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1. Determine Source Level 
 
Peak source levels of the confined blast are calculated based on Hempen et al., (2007) 
 

(1) 
 
where P is peak pressure in pounds per square inch (psi), d is distance in feet, and W is weight in 
pounds.  For source level calculation 
 

d = 4 or 6 ft 
W = 75 lb for a single charge 

 
Note: The total charge weight is defined as the product of the single charge weight and the 
number of charges. In the case of Ketchikan Berth II Project, the number of charges is 50. 
 
2. Explosive Energy Computation from Peak Pressure of the Single Maximum Charge 
 
For plane wave, the energy density can be expressed as (Urick, 1983; Kinsley et al., 2000) 
 

(2) 
 
where ρc is the characteristic impedance of the medium (seawater). 
 
For underwater explosives, it is found that the shock wave, expressed as a relationship between 
pressure and time (t), can be approximated by (Urick, 1983) : 1

1 The decay function can be updated based on the waveform of a detonation, if provided. 
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(3) 
 
where P is the initial pressure of the shock wave at t = 0, and t0 is the time constant when the 
shock pressure decays to 1/e of its initial value P, with unit of microsecond (Urick, 1983): 
 

(4) 
 
where r is the range in feet. 
 
3. Summation of Total Explosive Energy from All Charges 
 
Due to time and spatial separation of each single charges by a distance of 8 ft, the accumulation 
of acoustic energy is added sequentially, assuming the transmission loss follows cylindrical 
spreading within the matrix of charges. 
 

(5) 
 
where Etotal is the total acoustic energy from all charges, En is the acoustic energy from the nth 
charge in the matrix, and N is the total number of charges. 
 
The sound exposure level (SEL) from each charge at its source can be calculated by  
 

(6) 
 
where Eref = 6.76 × 10−19 W/m2. 
 
The received sound exposure level (SELrec) from each charge can be calculated using the sonar 
equation: 
 

 
(7) 
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where SEL is the sound exposure level at the source in Equation (6), and SELrec(n) is the received 
sound exposure level at a given point from charge n located at distance Rn, and TLn is the 
transmission loss of acoustic energy due to cylindrical spreading from the source over Rn. 
 
Since the charges will be deployed in a grid of 8 ft by 8 ft apart, thus the received SELs from 
different charges to a given point will vary depending on the distance of the charges.  Without 
specific information regarding the layout of the charges, the modeling assumes a grid of 8 by 9 
charges with an additional three charges located in the three arbitrary pareferal locations (Figure 
1). 
 

 
Figure 1  Schematic diagram of the charge layout for the Ketchikan Berth II project modeling.  Each dot 

represents a location where a 75-lb charge is placed, separated by a distance d (either 4 or 6 feet). 
 
The total sound exposure level (SELtotal(m)) at any given location m shown in Figure 1 can be 
calculated as 
 

(8) 
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Among the various total sound exposure levels calculated by Equation (8), the largest value, 
SELtotal(max) is selected to calculate the impact range. 
 
4. Energy Spectral Analysis 
 
Using the pressure versus time relationship in Equation (3), the frequency spectrum of the 
explosion can be computed by taking the Fourier transform of the pressure (Weston, 1960): 
 

(9) 
 
Given that for a plane wave, the peak intensity can be expressed as 
 

(10) 
 
where  is the complex conjugate of pressure P, the Fourier analysis for the energy spectrum of 
an exponentially decaying explosion can be shown as 
 

(11) 
 
where f is the frequency in Hz. 
  
5. Transmission Loss from Sound Absorption 
 
Frequency specific transmission loss of acoustic energy due to absorption is computed using the 
absorption coefficient, α (dB/km), summarized by François and Garrison (1982a, b): 
 

(12) 
 
The three terms in Equation (12) refer to different absorption mechanisms due to boric acid, 
magnesium sulfate, and pure water, respectively. Details of parameters presented in Equation 
(12) are provided in François and Garrison (1982a, b).  Seawater properties for computing sound 
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speed and absorption coefficient were based on NMFS Alaska Fisheries Science Center report of 
mean measurements in Auke Bay (Sturdevant and Landingham, 1993).  
 
6. Impact Range Calculation 
 
The transmission loss that required for the received levels to reach below the specific SELthreshold 
threshold were calculated using the sonar equation: 
 

 (13) 
 
where SELthrea is the Level A harassment threshold of marine mammals. 
 
The distances, R, where such transmission loss is achieved were computed numerically by 
combining both geometric transmission loss, TLgeo, and transmission loss due to 
frequency-specific absorption, TLabs: 
 

 

  (14) 
 
A spreading coefficient of 20 is assumed to account for acoustic energy loss from the sediment 
into the water column. 
 
 
References 
 
François, R.E., and Garrison, G.R. (1982a). “Sound absorption based on ocean measurements. 
Part I: Pure water and magnesium sulfate contributions,” J. Acoust. Soc. Am. 72, 896-907. 
 
François, R.E., and Garrison, G.R. (1982b). “Sound absorption based on ocean measurements. 
Part II: Boric acid contribution and equation for total absorption,” J. Acoust. Soc. Am. 72, 
1879-1890. 
 
Hemper, G.L., Keevin, T.M., and Jordan, T.L. (2007). “Underwater blast pressures from a 
confined rock removal during the Miami Harbor deepening project,” Proc. 21st Ann. Conf. 
Explosives and Blasting Tech. 1, pp12. 
 

5 

https://www.codecogs.com/eqnedit.php?latex=TL%3DSEL_%7B%5Ctextup%7Btotal(m)%7D%7D-SEL_%7B%5Ctextup%7Bthreshold%7D%7D%0
https://www.codecogs.com/eqnedit.php?latex=TL%5Cleft%20(f%5Cright%20)%3DTL_%7B%5Ctextup%7Bgeo%7D%7D%2BTL_%7B%5Ctextup%7Babs%7D%7D%0
https://www.codecogs.com/eqnedit.php?latex=%3D20%5Clog_%7B10%7D%5Cleft%20(R%5Cright%20)%2B%5Calpha%5Cleft%20(f%5Cright%20)%5Cfrac%7BR%7D%7B1000%7D%0


February 4, 2019 

Kingsley, L.E., Frey, A.R., Coppens, A.B., and Sanders, J.V. (2000). Fundamentals of Acoustics 
(4th ed.). John Wiley & Sons, Inc., New York, NY. 
 
Sturdevant, M.V., and Landingham, J.H. (1993). Temperature, Salinity, and Zooplankton as 
Indicators of Environmental Suitability for Release of Hatchery-reared Juvenile Salmonids near 
Juneau, Alaska. AFSC Processed Report 93-10. Alaska Fisheries Science Center, National 
Marine Fisheries Service, Auke Bay Laboratory, Juneau, Alaska, 27pp. 
 
Urick, R.J. (1983). Principles of Underwater Sound. McGraw-Hill Book Company, New York, 
NY. 
 
Weston, D.E. (1960). “Underwater explosions as acoustic sources,” Proc. Phys. Soc. 76, 
233-249. 
 
 
 
 
 
 

6 


