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Abstract 

 

There has been a growing concern in recent years about the effects of anthropogenic noise 

due to marine pile driving on underwater wildlife. Current guidelines for mitigating hydroacoustic 

effects associated with these events are based upon relatively simple transmission loss 

formulations. The advantage to these guidelines is that computing transmission loss using their 

prescribed methods is not labor intensive, but their disadvantage is that they may not take all 

variables into account. Because of this, it may be possible to improve transmission loss 

computations. To better-characterize marine pile driving sound transmission loss, a unique in-

water instrumentation system was developed. This system consists of several hydrophone-

equipped buoys that transmit sound data to a field team in real time via a wireless network. The 

sound data are also recorded onboard the buoys along with geospatial data and water temperature 

data at depth.  

Testing was conducted using this buoy system at various water-based pile driving sites 

throughout Florida and sound data were used to compute transmission loss as a function of distance 

from the sound sources to utilize data from these sites to improve the knowledge base associated 

with generating mitigation guidelines. 

This research found that the coefficients used to calculate the simplified transmission loss 

model were consistently above those recommended by the current set of guidelines. Future areas 

of improvement and additional testing are recommended to address the growing concern of 

anthropogenic noise on underwater wildlife species and the effects of underestimating the actual 

transmission losses.
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Chapter 1: Introduction and Background Information  

1.1 Introduction 

As construction efforts have increased with new technologies and the development of 

coastal areas and waterways within the United States, there has been a rising concern about the 

effects of anthropogenic noise due to marine pile driving on underwater wildlife. While this noise 

can be loud and intrusive to the human ear, it has the potential to cause harm and/or death to marine 

life when performed in underwater environments. These environmental risks play a large role in 

permitting and the construction of bridges, wharfs, piers, and dock systems throughout the United 

States. The cost and timelines for both construction and environmental permitting is affected due 

to the anticipated noise-levels and the requirement of sound attenuation devices, such as bubble 

curtain, during pile driving activities. Current guidelines for the calculation and mitigating the 

effects of noise on underwater wildlife associated with pile driving activities are based upon 

simplified transmission loss formulas. 

 

 

1.2 Background 

In 2009, ten federal agencies, as a part of the Joint Subcommittee on Ocean Science and 

Technology, formed an interagency task force on anthropogenic sound and the marine 

environment. As a result of this task force, agencies agreed on high priority research 

recommendations to (1) develop and validate mitigation measures to minimize demonstrated 

adverse effects from anthropogenic noise; (2) test/validate mitigating technologies to minimize 

sound output and/or explore alternatives to sound sources with adverse effects; and (3) explore the 

need for and effectiveness of time/area closures versus operational mitigation measures. Following 
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this interagency task force, the National Marine Fisheries Service (NMFS) developed the Ocean 

Noise Strategy initiative to articulate NOAA’s vision for addressing ocean noise impacts over the 

next ten years and guide management actions towards that vision. In November 2016, NMFS 

approved the Ocean Noise Policy, which required NMFS to address noise impacts to species and 

their habitats over the next ten years in accordance with the Ocean Noise Strategy Roadmap. With 

this policy, NMFS is beginning to have more focus on projects with noise impacts such as those 

that require in-water pile driving. 

In December 2016, the Federal Highway Administration (FHWA) assigned all federal 

National Environmental Policy Act (NEPA) responsibilities to the Florida Department of 

Transportation (FDOT). This memorandum of understanding required the FDOT Office of 

Environmental Management to ensure the NEPA process is completed on all federal roadway 

projects statewide. This includes conducting species consultations as needed. During the 

environmental review process, agency representatives from NMFS and United States Fish and 

Wildlife Service (USFWS) have repeatedly expressed concerns about the effects that pile-driving 

activities have on Florida’s protected species. The required species consultations are taking place 

project by project and do not always have predictable outcomes. Considering the recent initiatives 

set forth by NOAA, these concerns are anticipated to become more frequent and have the potential 

to set higher standards for mitigation on transportation projects. This could potentially slow the 

review process or delay projects by requiring the incorporation of new sound attenuation 

techniques. Sound attenuation devices such as bubble curtains, cofferdams, or double piles 

(Reinhall et al. 2015) are expensive and may significantly increase project cost.  
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1.3 Transmission Loss Models 

 

The guidelines that are currently utilized for mitigating hydroacoustic effects associated 

with pile driving are based upon relatively simple transmission loss formulations. The advantage 

of utilizing these simplified models is that the computation of transmission loss is relatively 

straightforward. The disadvantage of these simplified formulations is that they may not take all 

variables into account when computing transmission loss. In particular, they do not include water 

temperature, wave climate data, and/or local geotechnical information which may affect the 

transmission loss.  

Both the simplified models and a few of the more sophisticated models are discussed in 

the sections below. Two quantities are of particular interest in the context of anthropogenic noise 

that may harm marine wildlife – cumulative sound exposure level (SEL) and transmission loss 

(TL). SEL refers to cumulative sound exposure-level integrated over a certain length of time, 

usually a day. Transmission loss on the other hand is a measurement of sound attenuation over 

some distance.  

 

1.3.1 Simplified Models  

The mechanisms that cause TL have been discussed by several authors over the years. Weston 

(1971) provides one of the better, earlier summaries of these efforts. In general, as discussed by 

Weston (1971), TL is governed by a number of different solutions to the Helmholtz Equation 

depending on distance from a point sound source like a pile drive. Closer to the pile, spherical 

spreading tends to dominate wherein TL may be computed via:  
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 𝑇𝐿 = −10 log10 (
𝐼

𝐼0
) = 10 log10(𝑅2) = 20 log10 (

𝑅

𝑅𝑜
) (1-1) 

Note that TL is measured in decibels (i.e., 𝑑𝐵𝑖𝑛 − 𝑑𝐵𝑜𝑢𝑡); R is the range from the sound source 

which is usually divided by some reference range, 𝑅𝑜; I is transmitted sound intensity; and 𝐼0 is 

the incoming sound intensity. On the other hand, further from the pile, TL tends to be dominated 

by cylindrical spreading:  

 𝑇𝐿 = −10 log10 (
𝐼

𝐼0
) = 10 log10 (

𝑅

𝑅𝑜
) (1-2) 

Buehler et al. (2015) recommend splitting the difference between spherical and cylindrical 

spreading when describing TL during pile driving by using the “practical spreading loss model”: 

 𝑇𝐿 = 15 log10 (
𝑅

𝑅𝑜
) (1-3) 

In a more generic sense, these equations express TL as a function of a constant times the base-10 

logarithm of the range: 

 𝑇𝐿 = 𝐹 log10 (
𝑅

𝑅𝑜
) (1-4) 

 Both the spherical and cylindrical spreading loss models, and by extension their halfway 

point, represented by the practical spreading loss model, are derived directly from 

incoming/outgoing sound power over some assumed area. The advantage to this sort of analysis is 

that it is very simple for design engineers to use, but its disadvantage is that none of these TL 

models take sound absorption into account. Absorption usually would be caused by sound waves 

interacting with geometrical boundaries such as the ocean floor, the water surface, or other 

obstructions.  
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1.3.2 More Sophisticated Noise Propagation Models  

More-complicated models are available that take absorption into account. These sorts of 

models fall into three categories – ray theory models as summarized by Tucholski (2006) and later 

programmed by Etter (2009); normal mode models as presented by Jensen et al. (2011) and Porter 

(1992); and parabolic models as discussed by Collins (1993). As discussed by Farcas et al. (2015) 

each of these models is appropriate for different water depths (i.e., deep water versus shallow 

water) and sound frequencies (high versus low frequency). In Figure 1-1, RI = range independent; 

RD = ranged-dependent, black cells indicate modeling approach is applicable and computationally 

efficient, gray cells indicate limitations in accuracy or computational efficiency; and the white 

cells indicate the modeling approach is neither applicable nor practicable. 

 

Table 1-1. Applicability of common sound propagation models (Adapted Farcas et al. 2015).  

 

 

 

Model 

Type 

Shallow Water Deep Water 

Low-Frequency High Frequency Low Frequency High Frequency 

RI RD RI RD RI RD RI RD 

Ray 

Theory 

        

Normal         

Parabolic         

 

In addition, as discussed by Etter (2009), multipath expansion models and fast field models 

may also describe underwater sound propagation, but these models tend to be inappropriate for 

shallow water. High-frequency sound is usually described as sound frequencies greater than 500 

Hz (Etter, 2009). Range-dependence refers to the noise environment. A model that permits 

horizontal variations in the environment – things such as a sloping bottom or spatially variable 
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oceanography – is termed range dependent while models that do not take these variations into 

account are termed range independent (Jensen et al., 2011). From a practical perspective then, the 

most appropriate more sophisticated model-types for describing underwater noise propagation due 

to pile driving in Florida appear to be: 

 

• Ray theory models for higher frequency pile driving noise in environments where 

bathymetry data are known. This would likely be from vibration installation.  

• Parabolic models for lower-frequency pile driving noise in environments where 

bathymetry data are known. This would likely be from more-traditional hammer 

installations.  

• Normal-mode models for both low-frequency and high-frequency pile driving noise in 

environments where bathymetry data are unknown.  

 

Unfortunately, a “catch all” model may not exist that would be appropriate for every 

waterbody. This is because underwater sound propagation is described by harmonic solutions to 

the wave equation, which in turn is described by the Helmholtz equation. 

 

1.3.3 Practical Spreading Loss Model vs Range-Dependent Acoustic Model  

Through a series of simultaneous pile driving tests, Farcas et al. (2015) compared the 

practical spreading loss model to a parabolic equation model based on Range-Dependent Acoustic 

Model (RAM). They concluded that the practical spreading loss model underestimates noise in the 

vicinity of the source and grossly overestimated noise farther from the source. A graphical 

representation of their findings is in shown in Figure 1-2. Graph (a) is based on the spreading loss 

model, (b) is based on the RAM model, and (c) is the difference between two models. From graph 
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(a) it is visually distinguishable that the spreading loss model depicts a much lower rate of sound 

transmission loss when compared to the of the RAM model.  

 
Figure 1-1: Maps of sound levels received for a pile driving operation (Farcas et al., 2015) 

  

 Eventually, it may be possible to adapt some of these models to better-predict underwater 

noise due to pile driving, but this effort may be complicated and the result may be difficult to 

implement. In recent years, several researchers have instead sought to calibrate Equation 1-4 using 

field data. Buehler et al. (2015) discussed these efforts and noted that using an approach similar to 

Equation 1-4 could yield a range of values for F from 5 to 30. 
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1.4 Goals and Objectives  

 The goal of this research was to retrieved sound data to obtain a calibrated F-value and 

measure the SEL for various water bodies within Florida. The sound data was measured using a 

series of buoy systems at various pile driving sites. Then, using a best-fit regression curve to fit 

the data, F-values were approximated for each testing site. Subsequently, these F-values were 

compared to the practical spreading loss model, F-value of 15, which is typically utilized for 

mitigating hydroacoustic effects associated with pile driving. 

 

1.5 Thesis Organization 

This thesis is organized into chapters as follows: 

• Chapter 2 provides information on the instrumentation system;  

• Chapter 3 details information on the methodology; 

• Chapter 4 presents specific site details and the collected raw data; 

• Chapter 5 presents the analysis of the collected sound data; 

• Chapter 6 provides conclusions and future recommendations. 
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Chapter 2: Data Acquisition Equipment 

This chapter provides an overview of the data acquisition equipment used to develop, 

deploy and record data using a hydrophone-based sound collection system. 

  

2.1. Flotation Components 

Investigators used buoys as a platform for a hydrophone-based sound collection system. 

Buoyancy was achieved by using two small pontoons. An aluminum frame was affixed to each 

buoy’s pontoons using a pin connection. The aluminum frames shown in Figure 2-1 consist of 2-

inch by 1-inch aluminum rectangular tubing; 2-inch by 2-inch aluminum angle sections; and a 

small aluminum plate to hold the Wi-Fi antennae. The aluminum frames were welded so that they 

would be water-tight.  

To connect the frames to the pontoons, pin-connections were required. To make these 

connection water-tight, holes were drilled through the aluminum tubing, and small cylindrical 

sections were inserted into these holes and welded into position.  
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Figure 2-1. Pontoons, Pelican case, and aluminum frame. 

 

2.2 Water-Tight Boxes and Connections 

Each frame holds a PelicanTM 1450 box that houses the electronics associated with the 

instrumentation system. Scanstrut cable clam/deck seals were used to pass a hydrophone cable and 

a thermocouple cable from the exterior into the box while a MENCOM MDE45-8FR-RJ45-BM 

waterproof Ethernet connection was used to route an Ethernet cable into the case. A photograph 

of all these connections is shown in Figure 2-2. 

 



 

 

11 

 

 
 

Figure 2-2. Ethernet, hydrophone, and thermocouple connections. 

 

Electronics in the case consist of Bruel and Kjaer 2250 handheld analyzers; Bruel and Kjaer 

2647 charge converters; L-Com BT-CAT5-P1 power-over-Ethernet converter; two 12-volt 

motorcycle batteries connected in series; and Pace Scientific XR-440M pocket loggers for the 

thermocouples. Outside of each box are a Pace Scientific PT960 temperature probe; a Bruel and 

Kjaer 8103 hydrophone; a Ubiquiti Bullet M2 wireless access point; and an L-COM HG2409UP 

antenna. The batteries, power converter, Bullet, and antenna connect to the handheld analyzer via 

Ethernet cable and broadcast sound data to a computer in real-time. In addition, i-gotU GT-600 

GPS units were added to each box to track location. An overview of the electronics is located in 

Figure 2-3.  
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Figure 2-3. Electronics inside data collection box. 

 

The stainless steel, hydrophone, and thermocouple cables were connected using a series of 

cinch knots (Figure 2-4). The knots and stainless-steel cables provide a strain relief system and 

strength member to support the weight as opposed to the hydrophone/thermocouple cables. The 

cable bundle length of 40-feet and evenly spaced cinch knots ever 18-inches, allows incremental 

testing in water depths ranging from 3-feet to 80-feet. 
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Figure 2-4. Cinch knot used to join the cables. 

 

A loop was crimped onto the end of each stainless-steel cables so that it could be used to 

attach the weight (Figure 2-5). To use the strain relief system, one carabiner is clipped to the loop 

in the end of the steel cable and the deck clip closest to the bulkhead connectors (i.e. the clip on 

the right-hand side of Figure 2-6). This provides strain relief for the bulkhead connections. The 

other carabiner is clipped to the other deck clip to provide strain relief for the 

hydrophone/thermocouple cables and to provide a mechanism for lowering the cables to their 

proper depths (clip on the left in Figure 2-6). When the cables are deployed, this carabiner is 

clipped to the cinch knot corresponding to the appropriate depth.  
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Figure 2-5. Cable loop and weight. 

 
 

Figure 2-6. Strain relief connections. 
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An industrial Velcro strap was adhered to the box lids for storing/coiling both excess cable 

and/or the cables when not in use. The excess cable can be coiled manually and strapped to the top 

of the box. A labeled overview of the entire data collection buoy system is located in Figure 2-7. 

 
 

Figure 2-7. Labeled overview of the data collection buoy. 

 

2.3 Bridle and Anchoring System 

To anchor the buoy systems in place during testing, one river anchor was obtained for each 

buoy. A photograph of two of these river anchors is presented below in Figure 2-8:  

 

WiFi Adapter 

and Antenna 

Pontoon 

Pontoon 

Coiled Cables  

Aluminum 

Frame 

Pin Connection 



 

 

16 

 

 
 

Figure 2-8. River anchors. 

Anchor bridles were affixed to each data collection buoy using stainless-steel deck clips 

that were attached to the buoys’ aluminum frames via a heat activated metal epoxy (Figure 2-9). 

Under strong current conditions, these anchor bridles will position the buoys further away from 

their anchor lines thereby minimize the risk for tangling between the anchor lines and the data 

collection cables.  
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Figure 2-9. Anchor bridle system. 

 

Polypropylene rope was obtained to affix the buoys to their anchors. While the 

polypropylene rope floats, it was noted that it may be difficult to retrieve from the field watercraft 

under wavy conditions. In addition, during deployment, it would be difficult to simultaneously 

launch both the anchors and the data collection buoys. Therefore, five small plastic buoys were 

obtained and the anchor lines were connects to the smaller buoys (Figure 2-10). Then, the data 

collection buoys are connected to these smaller buoys. As such, the field team could sequentially 

deploy the anchor and then deploy the data collection system. During pickup, this setup allows the 

field team to retrieve the anchor first and then the data collection buoy.  
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Figure 2-10. Small plastic buoys. 

 

 

2.4 Deployment of Buoys 

During field testing the buoys were loaded onto a watercraft to deploy. Figure 2-11 

provides a photograph of the loaded buoys, two stacked on top of one another front to back so that 

their antennae did not interfere with one another. Prior to the deployment of buoys at each testing 

site, the hydrophones were calibrated in a quiet setting to ensure accuracy. Also the ambient noise 

levels were measured for at least 60 minutes either before or after the pile driving.  
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Figure 2-11. Watercraft loaded with buoys. 

 

Once the watercraft is in position at the site, and the water depth has been determined, the 

buoys were deployed once all internal components were connected and turned on. Figure 2-12 

provides a typical data collection buoy set up deployed as a test run in the Intracoastal Waterway 

near Jacksonville Beach, Florida.  
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Figure 2-12. Data collection buoys deployed in the Intracoastal Waterway near Jacksonville 

Beach, FL. 
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Chapter 3: Methodology 

 This chapter provides the methodology for capturing and utilizing the LZpeak data along 

with the mathematical analysis used to determine an approximation of F at each testing site.  

3.1 Use of LZpeak Data 

Following the approaches of previous literature, the analysis was focused on capturing 

and using LZpeak data. This means that these data represent the maximum, unweighted (i.e. Z-

weighted) sound-level measured each second. The Z-weighted sound-level is a flat frequency 

indicating that no weighting is present across the audio spectrum whereas an A-weighted sound-

level filters sound based upon the limits associated with human hearing. The differences between 

the A and Z-weighted frequencies curves are shown by Clarke Roberts (2011) in Figure 3-1.  

 

Figure 3-1. Frequency Weighting Curves – ‘A’, ‘C’, & ‘Z’ (Roberts, 2011) 
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While these LZpeak data show oscillations (as would be expected), these oscillations 

should not be interpreted as “hammer blows.” This is because the impact rate of the hammer may 

be much faster than the 1-s logging rate shown in the LZpeak data and the hammer will often be 

out-of-phase with a 1-s logging rate. This will be illustrated using an example from the Ribault 

River Test Pile using the data from the buoy closest to the pile as shown below in Figure 3-2:  

 
Figure 3-2. Different logging values from Ribault River test pile. 

 

In addition to LZpeak data, three other values are also shown in Figure 3-2:  

 

• LAF Fast Log: these data are average A-weighted sound-level measured every hundredth 

(i.e., 0.01) second. Each oscillation in these data represents a hammer blow.  

 

• LAFmin: these data are lowest A-weighted sound-level measured every second. While the 

data oscillate (similar to the LZpeak data), these oscillations should not be interpreted as 

hammer blows.  
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• LAFmax: these data are the highest A-weighted sound-level measured every second – similar 

to the LZpeak data except A-weighted instead of Z-weighted. Again, while these data 

oscillate, these oscillations should not be interpreted as hammer blows nor should they be 

interpreted as “true maxima” since A-weighting tends to attenuate some of the higher-

frequency maxima that cause the most intense sound-levels 

 

Zooming in on a portion of the data illustrates a better picture of each hammer blow as 

shown below in Figure 3-3:  

 
Figure 3-3. Zoomed-in logged data from Ribault River test pile 

 

As shown, the LAF data oscillate at a rate of approximately one hammer blow every 1.2 

seconds that is only in-phase with a 1-s time-marching algorithm every 5 blows. In other words, 

starting at t = 0, the first blow would complete at t = 1.2 s; the second at t = 2.4 s; and so on. If one 

picks the peak LAF value from t = 0 to t = 1.2 s, they will be left with a large “spike” in sound 

(correctly). However, if one picks the peak from t = 1 s to t = 2 s, the corresponding data point will 
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not be a true “peak” relative to the actual noise signal. Put another way, time-averaging, time-

maximizing, and time-minimizing over a relatively large timestamp like 1 s results in aliased 

signals. Likewise, time-averaging A-weighted sound-level per 0.01-s results in a signal that does 

not reach the same maxima one would get using LZpeak data since A-weighting tends to attenuate 

some of the higher-frequency sound-levels. As such, LZpeak represents the worst-case recorded 

signal and was therefore used throughout this analysis. This is believed to be common as other 

studies in the literature also reported using LZpeak data for their analysis.  

 

3.2 Mathematical Analysis 

This section discusses the mathematical analysis used in order to apply the concepts of 

previous literature to determine SEL and TL, and ultimately the approximation of F. These data 

were used to compute the following: 

• Root-mean-squared sound pressure across 90% of the data – i.e., RMS90 during each drive 

or vibration event 

 

• The peak sound pressure defined as the instantaneous absolute sound pressure value – 

i.e., Lmax during each drive or vibration event 

 

• The sound exposure-level (SEL) across 90% of accumulated sound energy – i.e., SEL90 – 

computed during each drive or vibration event 

 

• The cumulative SEL – i.e., SELcum during each drive or vibration event  

 

SEL is defined below in Equation 4-1: 

 𝑆𝐸𝐿 = 10 log10 ∫ 𝑃2(𝑡)𝑑𝑡 
𝑇

0
 (3-1) 

where P is the instantaneous sound pressure data; and T is the appropriate integration limit 

corresponding to either all the sound-level measurements (for SELcum) or the lower 90% of sound-

level measurements (for SEL90). From a mechanics perspective, Equation 3-1 requires some 
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manipulation because the hydrophones return sound information in decibels relative to 1 𝜇𝑃𝑎. As 

such, to get sound pressure:  

 𝑃 = 𝑃𝑟𝑒𝑓10
𝐿𝑍𝑝𝑒𝑎𝑘

20  (3-2) 

where 𝑃𝑟𝑒𝑓 is the reference pressure of 1 𝜇𝑃𝑎. To perform the integral of P, a simple trapezoidal 

numerical integration algorithm was employed. Once 𝑃2 had been integrated, SEL was computed 

using the following expression:  

 𝑆𝐸𝐿 = 10 log10
∫ 𝑃𝑑𝑡

𝑃𝑟𝑒𝑓
2  (3-3) 

In some of the previous literature by FDOT, others used the following approximation for SEL:  

 𝑆𝐸𝐿 ≈ (𝐿𝑍𝑝𝑒𝑎𝑘)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ + 10 log10 𝑇 (3-4) 

 

where T is the time of the sound event and the overbar denotes a mean. Results were checked using 

this approximation to ensure accuracy.  

Transmission loss, TL (in decibels relative to 1 𝜇𝑃𝑎) is known to be a function of the base-

10 logarithm of the range from the sound source as shown below in Equation 3-5: 

 𝑇𝐿 = 𝐹 log10 (
𝑅

𝑅0
) (3-5) 

where R is the range from the sound source; 𝑅𝑜 is some reference range (usually 1-m) and F is the 

transmission loss coefficient. One may rewrite Equation 5-5:  

 𝑃𝑠 − 𝑃𝐵 = 𝐹 log10 (
𝑅

𝑅0
) (3-6) 

where 𝑃𝑠 is the sound pressure at the source and 𝑃𝑏 is the sound pressure at a buoy. Rearranging:  

 𝑃𝐵 = 𝑃𝑠 − 𝐹 log10 (
𝑅

𝑅0
)  (3-7) 
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Thus, to find F, sound at each buoy may be plotted as a function of range from each pile. Then, a 

best-fit regression curve of the form:  

 𝑃𝐵 = 𝑎 log10 (
𝑅

𝑅0
) + 𝑏 (3-8) 

may be fit to the data where a and b are best-fit coefficients corresponding to minus-F and 𝑃𝑠 

respectively.  

 It has been assumed throughout analysis that 𝑃𝐵 corresponds to the enveloped peak data. 

The concept of an “enveloped peak” warrants further discussion and is best to discuss by example. 

A typical sound signal from a pile drive is presented below in Figure 3-4: 

 

Figure 3-4. Example of typical sound signals during pile driving 

(Suwannee River Bridge Pile shown). 
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It is important to note in Figure 3-4, that each signal from each buoy oscillates with a high 

frequency – as shown in Figure 3-3. Recall that crests/troughs do not correspond to hammer blows 

because 1-s time maximizing was used. Similarly, one may not expect crests/troughs to exactly 

align with one another because of the time-maximizing. However, this misalignment is relatively 

trivial in the context of this thesis since we are interested in (1) transmission loss; and (2) sound 

exposure level. Therefore, each crest associated with each oscillating noise signal was enveloped 

using numerical methods. In other words, an algorithm was used whereby each peak associated 

with each apparent oscillation is found and these peaks are connected. Doing this for each signal 

allows one to digitize the apparent peaks/crests at each time step. Then, apparent peaks from one 

buoy may be compared with apparent peaks from another downstream buoy. The built-in 

MATLAB ‘findpks’ command performs with enveloping with very little required input from the 

user. As such, in Figure 3-4, six lines are shown: raw data from Buoy 2, Buoy 3, and Buoy 4 

(darker blue, orange, and yellow lines respectively) and enveloped peak data using ‘findpks’ from 

Buoy 2, Buoy 3, and Buoy 4 (purple, green, and lighter blue line respectively).  

As a check during TL computation, quantities mentioned above – i.e., RMS90 and Lmax may 

be used to fit equations of the form shown in Equation 3-8. In other words, either RMS90 or Lmax 

for each buoy may be plotted as a function of range from the pile and best-fit regression equations 

of the form shown in Equation 3-8 may be fit to these data. The corresponding b values from these 

equations represent RMS90 and Lmax at the pile while the corresponding a values should be 

approximately equivalent to TL computed using all the data. These computations/plots were 

performed as well as another check throughout analysis to help ensure accuracy.  
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 To perform these analyses, data were exported to appropriate formats – either comma-

separated values (CSV) or American Standard Code for Information Exchange (ASCII). Then, 

several scripts were written in MATLAB to perform the computations and generate output.  

 

3.3 Wildlife and Ambient Sound Analysis 

At each of the testing sites, ambient sound data were estimated by taking an average of 

sound data when pile driving was not occurring. In addition, Buehler et al. (2015) provide the 

following table to describe sound’s adverse effect on wildlife: 

 

Table 3-1. Guidelines for pile driving adverse effects on fish (adapted from Buehler et al. 2015) 

 

Effect 

 

Metric 

Fish Mass  

(g) 

Threshold  

(dB relative to 𝟏 𝝁𝑷𝒂) 

 

Onset of 

physical injury 

Peak Pressure N/A 206 

 

Accumulated SEL 
≥ 2g 187 

≤ 2g 183 

Adverse behavior 

effects 

 

RMS Pressure 

 

N/A 

 

150 

 

Both ambient sound data and the appropriate metrics from Table 3-1 were added to the 

base-10 logarithm charts discussed in Section 3.1 above.  
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Chapter 4: Site Descriptions and Raw Data 

 This chapter is divided into the six test site locations and provides an overall site description 

at each location including the scope of the pile driving activities, site specific information about 

the data collection process, geotechnical properties and the collected raw data. 

 

4.1 Dunn’s Creek Bridge 

4.1.1 Site Description  

On March 14, 2019, and March 15, 2019, the research team traveled to the Dunn’s Creek 

Bridge just outside of Palatka, Florida in San Mateo, Florida across SR-17. Site location is shown 

below in Figure 4-1 along with approximate buoy, barge, and pile driving locations.  
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Figure 4-1. Aerial view of Dunn’s Creek Bridge with approximate buoy locations. 

 

4.1.2 Pile Driving Scope  

The driving at Dunn’s Creek consisted of vibrating a sheet pile cofferdam using a vibratory 

hammer as shown in Figure 4-2.  
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Figure 4-2. Vibrating hammer and sheet pile cofferdam at Dunn’s Creek 

 

4.1.3 Data Collection  

This site was constrained geographically in the sense that the point near Buoy 3 would have 

blocked sound further downstream. As such, approximate buoy placement was as follows in Table 

4-1:  

Table 4-1. Buoy placement summary for Dunn’s Creek 

Buoy Number Buoy Distance (m) Water Depth (m) Hydrophone Depth (m) 

2 59.5 7.62 3.96 

4 202.0 6.10 2.74 

3 396.0 6.71 3.09 
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The distances in Table 4-1 were approximated using a laser range finder. However, please 

note that these approximate distances were reinforced with onboard GPS data. The GPS data were 

used for data analysis since they are more accurate and account for buoy drift.  

On March 14, 2019, no vibrating occurred due to the contractor’s hammer malfunctioning 

and therefore ambient noise data were collected. On March 15, 2019, sheet piles were vibrated in 

pairs from approximately 10:30 AM through 1:35 PM. However, there were issues with data 

collection due to malfunctions with several of the buoys:  

• Buoy 2 – the connection between the charge converter and the hydrophone was damaged 

during deployment and was not able to be repaired. 

 

• Buoy 3 – the meter for Buoy 3 spontaneously powered down and would not power back 

on.  

 

• Buoy 5 – this buoy’s meter was defective and isolated to the rear hydrophone plug being 

defective.  

 

As a result, “reliable data” were only available from approximately 10:30 AM through 

approximately 11:35 AM on March 15, 2019, from three of the buoys. 

 

4.1.4 Raw Sound Data  

Raw sound and GPS data are presented below in Figure 4-3 and Figure 4-4:  
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Figure 4-3. Raw sound data from Dunn’s Creek 

 
 

Figure 4-4. GPS data from Dunn’s Creek 
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4.1.5 Geotechnical Data  

A Model 200T Vibratory Driver was used for all sheet pile installation at Dunn’s Creek. 

Sheet piles consisted of 40’ lengths of 18” wide steel PZ-27 piles that were driven in pairs, for a 

total width of 36”. The piles were driven in 21’ of water with 15’ of embedment in the soil. Several 

soil-types were encountered along the bottom of the waterway. These soils were classified 

according to the Unified Soil Classification System (USCS) and are as follows: silty sand (SM), 

peat (PT), poorly graded sand (SP), poorly grades sand with silt (SP-SM), and high plasticity clay 

(CH). At the sheet pile location, corresponding to Borehole 12 in the boring logs located in 

Appendix A, the soil was classified as SP. The sheet piles were vibrated through approximately 

13 feet of brown to light brown fine sand (SP) while final tip elevation rested upon gray silty fine 

sand with abundant shell (SM). Appendix A provides the relevant geotechnical boring logs and 

pile driver specifications.  

 

 

4.2 Ribault River Bridge  

4.2.1 Site Description  

The Ribault River Bridge is located in northwest Jacksonville, Florida across Howell 

Drive. The field team monitored a test pile drive at the Ribault River location on May 7, 2019, and 

a 3-pile production pile bent on June 10, 2019. On each date, buoys were deployed in 

approximately the same location as indicated below in Figure 4-5:  
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Figure 4-5. Aerial view of Ribault River Bridge with approximate buoy locations 

 

4.2.2 Pile Driving Scope 

Pile driving at the Ribault River consisted of a concrete test pile on May 7, 2019, and 

three concrete production piles on June 10, 2019. As shown below in Figure 4-6, all piles were 

driven with a percussion hammer.  
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Figure 4-6. Pile driving at Ribault River (May 7, 2019 test pile shown) 

 

4.2.3 Data Collection  

This site was also constrained geographically in the sense that there was insufficient width 

to take cross-current readings and the slight bend in the river to the north/northeast would have 

blocked sound travel anywhere downstream from Buoy 4. As such, the research team focused on 

deploying Buoy 4 as far away as possible from pile driving and then spacing intermittent buoys 

appropriately to yield a range of transmission loss/range data points. While approximate buoy 
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ranges were shown in Figure 4-5, more accurate buoy ranges are presented below in Table 4-2 and 

Table 4-3:  

 

Table 4-2. Buoy placement summary for Ribault River on May 7, 2019 

Buoy Number Buoy Distance (m) Water Depth (m) Hydrophone Depth (m) 

1 24.5 3.66 1.22 

2 46.5 3.66 1.22 

3 202 3.05 1.22 

4 106 3.05 1.22 

 

Table 4-3. Buoy placement summary for Ribault River on June 10, 2019 

Buoy Number Buoy Distance (m) Water Depth (m) Hydrophone Depth (m) 

1 26.5 2.35 1.22 

2 50 2.19 1.22 

3 107 2.10 1.22 

4 199.5 2.26 1.22 

 

 

Like Dunn’s Creek, distances in Table 4-2 and Table 4-3 were approximated using a laser 

range finder. However, as with Dunn’s Creek, please note that these approximate distances were 

reinforced with onboard GPS data that were used for analysis.  

 

4.2.4 Raw Data  

On May 7, 2019, all four functional buoys effectively recorded the drive event and 

associated GPS coordinates. During data analysis, LZpeak data were enveloped using MATLAB’s 

built-in “findpks” command discussed in Section 3.2. Raw data from the May 7, 2019, drive event 

are presented below in Figure 4-7 and Figure 4-8:  
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Figure 4-7. Raw data from Ribault River site during test pile driving including enveloped peaks. 

(Note the clear presence of the drive event occurring at approximately 13:15.) 

 
 

Figure 4-8. Buoy distance from pile data during test pile drive at the Ribault River site on May 7, 

2019. 
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On June 10, 2019, two of the four GPS units malfunctioned. As such, transmission loss 

computations for this event should be interpreted as approximate since the laser range finding data 

had to be used. Raw sound data and approximate GPS data are presented below in Figure 4-9 and 

Figure 4-10, respectively.  

 
Figure 4-9. Raw sound data from Ribault River production piles. (Note the three obvious pile 

driving events starting at approximately 12:45.) 
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Figure 4-10. Approximate buoy locations relative to the piles during Ribault River production 

driving. 

 

4.2.5 Geotechnical Data  

An APE Model D36-42 hammer was used for all pile driving at the Ribault River location. 

Piles consisted of 24-inch square cross-section prestressed concrete piles (PCP). Throughout the 

pile driving, 24-inch by 24-inch by 12-inch plywood pile cushions were used. The test pile was 

110-foot in length and the production piles were 60-foot in length. All piles were driven to final 

tip elevations of approximately -45 feet. Soil at the bottom of the waterway consisted of either peat 

(PT) or organic silts (OL). All piles were driven through approximately 11 feet of peat (PT), 6 feet 

of low plasticity silt (ML), 4 feet of PT, 2 feet of inorganic silt (MH), and approximately 5 feet of 

light gray sandy fossilferous limestone (see boring B-2 in PDA log in Appendix B for details). For 

additional details about the Ribault River location, refer to Appendix B where relevant 

geotechnical boring logs, pile driver specifications, pile driving logs, and test pile Pile Driving 

Analyzer (PDA) results are provided.  
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4.3 Suwannee River Bridge  

4.3.1 Site Description  

On April 18, 2019, the research team traveled to the Suwannee River Bridge near Dowling 

Park, Florida across SR 250. Site location is shown below in Figure 4-11 along with approximate 

buoy location:  

 

 
 

Figure 4-11. Aerial view of the Suwannee River Bridge with approximate buoy locations 
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4.3.2 Pile Driving Scope  

Driving at the Suwannee River consisted of percussion driving three steel trestle piles as 

shown below in Figure 4-12.  

 

 
 

Figure 4-12. Steel trestle piles driven at Suwannee River Bridge 

 

4.3.3 Data Collection  

This site was constrained geographically in the cross-current direction, but provided 

significant space for the buoys in the down-current direction. Approximate buoy placement 

distances, water depths, and hydrophone depths are summarized below in Table 4-4:  

 

Table 4-4. Buoy placement summary for Suwannee River Bridge 

Buoy Number Buoy Distance (m) Water Depth (m) Hydrophone Depth (m) 

2 15 4.88 2.44 

3 65 3.96 2.44 

4 502 2.74 1.52 
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Due to issues with two of the hydrophone while on site, data were only collected from the 

three functional buoys. In addition, the GPS trackers produced anomalous readings and therefore, 

rangefinder data were used for analysis.  

 

4.3.4 Raw Data  

The raw sound data produced a very “clean” signal as shown below in Figure 4-13. 

Approximate range data are presented below in Figure 4-14.  

 

 
 

Figure 4-13. Raw sound data from Suwannee River Bridge 
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Figure 4-14. Approximate range data from the Suwannee River Bridge. 

 

4.3.5 Geotechnical Data  

A Del-Mag Model D-46 Impact Driver was used for all trestle pile driving at the Suwannee 

River location. Piles consisted of 24-inch diameter by 60-foot long open-ended steel piles that 

were driven to a final tip elevation of approximately -50-feet. At the bottom of the waterway, fine 

to medium sand (SP) with some sand to fine gravel-sized limestone, granite and other rocks (fill) 

was encountered. The piles were driven through various limestone layers until their tips rested 

upon light gray to gray fine to medium-grained fossiliferous limestone (see boring B-4 in 

Appendix C for details). For additional details about the Suwanee River location, refer to Appendix 

C where a relevant geotechnical boring sample and pile driver specifications are provided.  
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4.4 Bayway E Bridge  

4.4.1 Site Description  

On June 3 and 4, 2019, the field team visited the Bayway E Bridge in St. Petersburg, 

Florida. The site location is shown below in Figure 4-15 as well as approximate buoy locations:  

 

 
 

Figure 4-15. Aerial view of the Bayway E Bridge with approximate buoy locations. 

 

4.4.2 Scope of Pile Driving  

Driving consisted of the installation of three steel piles on June 3, 2019, and one steel pile 

on June 4, 2019, using a vibratory hammer as shown below in Figure 4-16. The piles were ‘set’ 

with the vibratory hammer in preparation for impact driving. Due to construction delays, no impact 
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driving was performed as scheduled during this testing. Only the June 4, 2019, data from 

approximately 0830 through 1000 produced sufficient sound transmission for analysis, but this 

recording was very close to ambient sound conditions.  

 

 
 

Figure 4-16. Pile driving at Bayway E Bridge on June 4, 2019. 

 

4.4.3 Data Collection  

Due to the limited pile driving scope from June 3 and 4, 2019, investigators focused data 

collection in the down-current direction. A summary table showing buoy placement is shown 

below in Table 4-5:  
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Table 4-5. Buoy placement summary for Bayway E. Bridge 

Buoy Number Buoy Distance (m) Water Depth (m) Hydrophone Depth (m) 

1 16-25 distance to 

pile 1 and to pile 4 

3.05 1.52 

2 73 3.96 1.83 

3 177 3.66 1.83 

4 370 2.96 1.83 

 

Four of the five meters were usable throughout the driving procedure. Investigators noted 

that driving was relatively quiet throughout and expected relatively low noise-level readings. There 

were no noted issues with data collection from the meters at this site. However, two of the four 

GPS units produced anomalous data. As such, rangefinder data were used for these buoys.  

 

4.4.4 Raw Data  

Raw data with enveloped peaks from the 0830-1000 drive events are presented below in 

Figure 4-17 and Figure 4-18:  

 
 

Figure 4-17. Raw data with enveloped peaks from Bayway E Bridge. 

 



 

 

48 

 

 
 

Figure 4-18. Approximate range data from Bayway E Bridge 

 

4.4.5 Geotechnical Data  

A Model 200T Vibratory Driver was used for all trestle pile driving at the Bayway E River 

location. Piles consisted of 36-inch diameter by 85-foot long open-ended steel piles. All piles were 

driven to a final tip elevation of approximately -83.6-foot. Soil at the bottom of the waterway 

consisted of SP/SP-SM (Boring B-10 in Appendix E). Piles were vibrated through the 5-foot 

SP/SP-SM layer, a 6-foot SM layer, another 2-foot SP/SP-SM layer; a 5-foot SC layer, a 6-foot 

SM layer, a 10-foot SP/SP-SM layer, a 5-foot SM layer, a 6-foot SP/SP-SM layer, and finally 

rested upon a large (24-foot thick) SM layer. For additional details about the Bayway E River 

location, refer to Appendix D where relevant geotechnical boring logs and pile driver 

specifications are provided.  
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4.5 John Sims Parkway Bridge  

4.5.1 Site Description  

From June 23 through June 25, 2019, the field team visited the John Sims Parkway Bridge 

in Niceville, Florida. Site location map and approximate buoy locations are shown below in Figure 

4-19:  

 

 
 

Figure 4-19. Aerial view of John Sims Parkway Bridge with approximate buoy locations 



 

 

50 

 

 

4.5.2 Scope of Pile Driving  

Driving at the John Sims Parkway consisted of driving one pile per day, moving the 

template in one day, and driving another pile the next day. The first day of driving occurred on 

June 24, 2019, as scheduled. The template move occurred on June 25, 2019, but there was an issue 

with the move. As such, driving was cancelled for June 26, 2019, and the field team returned to 

UNF. The construction barge is shown below in Figure 4-20.  

 
 

Figure 4-20. Concrete pile being placed into position at John Sims Parkway Bridge 

 

4.5.3 Data Collection  

Due to the limited pile driving expected on the travel dates, investigators focused on sound 

propagation in the down-current direction. A summary of buoy locations is presented below in 

Table 4-6:  

 



 

 

51 

 

Table 4-6. Buoy placement summary for John Sims Parkway  

Buoy Number Buoy Distance (m) Water Depth (m) Hydrophone Depth (m) 

1 22.5 3.96 1.83 

2 69 3.96 1.83 

3 174.5 3.66 1.83 

4 377 3.66 1.83 

 

Four of the five meters were usable throughout the driving. All four GPS units also 

functioned properly during driving. 

 

4.5.4 Raw Data  

Raw sound data from the John Sims Parkway is presented below in Figure 6-21 while GPS 

data are presented in Figure 4-22:  

 
Figure 4-21. Raw sound data from John Sims Parkway 
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Figure 4-22. Approximate range data from John Sims Parkway 

 

4.5.5 Geotechnical Data  

A BSP CX85-u Impact Driver was used for all pile driving at the John Sims Parkway 

location. The pile consisted of 18-inch by 18-inch square cross-section PCP. Throughout driving 

18-inch by 18-inch by 8.5-inch plywood pile cushions were used. The pile was 81-foot in length 

and driven to a final tip elevation of approximately -61.1-foot. Soil at the bottom of the waterway 

consisted of gray to dark gray organic silty sand to peat occasionally with shells (PT/SM). The pile 

was driven through the 14-foot PT/SM layer, a 16-foot SP/SP-SM layer, a 1-foot SC/CL layer, a 

2-foot SP/SP-SM layer, a 29-foot SM/SM-SC layer, a SP/SP-SM layer, and rested upon a SM/SM-

SC layer. For additional details about the John Sims Parkway location, refer to Appendix E where 

relevant geotechnical boring logs, pile driver specifications, and pile driving logs are provided.  
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Chapter 5: Data Analysis 

This chapter provides the data analysis for each of the site locations tested. The tabular 

data as well as the best fit regressions lines and ultimately the average recorded F values are 

provided.  

 5.1 Dunn’s Creek Bridge 

Tabular data from the Dunn’s Creek Bridge sheet pile vibrating are presented below in 

Table 5-1 and Table 5-2. Best-fit regression curves are shown below in Figure 5-1 and Figure 5-

3. In addition, the isolated noise signal from this drive event is shown in Figure 5-2 and Figure 5-

4:  

Table 5-1. Numerical Data Summary for Dunn’s Creek First Sheet Pile Drive  

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 2 155.89 162.37 177.31 169.81 180.16 

Buoy 3 129.60 128.56 150.24 139.27 152.82 

Buoy 4 145.73 138.54 166.96 155.76 169.53 

At Pile  

(from best-fit curve) 

 

224 

 

255 

 

248 

 

250 

 

251 

 

Transmission Loss Coefficient, F =  

 

37 
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Figure 5-1. Best-fit regression curves from Dunn’s Creek first pile drive showing fit with all data 

(top-left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-right); 

SEL90 data (bottom-left); and SELcum data (bottom-right) 

 
 

Figure 5-2. Isolated sound data from Dunn’s Creek first sheet pile drive 
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Table 5-2. Numerical Data Summary for Dunn’s Creek second Sheet Pile Drive  

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 2 155.19 152.41 176.36 161.13 177.40 

Buoy 3 128.35 124.69 149.29 134.63 150.71 

Buoy 4 145.03 142.47 165.78 153.64 167.24 

At Pile  

(from best-fit curve) 

 

225 

 

224 

 

246 

 

229 

 

247 

 

Transmission Loss Coefficient, F =  

 

36 

 

 

 

 
Figure 5-3. Best-fit regression curves from Dunn’s Creek second pile drive showing fit with all 

data (top-left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-

right); SEL90 data (bottom-left); and SELcum data (bottom-right) 
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Figure 5-4. Isolated sound data from Dunn’s Creek second sheet pile drive 

 

The data recorded at Dunn’s Creek were very consistent for each drive event. Through the 

use the best fit regression curves, an average F-value of 36.5 was calculated between the two pile 

driving events. 

 

 

5.2 Ribault River Bridge  

5.2.1 Test Pile 

Tabular data from the Ribault River Test Piles are presented below in Table 5-3 while best-

fit regression curves are shown below in Figure 5-5 and the isolated sound signal is presented in 

Figure 5-6:  
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Table 5-3. Numerical Data Summary for Ribault River Test Pile  

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 1 173.85 183.49 201.44 190.31 203.42 

Buoy 2 168.52 172.51 194.33 183.66 196.62 

Buoy 3 141.00 137.01 164.58 154.88 167.23 

Buoy 4 153.12 161.69 180.45 169.60 181.74 

At Pile  

(from best-fit curve) 

 

237 

 

271 

 

272 

 

258 

 

272 

 

Transmission Loss Coefficient, F =  

 

48 

 

 
Figure 5-5. Best fit regression curves from the Ribault River Test Pile showing fit with all data 

(top left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-

right); SEL90 data (bottom-left); and SELcum data (bottom-right). 
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Figure 5-6. Isolated sound data from Ribault River test pile drive 

 

Through the use the best fit regression curves and present in Table 7-3, the calculated F is 

approximately 48 for this pile.  

 

 

5.2.2 Production Piles  

Three production piles were driven on June 10, 2019. Analysis for each of these drive 

events is presented below from Table 5-4 through Table 5-6 and from Figure 5-7 through Figure 

5-12:  
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Table 5-4. Numerical Data Summary for Ribault River Production Pile 1 

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 1 173.96 148.35 205.28 190.14 206.89 

Buoy 2 163.38 167.20 191.36 175.28 193.05 

Buoy 3 149.45 129.73 177.01 163.40 178.92 

Buoy 4 136.74 138.43 162.56 154.12 164.41 

At Pile  

(from best-fit curve) 

 

237 

 

175 

 

271 

 

244 

 

272 

 

Transmission Loss Coefficient, F =  

 

46 

 

 
Figure 5-7. Best-fit regression curves from Ribault River Production Pile 1 showing fit with all 

data (top-left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-

right); SEL90 data (bottom-left); and SELcum data (bottom-right) 
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Figure 5-8. Isolated sound data from Ribault River production pile 1. 

 

Table 5-5. Numerical Data Summary for Ribault River Production Pile 2 

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 1 180.14 188.01 209.09 191.80 210.56 

Buoy 2 170.56 177.35 198.41 182.21 199.84 

Buoy 3 156.48 158.36 182.18 165.28 183.52 

Buoy 4 142.97 140.99 167.76 151.30 169.08 

At Pile  

(from best-fit curve) 

 

240 

 

264 

 

275 

 

258 

 

277 

 

Transmission Loss Coefficient, F =  

 

46 
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Figure 5-9. Best-fit regression curves from Ribault River Production Pile 2 showing fit with all 

data (top-left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-

right); SEL90 data (bottom-left); and SELcum data (bottom-right) 
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Figure 5-10. Isolated sound data from Ribault River production pile 2. 

 

Table 5-6. Numerical Data Summary for Ribault River Production Pile 3 

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 1 175.56 142.30 203.05 188.81 204.59 

Buoy 2 167.36 149.84 192.54 177.55 193.98 

Buoy 3 154.89 144.02 178.95 163.60 180.52 

Buoy 4 140.84 143.54 164.07 152.02 165.98 

At Pile  

(from best-fit curve) 

 

234 

 

257 

 

266 

 

217 

 

267 

 

Transmission Loss Coefficient, F =  

 

41 
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Figure 5-11. Best-fit regression curves from Ribault River Production Pile 3 showing fit with all 

data (top-left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-

right); SEL90 data (bottom-left); and SELcum data (bottom-right) 

 
 

Figure 5-12. Isolated sound data from Ribault River production pile 3. 
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As shown in the tables and figures above, the F-values for the production piles varied 

between 46 and 41, with an average F of 44.3. These valves appear to compare well with the F-

value measured using the test pile data which produced an F-value of 48.  

 

 

5.3 Suwannee River Bridge  

Tabular data from the Suwannee River Bridge are presented below from Table 7-7 through 

Table 5-8 while best-fit regression curves are shown below from Figure 7-13 through Figure 5-18:  

 

Table 5-7. Numerical Data Summary for Suwannee River Bridge Pile 1  

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 2 197.85 204.18 225.44 206.40 226.41 

Buoy 3 185.49 189.38 211.58 185.89 212.55 

Buoy 4 161.90 165.48 186.29 172.87 187.30 

At Pile  

(from best-fit curve) 

 

227 

 

235 

 

257 

 

229 

 

258 

 

Transmission Loss Coefficient, F =  

 

25 
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Figure 5-13. Best-fit regression curves from Suwannee River Bridge Pile 1 showing fit with all 

data (top-left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-

right); SEL90 data (bottom-left); and SELcum data (bottom-right) 
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Figure 5-14. Isolated sound data from Suwannee River pile 1 

Table 5-8. Numerical Data Summary for Suwannee River Bridge Pile 2  

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 2 199.05 208.45 231.93 209.38 232.79 

Buoy 3 187.09 187.29 218.01 187.59 218.94 

Buoy 4 161.59 164.97 188.96 169.09 189.99 

At Pile  

(from best-fit curve) 

 

230 

 

241 

 

267 

 

238 

 

268 

 

Transmission Loss Coefficient, F =  

 

28 
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Figure 5-15. Best-fit regression curves from Suwannee River Bridge Pile 2 showing fit with all 

data (top-left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-

right); SEL90 data (bottom-left); and SELcum data (bottom-right) 
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Figure 5-16. Isolated sound data from Suwannee River pile 2 

 

Table 5-9. Numerical Data Summary for Suwannee River Bridge Pile 3 

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 2 204.01 209.90 227.65 211.87 228.79 

Buoy 3 188.75 160.36 212.01 187.92 213.02 

Buoy 4 165.32 167.48 186.63 170.10 187.56 

At Pile  

(from best-fit curve) 

 

234 

 

228 

 

260 

 

241 

 

261 

 

Transmission Loss Coefficient, F =  

 

26 
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Figure 5-17. Best-fit regression curves from Suwannee River Bridge Pile 3 showing fit with all 

data (top-left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-

right); SEL90 data (bottom-left); and SELcum data (bottom-right) 
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Figure 5-18. Isolated sound data from Suwannee River pile 3 

 

As shown in these figures, data were very consistent through all three driven pile tests at 

this site. In all cases, the R-squared values were very high. Therefore, the F-value were also 

consistent and ranged between 25 and 28 with an average F-value of 26.3.  

 

5.4 Bayway E Bridge  

Tabular data from the Bayway E Bridge are presented below in Table 5-10 while best-fit 

regression curves are shown below in Figure 5-19 and signal data are presented in Figure 5-20:  
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Table 5-10. Numerical Data Summary for Bayway E Bridge  

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 1 153.49 140.08 192.42 182.66 197.14 

Buoy 2 136.98 133.09 174.70 170.52 178.86 

Buoy 3 143.59 144.58 180.80 166.21 183.84 

Buoy 4 146.33 140.62 183.84 164.32 187.68 

At Pile  

(from best-fit curve) 

 

165 

 

NA; Bad Fit 

 

NA; Bad Fit 

 

200 

 

201 

 

Transmission Loss Coefficient, F =  

 

8  

 

 
Figure 5-19. Best-fit regression curves from the Bayway E Bridge showing fit with all data (top-

left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-right); 

SEL90 data (bottom-left); and SELcum data (bottom-right) 
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Figure 5-20. Isolated sound data from Bayway E Bridge 

 

As shown, data fits were poor at this site. However, the measured LZpeak data were very 

close to ambient noise data. As such, one may conclude that this pile vibrating did not produce 

much sound. Since little sound was produced, there was very little transmission loss that could be 

measured. The most meaningful conclusion from this site is that conditions at this site produced 

little noise when compared to the ambient noise already present in the water.  

 

5.5 John Sims Parkway Bridge  

Tabular data from the John Sims Parkway Bridge are presented below in Table 5-11 while 

best-fit regression curves are shown below in Figure 5-21 and signal data are presented in Figure 

5-22:  
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Table 5-11. Numerical Data Summary for John Sims Parkway Bridge  

Buoy Name RMS90 (dB) Peak90 (dB) SEL90 (dB) Peak(dB) SELcum (dB) 

Buoy 1 180.12 188.81 213.47 191.14 214.71 

Buoy 2 166.05 148.12 197.87 174.60 199.06 

Buoy 3 155.70 156.62 186.11 162.69 187.20 

Buoy 4 154.71 161.87 185.73 162.33 186.95 

At Pile  

(from best-fit curve) 

 

218 

 

206 

 

255 

 

234 

 

256 

 

Transmission Loss Coefficient, F =  

 

28 

 

 
Figure 5-21. Best-fit regression curves from the John Sims Parkway Bridge showing fit with all 

data (top-left); RMS90 data (top-right); Peak90 data (middle-left); Peak data (middle-

right); SEL90 data (bottom-left); and SELcum data (bottom-right) 
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Figure 5-22. Isolated sound data from John Sims Parkway Bridge 

 

As shown in the figures above, these data were very consistent and unlike Bayway E, 

represent an example of a very “clean” signal. Computed F-value for this site was 28.  

 

5.6 Summary of F and SEL 

Table 5-12 below presents a summary of F and worst-case SEL values for each of the sites 

visited over the past 6 months. The Bayway E site is marked with an asterisk because as stated 

above, very little noise was produced at this site and hence, there was not much transmission loss 

that could be measured.  
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Table 5-12. Summary table for all sites visited in the last six months 

Site Name Mean F-value Mean Worst-Case SELcum 

Dunn’s Creek 47 251 

Ribault River Test Pile 48 272 

Ribault River Production Piles 44 277 

Suwannee River 26 268 

Bayway E* 8* 201* 

John Sims Parkway 28 256 

 

 

As shown, except for the Bayway E site, which again, produced very little noise relative to 

ambient conditions, F-values were consistently above n F-value of 15 recommended by the current 

set of guidelines.  
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Chapter 6: Conclusions 

 

 As shown in the analysis section above, with the exception of the Bayway E site, which 

produced very little noise relative to ambient conditions, F-values were consistently above F=15 

recommended by the current set of guidelines. Analysis also suggests that SEL-levels may be very 

high near the pile. The worst-case extrapolated SELcum was 277 dB relative to 1 𝜇𝑃𝑎. For reference, 

this value is equivalent to 251 dB relative to 20 𝜇𝑃𝑎 (i.e., the threshold for human hearing). These 

values are comparable with values reported by Reinhall and Dahl (2011) and Dahl et al. (2015). 

However, these high SELs are very localized. The higher F-values cause SEL to decrease quickly 

as one moves further away from the pile. In addition, as indicated, closer readings to the pile at 

future sites may show that these SEL values are overestimations.  

The underestimation of the F-value using the practical spreading loss model can greatly 

modify the anticipated anthropogenic noise associated with pile driving. If the transmission losses 

are not accurately predicted there is an increase of uncertainty associated with underwater noise. 

This underestimation of the transmission loss may cause an undue amount of time and money 

spent on sound mitigation techniques and environmental permitting. 

 

6.1 Recommendations for Improving System & Future Research 

The obvious area for improvement during data analysis is associated with the GPS units. 

The John Sims Parkway Bridge dataset show what was envisioned when using GPS coordinates 

to track buoy location. Note in Figure 7-13, how buoy drift was clearly taken into account in the 

LZpeak versus Range plot. While the rangefinder is capable of giving approximate data when the 

GPS units fail, the GPS data should produce more accurate regression curves. We believe 
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switching to terrestrial-based GPS (as opposed to the currently-used satellite-based GPS) will help 

mitigate the GPS issue. Another area for improvement is with the reliability associated with the 

electronics on the hydrophone meters.  

The third area for improvement is the position of the first buoy closest to the pile. Since TL 

obeys a base-10 logarithmic decay, it is important to capture readings close to the pile (as opposed 

to extrapolating these measurements). Often, due to construction barge placement, this is not 

possible. However, whenever possible in the future, attempts need to be made to get the first buoy 

as close to the pile as possible. This may result in lower extrapolated SEL values near the pile.  

Underwater sound propagation and the associated transmission loss equations needs to be 

further investigated to find a model or set of models that can be used in practical applications such 

as environmental permitting and construction mitigation requirements. While studies are ongoing, 

the relevance and risk of pile driving noise is a relatively new development. Additional testing and 

data analysis needs to be completed to explore the extent to which piling driving variations and 

other geographical and environmental factors are involved in actual underwater sound 

transmission losses.  
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Appendix A: Dunn’s Creek Geotechnical Information  

A.1 Dunn’s Creek Bridge Geotechnical Boring Logs 
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A.2 Dunn’s Creek Bridge Vibratory Driver Specifications 

 



 

 

83 

 

A.3 Dunn’s Creek Pile Driving Logs  

Since a construction trestle was monitored, pile driving logs were not recorded by the contractor.  
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Appendix B: Ribault River Geotechnical Information  

B.1 Ribault River Bridge Geotechnical Boring Logs 
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B.2 Ribault River Bridge Impact Driver Specifications 
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B.3 Ribault River Bridge Test Pile Driving Logs 
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B.4 Ribault River Bridge Test Pile PDA (Pile Driving Analyzer) Results 
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B.5 Ribault River Bridge Production Pile Driving Logs 
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Appendix C: Suwannee River Geotech Information  

C.1 Suwannee River Bridge Geotechnical Boring Logs 
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C.2 Suwannee River Bridge Impact Driver Specifications 
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C.3 Suwannee River Pile Driving Logs 

Since a construction trestle was monitored, pile driving logs were not recorded by the contractor.  
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Appendix D: Bayway E Geotechnical Information  

D.1 Bayway E Bridge Geotechnical Boring Logs  
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D.2 Bayway E Bridge Vibratory Driver Specifications 
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D.3 Bayway E Bridge Pile Driving Logs 

Since a construction trestle was monitored, pile driving logs were not recorded by the contractor. 
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Appendix E: John Sims Parkway Geotechnical Information  

E.1 John Sims Parkway Bridge Geotechnical Boring Logs 
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E.2 John Sims Parkway Bridge Impact Driver Specifications 
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E.3 John Sims Parkway Bridge Pile Driving Logs 

 



 

 

106 

 

 



 

 

107 

 

 



 

 

108 

 

 



 

 

109 

 

Vita 

Jonathan Berube is a native of Chicopee, Massachusetts. He enlisted in the Navy as a 

Construction Electrician in October 1994. Enlisted tours include Naval Mobile Construction 

Battalion One, Underwater Construction Team Two, and Naval Surface Warfare Center Panama 

City Division. After being promoted to the rank of chief petty officer, he was selected into the 

Seaman to Admiral-21 (STA-21) commissioning program, where he graduated from the 

University of Florida with a Bachelor of Science in Civil Engineering in April 2010.  

After graduation he was commissioned as a Naval Officer and reported back to Naval 

Mobile Construction Battalion One, where he served as Detail Officer in Charge and Liaison 

Officer for RC-West Afghanistan; Public Works Department (PWD) Naval Air Station 

Jacksonville, where he served as a construction manager and Resident Officer in Charge of 

Construction for the Haiti humanitarian assistance relief program; and PWD Naval Support 

Activity Panama City, where he served as the Facility Engineering and Acquisition Division 

Director. 

Jonathan is qualified as a Professional Engineer (PE) in the State of Florida. He was 

selected into the NAVFAC Ocean Facilities Program and is a qualified Navy Diving Officer.  

Since August 2018, he has been a graduate student in the Master of Civil/Coastal Engineering 

program at the University of North Florida in Jacksonville, Florida.  

 

 

 


	An Analysis of Hydroacoustic Transmission Loss Associated with Marine Pile Driving
	Suggested Citation

	WITH CAPS LOCK KEY ON TYPE TITLE

