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1. Introduction 
This Acoustic Monitoring Plan (AMP) has been developed for Hilcorp Alaska, LLC (Hilcorp) by Jasco 
Applied Sciences (JASCO). It describes the equipment and methods that will be used to measure and 
quantify the underwater sound levels from noise sources associated with the Liberty Development Project 
and to characterize the soundscape surrounding Hilcorp’s activities. 

Hilcorp proposes to have JASCO measure underwater sound levels in Years 1-5 of the Liberty 
Development Project in the Beaufort Sea (Foggy Island Bay, Alaska). Sound levels will be measured 
primarily for the purposes of characterizing the propagation of sounds from the project and to verify the 
distances from noise sources at which underwater sound levels reach thresholds for potential marine 
mammal harassment.  

Underwater sounds from the following noise sources will be characterized through the AMP: 

1. Equipment for slope shaping and armament installation 
2. Vibratory hammer for sheet pile driving 
3. Impact hammer for sheet pile driving 
4. Impact hammer for conductor pipe installation 
5. Equipment for drilling and production 

Hilcorp determined, through predictive noise modeling (SLR, 2017), distances from these sources to the 
NMFS thresholds for assessing Level A and Level B marine mammal harassment, described below. The 
model results are summarized in Tables 2-1 and 2-2 of the Marine Mammal Monitoring and Mitigation Plan 
(4MP); the proposed locations for the acoustic recorders are based on those modeled distances.  

In August 2016, after substantial public and expert input into three draft versions, the National Marine 
Fisheries Service (NMFS) finalized and promulgated technical guidance for assessing the effects of 
anthropogenic sound on marine mammal hearing; this document was reviewed further and revised slightly 
in 2018 (NMFS 2018). The guidance describes criteria for assessing the potential for noise-induced injury 
(Level A Harassment), with dual thresholds (peak sound level, PK, and sound exposure level, SEL) for PTS 
(permanent threshold shift) onset, and frequency-weighting functions for five functional hearing groups 
described by Finneran and Jenkins (2012). Table 1 provides the recommended thresholds for the hearing 
groups relevant to the species that could occur in the area of interest. 

NMFS currently uses time-averaged sound level (SPL) thresholds to assess the potential for behavioral 
response to noise (Level B Harassment). They are 160 dB re 1 µPa for impulsive sounds and 120 dB re 1 
µPa for non-impulsive sounds. These apply to all marine mammal species and are based on observations 
of mysticetes exposed to anthropogenic sounds (Malme et al. 1983, Malme et al. 1984, Richardson et al. 
1986, Richardson et al. 1990). As of 2018, NMFS applies these disturbance thresholds as a default, but 
makes exceptions when warranted based on available data. 

Table 1 Marine mammal injury (PTS onset) thresholds for peak sound level (PK) and frequency-weighted sound 
exposure level accumulated over 24 hours of exposure (Weighted SEL 24 h) based on NMFS (2018). 

Hearing Group 
Impulsive Source Non-Impulsive Source 

PK Weighted SEL (24 h) Weighted SEL (24 h) 
Low-frequency cetaceans 219 183 199 
Mid-frequency cetaceans 230 185  198 
Phocid pinnipeds in water 218 185 201 
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The objectives for the AMP during the open water season are summarized as follows: 

• Measure underwater sound levels to characterize the spatial and temporal variability of the 
overall sound field during dynamic activities associated with the construction, drilling and initial 
production for the Liberty Development Project. 

• Determine source level estimates (through back-propagation of underwater sound levels 
measured as a function of distance from the relevant noise sources, during times when the 
sources are active) to verify the source levels used in the predictive noise modeling. 

• Use the measured underwater sound levels to quantify the sound level decay as a function of 
distance from the relevant sources, to verify the sound propagation loss estimated through the 
predictive noise modeling. The proposed recorder locations are oriented to verify the sound level 
decay in the direction where sound levels were predicted to propagate the furthest.  

• Compare measured underwater received sound levels with the corresponding received levels 
estimated in the predictive noise modelling. 

• Compute the distances to the marine mammal harassment assessment thresholds, through a 
regression of the measured sound levels as a function of distance from the relevant noise 
sources, to verify the threshold distances from the predictive noise modelling. 

The objectives for the AMP in the winter are as follows: 

• Measure underwater received sound levels for a representative sampling of the identified noise 
sources, to verify the received sound level estimates from the predictive noise modelling. 
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2. Methods 

2.1. Approach 
JASCO will measure underwater sound levels using two approaches, dependent on the season. In the 
open-water seasons, autonomous sound recorders will be deployed to the seabed to record sounds 
continuously over several months. JASCO will deploy the autonomous acoustic recorders once conditions 
are ice-free (approximately in July) and will continue through to the end of each open-water season 
(approximately through October, dependent on ice conditions). Recorders will be positioned to 
simultaneously record sound levels at multiple ranges from the project activities. During winter, when 
long-term autonomous moorings are at significant risk for loss or damage from ice, brief spot-
measurements will be collected using hand-deployed hydrophones, lowered in holes drilled through the 
ice. Such measurements will be targeted to capture a representative sampling of the five noise sources 
listed in Section 1 (if they occur in winter) but will not be continuous through the entire winter seasons. 
The durations of these winter recordings will depend on the weather conditions and the ability to maintain 
an opening in the ice sufficient to extract the hydrophone.  

Data recorded during times with no project activities, if such times exist, will be analyzed for ambient 
sound level statistics. JASCO’s PamLab software will be used for automated calculation of sound level 
statistics; distances to marine mammal impact thresholds will be determined through a regression of the 
sound level versus range data and through comparison with the modeled sound levels (SLR, 2017). 

Construction, drilling and production activities are expected to occur according to the following tentative 
and approximate timeline: 

• Year 1-2: slope shaping, armament installation, sheet pile installation, equipment mobilization, 
and facility construction 

• Year 3-5: equipment mobilization, drilling and production.  

The recorder arrangement will be configured each year based on the anticipated activities for that season 
and the modelled sound propagation estimates for the relevant sources (Figure 1). Details on the 
recorder arrangements for each type of measurement are given in the subsections that follow. 
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Figure 1: Map of proposed underwater acoustic recorder locations during the open water seasons.   

2.1.1. Slope Shaping, Armament Installation, Sheet Pile Installation and 
Setting Facility Foundation Piles: 
Construction in Year 1 is expected to consist of slope shaping, armament installation and sheet pile 
installation using vibratory and/or impact hammers. During Year 2, facility construction during open water 
may involve foundation pile driving for approximately one month. In the winter, spot measurements will be 
conducted during sheet piling at approximately 200 m range and at 400 m range, based on the winter 
sound propagation distances from Tables 2-1 and 2-2 of the 4MP. If sound levels at these distances 
exceed the interim behavioral sound threshold (120 dB re 1 µPa) then measurements will be collected at 
further ranges to determine the maximum extent of the 120-dB isopleth. During the open water season, 
sound levels from these activities will be collected by placing three autonomous recorders along a line, at 
increasing ranges from the noise sources. The proposed recorder arrangement is shown in Figure 2, with 
AMARS at 0.5, 2, and 15 km range from the middle of the north-western edge of the island (Figure 1), to 
verify the distances to the corresponding impact thresholds in Tables 2-1 and 2-2 of the 4MP. Recorders 
will be positioned along a radial oriented in the direction of maximum sound propagation based on the 
acoustic modelling (SLR, 2017), nominally toward Dinkum Sands. An additional recorder will be deployed 
at 15 km range to the north east of the island, outside of the barrier islands, to confirm that construction 
sounds are not discernible beyond the barrier islands. 
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Figure 2: Side-view of an example layout for sound source characterization of slope shaping, armament installation 
and sheet pile installation. 

2.1.2. Drilling and Production Measurements: 
Years 3-5 are expected to consist of drilling and production at the Liberty Island. Sounds from drilling and 
production will be monitored and analyzed similarly to the slope shaping, armament installation, and 
sheet pile installation sound levels, though the recorder spacing will be adjusted based on the acoustic 
model results. To measure sound levels during drilling and production in the open water seasons, we 
propose to position the recorders at 100, 500, and 2000 m from the middle of the north-western edge of 
the island (Figure 1). An additional recorder will be deployed at 15 km range to the north east of the 
island, outside of the barrier islands, to confirm that sounds from drilling and production do not propagate 
beyond the barrier islands. In the winter, spot measurements will be conducted at approximately 200 m 
range, based on the estimated distance to the marine mammal harassment assessment thresholds in 
Tables 2-1 and 2-2 of the 4MP. If sound levels at this distance exceed the interim behavioral sound 
threshold (120 dB re 1 µPa) then measurements will be collected at further ranges to determine the 
maximum extent of the 120-dB isopleth. 

2.2. Equipment 

JASCO will make acoustic measurements using its specialized Autonomous Multichannel Acoustic 
Recorder (AMAR) systems (Figure 3). These systems will be deployed on the seabed and will record 
continuously at 128 kHz sample rate and 24-bit samples. The AMARS will be equipped with a 
hydrophone with nominal sensitivity of -165 dB re 1V/μPa. For measuring impact pile driving, a less-
sensitive hydrophone with sensitivity of -200 dB re 1V/μPa will be added to the close-range recorder to 
avoid overloading the recorder sensitivity. In the open-water season, the AMAR frames will sit directly on 
the seabed and will be attached to a ground line with a small weight at its end (Figure 3, right). The 
hydrophones will sit approximately 50 cm above the seafloor. JASCO has successfully used this simple 
mooring design to record sounds at the Liberty location, and surrounding areas, since 2006. During the 
winter, a rope will be tied to the AMAR and it will be lowered through a hole in the ice to a depth of 
approximately 1 m above the seafloor for consistency with the hydrophone depths in the open-water 
seasons. Although the model estimates (SLR, 2017) indicate that the sound levels at mid-water column 
may slightly exceed those at the seafloor, or near the sea surface, affixing the hydrophone to the mooring 
and near the seafloor eliminates any navigational risks and provides data that are the least susceptible to 
system noise generated by movement of water past the hydrophone and its cable or from movement of 
the hydrophone from wave action or currents compared to a mooring design with the hydrophone 
suspended or floated higher up in the water column. 
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Figure 3: Left: Autonomous Multichannel Acoustic Recorder (AMAR; JASCO Applied Sciences). Right: Standard 
AMAR being deployed in the Chukchi Sea. 

2.3. Analysis 
Acoustic recordings will be processed at the end of each season using JASCO`s customized PAMLab 
software to compute sound level statistics from the recorded data. The software is often applied to 
compute ambient sound level statistics but the processed results from selected time periods will also be 
used to provide a statistical assessment of the sound levels during slope shaping, armament installation, 
sheet pile driving, drilling and production. For such analyses, JASCO will require that Hilcorp provide 
activity logs, with time-stamped records of when specific activities take place. 

PAMLab will be used to generate three graphical presentations: band level plots, spectrograms, and 
spectral density percentiles (Figure 4). The broadband and decade band level plots (Figure 4) show the 
sound pressure levels (SPL) versus time. This plot helps us to understand the temporal variations of the 
recorded sounds during each activity.  The spectrogram plot (Figure 4) shows the spectral density levels 
as function of time (horizontal axis), and frequency (vertical axis). The spectral density level is the sound 
pressure level in 1 Hz wide bands, averaged each minute with 50% overlap. For this plot the data are 
compressed by picking the maximum value in time and frequency for each display pixel so that the entire 
deployment period is visible in one figure. These plots provide information on how the sound energy is 
distributed in time and frequency. These results are useful to help understand the sources of noise and 
their respective importance for audibility to different species – because hearing sensitivity varies with 
frequency for each species. From these plots we can also identify times during which the recorded sound 
levels might be influenced by external sources such as passing vessels. 
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Figure 4 (Top) Band level plots showing the total SPL in each band as a function of time. (Bottom) Typical 
spectrogram plot showing measured sound levels as a colour, with time on the horizontal axis and frequency on the 
vertical axis. 

The distribution of noise levels is shown via percentile spectral levels plots (Figure 5). The raw data for 
these plots are the 1-min averaged spectral density data used for the spectrograms and band-level plots 
above. For each 1 Hz wide frequency bin we compute a histogram of the spectral density values, then 
plot the 5th, 25th, 50th, 75th, and 95th percentiles. The 50th percentile (L50) is equal to the median of the 
spectral distribution. The 95th percentile (L95) is the level exceeded by 95% of the data. In other words, 
95% of the time, the spectra level was above the 95th percentile, and 5% of the time, it was below. The 
95th percentile represents the quietest noise state that can be expected to occur during the activity. The 
5th percentile (L5) typically represents the noise level associated with occasional loud events and may be 
caused by things like passing vessels.  The percentile plots are especially useful for comparing to the 
Wenz curves, which represent the contributions of various sources to ambient noise in the ocean see 
National Research Council 2003). The limits of prevailing noise from the Wenz curves (Lwenz) are overlaid 
on the quartile plots as dashed lines for ease of comparison.  
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Figure 5 Example plot of statistical distributions of 1/3-octave band SPL and power spectral density. (Top) 1/3-octave 
band SPL (1-min). The box edges indicate the first (25%), second (50%), and third (75%) quartiles. The ‘x’ indicates 
the linear mean. (Bottom) Exceedance percentiles of ambient noise power spectral density levels (1-min average) 
over the recording period. The Nth percentile corresponds to the sound level that was exceeded by N% of the data. 
The relative spectral probability density is shown in gray scale, and the limits of the prevailing noise from the Wenz 
curves are shown in the dashed orange lines (LWenz). 

JASCO will also select clean acoustic recordings (i.e. samples that do not contain noise from passing 
vessels, for example) for each activity period and use regression methods to determine the distances to 
the sound level thresholds for marine mammal harassment, for each activity. For impact driving of sheet 
piles in particular, the peak sound level, SPL and SEL will be computed for individual pile driving events, 
and cumulatively for each 24-hour period. For Level B harassment, the one-minute SPL data from each 
receiver range will be fit to an empirical propagation loss curve (example in Figure 6) or other higher-order 
polynomial depending on the trend of the measured data. Statistics of the peak sound levels and the 24-
hour cumulative SEL, frequency-weighted for the functional hearing groups of interest, will be computed 
and distances at which thresholds for Level A harassment may have been reached will be quantified by 
linear interpolation between the receiver ranges. 
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Figure 6 Example plot showing an example regression of SPL measured at four different ranges.  

3. Reporting 
Within 90-days of the end of each season JASCO will prepare a summary report that will include: 

• A description of the activities that took place during the acoustic measurements 

• Details about the acoustic recorders and deployment locations 

• Distances from the acoustic recorders to the sound sources 

• The analysis results described in Section 2.3 

• A summary of the computed distances to the various marine mammal harassment assessment 
thresholds (Level A and Level B). 

4. Data Quality Plan 
A GRAS 42AC pistonphone calibrator, which is NIST traceable, will be used to verify the sensitivity of the 
recording apparatus as a whole (i.e., the hydrophone, pre-amplifier, and AMAR) in JASCO’s warehouse 
and again immediately prior to deployment and after retrieval in the field. During calibration, the 
pistonphone and its adapter are placed over the hydrophone and produce a known pressure signal on the 
hydrophone element (a 250 Hz sinusoid at 152.2 dB re 1 μPa) which verifies the pressure response of the 
recording system. The sensitivity of the system is measured independently of the software that performed 
the data analysis, which allows an independent check on the correct calibration of the analysis software 
as well. The calibrations performed prior to the field deployment will be verified for consistency with the 
warehouse measurements before we perform the data analysis. The post-retrieval calibration will allow us 
to ensure no loss of sensitivity occurs over the course of the deployment. 

JASCO Applied Sciences will follow their Quality Assurance and Quality Control (QA/QC) Policies and 
Procedures for equipment mobilization, equipment field deployment, data analysis and reporting. The 
QA/QC Procedures include field checklists and standardized field logs to ensure adherence to the policies. 
All data analysis will undergo internal scientific review. 
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