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Executive Summary 

Seismic exploration has caused concern over the impact of seismic blasting on marine 
mammals. These seismic surveys reach frequency ranges of 20-300 Hz. This creates a problem 
for the marine mammals because it is the same frequency pitch these animals use to 
communicate. Many environmental groups oppose the use of seismic surveys because of their 
environmental impact. The use of this technology causes noise pollution in the ocean, which is 
harmful to marine life. It can cause hearing loss, change in migration patterns, feeding, breeding, 
and even death. Many marine mammals depend on underwater sound to survive because it is 
used for communicating, social bonding, feeding, and navigating. The seismic air gun blasts 
have such excessive force that many times animals swimming close by are likely to be seriously 
injured or even killed. In order to avoid these seismic surveys, animals will change migration 
patterns, affecting breeding sites. To reduce the number of marine mammals exposed to seismic 
surveys, new policies regulating seismic blasting need to be implemented. Seismic technology 
has been used since the early 1900s to detect icebergs and measure water depths. Then in 1924, 
Texas began using seismic technology to discover oil fields. Since this discovery, seismic 
technology has largely been used to discover areas that could contain oil and gas. Seismic 
technology produces images by generating, recording, and analyzing sound waves that travel 
through the Earth. These surveys use high-powered air guns to blast the seafloor with 
compressed air every 10 seconds. The vibrating plates produce waves and a grid of geophones 
records these waves. The amount of time it takes for the waves to return gives valuable 
information to ships about rock types nearby and possible gases or fluids in rock formations... 
Once the image has been processed, geophysicists interpret it and results are compared with 
other data to enhance the accuracy of the interpretation. These surveys are essential for exploring 
for oil and gas that is used to power homes and businesses.  

 
 The goal of this policy analysis was to protect marine mammals from being exposed to 
seismic exploration. Four alternatives were analyzed: let present conditions continue, controlled 
source electromagnetic methods (CSEM), passive acoustic monitoring (PAM), and marine 
protected areas (MPA). The results of this analysis shows there are alternatives to seismic 
blasting that would reduce the number of marine mammals effected by seismic blasting and still 
achieve the desired outcome of seismic exploration.	  Letting present conditions continue did not 
prove to be the best option for marine mammal protection due to the high number of marine 
mammals exposed to seismic blasting. Passive acoustic monitoring had high technical feasibility 
and was moderately effective. Paired with the ramp-up operations and visual observations, this 
would ensure that no marine mammals were in the surveying area. Controlled source 
electromagnetic monitoring had both high feasibility and cost-effectiveness but did not produce 
the same image quality as seismic technology. Creating marine protected areas had high 
technical feasibility and low effectiveness; this showed no benefits to seismic exploration 
companies. Passive acoustic monitoring (PAM) is the recommended alternative. PAM would 
reduce the number of marine mammals affected by seismic blasting and ensure that no marine 
mammal was in the surveying area. PAM would not drastically change seismic exploration 
operations and it allows for operations to begin in poor visual conditions. Although this 
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alternative is moderately effective, it benefits both marine mammals and seismic exploration 
companies, and has high technical feasibility. 
Problem Statement 

 Seismic exploration is used to map the ocean floor to find areas that have the potential to 
contain oil and gas. The use of this technology causes noise pollution in the ocean, which is 
harmful to marine life. It can cause hearing loss, changes in migration patterns, feeding, 
breeding, and even death. Many marine mammals depend on underwater sound to survive 
because it is used for communicating, social bonding, feeding, and navigating. Many endangered 
species, such as Blue Whales, are experiencing a threat to their survival due to these seismic 
surveys. The seismic air gun blasts have such excessive force that many times animals 
swimming close by are likely to be seriously injured or even killed. In order to avoid these 
seismic surveys, animals will change migration patterns, affecting breeding sites. The purpose of 
this policy analysis is to recommend an alternative that would reduce the interaction of marine 
mammals and seismic surveys. The analysis will also find an alternative that will achieve the 
desired goal of seismic surveys while minimizing the environmental impact.  
 
Background  

Seismic technology has been used since the early 1900s to detect icebergs and measure 
water depths. Then in 1924, Texas began using seismic technology to discover oil fields. Since 
this discovery, seismic technology has been largely used to discovery areas that could contain oil 
and gas deposits. Seismic technology produces images by generating, recording, and analyzing 
sound waves that travel through the Earth (Milligan, 2014). These surveys use high-powered air 
guns to blast the seafloor with compressed air every 10 seconds. The vibrating plates produce 
waves and a grid of geophones records these waves. The amount of time it takes for the waves to 
return gives valuable information to ships about rock types nearby and possible gases or fluids in 
rock formations. Once the image has been processed, geophysicists interpret it and results are 
compared with other data to enhance the accuracy of the interpretation. These surveys are 
essential for exploring for oil and gas that is used to power homes and businesses.  
 

Ocean noise pollution comes from anthropogenic sounds, which come from military 
sonar, oil and gas exploration, and industrial shipping. Other sources of noise pollution include 
platform machinery, vessel traffic, drilling, low-flying aircraft and helicopters, moving oil, gas or 
water through valves and pipelines. The elevation of human-generated noise pollution has raised 
concerns about the impact of cetaceans (Lorio, Clark, 2010). Scientists and organizations are 
concerned about drilling in the Artic Ocean because it would entail carving up the Artic Refuge 
with roads and industrial infrastructure, fragmenting otherwise pristine habitat and exposing the 
fragile tundra and wildlife to toxic chemicals and oil spills (The Wilderness Society). This area is 
also a big migration path and feeding region for many marine mammals.  

 
Seismic exploration has caused concern over the impact of seismic blasting on marine 

mammals. These seismic surveys reach frequency ranges of 20-300 Hz. This causes a problem 
for the marine mammals because it is the same frequency pitch that these animals use to 
communicate (Nowacek, 2015). Exposures to these anthropogenic sounds are harmful to 
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marine mammals because it can cause hearing loss, change in migration patterns, feeding, 
breeding, and even death. Many marine mammals depend on underwater sounds to survive 
because it is used for communicating, social bonding, feeding, and navigating. These surveys 
have become a problem because many endangered species, such as Blue Whales, are 
experiencing a threat that is detrimental to their survival. The strong force of these seismic airgun 
blasts can result in marine mammals getting seriously injured or even killed. In order to avoid 
these seismic surveys, animals will change migration patterns, which affects breeding sites.  

 
The loss of hearing hinders marine mammal’s ability to communicate with their young 

and other members of their species. Studies have shown that sea lions can suffer hearing loss 
from prolonged exposure to 140 decibels from these blasts (Campaign Whale). When their 
hearing is damaged, marine mammals, like the Beluga Whale, will cease vocalizing for hours or 
days after their encounter with low frequency blasts. When this happens, the animals are not able 
to detect ships, which causes them to get struck and killed. Along with migratory and hearing 
problems, feeding is also affected by the use of seismic blasts. The air gun kills fish eggs and 
larvae, and scare fish away from important habitats (Oceana). Not only are seismic blasts 
harmful for marine mammals, they are also causing problems for fisheries. Catch rates of 
commercial fish, such as Cod and Haddock, have declined by 40-80% by thousands of miles 
around a single array. This has caused fisherman to seek industry compensation to make up for 
their losses. The blasts also cause these fish to abandon their habitat, reduce reproduction, and 
hearing loss. This disturbs communication amongst fish that is a behavior essential for breeding 
in some species (National Resource Defense Council).    

 
Earlier this year, 75 leading scientists sent a letter sent to President Obama explaining the 

need to stop a planned oil and gas exploration program off the Atlantic coast. They stated that the 
Department of the Interior evaluated that seismic surveys would result in more than 20 million 
seismic blasts over a multi-year period (Natural Resources Defense Council). This would disrupt 
vital marine mammal behavior more than 13 million times. In May of this year President Obama 
approved Shell’s proposal to start Artic oil drilling over the summer (Liptack, 2015). Many 
environmentalists feared that a drilling accident in the Artic Ocean could have more devastating 
consequences than the Gulf of Mexico spill of 2010 (Davenport, 2015). Abigail Ross Hopper, 
Director of the Interior Department’s Bureau of Ocean Energy Management, stated, “the 
administration recognized the need to establish high standards for the protection of the Arctic 
ecosystem as well as the cultural traditions of Alaska Natives and that the offshore exploration 
“will continue to be subject to rigorous safety standards” (Davenport, 2015). Although Shell 
pointed out that this is an important step for Shell Oil and showed the Administration’s 
confidence in the company, many environmentalists believed that Shell would not be able to drill 
safely in the Artic Ocean.  

 
The Vice President of environmental group Oceana stated, “Shell has not shown that it is 

prepared to operate responsibly in the Arctic Ocean, and neither the company nor our 
government has been willing to fully and fairly evaluate the risks of Shell’s proposal” 
(Davenport, 2015). In 2012, Shell had been granted permission to begin drilling, but due to 
safety and operational problems, was forced to stop until all safety issues were addressed. After a 
review it was found that Shell had failed in basic operational tasks that included supervising 
workers who performed critical tasks. The new plan included updated drilling regulations that 
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allowed only for summer drilling in shallow waters. Towards the end of September, Shell 
announced that they would stop their $7 billion investment to drill for oil due to finding an 
insufficient amount of oil and gas in the Burger J Well to warrant further exploration (BBC, 
2015).  

 
Methodology  

The goal of this policy analysis is to protect marine mammals from being exposed to 
seismic exploration. The objective of the policy analysis is to find an alternative that reduces the 
number of marine mammals exposed to and killed by seismic blasting, to reduce the use of 
seismic blasting, and to identify strategies that would achieve the desired goal of seismic blasting 
without the ecological consequences. The analysis focuses on four alternatives: let present 
conditions condition, controlled source electromagnetic methods, passive acoustic monitoring, 
and marine protected areas. The evaluated criteria that will be used to evaluate each alternative 
will be technical feasibility and economic efficiency. A technical effective analysis will measure 
the technical feasibility. The measure of effectiveness is the number of marine mammals expose 
to seismic blasting. A cost-effective analysis will measure the economic efficiency the 
alternative. This analysis will consider the cost of the alternative and the measure of 
effectiveness that will then be put into a monetary value, or cost-effectiveness ratio. The measure 
of effectiveness for each alternative is the positive outcome from the alternative.  

Alternative One: Let Present Conditions Continue  
	  

Letting present conditions continue will allow the continued use of seismic technology to 
map the seafloor for oil and gas. Continuing with present conditions will also continue the use of 
mitigation measures, such as ramping-up before starting a seismic survey. The ramp-up lasts up 
to 30 minutes and gives marine mammals in the area time to move away from the blasts. These 
ramp ups are couple with a visual observer on board the vessel that identifies marine mammals in 
the surveying area. These start-up operations require clear conditions to begin seismic surveys. If 
it is foggy, raining, or dark, surveying cannot start due to poor visibility, making it difficult to 
see marine mammals in the surveying area.  

Evaluative Criteria 

Technical Feasibility 
	  

Letting present conditions will have low technical feasibility because studies have shown 
that current seismic surveys methods affect marine mammals. This results in no reduction of 
marine mammals injured or killed by the surveying. For example, according to the Natural 
Resource Defense Council (NRDC), current conditions have shown to mask biologically 
significant sounds of marine mammals, for example communication signals, echolocation, and 
sounds that help with orientation, feeding, and avoiding threats (Frantzis et al., 2004). This 
method affects at least 55 marine species, and dramatically depresses catch rates of various 
commercial species by 40-80% over thousands of square kilometers around a single array.  
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The Bureau of Ocean Energy Management (BOEM) projects bottlenose dolphins to be 
among the most severely impacted marine mammals by seismic survey activities, with a total of 
1,163,190 injuries. The effectiveness of the current mitigation methods (ramp-up, visual 
observer) is difficult to measure because it is not known if all marine mammals in the area are 
detected. It should be noted that oil and gas companies believe seismic blasting does not harm 
marine life. This alternative will lead to exploratory drilling, increasing the risk of an oil spill. 
An oil spill would have a negative impact on the environment and coastal towns. Based on this 
information, technical feasibility is considered to be low. 

Economic Efficiency – Cost Effectiveness Analysis (CEA) 
	  

 Cost (2013 rates & min. 5 
miles/mi2) 

Metric of 
Effectiveness 

CEA Ratio 
(Based off min. 5 

miles/mi2) 
2D Seismic Blasting $190,000/mile Exploration wells 

success rate of 55% 

$95,000 
3D/4D Seismic 

Blasting $5,828,000/mi2 $2,914,000 

Total $6,018,000  $3,309,000 
 

According to WorleyParsons, based on the 2013 rate, the cost of seismic blasting can be 
as little as $38,000 per mile to as high as $1.2 million per square mile, depending on the type of 
seismic blasting (i.e. 2D/3D/4D), the type of terrain (i.e. rough or flat), and resolution used (i.e. 
high, low). The cost analyzed is based off high-resolution 2D and 3D/4D seismic blasting prices. 
3D and 4D methods are expected to cost the same price based on the summary of cost data 
presented by WorleyParsons (WorleyParsons, 2013). The minimum number of miles for 2D 
seismic blasting is five miles and no minimum square miles requirement is given for 3D/4D 
seismic blasting. Using 2D and 3D/4D technology, in 2005 the exploration wells success rate 
increased to 50% from 25% in the 1970s and 1980s. The development rate also increased to 88% 
in 2005 (Alfaro et al, 2007). Based on this information from 2005, it is assumed that the success 
and development has gone up 1-5%, which is factored into this analysis. 

 
To find the cost effectiveness analysis (CEA) ratio of this alternative, the cost is 

multiplied by the rate of success. For 2D seismic blasting, the cost, $38,000 per mile, is 
multiplied by the minimum five miles, equating to $190,000. This total is then multiple by the 
exploratory wells success rate of 55%, resulting in a CEA ratio of $95,000 for this seismic 
blasting option. For 3D/4D seismic blasting, the cost, $1,165,000 per square mile is multiplied 
by five as well, equating to $5,828,000. This total is multiple by the exploratory wells success 
rate of 55%, resulting in a CEA ratio of $3,309,000. The overall CEA ratio totals $3,009,000. 
However, it should be noted that these prices are expected to be higher due to the size or length 
of the area being surveyed. Based on the overall CEA ratio, this alternative is considered to be 
moderately effective. The overall CEA ratio only considered the minimum five-mile requirement 
for the seismic survey; it was assumed that the CEA ratio would be significantly higher when 
surveying a large area.  
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Alternative Two: Controlled Source Electromagnetic Methods (CSEM) 
	  
 This alternative will require the use of controlled source electromagnetic methods for 
exploration surveys. This technology uses a dipole electric source that is towed close to the 
seabed. The dipole electric source generates electric and magnetic fields, which are unsettled by 
any subsurface resistive structure (Ridyard, 2010). Sensors that are deployed on the seabed can 
then measure the electric and magnetic fields and the measurements can create a 3D image of the 
subsurface resistive structures (Ridyard, 2010). This method also uses biodegradable anchors, 
minimizing the environmental impact. According to a North American resource development 
study conducted by the National Petroleum Council in 2011, “CSEM methods do not currently 
provide the degree of spatial resolution possible from modern seismic data” (Barringer et al., 
2011; Constable, 2010). This means that this method does not produce a clear picture compared 
to modern seismic data. CSEM is generally more effective in depth over 500 meters, but careful 
processing can mitigate this issue (Barringer et al., 2011; Constable and Srnka, 2007; 
Hesthammer et al., 2010).  

Evaluative Criteria 

Technical Feasibility 
	  

The number of marine mammals affected seismic airgun blasts will be reduced because 
this electromagnetic technology operates at low frequencies such as 0.1 to 1 Hz. It should be 
noted that some marine mammals are sensitive to magnetic fields and could be affected by EM 
fields created by wave energy and cables (Fisher, Slater, 2013). Studies have shown that the 
electromagnetic emissions used have virtually no potential for causing health effects due to their 
low frequency and short duration times (Abgrall et al., 2011). This method requires more 
hydrophone cables than seismic surveys to detect changes in pressure, and usually two sound 
sources, which are alternately fired. CSEM surveys cover a denser grid, with meshes as small as 
25 x 25 m (Dalen, 2007). This results in fewer lines to cover the area, leading to a reduction of 
potential disturbances to marine life than methods used with fewer hydrophone cables. Based on 
this information this alternative is considered to have high technical feasibility.  

Economic Efficiency – Cost Effectiveness Analysis (CEA) 
	  

According to TGS-NOPEC Geophysical Company, the cost of a CSEM survey in 2009 
ranged from $975,000 to $825,000 for the early participant and package price Base program. 
Based on this company’s pricing, an uplift price of $3,000,000 was applicable if there is one in 
the survey area. An uplift price is charged when there is a vertical elevation of the Earth’s 
surface in response to natural causes. In a 2010 study conducted by Jens Danielson et al., the 
exploratory wells success rate for controlled source electromagnetic methods based on their 
results was 70%. This percentage was broken down in the study to 21 discovered wells, 9 dry 
wells, and several major discoveries. To calculate the cost-effectiveness of this method, the cost 
of each option is multiplied by the exploratory wells success rate. For the early participant price 
for June 2010, the cost, $975,000 is multiplied by 70%, and totaled to a CEA ratio of $682,500. 
The cost of the survey, if uplift is encountered, is $3,975,000. For the package price base 
program, the cost, $825,000 is multiplied by the 70% exploratory wells success rate. This totaled 
a CEA ratio of $577,500. If uplift were encountered in the survey, this will raise the cost to 
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$3,825,000, increasing the CEA ratio to $2,677,500. The cost of the uplift charge, $3,000,000 is 
multiple by 70% as well, which results in a CEA ratio of $2,782,500. The overall CEA ratio 
totals $3,360,000. Based on the CEA ratio this alternative is considered to highly effective.  
	  
Controlled Source Electromagnetic 

Method 
Cost Metrics of 

Effectiveness 
CEA Ratio 

Early Participant Price June 2010 $975,000 
Exploratory wells 
success rate 70% 

$682,500 
Package Price Base Program 2010 $825,000 $577,500 

Uplift  (If applicable)  $3,000,000 $2,782,500 
Total $4,800,000  $3,360,000 

Alternative Three: Require Passive Acoustic Monitoring   
	  
 This alternative will require the use of passive acoustic monitoring (PAM) to detect 
marine life in the area. The “wet end” of the system consists of a towed hydrophone array that is 
connected to the vessel by a tow cable (Langseth, 2012). A depth gauge is attached to the free 
end of the cable, and the cable is typically towed at depths <20 m (Langseth, 2012). A person on 
deck will be required to monitor the towed hydrophones to detect any marine life in the surveyed 
area. Currently passive acoustic monitoring is not required but it is encouraged because it has 
been shown to be effective at identifying whales in the surveying area (MMS, 2007). Passive 
acoustic monitoring has been shown to be an effective tool for detecting marine mammals when 
observers cannot detect them visually. This will be implemented into the ramp-up routines before 
seismic surveys begin, along with a visual observer. This monitoring will be used during 
conditions where visibility is not clear (i.e. fog, rain, darkness). This will allow for ramp-up and 
surveying beginning earlier.  

Evaluative Criteria 

Technical Feasibility 
	  

A study done by the US Navy over the past year (2015) showed that acoustic monitoring 
technology was able to positively detected 17 whales, and 6 possible whale detections 
(Baumgartner et al., 2015). According to the Bureau of Ocean Energy Management, between 
2012-2015, there were 54-recorded PAM detections of marine mammals. Based on a study done 
for the US Navy by Marie Roch, Passive acoustic monitoring has shown to have a valid 
detection rate of 77%, but also results in 5.8% false alarms (Roch, 2013). Valid detection means 
that the passive acoustic monitoring system is able to positively identify marine life in the area. 
Based on this information this alternative is considered to have high technical feasibility.  

Economic Efficiency – Cost Effectiveness Analysis (CEA) 
	  

The cost of passive acoustic monitoring is based on a report done in 2007 by the Naval 
Service Welfare Center. This report stated that the hydrophone cable cost $4,100, the cable is $1 
per foot, and the PAM system totals $14,500. This price includes the control unit, PC, and PCI 
card, and the software is $3,000. The benefit is based on a survey done for the US Navy that 
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reported a valid detection of 77%. Each cost is multiplied by the valid detection rate of 77%, 
resulting in an overall CEA ratio of $16,632.77. However it should be noted that this cost is 
expected to be higher depending on the length of cables. The cables are charged a dollar per foot; 
this will result in a higher price. Based on the CEA ratio, this alternative is considered to be 
moderately effective.	  
	  

 Cost Metrics of Effectiveness CEA Ratio 
Hydrophone $4,100 

77% Valid Detection Rate 

$3,157 
Cable $1/ft. $0.77 

System 
Control Unit 

PC 
PCI Card 

 
$10,000 
$1,500 
$3,000 

 

$7,700 
$1,155 
$2,310 

Software $3,000 $2,310 
Total $21,601  $16,632.77 

Alternative Four: Marine Protected Areas (MPA)  
	  
Regulating seismic blasting can reduce the frequency of marine mammals exposure to the 

acoustic noise. Separating marine mammals from seismic blasting by time and space is a way to 
prevent them from being exposed to the high frequencies. Some companies have invested in 
efforts to have the seismic and support vessels arrive early and having the surveys done before 
the end of June before the arrival of most gray whales (Donovan et al., 2013). This alternative 
will protect marine areas where vital life movements are taken place. For example, areas where 
migration, feeding, and spawning occurs will be protected. These protected areas will prevent the 
use of seismic surveys. The surveys will need to be done far enough outside the protected area to 
create a buffer area between the airgun source and protected area. This alternative will also be 
beneficial to coastal towns because it will create an area that will attract tourists. More tourists 
will result in more revenue for the town. Marine protected areas will also create around 50,000 
jobs for those in the community from direct or indirect employment, which are largely in tourist 
related activities (World Wide Fund for Nature, 2015). A case study done by the World Wide 
Fund for Nature (WWF) reported the a marine protected area in the Great Barrier Reef created 
48,000 jobs and has an economic value of $5.7 billion jobs (World Wide Fund for Nature, 2015). 

Evaluative Criteria 

Technical Feasibility 
  
 Setting up marine protected areas has been shown to improve marine life populations in 
the protected area. In a 2005 study Fogarty et al., results showed that cod total population weight 
increased by 50%. Using this information, it is assumed that these marine protected areas will 
reduce marine life exposure to seismic surveys and will also help population growth for 
endangered and critical species. This will also increase both size and quantity of fish populations 
in surrounding fish grounds (World Wide Fund for Nature, 2015). A study done for National 
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Ocean Service stated that protecting migratory species would require a large protected area or a 
network of protected areas. The study also stated that the complexity of designing this type of 
marine protected area could range from simple to complex (Agardy, 1999). For spawning would 
require on a small-protected area, but other life stages would require a network of areas (Protect 
Planet Ocean, 2010).  

Economic Efficiency – Cost-Effectiveness Analysis 
  
 Based on the costs estimations of the Great Barrier Marine Park from study done in 2011, 
it is assumed that the cost will be around $12 million to manage the protected area annually. It is 
also assumed that creating a marine protected will limit the areas for seismic blasting. Based on 
these assumptions and price, the cost-effectiveness is considered to be low.  
	  

	   Cost	  

Marine	  Protected	  Area	   $12,000,000	  

	  
 
Results  

 Technical Feasibility Cost Effectiveness 
Let Present Conditions 

Continue Low Moderate 
CEA Ratio: Over $3,309,000 

Controlled Source 
Electromagnetic Monitoring High High 

CEA Ratio: $3,360,000 

Passive Acoustic Monitoring High Moderate 
CEA Ratio:	  $16,632.77  

Marine Protect Areas High Low 
CEA Ratio: n/a 

 
Alternative one recommends continuing with present conditions. Data showed that using 

seismic technology affects at least 55 marine species, and dramatically depresses catch rates of 
various commercial species by 40-80% over thousands of square kilometers around a single 
array. Continuing with this method would not reduce the number of marine life exposed to the 
surveying. Although there are mitigation methods, such as ramp-up operation and the 
requirement of a visual observer to look for marine life in the area, there is no guarantee these 
mitigation efforts are effective. Based on this information, letting present conditions continue 
was found to have low technical feasibility. The measure for the technical-effective analysis was 
the number of marine mammals exposed to seismic blasting. Present conditions did not show a 
decline in the number of marine mammals exposed to seismic blasting. Alternative one was not 
considered to be highly cost effective. The cost of seismic technology could cost over 
$6,000,000, depending on how many miles or square miles are surveyed and the type of seismic 
survey chosen (i.e. 2D/3D/4D). This technology also had an exploration wells success rate of 
50%. By multiplying the cost by the success rate, the CEA ratio totaled $3,009,000. This total 
CEA ratio only considers the minimum five-mile requirement for a seismic survey. It is 
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assumed that the CEA ratio will be significantly higher when surveying a large area. Based on 
this assumption this alternative was considered to be moderately effective.  

 
Alternative two, using controlled source electromagnetic monitoring, was considered to 

have high technical feasibility. This electromagnetic technology operates at low frequencies such 
as 0.1 to 1 Hz, which significantly reduces the number of marine mammals exposed to seismic 
blasting. It showed be noted that there are some marine life that could be affected by magnetics 
such as sharks and rays. The cost of the technology totaled $4,800,00 and the exploratory wells 
success rate was 70%. From these numbers the CEA ratio for CSEM totaled $3,360,000. Based 
on the CEA ratio, this alternative was considered to be highly cost-effective.  

 
Alternative three, using passive acoustic monitoring along with ramp-up operations and 

visual observation, was consider having high technical feasibility. This technology has a valid 
detection rate of 77% and a false alarm rate of 5.8%. Paring passive acoustic monitoring with 
ramp-up operations and visual observation would reduce the number of marine mammals 
affected by seismic blasting because it would ensure no marine life is in the surveying area. The 
cost of this technology totaled $21,60, and had a valid detection rate of 77%. From these 
numbers, the CEA ratio totaled $16,632.77. Based on this higher CEA ratio, this alternative was 
considered to be moderately cost-effective.  

 
Alternative four, creating marine protection areas, was considered to have high technical 

feasibility. Marine protection areas have shown to reduce the number of injuries to marine life in 
those areas. They have also shown to increase marine life populations, which would be beneficial 
to critical or endangered marine life. The cost of managing a marine protected area annually was 
$12,000,000. There was no evidence to show benefits to creating marine protection areas in 
relation to seismic surveying. Base on this lack of information, this alternative was considered to 
have low cost-effectiveness.  
  
Conclusion and Recommendation 

	   The results of this analysis showed there are alternatives to seismic blasting that would 
reduce the number of marine mammals affected by seismic blasting while still achieving the 
desired outcome of seismic exploration. Looking at the results of the analysis, letting present 
conditions continue does not prove to be the best option for marine mammal protection. The 
second alternative, controlled source electromagnetic monitoring, does have both high feasibility 
and cost-effectiveness but it does not produce the same image quality as seismic technology. 
CSEM harms virtually no marine mammals but would not allow oil and gas companies to have a 
clear picture of potential drill locations. Alternative three, passive acoustic monitoring, had high 
technical feasibility and was moderately effective. Passive acoustic monitoring has a valid 
detection rate of 77%. Paired with the ramp-up operations and visual observations, this 
alternative would ensure that no marine mammals were in the surveying area. This alternative 
would not only be beneficial for reducing the number of marine mammals exposed to seismic 
blasting, but it would also benefit seismic exploration companies during times of poor visibility. 
Passive acoustic monitoring could be used during times of poor visibility, allowing for ramp-up 
operations to begin and early seismic surveys. Alternative four, creating marine protected areas, 
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had high technical feasibility and low effectiveness. Creating marine protected areas showed no 
benefits to seismic exploration companies. This would affect their operations and would not 
achieve the desired outcome of seismic exploration. Marine protected areas would not alleviate 
the issue of seismic exploration, but instead force seismic exploration companies to go to 
different locations. Although, marine protected areas have shown to increase species populations.  
 
 Based on this information, alternative three, passive acoustic monitoring, is 
recommended. Passive acoustic monitoring would reduce the number of marine mammals 
affected by seismic blasting and ensure that no marine mammal was in the surveying area. PAM 
would not drastically change seismic exploration operations and it allows for operations to begin 
in poor visual conditions. Although this alternative is moderately effective, it benefits both 
marine mammals and seismic exploration companies, and has high technical feasibility. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	  

11	  

	  

References 

Aalbersberg, B., Hinchley, D., Miles, G., Tiraa, A., & Wells, S. (2005, June). Marine protected 
 areas: benefits and costs for islands. In WWF. Retrieved from 
 http://awsassets.panda.org/downloads/50j185costbenefitsrap.pdf 
 
Agardy, T. (1999). Global trends in marine protected areas. In NOAA. Retrieved from 
 http://oceanservice.noaa.gov/websites/retiredsites/natdia_pdf/8agardy.pdf 
 
Alfaro, J. C., Corcoran, C., Davies, K., Hampson, G., Hill, D., Howard, M., & Kapoor, J. 
 Reducing Exploration Risk. 
 
An overview of marine seismic operations. (2011, April). International Association of Oil & Gas 
 Producers. 
 
Barkaszi, M. J., Butler, M., Compton, R., Unietis, A., & Bennet, B. (2012, June). Seismic survey 
 mitigation measures and marine mammals observer reports. In Bureau of Ocean Energy 
 Management. Retrieved from http://permanent.access.gpo.gov/gpo27951/5177.pdf 
 
Barton, Tim R., Gareth Bradbury, Kate L. Brookes, Isla M. Graham, and Nathan D. Merchant. 
 "Short-term disturbance by a commercial two-dimensional seismic survey does not lead 
 to long-term displacement of harbour porpoises." Proceedings of the Royal Society 
 280.1771 (2013). Web. 9 Sept. 2015. 
 http://rspb.royalsocietypublishing.org/content/280/1771/20132001.short 
 
Baumgartner, M., Parijs, S. V., & Hotchkin, C. (2015). Autonomous Real-Time Passive Acoustic 
 Monitoring of Baleen Whales for Mitigating Interactions with Naval Activities. In US 
 Navy. Retrieved from http://www.navymarinespeciesmonitoring.us/reading-
 room/project-profiles/autonomous-real-time-passive-acoustic-monitoring-baleen-whales-
 mitigating-interactions-naval-activities/ 
 
Berg-Hansen, L., & Moe, O. B. Implementation of seismic surveys on the Norwegian 
 Continental Shelf 
 
"Boom, Baby, Boom: The Environmental Impacts of Seismic Surveys ." National Resource 
 Defense Council. N.p., May 2010. Web. 9 Sept. 2015. 
 <https://www.nrdc.org/oceans/files/seismic.pdf> 
 
Branegan, Jay. "Scientists to Obama: Stop Controversial Sound Blasting Threatening Atlantic 
 Whales, Fish." Natural Resource Defense Council. N.p., 5 Mar. 2015. Web. 9 Sept. 2015. 
 http://www.nrdc.org/media/2015/150305.asp 
 
Buchanan, R. A., Fechhelm, R., Abgrall, P., & Lang, A. L. (2011, September). Environmental 
 Impact Assessment of Electromagnetic Techniques Used for Oil & Gas Exploration & 
 Production. In International Association of Geophysical Contractors. Retrieved from 



	  

12	  

	  

 http://www.seaturtle.org/pdf/ocr/BuchananRA_2011_Environmentalimpactassessmentofe
 lec.pdf 
 
Bureau of Ocean Energy Management. (2014, February). Atlantic OCS proposed geological and 
 geophysical activities. In US Department of the Interior. Retrieved from 
 http://www.boem.gov/BOEM-2014-001-v2/ 
 
Commer, M., & Newman, G. A. (2009, April 16). Three-dimensional controlled-source 
 electromagnetic and magnetotelluric joint inversion. , 1305-1316 
 
Constable, S., & Srnka, L. J. (2006, May 25). An introduction to marine controlled-source 
 electromagnetic methods for hydrocarbon exploration. Geophysics, 72(2), 3-12 
 
Dalen, J. (2007, April 24). Effects of seismic surveys on fish, fish catches and sea mammals. In 
 DNV Energy. Retrieved from 
 https://www.norskoljeoggass.no/PageFiles/6574/Effects%20of%20seismic%20surveys%
 20on%20fish,%20fish%20catches%20and%20sea%20mammals.pdf?epslanguage=no 
 
Davenport, Coral. "U.S. Will Allow Drilling for Oil in Arctic Ocean." The New York Times. 
 N.p., 11 May 2015. Web. 9 Sept. 2015. http://www.nytimes.com/2015/05/12/us/white-
 house-gives-conditional-approval-for-shell-to-drill-in-arctic.html?_r=0 
 
Dziak, R. P., Matsumoto, H., Mellinger, D. K., More, S. E., & Stafford, K. M. (2007, 
 December). An Overview of ￼Fixed Passive Acoustic Observation Methods ￼￼for 
 Cetaceans. Oceanography, 20(4). 
 
"Domestic Oil Drilling." National Resource Defense Council. N.p., 17 May 2011. Web. 9 Sept. 
 2015. <http://www.nrdc.org/energy/oildrilling/> 
 
Douglas P Nowacek, Christopher W Clark, David Mann, Patrick JO Miller, Howard C 
 Rosenbaum, Jay S Golden, Michael Jasny, James Kraska, and Brandon L Southall 2015. 
 Marine seismic surveys and ocean noise: time for coordinated and prudent planning. 
 Frontiers in Ecology and the Environment 13: 378–386. http://dx.doi.org/10.1890/130286 
 
Geological And Geophysical Costs. (n.d.). In IPAA America's Oil and Gas Producers. Retrieved 
 from http://www.ipaa.org/wp-content/uploads/downloads/2012/01/2009-03-
 GGAmortization.pdf 
 
Gormley, A. M., Slooten, E., Dawson, S., Barker, R. J., Rayment, W., Fresne, S. D., & Bra ̈ ger, 
 S. (2012). First evidence that marine protected areas can work for marine mammals.
 Applied Ecology, 49, 474-480 
 
Gordon, J., Gillespie, D., Porter, J., Frantzis, A., Simmonds, M. P., Swift, R., & Thompson, D. 
 (2003, April). A review of the effects of seismic surveys on marine mammals. Okeanos 
 Foundation, 37(4). 
 



	  

13	  

	  

Langseth, M. G. (2012, January 26). Environmental Assessment of Marine Geophysical Surveys. 
 Retrieved from http://www.nmfs.noaa.gov/pr/pdfs/permits/ldeo_seismic_ea_lgl.pdf 
 
Liptack, Kevin. "Obama administration approves Arctic drilling." CNN Politics. N.p., 11 May 
 2015. Web. 9 Sept. 2015. <http://www.cnn.com/2015/05/11/politics/obama-approves-
 arctic-drilling/>. 
 
Milligan, Mark R. "What are seismic surveys and how much “shaking" do they create." Utah 
 Geological Survey. N.p., July 2004. Web. 9 Sept. 2015. <http://geology.utah.gov/map-
 pub/survey-notes/glad-you-asked/what-are-seismic-surveys/>. 
 
"Noisy Neighbors: How Acoustic Pollution Threatens Whales http://www.campaign-
 whale.org/research-reports/pollution/test-page#sthash.w5LziHL7.dpuf." Campaign 
 Whale. N.p., n.d. Web. 9 Sept. 2015. <http://www.campaign-whale.org/research-
 reports/pollution/test-page> 
 
Nowacek, D. P., Bröker, K., Donovan, G., Gailey, G., Racca, R., Reeves, R. R., & Vedenev, A. 
 I. (2013). Responsible Practices for Minimizing and Monitoring Environmental Impacts 
 of Marine Seismic Surveys with an Emphasis on Marine Mammals. Aquatic Mammals, 
 39(4), 356-377. 
 
"Ocean Noise Campaign." Center for Biological Diversity. N.p., n.d. Web. 9 Sept. 2015. 
 <http://www.biologicaldiversity.org/campaigns/ocean_noise/>. 
 
"Oil and Gas Drilling/Development Impacts." Tribal Energy and Environmental Information 
 Clearinghouse. N.p., n.d. Web. 9 Sept. 2015. 
 <http://teeic.indianaffairs.gov/er/oilgas/impact/drilldev/>. 
 
Oynes, C. C. (2007, February 7). United States Department of the Interior Minerals Management 
 Service (MMS) Gulf of Mexico (GOM) OCS Region 
 
"Seismic Airgun Blasting: Overview." Oceana. N.p., n.d. Web. 9 Sept. 2015. 
 <http://oceana.org/our-work/climate-energy/seismic-airgun-blasting/overview>. 
 
Shell stops arctic activity after disappointing tests (2015, September 28). In BBC. Retrieved from 
 http://www.bbc.com/news/business-34377434 
 
"Six ways oil and gas drilling is bad news for the environment." The Wilderness Society. N.p., 
 n.d. Web. 9 Sept. 2015. <http://wilderness.org/six-ways-oil-and-gas-drilling-bad-news-
 environment>. 
 
Summary of Costs Associated with Seismic Data Acquisition and Processing. (n.d.). In 
 WorleyParsons. Retrieved from 
 http://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Publications/seis
 mic-data-acquisition-costs-fe-netl-co2-storage-cost-model-v2-1.pdf 
 



	  

14	  

	  

“Types of Geological and Geophysical Surveys and Equipment” (2013, June). In U.S. 
 Department of the Interior Bureau of Ocean Energy Management. Retrieved from 
 http://www.boem.gov/G-and-G-Survey-Techniques-Information-Sheet/ 
 
Underwater Passive Acoustic Monitoring for Remote Regions. (2007, February). In Alliance for 
 Coastal Technologies. Retrieved from http://www.fishecology.org/cv/ACT_WR07-
 02_Passive_Acoustics.pdf 
Vema dome 3D em survey 2010. (2010). In EMGS. 
 
Reeves, R. R. (2000, December). The Value of Sanctuaries, Parks, and Reserves (Protected 
 Areas) As Tools for Conserving Marine Mammals. . 
 
Ridyard, Dave. "Alternative technologies to seismic airgun surveys for oil and gas exploration 
 and their potential for reducing impacts on marine mammals." Ed. Lindy Weilgart. 
 Okeanos, Mar. 2010. <http://www.okeanos- foundation.org/assets/Uploads/Airgun.pdf>. 
 
Roch, M. A. (n.d.). Passive Acoustic Monitoring for the Detection and Identification of Marine 
 Mammals. In US Navy. Retrieved from 
 http://www.onr.navy.mil/reports/FY11/mbroch.pdf 
 
Rosalind M. Rolland, Susan E. Parks, Kathleen E. Hunt, Manuel Castellote, Peter J. Corkeron, 
 Douglas P. Nowacek, Samuel K. Wasser, Scott D. Kraus, Proc. R. Soc. B 2012 -; DOI: 
 10.1098/rspb.2011.2429. Published 8 February 2012 
 
	   	  



	  

15	  

	  

Technical Appendix 

Cost-effectiveness equation: cost x metric of effectiveness = CEA Ratio 

Alternative One: Let present conditions continue  
	  

 Cost (2013 rates & min. 5 
miles/mi2) 

Metric of 
Effectiveness 

CEA Ratio 
(Based off min. 5 

miles/mi2) 
2D Seismic Blasting $190,000/mile Exploration wells 

success rate of 55% 

$95,000 
3D/4D Seismic 

Blasting $5,828,000/mi2 $2,914,000 

Total $6,018,000  $3,309,000 
	  
2D Seismic Blasting: $38,000 x 5 = $950,000   

$950,000 x 0.55 = $95,000 
 

3D/4D Seismic Blasting: $1,165,6000 x 5 = $5,828,000 
      $5,828,000 x 0.55 = $2,914,000 

 
Total Cost: $190,000 + $5,828,000 = $6,018,000 
Total CEA Ratio: $95,000 + $2,914,000 = $3,309,000 
 

Alternative Two: Controlled Source Electromagnetic Monitoring  
	  

Controlled Source Electromagnetic 
Method 

Cost Metrics of 
Effectiveness 

CEA Ratio 

Early Participant Price June 2010 $975,000 
Exploratory wells 
success rate 70% 

$682,500 
 

Package Price Base Program 2010 $825,000 $577,500 

Uplift  (If applicable)  $3,000,000 $2,782,500 
Total $4,800,000  $3,360,000 

	  
Early	  Price:	  $975,000	  x	  0.7	  =	  $682,500	  
	  
Package	  Price:	  $825,000	  x	  0.7	  =	  $577,500	  
	  
Uplift:	  $3,000,000	  x	  .07	  =	  $2,782,000	  
	  
Total	  Cost:	  $975,000	  +	  $825,000	  +	  $3,000,000	  =	  $4,800,000	  
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Total	  CEA	  Ratio:	  $682,500	  +	  $577,500	  +	  $2,782,500	  =	  $3,360,000	  

Alternative Three: Passive Acoustic Monitoring  
	  

 Cost Metrics of Effectiveness CEA Ratio 
Hydrophone $4,100 

77% Valid Detection Rate 

$3,157 
Cable $1/ft. $0.77 

System 
Control Unit 

PC 
PCI Card 

 
$10,000 
$1,500 
$3,000 

 

$7,700 
$1,155 
$2,310 

Software $3,000 $2,310 
Total $21,601  $16,632.77 

	  
Hydrophone:	  $4,100	  x	  0.77	  =	  $3,157	  
	  
Cable:	  $1	  x	  0.77	  =	  $0.77	  
	  
System:	  	  
	   Control	  Unit:	  $10,000	  x	  $7,700	  
	  
	   PC:	  $1,500	  x	  0.77	  
	  
	   PCI	  Card:	  $3,000	  x	  0.77	  =	  $2,310	  
	  
Software:	  $3,000	  x	  0.77	  =	  $2,310	  
	  
Total	  Cost:	  $4,100	  +	  $1	  +	  $10,000	  +	  $1,500	  +	  $3,000	  +	  $3,000	  =	  $21,601	  
	  
Total	  CEA	  Ratio:	  $3,157	  +$0.77	  +	  $7,700	  +	  $1,155	  +	  $2,310	  +$2,310	  =	  $16,632.77	  


