 

 On-island renewable energy (RE) technologies, including solar photovoltaics (PV), wind 

turbines, and wave energy devices 

 Battery energy storage systems to support the above generation technologies 

 Initial analysis of the potential impacts of implementing energy efficiency measures  

Thus far, results indicate strong techno-economic potential for a mix of on-island diesel and/or 

propane generators, solar PV, BESS and energy efficiency measures, to help SCE and Catalina 

achieve their goals compliant with California’s emissions and clean energy standards while 

minimizing electricity lifecycle costs (LCC) over the 30-year analysis period. The following 

bullet points summarize key takeaways from phase I and II of this analysis: 
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 An undersea cable does not appear cost-competitive with the other options assessed, 

largely due to its capital cost along with capital costs required to support redundancy in 

the form of a second undersea cable or on-island generators. 

 On-island emissions compliant diesel generators or a diesel/propane hybrid generator 

option could cost-effectively support generation and reliability goals for any of the 

scenarios considered. 

o Diesel generators each ranging in capacity from 1.49 MW to 2.98 MW were 

considered and LCC do not significantly vary between these options. 

o An all-propane generators scenario has an ~50% higher LCC than all-diesel 

generators but reduces NOx emissions by over 75%. This higher cost is largely 

driven by the need for additional fuel storage on the island. However, even once 

emissions associated with additional barge shipments of fuel are considered, 

propane options are still likely to have lower total NOx emissions than diesel. It 

seems plausible that at least one propane generator could be used to replace the 

propane microturbines with the existing fuel storage and fire suppression system. 

Moreover, if propane usage for buildings on Catalina is eventually converted to 

electricity usage, there may be increased flexibility to add or convert to more 

propane generators for electrical generation. Additionally, despite its lower heat 

content than diesel, propane fuel benefits from a low shipping cost since the barge 

delivery tariffs are significantly based of weight.   

o A combined diesel and propane hybrid could serve as a cost-effective option 

that reduces NOx emissions by nearly 25% over an all-diesel scenario and 

provides fuel flexibility for price hedging. Generator fuel-switching or dual-fuel 

generators could facilitate this option.  

o LNG generators appears to be the most costly generator option evaluated, with 

an LCC 63% higher than an all-diesel option. This higher LCC is largely driven 

by higher capital costs for generators and infrastructure upgrades. Additional 

feasibility studies for this option would be required to more accurately estimate 

the costs of fuel shipping and infrastructure upgrades. 

 Solar PV and BESS could cost-effectively reduce fossil fuel and emissions on Catalina. 

o Minimizing LCC: Even without considering a RE target, PV is cost-effective on 

Catalina. Adding 1.2 MW-DC of PV (covering ~8 acres) cost-effectively achieves 

5% annual RE without changing the LCC of electricity relative to an all-diesel 

scenario. 

o 60% annual RE target: A 60% annual RE target on Catalina Island could be met 

with approximately 15.6 MW-DC of PV (covering ~100 acres) and 12 MW / 90 

MWh (~7.5-hr) of additional BESS. Compared to an all-diesel scenario, the LCC 

could increase by $71M (47%).  
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o 100% annual RE target: To meet 100% of the electrical load on Catalina with 

RE, approximately 44 MW-DC of PV (covering ~280 acres) and 36 MW, 340 

MWh of BESS could be required. Compared to an all-diesel scenario, overall 

LCC would increase by $290M+ (>275%) and would likely require additional 

distribution system upgrades and integration costs not included in this estimate.  

o PV and BESS costs assumptions include higher transportation and labor costs 

associated with Catalina. If lower PV/BESS capital costs can be achieved, in line 

with mainland U.S. costs, understandably overall system LCC decreases for all 

PV/BESS scenarios and cost optimal PV/BESS systems size could be larger. For 

a 60% annual RE target, the overall system LCC could decrease by 13%. PV and 

BESS capital costs are likely to continue to decrease over the coming years, 

making projects more cost effective as they are developed in phases. 

 Wind turbines do not appear cost effective versus other options due to the estimated 

island’s low wind resource, ~9.9% capacity factor. Wind resource data for potential site 

specific wind turbines locations was not available but was estimated using “measure-

correlate-predict” analysis. 

 Wave energy devices are in an earlier stage of technology readiness and do not appear as 

cost-effective for Catalina versus other options considered. As the technology matures 

and costs decrease, SCE could re-evaluate the potential for using this technology at 

Catalina. A pilot demonstration could be considered but is unlikely to reduce lifecycle 

costs of electricity on Catalina at this time. 

 An initial example of energy efficiency impacts suggests that a 21% decrease in 

modeled electrical load could yield 15-25% reductions in the LCC of electricity, 

excluding the cost of energy conservation measures (ECMs). Considering a 60% annual 

RE target, such ECMs could also reduce the PV capacity and land requirements to 

achieve this goal on-island by 21%. 

Concurrent with this analysis, NV5 conducted a preliminary energy efficiency (EE), demand 

response (DR), demand side management (DSM), and deferrable loads (DL) evaluation for 

Catalina. The results of this NV5 analysis were not yet available at the time that NREL 

completed this techno-economic analysis. SCE has indicated additional follow-on analysis 

phases could include more detailed analysis and optimization of these demand-side energy 

options, water systems, electric transportation, and building electrification, among others.  

This document summarizes the considerations and findings of Phases I and II, focusing on high-

level takeaways from Phase I and more detailed results from Phase II, and discusses a potential 

path forward for Phase III.   
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1 Introduction 
This section provides an overview of Catalina Island, including its electricity consumption, 

generation strategy, and factors driving this analysis. The scope and approach of NREL’s techno-

economic analysis for Phases I and II are also described in the context of the overall Catalina 

Repower Feasibility Study.  

1.1 Island Overview 

Catalina Island, located just over 20 miles off the coast of southern California, is home to 

roughly 4,000 year-round residents, but tourists increase the summer and weekend population to 

over 10,000 with over 1 million visitors per year.1 The island is roughly 48 thousand acres of 

land including over 50 miles of coastline; 88% of this land is protected by the Catalina Island 

Conservancy.1 Figure 1 shows a map of the island including SCE’s electric generation facilities 

and distribution system, described below. 

 

Figure 1. Map of Catalina Island’s generation facility and electric distribution system.2 

 

As a part of Los Angeles County, the island’s electricity requirements are served by Southern 

California Edison (SCE). The hourly electrical load profile for Catalina is shown in Figure 2. In 

2017, the island consumed 29.1 GWh of electricity, with an average load of 3.3 MW and peak 

load ~5.5 MW. 
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Figure 2. Historical hourly electrical load profile, 2015-2017, per SCE. 

Currently, SCE generates Catalina’s electricity on-island at Pebbly Beach Generating Station 

(PBGS), which is approximately one mile southeast of the city of Avalon. PBGS consists of six 

reciprocating diesel generators totaling 9.4 MW, 23 propane microturbines totaling 1.5 MW, and 

a 1 MW, 7.2 MWh sodium sulfur (NaS) battery energy storage system (BESS), as summarized in 

Table 1. Other known on-island generation is customer-sited and privately-owned, the largest 

being 23 kW of solar photovoltaics (PV) located at the University of Southern California’s 

Wrigley Marine Science Center. Electricity is distributed across the island via three 12 kV 

circuits. A second substation is located in the city of Two Harbors.  

Table 1. Existing Generation and Storage Systems 

Unit Type Rated Capacity 

Annual NOx 
Emissions (2017) 

[tons] 

Unit 7 Diesel generator 1 MW 10.3 

Unit 8 Diesel generator 1.5 MW 13.2 

Unit 10 Diesel generator 1.125 MW 13.8 

Unit 12 Diesel generator 1.575 MW 21.5 

Unit 14 Diesel generator 1.4 MW 13.0 

Unit 15 Diesel generator 2.8 MW 3.3 

Microturbines Propane microturbines 23 @ 65 kW = 1.5 MW 0.3 

BESS NaS BESS 1 MW / 7.2 MWh 0 

TOTAL TOTAL 11.9 MW 75.4 
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Diesel and propane fuel for these generators is delivered to the island by barge. Table 2 

summarizes fuel consumption and costs for 2017; costs include the cost of fuel transport. See the 

Appendix for more information about fuel delivery and costs. Of the 800k gallons (gal) of 

propane delivered, ~20% (150k gal) was consumed by the microturbines. (SCE also distributes 

propane to facilities in the Avalon area via a pipeline.)  

Table 2. 2017 Delivered Fuel Consumption and Costs 

Fuel Diesel Propane 

Annual consumption 2.03M gal 0.80M gal 

Annual total cost $5.5M $1.3M 

Average cost 
$2.73/gal = 

$18.93/MMBTU 

$1.27/gal = 

$17.35/MMBTU 

 

Of the six diesel generators currently operating at PBGS, five are in the range of 33-61 years of 

age and do not comply with California’s South Coast Air Quality Management District’s 

(SCAQMD’s) nitrogen oxide (NOx) emissions standards as described in Rule 1135, which 

defines several compliance options with deadlines ranging from 2022 to 2026.3 Per SCE, the 

sixth generator, 2.8 MW Unit 15, is exempt from Rule 1135 and could remain operational, but all 

other existing generators would need to be replaced with new compliant generation. Note that 

although this analysis focuses on NOx emissions, SCAQMD Rule 1135 also stipulates 

requirements for other emissions. 

Additionally, in 2017, SCE released its Clean Power Electrification Pathway detailing a blueprint 

to achieving California’s environmental goals.4 In 2018, California’s Senate Bill 100 (S.B.100) 

set a 60% renewable energy target for the year 2030. The characteristics of the existing 

generators and generation plant, SCAQMD’s Rule 1135, California’s S.B.100, and SCE’s clean 

power goals serve as the impetus for this analysis.  

1.2 Scope and Approach 

The overall Catalina Repower Feasibility Study evaluated options for Catalina’s electric system 

to provide reliable power to the island while complying with emissions requirements. The team, 

comprised of SCE, EPA, NV5, and NREL, evaluated the following generation and storage 

technology options:  

 Interconnection with the mainland via an undersea cable 

 On-island fossil-fuel generation, including diesel, propane, and/or liquified natural gas 

(LNG) 

 On-island renewable energy (RE) technologies, including solar photovoltaics (PV), wind 

turbines, and wave energy devices 

 Battery energy storage systems (BESS) 
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 Initial analysis of the potential impacts of implementing energy efficiency measures  

Concurrent with this analysis, NV5 conducted a preliminary energy efficiency (EE), demand 

response (DR), demand side management (DSM), and deferrable loads (DL) evaluation for 

Catalina. The results of this NV5 analysis were not yet available at the time that NREL 

completed this techno-economic analysis. SCE has indicated additional follow-on analysis 

phases could include more detailed analysis of these demand-side energy options, water systems, 

electric transportation, and building electrification, among others.  

NREL is using the Renewable Energy Optimization and Integration (REopt)5,6 software tool to 

evaluate the potential of various energy technology options to power Catalina over a 30-year 

analysis period. This document describes NREL’s techno-economic analysis and discusses the 

lifecycle cost-effectiveness and other factors of various energy system configurations evaluated. 

Given the collaborative nature of this effort, the techno-economic analysis both utilizes results of 

NV5 analysis as techno-economic inputs and feeds techno-economic results into NV5’s analysis.  

2 Methodology 
This section provides an overview of NREL’s REopt software tool and of the phased approach 

taken for this iterative techno-economic analysis. 

2.1 REopt Overview 

REopt5,6 is a techno-economic time series optimization modeling tool to support distributed 

energy systems planning decisions. Formulated as a mixed integer linear software program, 

REopt identifies the cost-optimal mix of candidate technologies, their respective sizes, and 

dispatch strategies.   

Typically, the objective function is to minimize the present value of lifecycle costs (LCC) of 

energy over the analysis period by adjusting modeled system sizes and dispatch. The model can 

optionally incorporate specific RE targets to identify cost-effective pathways to achieve such 

targets. The LCC modeled includes capital costs (CAPEX) of new energy generation and storage 

capacity, the present value of all operating expenses such as fuel costs and operations and 

maintenance (O&M) costs, and the present value of any financial incentives and depreciation.  

The model achieves a balance between energy demand and generation in every time step of the 

year (hourly time steps were used for this analysis) by sizing and dispatching a cost-optimal 

combination of power purchases (via a potential sub-sea cable in this case), renewable 

generation, fossil fuel generation and energy storage. The model also includes specific 

constraints for each of the identified technology options that define how they can operate.  

2.2 Analysis Phases 

Due to the interdependencies of NREL and NV5 sub-tasks, the techno-economic analysis was 

performed iteratively, with results informing the next phase of analysis to facilitate 

comprehensive understanding of options and convergence on recommendations for a path 

forward. 
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 Phase I: Preliminary Analysis. The preliminary analysis considered initial technical and 

cost assumptions based on inputs from SCE, EPA, NV5, and NREL. Results were 

presented in October 2019. 

 Phase II: Refined Analysis. Scenarios and technologies considered in Phase II were 

informed by the results of Phase I and discussion between SCE, EPA, NV5, and NREL. 

Some technical and cost assumptions were also updated based on Phase I findings, 

especially where Phase I findings could inform assumptions provided by NV5. Initial 

results were presented in March 2020. 

 Phase III: Refined Analysis including Demand-Side Factors. A future phase of this 

analysis could fully assess the impact of demand-side considerations on generation-side 

planning. A Phase III techno-economic analysis could be informed by findings from this 

Phase II REopt analysis and NV5’s initial analysis of potential load increases, load 

reductions, and controllable loads. This is discussed in more depth in Section 4. 

This document summarizes the considerations and findings of Phases I and II, focusing on high-

level takeaways from Phase I and more detailed results from Phase II, and discusses a potential 

path forward for Phase III.   

3 Results 

3.1 Phase I High-Level Summary 

A goal of Phase I was to evaluate a range of options at a high level to facilitate team discussions, 

improve inputs and assumption for Phase II, and inform selection of scenarios to be assessed in 

Phase II. Phase I scenarios were collaboratively identified with input from SCE, EPA, NREL, 

and NV5. 

Phase I results yielded the following takeaways: 

 Solar PV appears to be cost effective on Catalina. 

 Wind turbines do not appear cost effective on Catalina, due to the relatively low 

estimated capacity factor of 9.9% predicted from the geospatial wind data and the high 

capital costs associated with distributed wind on an island with complex terrain. Site-

specific wind resource measurements for possible wind turbines locations was not 

available but NREL wind experts used “measure-correlate-predict” analysis to identify 

areas of the island with the strongest resource. 

 Additional BESS could stabilize high penetrations of renewables on the island’s electric 

grid. 

 Per SCE, microturbines will be decommissioned once they reach end of life in the next 

several years.  

 An undersea cable interconnecting with the mainland appears more expensive on a 

lifecycle basis than when compared with on-island generation. This is in part driven by 
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its high estimated capital cost of $220M for a single undersea cable, per NV5. A second 

cable or on-island generation would also be required to provide redundancy, further 

increasing costs. 

3.2 Phase II Detailed Results 

Based on the findings of and feedback on Phase I, the Phase II analysis incorporated refined 

techno-economic assumptions, additional technologies and scenarios, and pertinent sensitivity 

analyses. This section describes the scenarios, considerations, and sensitivities included in the 

Phase II analysis; for additional details about techno-economic assumptions, see the Appendix. 

The load profile used for these analyses is based on the 2017 load profile, which peaks at 5.5 

MW, scaled to a peak load of 7 MW per SCE’s estimates of load growth. To model this 

estimated load increase, the electric demand in each hourly timestep was increased by 27% 

(since 7 MW is a 27% increase over 5.5 MW peak demand). In future work, additional demand-

side analysis could be performed to more accurately capture temporal variations in load impacted 

by future load increases, load reductions, and controllable loads.  

To ensure system reliability, spinning reserve requirements and N+2 redundancy requirements 

were specified as constraints. Spinning reserve requirements are detailed in the Appendix. N+2 

redundancy requires that if the two largest generators are offline during the peak load that the 

remaining generators could still cover the peak load. Renewables and BESS were not assumed to 

contribute to the N+2 requirement, but could support redundancy albeit at higher risk of 

unavailability.  

Table 3 summarizes the scenarios evaluated and the high-level results for Phase II, organized 

into five categories: 

 Undersea Cable (UC) 

 Fossil Fuel Only (FF) 

 Minimize LCC (LC) 

 60% RE Annually (RE60) 

 100% RE Annually (RE100) 

The FF and RE100 options serve as analysis bookends. RE60 is predicated on California’s 

S.B.100 target of 60% RE by 2030; however, off-island options could also support this goal. In 

order to reduce lifecycle costs in LC scenarios, REopt identified the cost-optimal mix of energy 

technologies to serve Catalina Island’s electricity requirements, without considering any 

renewable energy targets.  

Within each of these five categories in Table 3, the individual scenarios listed (in order of 

increasing LCC) consider different generator configurations and sensitivity analyses.  
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 Enumerated (1,2,3, etc.) scenarios vary generator type, number, and size but otherwise 

use the same load and technology assumptions, as described in the Appendix. 

 Lower PV/BESS CAPEX (CAP) scenarios assume PV and BESS cost are equal to 

mainland U.S. price points, rather than in the enumerated scenarios where PV and BESS 

costs are assumed to be higher on Catalina.  

 The energy efficiency (EE) scenarios assume that energy conservation measures (ECMs) 

are implemented to bring the electrical load profile back to 2017 values, essentially a 

21% decrease in demand applied to all hours of the year. This EE case is intended as one 

simple example to demonstrate the impact demand-side considerations could have on 

SCE’s generation strategy on Catalina. An additional analysis to include potential load 

changes and their impact on electricity requirements and generation strategy is 

recommended and is planned as a Phase III of techno-economic analysis as discussed in 

Section 4. 

Unless otherwise noted, all scenarios assume that the existing 2.8 MW diesel generator (Unit 15) 

and 1 MW, 7.2 MWh NaS BESS are available for use, with the NaS BESS being replaced at end 

of life, estimated ~2032.   
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Table 3. Phase II Scenarios and Results Summary 

Scenario 
Generator / 
Fuel Type 

Sensitivity Analysis 
New Gen-
erators7 

[MW] 

New 
BESS 

Capacity7 

PV 
Capacity 

Estimated 
PV 

Footprint 

Annual  
% RE 

Estimated 
Annual NOx 
Emissions8 

Estimated 
CAPEX9 

Present 
Value of 

Estimated 
LCC 

U
n

d
e
r-

s
e
a
 

C
a
b

le
1

0
 

UC Diesel (larger) --- 4 x 2.98 N/A N/A N/A N/A N/A $263M $334M 

F
o

s
s
il
 F

u
e
l 
O

n
ly

 

FF-EE Diesel (larger) EE 3 x 2.98 

N/A N/A N/A N/A 

20 tons $32M $128M 

FF-1 Diesel (smaller) --- 6 x 1.49 25 tons $32M $152M 

FF-2 
Diesel (larger) + 
Propane 

--- 
3 x 2.98 + 
1 x 1.38 

19 tons $44M $165M 

FF-3 Diesel (larger) --- 4 x 2.98 25 tons $43M $168M 

FF-4 
Diesel (mixed), 
no unit #15 (2.8 
MW) 

--- 
2 x 1.49 + 
2 x 2.23 + 
2 x 2.98 

25 tons $48M $169M 

FF-5 Propane --- 7 x 1.38 6 tons $108M $230M 

FF-6 LNG11 --- 4 x 2.5 3 tons $132M+ $247M+ 

M
in

i

m
iz

e
 

L
C

C
 

LC-CAP Diesel (larger) Lower PV/BESS CAPEX 4 x 2.98 
2.2 MW, 
1.1 MWh 

3.8 MW-DC 24 acres 16% 21 tons $50M $165M 

LC-1 Diesel (larger) --- 4 x 2.98 0 1.2 MW-DC 8 acres 5% 24 tons $46M $168M 

6
0
%

 R
E

 

A
n

n
u

a
ll
y
 RE60-EE Diesel (larger) EE 3 x 2.98 

9 MW,  
71 MWh 

12.3 MW-
DC 

78 acres 

60% 

8 tons $127M $194M 

RE60-CAP Diesel (larger) Lower PV/BESS CAPEX 4 x 2.98 

12 MW,  
90 MWh 

15.6 MW-
DC 

99 acres 

10 tons $126M $211M 

RE60-1 Diesel (smaller) --- 6 x 1.49 10 tons $149M $223M 

RE60-2 Diesel (larger) --- 4 x 2.98 10 tons $159M $243M 

RE60-3 Propane --- 7 x 1.38 2 tons $224M $302M 

1
0
0
%

 

R
E

1
2
 

A
n

n
u

a
ll
y
 

RE100-CAP Diesel (larger) Lower PV/BESS CAPEX 4 x 2.98 

36 MW,  
340 MWh 

44 MW-DC 279 acres 100% 

0 tons $291M+ $354M+ 

RE100-1 Diesel (larger) --- 4 x 2.98 0 tons $395M+ $458M+ 
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3.2.1 Undersea Cable 

The capital ($220M) and O&M costs ($5M) of the undersea cable were evaluated by NV5. 

California Independent System Operator (CAISO) day-ahead (DA) electricity costs from the 

Huntington Beach substation were used to estimate the cost of mainland generation that would 

supply Catalina Island through the cable. The undersea cable is assumed to be backed up by on-

island diesel generators in this scenario (see UC) which adds additional capital and O&M costs 

to this scenario. The LCC of electricity with an undersea cable is nearly 200% of the LCC of 

electricity in an all-diesel scenario (see FF-3). 

3.2.2 Generator and Fuel Options 

In order to satisfy N+2 redundancy requirements, all scenarios evaluated have on-island fossil 

fuel generation to cover the full peak load even if the two largest generators go offline. Three 

fuel types (diesel, propane, and LNG) and several generator sizes and configurations were 

evaluated. Note that additional factors beyond those included in the techno-economic analysis, 

including generator footprint, renewables integration, part load operations, ramp rates, 

implementation schedule, and spare parts requirements, may also influence generator selection 

and are not included in this results table.   

3.2.2.1 Diesel Generators 

Results suggest diesel generation as a lower life-cycle cost option than the other fossil fuel 

generator options, with a small difference in LCC between smaller (1.49 MW; see FF-1), larger 

(2.98 MW; see FF-3), or mixed-capacity (1.49 MW, 2.23 MW, and 2.98 MW; see FF-4) 

generators.  

The higher LCCs shown in Table 3 can be attributed to the difference in total generator capacity 

between the scenarios because diesel generator capital and O&M costs were estimated on a 

constant $/kW basis, as well as the fact that Unit 15 was excluded from the mixed-capacity 

scenario (see FF-4) per request from SCE which therefore required additional new generation 

capacity to be purchased. However, the larger generators operate at a slightly higher efficiency 

than the smaller generators. Note that the full range of diesel generators evaluated appear flexible 

enough in their partial load and minimum loading requirements to be able to facilitate at least 

60% RE according to input provided by NV5.  

3.2.2.2 Propane Generators 

An all-propane scenario (see FF-5) has a ~40% higher LCC than all-diesel generators but 

reduces NOx emissions by over 75%. A combined diesel and propane option (see FF-2) could 

serve as a cost-effective system that reduces NOx emissions by nearly 25% over an all-diesel 

scenario and provides fuel flexibility for price hedging.  

Potential generator fuel-switching or dual fuel options could be considered to facilitate this 

option; it could be possible to convert the diesel generators to 95% propane. Having multiple fuel 

options and generators could also provide a hedge against cost increases for either propane or 

diesel fuel.  

Even once emissions associated with additional barge shipments of fuel to the island are 

considered, propane options are still likely to have total lower NOx emissions. Propane has a 
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higher energy intensity by weight and although it has a lower energy intensity by volume. Thus, 

Catalina’s weight-based fuel shipping rates give propane an shipping cost advantage over diesel. 

See the Appendix for more details on fuel shipments and emissions implications. 

One challenge is that propane fuel storage on the island may be limited by fire suppression 

requirements and other factors. Nevertheless, it seems plausible that at least one propane 

generator could be used to replace the propane microturbines with the existing fuel storage and 

fire suppression system. Additionally, if the propane usage in buildings on Catalina is eventually 

converted to electricity usage, there may be increased flexibility to add or convert to more 

propane generators to generate electricity.   

3.2.2.3 LNG Generators 

LNG (see FF-6) appears to be the most expensive generator option evaluated, with an LCC 63% 

higher than an all-diesel option. This higher LCC is largely driven by higher capital costs for 

generators and infrastructure upgrades. Additional feasibility studies for this option would be 

required to more accurately estimate the costs of fuel shipping and infrastructure upgrades. 

3.2.3 Solar PV + BESS 

Solar PV and BESS appear to be cost effective technologies on Catalina. This section discusses 

the recommended PV and BESS systems and their economics for scenarios seeking to minimize 

LCC, achieve 60% or 100% RE annually, and considering capital cost and land lease cost 

sensitivities. 

NV5 conducted an analysis to estimate the costs to accommodate increased variable RE 

generation and potential locations and configurations (e.g. AC-connected vs DC-connected, 

distributed vs centralized) on Catalina’s electric system. These distribution system upgrade cost 

estimates are included in the capital costs and LCCs listed in Table 3; additional details are 

provided in the Appendix.   

3.2.3.1 Minimizing LCC 

PV is cost-effective on Catalina. Initial analysis suggests that 1.2 MW-DC could be supported by 

the existing NaS BESS (see LC-1) without changing the LCC of electricity relative to an all-

diesel scenario (see FF-3) and assuming 76.5% higher PV capital costs and 31.5% higher BESS 

capital costs on Catalina vs. the mainland. Such a system could achieve a 5% annual RE 

penetration and reduce annual NOx emissions by 4-5% relative to the all-diesel scenario (see FF-

3). The actual most cost-effective size of a PV system will depend on actual PV pricing and 

project costs.    

3.2.3.2 60% Annual RE Target 

A 60% annual RE target on Catalina Island could be achieved with approximately 15.6 MW-DC 

of PV and 12 MW / 90 MWh (~7.5-hr) of additional BESS (see RE60-1). This PV system could 

require ~100 acres of land. Compared to an all-diesel scenario (see FF-3), NOx emissions would 

decrease by 15 tons/yr to 10 tons/yr, but the lifecycle cost could increase by $71M (47%). This 

system represents a high contribution of RE, nearly 200% of the 7 MW peak load on a capacity 

basis and would require controls and communications systems to integrate with the power 

system. Rough cost estimates for integration are included but could be higher than estimated. 
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If mainland PV and BESS capital costs could be achieved on Catalina, capital costs could be 

reduced by $33M leading to a 13% reduction in system LCC (see RE60-CAP and Section 

3.2.3.4). 

3.2.3.3 100% Annual RE Target 

A 100% annual RE target was assessed for this analysis. To meet 100% of the electrical load on 

Catalina with RE, approximately 44 MW-DC of PV and 36 MW, 340 MWh of BESS could be 

required. This PV system would require ~280 acres of land but could reduce NOx emissions to 0. 

Relative to an all-diesel scenario (see FF-3), overall LCC increase by $290M+ to over $458M, 

which is $215M+ more than the 60% annual RE scenario (see RE60-1). These estimates only 

include NV5’s distribution system upgrade cost estimate to facilitate 60% RE; additional 

distribution system upgrades are likely required to achieve 100% RE but these costs were not 

calculated or included.  

If mainland-based PV and BESS capital costs can be achieved, capital costs could be reduced by 

$104M leading to a 23% reduction in system LCC (see RE100-CAP and Section 3.2.3.4). 

Note that REopt was given the option of identifying a combination of solar PV, wind turbines, 

wave energy devices, and BESS to achieve this 100% RE target, but only selected PV and BESS 

to achieve the target at lowest lifecycle cost. See Section 3.2.4 for further discussion of wave and 

wind energy potential and challenges on Catalina. 

3.2.3.4 PV + BESS Capital Cost Sensitivity 

As mentioned in sections 3.2.3.1-3.2.3.3, a PV and BESS capital cost sensitivity study was 

performed to evaluate the impact of capital costs on recommended systems and estimated 

lifecycle costs. Because the base case PV and BESS capital cost assumptions include an area cost 

factor (ACF) to account for the costs of transportation to and labor on Catalina Island, this 

sensitivity analysis assessed the implications of achieving mainland costs. PV and BESS capital 

costs are likely to continue to decrease over the coming years, making projects more cost 

effective as they are developed in phases. 

Removing the ACF from PV and BESS cost assumptions has the following impacts: 

 When minimizing LCC without considering any RE target (see LC-CAP), the cost-

effective RE annual contribution increases from 5% to 16%. The system size is 

constrained by NV5-estimated distribution system upgrade costs rather than the cost of 

the PV/BESS systems themselves. Without considering the distribution system upgrade 

cost estimates provided by NV5, the estimated PV system size increases to up to 7.6 

MW-DC, which could achieve an annual RE contribution of 30%. 

 Overall system LCC for the 60% RE scenario (see RE60-CAP) could decrease by 9%. 

 Overall system LCC for the 100% RE scenario (see RE100-CAP) could decrease by 

23%. 
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3.2.3.5 Land Lease Cost 

A sensitivity analysis on land lease costs was conducted to help inform land use planning for PV 

arrays.  

3.2.4 Wind Turbines and Wave Energy Devices 

Wind turbines and wave energy devices were considered in all the scenarios listed in Table 3 but 

were not found to be as lifecycle cost effective when compared to other options. These 

technologies and their challenges for Catalina Island are discussed below. 

3.2.4.1 Wind Turbines 

Wind turbines did not appear cost effective on Catalina given the assumptions used for this 

analysis. This is due to the relatively low capacity factor of 9.9% observed from the geospatial 

wind data and the high capital costs associated with distributed wind on an island with complex 

terrain. Wind resource data for specific possible wind turbines locations was not available but 

was estimated using “measure-correlate-predict” analysis. 

A sensitivity on wind resource and turbine capital costs was performed to consider uncertainty in 

these values. The wind resource was varied across a range of profiles with average wind speeds 

up to 2.2x those in available data. Capital costs were reduced up to 50%. As shown in Table 4, 

wind may become cost-effective on Catalina with a 2.2x increase in average wind speed for the 

sites identified with the highest wind resource on Catalina supplemented by a 50% reduction in 

capital costs.  

Table 4. Sensitivity to Higher Wind Resource and Lower Wind Turbine CAPEX. 

Legend:  = not cost-effective; ✔= cost-effective. 
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3.2.4.2 Wave Energy Devices 

Wave energy does not appear to be lifecycle cost effective on Catalina compared to the other 

options evaluated and given the assumptions used for this analysis. However, wave energy is an 

emerging technology with less MW deployed vs. the other options considered which has several 

implications for this analysis and future planning. 

Cost and technical assumptions used in this analysis are based on numbers provided by a wave 

energy vendor. These costs and performance assumptions were not able to be verified by NREL; 
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the costs appear lower and performance appears higher than other wave energy devices NREL 

has assessed. Even using the vendor’s assumptions, wave power was not found to be lifecycle 

cost-effective compared to the other options at Catalina. Moreover, concerns have been 

expressed with siting the wave energy infrastructure at Catalina.  

However, given its early stage of technology readiness, wave energy could potentially become 

feasible or even cost effective in the future, pending developments in technology and reductions 

in costs.  

Additional due diligence and evaluation of pilot projects could reduce the risks and confirm costs 

and generation assumptions. Wave energy device performance is highly device-specific (the 

industry has not converged to a particular technology) and site-specific. If wave energy is of 

interest for Catalina island, a smaller pilot demonstration could be considered to de-risk the 

reliability concerns associated with a technology that is considerably less mature than PV.    

3.2.5 Energy Efficiency (EE): Initial Example 

Phase III of the techno-economic analysis can focus on the impact of demand-side factors, 

including load increases, load reductions, and controllable loads. However, leading into Phase 

III, NREL conducted an initial scenario analysis to demonstrate how demand-side considerations 

could impact SCE’s generation strategy on Catalina. For this example of EE impacts, the electric 

load in each timestep was decreased by 21% to reduce it to 2017 values.  

The assumed load reduction could yield $25-40M (15-25%) reductions in LCC, achieved by 

reducing the number of generators required to support the load and by reducing annual fuel 

consumption (see FF-EE). Additionally, it could reduce the PV capacity required to meet the 

60% annual RE goal by 3.3 MW-DC, reducing LCC by $49M (20%) and PV footprint by 21 

acres (see RE60-EE).  

This high-level analysis assumes a constant percent reduction in energy consumption throughout 

all hours of the year and does not consider the costs of the ECMs. Actual energy efficiency 

measures are likely to impact the load profile in different ways, as are other demand-side factors, 

to be assessed in Phase III. 

4 Discussion: Potential Next Steps Incorporating 
Load Increases, Load Reductions, and Deferrable 
Loads 

Especially for an island energy system like Catalina, effectively managing energy loads and 

consumption can have a significant impact on energy generation strategies and assets, provide an 

opportunity to lower overall lifecycle cost, and facilitate meeting environmental protections. For 

example, implementation of energy conservation measures (ECMs) could reduce the amount of 

generation capacity needed and possibly the distribution infrastructure required as illustrated in 

the initial energy efficiency scenario described in section 3.2.5 above and many other actual 

examples from the energy efficiency and demand response industry. Additionally, controls to 

manage deferrable loads on the island could be resources for the island electricity system. 

Integration of these controllable deferrable loads could result in more optimal cost-effective 
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generation strategies and selection of capital infrastructure. On the other hand, the potential for 

increasing loads from cruise ships, building and transportation electrification, can also have a 

significant impact on future power generation scenarios.    

The techno-economic analysis described in this document is primarily focused on supply-side 

generation options, except for the one energy efficiency example listed above. A potential future 

phase III could incorporate additional techno-economic analysis to evaluate how the energy 

system could be optimized with consideration of both demand and supply-side considerations.  

NV5 has conducted a high-level analysis on the energy efficiency (EE) and demand reduction 

(DR) potential on Catalina Island to assess opportunities to cost-effectively reduce load and 

emissions and positively influence the island’s load profile. The results of this assessment 

completed by NV5 could be used as technical inputs for a techno-economic EE and DR model to 

determine the impact to the generation options. Additional utility systems data inputs from SCE 

and others could also be used to evaluate other load increases and deferrable loads as outlined in 

Table 5.  

Table 5. Potential Future Load Changes for Phase III 

Load Increases Load Reductions Deferrable Loads 

 Building electrification 

 Electrification of 
vehicles 

 Cruise ship shore 
power 

 Energy efficiency 
measures 

 Demand response 

 Load shifting 

 Water desalination plant 

 Island-wide water pumping 

 Electric crane and rock 
crusher 

 

Moreover, future analyses could evaluate the impacts to the generation strategies resulting from 

the ability to control deferrable loads (e.g. such as grid interactive hot water heaters, air 

conditioning, ice storage for air conditioning, water pumps, and water desalination) to determine 

their impact on energy generation strategies. The impact of deferrable loads on the load profile 

may be stacked in addition to the EE and DR impact described above.  

Because SCE is also the potable water utility for Catalina island managing a system of 

groundwater wells and an existing and expanding desalination plant, they are in a good position 

to invest in operational and infrastructure improvements to enhance the efficiency of the energy 

and water systems. This water energy nexus scenario warrants attention and analysis to provide 

additional insights for SCE consideration to improve the scheduling, operation and construction 

of desalination, water treatment, and water distribution assets. (Another entity manages the 

wastewater system). 

A key to improving energy generation strategies associated with water treatment and conveyance 

is to separate the operation of the treatment plant from the water demand that it is serving. This 

could be achieved by expanding the size of the treatment plant and adding storage in the form of 

water tanks. Storing water in tanks is very similar in concept to storing energy in batteries, 

except it is lossless and can be accomplished at much lower cost. Moreover, the variable nature 
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of renewable energy can be synergistic with such dispatchable loads – water could also be 

treated during periods of high renewable energy production and stored for later use.  

A techno-economic analysis could evaluate this water energy nexus scenario. Modeling would 

help identify cost-effective technologies, sizes, and operational strategies for reducing overall 

system ownership costs.  

Future Phase III analyses could also consider the impact of generation strategies resulting from 

increases to the load profile. One significant impact to the load profile could be cruise ships 

using shore power. A second potential impact could be the development of an electric 

transportation (ET) (vehicle / boat) charging program. This analysis could also evaluate how an 

ET charging program could impact and be complimentary to the generation strategy. A third 

potential load increase could be from the complete removal of propane from buildings 

replacement with electricity. Similarly, the impact of the increases to loads on the load profile 

may be stacked in addition to the other load impacts described above. 

In summary, a phase III techno-economic analysis and modeling of load increases, decreases, 

and deferrable loads could provide useful information to facilitate decisions on programs, 

policies, operational practices, and infrastructure investments on Catalina Island to improve to 

overall effectiveness and efficiency of the energy, water, buildings, and transportation systems.  
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5 Summary 
Phases I and II of NREL’s techno-economic analysis of generation and storage options for 

Catalina Island suggests that a mix of on-island diesel and/or propane generators, solar PV, and 

BESS could provide the island with cost-effective electricity in alignment with emissions 

standards and SCE’s clean and reliable energy goals.  

The results for Phases I and II of this primarily generation-side analysis can inform SCE’s 

planning and permitting decisions for near-term regulatory compliance and can inform future 

decisions and/or a phased implementation of technologies. Further techno-economic analysis of 

the generation-side implications of demand-side considerations, including load increases, load 

reductions, and deferrable/controllable loads is warranted. 

  



 

17 

 

Glossary  
Capital and replacement costs: Capital and replacement cost estimates attempt to capture the 

fully burdened installed cost of the system, including purchased assets, infrastructure, and 

installation. The Appendix and text throughout this document attempt to capture the degree of 

certainty/uncertainty about each individual technology’s capital/replacement costs at Catalina 

and whether the estimates used are average, liberal, or conservative. Replacement costs are only 

considered for technologies with expected lives shorter than the 30-year analysis period. 

Present Value of Revenue Requirement (PVRR) factor: PVRR is an SCE metric similar to 

NPV that incorporates the costs and value to rate payers over the project life. PVRR capital cost 

scaling factors were provided by SCE to account for the way rate payers pay for a project. These 

scaling factors are technology-specific, calculated by SCE based on assumptions about capital 

cost, number of years required to permit and build each technology, build year (assumed 2021), 

land costs (none included in this analysis since Phase II analysis assumes land is leased), 

incentives (i.e. ITC and MACRS depreciation), and decommissioning costs. 

Area cost factor: The ACF applies to capital and non-fuel O&M costs to account for the 

increased costs associated with doing business on an island rather than the U.S. mainland.  

Fuel costs: Fuel costs attempt to incorporate both the cost of the fuel and transport of the fuel to 

the island. There is still an element of uncertainty about fuel transport costs. 

Non-fuel operations & maintenance (O&M) costs: Non-fuel O&M costs attempt to capture 

the cost of operating and maintaining the energy systems at Catalina. Note that the O&M costs 

included in the techno-economic analysis capture costs that scale with increased generation and 

storage capacity ($/kW) or production ($/kWh), as specified in the Appendix. Additional fixed 

O&M costs such as those to operate and maintain the electricity distribution system may exist as 

well but are not included. 

Lifecycle costs (LCC): Lifecycle costs include the present value of capital costs, replacement 

costs, fuel costs, non-fuel O&M costs, and mainland electricity purchase costs as defined here 

and throughout the Appendix. REopt’s optimization seeks to minimize the lifecycle costs of 

electricity at Catalina Island by identifying cost-optimal generation and storage system sizes and 

dispatch to achieve a given energy goal. 
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Appendix 
This Appendix describes the techno-economic assumptions used in NREL’s energy systems 

analysis for Catalina Island. The assumptions listed in this section were used for each scenario of 

Phase II except in sensitivity analyses where assumptions were varied, such as in the Lower PV 

and BESS CAPEX Sensitivity scenario and in the Land Lease Cost Sensitivity scenario. 

A.1 General Economic Assumptions 
This section describes the general economic assumptions used to evaluate the lifecycle cost of 

the various scenarios and configurations described in the body of the report. 

Table 6. Economic Assumptions 

Input Assumption Reference 

Ownership model Direct ownership by 
SCE 

Per SCE 

Analysis period 30 years NREL ATB 201913 and to match previous SCE 
analysis for Catalina 

Discount rate 
(nominal) 

10%  Per SCE 

Inflation rate 2.5% NREL ATB 201913 

 
A.2 Technology Assumptions 
Table 8 summarizes the technical and cost assumptions for the undersea cable, diesel, propane, 

and LNG generators, solar PV, wind turbines, and BESS. Wave cost and performance 

assumptions are not listed because they were provided to SCE by a wave energy device vendor 

and could not be verified by NREL. 

Included in this breakout of costs are two cost multipliers, the area cost factor (ACF) and the 

present value of revenue requirement (PVRR) factor: 

 The ACF is a multiplier applied to capital and O&M costs to account for increases in 

costs because of higher labor costs and transportation/shipment costs to complete capital 

construction projects on Catalina Island. To determine the ACF for each technology, it 

was assumed that on-island construction costs 2.5x mainland costs, but engineering 

services and materials can be purchases at mainland costs. For the undersea cable and 

generators, NV5 explicitly identified line items that would likely incur this 2.5x 

multiplier, and these costs were included in the estimate provided by NV5. For PV and 

wind, it was assumed that 51% of estimated mainland capital costs would incur this 2.5x 

multiplier, for an overall ACF of 1.765. For BESS, it was assumed that only 21% of 

estimated mainland costs would incur this 2.5x multiplier, for an overall ACF of 1.315. 

 SCE’s PVRR factors apply only to capital and replacement costs and help capture the 

cost of these technologies to the rate payer, considering that rate payers pay for capital 

expenses over a number of years rather than the year the costs are incurred to the utility. 

PVRR multipliers are technology-specific and calculated by SCE based on capital cost, 

land purchase costs (none included in PVRR factor calculation for this analysis because 
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Phase II analysis assumes land is leased at $200/acre rather than purchased), incentives 

(such as the federal Investment Tax Credit (ITC) and Modified Accelerated Cost 

Recovery System (MACRS) depreciation available to RE and BESS technologies), ACF, 

estimated build year, estimated number of years required to permit and build each 

technology, and, if available, estimated decommissioning costs.  

Distribution system upgrade costs required to facilitate higher variable RE penetrations were 

estimated by SCE at $1.2M/mile. NV5 estimated how much distribution line would require 

upgrades to facilitate different levels of variable RE penetration, based on representative site 

selection, and estimated costs for new distribution line poles. These costs, listed in Table 7, were 

included in REopt analysis and results. 

Table 7. Representative Distribution System Upgrade Cost Estimate, per NV5 

Maximum PV Capacity [kW-DC] 
Distance to upgrade 

[miles] 

Estimated distribution system  

upgrade costs, per NV5 

3.8 MW-DC 0 $0 

6.2 MW-DC 4.7 $5.64M 

9.5 MW-DC 8.4 $10.08M 

15.6 MW-DC  

(60% RE annually) 
9.2 $11.04M 
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Table 8. Summary of Techno-Economic Assumptions 

  
Undersea 

Cable 
Diesel 

Generators 
Propane 

Generators 
LNG 

Generators 
Solar PV 

Wind 
Turbines 

Existing 
BESS 

New BESS 

C
a
p
it
a
l 
c
o
s
ts

 

Before multipliers 
[$/W-AC, unless 
otherwise noted] --- $3.29414 

$6.920 
standalone, 

$9.393 for all-
propane14  

$11.28314 
$1.612/ 

W-DC15 
$3.50016 --- 

$401/kWh + 
$688/kW17 

ACF --- Included in capital cost estimate14 1.765 1.765 --- 1.315 

PVRR factor --- 1.0418 1.1719 1.1719 0.9320 1.0821 --- 0.8722 

Including multipliers 
[$/W-AC, unless 
otherwise noted] 

$220M23 $3.426 

$8.166 
standalone, 

$10.990 for all-
propane 

$13.201 
$2.646/ 

W-DC 
$6.672 --- 

$459/kWh + 
$787/kW 

R
e
p
la

c
e
m

e
n
t 

c
o
s
ts

 Year --- --- --- --- --- --- Year 1024 Year 1025 

Cost before 
multipliers 

--- --- --- --- --- --- 
$213/kWh + 
$1,700/kW26 

$193/kWh + 
$332/kW27 

ACF --- --- --- --- --- --- 1.315 1.315 

PVRR factor --- --- --- --- --- --- 0.3722 0.3722 

Including multipliers 
--- --- --- --- --- --- 

$104/kWh + 
$827/kW 

$94/kWh + 
$162/kW 

O
&

M
 c

o
s
ts

 

Before multipliers 
[$/kW-AC/year, 
unless otherwise 
noted] 

--- $15028 $15028 $15028 
$16/kW-

DC/year15 
$5016 --- --- 

ACF --- 1.765 1.765 1.765 1.765 1.765 --- --- 

Including multipliers 
[$/kW-AC/year, 
unless otherwise 
noted] 

$5M23 $265 $265 $265 $28 $88 --- --- 
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Undersea 

Cable 
Diesel 

Generators 
Propane 

Generators 
LNG 

Generators 
Solar PV 

Wind 
Turbines 

Existing 
BESS 

New BESS 

F
u
e
l,
 p

e
rf

o
rm

a
n
c
e
, 
&

 e
m

is
s
io

n
s
 

Fuel cost 
[$/MMBTU, unless 
otherwise noted] 

Average of 
$40.97/MWh 
electricity29 

$18.9330 $17.3530 $16.9331 --- --- --- --- 

Heat rate 
[BTU/kWh]  

--- 
8,85414-
9,72632 

9,68814 8,64514 --- --- --- --- 

Fuel cost escalation 
rate33 [%/year] 

2.76% 3.00% 3.35% 3.69% --- --- --- --- 

Capacity factor for 
RE resource [%] 

--- --- --- --- 21.7%34 9.9%35 --- --- 

BESS round-trip 
efficiency 

--- --- --- --- --- --- 70%24 89.9%25 

NOx emissions 
[gm/HP-hr] 

Varies 
0.4614-
0.6632 

0.1014 0.02414 --- --- --- --- 

L
a
n
d

 

Installed capacity 
density 

--- --- --- --- 
9.1 

acres/MW-
DC36 

30 
acres/MW-

AC37 
--- --- 

Land lease cost38 
[$/acre/year] 

--- --- --- --- $200 --- --- --- 

General/Other --- 

1.49, 2.23, 
& 2.98 MW 

units;14 

Minimum 
load: 50%14-

80%32 of 
rated 

capacity 

1.38 MW units;14 

Minimum load: 
50%14 of rated 

capacity 

2.5 MW 
units;14 

Minimum 
load: 50%14 

of rated 
capacity 

Tilt: latitude 
(33.4°); 

Azimuth: 
South-
facing; 

DC-to-AC 
ratio: 1.2; 

Inverter 
efficiency: 

96%; 

Annual 
degradation: 
0.5%/year 

100-275 
kW 

turbines 

1 MW, 7.2 
MWh NaS;24 

Minimum 
state of 
charge: 
10%24 

Li-ion;39 

Minimum state of 
charge: 20%25 
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A.3 Reliability Requirements 
System capacity-based and operational reliability requirements were included in the modeling.  

For the capacity-based requirement the model required an N+2 redundancy. To satisfy this 

requirement, at peak load, if the two largest generators are off-line the remaining generators must 

be able to carry the peak load. The model conservatively only considers fossil fuel generation 

capacity towards this required redundancy; RE and BESS were not considered to support N+2 

capacity requirements because they are not always available to provide coverage (PV and wind 

power are dependent on solar or wind resource and a battery at low state of charge may not be 

able to sustain a load). Nonetheless, RE and BESS could provide additional redundancy to the 

system. 

For the operational reliability requirement of spinning reserve, the analysis required that in each 

hourly timestep, the spinning reserve be greater than or equal to the sum of the following: 

 10% of the load in the current timestep 

 80% of solar PV output in the current timestep 

 50% of wind output in the current timestep 

This spinning reserve could be provided by any of the following: 

 Unused capacity of online (operational) fossil fuel generators 

 Battery storage, up to the minimum power the BESS could provide for the hour timestep  

 A percentage of PV and wind generation that is being curtailed or sent to battery storage 

(20% for solar PV, 50% for wind) 

 

A.4 Fuel Shipments and Associated Emissions 
 

Current Emissions from Fuel Shipments 

SCE currently consumes approximately 2.03M gallons of diesel fuel and 150k gallons of 

propane to fuel Catalina’s electricity generation with diesel reciprocating generators and propane 

microturbines, respectively. (Per SCE, the microturbines will not be replaced when they reach 

the end of life in the next several years. Currently, microturbines only consume ~20% of propane 

delivered to Catalina; the rest is distributed to facilities in the Avalon area.)  

SCE imports diesel and propane for energy generation on Catalina Island from a mainland port 

in Long Beach, CA. Annual shipments in 2017 included 89 propane tankers (9,000 gal/tanker), 

282 diesel tankers (7,200 gal/tanker). The fuel is shipped to the island along with other goods 

(ship fuel, groceries, construction materials, other cargo) by Avalon Freight Services using one 

of two vessels: the Catalina Provider (primary ship) or the Lucy Franco 40, 41. Fuel comprises 

approximately 55% of each shipload by weight42. Both vessels run on marine diesel oil (MDO)43.  
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Based on the energy intensity and emissions assumptions listed in Table 1, annual NOx and 

carbon dioxide (CO2) emissions associated with fuel shipments to Catalina are estimated at 21 

tons NOx/year and 569 tons CO2/year 44, 45, 46. 

Table 9. Vessel and Emissions Data for Fuel Shipments to Catalina Island 

Vessel Catalina Provider Lucy Franco 

Engines 3 C18 tier 3 engines 2 C-32 tier 3 engines 
Horsepower 1800 1200 
Boat Weight 192,000 lbs (96.0 tons) 194,000 lbs (97.0 tons) 

Trips/Year (estimated) 200 60 
MDO Used Per Round Trip 350 (440-660 at max hp) 350 (440-660 at max hp) 

NOx emissions rate 
(lbs NOx/gal MDO) 

0.4655 0.4655 

CO2 emissions rate (lbs 
CO2/gal MDO) 

22.747 22.747 TOTAL: 

Annual NOx emissions (tons) 16 5 21 
Annual CO2 emissions (tons) 438 131 569 

 
Assumptions: 7.8 tankers shipped per week (1.6 tankers/trip, 342,000 lbs/week), four tankers max per vessel, five 

trips per week, MDO density 0.9 kg/L; MDO heat content: 18,358 BTU/lb,55% of cargo weight is fuel, thus 55% of 

ship emissions attributed to fuel shipments 47,48,49. Fuel shipment analysis focuses on delivering equal heat content to 

the island but does not consider differences in generator efficiency. 

 

Fuel Switching Impact on Emissions from Fuel Shipments 

Because propane generators produce lower emissions than diesel generators, switching 

Catalina’s generators to run on propane fuel could yield direct emissions reductions, including, 

as discussed in the main text, NOx savings amounting to ~19 tons per year. An analysis of the 

additional indirect emissions impacts of fuel switching includes consideration of emissions from 

transporting fuel to the island.  

To fully replace diesel generation with propane generation, Catalina would need approximately 

13 million lbs of propane, or 344 tankers per year in addition to the 89 propane tankers currently 

shipped (433 total, an increase of 63 tankers per year). Fuel shipping charges are applied 

primarily by weight, costing approximately $0.052/lb.50 Because propane has a higher heat 

content by weight, 1,406,000 fewer pounds would need to be shipped, which could save SCE 

approximately $73k/year while reducing emissions from fuel shipments by 1.6 tons of NOx and 

45 tons of CO2 annually.51, 52, 53 

However, because a higher number of propane tankers than diesel tankers would need to be 

shipped, possibly necessitating more trips to and from Catalina. Assuming the 2 freight vessels 

currently operate at capacity, it will take approximately 16 additional trips to ship the additional 

63 tankers of propane needed.54 This represents an increase of 1.3 tons NOx/year and 64 tons 

CO2/year.55, 56, 57 

  

http://www.effship.com/PartnerArea/MiscPresentations/Dr_Wild_Report.pdf
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Table 10. Summary of Results from Fuel Switching Shipment Analysis 

Current Shipments 371 tankers shipped per year 
Current Emissions  21 tons NOx/year 
Switching to Propane - Cost $73k shipping savings 
Switching to Propane - Tankers 63 more tankers to ship 
Switching to Propane - Emissions NOx: -1.6 to +1.3 tons/year change 

CO2: -45 to +64 tons/year change 

 
Assumptions: 1 diesel tanker holds 7200 gal, 1 propane tanker holds 9000 gal. Densities: Diesel 7.1 lbs/gal. 

Propane 4.2 lbs/gal. Fuel heat contents: Diesel: 13,900 BTU/gal, 19,553 BTU/lb; Propane: 91,000 BTU/gal, 21,667 

BTU/lb58 
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2 Map of distribution system provide by NV5. 
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Project Number 226818-0000432.00

Internal Project Manager Brian Roppe

No Item Name Date Received Sharepoint Parent Folder Discpline Description Uploaded By Comments 

1 Catalina Feasibility Study Presentation 3/1/2019 Project Management General SCE presenation pdf presented during kickoff Matthew Zents

2 Link Weather Station Data 3/1/2019 Project Management General Email from Matt contating link to weather data Matthew Zents

3 NREL SOW Proposal 3/1/2019 Project Management General NREL's scope of work Matthew Zents Overlaps with our renewable SOW

4 Feasibility Study Reference Dwgs 3/1/2019 Eng Tier 4 Genaration foundation and enclosure dwgs at Pebbly Corrine Gentry

5 Undersea Cable 3/13/2019 Reg-Env-Legal Underwater 2004, 2005 studies Tracey Alsobrook

6 FINAL_Avalon_RW_Study_06.21.16 3/13/2019 Reg-Env-Legal Tracey Alsobrook

7 RFI 02 3/19/2019 Eng Genral Station layouts for hunington beach and PBGS Corrine Gentry

8 Sample Undersea Fiber Optic Projects 3/19/2019 Reg-Env-Legal Underwater Sample Fibre optic Tracey Alsobrook

9 Catalina Map Package 3/19/2019 Reg-Env-Legal Tracey Alsobrook

10 2030 EIR4 Genral Plan Adopted 3/20/2019 Reg-Env-Legal Tracey Alsobrook

11 Avalon_2030_General_Plan_Local_Coastal_Plan_Final.pdf- 3/20/2019 Reg-Env-Legal Tracey Alsobrook

12 Load Info (Future & Historical Load) 3/21/2019 Eng Genral Molham Kayali

13 Underwater Cable 3/21/2019 Eng Underwater Summary of cble project, ppt, permitting Molham Kayali

14 Diesel Units 3/21/2019 - Tier 4 Matthew Zents Sent to Tom S via email. Stored in discpline folder

15 Circuit Maps 3/26/2019 Eng Renewable circuit maps for Avalon, HI line, Interior & wrigley Matthew Zents

16 Facility Information Maps (FIM) 3/26/2019 Eng General Facility inofrmation (structures etc) Matthew Zents

17 Drawings: PDF For Review 3/28/2019 Eng General Huntington; one lines, and PBGS; microtuirbines, Onle line Corrine Gentry 

18 Fugro Catalina Submarine Cable Project Route Surveys. 3/29/2019 Reg-Env-Legal Underwater cable route survey Tracey Alsobrook

19 Sample Undersea Fiber Optic Projects 3/29/2019 Reg-Env-Legal Underwater most recent undersea power cable project in southern California. Tracey Alsobrook

20

Senate Bill 100 4/2/2019 Reg-Env-Legal General

This bill would state that it is the policy of the state that eligible renewable energy 

resources and zero-carbon resources supply 100% of retail sales of electricity to 

California end-use customers and 100% of electricity procured to serve all state 

agencies by December 31, 2045.

Matthew Zents

21 Solar Pilot Project 4/4/2019 Project Management General Matthew Zents

22 RFI 01, 03, 04 4/5/2019 Eng General Initial Responses Matthew Zents

23 Charts 4/6/2019 Reg-Env-Legal General Luis R Lopez

24 TGP-101050-DTS-01-00 4/6/2019 Reg-Env-Legal Underwater Thales desktop study for a proposed submarine power cable Luis R Lopez

25 Presentatio Template 4/12/2019 Project Management General Matthew Zents

26 RFI 03 4/16/2019 Eng Tier 4 Updated respose Matthew Zents

27 CatalinaMarineData.gdb 4/17/2019 Reg-Env-Legal General bathymetry, fish migrating ranges, dive sites, sensitive marine habitats, etc. Tracey Alsobrook

28

5/2/2019 Reg-Env-Legal Underwater

map prepared by the Bureau of Ocean Energy Management (BOEM) and Bureau of 

Safety and Environmental Enforcement (BSEE) that shows existing offshore oil 

platforms and oil pipelines

Tracey Alsobrook

29 DCS Historical Data 5/3/2019 Eng Matthew Zents

30 Floating Solar Study 5/3/2019 Eng Molham Kayali

31 RFI 05 & 06 5/8/2019 Eng Genral Initial Responses. RFI 06 comes with  a dwgs list Matthew Zents

32 NREL RFI 01 5/8/2019 Eng Genral NREL RFI 01 Matthew Zents

33 Substation Drawings 5/13/2019 Eng General Dwgs for Hamilton, Lafayette, Wave Corrine Gentry

34 USC Solar 5/13/2019 Eng General  Onyx Renewable Partners Matthew Zents

35 BOEM 5/13/2019 Project Management General Bureau of Ocean Energy Management Matthew Zents

36 Usage for 90704 5/21/2019 Eng Genral New load info Molham Kayali

37 Presenation slides 5/24/2019 Eng Genral Presenation docs Molham Kayali

38 Stakeholder Presenation 6/5/2019 Eng General Stakeholder Presentation edits Molham Kayali

39
Pipeline & Hazardous Materials Safety Admin 6/7/2019 0 Underwater Molham Kayali

40 Propoane Gen 6/7/2019 Eng General Molham Kayali

41 PBGS Emission 6/7/2019 Eng Renewable Molham Kayali

42 Load Info - Solar 6/7/2019 Eng Renewable Molham Kayali

43 Added info on  RFI 05 6/11/2019 Eng Renewable Molham Kayali

44 Outages 6/21/2019 Eng Renewable Molham Kayali

45 2.4KV Ref Dwgs 6/24/2018 Eng Renewable Corrine Gentry

46 CYME Model 6/25/2019 Eng Renewable Molham Kayali

47 SCAQMD 6/28/2019 Eng General rule 1135 and 1110.2 applies to Catalina island to control NOx, CO and VCOs. Molham Kayali

48 Wave Energy 7/9/2019 Eng Wave Power Locations and enrgy reports Molham Kayali

49 CYME reports 7/24/2019 Eng Renewable Molham Kayali

50 Catalina Emissions - Historic 7/24/2019 Eng Tier 4 Molham Kayali

51 AES Hunington Beach dwgs 8/24/2019 Eng Underwater Matthew Zents

52 E3 Residential Building Electrification in California April 2019 10/29/2019 Eng General Molham Kayali
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LAND USE REGULATIONS; LOCAL, STATE, AND FEDERAL  

LOCAL REQUIREMENTS 

Local land use planning ordinances and permits will be primarily the responsibility of the County of Los 

Angeles with exception of the proposed submarine cable landing location in the City of Huntington 

Beach in Orange County and alternatives within the City of Avalon. In nearly all cases CEQA authority 

over the project will likely be deferred to the County of Los Angeles (Table 1).  

Table 1 

Land Owner 

Local 

Jurisdiction Land Use Designation Zoning Designation 

Required Local 

Actions 

Catalina 

Island Land 

Company 

Lands at 

Two Harbors 

County of Los 

Angeles 

Two Harbors Resort 

Village District 

(RESORT)1 

Two Harbors Resort 

Village District 

(RESORT)1 

GPA,  

Zone Change,  

CUP or MCUP, and  

CDP 

University of 

California 

County of Los 

Angeles 

Utility and Industrial 

District (U/I)1 

Utility and Industrial 

District (U/I)1 

GPA,  

Zone Change,  

CUP or MCUP, and  

CDP 

Santa 

Catalina 

Conservancy 

County of Los 

Angeles 

Open 

Space/Conservation 

District (OS/C)1 

Open 

Space/Conservation 

District (OS/C)1 

GPA,  

Zone Change,  

CUP or MCUP, and  

CDP 

El Rancho 

Escondido 

LLC 

County of Los 

Angeles 

Open 

Space/Conservation 

District (OS/C)1 

Open 

Space/Conservation 

District (OS/C)1 

GPA,  

Zone Change,  

CUP or MCUP, and  

CDP 

Distribution 

Line 

County of Los 

Angeles 

Open 

Space/Conservation 

District (OS/C)1 

Open 

Space/Conservation 

District (OS/C)1 

CUP 

1 Per the Santa Catalina Island Specific Plan (County of Los Angeles 1989) 

Table 1 - Overview of Local Jurisdiction and Land Use Designations for Key Landowner Parcels 

The unincorporated area of Santa Catalina Island falls under a specific plan, which designates land use 

districts for the unincorporated area of the island. These land use districts serve the same role as zones 

but supersede the basic zones in Title 22 of the Los Angeles County Code. This has been in effect since 

the adoption of the Santa Catalina Island Specific Plan, which is a component of the Santa Catalina Island 

LCP, in 1989. The Santa Catalina Island Specific Plan is located in Los Angeles County Code Sections 

22.46.050 through 22.46.750. The four sites are zoned as Open Space/Conservation District (OS/C), Two 

Harbors Resort Village District (RESORT), or Utility and Industrial District (U/I). The Project is a permitted 

use within the Utility and Industrial District; however, the Project is not a permitted use within the Open 

Space/Conservation District and the Two Harbors Resort Village District. In addition, ground-mounted 
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utility-scale solar energy facilities like the Project, are allowed in Zones A-2, C-H, C-1, C-2, C-3, C-M, C-R, 

C-MJ, C-RU, M-1, M-1.5, M-2, M-4, R-1, R-R, MXD-RU, MXD, and IT, but will require a Conditional Use 

Permit (CUP) or a Minor Conditional Use Permit (MCUP) (Los Angeles County Code Section 

22.140.510[E]). 

The Santa Catalina Island Local Coastal Plan (CLCP) was established in 1983 to ensure that majority of 

Catalina Island remains in its natural state and to comply with the California Coastal Act of 1976 and to 

recognize and respond to the goals of the Open Space Easement Agreement between County of Los 

Angeles and the Santa Catalina Island Company. Policies established under the CLCP include: 

 Preserve the designated conservation/primitive recreation area in a substantially undisturbed 

natural condition. 

 Minimize impacts or alterations to the topography, vegetation, natural resources, historical and 

cultural sites, and natural character of the island. 

 Improve habitat areas, protect viewsheds, and focus new development in non-sensitive areas. 

 Limit new development in scope and carefully design it to be compatible with the unique character 

of the island. 

 Relate new development to the natural character of the island by limiting building heights (except 

for selected architectural accents approved through design review), specifying types of building 

materials and sensitively reviewing designs and landscaping materials. 

 Mitigate environmental impacts by channeling development into already developed and/or publicly 

used areas; minimize grading (cut and fill) operations; avoiding steep slopes, tsunami run-up areas, 

archaeological sites, landslide areas, and view corridors; and by ensuring the provisions of sufficient 

water resources and solid and liquid waste facilities prior to development approvals.  

Under Section 30240(b) of the Coastal Act, environmentally sensitive habitat areas (ESHA) shall be 

protected against any significant disruption of habitat values, and only uses dependent on such 

resources shall be allowed within such areas. 

Under Section 30240(d) of the Coastal Act, development in areas adjacent to ESHA and parks and 

recreational areas shall be sited and designed to prevent impacts which would significantly degrade such 

areas and shall be compatible with the continuance of such habitat areas. 

Under Section 30244 of the Coastal Act, where development would adversely impact archaeological or 

paleontological resources, as identified by the State Historic Preservation Officer, reasonable mitigation 

measures shall be required. 

Under Section 30251 of the Coastal Act, the scenic and visual qualities of coastal areas shall be 

considered and protected as a resource of public importance. Permitted development shall be sited and 

designed to protect views to and along the ocean and scenic coastal areas, to minimize the alteration of 

natural land forms, to be visually compatible with the character of surrounding areas, and, where 

feasible, to restore and enhance visual quality in visually degraded areas. New development in highly 

scenic areas such as those designated in the California Coastal Preservation and Recreation Plan 

prepared by the Department of Parks and Recreation and by local government shall be subordinate to 

the character of its setting.  



 

 
 

Project Number 226818-0000432.02  NV5.COM   

Under Section 30233(a) of the Coastal Act, the disking, filling, or dredging of open coastal waters, 

wetlands, estuaries, and lakes shall be permitted in accordance with other applicable provisions of the 

Coastal Act, where there is no feasible less environmentally damaging alternative, and where feasible 

mitigation measures have been provided to minimize adverse environmental effects.  

Under Section 30233(b) of the Coastal Act, dredging and spoils disposal shall be planned and carried out 

to avoid significant disruption to marine and wildlife habitats and water circulation. Dredge spoils 

suitable for beach replenishment should be transported for such purposes to appropriate beaches or 

into suitable longshore current systems. 

Under Section 30233(c) of the Coastal Act, in addition to the other provisions of Section 30233, disking, 

filling, or dredging in existing estuaries and wetlands shall maintain or enhance the functional capacity 

of the wetland or estuary.  

The Significant Ecological Area (SEA) Program is a component of the Los Angeles County 

Conservation/Open Space Element. This program is a resource identification tool that indicates the 

existence of important biological resources. SEAs are not preserves but are areas where the county 

deems it important to facilitate a balance between limited development and resource conservation. 

Limited development activities are reviewed closely in these areas where site design is a key element in 

conserving fragile resources such as streams, oak woodlands and threatened or endangered species and 

their habitat. 

As currently zoned/designated, none of the sites permit ground-mounted utility scale facilities. All the 

sites will require zone changes and a General Plan amendment to allow for the Project. The distribution 

line can be permitted under a CUP, per Section 22.46.150 of the Los Angeles County Code.  

STATE REQUIREMENTS 

The proposed alternatives all occur within the State of California (State) and/or within the coastal zone, 

state tidelands, and/or Waters of the State. Considering the relative sensitivity of the resources and 

natural setting of the majority of the site alternatives, project permitting will potentially require 

approvals and/or consultations through some or all the following State agencies: 

 California Coastal Commission (CCC) 

 California State Lands Commission (CSLC) 

 Los Angeles Regional Water Quality Control Board (LARWQCB) 

 State Historic Preservation Officer (SHPO) 

 California Department of Fish and Wildlife (CDFW) 

 California Public Utilities Commission (CPUC) 

Sites and project alternatives subject to permitting through each of these agencies are summarized in 

Table 2. Applicability depends on where the sites are located (marine or terrestrial), presence of 

sensitive resources, and jurisdiction. For instance, the CSLC has jurisdiction over the tidelands and 

submerged lands within the 3-mile state limit; thus, some alternatives may require the leasing of such 

lands.  
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FEDERAL REQUIREMENTS 

The proposed energy generation and supply alternatives with the potential to impact federal lands or 

federally protected species will potentially require permitting through applicable federal agencies such 

as: 

 United States (U.S.) Army Corps of Engineers (USACE) 

 U.S. Fish and Wildlife Service (USFWS) 

 National Oceanographic Atmospheric Administration (NOAA) National Marine Fisheries Service 

(NMFS) 

 U.S. Environmental Protection Agency (USEPA) 

In most cases, the USACE acts as the lead agency for actions within jurisdictional Waters of the U.S. 

given its authority under Sections 401/404 of the Clean Water Act and Section 10 of the Rivers and 

Harbors Act. Depending on the proposed location and activities, permission from the USACE can be 

issued through various nationwide permits or individual permits. The Nationwide Permit system helps to 

reduce the permitting time for "routine" operations including general maintenance dredging, power 

cables, and other recurring activities. The USACE, in many cases, consults with the other federal 

agencies on the specific resources it oversees. 

SUBMARINE POWER CABLE PERMITTING OVERVIEW 

The installation of a proposed submarine power cable (power cable) connecting Santa Catalina Island 

(Catalina Island) to the mainland of California was initially evaluated in a desktop study in 1998 (Pelagos, 

1998) and subsequent in a desktop study in 2003 (Thales, 2003). The proposed route and landing 

locations were further refined based on an evaluation of the best available physical and biological 

resource data and site specific geophysical and biological surveys conducted in 2003 and 2004 and 

summarized in a Project Execution Plan drafted in May 2005 (SCE, 2005). The identified preferred route 

proposes source electricity originating from a substation adjacent to the Huntington Beach Generating 

Station (HBGS) in the City of Huntington Beach (Orange County) and transiting through a subsea 35 

kilovolt (KV), three-conductor electrical transmission cable to the existing Pebbly Beach Generating 

Station (PBGS) Catalina Island (Los Angeles County) (Figure 1). 

The proposed mainland (Huntington Beach) shore crossing proposed to be through an abandoned 24-

inch (in.) diameter concrete pipeline or alternatively through a steel pipe placed within a new horizontal 

directional drilling (HDD) bore hole originating from the HBGS and piloting offshore at a depth of 

approximately 50 feet (ft.) below mean lower low water (MLLW) in consolidated sand substrate. On 

Catalina Island the power cable will transition the coastal shoreline through a steel pipe placed within a 

new HDD bore originating from the PBGS property to a water depth of approximately 75 ft. below 

MLLW in consolidated sand substrate. The 35.5 mile (mi.)-long subsea portion of the cable will 

transverse the San Pedro Channel with a specified corridor; maximum water depth along that corridor is 

approximately 2,500 ft. (SCE 2005) (Figure 1). 

The proposed construction methods and the existing conditions occurring within the proposed power 

cable route and shore based facilities are not expected to have significantly changed since the preferred 

route was identified in 2005. However, it should be expected that regulatory agencies will expect that 
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new geophysical, biological and cultural site specific focus surveys will need to be conducted for the 

permitting and environmental review process. The environmental concerns remain consistent with 

those identified in the 2005 Project Execution Plan and include marine habitat and sensitive species, 

water quality, marine geology, cultural resources, coastal access and recreation. Key concerns to 

permitting regulatory agencies and the environmental review process are anticipated to be focused on 

the coastal shoreline transitions of the power cable through pipelines or HDD bores to the proposed 

shore based facilities and the path of the submarine portion of the cable relative to geologic hazards and 

sensitive habitat. Including detailed descriptions of the shore based facility construction activities, HDD, 

and cable installation methods in the project description, including specific avoidance and minimization 

measures, will be paramount to obtaining endorsement and timely consensus of the selected route 

from stakeholders and regulatory agencies. 

The proposed submarine power cable incorporates an array of sites, jurisdictions and operational 

activities necessitating environmental planning and permitting processes through various federal, state, 

and local regulatory agencies. Regulatory authority of the individual agencies includes general land use 

and resources in the municipalities, regions, coastal zone, and marine waters offshore of California.  
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Figure 1 - Submarine Power Cable Preferred Route and Shore Based Landing Locations 
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SCE completed pre-application meetings with the U.S. Army Corps of Engineers (USACE), California State 

Lands Commission (CSLC), California Coastal Commission (CCC), and the City of Huntington Beach and 

Avalon as recently as 2005 (SCE, 2005). Future submarine power cable planning and permitting activities 

are anticipated to benefit significantly from the previous permit discussions. Reinitiating pre-application 

communications with the regulatory agencies to share the currently proposed submarine power cables 

route and approach would affirm anticipated environmental review, permit, and site-specific 

environmental focus study needs. 

Federal, state, and local approvals will be needed and environmental review under both the National 

Environmental Policy Act (NEPA) and California Environmental Quality Act (CEQA) should be anticipated. 

Considering that each of the power cables proposed shore based facilities are located in different Local 

Coastal Program (LCP) jurisdictions and the power cable will transect nearshore submerged lands under 

the jurisdiction of the CSLC. Proposed power cable activities in the LCP and CLSC jurisdictions will trigger 

the CEQA process. The NEPA is anticipated to be led by the USACE with other federal agencies including 

the U.S. Fish and Wildlife Service (USFWS), National Marine Fisheries Service (NMFS), U.S. Coast Guard, 

and Bureau of Ocean Energy Management either delegating authority to USACE or providing review and 

input. The CEQA and NEPA documents will incorporate a detailed project description, existing conditions 

of potentially impacted resources, and outline and incorporate mitigation measures designed to reduce 

or eliminate project related impacts that will contribute and facilitate the development of the various 

permit applications.  

The proposed submarine power cable route will require a considerable amount of federal and state 

environmental review because of the diversity of resources and number of jurisdictions affected. The 

environmental planning process could take two years or longer if an Environmental Impact Statement 

(EIS) and Environmental Impact Report (EIR) are required. However, recent environmental planning 

documents for fiber optic cable projects prepared in California for the CLSC and federally for the USACE 

have been Environmental Assessments (EA) for NEPA and Initial Study/Mitigated Negative Declarations 

(IS/MND) for CEQA, which are prepared more quickly and at lower cost. Federal and state regulatory 

agencies have recently been actively involved in working groups and developed Memorandums of 

Understanding to streamline environmental planning and permitting for marine cable installations, 

although these have been focused on renewable energy options and consolidating marine cable landing 

locations. For the proposed energy generation and supply preferred alternatives identified in this study 

including those interfacing with the marine environment an EA and/or IS/NMND may be suitable 

environmental documents depending on the individual alternatives design, construction activities, 

resource avoidance, mitigation and regulatory agency precedence.  

Planning and permitting anticipated time lines and costs for the submarine power cable are summarized 

in Table X. Significant preplanning should be anticipated and organized to better inform the presumed 

schedule and costs of the various site-specific focus surveys, permit applications and environmental 

planning preparation and review time lines. The permitting process is most effectively initiated after 

multiple pre-application and informal consultation meetings have been conducted and regulatory 

agency concurrence relative to the environmental planning document needs has been agreed upon. 

Once the draft environmental document has been completed and submitted for public review, the 

permit application packages and consultations should be finalized and submitted for formal 
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consideration. The power cables permit applications, lease hold agreements and protected species 

consultations will require several months to a year depending on the agency and will likely need to be 

supported by site specific surveys and information.  

Key concerns and challenges of executing the power cable alternative include potential impacts to the 

nearshore and offshore resources associated with placing, boring or trenching the power cable 

throughout its extent including cultural resources, sensitive habitat, existing offshore infrastructure 

(cables, oil rigs, pipelines) and hazards related to geologic formations and HDD boring. Recent concerns 

by the CCC related to sea level rise associated with resiliency of shore based facilities and recreational 

use constraints should also be anticipated and addressed.  

Table H provides an overview of permit requirements and a cost range to construct the submarine 

power cable. 
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