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1.0 Introduction

This report present the results of hydroacoustic monitoring conducted for the South Jetty
Material Offloading Facility near the Mouth of the Columbia River (MCR) in Clatsop County,
Oregon.  The project was designed and overseen by the US Army Corps of Engineers,
Portland District.  Bergerson Construction, Inc. performed the pile driving and related
construction work.   Robert Miner Dynamic Testing, Inc. (RMDT) carried out the
hydroacoustic monitoring at the request of Bergerson Construction.  

Hydroacoustic monitoring was guided by a Hydroacoustic Monitoring Plan prepared by the
Corps, Revised Draft November 2016 v2 and a final approved Hydroacoustic Monitoring
Plan (HMP) prepared by RMDT, Inc. (April, 2020).  The monitoring goals and objectives
were to obtain results which provide a better understanding of background sound,
document source levels during vibratory pile installation, evaluate transmission loss in the
MCR, and estimate distances to sound levels caused by vibratory pile driving in waters of
the MCR. In accordance with the Hydroacoustic Plan, RMDT completed hydroacoustic
monitoring on six 24" (610 mm) OD piles advanced with a vibratory hammer. Sound levels
were monitored at various distances for the dual purposes of documenting near-source
levels at a distance of 10 m, and obtaining data which supports estimation of distances to
injury and harassment thresholds for marine mammals. Background measurements were 
completed in May 2020 prior to the start of pile driving activities.

1.1 Site and Project Details 

1.1.1 Site Conditions
The project site is on the northwest shore of Clatsap Spit near the mouth of the Columbia
River and near the town of Hammond, Oregon. The Material Offload Facility (MOLF) is
located in close proximity to Fort Stevens State Park Parking Lot “D,” approximately 1.1 km
West of Desdemona Sands Channel Lighted Bell Buoy 22, approximately 3.8 km
Southwest of the southern most end of Pile Dike 6.37, and approximately 11 km Northwest
of the Port of Astoria, Oregon. The portion of the MOLF where pile driving occurred is
approximately 95 m from the shore;  water depths during pile driving were typically
between 8 and 10 m.  The site is underlain by deep deposits of sands and river alluvium
which are expected to extend past the anticipated pile tip elevations.

1.1.2 Piles
A total of sixteen 610 mm (24") diameter steel piles were installed at the project site for
construction of four temporary mooring dolphins. The mooring dolphins are spaced 24.4
m apart and each consists of a four pile group. The HMP calls for monitoring a minimum
of 25-percent of piles, hence six piles, during vibratory installation. Our hydroacoustic
monitoring occurred during vibratory driving of the  610 mm OD piles in Dolphins 3 and 4.
Monitored piles were identified as Piles D3PC, D3PB, D3PD, D4PC, D4PB and D4PD.  All
piles were vertical open-end steel pipe piles.  Table 1 provides further pile details. 
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Table 1: Details of Piles Driven with Hydroacoustic Monitoring

Structure Pile
Designation

Open End
Steel Pipe Pile

Diameter

Pile
Length 

Water Depth at
Pile Location

Approx Final Depth
below Mudline

Dolphin 4 D4PC 610mm 25.60m 10m 9.85m

Dolphin 4 D4PB 610mm 27.43m 10m 11.68m

Dolphin 4 D4PD 610mm 28.55m 10m 12.80m

Dolphin 3 D3PC 610mm 28.80m 8m 12.20m

Dolphin 3 D3PB 610mm 29.87m 8m 13.28m

Dolphin3 D3PD 610mm 29.26m 8m 12.67m

1.1.3 Hammers and Driving Operations
An APE 150T hydraulically powered vibratory hammer installed all piles during our
monitoring. Details for the APE 150T vibratory hammer are summarized in Table 2. 
Bergerson Construction did not use an impact hammer for this project..

Table 2.  Summary of Driving System Details

Vibratory Hammer Eccentric 
Moment

Frequency
Range

Driving Force Amplitude
(free)

APE 150T 30 kg-m 0-1800 vpm 445-1067 kN 7-20 mm

2.0 Methods
Per standard practice, and per the project HMP, the hydroacoustic monitoring followed
guidance documents issued by the National Marine Fisheries Service (NMFS) in 2012. 
Additionally, analysis of the measurements followed aspects of NMFS guidance issued in
2018. 

2.1 Monitoring Locations
Hydrophones monitored underwater sound at various radial (horizontal) distances from the
driven piles.  These locations may be described as follows:

a) Near Source:  One hydrophone was maintained at a nominal distance of 10 m from
the piles.  This location may be referred to as the Near Source (or Sound Source)
depending on context; in some parts of this report data from this 10 m location may
be identified as corresponding to “SLM1".  The Near Source hydrophone was
deployed from the working end of the floating derrick. When deploying this
hydrophone we made water depth measurements and maintained the hydrophone
at a depth that was approximately mid-water column at that location using an anchor,
with the hydrophone positively buoyant above the anchor. Due to current and
proximity to construction activities, we made slight adjustments to the position of the
hydrophone such that the actual position likely ranged from approximately 9 to 11 m,
despite reasonable effort to maintain a consistent 10 m distance.  
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b) Far Field: One hydrophone was located approximately 500 m from vibratory driving
activities.  This unit, identified as “SLM3" in data presentation herein, was deployed
from a floating platform moored Northwest of the project site.  At the SLM3 location
the water depth was typically between 11 and 14 m, and the hydrophone was secured 
4 m off the bottom of the MCR using an anchor, with the hydrophone positively
buoyant above the anchor and the signal cable going from the hydrophone downward
toward the anchor, laterally to a different anchor, and then upward to the recording
equipment.

c) Roving Vessel: One hydrophone was deployed from a roving vessel.  Data from this
roving vessel is typically identified herein as “SLM4".   In accordance with the HMP
this unit covered a range of distances from the pile with the goal of obtaining spot
measurements which would support Transmission Loss calculations and thus support
calculation of the distances to Level A and Level B isopleths.   This hydrophone 
typically attained a depth of approximately 8 m, and was always within a depth range
of 6 to 20 m.  While recording, the vessel’s engine and depth sounder were off and
the boat was adrift. Drift speeds ranged from 0.2 to approximately 2.0 m/second, but
were typically less than 1 m/second. The relative distance of this unit from the pile
driving was established based on use of a laser range finder in the vessel.  

d) Background Measurements: From midday May 26 to midday May 29, 2020, prior to
the start of pile driving activities, one hydrophone was deployed approximately 500
m Northwest of the project site.  This unit  was deployed from a floating platform
moored in approximately 11 m of water. The hydrophone was secured 3 m off the
bottom of the MCR using an anchor, with the hydrophone positively buoyant above
the anchor and the signal cable going directly to an anchor, laterally to a second
anchor, and then up to the recording equipment in the floating platform.  The location
of this hydrophone was selected considering the competing objectives of obtaining
adequate water depth while avoiding water with high current, more frequent close
boat traffic and surface waves from ocean swell, wind and current.    

2.2 Monitoring Equipment
Underwater sounds were monitored using piezoelectric hydrophones manufactured
by Reson.  A Reson TC4040 hydrophone having a nominal receiving sensitivity of -
206 dB re: 1 V/µPa measured sounds at the Near Source (10m) location.  A Reson
TC4033 unit was deployed at the Far Field (“SLM3") location. A Reson TC 4032 was
deployed at the Roving Vessel (SLM4) location and for background sound level
monitoring.   The nominal receiving sensitivities of the TC 4033 and 4032 units are 
-203 dB and -164 dB re: 1V/µPa, respectively. 

Signals from the TC4040 and TC 4033 piezoelectric units were charge conditioned
using Bruel and Kjar Type 2635 Charge Amplifiers which, in turn, yielded signals with
voltage proportional to sound pressure.  The TC4032 unit has a built-in amplifier and
it provided a signal which could be directly recorded without use of a charge
conditioner.  

Bruel and Kjar Type 2270 Class 1 sound level meters continuously digitized the
signals from all hydrophones (charge conditioners) with a 48 kHz sampling rate, and
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stored the signals (continuous wave-forms) in calibrated uncompressed wave files. 
The 2270 sound level meters also displayed real-time results for peak SPL and SEL
computed for a 1 second period , thus providing some review of measurement quality.

A high-pressure piston-phone calibrator, G.R.A.S.  Model 42AC provided a calibrated
sound source to verify proper set up and function  of the hydrophones and recording
setup.  Using the calibrated sound source, calibration signals were recorded at the
start and end of each day of pile driving recording and at the start and end of
background monitoring.  Thus, proper system function could be field verified, and the
sensitivity (calibration) could be verified when reprocessing data.

2.3 Measurement Setup

The equipment setup at each of the three locations during vibratory driving as well as
during background measurements consisted of a waterproof case containing a large
external battery source for extended instrument power, one SLM, and a charge
amplifier if needed, as discussed above.  The signal cables from the hydrophones
entered the instrument cases through water-resistant rubber grommets in the sides
of the water-proof cases.  Cable lengths ranged from 30 to 60 m, such that there was
ample capacity to address deployment restrictions.  The hydrophone and instruments
for Near Source, Far Field and the Roving Vessel were deployed each day as
discussed in Section 2.2 with initial AM and final piston-phone calibration checks.

2.4 Measurement Sequence

Background measurements were completed for three consecutive days starting on
May 26 and ending on May 29, 2020. During background measurements a
representative of RMDT was present to make periodic equipment checks and observe
site conditions.   

Pile driving activities began on June 3, 2020, when one king pile was driven at each 
of the four dolphin locations.  The king piles were the first 24" diameter pile installed
at each dolphin location.  Our measurements also began on June 3.  The
measurements made for June 3 consist of limited data for the Far Range (SLM3) and
data for the Roving (SLM4) at multiple relatively distant locations.   Field and evening 
review of the relatively distant locations monitored with the Roving vessel on June 3
indicated that sound levels were sufficiently low that sound from vibratory driving
could not be reliably separated from pressure changes caused by wave induced
hydrophone movement or cable strumming.  Based on this result from the Roving
Vessel, that vessel remained in closer proximity to the pile driving on June 4.  

On June 4, measurements were made during vibratory installation of three 610 mm 
OD piles at Dolphin 4 and Dolphin 3, respectively. Data from the Near Source
(SLM1),  at the Far Range (SLM3) and the Roving (SLM4) location were obtained for
all measurement periods and are presented herein. Measurements from the Roving
Vessel and the Far Range locations assembled with the Near Source measurements
provide three points for Transmission Loss evaluations.  
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Considering the scope of the project HMP, the required measurements were achieved
from data collected on June 4. Table 3 presents a summary of the monitoring
sequence excluding June 3.  Sound measurments for June 3 were archived without
reprocessing or presentation. 

Table 3. Summary of Monitoring Sequence, June 4, 2020

Pile Pile Diameter
(mm)

Vibratory Driving Span
(hr:mm)

D4PC 610 08:43-08:52

D4PB 610 09:26-09:32

D4PD 610 09:44-09:49

D3PC 610 10:47-10:54

D3PB 610 11:00-11:06

D3PD 610 11:45-11:56

2.5 Methods of Analysis 

Continuous digital recordings of the time-series wave forms were reprocessed to review
aspects of data quality and to compute sound descriptors appropriate for vibratory driving
and background measurements. Consistent and correct amplitudes during reprocessing
were confirmed by reprocessing the daily field recordings of the calibrated piston-phone
sound source.  The descriptors (metrics) used to characterize vibratory driving are
discussed below. 

2.5.1 Sound Source Characterization for  Vibratory Driving

For vibratory driving and background measurements we present metrics which we now
refer to as rms SPL and cumulative SEL.  For clarity we note that  rms SPL as referenced
herein is computed as follows: 

where the time duration, T, is the rms integration (“averaging”) period and p(t) is pressure
at time, t.  The reference pressure, p0, is 1µPa. 

For this project the HMP calls for a 10 second rms SPL averaging period,  T =10 seconds,
for vibratory driving, and a 30 second rms SPL averaging period for background
measurements.  During vibratory driving, it is desirable that the rms SPL used to
characterize hammer operation not include intervals when the hammer was not operating. 
Because hammer operation is subject to frequent starts and stops a simple series of
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consecutive 10 second periods will not generally exclude times when the hammer is off,
while also including all times when the hammer is operating.  Thus, we computed the rms
SPL for one second periods and then suitably summed the linear values with “hammer on” 
for 10 second periods.  In this manner we were able to exclude from the rms SPL metric
most one second periods when the hammer was not operating and include nearly all the
time when the hammer was operating.

The metric referred to as the Sound Exposure Level, SEL, is the accumulated sound
energy for the period, T100,  expressed as an equivalent energy occurring for a period of 1
second, as indicated below wherein T0 is 1 second.

The SEL metric is expressed in dB re 1µPa2-second.   As indicated in specific contexts the
period, T100, may address  the accumulated sound energy resulting from 100 percent of the
duration of hammer operation  for one pile, or one day, or some other stated period or
event. 

The sound descriptors mentioned above are computed for a specific frequency band, or 
after a specific auditory weighting function is applied to the signal.  In this report the
frequency band referred to as Broadband has been subject to high pass and low pass
filters at 10 Hz, and 20 kHz, respectively.  When auditory weighting is applied, the
weighting follows the M-weighting for marine mammals as given in 2018 technical guidance
from NMFS.   These M-weighting filters distinguish between Cetaceans as Low Frequency
(LF), Mid Frequency (MF),  High Frequency (HF), and Pinnipeds as Phocid (PW) and
Otariid (OW) in water.    These respective M-weighting filters were applied during post-
processing of the recorded broadband signal.

This report addresses only underwater sound measurements.  Thus, the reference
pressure, p0, is always 1µPa when expressing sound amplitude in decibels (dB).  As such,
the sound descriptor rms SPL, is expressed in dB re 1µPa and SEL metrics are expressed
in dB re: 1µPa 2sec.   These dB references pressures are consistent, implied by the
context, and are thus not herein repeated each time values are given for a quantity defined
above expressed in decibels.

2.5.2 Spectral Considerations

Sound measured at a point and time during pile driving results from sound power
distributed across a range of frequencies. The variation, or distribution of sound power with
frequency is referred to as the sound’s spectrum. The range of relevant frequencies may
be divided in various ways to evaluate the sounds characteristics. If the range of
frequencies is divided to yield bins having a constant width of 1 Hz the variation of power
in those bins is usually called the power spectral density or PSD. For natural sciences it
is common to use bins, or bands,  having a width equal to one octave or a fractional
octave.  This report provides PSD results, and results for bands having a width of one-third
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of an octave.  

2.5.3 Transmission Loss & Empirical Determination of a Transmission Loss Coefficient

Transmission Loss is the decrease in acoustic intensity as an acoustic pressure wave
propagates out from a source.  The reduction in sound level as it propagates away from
a source may result from a combination of geometric spreading, conversion of sound
energy to other forms of energy as it propagates through a medium, and complex
interaction with boundaries and non-uniformities in the mediums which transmit or reflect
the propagating sound such that it is no longer radiating outward in the water.   Per
reference documents for this project, NMFS considered that between two locations labeled
R1 and R2 the Transmission Loss, or sound level reduction,, TL may be calculated as
follows,

where the units of TL are dB, B is a given or empirically determined transmission loss
coefficient, R1  is a lateral (radial) distance from the sound source, and R2 is a second
lateral distance from the source.   This formulation of the relation between transmission
loss and radial distance is commonly referred to as the practical spreading loss model.
Typically, R1 is near to the source, R2 is farther from the source, such that B is a positive
value and transmission loss TL increases as R2 increases.  In the absence of field data the
transmission loss coefficient is typically assumed to be 15.
When field measurements include simultaneously recorded sound levels at various
distances from the source, the value of the transmission loss coefficient, B, may be
evaluated for the prevailing circumstances.  For this project we evaluated measurements
at the near source (10 m) and at other distances and “back calculated” an apparent site
specific value for B. 

2.5.4 Radial Distances to Specific rms SPL Sound Levels

The practical spreading loss model given above may be used to compute the radial
distance, R2 at which an assumed sound level at R1, dBR1 attenuates to a particular value,
dBR2,  where dBR2 may be an Auditory Injury or Behavioral Disturbance threshold.  For this
application the practical spreading loss model may be rearranged as follows:

The HPM for this project calls for computation of the radial distances at which characteristic
rms SPL levels measured at the 10 m location attenuate to levels of 190, 180, 160 and 120
dB.   The US National Marine Fisheries Service has established underwater noise
thresholds for Auditory Injury to marine mammals (permanent threshold shift) in terms of
Cumulative SEL (SELcum) levels.  These levels are given for each of five functional hearing
groups.  For Low-frequency (LF), Mid-frequency (MF) and High-frequency (HF) Cetaceans
thresholds of 199, 198 and 173 dB SELcum apply.  For Phocid (PW) and Otariid (OW)
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Pinnipeds in water thresholds of 201 and 219 dB SELcum apply.   

3.0 Results

The purposes of the measurements, postprocessing and reporting  are to document source
levels during vibratory pile installation, evaluate transmission loss and the estimated
distances to specific sound levels, and document background sound levels in the waters
of the MCR.  This section provides results from the monitoring carried out for those
purposes.  

3.1 Characteristic Waveforms and Spectra

Figure 1 depicts the measured sound pressure versus time for characteristic 1 second
period of steady state vibratory pile driving on Pile C in Dolphin 3 (Pile D3PC).  Peak
pressures were typically close to 150 Pa; the rms SPL for this 1 second period is 159 dB.
Figure 2 also presents measurements for a 1 second period of driving on this same pile.
However, the data in Figure 2 were measured approximately 15 seconds after the
measurements shown in Figure 1.  The measurements in Figure 2 are an example of
vibratory driving with marked hammer clamp chatter,  noted by RMDT’s field representative
and observable in pressure time series. Within the time series of Figure 2 the cycle time
was approximately 37 ms (27 Hz) and clamp chatter generated very brief peak levels of
170 to 173 dB with an rms SPL of 154 dB.   Figure 3 depicts measurements a few seconds
after Figure 2; clamp chatter has diminished and the measured pressure is does not have
the dominant isolated peaks evident in Figure 2.  Figure 4 presents similar time series of
measurements for a different pile, Pile D in Dolphin 3, during a time with modest clamp
chatter.

The Power Spectral Density plots in Figures 1, 2, 3 and 4 indicate that most of the sound
energy was at frequencies below 4 to 6  kHz.  There is some indication that clamp chatter
increased the relative energy between 4 and 6 kHz.  For reference purposes, Figure 5 is
a time series record of the piston-phone sound source applied to the Reson 4040
hydrophone used at the 10 m location.  As intended, the the piston-phone generated a
sinusoidal sound pressure variation at 250 Hz.  This is consistent with the plotted waveform
and the very marked peak in the PSD at 250 Hz.

3.2 Sound Levels, rms SPL and Cumulative SEL

Sound descriptors for vibratory driving, as called for in the HMP, are the rms SPL for a 10
second period, and the cumulative SEL.   These results are presented in several contexts
as discussed below.

3.2.1 Broadband Near Source Levels, Vibratory Driving

Figure 6 presents rms SPL and cumulative SEL values computed for the Near Source
(10m) location as six piles were installed on June 4, 2020.  Table 4 summarizes the
computed broadband (10Hz to 20kHz) results.  A summary of rms SPL results is given for
each pile, together with cumulative SEL specific to that pile and the time duration of driving. 
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The overall median and mean values for rms SPL were 154.2 and 154.3 dB, respectively. 
These overall values give equal weight to each individual pile. Vibratory duration for each
pile ranged from approximately 4 to 11 minutes.   

The broadband cumulative daily SEL value is 194.5 dB.  This cumulative SEL value was
computed using only those time intervals during which the hammer was operating; the
Daily Total Drive Time is the span from the start of driving to the end of driving, and that
span includes some times when the hammer was not operating.  

3.2.2 M-Weighted Near Source Levels

Table 5 summarizes the results for rms SPL and Cumulative SEL after application of the
2018 Marine Mammal M-Weighting filters for the Near Source (10 m) measurements. 
Appendix A contains further detailed results for the broadband and the M-weighted
measurements at all measurement locations.  

3.2.3 Broadband measurements at the Far Range and Roving Vessel

The measurements at the Far Range and Roving Vessel support calculation of the
Transmission Loss Coefficient and calculation of the distance to various threshold sound
levels.  Figures 7 and 8 Figure present rms SPL values computed for the Far Range ad
Roving Vessel locations during pile installation on June 4.   The radial distance from the
Far Range location to piles in Dolphins 3 and 4 was 500 and 524 m, respectively.   The
radial distance from the piles to the Roving Vessel measurements varied, as indicated by
notes on Figure 8.  Because the distance from the piles to the Roving Vessel varied
significantly, the cumulative SEL is not given in Figure 8.  Because the Near Source Levels 
were quite modest the Roving Vessel ranged relatively close to the pile driving operation
on June 4.  (Measurements at greater distance we made on June 3 and and signals from
for June 3 so low that reliable analysis was compromised by low levels on June 3.)  For this
circumstance one June 4 the distance between the Roving Vessel and the driven piles was
accurately noted with a laser range finder.  This highly variable distance are noted on
Figure 8 wherein the Roving Vessel results are presented graphically. 

3.3 Transmission Loss Coefficient
 
Broadband measurements at the Near Source (10 m), Far Range and Roving Vessel are
the basis for empirical calculation of the apparent site specific Transmission Loss
Coefficient,  B.   The Near Source rms SPL results used for this calculation were
summarized in Table 4.  The Far Range and Roving Vessel rms SPL results used for this
calculaiton are presented in Appendix A.  We assembled broadband results measured at
various distances for the same events (piles)  and calculated the slope of  a regression line
through the measurements.  In this approach the absolute value of the slope indicates the
apparent decibel reduction per tenfold increase in radial distance from the source pile and
thus an empirically determined value for B.  Appendix B contains the regression plots for
individual piles, for each dolphin, and for a combination of all piles.  Each plot shows the
measured rms SPL versus radial distance, with distance on a log scale, together with the
best fit regression line and the computed slope.   All of the data sets used field
measurements at three different radial distances.  Per the HMP, the overall empirically
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determined Transmission Loss Coefficient, B, is the median of the six individual values
computed for the individual piles. The median value for the Transmission Loss Coefficient,
B, is 16.1 dB.  In practical terms, this value for B suggests that for each ten-fold increase
in distance from the source pile, the rms SPL decreases by 16.1 dB.

3.4 Computed Distances to Sound Thresholds

The HMP for this project calls for calculation of the radial distance at which the
characteristic rms SPL value would be 190, 180, 160 and 120 dB.  To calculate these
radial distance we used the practical spreading loss model as discussed Section 2.5.4
above.  Calculations were made using a Transmission Loss Coefficient, B,  of 15, which
is a common a priori assumption and also for B=16.1, which value was empirically
evaluated for this project.  Table 6 provides the calculated distances to the 120 dB
threshold; because the median rms SPL at 10 m was 154.2 dB, the computed distance to
the 190, 180 and 160 dB thresholds were less than 10 m.  However, we list these
distances as “<10 m” because calculation for distances shorter than the location of the
Near Source is considered unreasonable, and also likely not relevant given that the Near
Source was at a distance of only 10 m from the piles.   

Table 7 presents calculated distances to underwater noise thresholds established by the
National Marine Fisheries Service for five different functional hearing groups.  These
distances are those at which the cumulative SEL measured at 10 m is predicted, per the
practical spreading loss model, to drop to the Auditory Injury Threshold for each of the five
functional hearing groups. 

3.5 Background Measurements

Background underwater sound measurements were reprocessed to calculate rms SPL 
levels for each 30 second interval in the three 24 hour periods.  These individual 30 second
intervals were used to plot and present a Cumulative Distribution with a median (50
percentile) value reported.  The background measurements were subject to a four-pole
high pass filter at 15 Hz as a means of reducing deployment related system noise present
when tidal currents and wind waves caused movement of the signal cable. Figure 9
presents the broadband (15 Hz to 20 kHz) 30 rms SPL results plotted against time for the
three 24hr monitoring periods with the observed tidal cycle (water level) superimposed.  
A cumulative distribution plot (CDF) for the underwater background rms levels appears in
Figure 10, with inclusion of the M-Weighted results.  For the broadband filter, the median
value is 118 dB; Table 8 summarizes the CDF results for broadband and M-weighted data.

The Appendix C contains spectral information for each 24 hr period of background
measurements.  These data are given as “spectrograms’ which depict in one colored
image the spectral variation over time and also as power spectral density and one third
octave band plots.  The plotted power spectral density results are the average for the entire
time period, based on summing all PSD results for individual 1 second periods.  The one-
third octave band results are derived from the full sequence of individual 30 second
periods, with results given for the mean, plus the 5, 50 and 90 percentile exceedance
levels.  
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4.0 Discussion and Summary

4.1 Near Source Sound Levels

4.1.1 Vibratory Pile Driving
The results presented herein address underwater sound levels measured over
approximately 40 minutes of vibratory hammer operation advancing open end steel pipe
piles of 610 mm diameter, in water depths ranging from 8 to 10 m.  The data covers
vibratory driving on 6 different piles advanced on a single day of monitoring.  For the
broadband measurements at a distance of 10 m from the source pile Table 4 presents
statistics regarding the rms SPL computed for a 10 second averaging time for each pile;
the overall median, mean and standard deviation values are 154.2, 154.3 and 7.8 dB re
1µPa, respectively.   The days cumulative SEL values for broadband at 10 m was
calculated at 194.5 dB re 1µPa 2s.  

These measured sound levels are modest relative to commonly encountered values.  It is
our opinion these rms SPL and Cumulative SEL levels are modest because the piles
advanced relatively easily into the fine grained granular soils.

Table 5 presents results for the Near Source (10 m) measurement location after application
of the marine mammal auditory weighting functions (M-weighting filters).  The LF, MF, HF,
filters reduced the Near Source rms SPL by approximately 4, 26 and 29 dB, and the PW
and OW filters reduced rms SPL by approximately 13 dB.  

4.2 Transmission Loss

Transmission Loss coefficients were computed for six sets of data.  These data spanned
over six different piles all driven in a single day.  The TL coefficients were computed using 
10 second rms SPL for vibratory driving.  The overall median value for the computed TL
coefficient, B, was 16.1; the average and standard deviation were 16.3 and 1.4,
respectively.   This empirically determined value is slightly higher than the coefficient value
of 15 that is typically assumed in the absence of field data.

In our opinon, the computed 16.1 value for B is consistent with a variety of other coastal
sites where we have computed Transmission Loss Coefficients slightly larger than 15. 
Given the relatively shallow water that prevailed in the area of our measurements for the
South Jetty MOLF, it would be reasonable, in our opinion, to expect a TL coefficient greater
than 15.  This consideration of water depth reflects the principle that shallow water causes
relatively greater loss of water-borne lower frequency (longer wave length) sound power.

4.3 Computed Distances to Sound Thresholds

Tables 6 and 7 present radial distances at which sound levels are expected to attenuate
to certain levels.  These results reflect the levels for rms SPL and cumulative SEL
measured at the Near Source (10 m) location, Transmission Loss coefficients of 15 and
16.1 dB, and the practical spreading loss model.  The median broadband rms SPL is
predicted to reduce to 120 dB at a distance of approximately 1900 m.  This relatively
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modest distance reflects the relatively modest Near Source level of 154.2 dB.  

Distances to the thresholds for Auditory Injury (PTS) were less than 10 m for Low and Mid
Frequency cetaceans and pinnipeds in water.  For High Frequency Cetaceans the distance
to the PTS threshold level was less than 45 m.    

4.4 Underwater Background Measurements

Background sound level measurements completed for a period of three days prior to the
pile driving activity yielded a median (50 percent exceedance) level of 118 dB RMS for 
broadband after application of a 15 Hz high pass filter and a 20 kHz low pass filter.  Table
8 lists the medians values for these data after application of the marine mammal M-
weightings; these M-weighted values ranged from 90 to 109 dB RMS.  

Figure 9 depicts a time series of the measured (broadband) 30 second RMS values with
the diurnal tidal cycle superposed on the plot.  There appears to be a corresponding
diurnal variation in the background level, with the peaks in of tidal height preceeding the
peaks of background sound by approximately four to six hours at most peaks.  Our
investigation of available local data suggests that peak current typically lags the peak (or
trough) water levels by approximately 3 to 4 hours.   It is not known if the apparent diurnal
variation in our measurements adequately reflects actual in situ variation of sound, or if the
apparent variation results partly from contamination of the measurements by cable
strumming or hydrophone movement in the presence of current and surface waves.
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Table 4 . Results for Broadband rms SPL and Cumulative SEL for a 10 m radial distance from the pile

Pile 
(a)

Date
2020

Depth, m (b) Median

dB

Mean

dB

Standard
Deviation

dB

Min.

dB

Max.

dB

Duration

mm:ss

Daily Total Drive
Time (hh:mm:ss) and 
Cumulative SEL (c)Water Pile Tip

D4PC 6/4 10m 9.85m 154.9 154.3 4.2 140.1 159.3 05:50

39:55

194.5 dB

D4PB 6/4 10m 11.68m 151.9 150.4 5.2 139.4 156.9 06:46

D4PD 6/4 10m 12.80m 162.8 160.9 8.1 140.7 171.3 10:49

D3PC 6/4 8m 12.20m 156.6 156.7 2.6 151.2 163.6 04:51

D3PB 6/4 8m 13.28m 143.7 144.3 3.2 140.5 153.2 07:28

D3PD 6/4 8m 12.67m 153.8 153.5 1.5 149.4 155.5 04:11

Overall Average 154.2 154.3 7.8 139.4 171.3 -

(a) All Piles are 610 mm OD. The vibratory hammer was an APE Model 150t.
(b) Tabulated water depths are approximate due to tidal fluctuation during driving.  Tabulated Pile Tip depths are the approximate final depth
below the mudline.
(c) Daily Cumulative SEL for sound from Vibratory Driving, dB re: 1µPa2-second, computed for each day’s vibratory driving. Total Daily Drive
Time encompasses time between the start and the end of vibratory driving on each pile, actual time of hammer operation was slightly less due to
infrequent pauses in hammer use. Sound metrics (rms SPL and Cumulative SEL) exclude periods when the hammer was not operating.  
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Table 5. Summary of M-Weighted Results for rms SPL and Cumulative SEL for a 10 m radial distance from the pile

Pile Broadband
(10 Hz to 20kHz)

Low Freq. 
Cetacean LF

Mid Freq.
Cetacean, MF

High Freq.
Cetacean, HF.

Phocid in Water
PW.

Otariid in Water
OW

Median
dB

Mean
dB

Median
dB

Mean
dB

Median
dB

Mean
dB

Median
dB

Mean
dB

Median
dB

Mean
dB

Median
dB

Mean
dB

D4PC 154.9 154.3 150 149.6 128.2 130.1 124.5 126.3 141.5 142.1 141.7 142.2

D4PB 151.9 150.4 146.6 146.1 128.5 129.6 125.2 126.4 139.4 140 139.4 140.3

D4PD 162.8 160.9 161.7 158.6 150.0 143.6 146.8 140.1 159.1 153.9 159.7 154.2

D3PC 156.6 156.7 153.7 153.7 129.5 130.1 124.4 125.5 146.5 146.2 147.1 146.7

D3PB 143.7 144.3 140.8 141.6 127.3 127.5 123.9 124.1 136.9 137.2 137.1 137.6

D3PD 153.8 153.5 150.2 149.7 133.3 132.5 130.2 128.9 143.5 143.8 143.7 144

All Piles 154.2 154.3 150.0 151.1 128.6 133.9 125.2 130.3 141.4 145.3 141.5 145.6

Cum SEL 194.5 dB 193.2 185.0 182.5 191.4 191.7
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Table 6. Calculated Distances to Specific rms SPL levels of 190, 180, 160 and 120 dB

Functional
Hearing
Group

Median
Measured rms

SPL, 10 m
dB

Distance in meters to Specific rms SPL
for Transmission Loss Coefficient =16.1

Distance in meters to Specific rms SPL
for Transmission Loss Coefficient =15 

190 dB 180 dB 160 dB 120 dB 190 dB 180 dB 160 dB 120dB

Broadband * 154.2 <10 m <10 m <10 m 1331 <10 m <10 m <10 m 1905

LF 150.0 <10 m <10 m <10 m 730 <10 m <10 m <10 m 1000

MF 128.6 <10 m <10 m <10 m 34 <10 m <10 m <10 m 37

HF 125.2 <10 m <10 m <10 m 21 <10 m <10 m <10 m 22

PW 141/4 <10 m <10 m <10 m 202 <10 m <10 m <10 m 251

OW 141.5 <10 m <10 m <10 m 216 <10 m <10 m <10 m 271

* Results given for Broadband are those for which the 10 m Near Source rms SPL was not weighted for a functional hearing group.

Table 7. Calculated Distances to Thresholds for Auditory Injury (PTS) from Non-Impulsive Vibratory Pile Driving

Functional
Hearing
Group

Measured
Cumulative
SEL at 10 m

dB

Auditory
Injury Level

(PTS) *
dB cum. SEL

Distance in meters to Threshold for
Auditory Injury (PTS) assuming

Transmission Loss Coefficient =16.1 

Distance in meters to Threshold
for Auditory Injury (PTS) assuming
Transmission Loss Coefficient =15 

LF 193.2 199 < 10 m < 10 m

MF 185 198 < 10 m < 10 m

HF 182.5 173 39 43

PW 191.4 201 < 10 m < 10 m

OW 191.7 219 < 10 m < 10 m

* Auditory Injury Thresholds for permanent threshold shift (PTS) established by US National Marine Fisheries Service.   
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Table 8. Summary of Cumulative Distribution Results for Background Underwater Measurements. 30 second rms SPL

Functional Hearing Group Mean
dB

Median = L50
dB

L5
dB

L75
dB

L90
dB

Broadband * 118.1 118.0 98.6 126.4 132.4

Low Frequency Cetaceans (LF) 109.1 109.1 92.5 115.6 120.7

Mid Frequency Cetaceans (MF) 97.48 94.7 84.4 104.5 112.8

High Frequency Cetaceans (HF) 89.6 89.5 76.9 93.0 99.5

Phocid Pinnipeds in Waters (PW) 102.1 102.0 88.4 106.3 112.3

Otariid Pinnipeds in Waters (OW) 101.7 101.5 87.6 105.7 112.2

* Broadband indicates the M-weighting filters for a specific functional hearing group was not applied.  Broadband
background data is presented after application of high pass and low pass filters at 15 Hz and 20 kHz, respectively.
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Peak, Start Clock Time
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Figure 1: Dolphin 3 Pile C, 10m, Vibratory Driving Steady State Event Without Clamp Chatter, June 4, 2020, APE 150T

Time Series Of Measured Sound Pressure For Vibratory Driving

Signal Event Analysis Results Vibratory Driving, Power Spectral Density
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Figure 2: Dolphin 3 Pile C, 10m, Vibratory Driving Steady State Event With Clamp Chatter, June 4, 2020, APE 150T

Time Series Of Measured Sound Pressure For Vibratory Driving

Signal Event Analysis Results Vibratory Driving, Power Spectral Density
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Figure 3: Dolphin 3 Pile C, 10m, Vibratory Driving Steady State Event With Modest Clamp Chatter, June 4, 2020, APE 150T

Time Series Of Measured Sound Pressure For Vibratory Driving

Signal Event Analysis Results Vibratory Driving, Power Spectral Density
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Figure 4: Dolphin 3 Pile D, 10m, Vibratory Driving Steady State Event With Modest Clamp Chatter, June 4, 2020, APE 150T

Time Series Of Measured Sound Pressure For Vibratory Driving

Signal Event Analysis Results Vibratory Driving, Power Spectral Density
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Figure 5: Reference, Pistonphone Sounds Source @ 250 Hz, June 4, 2020

Time Series Of Measured Sound Pressure For Vibratory Driving

Signal Event Analysis Results Vibratory Driving, Power Spectral Density
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Figure 6: RMS SPL and Cumulative SEL For The Near Source (10M) Location, Six Piles, June 4, 2020
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Figure 7: RMS SPL and Cumulative SEL For The Far Range (500m to 524m) Location, Six Piles, June 4, 2020
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Figure 8: RMS SPL and Cumulative SEL For The Roving Vessel (Varied Distances) Location, Six Piles, June 4, 2020
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Figure 9: Underwater Background Sound Levels with Observed Water Level Variations Superimposed, South 
Jetty MOLF May 26‐29, 2020, 30 Second rms SPL
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Figure 10: Cumulative Distribution for Underwater Background Sound Levels, South Jetty MOLF
 Broadband and M‐weightings, 30 second rms SPL
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Appendix A
Numeric Summary of M-Weighted Levels

A1



Filter Pile
Median of 

RMS10sec, dB
Average of 

RMS10sec, dB
StdDev of 

RMS10sec, dB
Min of 

RMS10sec, dB
Max of 

RMS10sec, dB
Duration 

(hr:min:sec)
Sel, dB

Broadband D3PB 154.9 154.3 4.2 140.4 159.3 0:05:50 180.1
Broadband D3PC 151.9 150.4 5.2 139.4 156.9 0:06:46 177.4
Broadband D3PD 162.8 160.9 8.1 140.7 171.3 0:10:49 193.8
Broadband D4PB 156.6 156.7 2.6 151.2 163.6 0:04:51 182.2
Broadband D4PC 143.7 144.3 3.2 140.5 153.2 0:07:28 171.4
Broadband D4PD 153.8 153.5 1.5 149.4 155.5 0:04:11 177.4

Broadband Daily 154.2 154.3 7.8 139.4 171.3 0:39:55 194.5
LF D3PB 150.0 149.6 4.1 135.7 154.7 0:05:50 175.5
LF D3PC 146.6 146.1 4.2 137.8 153.3 0:06:46 172.8
LF D3PD 161.7 158.6 9.6 137.7 170.5 0:10:49 192.9
LF D4PB 153.7 153.7 3.4 146.4 161.9 0:04:51 179.7
LF D4PC 140.8 141.6 2.5 138.0 148.3 0:07:28 168.0
LF D4PD 150.2 149.7 2.1 143.4 152.6 0:04:11 173.8

LF Daily 150.0 151.1 8.5 135.7 170.5 0:39:55 193.2
MF D3PB 128.2 130.1 6.8 119.2 146.4 0:05:50 161.1
MF D3PC 128.5 129.6 4.2 125.3 145.9 0:06:46 159.0
MF D3PD 150.0 143.6 16.1 115.6 163.3 0:10:49 185.0
MF D4PB 129.5 130.1 4.2 123.5 141.3 0:04:51 157.1
MF D4PC 127.3 127.5 1.0 126.2 129.6 0:07:28 153.1
MF D4PD 133.3 132.5 7.2 122.4 141.5 0:04:11 160.5

MF Daily 128.6 133.9 11.7 115.6 163.3 0:39:55 185.0
HF D3PB 124.5 126.3 7.5 113.1 144.2 0:05:50 158.4
HF D3PC 125.2 126.4 4.3 122.0 143.6 0:06:46 156.3
HF D3PD 146.8 140.1 16.9 109.9 160.8 0:10:49 182.4
HF D4PB 124.4 125.5 3.8 120.3 136.4 0:00:00 152.2
HF D4PC 123.9 124.1 0.9 123.0 126.2 0:07:28 149.7
HF D4PD 130.2 128.9 7.9 118.6 138.8 0:04:11 157.5

HF Daily 125.2 130.3 12.2 109.9 160.8 0:39:55 182.5
PW D3PB 141.5 142.1 4.8 130.8 151.8 0:05:50 169.5
PW D3PC 139.4 140.0 3.4 135.6 151.3 0:06:46 167.2
PW D3PD 159.1 153.9 12.7 132.5 169.2 0:10:49 191.3
PW D4PB 146.5 146.2 4.5 136.5 156.0 0:00:00 173.0
PW D4PC 136.9 137.2 1.4 135.4 141.4 0:07:28 163.0
PW D4PD 143.5 143.8 4.5 134.7 150.2 0:04:11 169.5

PW Daily 141.4 145.3 9.9 130.8 169.2 0:39:55 191.4
OW D3PB 141.7 142.2 5.0 131.1 152.1 0:05:50 169.8
OW D3PC 139.4 140.3 3.4 136.2 151.5 0:06:46 167.4
OW D3PD 159.7 154.2 12.9 132.9 169.4 0:10:49 191.6
OW D4PB 147.1 146.7 4.8 136.3 156.6 0:00:00 173.6
OW D4PC 137.1 137.6 1.4 135.8 141.7 0:07:28 163.4
OW D4PD 143.7 144.0 4.6 134.9 150.6 0:04:11 169.8

OW Daily 141.5 145.6 10.0 131.1 169.4 0:39:55 191.7

10 Second Vibratory Daily Metric Values For June 4, 2020, 10m Location

A1-1



Filter Pile

Median of 
RMS10sec, dB

Average of 
RMS10sec, dB

StdDev of 
RMS10sec, dB

Min of 
RMS10sec, dB

Max of 
RMS10sec, dB

Duration 
(hr:min:sec)

Sel, dB

Broadband D3PB 123.8 124.0 3.2 117.5 131.7 0:05:50 149.9
Broadband D3PC 122.6 123.5 2.9 119.1 129.9 0:06:46 149.5
Broadband D3PD 137.5 135.8 9.0 116.9 147.8 0:10:49 170.0
Broadband D4PB 127.4 127.2 4.6 117.8 136.1 0:04:51 154.0
Broadband D4PC 114.7 115.2 2.8 110.9 120.3 0:07:28 141.6
Broadband D4PD 123.4 122.8 1.9 119.3 125.2 0:04:11 146.9

Broadband Daily 124.5 126.3 9.1 110.9 147.8 0:39:55 170.2
LF D3PB 121.8 122.3 3.5 115.5 131.2 0:05:50 148.6
LF D3PC 119.3 118.9 5.8 108.0 129.1 0:06:46 147.2
LF D3PD 137.0 134.3 10.2 111.9 147.1 0:10:49 169.3
LF D4PB 126.6 126.3 5.2 115.3 135.6 0:00:00 153.4
LF D4PC 111.3 112.4 2.7 106.9 118.4 0:07:28 138.9
LF D4PD 116.2 116.3 3.0 111.5 123.2 0:04:11 140.6

LF Daily 121.5 123.7 10.5 106.9 147.1 0:39:55 169.5
MF D3PB 107.2 108.3 4.7 102.4 121.1 0:05:50 136.6
MF D3PC 102.8 104.6 5.0 99.8 119.4 0:06:46 134.4
MF D3PD 123.2 118.8 16.3 93.5 139.7 0:10:49 161.1
MF D4PB 103.9 105.1 3.7 99.7 115.1 0:00:00 131.6
MF D4PC 100.2 100.4 1.1 99.3 106.1 0:07:28 126.1
MF D4PD 102.5 102.7 0.9 101.8 105.8 0:04:11 126.4

MF Daily 103.8 108.6 11.8 93.5 139.7 0:39:55 161.2
HF D3PB 103.9 105.0 4.6 99.0 117.8 0:05:50 133.2
HF D3PC 99.8 101.4 4.8 96.6 116.5 0:06:46 131.1
HF D3PD 119.5 115.2 16.7 90.8 137.0 0:10:49 158.3
HF D4PB 100.0 100.7 3.0 96.3 110.0 0:00:00 126.8
HF D4PC 97.8 97.9 1.2 96.8 103.9 0:07:28 123.7
HF D4PD 99.6 99.9 0.9 98.9 102.8 0:04:11 123.6

HF Daily 100.3 105.2 11.7 90.8 137.0 0:39:55 158.3
PW D3PB 116.3 117.5 4.4 112.7 129.9 0:05:50 145.5
PW D3PC 113.3 114.5 5.9 106.5 127.2 0:06:46 144.1
PW D3PD 133.8 129.7 13.2 103.0 145.8 0:10:49 167.8
PW D4PB 120.7 120.3 5.5 109.9 130.4 0:00:00 147.8
PW D4PC 107.0 107.4 1.3 105.1 111.7 0:07:28 133.2
PW D4PD 111.2 111.4 1.5 109.2 116.8 0:04:11 135.1

PW Daily 114.9 118.8 11.4 103.0 145.8 0:39:55 167.8
OW D3PB 116.5 117.7 4.5 112.9 130.2 0:05:50 145.8
OW D3PC 113.5 114.8 6.0 106.7 127.6 0:06:46 144.6
OW D3PD 134.4 129.8 13.5 102.5 146.0 0:10:49 168.0
OW D4PB 121.2 120.8 5.7 110.0 131.1 0:00:00 148.5
OW D4PC 107.1 107.5 1.3 105.2 112.0 0:07:28 133.3
OW D4PD 111.4 111.7 1.6 109.4 117.1 0:04:11 135.3

OW Daily 115.1 119.0 11.6 102.5 146.0 0:39:55 168.1

10 Second Vibratory Daily Metric Values For June 4, 2020, SML3 Location

A1-2



Filter
Pile

Median of 
RMS10sec, dB

Average of 
RMS10sec, dB

StdDev of 
RMS10sec, dB

Min of 
RMS10sec, dB

Max of 
RMS10sec, dB

Duration 
(hr:min:sec)

Broadband D3PB 130.6 130.6 3.5 121.1 136.7 0:05:50
Broadband D3PC 129.9 130.1 1.3 127.1 132.5 0:06:46
Broadband D3PD 144.4 144.2 8.9 123.8 156.8 0:10:49
Broadband D4PB 136.6 136.2 6.6 122.3 143.9 0:04:51
Broadband D4PC 129.5 131.7 6.8 122.8 149.9 0:07:28
Broadband D4PD 118.8 121.4 4.8 117.9 137.6 0:04:11

Broadband Daily 132.4 134.5 9.8 117.9 156.8 0:39:55
LF D3PB 128.1 127.2 3.9 116.9 133.3 0:05:50
LF D3PC 120.0 119.4 3.6 110.8 127.8 0:06:46
LF D3PD 144.0 143.0 9.5 121.9 156.3 0:10:49
LF D4PB 134.7 132.9 5.8 119.8 141.3 0:00:00
LF D4PC 127.3 129.2 5.9 121.4 144.3 0:07:28
LF D4PD 115.7 116.0 3.5 113.6 131.8 0:04:11

LF Daily 129.3 130.7 11.6 110.8 156.3 0:39:55
MF D3PB 107.6 108.9 5.3 102.5 123.9 0:05:50
MF D3PC 104.2 104.8 3.6 100.7 118.1 0:06:46
MF D3PD 130.7 127.1 15.4 102.6 148.1 0:10:49
MF D4PB 111.7 111.4 4.3 102.2 120.6 0:00:00
MF D4PC 117.8 117.0 2.7 110.8 121.7 0:07:28
MF D4PD 102.8 102.7 3.5 98.3 109.5 0:04:11

MF Daily 111.7 114.8 12.9 98.3 148.1 0:39:55
HF D3PB 104.3 105.6 5.5 99.5 121.7 0:05:50
HF D3PC 100.8 101.6 3.6 97.8 115.3 0:06:46
HF D3PD 127.1 123.3 16.2 97.8 145.4 0:10:49
HF D4PB 107.7 107.8 4.3 99.6 116.0 0:00:00
HF D4PC 115.5 114.6 2.8 108.3 119.2 0:07:28
HF D4PD 99.7 99.8 3.3 95.5 106.7 0:04:11

HF Daily 107.5 111.5 13.0 95.5 145.4 0:39:55
PW D3PB 120.1 120.5 4.2 112.4 129.1 0:05:50
PW D3PC 113.2 113.7 3.7 106.6 125.2 0:06:46
PW D3PD 141.3 138.8 11.9 115.2 154.7 0:10:49
PW D4PB 126.6 125.1 5.6 111.4 135.3 0:00:00
PW D4PC 123.2 123.4 3.3 117.8 130.5 0:07:28
PW D4PD 110.4 110.6 3.8 106.6 121.8 0:04:11

PW Daily 123.0 125.0 12.5 106.6 154.7 0:39:55
OW D3PB 120.2 120.6 4.4 112.5 129.4 0:05:50
OW D3PC 113.5 113.9 3.8 106.7 125.5 0:06:46
OW D3PD 141.9 139.1 12.0 115.5 155.0 0:10:49
OW D4PB 127.2 125.4 5.8 111.2 135.9 0:00:00
OW D4PC 123.1 123.3 3.1 117.6 128.3 0:07:28
OW D4PD 110.4 110.7 3.9 106.4 121.6 0:04:11

OW Daily 123.0 125.2 12.7 106.4 155.0 0:39:55

10 Second Vibratory Daily Metric Values For June 4, 2020, SML4 Location
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Appendix B
Transmission Loss Plots

A2



Plot of SPL vs. Range for Vibratory Driving, Dolphin 4 Piles B, C and D, June 4, 2020

SPL = ‐15.43log(Range) + 164.54
R² = 0.6472
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Plot of SPL vs. Range for Vibratory Driving, Dolphin 4 Pile C, June 4, 2020

SPL = ‐16.78log(Range) + 162.2
R² = 0.8552
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Plot of SPL vs. Range for Vibratory Driving, Dolphin 4 Pile B, June 4, 2020

SPL = ‐15.20log(Range) + 172.2
R² = 0.8191
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Plot of SPL vs. Range for Vibratory Driving, Dolphin 4 Pile D, June 4, 2020

SPL = ‐18.53Log(Range) + 167.21
R² = 0.7406
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Plot of SPL vs. Range for Vibratory Driving, Dolphin 3 Piles B, C and D, June 4, 2020

SPL = ‐16.33log(Range) + 173.18
R² = 0.6687
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Plot of SPL vs. Range for Vibratory Driving, Dolphin 3 Pile C, June 4, 2020

SPL = ‐15.45log(Range) + 165.68
R² = 0.9039
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Plot of SPL vs. Range for Vibratory Driving, Dolphin 3 Pile B, June 4, 2020

SPL = ‐17.31log(Range) + 171.35
R² = 0.909

110

120

130

140

150

160

170

180

1 10 100 1,000 10,000

SP
L 
(d
B 
re
: 1

μP
a)

Range (m)

SPL

A2-7



Plot of SPL vs. Range for Vibratory Driving, Dolphin 3 Pile D, June 4, 2020

SPL = ‐14.30log(Range) + 174.29
R² = 0.5342
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Appendix C
Spectral Characterization of Background Sound

Measurements

A3



A3-1
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                     Power Spectral Density (upper) and One‐Third Octave Band results for Background Sound Levels, May 26, 2020
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                     Power Spectral Density (upper) and One‐Third Octave Band results for Background Sound Levels, May 27, 2020
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                       Power Spectral Density (upper) and One‐Third Octave Band results for Background Sound Levels, May 28, 2020
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