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TAB A.
Emissions Summary for Alternative 1
This summary assumes breakwater and seawall stone delivery via rail
Alternative 1 includes beach renourishment, construction of 12 breakwaters, and seawall extension HAP emissions for Alternative 1

Activity Location VOC CO NOx SO2 PM10 PM2.5 CO2e Activity Location Formaldehyde Benzene Total HAPs
Onsite 35.41 110.24 675.33 0.75 17.78 17.24 76,973 Onsite 1.51 0.19 1.70
Offsite 0.26 0.82 5.05 0.01 0.13 0.13 558 Offsite 0.01 0.00 0.01
Onsite 2.04 6.52 27.79 0.03 1.31 1.27 10,427 Onsite 0.08 0.52 0.61
Offsite 107.99 592.33 2,667.82 2.08 72.28 66.23 207,049 Offsite 0.07 0.01 0.07
Onsite 0.07 0.38 1.30 0.00 0.07 0.07 1,126 Onsite 0.00 0.02 0.02
Offsite 17.59 96.48 435.50 0.34 11.41 10.74 33,693 Offsite 0.01 0.00 0.01

37.52 117.13 704.42 0.79 19.16 18.57 88,526 1.60 0.73 2.33
No No Yes No No No NA No No NA

125.84 689.63 3,108.37 2.43 83.83 77.10 241,301 NA NA No
163.36 806.76 3,812.79 3.21 102.98 95.67 329,827 0.08 0.01 0.09

1.68 0.74 2.42

Emissions Summary for Alternative 2
This summary assumes seawall stone delivery via rail
Alternative 2 includes beach renourishment and seawall extension HAP emissions for Alternative 2

Activity Location VOC CO NOx SO2 PM10 PM2.5 CO2e Activity Location Formaldehyde Benzene Total HAPs
Onsite 35.41 110.24 675.33 0.75 17.78 17.24 76,973 Onsite 1.51 0.19 1.70
Offsite 0.26 0.82 5.05 0.01 0.13 0.13 558 Offsite 0.01 0.00 0.01
Onsite 0.07 0.38 1.30 0.00 0.07 0.07 1,126 Onsite 0.00 0.02 0.02
Offsite 17.59 96.48 435.50 0.34 11.41 10.74 33,693 Offsite 0.01 0.00 0.01

35.49 110.61 676.63 0.76 17.85 17.30 78,099 1.51 0.21 1.72
No No Yes No No No NA No No NA

17.85 97.30 440.54 0.35 11.54 10.87 34,252 NA NA No
53.34 207.91 1,117.18 1.10 29.39 28.17 112,351 0.02 0.00 0.02

1.53 0.21 1.74

Emissions Summary for Alternative 3
This summary assumes breakwater and seawall stone delivery via rail
Alternative 3 includes construction of 12 breakwaters and seawall extension HAP emissions for Alternative 3

Activity Location VOC CO NOx SO2 PM10 PM2.5 CO2e Activity Location Formaldehyde Benzene Total HAPs
Onsite 2.04 6.52 27.79 0.03 1.31 1.27 10,427 Onsite 0.08 0.52 0.61
Offsite 107.99 592.33 2,667.82 2.08 72.28 66.23 207,049 Offsite 0.07 0.01 0.07
Onsite 0.07 0.38 1.30 0.00 0.07 0.07 1,126 Onsite 0.00 0.02 0.02
Offsite 17.59 96.48 435.50 0.34 11.41 10.74 33,693 Offsite 0.01 0.00 0.01

2.11 6.90 29.09 0.04 1.38 1.34 11,553 0.09 0.54 0.63
No No No No No No NA No No NA

125.58 688.81 3,103.32 2.42 83.69 76.97 240,743 NA NA No
127.69 695.70 3,132.41 2.46 85.07 78.31 252,296 0.07 0.01 0.08

0.16 0.55 0.71

Subtotal Onsite
Onsite exceed 10-ton individual HAP comparative threshol
Onsite exceed 25-ton total HAP comparative threshold?
Subtotal Offsite
Total

Onsite exceed 25-ton total HAP comparative threshold?
Subtotal Offsite
Total

Beach Renourishment

Seawall Extension

Total

Onsite exceed 250-ton comparative threshold?

Onsite exceed 250-ton comparative threshold?

Onsite exceed 250-ton comparative threshold?

Beach Renourishment

Breakwater Construction

Seawall Extension

Subtotal Onsite

Onsite exceed 25-ton total HAP comparative threshold?
Subtotal Offsite
Total

Onsite exceed 10-ton individual HAP comparative threshol

Beach Renourishment

Seawall Extension

Subtotal Onsite
Onsite exceed 10-ton individual HAP comparative threshol

Subtotal Onsite

Subtotal Offsite

Seawall Extension

Beach Renourishment

Breakwater Construction

Seawall Extension

Beach Renourishment

Seawall Extension

Breakwater Construction

Subtotal Onsite

Subtotal Offsite

Subtotal Onsite

Subtotal Offsite

Total

Total



TAB B.
Emissions Summary for Alternative 1
This summary assumes breakwater and seawall stone delivery via barge
Alternative 1 includes beach renourishment, construction of 12 breakwaters, and seawall extension

Activity Location VOC CO NOx SO2 PM10 PM2.5 CO2e Total HAPs
Onsite 35.41 110.24 675.33 0.75 17.78 17.24 76,973 1.70
Offsite 0.26 0.82 5.05 0.01 0.13 0.13 558 0.01
Onsite 0.65 2.54 11.35 0.02 0.41 0.40 3,838 0.09
Offsite 27.32 84.91 521.46 0.58 13.68 13.27 57,713 1.30
Onsite 0.07 0.38 1.30 0.00 0.07 0.07 1,126 0.02
Offsite 1.59 4.96 30.43 0.03 0.80 0.77 3,368 0.08

Total 65.31 203.84 1,244.92 1.39 32.87 31.88 143,577 3.19

Emissions Summary for Alternative 2
This summary assumes seawall stone delivery via barge
Alternative 2 includes beach renourishment and seawall extension

Activity Location VOC CO NOx SO2 PM10 PM2.5 CO2e Total HAPs
Onsite 35.41 110.24 675.33 0.75 17.78 17.24 76,973 1.70
Offsite 0.26 0.82 5.05 0.01 0.13 0.13 558 0.01
Onsite 0.07 0.38 1.30 0.00 0.07 0.07 1,126 0.02
Offsite 1.59 4.96 30.43 0.03 0.80 0.77 3,368 0.08

Total 37.34 116.39 712.11 0.80 18.78 18.21 82,026 1.81

Emissions Summary for Alternative 3
This summary assumes breakwater and seawall stone delivery via barge
Alternative 3 includes construction of 12 breakwaters and seawall extension

Activity Location VOC CO NOx SO2 PM10 PM2.5 CO2e Total HAPs
Onsite 0.65 2.54 11.35 0.02 0.41 0.40 3,838 0.09
Offsite 27.32 84.91 521.46 0.58 13.68 13.27 57,713 1.30
Onsite 0.07 0.38 1.30 0.00 0.07 0.07 1,126 0.02
Offsite 1.59 4.96 30.43 0.03 0.80 0.77 3,368 0.08

Total 29.63 92.78 564.54 0.63 14.96 14.51 66,046 1.48

Seawall Extension

Breakwater Construction

Seawall Extension

Beach Renourishment

Breakwater Construction

Seawall Extension

Beach Renourishment



TAB C.
Emission Calculations for Beach Renourishment 3,000,000 CY of sand + 100% for loss 3,000,000 6,000,000 Total CY

90 days

Material
Source 
Location

One way 
distance 
(mi)

Total 
Round 
Trip Time 
(hrs)

Total # of 
trips

 
Computed 
Total time 
(hrs)

Total mi 
traveled

Mobilization - supplies via truck Newport News 114 5.1 90 456 20,520
Tug & barge - mob supplies Norfolk 100 40 10 400 2,000

VOC CO NOx SO2 PM10 PM2.5 N2O CH4 CO2 Formaldehyde Benzene
lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile

Dump/Supply Trucks 1.87E-03 9.87E-03 1.62E-02 1.28E-05 2.18E-03 1.00E-03 1.82E-05 9.62E-05 3.75 0.00 0.00
VOCs CO NOx SO2 PM10 PM2.5 N2O CH4 CO2 Formaldehyde Benzene
Ton Ton Ton Ton Ton Ton Ton Ton Ton Ton Ton

Dump/Supply Trucks 0.02 0.10 0.17 0.00 0.02 0.01 0.00 0.00 38.48 0.00 0.00
CO2e in metric tons/year 35

# VOC CO NOx SO2 PM10 PM2.5 N2O CH4 CO2 BSFC Formaldehyde Benzene
Deliveries Engines g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb/hp-hr g/hp-hr g/hp-hr
Tugboat - propulsion 2000 2 0.68 0.22 0.69 4.21 0.00 0.11 0.11 0.02 0.00 506.69 0.304 0.01 0.00

VOC CO NOx SO2 PM10 PM2.5 N2O CH4 CO2 Formaldehyde Benzene
Ton Ton Ton Ton Ton Ton Ton Ton Ton Ton Ton

Tugboat Annual Emissions 0.26 0.82 5.05 0.01 0.13 0.13 0.03 0.00 607.68 0.01 0.00
CO2e in metric tons/year 558

Equipment Usage Hours

Derrick barge 886
Work barge 886
Work Tug 18,598
Bulldozer 35,424
Trailing Suction Dredge-propulsion 35,424
Trailing Suction Dredge - pumps 24,797
Equipment and hours are from the 2019 SERP EA.  Hours are factored due to increased material usage in this project.
Hours factor: this project will dredge 6,000,000 CY of sand, the 2019 EA calculations were based on 1,625,000 CY of sand.
6,000,000 / 1,625,000 = 3.69

Engine HP
Load 

Factor



Equipment Emissions
VOC CO NOx SO2 PM10 PM2.5 N2O CH4 CO2 BSFC Formaldehyde Benzene

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb/hp-hr g/hp-hr g/hp-hr
Derrick barge 886 2,500 0.68 0.22 0.69 4.21 0.00 0.11 0.11 0.02 0.00 506.69 0.350 0.01 0.00
Work barge 886 1,000 0.68 0.22 0.69 4.21 0.00 0.11 0.11 0.02 0.00 506.69 0.350 0.01 0.00
Work Tug 18,598 500 0.5 0.22 0.69 4.21 0.00 0.11 0.11 0.02 0.00 506.69 0.350 0.01 0.00
Trailing Suction Dredge-propulsion 35,424 4,000 0.68 0.22 0.69 4.21 0.00 0.11 0.11 0.02 0.00 506.69 0.350 0.01 0.00
Trailing Suction Dredge - pumps 24,797 2,500 0.68 0.22 0.69 4.21 0.00 0.11 0.11 0.02 0.00 506.69 0.350 0.01 0.00

VOC CO NOx SO2 PM10 PM2.5 N2O CH4 CO2 Formaldehyde Benzene
lb lb lb lb lb lb lb lb lb lb lb

Derrick barge 732 2,274 13,965 15 366 355 82 7 1,681,762 31 3
Work barge 293 910 5,586 6 147 142 33 3 672,705 12 1

Work Tug 2,260 7,023 43,128 48 1,132 1,098 254 20 5,193,677 96 11
Trailing Suction Dredge-propulsion 46,827 145,534 893,775 989 23,452 22,749 5,264 425 107,632,776 1,999 222

Trailing Suction Dredge - pumps 20,487 63,671 391,027 433 10,260 9,952 2,303 186 47,089,339 875 97
Tons/year: 35.3 109.7 673.7 0.7 17.7 17.1 4.0 0.3 81,135.1 1.5 0.2

CO2e in metric tons/year 74,567
Vessel emission factors from page 3-22 of Regulatory Impact Analysis: Control of Emissions of Air Pollution from Locomotive Engines and Marine Compression Ignition

      Engines Less than 30 Liters Per Cylinder, USEPA 2008.

All vessels are presumed to use 2 propulsion engines, table lists total HP.

VOC CO NOx SO2 PM10 PM2.5 CH4 CO2 Formaldehyde Benzene
g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr

Bulldozer 35,424 215 0.58 0.02 0.09 0.29 0.00 0.02 0.02 0.00 536.77 0.00 0.00

VOC CO NOx SO2 PM10 PM2.5 CH4 CO2 Formaldehyde Benzene
lb lb lb lb lb lb lb lb lb lb

Bulldozer 190 860 2,854 14 161 156 15 5,227,457 8 43
Tons/year: 0.1 0.4 1.4 0.0 0.1 0.1 0.01 2,613.7 0.00 0.02

CO2e in metric tons/year 2,371

Total Onsite Emissions
VOC CO NOx SO2 PM10 PM2.5 CO2e Formaldehyde Benzene

Tons per Year 35.41 110.24 675.33 0.75 17.78 17.24 76,973 1.51 0.19

Total Offsite Emissions
VOC CO NOx SO2 PM10 PM2.5 CO2e Formaldehyde Benzene

Tons per Year 0.26 0.82 5.05 0.01 0.13 0.13 558 0.01 0.00

Total Emissions
VOC CO NOx SO2 PM10 PM2.5 CO2e Formaldehyde Benzene

Tons per Year 35.68 111.06 680.38 0.76 17.91 17.37 77,531 1.52 0.19

Off-road Equipment
Hours of 

Operation Engine HP
Load 

Factor

Off-road Equipment
Hours of 

Operation Engine HP
Load 

Factor



TAB D.
Emission Calculations for Breakwater Construction using Temporary Bulkhead
This is the highest emissions case among the three options for building breakwaters.
Assume all stones come via train, and are moved from the railhead to the beach by truck.

Bulkhead construction
Pile driving - vibratory hammer
construction of bulkhead - will be filled with sand, which will be spread on the beach after the bulkhead is removed.
pile removal - vibratory hammer

Equipment
crawler crane
hydraulic excavator
vibratory hammer
dozer

130 ft long
12 ft wide at top Type 2 stone (core stone) 300 average lb
14 ft depth 2.3 ft long
65 ft  width at base (assumed all breakwaters are the maximum size) 0.78 ft wide

21.5 ft width of long sides 1.45 ft thickness type 2
70,070 CY volume of one breakwater (minus ends) 0.10 CY volume of 1 Type 2 stone
5,460 CY volume of one breakwater end 3114 lb/cy

80,990 CY Total volume of one breakwater Type 1 stone (breakwater armor stone) 5300 average lb
12 total tons 2.65
1 month construction period per breakwater Stone Density 165 lb/cf

Rocks brought by rail from quarry 4455 lb/cy
10,000 tons ave train capacity CY per stone 1.190
66,667 Type 2 stone capacity for 1 train
3,774 Type 1 armor stone capacity for 1 train

76,399 CY of Type 2 stone required for breakwater Stone percentages from June 2019 Final Environmental Assessment for the Wallops facility, Appendix E
792,974 Total Type 2 stones for 1 breakwater

12 barges to bring this number of Type 2 stone
118,946 Total weight of Type 2 stones for 1 breakwater (tons)

4,591 CY volume of Type 1 stone in 1 breakwater Stone percentages from June 2019 Final Environmental Assessment for the Wallops facility, Appendix E
1 barges to bring this number of Type 1 stone

3,859 Total Type 1 stones for 1 breakwater
10,227 Total weight of Type 1 stones for 1 breakwater (tons)

129,173 Total weight of all stones for 1 breakwater (tons)

Truck capacity 12 cy
Number of truck trips 6,749       

One way truck distance 10             miles



Sand required to fill the temporary bulkhead:
Length 130 feet
Width 30 feet
Depth 14 feet Assumed linear depth progression from 0 at beach to 14 feet at breakwater (same height as breakwater)

Volume of temporary bulkhead 27,300 cubic feet
1,011 cubic yards of sand required to fill bulkhead

Rail delivery from quarry to LeCato railhead

Material
Source 
Location

One way 
distance 
(mi)

Total 
Round Trip 
Time (hrs) Total # of trips

 Computed 
Total time 
(hrs)

Total mi 
traveled

Stone Quarry 250 14 13 185 6,459 Per breakwater

                 
                 

                   
                 
                 

                   
   

 






















    

         
         

          
          

          
         
         

          


 



   

    
  
  
  



               
              

                  
                   
                     
                    

             
               

               
                

              
               

                
  


             

             
               

 
           

              
             

 
             

              
             

 


    



 
 

 
 

 
 

 
 

 


 



 
   

      


    

 
   

      






 
 
 

 
 
 

 
 

 
 
 

 
 

       

             
        

             
               
            

              
   

 

 

 
 
 

 
 

 
 

 
 
 

 
 

             

                   
          

           
           

             
               
             

               
   

 

  
 
   

 
         

         
                         
                           
                           

         
         

                 
          

          
                   

   

 
 

 
 

 

 



 
         

                 

 
        

                   

 
           

               



 
 

   
         
       
       

       
       

   
         

       
        

     
       

   
   

 
      

   
   

      
  

   

 
 
 

 
 

 
 

 
 

 
 
 

 
 

               

                        
                           
                              

                     
                     

                       
   

   



   

     
   

 
                     

                     
                             
                           

                     
                     

                   
                   

                       
   

 

 
                 

                   
                   

 
                 

                   
                   

 
                 

                   
                   

 
 

     



 
     

     
    

     
     

     
     

     
   

      
   
   

     
      

     
   
    

     
   

     

 
 

  

   
 
 

 
 
 
 

 
 

 
 
 
 

 
 

             

                        
                           
                              

                     
                     

                       
   

   

     
   
   

 
 

 



 

                   
                   

                          
                           
                           

                   
                   

                  
                  

                  
                     

   

  
                 

                   

 
                 

                   

  
                 

                   

 
 

   
 

 



 


 



     

      
    

    
      

    
      



 


                  
            
            
            
            
            
 


                       
          

           
          

          
           

                
           

              
              
              
              
              
              
 















 
          

                
  

 

 

 







        


 


 
 

              
                        
                    
 

   
 


 
 
 

 

 
 

     
 

 

 

 


