


The Environmental Benefit and Economic Connection Between Oil & Gas and OƯshore Wind Energy 

ii 
 

Table of Contents 
Preface ............................................................................................................................... iv 

Executive Summary ............................................................................................................ vi 

List of Figures ...................................................................................................................... xxi 

List of Tables ...................................................................................................................... xxii 

List of Abbreviations ........................................................................................................... xxii 

1 Introduction .................................................................................................................. 1 

1.1 The OƯshore Wind and Oil & Gas Connection ............................................................ 1 

2 OƯshore Wind Net Environmental Benefit Analysis ....................................................... 3 

2.1 About NEBA ............................................................................................................ 3 

3 Subsea Structure .......................................................................................................... 4 

3.1 OƯshore Oil & Gas Structure .................................................................................... 5 

3.2 OƯshore Wind Energy Structure ............................................................................... 6 

4 Ecological and Economic Benefit Considerations ......................................................... 7 

4.1 Why Are Subsea Structures and Associated Habitats Beneficial? ................................ 8 

4.1.1 Natural Reefs ........................................................................................... 8 

4.1.2 Artificial Reef Habitat ................................................................................ 8 

4.2 CVOW-P Monopile Images ..................................................................................... 10 

4.3 Benthic Colonization and Halo EƯect Area .............................................................. 13 

4.4 Fish Production Versus Aggregation ........................................................................ 15 

4.4.1 Consequences ....................................................................................... 17 

4.5 Utilization by Larger Marine Species ....................................................................... 18 

4.5.1 Whales .................................................................................................. 20 

4.6 Human Use Benefits .............................................................................................. 23 

4.6.1 Passive Use Benefits (Existence and Bequest Value) ................................. 24 

4.6.2 Active Use Benefits (e.g., Recreational and Commercial Value) ................. 26 

4.7 Time Frame of Benefits .......................................................................................... 29 

4.7.1 Steel Degradation ................................................................................... 30 

5 OƯshore Concerns of Wind Energy Development ....................................................... 31 

5.1 Short-Term Concerns ............................................................................................. 31 

5.2 Long-Term Concerns ............................................................................................. 32 



The Environmental Benefit and Economic Connection Between Oil & Gas and OƯshore Wind Energy 

iii 
 

5.3 Concern Management ........................................................................................... 33 

5.3.1 Protection of Environmental and Socioeconomic Resources ..................... 34 

5.4 Invasive Species .................................................................................................... 34 

5.5 Loss of Bottom Habitat .......................................................................................... 35 

5.6 Potential for Commercial and Recreational Fishing Impacts ..................................... 35 

5.7 Potential for Ecological Risk ................................................................................... 37 

5.8 Navigation ............................................................................................................ 37 

6 Phases of Site Development ....................................................................................... 38 

6.1 Operational Phase ................................................................................................. 38 

6.2 Potential Post Operational Reuse Period ................................................................. 39 

6.2.1 Post Operational Period Site Management ................................................ 39 

7 Long-Term Management Decision-Making ................................................................... 39 

7.1 Decommissioning ................................................................................................. 40 

8 OƯshore Wind Net Environmental Benefit Analysis ..................................................... 41 

8.1 Metric Analysis ...................................................................................................... 42 

8.2 CVOW-C Case Example ......................................................................................... 43 

8.2.1 Select Metrics Evaluated for Ecological and Socioeconomic Values ........... 43 

8.2.2 Subsea structure Surface Area ................................................................ 45 

8.2.3 Ecological Habitat Service Value ............................................................. 50 

8.2.4 Human Use Benefits ............................................................................... 56 

8.2.5 Potential Network EƯects from Monopiles and Connectivity ...................... 57 

8.2.6 Select Metric Assumptions ..................................................................... 59 

8.3 Pre-Development Baseline Compared to the Operational Period .............................. 62 

8.4 Operational Period Compared to Post Operation Reuse Management ....................... 64 

8.5 Ecosystem Service Valuation ................................................................................. 65 

9 Summary .................................................................................................................... 67 

10 References .............................................................................................................. 69 

11 Attachment I ........................................................................................................... 79 

11.1 Habitat Equivalency Analysis and Discounting ........................................................ 79 

11.1.1 Habitat Equivalency Analysis (HEA) Approach .......................................... 79 

12 Attachment II: Joseph Nicolette CV ......................................................................... 84 



The Environmental Benefit and Economic Connection Between Oil & Gas and OƯshore Wind Energy 

iv 
 

Preface 
The purpose of this document is to demonstrate: 1) the environmental and socioeconomic benefit 
connection between oƯshore Oil & Gas (O&G) and oƯshore Wind Energy (OSW) development, and 2) the 
potential public interest value1 (i.e., ecosystem services2) generated from the presence of O&G and OSW 
subsea structures. Although these oƯshore structures focus on diƯerent energy types, they generate 
similar “unintended” environmental and social benefits to the public. Empirical scientific data worldwide 
demonstrates the significant ecosystem service value (billions of $) that OSW and O&G subsea structures 
can generate for the public. As such, O&G and OSW have become gatekeepers for some of the most diverse 
and productive habitats in our oceans. A net environmental benefit analysis based comparative 
assessment (NEBA-CA) framework can be used to conduct a benefit-risk analysis to compare actions that 
aƯect the environment, consistent with OMB Guidance3. 

I have 40 years of experience as an environmental consultant4. Thirty-five (35) of these years focused on 
ecosystem service economics and net environmental benefit analysis (NEBA) applications in over 25 U.S. 
States and 20 countries. I co-authored the first formalized NEBA framework5 recognized by the United 
States Environmental Protection Agency (USEPA), USEPA Science Advisory Board (USEPA SAB), the 
National Oceanic and Atmospheric Administration (NOAA), the International Association of Oil and Gas 
Producers (IOGP), the International Petroleum Industry Environmental Conservation Association (IPIECA), 
and the Australian Maritime Safety Authority, (AMSA), among others. I subsequently adapted the NEBA 
framework to address ecosystem service valuation of oƯshore subsea structure (i.e., a NEBA-based 
Comparative Assessment, NEBA-CA), with various applications conducted across the world6.  NEBA-CA is 
a site-by-site analysis as the ecosystem services provided by a site are location dependent. I have a Master 
of Science degree in Fisheries and was certified as a Fisheries Scientist in 1992 by the American Fisheries 
Society. 

Application to the Coastal Virginia OƯshore Wind Commercial (CVOW-C) Development 

A preliminary NEBA-CA was conducted for demonstration purposes and focused primarily on the 
ecosystem service benefits associated with the CVOW-C oƯshore array7 and how these benefits would 
likely change during Operating and potential Post Operational Reuse periods, as compared to the Pre-
Construction baseline condition. The analysis was preliminary in that the demonstration is based on 
limited metric quantification whereby several metric values were based upon assumptions developed 
through review of publicly available site information, scientific literature, and professional judgment. 

Where assumptions were made, they were conservative to not overestimate benefits. Although a 

 
1 These public interest benefits are generally known as ecosystem services. 
2 The term “Ecosystem Services” refer to the benefits people obtain from ecosystems (United Nations Millennium 
Assessment, 2005).   
3 OƯice of Management and Budget (OMB), 2024 
4 Joseph Nicolette CV is provided in Attachment II 
5 Efroymson, R. Nicolette, J., and Suter, G., 2004 
6 Nicolette et al., 2023 
7 Coastal Virginia OƯshore Wind site (CVOW-C) - Includes monopiles and oƯshore substations, does not include 
oƯshore cabling or onshore activities, although these could be included in a full scale NEBA-CA. 
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preliminary analysis of an OSW array, the general trends in ecosystem service benefits identified in this 
report are consistent with the ecosystem service benefits observed from O&G and OSW subsea structures 
across the world. 

Should time and budget be permitted, a full scale NEBA-CA should be developed for the site that 1) refines 
the estimated metric values presented herein, 2) includes additional metrics not presented herein, and 3) 
evaluates both the benefits and risks of the metrics jointly. The NEBA-CA approach provides for a 
transparent, objective, and scientifically defendable basis for decision-making. Incorporating site specific 
ecological, social, and economic data into the analysis serves to develop a more complete picture of the 
ecological and socioeconomic benefit and risk tradeoƯs of an oƯshore wind farm. Thus, OSW should 
consider the value in planning for, from design, construction, operation, and decommissioning, the 
collection of data and analysis that can support a scientifically defensible, objective, and transparent 
NEBA-CA for short and long-term management decision-making for OSW farms. 

Based on the cursory valuation analysis and the assumptions made, the CVOW-C ecosystem service value 
for the various habitat compartments can range from millions to billions of $ in value. These values 
represent the value added (i.e., unintended net gain in ecosystem service value) associated with the 
subsea structure of the CVOW-C monopiles and substations within the array area. Regardless of the 
intended purpose, the “ecosystem service” benefits can be substantial and appear to far outweigh 
potential risks.  

Thanks to both Dr. Mark Rockel, PhD Natural Resource Economist and Aaron Nicolette, B.S. Information 
Systems Management, for their support in developing the report.   

 

Sincerely, Joseph Nicolette 

Managing Director 

 jnicolette@neba-analytics.com 
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Executive Summary 
The OƯshore Wind and Oil & Gas Energy Connection 

The construction and operation of oƯshore wind (OSW) facilities closely parallels the 
development of oƯshore oil & gas (O&G) facilities (a cornerstone of energy development in our 
oceans over the past century). These parallels are discussed throughout this document and 
present, through a case example, the potential environmental and socioeconomic “unintended” 
benefits that both OSW and O&G provide to the public. 

Oceans provide trillions of dollars in ecosystem service8 benefits to society globally9. OSW and 
O&G energy development share a common bond in the process of extracting energy. Aside from 
the fact that they both create significant economic benefits10, scientific evidence worldwide has 
demonstrated that subsea O&G and OSW structures (e.g., platform jackets, monopiles) generate 
significant ecosystem service benefits11, in billions of dollars12, to the public. As such, O&G and 
OSW have become gatekeepers for some of the most diverse and productive habitats in our 
oceans. 

These benefits arise from the placement of subsea structure in oceans to extract energy. It just so 
happens that subsea structure serves as a hard substrate13 that, over time, acts as artificial reef 
habitat. Although an unintended outcome, the beneficial eƯects of OSW subsea structure are like 
those associated with O&G subsea structure. The ecosystem service benefits provided by both 
O&G and OSW subsea structure are two sides of the same coin. The benefits can include14, but 
are not limited to:  

 Fish production and refuge,  
 Marine mammal feeding areas,  
 Protected species habitat and feeding areas,  
 Biological connectivity,  
 Active human use value (e.g., commercial and recreational fishing value)15,  

 
8 The term “Ecosystem Services” refer to the benefits people obtain from ecosystems (United Nations Millennium 
Assessment, 2005).   
9 Costanza et al., 2014, 2017; Kubiszewski, 2017; Rivera et al., 2020; Brander et al., 2024. 
10 Through strong workforces with similar trades and have major supply chain investments including ports, major 
manufacturing facilities, shipbuilding, etc. 
11 Claisse et al., 2014a, b; Fowler et al., 2018; Todd et al., 2021; McLean et al., 2022; Todd et al., 2022a, Nicolette et 
al., 2023; Brander et al., 2024. 
12 Huth, 2016, Costanza et al., 2014, 2017; Kubiszewski, 2017; Rivera et al., 2020; Brander et al., 2024 
13 Substrate is the surface or medium on which an organism grows or is attached. 
14 These benefits should be evaluated on a case-by-case basis since developments, locations, ecology, etc. vary 
between sites. 
15 Also includes other active uses such as diving, photography, spearfishing, etc. 
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 Passive human use value (e.g., existence and bequest value)16,  
 Carbon storage and sequestration value, and  
 The ability of the ecosystem to serve as sanctuaries to protect benthos, fish stocks, 

ecosystem diversity, and species of special significance.  

The ecosystem service value generated by subsea structures is associated with both the 
increased biological diversity created by the new habitat substrate, and the time frame (decades, 
centuries) over which the flow of these services can be provided. The time frame is based upon 
the lifespan and management of the structure. Not only can these subsea structures generate 
ecosystem service value during their Operational period (≈ 20-50 years), but they also have the 
potential to provide these benefits for centuries, when considering potential long-term alternative 
reuse scenarios. Thus, balancing the risks and benefits, (i.e., trade-oƯs) associated with short and 
long-term management options of OSW and O&G subsea structure is critical in determining the 
best path forward when managing ecosystem service benefits for the public. 

The National Academies of Science has stated a need to balance the environmental and 
economic benefits oƯshore wind can bring through renewable energy and job creation, while 
conserving valuable existing ocean uses.17 Additionally, the importance of evaluating ecosystem 
services within decision-making was further established by the OƯice of Management and Budget 
(OMB) in their 2024 “Guidance for Assessing Changes in Environmental and Ecosystem Services 
in Benefit-Cost Analysis”18.  

By way of a preliminary example, the potential net ecosystem service benefits (ecological and 
socioeconomic) that can be generated by a developing OSW facility can be quantified and 
demonstrated. The ecosystem service benefits of subsea structure have already been 
demonstrated at O&G facilities by site specific studies across the world19. 

To demonstrate the ecosystem service benefits associated with an OSW facility, methods used 
within a net environmental benefit analysis (NEBA)20 based comparative assessment (CA) 
approach (NEBA-CA)21 were used, incorporating publicly available information for the Coastal 
Virginia OƯshore Wind Commercial (CVOW-C) development.  

 
16 Existence Value is the willingness to pay for the existence of an environmental resource without on-site use. It 
can be motivated by an ecological ethic, altruism toward others or bequests to future generations. See Existence 
Value: https://www.env-econ.net/2008/06/existence-value.html. 

Bequest value is the value that people place on knowing that future generations will have the option to enjoy a 
particular environmental asset, which is usually measured by willingness to pay.  See Bequest Value: 
https://www.oxfordreference.com/view/10.1093/oi/authority.20110803095459973. 

 
17 National Academies of Sciences, Engineering, and Medicine. 2017 
18 OMB (2024) 
19 Fowler et al., 2018; IOGP (2022); Nicolette, et al., 2023 
20 Efroymson, R. Nicolette, J., and Suter, G., 2004 
21 Nicolette et al., 2023 
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Background  

The approach herein is based upon a net environmental benefit analysis (NEBA) framework.22 The 
first formalized NEBA framework is recognized by the United States Environmental Protection 
Agency (USEPA), the USEPA Science Advisory Board (USEPA SAB), the National Oceanic and 
Atmospheric Administration (NOAA), International Petroleum Industry Environmental 
Conservation Association (IPIECA), the International Association of Oil & Gas Producers (IOGP), 
and the Australian Maritime Safety Authority (AMSA), among others. NEBA is a risk-benefit 
approach to support decision-making regarding actions that aƯect the environment.  

The NEBA framework was adapted to compare the ecosystem service benefits and risks 
associated with O&G subsea structure management and decommissioning in what is known as 
NEBA-CA23. NEBA-CA is a site-by-site analysis and have been applied to oƯshore O&G sites in 
Australia, California, Caribbean, Gulf of America, Gulf of Thailand, Mediterranean, and North Sea.  

It should be noted that the IOGP has incorporated NEBA-CA into their 2024 Guidance for 
Comparative Assessment in Decommissioning (IOGP, 2024). The NEBA-CA methodology, 
however, has not been used to evaluate benefits and risks associated with OSW facilities. 
Although subsea structure design and layouts diƯer between O&G fields and OSW arrays, the 
NEBA-CA methodology is directly applicable to OSW development and management. NEBA-CA is 
directly applicable because the ecosystem services provided by subsea structure are not 
prejudicial to whom installed the structure. Thus, the NEBA-CA methodology can be applied to 
OSW, as demonstrated by this first ever application to OSW in a preliminary study of CVOW-C. The 
development of ecosystem service benefits associated with subsea structure of OSW will likely 
mimic those of O&G facilities. 

The NEBA-CA analysis presented herein is preliminary in that it is a partial application for 
demonstration purposes. The analysis is focused on quantification of select ecosystem service 
benefit metrics24 and how these metrics would likely change from the Pre-Construction baseline 
to the Operating and potential Post Operational Reuse periods. A full-scale NEBA-CA analysis 
would provide a transparent, data-driven basis for decision-making, balancing both benefits and 
risks. 

Structures 

Growth of O&G production in the United States, since the late 1800’s, has led to the development 
of subsea structure foundations (e.g., platform jackets) that have supported extraction of oil for 

 
22 Efroymson, R., Nicolette, J. and Suter, G., 2004 (The first formalized NEBA framework) 
23 Nicolette et., al., 2023.  
24 Select benefit metrics were quantified; risks were not quantified for this analysis. 
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over a century. Like O&G, OSW turbine foundations and substations come in a variety of shapes 
and sizes with similar characteristics to those used in O&G. 

Natural and Artificial Reefs 

Natural reef habitats (e.g., coral, shallow and deepwater rocky reefs) are among the most 
biodiverse and economically important ecosystems on the planet25,26. Coral reefs alone are 
estimated to provide ecosystem services worth $11 trillion dollars annually by protecting coasts27, 
sustaining fisheries, generating tourism, and creating jobs28. Rocky reefs also play an important 
role since they act as important breeding, feeding, and nursery sites for a wide range of species, 
generating many ecosystem services29. Rocky reef habitats have been important providers of 
resources for food, tools, jewelry, medicine, tourism, economic income, among others30. The 
continued loss of natural reef habitat across the world represents a significant economic cost to 
many countries, including the United States31.  

Subsea structure associated with O&G and OSW provides a hard substrate for reef habitat 
development when natural reef habitat is declining in our oceans. The submerged components of 
O&G subsea structures (e.g., platform jackets) and OSW arrays (e.g., monopiles, oƯshore 
substations) function as artificial reefs, providing new reef habitat which increases diversity and 
productivity at that location32. The structures are quickly colonized by benthos33 that attract fish 
and in turn, attract marine mammals, etc.  

Ecological Benefits 

The presence of subsea structure is known to enhance surrounding benthic communities by 
altering flow patterns and subsequent deposition of organic matter34. The increased input of 
organic matter to the benthic community, creates a “halo” eƯect surrounding the structure(s), 
resulting in an eƯected area that can be 15 times larger than the structure35. 

There is now growing evidence to indicate that oƯshore structures operate as centres of fish 
production whereby “new biomass” is being generated at the site and population sizes are 
enhanced by the presence of the structures36. In fact, recent research indicates that O&G 

 
25 Sanchez-Rodriguez et al., 2015 
26 Rivera et al., 2020; Brander et al., 2024 
27 Role of Reefs in Coastal Protection | U.S. Geological Survey 
28 Rivera et al., 2020; Brander et al., 2024 
29 Sanchez-Rodriguez et al., 2015 
30 Sanchez-Rodriguez et al., 2015 
31 Rivera et al., 2020 
32 Claisse et., al., 2014a; 2014b; 2015 
33 Community of organisms that live on, in, or near the seabed (e.g., benthic invertebrates) 
34 Wolfson et al. 1979 
35 Reeds et al., 2018 
36 Claisse et., al., 2014a; 2014b; 2015: Secondary production is the sum of new biomass from growth 
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platforms oƯ the coast of California have the highest secondary fish production of any marine 
habitat that has been studied, including natural coral reefs37. The artificial reef aspects of O&G and 
OSW subsea structure are well known for providing substrate for the growth of sessile 
invertebrates and supporting fish populations. Video images of ecological growth (in less than 1 
and ½ years of installation) on and around a CVOW-P38 (Pilot) monopile, are presented in Figure 
ES-1. Published literature also indicates that larger marine species utilize oƯshore O&G 
infrastructure as shelter or resting areas and/or actively hunt for prey that are associated with 
subsea structure39. As an example, a GPS tracked seal visited a U.K. OSW array likely foraging for 
prey (Figure ES-2). 

Figure ES-1. Images of marine growth at CVOW-C monopile (Source: Dominion Energy Video, see 
reference section). 

  

 
 for all individuals in a given area during a unit of time. 
37 Claisse et., al., 2014a; 2014b; 2015 
38 Coastal Virginia OƯshore Wind site (CVOW) 
39 Russell et., al., 2014 
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Figure ES-2. GPS tracked seal visited this U.K. OSW array40 

Socioeconomic Benefits 

In addition to the ecological benefits, O&G and OSW subsea structures can create significant 
human use benefits. These include Direct uses (e.g., commercial and recreational fishing, diving, 
boating, spearfishing, hunting, birdwatching, nature photography, education, etc.), and Indirect 
uses (e.g., passive uses such as existence and bequest value associated with actions that protect 
habitat). 

Time Frame of Benefits 

The ecosystem service benefits associated with O&G and OSW subsea assets are provided while 
the structure is in place. Actions that extend the life of the structure in the water will generate 
greater long-term ecosystem service value (e.g., potential long-term reuse scenarios). This is an 
important concept to understand, in that, decisions in long-term management today may not only 
aƯect the current generation but can have a major eƯect on future generations for centuries to 
come. Based on available data, and dependent upon the structure remaining in place, ecosystem 
service values provided by the presence of these structures can be multigenerational, lasting for 
centuries into the future41.  

Quantified estimates of the flow of ecosystem services suƯicient for environmental decision-
making can be obtained using the natural resource service valuation approaches developed and 

 
40 (Russell et., al. 2014, Supplementary Materials) 
41 Nicolette et al., 2023 
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refined under the United States natural resource damage assessment (NRDA) process42. NRDA is 
the process by which state and federal agencies recover, on behalf of the public, damages for 
impacts to natural resources (ecological and socioeconomic) from events such as chemical 
releases, oil spills, etc. Under NRDA, compensation is based on the quantification of both 
detrimental and beneficial attributes of actions aƯecting natural resources.  Negatively impacted 
natural resources are compensated for by the provision of compensatory restoration that provides 
an equivalent amount of ecosystem services43. This approach incorporates habitat equivalency 
analysis (HEA)44 to quantify changes in ecological habitat services in an environmental metric. 

Concerns with OSW and O&G Development 

The development of O&G and OSW facilities generally share the same short-term and long-term 
concerns. Most concerns that have been identified tend to be of issue during the development 
phase (i.e., exploration, installation and construction phases). These concerns are short-term in 
nature and are addressed, if needed, through mitigation and monitoring measures.  Likewise, long-
term concerns are also resolved in a similar manner. 

The permitting process for the CVOW-C45 project identified several overlapping concerns.46 
Review of these issues by the federal agencies (i.e., BOEM, USFWS, NMFS)47 indicated that the 
concerns (risks) were acceptable given implementation of defined mitigation and monitoring 
measures, where necessary.48  

As an example, for the CVOW-C project, the Final Record of Decision (ROD) determined that 
“…most of the potential adverse impacts to the environment and natural resources would be 
negligible to moderate.”49 Moderate means the viability of the resource is not aƯected, and the 
impacts can likely be reduced through mitigation. To avoid or reduce impacts from construction, 
operation, and maintenance activities on existing ocean uses and on environmental and 
socioeconomic resources, mitigation and monitoring measures were identified and incorporated 
in the terms and conditions for approval of the Project Construction and Operations Plan (COP).”   

This decision included the potential of oƯshore wind to impact: 

 Federally Listed Species,  
 Essential Fish Habitat (EFH), and 

 
42 What is a Natural Resource Damage Assessment? 
43 Nicolette et al., 2013a 
44 Attachment I 
45 Coastal Virginia OƯshore Wind site (CVOW-C) Commercial site 
46 BOEM, 2023 
47 BOEM (Bureau of Ocean Energy Management; USFWS (United States Fish and Wildlife Service); NMFS (National 
Marine Fisheries Service)  
48 BOEM, 2023 
49 BOEM, 2023 
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 Marine Mammals and Reptiles (e.g., whales, dolphins, sea turtles, seals, etc.).50 

Phases of Site Development 

As an oversimplification, there are three main phases with site development in both O&G and 
OSW. These are 1) pre-development exploration, permitting and construction, 2) operation, and 3) 
post operation planning (i.e., decommissioning) phases. Ecosystem services are generated during 
the Operational period, and depending upon potential Post Operational Reuse scenarios, 
multigenerational value can be generated.  

OƯshore Wind Net Environmental Benefit Analysis 

A preliminary NEBA-CA was conducted for demonstration purposes and focused primarily on the 
ecosystem service benefits associated with the CVOW-C array and how the benefits may change 
during Operating (50 years)51 and potential Post Operational Reuse periods (300 years)52, as 
compared to the Pre-Construction baseline condition. The analysis was preliminary and cursory 
in that the demonstration, although quantitative in parts, is based on assumptions developed 
through review of readily available public site information, scientific literature, and professional 
judgment. Where assumptions were made, they were conservative to not overestimate benefits. 
Should time and budget be permitted, a full-scale NEBA-CA could be developed for the site that 
refines the estimated metric values presented herein and evaluates both benefits and risks jointly. 
The full-scale NEBA-CA analysis would provide a transparent, objective, data-driven basis for 
decision-making, balancing both benefits and risks. 

Methodology 

The Habitat Equivalency Analysis (HEA) methodology was used to quantify the ecological habitat 
services provided by the subsea structure (Attachment I). HEA incorporates an environmental 
metric to measure changes in ecological habitat services and focuses on quantifying the area 
(e.g., acres) and level of impact over time in units typically represented as service-acre-years 
(SAYs) or service-hectare-years (SHYs).  

In preserving sensitive and diverse habitats over periods of time, ecosystem service benefits are 
expected to accrue and thus, accounting for the timing of the provision of these benefits to current 
and future generations is necessary and consistent with OMB (2024) guidance. This is done 
through discounting future benefits53. For the analysis conducted herein, both a 2% discount rate 

 
50 The specific species of marine mammals and reptiles present vary on a site-by-site basis. 
51 The CVOW-C wind farm is expected to remain for 33 years, however, for the purposes of the analysis, 50 years was 
used as it incorporates potential uncertainty as to the lifespan of the site. 
52 Although the subsea structure is projected to likely last from 500 to over 1,000 years. To be conservative, the long-
term multigenerational ecosystem service value was calculated over a 300-year time frame. 
53 The “discount rate” is known as the social rate of discount, or the social rate of time preference. In this case, the 
discount rate expresses society’s preferences for distribution between generations, with a zero-rate representing 
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as referenced by OMB (2024) and a 0% discount rate as referenced by the National Academy of 
Sciences (2005) were used for comparison purposes. The approach to quantifying the flow of 
value over time is consistent with OMB considerations of intergenerational value. 

Case Demonstration 

The preliminary case example is associated with the construction and installation on the Outer 
Continental Shelf (OCS) of a wind farm (CVOW-C) containing 176 wind turbine monopiles and 3 
offshore substations (OSSs)54. For demonstration purposes, the focus was on comparing 
projected changes in select ecological and socioeconomic benefits of the CVOW-C site at the 
Pre-Development baseline, Operating period (50 years55), and potential Post Operational Reuse 
period (300 years56). Additionally, the case example herein focused only on the non-buried 
offshore subsea structures (wind turbine monopiles and offshore substations) and thus, did not 
address the offshore inter-array cable linkages57 and export cables58 nor onshore development 
components, although these aspects could be included within an expanded full-scale NEBA-CA 
analysis59. This analysis focused on benefits, not risks, although risks would be included in a full-
scale NEBA-CA. 

The following metrics were projected for demonstration purposes60: 

 Subsea Structure Surface Area: Consisting of steel structure and scour protection for 
monopiles61 and OSS Jackets (acres, quantified) – beneficial in that it supports benthos 
colonization and initiates the artificial reef effect. 

 
equal weights for all generations, and a positive rate implying less weight to future generations. If the availability of 
resources becomes limited or scarce in the future, the discount rate could go negative. There is no compelling 
reason for the discount rate to be positive; the value of the discount rate reflects the relative valuations that are 
placed on present and future generations. If one is convinced that future generations should be valued less than 
present generations, then a positive discount rate should be chosen; otherwise, this rate should be zero (National 
Academy of Sciences, 2005). 
54 Publicly available data were used. 
55 The CVOW-C wind farm is expected to remain for 33 years, however, for the purposes of the analysis, 50 years was 
used. 
56 The Post Operational Reuse period assumes that an alternative reuse scenario retains the subsea structure (300-
year time frame). This is conservative as the subsea structure is expected to last over 500 to 1,000+ years. 
57 Inter array cable burial depth: 3.3 to 9.8 ft (1 to 3 m) beneath the seabed 
58 OƯshore export cable burial depth: 4.9 to 16.4 ft (1.5 to 5 m) beneath the seabed 
59 The purpose of this preliminary NEBA was to only demonstrate the benefits that are likely to develop associated 
with OSW subsea structure. 
60 All metrics will require some level of refinement, those denoted as “estimated relative value” will require a greater 
level of refinement.   
61 Scour protection was not included in surface area estimates of the OSSs  
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 Ecological Habitat Service Value [services provided per acre per year (SAYs62,  quantified) 
of hard substrate63, and associated halo areas (quantified, using HEA, Attachment I]. 
Ecological habitat service value represents the habitat value (including benthos, fish, etc. 
as a unit functioning together) associated with the structure incorporating the: 

o Surface area of steel structure, 
o Surface area of the cuttings pile habitat, and 
o Halo area.  

Subsea structure surface area (i.e., artificial reef habitat), including scour protection 
habitat and halo areas, were assumed to serve as a surrogate for habitat quality.  Thus, 
changes in the availability of subsea structure can relate to changes in fish/benthic 
biomass and abundance, etc.  
 

 Secondary Fish Production (g * m -2 * y -1): New biomass generated by growth and 
reproduction (estimated relative value). 
 

 Carbon Storage and Sequestration (CO2) – Reefs play a critical role in carbon 
sequestration. Carbon sequestration is the process by which carbon dioxide (CO2) is 
removed from the atmosphere and stored in natural reservoirs. Reefs, man-made or 
natural, can sequester or capture carbon64 (estimated relative value). 

 

 Commercial Fisheries ($) – value of the commercial fisheries associated with habitat 
changes (estimated relative value). 

 

 Recreational Fisheries ($) – value of the recreational fishery associated with habitat 
changes (estimated relative value). 

 

 Human Passive Use Values - e.g., existence and bequest values associated with habitat 
changes (estimated relative value). 

  

Structural habitat surface areas (steel, scour protection, and halo areas) were quantified and 
provided data for quantifying Ecological Habitat Service Value in an environmental metric 
(discounted SAYs, or dSAYs). All other metrics were estimated based upon available scientific 
literature, assumptions, and professional judgement. Quantification of all metrics (beneficial and 
detrimental) would typically be conducted and refined in a full-scale NEBA-CA. However, although 

 
62 Using HEA, Attachment I. An environmental metric representing the value of a habitat in terms of the amount and 
quality of habitat provided per unit area (i.e., hectare) over time (i.e., per year) (also see Nicolette 2013 a, b). 
63 Changes in fish abundance and/or biomass are correlated with changes in the amount and quality of hard habitat 
structure. As such, changes in hard structure surface area, including cuttings pile habitat and structure volume (for 
the jacket) can be viewed as a surrogate for changes in fish biomass and abundance.   
64 Enbridge, 2023. Reef-based carbon sequestration study. Reef-based carbon sequestration study delivering 
‘encouraging results’ - Enbridge Inc. Accessed 1/25/2025. The project is being managed by the Friends of RGV Reef, 
a non-profit group that created the reef in 2017, and University of Texas Rio Grande Valley (UTRGV). 
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a preliminary analysis, the general trends in ecosystem service benefits identified in this report 
are consistent with the ecosystem service benefits observed from O&G and OSW subsea 
structures across the world. 

Results: Operational Period Versus Pre-Development Baseline Ecosystem Habitat Services 

Based on the preliminary analysis, a comparison of the Pre-Development baseline compared to 
an estimated Operational period (50 Years) is provided in Figure ES-3. In Figure ES-3, the results 
are presented based on the 2% discount rate. Visually, compare the baseline bars to the 
Operational period bars in the chart65. The greater the bars, the greater the benefits. In Figure ES-
3, each individual metric from each period is proportional to each other. This displays the relative 
change in each metric from the Pre-Development baseline as compared to its matching metric 
from the Operating period.  The diƯerence in the size of the bars from each period in Figure ES-3, 
when compared, reflects the change in benefits from the baseline condition. As shown, although 
preliminary, increases are likely in all beneficial metrics examined. The largest increases were 
projected for secondary fish production and carbon storage (each over 900% increase66), and 
overall ecological habitat services (240%). Recreational fishing in the area was projected to 
significantly increase (51%) while the value of commercial fishing in the area was projected to 
increase by about 15%, primarily due to fishing within the array area as the habitat evolves. The 
net ecosystem service gain is presented in Figure ES-4. 

Results: Operational Period Compared to Post Operation Reuse Management Period 

As expected, a scenario where a Post Operation Reuse scenario (i.e., select subsea structure 
managed in-place as part of the decommissioning decision) is incorporated, there is the potential 
to generate significant benefits beyond the Operational phase (ES-5). As shown in ES-5, the 
diƯerence in ecosystem service value is 556% greater with the Post Operational Reuse scenario 
(300 yrs with the 0% discount rate) as compared to the Operating period (50 years) with the 0% 
discount rate. If one is convinced that future generations should be valued less than present 
generations, then a positive (i.e. 2%) discount rate should be chosen; otherwise, this rate should 
be zero (National Academy of Sciences, 2005). It becomes readily apparent that consideration of 
potential reuse scenarios67 should be considered when determining the future of subsea structure 
as these decisions can impact (positively or negatively), future generations. Commercial fishing 
was projected to have the lowest potential gain. 

 

 

 
65 See Section 9.3.6.1. re Graphical Analysis and Understanding 
66 Carbon storage in this case, is directly linked to fish biomass. 
67 These would contribute for centuries into the future, generating significant ecosystem service value for the public. 
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Figure ES-3. Comparison of ecosystem service metrics projected between the Pre-Development baseline 
and the Operating period. 

 

Figure ES-4. Results of the preliminary NEBA-CA analysis projects the net gain in benefits (i.e., value) 
associated with the presence of the hard structure over the 50-year Operating period (i.e., the net change 

in beneficial value by metric). 
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Figure ES-5. Comparison of projected ecological services value by discount rate (Operating period versus 
potential Post Operational Reuse period). 

Net Ecosystem Service Value 

For demonstration purposes, the net ecosystem service value for the CVOW-C oƯshore subsea 
array was estimated based on the hectares of the various habitat types evaluated.  Keep in mind 
that metric projections are cursory at this point, and that additional work is needed to refine metric 
values. However, a key purpose of the analysis is to put in perspective the potential types and 
magnitude of the ecosystem service values associated with OSW array subsea structure as well 
as the eƯect that discounting has on the values.  

Based on the cursory valuation analysis and the assumptions made, the ecosystem service value 
for the various habitat compartments can range from millions to billions of $ in value (Table ES-1). 
For the CVOW-C area, the potential Post Operational Reuse period (0% discount rate)68 value was 
estimated in the billions. These values represent the value added (i.e., unintended net gain) from 
the placement of the subsea structure, closely mimicking the benefits that O&G subsea 
structures create.  

 

 
68 The 0% discount rate was used as it was deemed appropriate in the consideration of multigenerational value. 
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Table ES-1. Cursory Valuation Analysis: Net ecosystem service value associated with the CVOW-C 
subsea structure. 

 

Summary 

Oceans provide trillions of dollars in ecosystem service benefits to society globally. OSW and 
oƯshore O&G energy development share common bonds in the process of extracting energy 
oƯshore. Recent worldwide scientific evidence has demonstrated that they both can generate 
significant environmental and socioeconomic value (i.e., ecosystem services, in billions of $) to 
the public. As such, OSW and O&G have become gatekeepers for some of the most diverse and 
productive habitats in our oceans. 

OSW and O&G facilities place subsea structure in the oceans to support the extraction of energy.  
It just so happens that this subsea structure serves as a substrate that, over time, acts as artificial 
reef habitat. Although an unintended outcome, the beneficial eƯects of OSW subsea structure are 
like those associated with O&G subsea structure. The ecosystem service benefits provided by 
both OSW and O&G subsea structure are two sides of the same coin, the benefits can include, but 
are not limited to:  

 Fish production and refuge,  
 Marine mammal feeding areas,  
 Protected species habitat and feeding areas,  
 Biological connectivity,  
 Active human use value (e.g., commercial and recreational fishing value),  
 Passive human use value (e.g., existence and bequest value),  
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 Carbon storage and sequestration value, and  
 The ability of the ecosystem to serve as sanctuaries to protect benthos, fish stocks, 

ecosystem diversity, and species of special significance.  

The ecosystem service value generated by these subsea structures worldwide are associated with 
both the increased diversity associated with the artificial habitat created, and the time frame 
(decades, centuries) over which the flow of these services can be provided, given the lifespan and 
management of the structure. Not only will these subsea structures generate ecosystem service 
value during their Operational period (50 years), but these services can also be provided for 
centuries. Thus, balancing the risks and benefits, (i.e., trade-oƯs) associated with short and long-
term management options of OSW and O&G subsea structure is critical in determining the best 
path forward when managing ecosystem service benefits for a given site, and the public. 

The analysis was preliminary in that the demonstration is based on limited metric quantification 
whereby several metric values were based upon assumptions developed through review of readily 
available site information, scientific literature, and professional judgment.  Where assumptions 
were made, they were conservative to not overestimate benefits. Although a preliminary and 
cursory analysis, the general trends in ecosystem service benefits identified in this report are 
consistent with the ecosystem service benefits observed from O&G subsea structures across the 
world. 

A full-scale NEBA-CA could be expanded for the site that evaluates both benefits and risks jointly. 
Incorporating site specific ecological, social, and economic data into the analysis would serve to 
develop a complete picture of the ecological and socioeconomic benefits and risk tradeoƯs 
associated with an oƯshore wind farm. These data will also help refine the understanding of OSW 
long-term benefits to the public, coastal communities, marine life and national security. The 
NEBA-CA approach would provide for a transparent, objective, and scientifically defendable basis 
for decision-making. 

O&G gas fields oƯshore generally last for a limited time frame (e.g., 20-50 years), before their 
production decreases. Thus, O&G needs to identify and move to new locations (i.e., oil fields) to 
find the resource. However, wind energy does not have a time limit for their resources, thus, their 
operational facilities could be in place longer at one location compared to Oil & Gas (hence the 
renewable part). 

For the CVOW-C area, based on the cursory valuation analysis, the Operational period ecosystem 
service value was in the hundreds of millions ($), and potential Post Operational Reuse period 
ecosystem service value was estimated in the billions ($). These values represent the value added 
(i.e., unintended net gain) associated with the subsea structure of the CVOW-C monopiles and 
oƯshore substations within the array area. Regardless of the intended purpose, these “ecosystem 
service” benefits can be substantial and appear to far outweigh potential risks.  
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1 Introduction 
The construction and operation of oƯshore wind (OSW) facilities closely parallels the 
development of oƯshore oil & gas (O&G) facilities (a cornerstone of energy development in 
our oceans over the past century). These parallels are discussed throughout this document 
and present, through a preliminary and cursory case example, environmental and 
socioeconomic “unintended” benefits that both OSW and O&G provide to the public. 

The emergence of oƯshore wind energy development in the United States as an important 
renewable energy source has grown in recent years. As an example, lawmakers in 
Connecticut, Maine, Maryland, Massachusetts, New York, Rhode Island and Virginia have 
established mandates requiring their states to produce certain amounts of oƯshore wind 
power in the coming years. Leases are in place from Massachusetts to North Carolina, with 
further lease sales projected to occur in the future. Other states have passed laws to allow 
for oƯshore wind to be added to their grids or set nonbinding planning targets to prepare for 
the industry’s development.  

Recent oƯshore wind projects include the Block Island oƯshore Wind Farm oƯ Block Island, 
Rhode Island, that was completed in 2016 with the installation of five turbines. Most 
recently, two pilot oƯshore wind turbines were constructed in 2020 oƯ the coast of Virginia 
through a partnership among the Commonwealth of Virginia (lessee), Dominion Energy 
(operator), and Ørsted (installer). This Coastal Virginia OƯshore Wind site (CVOW-C) is 
expanding to an array of 176 WTGs including three oƯshore substations with associated 
cabling systems and onshore facilities.  

OƯshore wind development, like O&G, has the potential to generate, although unintended, 
significant environmental and socioeconomic value for the United States public (billions of 
$). The National Academies of Science have stated a need to balance the environmental and 
economic benefits oƯshore wind can bring through renewable energy and job creation, while 
conserving valuable existing ocean uses (National Academies of Science, 2017).  

1.1 The OƯshore Wind and Oil & Gas Connection 
OSW and O&G facilities share several key similarities regarding their environmental 
condition. That is, it has been demonstrated that they both have the potential to provide 
significant environmental and social benefits to society.  

These beneficial eƯects arise because after construction, both O&G and OSW facilities have 
created subsea structures that, over time, act as artificial reef habitat. Artificial reef habitats 
are man-made structures placed in aquatic environments that serve as habitats or shelters 
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for marine organisms. Recent empirical scientific data across the world has documented 
that both subsea O&G and OSW artificial structure can provide significant “ecosystem 
service”69 benefits to society (Claisse et al., 2014; Brink and Dalton, 2018; Fowler and Booth, 
2018; Hutchison et al., 2020; Todd et al., 2021; McLean et al., 2022; Todd et al., 2022a; 
Nicolette et al., 2023).  

The importance of evaluating ecosystem services within decision-making was established 
by the OƯice of Management and Budget (OMB) in their recent published “Guidance for 
Assessing Changes in Environmental and Ecosystem Services in Benefit-Cost Analysis” 
(OMB, 2024)70. Ecosystem service valuation has been incorporated into U.S. Natural 
Resource Damage Assessment (NRDA) regulations in the Oil Pollution Act (OPA) since 1996 
(Nicolette, et al., 2013a). Incorporation of ecosystem services have also been adopted into 
the European Environmental Liabilities Directive (ELD) (Nicolette, 2013a).  

In the case of both O&G and OSW71, the ecosystem service benefits that have been 
generated at these sites are unintended, as the initial purpose of the subsea infrastructure 
is to support equipment used for the extraction of oil or the capture of wind energy. However, 
regardless of the intended purpose, these “ecosystem service” benefits can be substantial 
and appear to far outweigh potential risks. The ecosystem service benefits provided by both 
O&G and OSW subsea structures can include, but are not limited to: 

 Fish production and refuge,  
 Marine mammal feeding areas,  
 Protected species habitat and feeding areas,  
 Biological connectivity,  
 Active human use value (e.g., commercial and recreational fishing value)72,  
 Passive human use value (e.g., existence and bequest value)64,  

 
69 The term “Ecosystem Services” refer to the benefits people obtain from ecosystems (United Nations 
Millennium Assessment 2005).   
70 Analyzing the benefits and costs of regulatory alternatives and related decision-making often involves 
consideration of ecosystem services, or the contributions to human welfare from the environment or 
ecosystems. 
71 In discussing both O&G and OSW, the focus is on benefits associated with vertical structure such as 
platform jackets and monopiles, not pipelines and/or cabling systems buried in the sediments. Buried 
structure (unless exposed) provides little, if any, ecosystem service benefits. 
72 Existence Value is the willingness to pay for the existence of an environmental resource without on-site 
use. It can be motivated by an ecological ethic, altruism toward others or bequests to future generations. See 
Existence Value: https://www.env-econ.net/2008/06/existence-value.html. 

Bequest value is the value that people place on knowing that future generations will have the option to 
enjoy a particular environmental asset, which is usually measured by willingness to pay.  See Bequest Value: 
https://www.oxfordreference.com/view/10.1093/oi/authority.20110803095459973. 
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 Carbon storage and sequestration value, and  
 The ability of the ecosystem to serve as sanctuaries to protect benthos, fish stocks, 

ecosystem diversity, and species of special significance.  

The ecosystem service benefits described above are driven by a variety of factors associated 
with the presence of subsea structure (e.g., surface area of steel) in the sea.  General types 
of subsea structures used in both O&G and OSW development are described in Section 3, 
followed by an overview of environmental benefit considerations that can aƯect the level of 
ecosystem service value provided by O&G and OSW subsea structures.  

By way of a preliminary and cursory example, the potential net ecosystem service benefits 
(ecological and socioeconomic) that can be generated by a developing OSW facility (e.g., 
CVOW-C) can be quantified and demonstrated. Additionally, a cursory monetary valuation 
of the ecosystem services associated with the CVOW-C project is also provided. The 
ecosystem service benefits of subsea structure have already been demonstrated at O&G 
facilities across the world by site specific net environmental benefit analysis (NEBA) studies 
(i.e., NEBA, NEBA-CA) (Nicolette, et al., 2023). To this end, a NEBA-based comparative 
assessment (CA) approach (NEBA-CA) is demonstrated to further understand the benefit-
cost tradeoƯs associated with management of OSW subsea structures.  

2 OƯshore Wind Net Environmental Benefit Analysis 
A conceptual preliminary73 NEBA-CA was conducted to demonstrate the potential 
ecological and socioeconomic benefits associated with the construction, operation, and 
post operational activities associated with a large wind farm. By way of example, the analysis 
demonstrates how a NEBA-CA would assist with site management decision-making.  

2.1 About NEBA 
NEBA is a benefit-risk approach for comparing the net environmental benefits and risks 
between competing management actions. Management actions include a wide variety of 
actions that aƯect the environment, such as land/ocean development, restoration, 
remediation, conservation, and mitigation.  

The first formalized NEBA framework74 is recognized by the United States Environmental 
Protection Agency (USEPA), the USEPA Science Advisory Board (USEPA SAB), the National 

 
73 The analysis was preliminary in that the demonstration is based on limited metric quantification whereby 
several metric values were based upon assumptions developed through review of readily available site 
information, scientific literature, and professional judgment. Where assumptions were made, they were 
conservative to not overestimate benefits.    
74 Efroymson, R., Nicolette, J. and Suter, G., 2004.  
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Oceanic and Atmospheric Administration (NOAA), the International Petroleum Industry 
Environmental Conservation Association (IPIECA), the International Association of Oil & Gas 
Producers (IOGP), and the Australian Maritime Safety Authority (AMSA), among others.  

The NEBA framework was adapted to O&G subsea structure management and 
decommissioning in what is termed a NEBA-based Comparative Assessment (NEBA-CA) 
approach (Nicolette et al., 2023). NEBA-CA was originally developed to support decision-
making from project development throughout long-term management of O&G facilities, 
incorporating data from all phases of project development. NEBA-CA supports 
environmental-decision-making based on an objective, quantitative, scientifically based, 
and transparent process (Nicolette et al., 2023).  

The NEBA-CA approach, prior to this report, has not been used to evaluate benefits and risks 
associated with OSW facilities. However, although subsea structure design and layouts 
diƯer between O&G fields and OSW farm arrays, the NEBA-CA methodology is directly 
applicable to OSW development and management. NEBA-CA is directly applicable because 
the ecosystem services provided by subsea structure is not prejudicial to whom installed the 
structure. Thus, the NEBA-CA methodology can be applied to OSW, as demonstrated by this 
first ever application to OSW in a preliminary study of CVOW-C. The ecosystem services 
provided by subsea structure associated with OSW facilities closely parallels those 
associated with subsea structure of O&G facilities.  

Based upon review of readily available scientific literature for OSW, the ecosystem services 
aƯected by OSW and O&G development and operations are similar, and in both cases, can 
be quantified. The preliminary demonstration presented herein focuses on select ecosystem 
service benefit metrics and how they would likely be projected to change during Operating 
and potential Post Operational Reuse periods, as compared to the Pre-Development 
baseline condition. Risks were not addressed within the analysis, although a full scale NEBA-
CA would provide a transparent, data-driven basis for decision-making, balancing both 
benefits and risks. 

3 Subsea Structure 
Extensive research in the O&G field (Watson et al., 2023; Nicolette et al., 2023) and 
developing research in the OSW field (Brink and Dalton, 2018; Hutchison et al., 2020) has 
demonstrated that subsea structure provides valuable habitat for benthic invertebrate 
colonization that further attracts fish (including commercially and recreationally fished 
species) and other marine biota (e.g., marine mammals; Todd et al., 2022b). These habitats 
have the potential to generate significant ecosystem benefits over many generations. 
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Additionally, the presence of subsea structure and its complexity is a driving factor75 that can 
serve as a surrogate measure to understand potential changes in ecological metrics such as 
fish biomass, production, benthic biomass, etc. (Claisse et al., 2014; Nicolette et al., 2023). 
Examples of the types of subsea structure used in both O&G and OSW are presented, 
followed by a description of the relationship of subsea surface area to ecological growth and 
related socioeconomic benefits. 

3.1 OƯshore Oil & Gas Structure  
There is no question that O&G is critical to energy development globally. Growth of O&G 
production in the United States, since the late 1800’s, has led to the development of subsea 
structure foundations that has supported extraction of oil for over a century (Figure 1). 

Figure 1. Many of the earliest oƯshore oil wells were drilled from piers at Summerland in Santa 
Barbara County, California. Circa 1901 photo by G.H. Eldridge courtesy National Oceanic & 

Atmospheric Administration. Source: American Oil and Gas Historical Society accessed 
12/27/2024: https://aoghs.org/oƯshore-history/oƯshore-oil-history/. 

 

Having been used for over 100 years, these types of structures come in a variety of shapes 
and sizes (Figure 2). Common types of fixed jackets (a and b in Figure 2) are composed 
primarily of steel, and typically used in shallower water76 where the base of the jacket is 1) 

 
75 For the same reason natural reef coral hard structure habitat is important for our oceans. 
76 Typically, less than 200 m water depth. 
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directly secured (fixed) to the sea floor with one (e.g., monopile) or more legs that penetrate 
the sediment to provide a secure foundation for operations, or 2) are gravity-based  
structures that are weighted to stabilize the structure on the sea floor. These structures also 
have a variety of cross members that provide structure stabilization and add additional hard 
surface area and complexity for colonizing benthic invertebrates (a and b in Figure 2).  

In deeper water, floating foundations are used (c – f, Figure 2) but tend to be less ecologically 
productive due to less hard subsea structure connected to the seabed. O&G structure 
typically will have an exclusion zone (500m) around the structure, limiting vessel and fishing 
practices. 

 

Figure 2: Types of oil & gas foundations. Source:  https://www.researchgate.net/figure/OƯshore-
Oil-Gas-Platforms-a-fixed-b-compliant-c-Tension-leg-d-Spar-e_fig5_344333885 

 

3.2 OƯshore Wind Energy Structure 
OSW development is aimed at increasing the amount and availability of renewable clean 
energy to consumers, and to oƯer substantial economic and environmental benefits to the 
public.  As mentioned earlier, in demonstrating the environmental benefits of OSW structure, 
the CVOW-C array oƯ the coast of Virginia was used as a template for the demonstrative 
analysis.  

OSW is focused on the development of energy using an array of wind turbines, with 
foundations connected to the sea floor, to generate electricity. Like O&G, OSW turbine 
foundations come in a variety of shapes and sizes (Figure 3). The jacket, suction bucket, and 
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monopile types, similar to those used in O&G, provide the most surface area contiguous with 
the sea bottom when compared to the floating foundations typically used at deeper depths.   

As described in the previous section, given their exclusion zones, O&G structures can 
function like de facto marine protected areas (MPA’s). OSW, however; allows greater 
flexibility regarding fishing and vessel access around structures when compared to O&G 
restrictions. The level to which OSW restrictions aƯect protection for marine biota would be 
a case-by-case analysis depending upon the array, restrictions, location, etc.  

The subsea structure provided by these foundations serves as a launching point from which 
ecological communities can colonize and thrive. The environmental benefit considerations 
associated with these structures are presented in the following section.  

 

Figure 3: Types of wind turbine foundations. Source: All About OƯshore Wind Turbine Foundations. 
Accessed 12/27/2024. 

4 Ecological and Economic Benefit Considerations 
Empirical scientific data has documented that subsea structure provides significant 
ecological and socioeconomic benefits to the public. The value to the United States public 
is in the trillions of dollars (Costanza et al., 2014; Rivera, 2020; Brander, 2024). 
Considerations regarding the close linkage and parallels between OSW and O&G ecosystem 
service benefit generation are described in the following sections.   
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4.1 Why Are Subsea Structures and Associated Habitats Beneficial?  
To understand the ecosystem service value of subsea structure, it is important to understand 
natural and artificial reef development. 

4.1.1 Natural Reefs 

Reef habitats [manmade, natural (e.g., coral, rocky)], are among the most productive and 
diverse marine environments, largely contributing to the functioning of much wider 
ecosystems that comprise vast volumes of marine space (Fowler et al., 2018; Boero et al., 
2019) and are, therefore, critical for the provision of goods and services by the ocean.  

Though natural shallow water tropical coral reefs are best known, there are also deep-water 
reef-forming corals (e.g., Lophelia pertusa, a cold-water coral in the North Sea), which live in 
colder water and in temperate seas. Additionally, rocky reefs are also present in shallow and 
deep-water environments. Reefs play a critical role for coastal communities, preventing 
coastal erosion, and protecting coastlines from hurricane damage. Coral habitats are 
estimated to provide ecosystem services worth an estimated $11 trillion dollars annually by 
protecting coasts, sustaining fisheries, generating tourism, and creating jobs (Rivera et al., 
2020). Coral reef tourism (one component of the ecosystem service value) is calculated to 
be worth some US $35.8 billion dollars globally every year (Spalding, et al., 2017).  

Natural reefs are in peril because of local and global causes. These pressures include, but 
are not limited to, ocean acidification, bleaching events, overfishing/demersal trawling, 
agricultural waste, nutrient pollution, rising temperatures, and physical interaction with 
humans through abusive tourism practices. The consequence of these pressures is that reef 
habitat, and its associated ecosystem service value, declines. As an example, the continued 
loss of coral reef habitat can represent a significant economic cost to many countries around 
the world, including the United States (Rivera et al., 2020). 

Lastly, natural reefs can sequester or capture carbon. The combination of the reefs 
structure, the sediment, and the biomass, fish and other marine life in the water column, is 
indeed capturing or trapping CO2, a known greenhouse gas, in significant proportions 
(Enbridge, 2023). 

4.1.2 Artificial Reef Habitat 

Subsea structure associated with OSW and O&G provides a hard substrate for artificial reef 
habitat development when natural reef habitat is declining in our oceans (Rivera et al., 2020). 
The artificial reef created by OSW and O&G subsea structure thus, can provide beneficial 
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ecological and socioeconomic service value. The submerged components77 of OSW arrays 
(e.g., monopiles) and O&G subsea structures (e.g., platform jackets) act as artificial reefs, 
providing a hard substrate that eƯectively enhances ecological complexity in soft-sediment 
systems resulting in higher species diversity, more trophic connections per species and a 
diƯerent ecological community composition than the surrounding sediment (Witte, et al., 
2024). While acknowledging that the footprints of these structures may result in the loss of 
soft bottom habitat, soft bottom habitat is overly abundant in the ocean. Therefore, any loss 
of soft bottom habitat can be considered as negligible. The focus of this evaluation is on how 
the artificial reefs established by OSW and O&G subsea structure aƯects ecosystem 
structure and functioning. Artificial reefs, like natural reefs, can also sequester or capture 
carbon in significant proportions (Enbridge, 2023). 

4.1.2.1 Identical Response of OSW and O&G Subsea Structure  

Identical to the ecological response of subsea O&G structure, Degraer et.al., (2020) 
discusses the ecological structure and functioning regarding OSW farm subsea structure: 

“Structurally, the ecological response begins with high diversity and biomass in the flora and 
fauna that gradually colonize the complex hard substrate habitat. The species may include 
nonindigenous ones that are extending their spatial distributions and/or strengthening 
populations, locally rare species (e.g., hard substrate-associated fish), and habitat-forming 
species that further increase habitat complexity. Functionally, the response begins with 
dominant suspension feeders that filter organic matter from the water column. Their fecal 
deposits alter the surrounding seafloor communities by locally increasing food availability, 
and higher trophic levels (fish, birds, marine mammals) also profit from locally increased 
food availability and/or shelter. The structural and functional eƯects extend in space and 
time, impacting species diƯerently throughout their life cycles.” 

Artificial subsea structure provides a substrate from which an artificial reef can develop, 
most simply defined as the use of man-made structures to promote marine life. OƯshore 
installations can function as artificial reefs, and their three-dimensional structure is 
eƯective in aggregating benthic, demersal, and pelagic fish (Stanley and Wilson, 1991), 
along with a great diversity of other marine life. The phrase “Rigs to Reefs” (RTR) has been 
adopted when this concept is applied to oƯshore structures, such as O&G platforms. This 
practice has been implemented in the United States, Brunei, Australia, Gulf of Thailand, and 
Malaysia. Generally, artificial reefs are restricted to the sea floor; however, oƯshore subsea 
structure is unique in that it extends throughout the water column. There is growing evidence 
that marine life thrives in and around O&G and OSW subsea structures. Approximately 10% 

 
77 The potential benefits and risks associated with above-sea level components should be considered and 
included in a full-scale NEBA-CA. 
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of all platform jackets removed in the Gulf of America (GOA) have been converted into 
artificial reefs as of September 2012 (BSEE, 2015). Conversion of O&G structure to reef 
habitat is an ongoing program in the GOA. Research conducted by Texas A&M University 
Corpus Christi has shown “that decommissioned O&G structures converted to artificial 
reefs are supporting a high abundance of diverse fish assemblages within the Gulf of 
Mexico78,” including commercial species such as red snapper populations that might not 
otherwise live in those areas (Texas A&M, 2013).  

Recent studies have shown that O&G platforms produce fish at a rate that exceeds even the 
most productive marine habitats. In Claisse et al. (2014a), researchers found that secondary 
production of fish was greater at O&G platforms oƯ the coast of California than in any other 
marine habitat that has been studied, natural or otherwise (Table 1). The high level of 
heterotrophic growth per area of the seafloor is due to the large amount of habitat provided 
by the structural surface area of the subsea structure, a ratio that may even increase when 
using subsea structures as artificial reefs (Claisse et al., 2014a).  

4.2 CVOW-P Monopile Images 
O&G and OSW subsea structures are typically colonized by benthic invertebrates relatively 
quickly (within months) and benthic growth matures quickly. There is close to 100% coverage 
of a CVOW-P monopile (in less than 1 and ½ years of installation) by benthic invertebrates 
(Figure 4).  These monopiles have also attracted a variety of fish species.   

4.2.1.1 Ecosystem Service Value Capture 

Because of the specific environmental requirements for deep-sea corals, natural deep-sea 
reefs are usually relegated to the upper reaches of the continental slope and on oƯshore 
ridges, plateaus, banks, and seamounts (Rogers, 2004); however, use of decommissioned 
deep-sea structures provides a unique opportunity for creating new habitat in areas that are 
not typically or very sparsely populated with natural reefs. Specifically, deep-sea artificial 
reefs are likely to increase ecological connectivity, which in turn may result in reduced 
“genetic homogeneity and reduced opportunity for allopatric speciation (when biological 
populations of the same species become isolated as a result of geographical changes), 
because subsea structures may remove isolating barriers to long-range dispersal” 
(Macreadie et al., 2011). 

Use of O&G structures scheduled to be removed could be converted to artificial reefs. This 
is an ideal solution for maintaining and enhancing their current productivity while reducing 
adverse environmental eƯects associated with their removal, thus combating the decline of 

 
78 i.e., the Gulf of America 
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natural reef habitat and providing fish stock protection where natural reefs are declining. This 
concept would also apply to decommissioning OSW structures. 

 

Table 1. Estimates of secondary production of fishes from various marine ecosystems (source 
Claisse et al., 2014a). 
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Figure 4.  Images of marine growth at CVOW-P monopile (Source: Dominion Energy Video, see 
reference section). 
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4.3 Benthic Colonization and Halo EƯect Area 
Although O&G and OSW focus on the development of diƯerent energy types, the ecological 
communities that colonize these structures are similar. The presence of subsea structure is 
known to enhance surrounding benthic communities, by altering flow patterns and 
subsequent deposition of organic matter (Wolfson et al. 1979). The increased input of 
organic matter to the benthic community, creates a “halo”79 eƯect surrounding the 
structure(s), resulting in an eƯected area that can be 15 times larger than the structure (O&G 
study) by itself (Reeds et al. 2018).  

For the CVOW site, this colonization process is briefly described in DES (2023) as follows 
“Novel underwater surfaces would rapidly be colonized by encrusting and attaching 
organisms, which would create biogenic habitat for structure-associated species. Benthic 
areas surrounding WTG80 foundations would be enriched by littoral fall from these 
communities; discarded shells would serve as another form of hard substrate oƯering refuge 
for small mobile organisms”. 

At the Block Island Wind Farm (Rhode Island), within four years, changes in benthic habitats 
were observed within the 90m range of the study site and clearly linked to the mussel-
dominated colonization of the structures, which also hosted numerous indigenous species 
(Hutchison et al., 2020). Overall, for the Block Island Wind Farm structure, the new structural 
habitat gained exceeded the seabed habitat lost in terms of spatial extent (Hutchison et al, 
2020).  

“Halo” areas in shallower water environments can be found at large distances from the 
subsea structures (e.g., jackets, monopiles) and while these distances are not known for 
deep water environments, an area of altered habitat that is two–to-four times the area of the 
structure is not unlikely. Thus, actions81 that aƯect subsea structures, and their “reef” 
inhabitants, will not only directly impact the developed reef communities but will also 
influence the altered benthic communities adjacent to the artificial reef that had been 
created by that subsea structure. 

One major mechanism enhancing the benthic condition near, around, and under subsea 
structure is increased settlement of shell debris that forms from organisms, such as 
mussels, falling oƯ the upper parts of vertical structure (typically from the upper 26 m). This 
debris can create “shell mounds”, a shell hash habitat, around and under the jacket or 

 
79 Also known of as a “shadow” or “umbrella” eƯect. 
80 Wind Turbine Generator (WTG) 
81 Such as removal, or partial removal, during decommissioning. 
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monopile. The high density of the shell hash habitat along the ocean floor near O&G jackets82 
supports an enhanced benthic community, consisting of large numbers of sea stars 
(Wolfson et al. 1979). Shell hash habitats are considered moderately productive fish 
habitats, similar to or more productive than natural rocky reefs at comparable depths 
(Claisse et al., 2015). The shell hash habitat provides valuable hard-bottom habitat capable 
of supporting a plethora of marine organisms (Gala et al., 2008) and food resources to 
benthos living under the around the structure (Bomkamp et al., 2004).  

Shell mounds have also been demonstrated to eƯectively entomb drill cuttings (and 
associated contaminants, if any), from the surrounding environment (Gala et al., 2008). OSW 
monopiles would be expected to create similar shell hash habitats near and around their 
base over the scour protection area. At the Block Island Wind Farm, at Turbine 1, mussel 
aggregations estimated to be up to 50 cm deep developed on the seabed and foundation 
grate (Hutchison et al., 2020).   

A depiction of a vertical structure, the shell hash layer, halo area, and exclusion zone (if 
active) is presented for a subsea jacket in Figures 5 and 6 (side view and top-down view), 
respectively. 

 

Figure 5: Illustration of shell hash and vertical structure habitat supporting the generation of 
biological growth in the area. 

 
82 The same phenomena also applies to OSW monopiles. 
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 Figure 6: Illustration of shell hash and “halo” habitat area near vertical structure. 

4.4 Fish Production Versus Aggregation  
Whether artificial reefs produce biomass, or only attract fish from natural zones, has been 
strongly debated. However, given the recent empirical science regarding artificial structures 
and biological production, it can be concluded that artificial structures do support fish 
production and do not just aggregate fish. Thus, the biological condition on and around 
artificial reefs is likely a combination of both. 

OƯshore structures are known to support a variety of fish species. For many years it was 
assumed that subsea structures were merely attracting fish from the surrounding areas and 
aggregating them around the structures. This “aggregation theory” states that fish are drawn 
to subsea structures for shelter and/or food and that there is no net gain in regional fish 
population size associated with the structures (Bohnsack, 1989). In other words, the fish 
population size remains the same and only the spatial distribution of population changes. 
Based upon the developing science, this is unlikely. 

There is growing evidence to indicate that oƯshore structures operate as centres of fish 
production (Claisse et al., 2014a, 2014b, 2019; Fowler & Booth, 2012; Cresson et al., 2014; 
Fowler et al., 2015; Love et al., 2006, 2012, 2019; Todd et al., 2018) whereby “new biomass” 
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is being generated at the site and population sizes are enhanced by the presence of the 
structures. In fact, recent research indicates that O&G platforms oƯ the coast of California 
have the highest secondary fish production of any marine habitat that has been studied 
(Claisse et al., 2014a, 2014b).  

High rates of fish production on the California platforms are attributed to high levels of larval 
and pelagic juvenile settlement and subsequent growth of fish, primarily rockfishes 
(Sebastes spp.), associated with the substantial amount of complex hard substrata created 
by the jacket structure throughout the water column. Elsewhere it has been confirmed that 
oƯshore artificial structures sustain populations of reef associated fish species from 
recently settled juveniles through to adults (Fowler & Booth, 2012). Richness, diversity and 
abundance of the fish community, including economically important species such as 
pollock and cod, is higher near artificial oƯshore structures (Fabi et al. 2004, Guerin 2009, 
Andersson & Öhman 2010, van Hal et al. 2017).   

In the above referenced California study, the secondary productivity of fish at soft bottom 
habitat locations were compared to the secondary productivity of fish associated with O&G 
platform jackets Claisse et al. (2014a, 2014b) (Table 1). The secondary fish production of the 
O&G structure ranged from about 18 to 150 times greater than that of soft-bottom habitat 
(Table 1). Although the abundance and biomass may be higher in shallow water areas, deep 
water habitats would likely demonstrate similar productivity ratios when comparing deep 
water soft bottom habitats to deep water hard bottom habitats (Claisse et al., 2014a, 2014b). 

Aside from secondary fish production (i.e., biomass), reproductive output can also serve as 
an important metric to assess the value of a marine habitat. Reproductive potential 
combines fish densities, size at maturity, and the exponential increase of fecundity with 
body length (Claisse et al., 2019). Claisse et al. (2019) identified 17 fish species (15 
rockfishes Sebastes spp.) that have potential reproductive output densities (no. eggs m−2) on 
individual platforms that were tens to hundreds of times their average on natural reefs in the 
study area. These extreme values were typically observed in platform base habitats and 
likely result from the combined eƯects of high levels of fish recruitment to midwater platform 
habitats, relatively low fishing activity on these structures, and ontogenetic habitat use 
(depth-specific) patterns (Claisse et al., 2019). Love et al. (2006, 2012, 2019) found that 
platform jackets consistently harbour extremely large numbers of young-of-the-year 
recruiting83 fishes and likely serve a nursery function (Love et al., 2012). 

Additionally, for non-fish species, it is acknowledged that because organisms with relatively 
immobile adult life stages, including many marine invertebrates, cannot be “attracted” to 

 
83 In fish life stages, the term recruitment refers to the process of small, young fish transitioning to an older, 
larger life stage.  
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artificial reefs, the colonization and growth of such organisms will likely represent biomass 
production to some degree (Macreadie et al., 2011). 

As described earlier, Claisse et al., (2014b) extended this idea, demonstrating that 
secondary fish production can be used to provide a measure of the productive capacity and 
economic value of specific habitats within an ecosystem. OSW monopiles would likely react 
similarly to O&G structure. 

In a 2014 study conducted by Cresson et al., using stable isotope ratios to elucidate the 
trophic organization of the largest Mediterranean artificial reef system, the authors 
demonstrated that the studied artificial reefs eƯectively support biomass production, as 
invertebrate species directly depended on locally produced organic matter. Organic matter 
of pelagic origin was the main source of matter due to the predominance of filter-feeder 
organisms on the artificial reefs, while benthic primary production was of secondary 
importance. Isotopic ratios of fish confirmed the importance of artificial reefs as a food 
supplier. Their position in the trophic network was consistent with the hypothesis proposing 
the eƯective ability of artificial reefs to increase fish biomass through production 
mechanisms. 

4.4.1 Consequences 

The management of the ecosystems that have developed around these subsea structures 
can have unintended consequences. Studies on the benefits of leaving subsea structure in-
place indicate that partially removed subsea structures are expected to retain greater than 
75% of fish biomass compared to complete removal, and if the seafloor habitat surrounding 
the base of partially removed jackets is augmented with additional structure (e.g., 
placement of partially removed jacket superstructure, rock boulders, etc.), additional 
positive impacts on production are expected, potentially mitigating reductions associated 
with removing structure from the upper water column (Claisse et al., 2014b). In contrast, any 
productivity associated with the presence of subsea structure is completely lost if the 
structure is fully removed. 

Based on the above information, secondary fish production (e.g., biomass) and fish 
reproductive potential can be important metrics in evaluating the productivity of subsea 
structure and should be considered on a case-by-case basis.  As the scientific data have 
demonstrated, the protection of O&G subsea structure and its surrounding area from 
invasive fishing techniques (e.g., bottom trawling), and the high potential productivity, 
including the presence young-of-the-year recruiting84 fishes around the structures (serving 

 
84 In fish life stages, the term recruitment refers to the process of small, young fish transitioning to an older, 
larger life stage.  
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as a nursery function) can provide valuable stock recruitment and protection value for 
generations of recreational and commercial fisherman. Further evaluation of the 
relationship of OSW wind structure to fish stock recruitment and protection value is 
warranted.   

4.5 Utilization by Larger Marine Species  
The artificial reef aspects of oƯshore O&G and OSW subsea structure are well known for 
providing substrate for the growth of sessile invertebrates and supporting fish populations. 
Published literature, also indicates that larger marine species may utilize oƯshore O&G 
infrastructure as shelter or resting areas and/or actively hunt for prey that are associated 
with subsea structure. Large predatory fish species are known to occur around oƯshore 
platforms and pipelines but the presence of marine mammals interacting with oƯshore 
structures is becoming more well known. 

Studies on the foraging behaviour of harbour porpoises (Phocoena phocoena) in the North 
Sea indicate that these marine mammals feed around oƯshore platforms (Todd et al., 2009). 
Passive acoustic monitoring (PAM) of porpoise echolocation “clicks” indicates a high level of 
feeding below or around platforms, particularly at night. Visual and acoustic observations 
indicate that porpoises are present year-round near exploration/drilling rigs and oil/gas 
platforms in remote areas of the open North Sea (Todd et al., 2009). Diel patterns in fish 
schooling behaviour have been shown around installations, with demersal fish spreading 
throughout the water column and higher fish density apparent at night, thus influencing the 
higher porpoise activity recorded (Todd et al., 2009).  

Additionally, Delefosse et al. (2017) undertook observations directly from 25 O&G 
installations within the Dutch sector of the North Sea, recording 131 visual sightings of 288 
individual marine mammals over a three-year period. Harbour porpoise was the most 
sighted species (41% of sightings), followed by minke whales (31% of sightings).  

Triossi et al. (2013) investigated the presence of bottlenose dolphins within the Adriatic Sea 
using boat-based line-transect surveys over a two-year period. The study detected 
bottlenose dolphins on 36% of surveys, with highest abundances observed within 750 m of 
platforms. Documented behaviours included milling and feeding, suggesting bottlenose 
dolphins might target the platforms as predictable feeding sites.  

Australian fur seals (Arctocephalus pusillus doriferus) in the Bass Strait (Australia) use 
floating structures as haul-out areas for resting between feeding dives and they have also 
been recorded swimming along subsea pipelines and energy cables in their search for prey 
(Arnould et al., 2015). Recent data from animal-borne video cameras revealed individuals 
hunting near pipelines and O&G infrastructure, with 72% of the individual seals tracked via 
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global positioning and video being recorded spending time near subsea structures with 35% 
of fur seals foraging near more than one type of subsea structure (Arnould et al., 2015). 

Similar use of OSW arrays has been documented for harbour, grey and common seals in 
European waters (Russell et al., 2014, Figures 7 and 8). California sea lions (Zalophus 
californianus) have also been observed to frequent O&G installations regularly and have 
been reported nursing in these locations (Orr et al., 2017). 

Figure 7. The tracks of a harbour seal around Alpha Ventus windfarm (Source Russell et al, 2014). 
The individuals appear to forage at all 12 turbines. 

Figure 8. Tracking of four of thirteen trips of a harbour seal to Sheringham Shoal (Source Russell 
et al, 2014; Supplemental Material). 
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Study results, such as those described above, suggest that “subsea structures may function 
as important de facto artificial reefs for some individuals in an otherwise seemingly barren 
benthic seascape” and O&G and OSW structures may represent important foraging sites for 
marine mammals “whose habitats have been degraded by decades of commercial fishing 
activity” (Arnould et al., 2015). Given the plethora of aquatic life developed around subsea 
structure, and the potential protection the structure aƯords to marine mammals and 
threatened and endangered species, etc., significant passive use value (existence and 
bequest) can also be generated for the United States public and worldwide. 

4.5.1 Whales 

Potential impacts to whales associated with oƯshore O&G and OSW development are a 
prominent concern to the public. The species of whale(s) potentially impacted will be based 
upon the location of the oƯshore development. For example, in regard to the Block Island 
OSW farm, the North Atlantic right whale (NARW) was identified as a species of concern. The 
NARW is one of the world’s most endangered large whale species, with a current population 
of about 370 individuals85. The NARW is migratory, moving seasonally to feed or give birth. In 
northern spring, summer and autumn, they feed in areas oƯ the Canadian and northeast 
United States coasts, in a range stretching from New York to Newfoundland. In winter, they 
head south towards Georgia and Florida to give birth. Right whales are baleen whales, 
feeding on copepods (tiny crustaceans), and other zooplankton (krill, larval barnacles, and 
pelagic sea snails and slugs).  These food sources are planktonic (living in the water column) 
and thus, the NARW feeds by straining huge volumes of ocean water through their baleen 
plates, which act like a sieve. The NARW can migrate through or near the general CVOW-C 
area from November to April. 

4.5.1.1 Threats to the NARW  

4.5.1.1.1 Vessel Strikes and Entanglement 

Current scientific data indicates that the two leading causes of mortality, severe injury, and 
morbidity (sublethal injury and illness) in most NARW is associated with vessel strikes and 
entanglements (with fishing gear) (Figures 9 and 10) 86,87.  Vessel strikes and fishing gear 
entanglement are also threats to other marine mammals and reptiles. 

Propellers can make deep cuts, or a collision can cause a blunt force trauma that leads to 
death. Because of NARW all-black coloring, proximity to shipping lanes, and tendency to 

 
85 North Atlantic Right Whale | NOAA Fisheries 
86 North Atlantic Right Whale | NOAA Fisheries 
87 2017–2025 North Atlantic Right Whale Unusual Mortality Event | NOAA Fisheries 
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spend long periods at the surface to feed and travel, they’re often just out of sight of boat 
captains, but not out of danger from the submerged hull or propeller. 88  

Figure 9. North Atlantic Right Whale mortalities by cause of death (Source: North Atlantic 

Right Whale | NOAA Fisheries). 

Figure 10. North Atlantic Right Whale morbidity (sublethal Injury/wellness) cases (Source: North 
Atlantic Right Whale | NOAA Fisheries). 

 
88 North Atlantic Right Whale | NOAA Fisheries 
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Fishing gear can cut into a whale’s body (as well as other marine mammals and reptiles), 
causing serious injuries, and results in infections and mortality. Even if gear is shed or 
removed through disentanglement eƯorts, the time spent entangled can severely stress a 
whale, weaken it, prevent it from feeding, and sap the energy it needs to swim, feed, and 
reproduce.89 

4.5.1.1.2 Noise/Electromagnetic Field (EMF) Radiation 

It has also been asserted that oƯshore wind development may have the potential to 
negatively aƯect right whales90 and thus, other whale species. O&G oƯshore facilities face 
similar concerns.91 The concerns are that noise and/or electromagnetic field (EMF) radiation 
associated with activities (drilling, turbines, etc.) during site development, construction, and 
operation may result in hearing impairment, mask vocal communication (generally making 
them more stressed and aƯect behavior),92 or that EMF could  aƯect their sense to navigate, 
detect prey or predators, communicate, or to mate93. 

Regarding the NARW, NOAA has stated that: 

 There is no scientific evidence that noise resulting from oƯshore wind site 
characterization surveys and drilling could potentially cause whale deaths94; and  

 There are no known links between large whale deaths and ongoing oƯshore wind 
activities.95  

Additionally, a recent synthesis of the science96 reports that, based on their review of the 
available data:  

 “… that field and laboratory studies have provided reasonable confidence that the 
EMF levels emitted from marine renewable energy (MRE) cables are unlikely to cause 
significant risk to benthic or pelagic animals.”97 

 They also state that “Although burial of cables and other measures such as 
placement of concrete mattresses are not considered to be eƯective ways to mitigate 

 
89 North Atlantic Right Whale | NOAA Fisheries 
90 Are oƯshore wind farms harming right whales?;   
91 Environmentalists push for tougher oil and gas restrictions to protect rare whale in Gulf of Mexico - UPI.com 
92 The complicated truths about oƯshore wind and right whales | GBH 
93 EƯects and Impacts of EMF Radiation from Undersea Cables on Marine Species — Sea Grant OƯshore 
Wind Energy 
94 Frequent Questions—OƯshore Wind and Whales | NOAA Fisheries (accessed 1/19/2025) 
95 Frequent Questions—OƯshore Wind and Whales | NOAA Fisheries (accessed 1/19/2025) 
96 Copping et al., 2020 
97 Copping et al., 2020 
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magnetic emissions into the marine environment, burial separates most sensitive 
species from the source of the emissions.” 98 

Although no eƯects on whales are anticipated, as a precautionary measure, oƯshore wind 
developers, like O&G developers, are required to conduct mitigation and monitoring actions 
appropriate for the situation. At CVOW-C, there are Passive Acoustic Monitoring (PAM) buoys 
deployed that will pick up whale calls in the area and alert the project to the animal’s 
presence. Specific species of whale can be determined by the calls. Monitoring is also 
conducted visually by dedicated Protected Species Observers (PSOs) that are deployed on 
the construction vessels and on the ‘sentry’ vessels that circle the activity. PSO’s have the 
authority to shut down operations if protected species (e.g., whales, seals, dolphins, sea 
turtles, etc.) are observed within the protection zone.  

4.5.1.2 Potential Benefits of Subsea Structure to Whales 

Whales feed on a variety of marine organisms, A wind farm array area the size of CVOW-C 
(approx. 110,000 acres), with its subsea structures (176 OSW monopiles and 3 OSSs) has 
the potential to provide beneficial eƯects to whales (as well as seals, dolphins, sea turtles, 
etc.) that includes increased food production. 

As an example, NARW feeding grounds are typically located in areas where upwelling 
currents bring nutrient-rich waters to the surface, fostering large concentrations of 
zooplankton. An artificial reef habitat, can pump nutrient-rich bottom water to the surface, 
mimicking natural upwelling to feed phytoplankton and therefore enhance production and 
biomass of zooplankton (Cresson et al., 2014). The results of a study conducted by Cresson 
et al., (2014) showed a positive linear relationship of phytoplankton richness to productivity 
in the artificial reef zone. Compared to the adjacent natural zone, the artificial reef zone had 
more diverse phytoplankton communities and higher productivity during the growing 
season. 

With an area as large as the CVOW-C array, the artificial structures may be beneficial in 
supporting the production of food sources (e.g., zooplankton) available to whales, and other 
marine mammals and reptiles.   

4.6 Human Use Benefits 
OƯshore subsea structure provides a variety of benefits to the public. These include:  

 
98 Copping et al., 2020 



The Environmental Benefit and Economic Connection Between Oil & Gas and OƯshore Wind Energy 

24 
 

 Passive [Indirect] uses (e.g., existence99 and bequest100 value), and 
 Active [Direct] uses (e.g., commercial and recreational fishing, diving, boating, 

hunting, birdwatching, nature photography, education, etc.). 

The provision of these values depends upon, but is not limited to, the location, habitats, 
substrates, access restrictions, water depth, ecological community structure, and 
knowledge of the public as to the ecosystem services aƯected by the presence of the subsea 
structure over its Operational and potential Post Operational Reuse periods. 

Data were not readily available to quantify the human use value associated with the CVOW-
C facilities. However, a conceptual projection of value over two periods: 1) an Operational 
period of 50 years, and 2) Post Operational Reuse period of the subsea structure over 
multiple generations (300 years), is provided based upon data provided by Brander et al. 
(2024). Both values can be compared to a Pre-Construction baseline condition to 
understand the potential value generated.   

4.6.1 Passive Use Benefits (Existence and Bequest Value) 

Passive use value refers to the option the public has to enjoy a site and its features in the 
future as well as the value of knowing that the site is protected for future generations, and 
for the species that live there in their own right. Examples of passive human use benefits 
include: 

 Protection of species of special significance,  
 Fish stock protection via fishing access restrictions, etc., 
 Maintenance of marine diversity and production, and 
 Increased ecological connectivity 

Marine Protected Areas (MPAs) are an example of an action that creates passive use value. 
For example, the public values knowing that habitats for fish, marine mammals, and species 
of special significance are protected in our oceans. In this regard, even actions that partially 
protect habitats can have a passive use value by the public. 

One threat to subsea habitats is from commercial fishing. OƯshore structure generates 
value by restricting access in some manner (e.g., exclusion zone, limited fishing gear types, 

 
99 Existence Value is the willingness to pay for the existence of an environmental resource without on-site 
use. It can be motivated by an ecological ethic, altruism toward others or bequests to future generations. See 
Existence Value: https://www.env-econ.net/2008/06/existence-value.html. 
100 Bequest value is the value that people place on knowing that future generations will have the option to 
enjoy a particular environmental asset, which is usually measured by willingness to pay.  See Bequest Value: 
https://www.oxfordreference.com/view/10.1093/oi/authority.20110803095459973. 
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or vessel traƯic access restrictions), or by being an impediment101 to commercial fishing. 
Regardless, however; if the structure acts like a potential marine protected area (pMPA) in 
some manner, this will likely benefit the ecosystem developed around the structures, as well 
as limiting by-catch102 of unintended species.  

The question becomes, what is the public’s willingness-to-pay to know that certain marine 
mammals, fish stocks, and species of special significance have some habitat that is 
protected. This protection helps to support their existence (e.g., protection of threatened 
and endangered species, existence value) and also maintains their presence for future 
generations to enjoy (bequest value). As one can imagine, these passive use values can be 
as substantial. As such, O&G structures function like de facto MPA’s given their exclusion 
zones; however, OSW allows greater flexibility around structures regarding commercial and 
recreational fishing and vessel access when compared to O&G restrictions. The level to 
which OSW restrictions oƯer protection for marine biota is a case-by-case analysis 
depending upon the array, restriction type, impediments, location, etc.  

Even though the public may not directly use the habitat associated with oƯshore subsea 
structure, it can still have value to the public. Across the world, MPAs play a vital role in 
preserving marine biodiversity and a key role in the long-term sustainable use of the living 
resources, in a manner like land-based parks and wildlife sanctuaries. Marine protection is 
typically proposed for areas of high environmental significance such as hotspots of diversity, 
areas of significant productivity or natural importance, and/or as representative habitat for a 
local area or region. 

MPA’s in the Pacific that have been expanded, show that the fisheries industry has been 
catching more fish, while the distance the fleet travels has remained unchanged. Moreover, 
the total catch and total revenue in the fishery have increased since the expansions began. 
Specifically, the average revenue from 2014 to 2017 was 13.7 percent higher than from 2010 
to 2013 (Lynham, et al., 2020). 

A 2013 study investigated the recreational use and non-use values of UK divers and sea 
anglers for 25 Scottish potential Marine Protected Areas (pMPAs), 119 English 
recommended Marine Conservation Zones (rMCZs) and 7 existing Welsh marine Special 
Areas of Conservation (SACs) using a combination of monetary and non-monetary valuation 
methods (Kenter et al., 2013). This study included use and non-use values that in total 
exceeded £3.3 billion GBP per year. The non-use values in this study incorporated the option 

 
101 The structures provide a deterrence to trawling nearby since nets can become snagged and thus, trawl 
some areas around the structure are not impacted by commercial fishermen. 
102 By-catch refers to fish or other marine species that are caught unintentionally while catching certain target 
species. By-catch includes threatened and endangered species. 
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to enjoy a site and its features in the future as well as the value of knowing that the site is 
protected for future generations, and for the species that live there in their own right (i.e., 
existence and bequest values). Although many of these sites may be coastal sites, it is 
apparent that the United Kingdom (UK) public values the presence of protected areas and 
the benefits that these protected areas provide to future generations. Likewise, the United 
States public values areas that provide protection for marine habitats. 

4.6.2 Active Use Benefits (e.g., Recreational and Commercial Value) 

Depending upon location, water depth, etc., oƯshore O&G and OSW structures can create 
significant active use value for the public. These include recreational and commercial fishing 
opportunities, diving, spearfishing, photography, etc. As an example, the CVOW-P OSW site 
has attracted many recreational fishermen103.  

The Fish Haven area is an area of documented recreational fisheries use within the northern 
border of the Dominion lease area known as the Triangle Wrecks and Triangle Reef. The area 
consists of several large, scuttled World War II-era ships, tires, cable spools, and other 
materials deposited since the 1970s to facilitate artificial reef development (COP Sections 
2.1.1.1 and 4.2.4.2; Dominion Energy 2023). 

4.6.2.1 Recreational Fishing 

Recreational fishing in the CVOW-C Lease Area can be accessed by privately owned 
recreational boats, for-hire boats including charter boats, and head boats (multiple parties 
aboard one vessel, also known as “party boats”). As part of outreach to recreational 
fishermen, they have expressed concern about limited access to their fishing grounds during 
construction but understand that their activities will not be restricted during Project O&M 
(DES, 2023). Still, they had some concern about any temporary restrictions and potential 
impacts on their activities during construction of the oƯshore project components. In most 
cases, however, outreach suggests that recreational fishermen are expected to take 
advantage of the new structures created by the Project, which are likely to attract a high 
diversity of fish and increase fish biomass in the area. Following installation of the two CVOW 
Pilot Project turbines in 2020, recreational fishermen have been targeting these new 
structures. 

As another example, OSW structure acting as an artificial reef, greatly aƯected recreational 
use of the area at the Block Island oƯshore Wind Farm (5 turbines), Rhode Island (Brink and 
Dalton, 2018). The increased fish abundance around the turbines will likely have ongoing 
positive impacts on the recreational, commercial rod and reel, and spearfishing sectors in 
southern New England (Brink and Dalton, 2018). The area surrounding the Block Island 

 
103 Video shows marine life around wind turbines oƯ Virginia coast | 13newsnow.com 
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turbines has become a popular destination for charter and individual recreational fishermen 
participating in the $400 million-per-year industry (Webster and Porter, 2020). Levels of use 
around the Block Island wind farm could eventually exceed social carrying capacity (only 5 
turbines installed), or levels deemed acceptable to commercial fishers, recreational fishers, 
tour operators, and other users, aƯecting user experience and possible future use of the area 
(e.g., Dalton et al., 2017). 

Recreational fishing in the Dominion Virginia CVOW-C array area will likely have a strong 
pattern of recreational fishing growth as described above for the Block Island oƯshore wind 
farm. That is, the initial two wind turbines presently serve as artificial reefs greatly increasing 
benthic and fish presence at the CVOW-P site. These were constructed within the past four 
years and has resulted in recreational fishing, spearfishing, and videography opportunities 
at the site.  With a significantly expanded array (176 monopile locations) at the CVOW-C site, 
present over approximately 110,000 square miles, the recreational opportunities for the 
public are significant. 

4.6.2.2 Commercial Fishing 

Subsea structure has the potential to provide stock recruitment and species protection 
value for decades and centuries. As stated earlier, the level to which OSW restrictions aƯect 
protection for marine biota would be a case-by-case analysis depending upon the array, 
actual restrictions, impediments, location, etc.  

Stock recruitment and species protection value can benefit recreational and commercial 
fisherman for generations. Thus, the protective nature of subsea structure (in whole or in 
part), has the potential to provide significant existence and bequest value through protection 
of marine species of special significance and those aƯected by incidental by-catch104 
associated with commercial fishing.  

As discussed earlier, it has been confirmed that oƯshore artificial structures can sustain 
populations of reef associated fish species from recently settled juveniles through to adults. 
Richness, diversity and abundance of the fish community, including economically important 
species, is higher near artificial oƯshore structures.   

As observed in the United States, North Sea, and Australia, due to the increased biomass 
generated around oƯshore structures, commercial fishermen prefer to fish as close to O&G 
exclusion zones as they can. Commercial fishermen have opposing views as to the future of 
subsea structure regarding decommissioning. Some prefer that they be removed wholly so 
that they can have access to trawl additional surface area of the ocean bottom. A problem 

 
104 By-catch refers to fish or other marine species that are caught unintentionally while catching certain target 
species. By-catch includes threatened and endangered species.  
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that arises with this mindset is that, and as experienced in the North Sea where 86% of the 
North Sea has been trawled, the potential for overfishing and physical sea bottom impacts 
can increase and negatively aƯect commercial catch in the future (see Section 4.6.2.2.1).  

Opposite this mindset, is one observed in Australia where some commercial fishermen 
prefer that the structures be left in place because they understand the potential stock 
protection and spillover value that, in turn, can help protect their family business for 
generations. 

In the United States, turbine spacing and layouts are coordinated with BOEM and the U.S. 
Coast Guard so that leasing areas can continue to be used for many of the same purposes 
for which they were originally used, where applicable. These can include commercial and 
recreational fishing, recreational boating, and tourism-related trips.   

In the recent analysis of the cumulative impacts from the proposed CVOW-C buildout of 
oƯshore wind structure along the Atlantic Coast, BOEM found impacts to benthic resources, 
fish and invertebrates, marine mammals, sea turtles, coastal habitat, air quality, water 
quality, birds, and bats to be in many cases negligible to minor, and in no cases were the 
impacts higher than moderate (AWEA, 2020). Moderate means the viability of the resource 
is not aƯected, and the impacts can likely be reduced through mitigation and monitoring. 

Because of fishing restrictions (i.e., exclusion zones) around oƯshore O&G platforms, they 
act as de facto MPA’s for decades, with high colonization rates of benthic invertebrates on 
the steel structures throughout the water column (Bell and Smith, 1999; Soldal et al., 2002; 
Roberts 2002). It has been known for over 40 years that the secondary production around 
O&G structures greatly exceeds that of surrounding waters, as catch rates in the immediate 
vicinity are of the highest measured in the North Sea (Løkkeborg et al., 2002). Additionally, 
recent literature shows that MPAs may also have the potential to provide “spillover” eƯects 
benefiting fishery catch (Halouani et al., 2020; Lenihan, et al., 2021; Lynham and Villasenor-
derbez, 2024).  

If an OSW farm acts as an MPA in some manner, it has the potential to provide some stock 
protection and/or spillover value to the recreational and commercial fisheries. Further study 
of the potential for spillover eƯects associated with OSW subsea structures is warranted. 

4.6.2.2.1 EƯects of Trawling 

A prime example of the eƯects of overfishing through trawling105 is in the North Sea. The 
North Sea is an altered ecosystem with centuries of overfishing that has changed the 

 
105 Detrimental environmental eƯects of trawling have been well documented and include habitat 
disturbance and unintended by-catch. Trawling is a common commercial fishing practice that consists of 
dragging a net behind one or more fishing vessels. A large portion of each haul is bycatch, or non-target 
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nektonic community (Daan et al., 2005).  The over-harvest of cod, pollock, ling (Molva 
molva), marine mammals, and incidental by-catch has led to the drastic decline in fish 
populations and disappearance of some species (Daan, et al., 1990; Dulvy et al., 2000; Daan 
et al., 2005). A major aspect of the fishing industry in the North Sea is demersal trawling, 
which unselectively harvests all species in the benthic community, including those that are 
of special significance and protected (e.g., in by-catch). Ecological impacts associated with 
trawl fishing have been well documented. Examples of these impacts in the North Sea 
include:  

 According to ICES, bottom trawling impacts roughly 86% of the North Sea’s bottom 
(Eigaard, 2017).  

 From 1889 to 2010, there has been a 94% decrease in landings per unit of fishing 
power (Engelhard, 2008).  

 Current biomass of large fishes in the North Sea weighing 4-16 kg and 16-66 kg, 
respectively, is 97% and 99.2% lower than it would be if no fishing had occurred since 
1900 (Thurstan, et al., 2010).  

 In the Northeast Atlantic, it is estimated that 1,000 common dolphins are bycaught 
each year, mostly by pelagic pair trawls (Mannocci et al. 2012). Mannocci et al. 2012 
suggest that the population of bottlenose dolphins would be reduced to 20% of its 
current size in 30 years and would be extinct in 100 years in the Bay of Biscay oƯ the 
West coast of France (Mannocci et al. 2012).  

These examples are just a few of many that depict the impact of demersal trawl fishing on 
the ecosystem. Demersal trawling aƯects the entire ecosystem where it occurs, except in 
those areas that are designated as MPAs (or act in some manner as an MPA) or aƯorded 
some protection.   

4.7 Time Frame of Benefits  
It is important to recognize that ecosystem services are not static measurements but 
represent a flow of benefits over time (i.e., multigenerational services). The length of time 
that subsea structure remains in place will thus, aƯect the level of ecological and 
socioeconomic value provided to the public. Quantified estimates of ecosystem services 
suƯicient for environmental decision-making can be obtained using the natural resource 

 
species. These species are thrown back during sorting, but are often killed in the process (Wageningen, 
2014). The nets also damage the seabed as they rake across the ocean floor destroying habitat and adversely 
aƯecting benthic organisms.   
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service valuation approaches developed and refined under the United States NRDA process 
(Unsworth and Bishop, 1994; NOAA, 1999; Nicolette et al., 2013a, b). 

Removal of subsea structure can immediately remove habitat and its associated ecosystem, 
which would have been predicted to provide ecological and socioeconomic value for 
multiple generations (i.e., centuries) in the future. Thus, the analysis of Post Operational 
Reuse periods should consider the predicted multigenerational timeframe over which 
ecological and socioeconomic benefits and risks would be influenced by the 
implementation of the options.  

With both OSW and O&G, the basic component serving as the initial foundation for the 
increased productivity, is the steel structure. Understanding component degradation rates 
supports an understanding of predicted multigenerational timeframes associated with 
structure left in-situ (Nicolette et al., 2023). 

4.7.1 Steel Degradation 

It is critical and necessary to understand the time frame over which ecosystem service 
benefits can be provided. It is critical because decisions in long-term management today 
not only aƯect the current generation but can have a major eƯect on future generations for 
centuries to come.  

Degradation rates can be used to estimate the period over which benefits (i.e., presence of 
subsea structure and associated ecological value) and risks (navigation, trawling, potential 
contamination releases, etc.) would be projected to occur. For example, carbon steel is 
commonly used in the construction of fixed production jackets and monopiles. Although 
jackets and monopiles are built to last, the structure will eventually oxidize and corrode in 
seawater (O&G UK, 2013). Corrosion rates and cathodic protection information can be used 
to approximate the longevity of a structure in place (O&G UK, 2013). The corrosion rate 
depends on a variety of factors such as: protective structures, depth, temperature, salinity, 
pH, flow, pressure, and fouling (O&G UK, 2013). O&G UK (2013) presented a general rate of 
corrosion for carbon steel in the North Sea on the exterior (5-10mm/century) and interior (1-
2mm/century), not accounting for cathodic protection or other coatings.  

4.7.1.1 Cathodic Protection  

O&G and OSW subsea structures both utilize cathodic protection106 systems that provide a 
reliable and cost-eƯective solution for protecting steel structures against corrosion and their 

 
106 Cathodic protection is commonly used to protect numerous structures such as pipelines, ships, tanks and 
oƯshore oil platforms by allowing a more reactive, sacrificial metal to corrode instead of the protected metal. 
This sacrificial metal corrodes preferentially (acting as the anode) while the more valuable metal object under 
consideration (acting as the cathode) remains protected. 
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lifespan in the sea. By incorporating cathodic protection into infrastructure design and 
maintenance practices, the longevity, safety and reliability of vital O&G and OSW assets can 
be safeguarded for many centuries, providing substantial ecosystem benefits for 
generations to come (Ghazijahan, 2023)107. It should be noted that even without cathodic 
protection, the degradation rates of these structures are in centuries (O&G UK, 2013)108.   

Most large subsea structures used in O&G and OSW utilize cathodic protection. The 
monopiles and OSSs at CVOW-C use cathodic protection. Based on available data for the 
CVOW-C monopiles, a rough cursory estimation indicates that the monopiles could last over 
500 years before they degrade to 1/2 their thickness, not accounting for the coatings or 
cathodic protection. It can be concluded that the ecosystem service values provided by the 
presence of these structures will be multigenerational, likely to last for centuries into the 
future109.   

Aside from the environmental benefits of subsea structure, environmental concerns 
associated with O&G and OSW subsea structure are discussed in the following section. 

5 OƯshore Concerns of Wind Energy Development 
Many of the general concerns associated with OSW development are identical to those 
identified in response to O&G development and include those listed below.   

5.1 Short-Term Concerns 
1. Habitat Disruption 

 Construction Disturbance: Pile driving and seabed preparation can temporarily 
disrupt habitats of benthic organisms.  

2. Noise Pollution 

 Construction Noise: Intense underwater noise during pile driving and other activities 
can disturb marine mammals and fish.  

 
107 As there is some uncertainty as to predicting future conditions over multiple generations, conservative and 
internally consistent assumptions are made within a NEBA-CA for the purpose of diƯerentiating between 
management options. 
108 The corrosion rate depends on a variety of factors such as: protective structures, depth, temperature, 
salinity, pH, flow, pressure, fouling, and the presence of cathodic protection. O&G UK (2013) presented a 
general rate of corrosion for carbon steel in the North Sea on the exterior (5-10mm/century) and interior (1-
2mm/century), not accounting for cathodic protection.  
109 Several North Sea O&G subsea structure lifespan estimates have been over 600 to 1,000 years. (Personal 
Communication, Joseph Nicolette). 
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3. Turbidity 

 Increased Sediment Suspension: Sediment disturbance during construction may 
temporarily smother habitats and reduce light penetration.  

4. Displacement of Marine Mammals 

 Behavioral Avoidance: Construction activities and noise can temporarily displace 
marine mammals from aƯected areas.  

5. Chemical Pollution 

 Construction-Related Spills: Accidental leakage of fuel, oil, or other substances from 
vessels or machinery.  

6. Monitoring and Mitigation Challenges 

 Data Gaps: DiƯiculty in predicting impacts due to limited baseline data during the 
initial phases.  

5.2 Long-Term Concerns 
1. Habitat Disruption 

 Long-Term Habitat Alterations: Turbine structures permanently alter seafloor 
habitats, potentially changing species composition.  

 Reef EƯect: Artificial reefs created by turbine foundations may attract some species 
while displacing others.  

2. Noise Pollution 

 Operational Noise: Continuous noise from turbines can aƯect communication and 
behavior of marine mammals and fish.  

3. Electromagnetic Fields (EMFs) 

 Submarine Cables: Long-term exposure to EMFs may impact species sensitive to 
electromagnetic fields, such as sharks and rays.  

4. Collision Risks 

 Marine Mammals: Diving species may face long-term collision risks with turbine 
blades.  

 Birds and Bats: Persistent collision risks for seabirds and bats around wind farms.  

5. Changes in Water Flow and Sediment Dynamics 
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 Hydrodynamic Alterations: Long-term changes in water flow and sediment 
deposition may impact nutrient transport and habitats.  

6. Cumulative Impacts 

 Multiple Farms: Expansion of oƯshore wind energy may amplify cumulative eƯects 
on marine ecosystems.  

7. Risk of Habitat Fragmentation 

 Connectivity Loss: Fragmented habitats may isolate populations and reduce genetic 
diversity over time.  

8. Chemical Pollution 

 Antifouling Coatings: Long-term leaching of chemicals used to prevent biofouling.  

9. Displacement of Marine Mammals 

 Migration and Feeding Disruption: Persistent noise and physical barriers may 
permanently alter migration routes and feeding grounds.  

10. Aesthetic 

 Wind turbines may provide aesthetic impacts, being in close view of the shoreline110.   

11. Monitoring and Mitigation Challenges 

 EƯectiveness of Measures: DiƯiculty in assessing and ensuring the success of 
mitigation strategies over decades.  

Several concerns have been identified to be of issue during the development phase (i.e., 
installation and construction phase).  These concerns are short-term in nature and are 
addressed, if needed, through mitigation and monitoring measures. Likewise, long-term 
concerns can be resolved in a similar manner. Further information regarding management 
of these concerns is presented in the following section. 

5.3 Concern Management 
By way of example, the permitting process for the CVOW-C project identified several 
overlapping concerns (BOEM, 2023). Review of these issues by the federal agencies (i.e., 
BOEM, USFWS, NMFS) indicate that the concerns (risks) were acceptable given mitigation 

 
110 For the CVOW array, located 27 to 41 miles oƯshore, adverse impacts to visual aesthetics are likely 
negligible. 
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and monitoring measures, if necessary. As an example, below is an excerpt from the BOEM 
Environmental Impact Statement (EIS) (BOEM, 2023). 

5.3.1 Protection of Environmental and Socioeconomic Resources 

Minimizing environmental impacts through the assessment of those impacts on 
environmental resources is integral to BOEM’s planning and leasing phase of oƯshore wind 
energy development. As an example, for the CVOW-C project, the Final EIS determined that 
“…most of the potential adverse impacts to the environment and natural resources 
would be negligible to moderate.” Moderate means the viability of the resource is not 
aƯected, and the impacts can likely be reduced through mitigation. To avoid or reduce 
impacts from construction, operation, and maintenance activities on existing ocean uses 
and on environmental and socioeconomic resources, mitigation and monitoring measures 
were identified and incorporated in the terms and conditions for approval of the Project 
Construction and Operations Plan (COP).”  This decision included the potential of oƯshore 
wind to impact: 

 Federally Listed Species,  
 Essential Fish Habitat (EFH), and 
 Marine Mammals, North Atlantic Right Whale (NARW) 

Aside from the marine species, evaluation of bird and bats oƯshore indicated that: 

 With the project area located 27 to 42 miles oƯshore, the turbines are outside the 
typical flight paths of many birds and bats and thus, potential oƯshore risks were 
expected to be negligible. 

5.4 Invasive Species 
The INSITE program (INfluence of man-made Structures In The Ecosystem)111 is a North Sea 
industry-funded large scale ongoing project established in 2014, which aims to provide 
stakeholders with an independent scientific evidence-base to further understand how man-
made structures influence ecosystems.   

During Phase 1 of this study, eight projects were conducted with general themes of 
connectivity, food webs, and ecosystem function aimed at species ranging from plankton to 
apex predators. They found no strong community diƯerences were detected between 
epifouling organisms on steel structures versus on natural rocky reefs (Coolen et al., 2018). 
Additionally, oƯshore installations were found to be connected throughout the North Sea, 
demonstrating removal in one area could have far-reaching consequences (van der Molen et 

 
111 Influence of man-made structures in the ecosystem (INSITE) – UKRI 
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al., 2018). Systems of man-made structures can have “international conservation 
significance” by creating networks of ecologically connected structures and can act as 
steppingstones for dispersal (Henry et al., 2018).  

Hyder et al. (2017) noted that the decommissioning scenario which maximized the amount 
of hard substrate available had the least impact on the network. Importantly, under this 
scenario, community establishment and connectivity were maintained in the northern 
central North Sea, an area within which hard substrate was only provided by O&G platforms. 

5.5 Loss of Bottom Habitat  
It is widely recognized that soft bottom habitat is the most prevalent substrate in the oceans 
and that hard structural habitat is scarce and limiting resource (Bildstein et al., 2014). 
According to the Dominion Energy Services (DES) benthic report (DES, 2022), no hardbottom 
habitats were observed or detected within the OƯshore Survey Area of the CVOW-C lease 
area. This study found that sand dominated all grab samples, with a mean of 93.2 percent 
(primarily fine sand), followed by gravel (3.7 percent) and silt and clay (3.0 percent). Fine- 
and medium-grained sand of the OƯshore Survey Area provides uniform and simple (non-
complex) habitat for benthic infaunal organisms typical of this region. As such, all surveyed 
sites were characterized as softbottom habitat dominated by sand (DES, 2022).  A maximum 
of 204 ac (83 ha) of softbottom benthic habitat in the OƯshore Project Area were estimated 
to be converted to hardbottom (monopile and OSS foundations, including scour protection 
foundations). This represents less than 0.002 percent of the entire Lease Area. 

Based on these data, and given the increased productivity of hard substrate, the loss of soft-
bottom habitat is inconsequential to the soft bottom habitat biological productivity of the 
area. It is likely that with both O&G and OSW, commercial and recreational fishing has the 
potential to be enhanced to some extent over the Operating period, given the benthic 
colonization and subsequent fish production associated with the structures.   

5.6 Potential for Commercial and Recreational Fishing Impacts  
Concerns raised by fishermen include the potential short-term disruption of their fishing 
activities during survey and project construction, including potential losses due to gear 
entanglements. Longer-term concerns include the placement of turbines on or close to very 
site-specific traditional fishing locations and the potential for change in resource availability 
at those locations and/or gear entanglement with the new structure.  

The CVOW-C Lease Area is considered the “least-fished” of the wind energy areas (WEAs) 
on the East Coast in terms of commercial fishing intensity (Kirkpatrick et al. 2017). This is 
further supported by the vessel trip report (VTR) data provided by NOAA Fisheries Greater 
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Atlantic Regional Fisheries OƯice (GARFO) showing that the average yearly landings of fish 
species caught in the entire Lease Area was $67,555 and ranged from 0 to 4 percent of total 
landings by FMP from 2008 to 2018. 

Virginia and North Carolina recreational saltwater anglers’ fish in or traverse the waters in 
and around the OƯshore Project Area while targeting several diƯerent species. Recreational 
fishing in the OƯshore Project Area is accessed by privately owned recreational boats, for-
hire boats including charter boats, and head boats (multiple parties aboard one vessel, also 
known as “party boats”) primarily from various ports and inlets located in the Hampton 
Roads area of Virginia. There are various recreational fisheries uses documented within the 
CVOW OƯshore Project Area, particularly within the portion of the Lease Area called the 
“Triangle Wrecks” (also known as “Triangle Reef”), part of the designated “fish haven” area. 

In addition to the traditional hook-and-line recreational fisheries, there are recreational 
divers and their associated fishery in the area. The wrecks and other structures in the Virginia 
Beach area support SCUBA divers as well as free divers; both use spearguns for harvesting 
fish during their dives. SCUBA divers capable of deeper dives would target submerged 
structures in the Triangle Wrecks fish haven area, while the free divers would target surface 
structures such as WTG Monopile Foundations and OSS Jacket Foundations. 

The economic value associated with recreational saltwater fishing is driven by angler 
expenditures. In 2018, there were a total of 6.4 million recreational saltwater angler trips in 
Virginia, and 16.6 million recreational saltwater angler trips in North Carolina, with shore 
fishing representing the majority (more than half) of those trips in both states, followed by 
private boats (NOAA Fisheries 2019a). Note that North Carolina reports party boat data with 
charter boat data. 

Given that the structures are likely to increase the fisheries production in the area, it makes 
sense that both commercial and recreational fishermen will want to take advantage of the 
evolving resource. The downside to the increased productivity is the potential that everyone 
may want to have access (e.g., creating the conflicts observed between recreational and 
commercial fisherman at the Block Island OSW farm). Conflicts may not only include 
commercial and recreational fishermen, but can include divers for research, spearfishing, 
video, and photography opportunities.  

O&G uses a 500m exclusion zone around their platform jackets to prohibit non-authorized 
vessels, protects the facilities, protects commercial users, and the seabed. OSW facilities 
have a defined management plan to address commercial and recreational users, navigation, 
safety, and site operations and management. OSW does not use an exclusion zone except 
during construction and maintenance activities. 
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5.7 Potential for Ecological Risk  
Both jackets and monopiles in the sea are comprised of steel with cathodic protection112. 
Potential ecological risks may occur from metals that degrade and become bioavailable; 
however, it would be expected that the steel would degrade extremely slow over many 
centuries113 and as such, the potential concentration of steel constituents during 
degradation that may cause an adverse ecological eƯect is quite small given the 
combination of the potential bioavailability, water currents, sediment transport, constituent 
binding with sediments, and time frame of exposure, etc. This would also be consistent with 
the degradation of OSW steel monopiles if left in place.  

Note that metals in cuttings piles occur primarily as insoluble inclusions in barite, clay, and 
cuttings particles, and are considered not bioavailable (Hartley et al., 2003; NeƯ, 2005). 
Additionally, the entombment of cuttings piles can occur as they become covered over time 
beneath layers of shells and accumulated sediment. While a jacket is in place, it provides an 
ideal substrate for mussels and other sessile invertebrates and algae. The biotic community 
associated with the subsea portion of jackets or monopiles can provide a steady rain of 
shells, and organic matter along with naturally deposited sediments. This shell hash layer 
has been shown to form a cap-like cover, eƯectively sealing oƯ the drill cuttings from the 
surrounding environment (Gala et al., 2008). Shell deposits/mounds also provide rare and 
valuable hard bottom habitat that can support a local community of fish, invertebrates, and 
other marine life (Gala et al., 2008).  

Thus, overall, ecological risk from steel degradation is expected to be negligible, if any, 
especially in comparison to the beneficial ecological production generated at the site.  

5.8 Navigation 
In the United States, oƯshore O&G and OSW lease areas are typically identified and 
approved through an intergovernmental task force created by the BOEM. For the CVOW-C 
area, this involved extensive collaboration between the Commonwealth and stakeholders to 
avoid potential existing uses of the area, including ecological habitats, military training 
areas, commercial marine vessel traƯic, dredge disposal sites and other areas of concern.  

O&G facilities typically have exclusion zones around them that deter commercial activities 
from occurring within specified distances of subsea infrastructure and platforms, for the 
protection of the O&G assets, protection of property, and health and safety of commercial 
users. Within OSW, with CVOW-C as an example, the areas between the turbines will be 

 
112 See Section 5.7.1 
113 See Section 5.7.1 
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open to recreational fisherman and commercial fishing, except for areas undergoing 
construction and maintenance activities.   

For CVOW-C, the monopile arrangement was developed in such a way that the total wake 
eƯects for the individual turbines are minimized, together with an aim to maintain a uniform 
layout for navigation safety. Vessels will be required to maneuver in accordance with the 
International Regulations for Preventing Collisions at Sea (COLREGS) while transiting 
through the Lease Area, and for search and rescue operations to be conducted within the 
Project Area.  

However, vessels navigating within the Project Area would need to navigate with greater 
caution, given that there are no restrictions on navigation in the Project Area. WTGs and 
OSSs are lighted and marked to serve as additional aids to navigation.  

The presence of O&G and OSW subsea structure is typically well documented and, using 
risk management technology such as GPS, radar, and stakeholder outreach (e.g., local 
notices to mariners, serve to further minimize potential risks), risk can be minimized.  

6 Phases of Site Development 
There are similar phases associated with oƯshore O&G and OSW development.  In general, 
and an oversimplification, these phases include the 1) development of an environmental 
impact assessment (EIA) that will dictate whether a full-blown environmental impact 
statement (EIS) is necessary, 2) once permitted, a construction phase, followed by or 
overlapping a 3) Operating period, and then 4) a decommissioning phase. It stands to reason 
that benefits associated with the subsea structure of a particular O&G field or OSW array will 
be provided over the life of the subsea structure while it is in the sea. 

6.1 Operational Phase 
The Operational period for oƯshore O&G facilities is roughly 20 to 50 years. For the CVOW-C 
site, the commercial lifespan of the Project is expected to be up to 33 years, based on the 
operations term of the project specified in the lease (DES, 2024). In both cases, OSW and 
O&G depend upon the availability of the resource. OSW can collect energy from one location 
over a long period of time (likely centuries, i.e., the wind resource would not likely disappear).  
For an O&G field, however, their life span is restricted (likely decades), as the oil field would 
likely be exhausted over time.  
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6.2 Potential Post Operational Reuse Period 
Major subsea structure components (e.g., jackets, monopiles) installed for both O&G and 
OSW facilities have the potential to provide ecosystem services to society for centuries 
beyond their Operational period, thus establishing multigenerational114 ecosystem service 
value to the public (Kenter et al., 2013). The ability of hard subsea structure to provide 
multigenerational ecosystem service benefits depends upon site management and 
potential Post Operational Reuse scenarios, if any, after the Operational period.   

6.2.1 Post Operational Period Site Management 

Post operational site management focuses on how the facility will be decommissioned when 
its original intended purpose is fulfilled. Decommissioning options for both O&G and OSW 
facilities will directly aƯect the time frame over which ecosystem services would be 
provided. Decommissioning options for subsea structure vary and can include full removal, 
partial removal, in-situ management, move to or create a reefing area, or an alternative reuse 
concept).  

In cases where subsea steel structure is left in-place or managed in the sea, the provision of 
ecosystem services would be multigenerational, over centuries providing value to society 
(Nicolette et al., 2023). Conversely, full removal of steel structure after the Operational 
period can result in the elimination of the suite of ecological benefits (ecological and 
socioeconomic) that evolved during the Operational period.  The result would be the loss of 
both habitat and potentially multi-billion dollars of public interest value.  

Therefore, understanding ecosystem service benefits and how they change during facility 
installation, operation, and decommissioning becomes important when it comes to 
developing policies and guidance for OSW and O&G facility management activities. These 
public benefits are initially generated by the presence of hard subsea structures associated 
with Jackets, monopiles, and other subsea equipment.   

7 Long-Term Management Decision-Making 
The accumulation of data regarding the ecological and socioeconomic value of subsea 
structure indicates that caution should be considered regarding the removal of subsea 
structure while research is ongoing, and the true ramifications of these actions become 
better understood. This finding is consistent with the Precautionary Principle, as it indicates 

 
114 Multigenerational benefits arise from actions that provide benefits over multiple generational time frames. 
For example, protection of ecosystem components into the future whereby people place value on knowing 
that future generations will have the option to enjoy those ecosystem components (e.g., marine mammals).  
This bequest value is usually measured by willingness to pay.  
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that scientific consensus as to the eƯects of the removal of subsea structure on ecosystem 
service values has not been achieved to date. Therefore, regulatory authorities are obligated 
to demonstrate that a policy of full removal is not harmful, before implementing such policy.  

OSW should consider the value in planning for, from design, construction, operation, and 
decommissioning, the collection of data and analysis that can support a scientifically 
defensible, objective, and transparent approach for short and long-term management 
decision-making for OSW farms. A NEBA-based comparative assessment (NEBA-CA) 
approach (Nicolette et al., 2023) is presented in Section 8 to meet these objectives. 

7.1 Decommissioning 
The decommissioning phase details what will be done with subsea structure once the 
Operating period is complete. Various regulatory jurisdictions across the world have 
diƯerent approaches to decommissioning but generally consider a variety of potential 
options such as full removal, partial removal, leave the component in-situ (e.g., a rig-to-reef 
program), transport specific components to a new/or created reef area, or designated 
alternative use (IOGP 2024). As an example, rigs-to-reefs programs (in-place or through the 
creation of reef areas using steel components) are used in the Gulf of America.  In another 
example, the 2010 State of California Marine Resources Legacy Act115 states that a partial 
removal is acceptable should an analysis demonstrate that it provides a “net environmental 
benefit” over full removal. 

Regarding the decommissioning phase, DES (2023) states that “Environmental impacts are 
anticipated to be similar to those experienced during construction and installation activities, 
as described in Section 3.4.”.  

Based on the statement above, it appears that the ecological and socioeconomic service 
benefits that will be generated at the CVOW-C site, although unintentional, are not being 
considered as part of the full removal scenario, when in fact, they should. This means that 
billions of dollars of ecosystem service value can be lost as the result of a decision to remove 
the monopiles and OSSs. The terms of the agreement are stated below.    

 In accordance with 30 CFR Part 585 and other BOEM requirements, Dominion Energy 
will be required to remove and/or decommission all Project infrastructure and clear 
the seabed of all obstructions following termination of Project operational activities 
and the Lease. OƯshore Export Cables and Inter-Array Cables will be retired in place 

 
115 The act would authorize the department to conditionally approve the partial removal of oƯshore oil 
structures, if specified criteria are satisfied, including a finding that the alternative of partial removal provides 
a net environmental benefit and substantial cost savings compared to the alternative of full removal of these 
structures. 
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or removed in accordance with a Decommissioning Plan; Dominion Energy would 
need to obtain separate and subsequent approval from BOEM to retire any portion of 
the Project in place. 
 

 The Decommissioning Plan will be developed based on a factor-based approach, 
utilizing the environmental and socioeconomic factors to determine a strategy 
and methodology that is appropriate at the time. The NEBA-CA provides the basis 
to determine an appropriate decommissioning decision. 
 

The statement in bold above, provides an opportunity to incorporate a NEBA-CA to help in 
determining the path forward for decommissioning and the potential for alternative reuse 
scenarios and their potential net environmental and social benefits. The NEBA-CA would be 
consistent with OMB (2024) guidance which was published after the CVOW-C Record of 
Decision (ROD).  

8  OƯshore Wind Net Environmental Benefit Analysis 
For demonstration purposes, a preliminary and cursory116 NEBA-CA was conducted to 
demonstrate the likely ecological and socioeconomic benefits associated with the 
construction, operation, and post operation activities associated with the CVOW-C wind 
farm. By way of example, the analysis demonstrates how a NEBA-CA would assist with 
understanding the ecosystem service value generated during the Operating period and 
ramifications of long-term site management decision-making. The demonstration is cursory 
and based on assumptions developed through review of readily available site information, 
scientific literature, and professional judgment. As there is some uncertainty as to predicting 
future conditions, conservative and internally consistent assumptions are made within a 
NEBA-CA for the purpose of diƯerentiating between management options. 

As discussed earlier, the NEBA-CA conducted herein is aimed specifically at addressing 
management of subsea structure (Nicolette et al., 2023). NEBA-CA is a risk-benefit 
approach for comparing the benefits and risks associated with oƯshore structure 
management and decommissioning.  

 
116 What is presented herein is for demonstration purposes only and should be refined with further evaluation 
of the metrics discussed in this paper, as well as incorporating additional metrics presented in Table 1. 
However, the trends of the metrics described in this section are identical to those associated with similar 
O&G NEBA=CA studies across the world.  
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The demonstration presented herein focuses on select ecosystem service benefit117 metrics 
and how they are projected to change during the Operating and potential Post Operational 
Reuse periods. This process follows. 

8.1 Metric Analysis 
Since it would be diƯicult to measure every ecosystem service associated with a site, 
metrics that serve as a surrogate for potentially aƯected ecosystem services are identified. 
A wide variety of quantifiable metrics (both beneficial and detrimental) can be used within a 
NEBA-CA (Table 2). Given the various factors that can aƯect the ecology associated with 
subsea structure (e.g., secondary productivity and fish reproductive potential at a given site), 
NEBA-CA is typically a site-by-site analysis. This site-by-site approach is consistent with 
expert opinion for other regions of the world as it relates to decommissioning option decision 
analysis to achieve the best environmental outcomes (Fowler et al. 2018). 

Metric selection will typically identify those metrics that should be used to understand the 
benefits and risks associated with that specific site. These metrics not only focus on 
environmental considerations but also address specific parameters related to health and 
safety risks, short and long-term risks, economic benefits and risks, social benefits and 
risks, and technical feasibility.  

Table 2. Example metrics used for oƯshore applications of NEBA-CA. The list is not exhaustive, but 
presents typical parameters to consider quantifying in a NEBA-CA. 

 
117 Only beneficial metrics were evaluated for demonstration purposes. A full NEBA-CA incorporates both 
beneficial and detrimental (i.e., risk) metrics. 
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8.2 CVOW-C Case Example 

The case example is associated with the construction and installation on the Outer 
Continental Shelf (OCS) of the CVOW-C wind farm containing 176 wind turbine monopiles, 
3 OSSs, and associated inter-array cables118 linking the individual WTGs to the OSSs, 
substation interconnector cables linking the OSSs, and up to nine offshore export cables 
within an export cable corridor of up to 25 nautical miles on the OCS. Based on experience, 
the focus was on comparing projected changes in ecological and socioeconomic benefits 
of the OSW site to the Pre-Development baseline, Operating period (50 years), and Post 
Operational Reuse period (300 years)119.  

The analysis presented herein is for demonstration purposes only and should be refined with 
a full-scale NEBA-CA to further evaluate the benefit and risk metrics discussed in this paper, 
as well as those metrics, but not limited to those presented in Table 2. However, the benefits 
described in this section are consistent with those observed with O&G NEBA-CA studies 
across the world.  

The case example herein focused only on the non-buried offshore subsea structures120 
(WTGs and OSSs) and thus did not address the offshore cable linkages and export cables 
nor onshore development components, although these aspects could be analyzed and 
compartmentalized within a full-scale NEBA-CA. 

8.2.1 Select Metrics Evaluated for Ecological and Socioeconomic Values 

For demonstration purposes, the following beneficial metrics were evaluated121: 

 Subsea structure surface area consisting of steel structure and scour protection 
for monopiles122 and OSS Jackets (acres, quantified) – beneficial in that it supports 
benthos colonization and initiates the artificial reef effect. 

 
118 This demonstrative example does not include any of the cabling or onshore activities. A Full NEBA would 
typically include these as well. 
119 The Post Operational Reuse period incorporates the ecological and socioeconomic services for a period of 
300 years. This is used to demonstrate the ecosystem service value that would be lost should the structure 
be fully removed after the Operational period.  
120 Steel surface area available for benthic colonization is the major factor responsible for developing the 
ecosystem services (i.e., provides the substrate available for benthic colonization, a first step in reef 
ecosystem development).  
121 All metrics will require some level of refinement, those denoted as “estimated relative value” will require a 
greater level of refinement.   
122 Scour protection was not included in surface area estimates of the OSSs  
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 Ecological Habitat Service Value [services provided per acre per year (SAYs123,  
quantified) of hard substrate124, and associated halo areas (quantified, using HEA, 
Attachment I]. Ecological habitat service value represents the habitat value 
(including benthos, fish, etc. as a unit functioning together) associated with the 
structure incorporating the: 

o Surface area of hard steel structure, 
o Surface area of the cuttings pile habitat, and 
o Halo area. 

Subsea structure surface area (i.e., artificial reef habitat), including cuttings pile 
habitat and halo areas, were assumed to serve as a surrogate for habitat quality.  
Thus, changes in the availability of subsea structure can relate to changes in 
fish/benthic biomass and abundance, etc. 
  

 Secondary Fish Production (g * m -2 * y -1): New biomass generated by growth and 
reproduction (estimated relative value). 
 

 Carbon Storage and Sequestration (CO2) – Reefs play a critical role in carbon 
sequestration. Carbon sequestration is the process by which carbon dioxide (CO2) is 
removed from the atmosphere and stored in natural reservoirs. Reefs, man-made or 
natural, can sequester or capture carbon125 (estimated relative value). 
 

 Commercial Fisheries ($) – value of the commercial fisheries associated with 
habitat changes (estimated relative value). 
 

 Recreational Fisheries ($) – value of the recreational fishery associated with habitat 
changes (estimated relative value). 
 

 Human Passive use Values: e.g., existence and bequest values associated with 
habitat changes (estimated relative value).  
 

Evaluation of risk metrics (e.g., navigation, health & safety, ecological, trawl snagging risks, 
emissions, etc.) was not included in the demonstration herein. Risk metrics demonstrate 
potential adverse impacts to the environment and human health & safety.  In terms of 

 
123 Using HEA, Attachment I. An environmental metric representing the value of a habitat in terms of the 
amount and quality of habitat provided per unit area (i.e., hectare) over time (i.e., per year) (also see Nicolette 
2013a). 
124 Changes in fish abundance and/or biomass are correlated with changes in the amount and quality of hard 
habitat structure. As such, changes in hard structure surface area, including cuttings pile habitat and 
structure volume (for the jacket) can be viewed as a surrogate for changes in fish biomass and abundance.   
125 Enbridge, 2023. Reef-based carbon sequestration study. Reef-based carbon sequestration study delivering 
‘encouraging results’ - Enbridge Inc. Accessed 1/25/2025. The project is being managed by the Friends of RGV 
Reef, a non-profit group that created the reef in 2017, and University of Texas Rio Grande Valley (UTRGV). 
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environmental and human health & safety, BOEM determined any potential eƯects to be 
“…negligible to moderate.”  Moderate means the viability of the resource is not aƯected, and 
the impacts can likely be reduced through mitigation. Risk metrics can, however, be 
quantified and included within a full-scale NEBA-CA (Nicolette et al., 2023). The results of 
the analysis conducted herein, by metric, follow. 

8.2.2 Subsea structure Surface Area 

8.2.2.1 Monopile and OƯshore Subsea Structures 

The preliminary analysis of the 176 monopiles was based upon the monopile structure 
design126,127 as shown in Figure 11. The amount of steel surface area available for benthic 
colonization is the major factor providing the substrate available for benthic colonization. 
Thus, surface areas associated with the monopiles include the monopile foundation and the 
scour protection armor layer that is located between the sea floor and the sea water level. 
The preliminary analysis of the three oƯshore substations was based upon the OSS structure 
design128,129 as shown in Figure 12. The layout of 176 monopiles (plus 7 spares) and the 
oƯshore substations is provided in Figure 13. 

Figure 11. Illustrative Example of a WTG Monopile Foundation. 

 
126 cvow_monopiles_fact_sheet_v3.pdf 
127 Construction and Operations Plan, Coastal Virginia OƯshore Wind Commercial project. Dominion Energy 
Services, Inc., September 8, 2023.  143 pp. Submitted to BOEM.  
128 cvow_monopiles_fact_sheet_v3.pdf 
129 Construction and Operations Plan, Coastal Virginia OƯshore Wind Commercial project. Dominion Energy 
Services, Inc., September 8, 2023.  143 pp. Submitted to BOEM.  
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Figure 12. OSS Foundation Structure, Source: (DES, 2023). 

 

Figure 13. WTG and OSS Foundation locations. Source: (DES, 2023). 
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8.2.2.2 Monopile and OƯshore Substation Design Parameters 

The design parameters for the monopile, and OSS foundations used in the analysis are 
provided in Tables 3 and 4, respectively. These parameters were used in estimating the 
surface areas of steel structure, scour protection, halo, and array areas. Parameters chosen 
for the analysis are generally based on the preferred option in DES (2023, Table 3.3-3). 

 

Table 3. WTG Monopile Foundation Design Parameters (Source: DES, 2023). 

 

Table 4. OƯshore Substation Jacket Foundation Installation Design Parameters (Source: DES, 
2023). 
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8.2.2.3 Habitat Surface Areas Associated with Monopiles and OSSs 

Using the readily available information, the habitat surface areas associated with the 
monopiles and OSSs were estimated as follows:   

1. 176 Monopiles: Steel surface area in water (area between the sediment and the 
water surface including scour protection area) and the halo area. 

2. 3 OSSs: Seabed footprint (w/o scour protection) and the halo area. 
3. Baseline habitat area, for comparison purposes, was assumed to be the pre-

development area aƯected by the subsea structure (that is, the sum of the areas 
aƯected by the monopiles and OSSs).  

8.2.2.4 Surface Area Acreage Calculation Assumptions 

8.2.2.4.1 Monopiles 

The surface area of a vertical monopile in water and the scour protection area were 
calculated based on the dimensions (Table 5) and information provided in DES (2023). When 
a range was provided, the midpoint was used from which to calculate the surface area in 
water130,131. Once the surface area of the steel and scour protection area was calculated, the 
halo area was assumed to be 8 times the surface area132.   

8.2.2.4.2 OƯshore Substations 

In calculating an estimate of the surface area of the OSS, the seabed footprint (1,191 m2) 
provided in Table 4 was used. The halo area was assumed to be 8 times the surface area133. 

8.2.2.5 Surface Area Results 

 The estimated areas, in acres for the monopiles, OSSs, and array area are provided in Table 
6. The actual area where subsea structure and associated benthic halo eƯects within the 
water column (850 acres) is located comprises approximately 0.8% of the overall acreage 
estimated for the array (109,885 acres). 

 

 

 
130 It is understood that the actual depths of the monopiles will vary and that corresponding surface areas will 
vary from monopile to monopile.  The intent of this analysis was to develop a rough estimate of the surface 
area in water based upon readily available information. A more detailed NEBA would account for these depth 
considerations.  
131 For the diameter at highest tide, the upper value was used. 
132 Reeds et al. 2018 found that halo areas for steel jackets could be up to 15 times the size of the structure 
footprint. To be conservative, a value of 8X was used. These areas were larger in shallower water compared to 
deeper locations. 
133 Reeds et al. 2018 found that halo areas for steel jackets could be up to 15 times the size of the structure 
footprint. To be conservative, a value of 8X was used. 
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Table 5. Assumptions used in Area calculations for monopiles. 

 

Table 6. Acreages associated with the steel and scour protection areas and the Halo areas. 

 

As can be seen in Figure 14, the majority of the 850 acres is associated with the halo areas 
of the 176 monopiles. The three OSS jackets provide a much smaller contribution to the 
subsea structure surface area compared to the monopiles. However, although halo areas 
comprise most of the acreage, they have a lower habitat quality when compared to the steel 
w/scour protection habitat (Section 8.2.3).  
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Figure 14. Acreages associated with the steel and scour protection areas and the Halo areas. 

For comparison of ecological value, the surface area of the baseline habitat134 was set to be 
850 acres (same as the overall size of the area associated with projected habitat impacts 
from the monopile and OSSs135). The overall array surface area was estimated to be 
109,885136 acres based upon circular areas calculated around the 176 monopiles (steel, 
scour protection and halo). In total, the surface area of the monopiles and OSSs (steel, scour 
protection, and halo) comprised <1% (0.8%) of the 109,885 acres estimated in the array 
area.   

By way of example, and in consideration of the unintentional ecosystem service benefits 
provided by subsea structure, multigenerational (ecological and socioeconomic) values for 
the conceptual OSW facility were projected. 

8.2.3 Ecological Habitat Service Value 

An ecological habitat service value metric was used as a surrogate to represent the habitat 
value associated with the various structures (monopiles and OSSs) and the Pre-
Development baseline condition. A habitat equivalency analysis approach (Attachment I) 
was used to estimate the ecological habitat service value associated with the various areas. 

 
134 Pre-construction 
135 This does not include sediments associated with the buried cable and/or transfer lines. Impacts to these 
sediments are short term with short recovery rates. Impacts of the steel, scour protection, and halo areas to 
the environment are not short term, but will last through the Operational period and left untouched, for 
centuries into the future.  
136 The Lease Area covers approximately 112,799 acres (DES, 2023). 
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Habitat equivalency analysis has been incorporated into U.S. natural resource damage 
assessment (NRDA) regulations since 1996137. The flow of ecological habitat service benefits 
or losses associated with subsea structure management was measured in units of service-
acre-years (SAYs), (Attachment I). These values are estimates based on several 
assumptions, however, the purpose is to demonstrate the relationship between value gained 
over the Operating period and as well, additional multigenerational value to be gained under 
a potential Post Operational Reuse period. 

In comparing ecological habitat values in SAY’s, it is important to note that one SAY of hard 
surface structure of one habitat type may not be equivalent to one SAY of the surface 
structure of another habitat type (i.e., steel & scour protection versus halo versus 
unimpacted areas). This diƯerence is primarily due to quality diƯerences associated with the 
ability of each of these habitat types of subsea structure to generate productivity.  

Some subsea structure may have more interstitial space than another of the same surface 
area, thus making the former a more favorable site for colonization, thus generating a higher 
productivity per unit area than the latter.   All estimated ecological habitat service SAY values 
required that they be normalized. To this end, they were normalized to the value of the 
baseline soft bottom habitat, for comparison purposes. 

Thus, to make SAY values of ecological habitat service value comparable, the SAY value of 
each diƯerent habitat (steel & scour protection versus halo versus unimpacted areas) was 
normalized to one SAY of the baseline sediment condition using the adjustment factors as 
presented in Table 7. 

In addition to the habitat quality adjustment, the SAY values were calculated using a 
discount rate (next section and in Attachment I), the discounted metric unit is a “dSAY” 
(discounted service acre years). 

8.2.3.1 Discounting 

By preserving sensitive and diverse habitats over long periods of time (e.g., for future 
generations), long-term ecosystem service benefits are expected and thus, accounting for 
the timing of the provision of these benefits to current and future generations, is necessary 
and consistent with OMB (2024) guidance. This is done through discounting future benefits. 
The “discount rate” is known as the social rate of discount, or the social rate of time 
preference. 

 

 

 
137 Nicolette, et al., 2013b 
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Table 7. Normalizing SAY values between diƯering habitat type qualities.  

 

In this case, the discount rate expresses society’s preferences for distribution between 
generations, with a zero-rate representing equal weights for all generations, and a positive 
rate implying less weight to future generations. Even if it is desirable to weigh the well-being 
of all generations equally (implying a zero-discount rate), it would still be appropriate to use 
a positive or negative discount rate for the benefits or costs associated with changes in 
ecosystem services, if the general availability of these services is expected to change over 
time (National Academy of Sciences, 2005). If the availability of resources becomes limited 
or scarce in the future, the discount rate could go negative. 

There is no compelling reason for this discount rate to be positive; the value of the discount 
rate reflects the relative valuations that are placed on present and future generations. If one 
is convinced that future generations should be valued less than present generations, then a 
positive utility discount rate should be chosen; otherwise, this rate should be zero (National 
Academy of Sciences, 2005). 

8.2.3.1.1 Selected Discounting Method 

Per OMB (2003), “Special ethical considerations arise when comparing benefits and costs 
across generations. Although most people demonstrate time preference in their own 
consumption behavior, it may not be appropriate for society to demonstrate a similar 
preference when deciding between the well-being of current and future generations. Future 
citizens who are affected by such choices cannot take part in making them, and today’s 
society must act with some consideration of their interest.” OMB recognizes the need to 
address intergenerational values and that these rates should likely be lower than 
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intragenerational analysis. They indicate discount rates of 1 to 3 percent per annum (OMB, 
2003) should be considered. It is widely accepted that in addressing intergenerational 
considerations, a declining discount rate may be more appropriate, giving more weight to 
future generations (Arrow, 2012; Arrow, 2013; Grantham Research Institute, 2018).  

For the analysis conducted herein, both a 2% discount rate as referenced by OMB (2003, 
2024) and a 0% discount rate were used for comparison purposes. The approach to 
quantifying the flow of value over time is consistent with OMB considerations of 
intergenerational value. 

8.2.3.2 Net Ecological Habitat Service Results   

Based on the approach presented in Attachment I and the surface area calculations from 
Section 8.2.2.5, the ecosystem service values associated with Pre-Development, Operating 
period and potential Post Operational Reuse period were estimated.   

Where data were not available, professional judgement based on literature review and 
professional experience was used in metric development. In these cases, assumptions were 
chosen to be conservative, that is, underestimate benefits. What is presented herein is for 
demonstration purposes and could be refined with further evaluation of the metrics 
discussed in this paper, as well as incorporating additional metrics presented in Table 2. 
However, the trends of the metrics described in this section mimic those observed with 
similar O&G NEBA-CA studies elsewhere. 

8.2.3.3 Ecosystem Service Values 

Most of the habitat value comes from the monopiles and OSSs, comprising about 56% of the 
value.  The halo areas comprise 44.4% of the value based on the assumptions provided 
herein (Figure 15). As shown in Figure 16, the discount rate can aƯect the value significantly 
over time. A 0% discount rate greatly increases value over time. The summary data are 
presented in Table 8.   
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Figure 15. Percent of ecosystem service value generated by the subsea structure (Monopiles and 
OSSs) compared to the Halo area. 

 

Figure 16. Comparison of ecological service value by period (Pre-Development versus Operating 
Period) and discount rate.  
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Table 8. Summary of calculated ecological habitat service values. 
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8.2.4 Human Use Benefits 

8.2.4.1 Potential Commercial Fishery Impacts 

The CVOW-C project is about 27 – 42 miles from shore and located in federal waters. The five 
species with the highest-valued commercial landings deriving from the Lease Area are black 
sea bass, Illex squid, channeled whelk, summer flounder, and Loligo squid. The Lease Area 
itself is “lightly fished,” ranking last in annual landings value ($56 per square mile [$22 per 
square km]) among the eight BOEM WEAs examined in 2014 (DePiper 2014138; Kirkpatrick 
2014)139. The total revenue from catch in the Lease Area by Port ranged from $38,459 in 2016 
to $99,170 in 2008 and is presented in Table 9.  

Commercial fishermen inside the array area should see increases in commercial catch given 
the increased productivity expected in the array area due to the monopiles and OSSs. It is 
also possible that benefits could extend to fisheries outside of the array area should spillover 
eƯects occur as the ecosystem develops over time. For the preliminary CVOW analysis, the 
expected increase in the commercial fishery was attributed to the potential increased catch 
within the array area and was assumed marginal at a 15% increase. 

Several examples of spillover eƯects follow. As an example, using publicly available data 
from nine large-scale MPAs across the Pacific and Indian oceans, catch-per-unit-eƯort in 
tuna purse seine fisheries has increased by an average of 12 to 18% near protected area 
boundaries, and this increase declines with distance from the boundaries (Lynham and 
Villasenor-derbez, 2024). Another study has reported evidence of localized spillover around 
an oƯshore wind farm (Halouani, G. et al. 2020). In another study, a 35% reduction in fishing 
area resulting from an MPA designation was compensated for by a 225% increase in total 
catch of spiny lobster after 6-years, thus indicating at a local scale that the trade-oƯ of 
fishing ground for no-fishing zones benefitted the fishery (Lenihan et al., 2021). Although the 
potential for spillover eƯects is present, further study would be required to demonstrate 
whether these eƯects occur at the CVOW site. 

Based on the above studies, if the area of a wind array does act, in part, like an MPA (given 
impediments associated with the hard structure within the array), benefits could include, to 
some extent, increased commercial and recreational catch and stock protection for select 
species within the array area.   

 
138 Reference from DES (2023). 
139 In contrast, the annual landings value of the New York Call Area was $4,222 per square mi ($1,630 per 
square km) (DePiper 2014; Kirkpatrick 2014). 
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Table 9. Summary of total revenue from catch in the Lease Area by Port from 2008 to 2018 (Source 
DES 2023a). 

  

8.2.4.2 Potential Recreational Fishing Impacts 

The economic value associated with recreational saltwater fishing is driven by angler 
expenditures. In 2018, there were a total of 6.4 million recreational saltwater angler trips in 
Virginia, and 16.6 million recreational saltwater angler trips in North Carolina, with shore 
fishing representing the majority (more than half) of those trips in both states. 

Impacts on the Virginia recreational fishery are likely to be significantly positive due to the 
increased fish production from the vertical structure habitat provided by the monopiles. It 
was assumed that recreational fishing value would double compared to pre-development 
value. Further analysis is required to hone in on the level of benefit that may develop. 

8.2.5 Potential Network EƯects from Monopiles and Connectivity 

Recent studies as cited by Fujii and Jamieson (2016) have suggested that the physical 
presence of oƯshore platform jackets, together with associated subsea infrastructure such 
as pipelines, wellheads and manifolds, may have beneficial eƯects on present-day 
ecosystem functioning as they may serve as artificial reefs that attract marine life (Picken, 
2003), including species of conservation importance and thereby increase the number of 
economically important fishes in the proximity of these foundations (Stanley and Wilson, 
1991; Fabi et al., 2004; Love et al., 2006). There have been studies that show increased 
mammal activity within operational oƯshore wind farms that have been linked to the refuge 
eƯects of improved foraging opportunities or increased shelter (Russell et al, 2014; Scheidat 
et al, 2011).  
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Besides the challenges, the ocean sprawl eƯects from anthropogenic structures presents 
novel conservation opportunities such as expanding geographical ranges, increasing 
secondary production for fisheries, or providing foraging sites for species whose habitats 
have been degraded. Benefits may also include increased population connectivity (Henry, 
et.al., 2018).  

The marine environment can be comprised of a network of marine sites or a large area of 
marine habitat that implicitly encompasses many “sites‟ important to marine biodiversity. 
Network eƯects are important for all ecosystems, and this is the case for the marine 
environment which lacks many physical barriers, meaning that species are often highly 
mobile and dependent on numerous sites through their lifecycle. A network eƯect is a 
positive externality arising from the presence of one additional good in the economy 
(Economides, N., 1993).140 The positive value of a single site within such an area or network 
is only fully realized when it is part of a functioning network of sites (Economides, N., 1993). 
Equally, network eƯects may reduce a single site’s value, because the availability of close 
substitutes may mean the site has lower value to people than would be the case if it was an 
isolated example. In this context “close” and “isolated” are used in the geographical and/or 
in an environmental (e.g. ecological) sense (Economides, N., 1993).  

Research shows that a significant portion of people are willing to pay for areas that act in 
some manner as a marine protected area (MPA), often through mechanisms like visitor fees, 
demonstrating public support for conservation eƯorts by contributing financially to protect 
marine ecosystems; factors influencing willingness to pay include the perceived ecological 
benefits of the MPA, the quality of the experience, and personal environmental values.  

Key points about willingness to pay for MPAs: 

 Positive public perception: A high percentage of people are willing to pay a fee to 
access or support an MPA. These include direct (those who engage in recreational 
activities like diving or snorkeling within the protected area) and indirect (passive) 
users.  

 Economic benefits: Based on the willingness to pay by the public, MPAs can generate 
revenue to fund conservation and management of habitats, increasing the potential 
for habitat sustainability.  

 
140 The classic example is the telephone. When one user buys a telephone, it is valuable to them, but it also 
makes everyone else’s telephone more valuable because they can now contact more people than they could 
before (Economides, N., 1993). The “value” of the network can be determined by knowing the number of 
nodes (telephones) within the total network and how many connections one has to the others. 
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 Ecological value: People are more likely to pay if they perceive the MPA as protecting 
important marine life or habitats such as those supporting threatened and 
endangered (T&E) species or species of special significance.  

 Accessibility and quality: The ease of access and the quality of the marine habitat 
within the MPA can influence willingness to pay.  

 Environmental awareness: Individuals with a higher level of environmental 
awareness and education tend to be more willing to pay for conservation.  

Studies commissioned in the UK to estimate the benefits of the UK marine habitat, focused 
on a network of UK Marine Conservation Zones (MCZs) to be provided under the Marine Bill.  
Beaumont et al. (2006) draws on various studies that used diƯerent methods to estimate the 
value of several ecosystem services arising from biodiversity in the UK marine environment. 
Although the authors are cautious about aggregating the separate ecosystem services 
values, the research indicates that the UK marine environment is worth many billions (£). 
McVittie and Moran (2006) developed hypothetical scenarios for a network of MCZs in UK 
waters that were used as the basis for two separate valuation studies to value the benefits 
of the Marine Bill. The second study suggests that the benefit of the MCZ network to the 
entire UK population is £0.5bn to £1.2bn per year. Beaumont et al. (2006) used the 
ecosystem approach across the entirety of UK waters, while Richardson et al. (2006)  looked 
specifically at a network of sites within UK waters.  

A choice experiment survey asking UK residents for their willingness to pay to halt 
biodiversity loss in a UK network of MCZs estimated an aggregate value of £1,714 million for 
the whole of UK, with England accounting for £1,510 million alone (McVittie and Moran 
2010). 

While these studies are not U.S. based, they do provide an understanding of the value to the 
public of the potential ecological benefits from the CVOW-C wind project. 

8.2.6 Select Metric Assumptions 

Although a preliminary assessment, additional assumptions, if not provided elsewhere 
within the document, are provided below. These were also used in estimating changes in the 
ecological and socioeconomic benefits associated with the project Pre-Development, 
Operational, and Post Operational Reuse periods.  

Hard Steel Structure and Halo Area 

 The steel surface area was a combination of the surface area of each monopile and 
OSS surface area, including the surface area of the scour protection for the 
monopiles. 
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 As the detailed schematics for the OSS’s were not available at the time of this paper, 
the surface area (1,191 m2) used was that provided in Table 4. The halo area was 
estimated to be 8x the hard structure surface area of the base (based on Reeds et 
al. 2018). 

Ecosystem Habitat Service Value 

The ecosystem service value was assumed to develop in a linear fashion over 10 
years to full maturity for all scenarios.  

Secondary Fish Production: 

 The secondary fish production of soft bottom habitat (the majority of habitat in the 
CVOW-C area - was assumed to be 5.6% that of fully developed subsea structure 
based on Claisse, et al. (2014). 

Passive Use Value:  

 The public holds a passive use value for the lease area in its pre-developed state. 
 Upon site development, the public will have some level of passive use value that the 

development will provide some stock protection given fishing impediments to the 
commercial fishery within the array. This passive use value was estimated to be 2X 
that of the pre-developed baseline. 

 Passive use value was expected to significantly increase for a long-term reuse 
scenario should the site, after the Operational period, be incorporated into a reuse 
scenario, acting in some form as a long-term MPA. This provides greater bequest and 
existence value associated with the protection for future generations, when 
compared to the Operational period. 

Carbon Storage/Sequestration: 

 Carbon storage/sequestration was estimated to mimic the fish biomass associated 
with secondary fish production as it is based on the storage/sequestering with the 
presence of the enhanced biological community. 

 This value would accumulate yearly over the life span of the structure. 

Net Commercial Fisheries Value: 

 The net growth expected in commercial fishery value was assumed to be 15% and 
attributed to increased commercial catch within the array. Commercial fishing (e.g., 
trawls, dredges, gillnets, pots, etc.) is not restricted except that there cannot be 
contact with the structures. This estimate is believed to be conservative as the 
increased fish production will likely attract commercial fishermen to the area. 
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 This value would accumulate yearly over the life span of the structure. 

 Net Recreational Fisheries Value: 

 The net recreational fisheries value was assumed to double, at a minimum, based 
upon evidence associated with 1) the attraction thus far to the site, and 2) growth 
indicators from the Block Island, Rhode Island site (Brink and Dalton, 2018).  

 This value would accumulate yearly over the life span of the structure. 

8.2.6.1 Graphical Analysis and Understanding 

A key aim of the NEBA-CA process is to provide a mechanism to diƯerentiate how various 
assessment metrics may change given diƯerent alternative scenarios. Thus, what is 
important is the relative diƯerentiation that the analysis provides between the options for 
each structure, given the assumptions made.   

The NEBA-CA provides a graphical summary of the data so that diƯerentiation between 
options becomes readily apparent, and the basis for diƯerentiation is clear while providing 
an understanding as to the individual metric trade-oƯs between options. This is necessary 
as stakeholders tend to focus on those metrics of specific interest to themselves, at the 
expense of other metrics. For example, commercial fishermen may focus more on 
commercial values while an environmental group may focus on overall ecosystem habitat 
values. The separation of the various metrics within graphical presentation is critical in 
allowing stakeholders to understand:  

 Their own metric interests,  
 Metric interests of others, and  
 Trade-oƯs that should be considered in environmental decision making.  

A stakeholder may not initially support a final decision; however, a data presentation that 
clearly shows scientifically based, transparent, objective metrics and the individual trade-
oƯs between alternatives evaluated will be helpful in providing understanding for decision-
making.  

Graphics presented in the following section were developed to provide an understanding of 
the relative beneficial (positive) impacts associated with the metrics evaluated for each 
scenario so that the beneficial trade-oƯs between scenarios could be evaluated141.  

 
141 A detailed NEBA-CA would provide a comparison of both beneficial and detrimental metrics as shown in 
Nicolette et al., 2023. 
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8.2.6.1.1 Benefit–Detriment Graphical Understanding 

Given the variety of units in which the various metrics are displayed, it is necessary to 
develop a process whereby all metrics could be displayed on the same graph. Consequently, 
graphics were developed so that each specific metric could be plotted in proportion to its 
specific metric values across scenarios. In this regard, metrics with beneficial ecological 
and human use service attributes, were scaled to a value between 0 and 1. 

Each beneficial metric was scaled across its comparative scenarios by setting the highest 
value for that metric equal to 1. All subsequent values for that specific metric were scaled to 
a proportion of 1 so that their graphical bar heights are relative to one another. Thus, the bar 
that provides the greatest benefit, for each specific metric, goes to a value of 1, and the 
metric values for that specific metric for the other scenario are plotted proportional to the 
bar that provides the greatest benefit (value of 1). As an example, a bar that goes to a value 
of 0.5, provides 50% of the beneficial value when compared to the option where that metric 
has a value of 1. This allows all values for each specific beneficial metric to be plotted on the 
same relative scale for that specific metric across the options for comparison. Note that the 
actual data values can also be provided above each bar to support evaluation. 

8.3 Pre-Development Baseline Compared to the Operational Period 
Based on the preliminary analysis of the select metrics, a comparison of the Pre-
Development baseline compared to the Operational period (50 Years) is provided in Figure 
17. In Figure 17, each individual metric from each period is proportional to each other. This 
displays the relative change in each metric from the Pre-Development baseline as compared 
to its matching metric from the Operating period.  Increases are expected in all benefits. 
The largest increases were for secondary fish production and carbon sequestration/storage 
(over 900% increase each142), and overall ecological habitat services (240%). Recreational 
fishing was expected to significantly increase (51%) while the increase in value associated 
with commercial fishing was estimated to be about 15%. All metrics demonstrate an 
increase in benefits, the net gain by metric is shown in Figure 18. 

 
142 As carbon storage will likely mimic secondary fish production. The combination of the reefs structure, the 
sediment, and the biomass, fish and other marine life in the water column, is indeed capturing or trapping 
CO2, a known greenhouse gas, in significant proportions (Enbridge, 2023). 
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Figure 17. Results of preliminary NEBA-CA analysis demonstrate an increase in benefits when 
comparing the Pre-Development period to the Operational period (50-yrs). 

 

Figure 18. Results of preliminary NEBA-CA analysis demonstrate the net gain in benefits (i.e., value) 
associated with the presence of the hard structure over the 50-year Operating period (i.e., the net 

change in beneficial value by metric). 
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8.4 Operational Period Compared to Post Operation Reuse Management 
As expected, a scenario where a Post Operation Reuse period (i.e., select subsea 
structure managed in-place) is incorporated, there is the potential to generate additional 
significant benefits beyond the Operational period (Figure 19). The impact of the 
discount rate on the calculations is also shown in Figure 19. This also demonstrates the 
time value of ecosystem service benefits. If one is convinced that future generations 
should be valued less than present generations, then a positive (i.e. 2%) discount rate 
should be chosen; otherwise, this rate should be zero (National Academy of Sciences, 
2005). It becomes readily apparent that consideration of potential reuse scenarios143 and 
capturing long-term value should be considered when determining the future of subsea 
structure. These decisions can impact (positively or negatively), future generations. 

 

 

Figure 19. Comparison of ecological services value by discount rate (Operating period versus 
potential Post Operational Reuse Period). 

 

 
143 These would contribute for centuries into the future, generating significant ecosystem service values for 
the public. 
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As demonstrated in Figures 18 and 19, the subsea structure has the potential to generate 
significant ecosystem services.  For an OSW facility like CVOW-C, the overall distribution 
of the monopiles provides a substantial base to support ecological connectivity in the 
region.  This further enhances the value of the site as it may result in reduced “genetic 
homogeneity and reduced opportunity for allopatric speciation144 (when biological 
populations of the same species become isolated as a result of geographical changes), 
because subsea structures may remove isolating barriers to long-range dispersal” 
(Macreadie et al., 2011). 

The following section provides cursory insight into the potential monetary value of the 
ecosystem services associated with the artificial structure. 

8.5 Ecosystem Service Valuation 
For demonstration purposes, the ecosystem service value of the CVOW-C oƯshore subsea 
structure was estimated based on the hectares of the various habitat types evaluated (i.e., 
steel, halo, and soft bottom).  Keep in mind that this estimate is a cursory analysis at this 
point and that additional work is needed to refine the values. One purpose of the analysis is 
to put in perspective the potential magnitude of the ecosystem service values associated 
with subsea structure as well as the eƯect that discounting has on the values. The results 
were generated to reflect the potential added value (Net Ecosystem Service Value) of the 
subsea structure to the society.   

Brander et al., (2024) recently published mean values (int$ 2020/ha/year145) for a variety of 
ecosystem services across a variety of biomes. These values were generated from the 
Ecosystem Services Valuation Database (ESVD) that provides an organized collection of 
estimates of the economic value of ecosystem services expressed in monetary units 
(Brander et ai., 2024). ESVD is a global database containing value observations for all biomes 
and all ecosystem services. The summary values presented by Brander et al., 2024 are based 
on 4,451 value records that were filtered out of the full set of 9,400 records in the ESVD 
(Brander et ai., 2024). The filtering process was needed as some reported values were 
expressed in units that could not be standardized to Int$/ha/year2020 and that many reported 

 
144 Allopatric speciation – also referred to as geographic speciation, vicariant speciation, or its earlier name 
the dumbbell model – is a mode of speciation that occurs when biological populations become 
geographically isolated from each other to an extent that prevents or interferes with gene flow. 
145 International $ per hectare per year. The selected common currency for the ESVD is the international dollar 
(Int$), which represents the value of the US dollar in the United States in terms of purchasing power. Values 
reported in other currencies are converted to Int$ using purchasing power parity adjusted exchange rates, 
which are also obtained from the World Development Indicators. 
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values are for multiple ecosystem services, which could not be disaggregated to values for 
individual ecosystem services (Brander et al., 2024).  

Based on the hectares of the habitat types evaluated, and several assumptions, a cursory 
valuation was conducted. A summary table of the results is presented in Table 10. 

  
Table 10. Cursory Analysis: Net ecosystem service value associated with the CVOW-C subsea 

structure. Note: Acreage estimates were converted to hectares. 

 

As shown in Table 10, the analysis incorporates assumptions as to the biomes selected, the 
dollar values used by Brander et al., 2024, and the relative productivity for each habitat type 
evaluated. Based on the cursory analysis and the assumptions made, the ecosystem 
service value for the various habitat compartments can range from millions to billions 
of $ in value (depending upon time frame and discount rate used). For the CVOW-C area, 
the potential Post Operational Reuse period value was estimated in the billions ($), given the 
time frame over which ecosystem service values accumulate at a 0% discount rate. These 
values represent the value added (i.e., net gain, unintended) from the placement of the 
subsea structure, closely mimicking the value that O&G subsea structures create. The 
values presented are in 2020 dollars and were not adjusted to 2025 dollars.  As this was a 
cursory analysis, further analysis would refine these estimates. 
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9  Summary 
Oceans provide trillions of dollars in ecosystem service benefits to society globally. OƯshore 
Wind (OSW) and oƯshore Oil & Gas (O&G) energy development share common bonds in the 
process of extracting energy oƯshore. Aside from the fact that they both create strong 
workforces with similar trades and have major supply chain investments including ports, 
major manufacturing facilities, shipbuilding, etc., recent worldwide scientific evidence has 
demonstrated that they both generate significant environmental and socioeconomic value 
(i.e., ecosystem services, in billions of $) to the public. As such, OSW and O&G have become 
gatekeepers for some of the most diverse and productive habitats in our oceans. 

OSW and O&G facilities install subsea structures in the oceans to support the development 
of energy.  It just so happens that these structures serve as a substrate that, over time, acts 
as artificial reef habitat. Although an unintended outcome, the beneficial eƯects of OSW 
subsea structure mimic those observed with O&G subsea structure.  

The ecosystem service benefits provided by both OSW and O&G subsea structure are two 
sides of the same coin. The billions of dollars in ecological and socioeconomic value 
generated by these subsea structures worldwide are associated with both the increased 
diversity of the habitat created, and the time frames over which the flow of these services 
are provided.  

A preliminary net environmental benefit analysis based comparative assessment approach 
(NEBA-CA) is presented to understand the benefit-cost tradeoƯs associated with OSW 
development. The NEBA-CA methodology, however, has not previously been used to 
evaluate benefits and risks associated with OSW facilities. Although subsea structure design 
and layouts diƯer between O&G fields and OSW arrays, the NEBA-CA methodology is 
however, directly applicable to OSW development and management. NEBA-CA is directly 
applicable because the ecosystem services provided by subsea structure are not prejudicial 
to whom installed the structure. Thus, the NEBA-CA methodology can be applied to OSW, as 
demonstrated by this first ever application to OSW in a preliminary study of CVOW-C. 

The preliminary CVOW-C evaluation demonstrates the projected increase in value 
associated with an Operating period and potential Post Operational Reuse period as 
compared to the Pre-Development baseline. The results also demonstrate that increased 
benefits associated with alternative reuse can be significant.   

Subsea structures will take centuries to degrade, thus, given the significant ecological and 
social value generated and the degradation time frames, there is a potential for these values 
to be provided for future generations as well (i.e., multigenerational value) depending on site 
management 
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O&G fields oƯshore generally last for 20-50 years before their production decreases. At 
which point, new fields are discovered, and the oil extraction moves to a new location. Wind 
energy, however, does not have a time limit on the wind resource availability, thus, their 
facilities could be in place longer at one location compared to oil & gas (hence the renewable 
part). 

OSW should consider the value in planning for, from design, construction, operation, and 
decommissioning, the collection of data and analysis that can support a scientifically 
defensible, objective, and transparent NEBA-CA for short and long-term management 
decision-making for OSW farms. 

A full-scale NEBA-CA could be expanded for the site that evaluates both benefits and risks 
jointly. Incorporating site specific ecological, social, and economic data146 into the analysis 
would serve to develop a complete picture of the ecological and socioeconomic benefits 
and risk tradeoƯs associated with an OSW farm. These data will help refine the 
understanding of OSW long-term benefits to the public, coastal communities, marine life 
and national security.  

The results presented herein are for demonstration purposes. However, the general trends 
in the analysis are consistent with ecosystem service values observed from artificial O&G 
structure across the world. A full-scale NEBA-CA, encompassing both benefits and risks 
together,147 would help to clarify the potential net ecosystem service value provided by OSW 
sites.   

Lastly, based on the cursory valuation analysis and the assumptions made, the ecosystem 
service value for the various habitat compartments can range from millions to billions of $ in 
value. These values represent the unintended net ecosystem service benefits generated 
from the placement of the subsea structure, similar to the benefits provided by O&G subsea 
structure. 

  

 
146 Developed in a transparent, objective, and scientifically defendable basis 
147 A full-scale NEBA-CA could evaluate a multitude of potential benefit and risk metrics as depicted in Table 
2. 
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11  Attachment I  

11.1 Habitat Equivalency Analysis and Discounting 

11.1.1 Habitat Equivalency Analysis (HEA) Approach 

The habitat equivalency analysis (HEA) approach (NOAA 1995, Nicolette 2013a) was used to 
evaluate projected changes in ecological habitat service values associated with actions 
affecting the environment. The HEA service-to-service approach was developed in the 
United States and subsequently incorporated into the European Union (EU) Environmental 
Liabilities Directive (EU ELD) as a preferred approach for understanding the positive and 
negative impacts associated with actions affecting the environment (Nicolette, 2013b). 

HEA is an ecological habitat service quantification approach that evaluates habitat service 
losses and gains based on non-monetary metrics over time. It is important to recognize that 
ecosystem services are not static measurements but represent a flow of services over 
time148 as represented in Figure 20.  

 

Figure 20. Representation of the flow of ecosystem services over time, baseline condition. Taken 
from Nicolette et al. (2013b). 

 

A method for comparing changes in ecological habitat service flows is provided in King and 
Adler (1991). This concept led to the development of the habitat equivalency analysis (HEA) 
method as applied in the U.S., EU. and elsewhere (NOAA, 1995; NOAA, 1996; Chapman et 
al., 1998; Nicolette et al., 2001; Dunford, et al., 2003; NOAA, 2007; REMEDE, 2013, Nicolette 

 
148 An important aspect when considering actions that may influence ecosystem service metrics for decades 
or centuries into the future (i.e., including intergenerational values). 
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et al., 2013). Because many ecological habitat services are not traded in the marketplace, 
they do not have a direct monetary value. For example, a fishery may provide commercial 
value that can be monetarily quantified. However, the overall ecosystem value, that 
incorporates the biodiversity149 of the habitat (including non-commercial fish species, 
benthos, marine mammals, etc.) cannot be monetarily quantified since these aspects of the 
ecosystem are not traded in the marketplace.  

Primary applications of HEA have been associated with balancing negative ecological 
habitat impacts of an action with positive ecological habitat benefits associated with an 
action (Nicolette et al., 2013a). The balancing (i.e., equivalency) concept assumes that the 
public can be compensated for past and/or projected estimated losses in ecological habitat 
services through the provision of similar services of the same type in the future assuming 
the value the public places on losses and gains in ecological habitat services is the same 
(Nicolette et al., 2013b). This also assumes that indirect (passive and non-consumptive) 
human use values are incorporated within the ecological service value as well. While 
restrictive, an implication of this assumption is that it is not necessary to attempt to place a 
monetary value on adversely or beneficially impacted ecological service flows. That is, even 
though HEA is an economic model, it uses ecological metrics to measure the flow of 
services over time. This provides an advantage over other methods of determining value 
because it can reduce the data and analysis requirements. The HEA methodology is flexible 
and can be adapted to individual sites and situations. 

11.1.1.1 Environmental Metric 

The HEA approach uses an environmental metric to measure changes to ecological habitat 
services and focuses on quantifying the area (e.g., acres) and level of impact over time in 
units typically represented as service-acre-years (SAY’s). However, other metrics can be 
used and developed appropriate to the site for the key services being evaluated. HEA allows 
for service losses and service gains associated with actions to be quantified in the same 
units so that adverse impacts can be compared to beneficial impacts. In comparing 
between various actions, ecosystem service values associated with an action may only be 
beneficial, detrimental, or may create service losses and gains concurrently.  

To illustrate the use of HEA to estimate ecological habitat service flows, one can apply, given 
the characteristics of either the impact or benefit of an action, the net change in ecological 
habitat service flows over time. Ecosystem studies, specific site information, scientific 
literature-based information, or a combination thereof, can be used to estimate how 
ecosystem services may be projected to change given an action. The metrics are selected 

 
149 Biodiversity is a term that expresses the variability and variety among the living world and can include 
consideration of species biodiversity, genetic diversity, and ecosystem diversity. Biodiversity provides 
ecosystem services directly and indirectly to human well-being. The protection of biodiversity is therefore 
important in the evaluation of sustainable policies (Nicolette 2013a). 
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based upon the site, habitats, and the scientific knowledge of those conducting the 
evaluation. By example, the HEA methodology could be used to calculate the areas of the 
various curves (shaded areas) presented in Figures 21 and 22 in units of SAYs or other 
alternative site-specific metrics (e.g., services per hectare per year, SHYs).  

The ability to select indicator metrics on a case-by-case basis is important as it increases 
the flexibility of the approach for various sites and situations. 

 

Figure 21. An action increases the flow of ecosystem services above the baseline condition 
(shaded area above baseline). Taken from Nicolette et al. (2013b). 

 

Figure 22. An action decreases the flow of ecosystem services below the baseline condition 
(shaded area below the baseline). Taken from Nicolette et al. (2013b). 
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Ecological service losses and gains can be measured using a variety of indicator metrics and 
units. In many cases, the quantification of changes in ecological service flows is based upon 
selecting or developing an indicator (can be one or more metrics) that acts as a surrogate to 
represent the ecological service flows provided over time by the habitat and expressing the 
changes in services (for that indicator) under the different alternatives as a percentage 
change from a baseline or reference condition. The HEA methodology is used to provide a 
practical and flexible approach to generate sufficient information to support decision-
making. Curve development focused on reducing uncertainty to an acceptable level. In 
cases where uncertainty existed, conservative assumptions were incorporated into the 
development of the curves. 

As stated earlier, actions associated with implementing various management options may 
result in changes to subsea structure, comprised of both steel structure and biological 
structure that have developed around the subsea structures. For our evaluation, the 
presence of hard structure (e.g., acres of hard steel and enhanced biological condition) hard 
surface area) served as a surrogate to represent the ecosystem service value associated 
with the structure.  

Key information used for estimating ecological habitat service values includes an 
understanding of baseline conditions and the development of appropriate indicator metrics. 
Baseline conditions are important in that they serve as the point from which lost and gained 
services are compared. Reducing uncertainty regarding baseline service flows will provide 
a more accurate estimate of projects flow of service benefits and potential service losses 
over time. 

11.1.1.2 Discounting 

By preserving sensitive and diverse habitats over long periods of time (e.g., for future 
generations), long-term ecosystem service benefits are expected and thus, accounting for 
the timing of the provision of these benefits to current and future generations, is necessary 
and consistent with OMB (2024) guidance. This is done through discounting future benefits. 

The “discount rate” is known as the social rate of discount, or the social rate of time 
preference. In this case, the discount rate expresses society’s preferences for distribution 
between generations, with a zero-rate representing equal weights for all generations, and a 
positive rate implying less weight to future generations. Even if it is desirable to weigh the 
well-being of all generations equally (implying a zero-discount rate), it would still be 
appropriate to use a positive or negative discount rate for the benefits or costs associated 
with changes in ecosystem services, if the general availability of these services is expected 
to change over time (National Academy of Sciences, 2005). If the availability of resources 
becomes limited or scarce in the future, the discount rate could go negative. 

There is no compelling reason for this discount rate to be positive; the value of the discount 
rate reflects the relative valuations that are placed on present and future generations. If one 
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is convinced that future generations should be valued less than present generations, then a 
positive utility discount rate should be chosen; otherwise, this rate should be zero (National 
Academy of Sciences, 2005). 

11.1.1.2.1 Selected Discounting Method 

Per OMB (2003), “Special ethical considerations arise when comparing benefits and costs 
across generations. Although most people demonstrate time preference in their own 
consumption behavior, it may not be appropriate for society to demonstrate a similar 
preference when deciding between the well-being of current and future generations. Future 
citizens who are affected by such choices cannot take part in making them, and today’s 
society must act with some consideration of their interest.” OMB recognizes the need to 
address intergenerational values and that these rates should likely be lower than 
intragenerational analysis. They indicate discount rates of 1 to 3 percent per annum (OMB, 
2003) should be considered. It is widely accepted that in addressing intergenerational 
considerations, a declining discount rate may be more appropriate, giving more weight to 
future generations (Arrow, 2012; Arrow, 2013; Grantham Research Institute, 2018).  

For the analysis conducted herein, both a 2% discount rate as referenced by OMB (2003, 
2024) and a 0% discount rate were used for comparison purposes. The approach to 
quantifying the flow of value over time is consistent with OMB considerations of 
intergenerational value. 
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EXPERIENCE SUMMARY 
Joe has 35+ years of experience, nationally and 
internationally, in the environmental consulting field 
with a focus on NEBA (i.e. environmental risk-benefit 
and cost-benefit alternatives analysis) and Oil/Chemical 
spill natural resource damage assessments (NRDA). 

Joe is recognized both nationally and internationally for 
his contributions in developing what is known as Net 
environmental benefit analysis (NEBA) and NEBA 
based Comparative Assessment (NEBA-CA). His career 
has included NEBA applications to site risk-benefit 
analysis and project decision-making, incorporating 
ecosystem service valuation for over 30 years. 
 
The NEBA approach specifically addresses the intent of 
environmental and economic decision-making 
processes, by helping private and public officials make 
decisions based on an understanding of environmental 
consequences and take actions that protect, restore, 
and/or enhance the environment and associated 
ecosystem service values. These ecosystem services 
focus on ecological, social, and economic concerns of 
the public. The focus of NEBA is to maximize 
ecosystem service benefits to the public while 
managing site risks and costs. Joe’s NEBA experience 
has addressed environmental issues across a wide array 
of project types. 

Joes offshore Oil & Gas NEBA-based Comparative 
Assessment (NEBA-CA) decommissioning experience 
includes sites in the Arabian Gulf, Australia, California, 
Caribbean, Gulf of Thailand, Gulf of Mexico, 
Mediterranean Sea, and the North Sea (Nicolette et al., 
2023). Regarding wind energy, Joe is also working to 
incorporate NEBA-CA into offshore wind energy 
facility design, monitoring, and decommissioning/reuse 
considerations. NEBA is also used in decision-making 
associated with both NRDA related spill response and 
site remedial action development. 
 
Mr. Nicolette has been involved in over 100 
NEBA/NRDA related projects across 18+ countries and 
25+ US states. He provides client strategy development 
regarding NRDA/NEBA natural resource injury and 
environmental assessment; emergency response, 
environmental sampling design and implementation; 
ecological and human health risk characterization; 
mitigation and remedial planning, restoration valuation 
and planning, agency negotiations, and technical data 
review, assessment, study design, implementation, and 

Areas of Competence 
 NEBA, NEBA-CA (Environmental Decision-

Making through Risk-Benefit and Cost-Benefit 
Analysis of Options) 
 Natural Resource Damage Assessment 

(NRDA) 
 Decommissioning of Offshore Subsea 

Structure (NEBA-CA)  
 Site Remediation, Restoration, and 

Mitigation 
 Land Conservation and Development  
 Project Permitting Support (EIS, EIA, EA, 

BA)  
 NRDA (Oil and Chemical Spills) 

 Natural Resource Injury and 
Compensatory Restoration Analysis 

 Spill Response Strategy and State/ Federal 
Natural Resource Trustee Coordination 

 Data Collection Priorities and Study 
Design 

 Spill Response Tactical Planning, 
Emergency Response, Resources at Risk 
(RAR) Identification, Post-Spill NRDA 
Assessment, Compensatory Restoration 
Development, Spill Drill Support 

 Ecosystem Service Economics (ESE, 
Ecological and Social Valuation of Actions 
Affecting the Environment) 

 CERCLA Project Coordination and Agency 

Joe is internationally recognized for his experience 
and role in adapting NEBA concepts within the 
offshore decommissioning process, including 

incorporation of multigenerational ecosystem service 
values (ecological, social) within decision-making 

Joe co-authored the first formalized NEBA 
framework recognized by the United States 

Environmental Protection Agency (USEPA), the 
USEPA Science Advisory Board (USEPA SAB), the 
National Oceanic and Atmospheric Administration 

(NOAA), IPIECA, and the IOGP. 
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interpretation. Joe has also served as both a technical and 
testifying expert regarding NRDA. 
 
Joe has participated in NRDA projects since 1990 from 
the Exxon Valdez up to and through the Deepwater 
Horizon incident, and subsequent incidents. He has been 
involved in the conduct of impact assessments for over 
75 hazardous releases and has led projects on behalf of 
the client, including agency negotiations. These include 
assessments associated with oil spills and chemical 
releases (including petroleum products, crude oil, 
PCB’s, DDT, metals, etc.) and natural resource damage 
assessments associated with releases under US OPA 
NRDA regulations, CERCA, and the European Union 
Environmental Liabilities Directive (ELD). 

Joe’s work includes strategic and technical advice and 
oversight into projects to help balance the risks, benefits 
and tradeoffs associated with competing alternatives 
(e.g., offshore decommissioning actions, remedial 
actions, oil spill response and NRDA compensatory 
restoration, mitigation, land management, and project 
permitting). His role has been to provide technical 
direction and assist the client in coordination and 
negotiations with Natural Resource Trustee Agencies 
(State and Federal), the United States Environmental 
Protection Agency (USEPA), state agencies, and other 
stakeholders through the NRDA and CERCLA 
processes. 
 
Joe also provides expert witness and litigation support 
for multiple cases related to NRDA, NEBA, 
environmental impact assessment, and site remediation. 
He has provided expert reports and written affidavits to 
support his technical findings and has provided 
testimony through deposition. 
 
He has served as the Project Coordinator and/or risk 
management lead on behalf of the responsible party at 
multiple Superfund (CERCLA) sites. His CERCLA 
experience includes sites in EPA Regions 2, 3, 4, 5, 6, 8 
and 10. These sites were primarily related to 
polychlorinated biphenyls (PCBs), metals, and TCE 
releases to a variety of media such as soil, sediment, 

surface water and groundwater. These projects involved 
the assessment of ecological and human health risks and 
the feasibility of various remedies to manage potential 
risks.  
 
Mr. Nicolette has also provided PRP identification and 
remedial/NRDA liability allocation support for 
industrial clients. He has developed and reviewed 
allocation models for specific sites, determining 
estimates of the proportional remedial and NRDA 
liability associated with various PRP's at the site. 
 
Joe is trained in hierarchical relational scientific database 
design, structuring and management. 
 
CREDENTIALS 
M.S. Fisheries, 1983. University of Minnesota – with 

emphasis in the fields of fisheries ecology, statistics, 
computer applications, and aquatic invertebrates. 

 
B.S. Environmental Resource Management, 1980. 

Pennsylvania State University 
 
CERTIFICATIONS 
Joe was Certified as a Fisheries Scientist by the 
American Fisheries Society in 1992 (no. 2,042) 
 
CAREER EXPERIENCE (last 5 positions) 
2024-Present 

Managing Director  
NEBA Analytics, LLC 
NRDA, NEBA, and Ecosystem Service Economics 
Consulting 

 
2018-2024 
Vice President, Ecosystem Service Economics, at 
Montrose Environmental Group (MEG) (EPS was 
acquired by MEG in 2018) 
 
2016-2018 

Managing Partner, Ecosystem Services and Natural 
Resources Practice Director - Chief Operating 
Officer - EPS (Environmental Planning Specialists, 
Inc.) 
 
 

 

Joe is also recognized for his NRDA experience and 
role in pioneering NRDA injury and restoration 

ecological economics approaches (i.e., ecosystem 
service valuation) such as habitat equivalency 

analysis (HEA) 
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2009-2016 
Principal, Global Ecosystem Services Director, 
Ramboll Environ 

 
1999-2009  
Vice President, Natural Resource Liability and Asset 
Management, CH2M HILL/ELM  
 

SELECT CAREER HIGHLIGHTS 
 Joe co-authored the first formalized NEBA 

framework (2004) recognized by the USEPA, 
USEPA Science Advisory Board, NOAA, IPIECA, 
IOGP, the AMSA (Australian Maritime Safety 
Authority), and others.   

 Joe published the NEBA based Comparative 
Assessment (NEBA-CA) approach for offshore 
decommissioning in 2023. Subsequently, NEBA-
CA was incorporated into the IOGP 2024 Guidance 
for Comparative Assessment for Decommissioning. 

 Joe was nominated and included to be part of 
multiple meetings related to Decommissioning 
Offshore Oil & Gas in the Gulf of Mexico Meeting 
of Experts (2023 and 2024), by the National 
Academies, Gulf Research Program. Rice 
University as an expert in offshore 
decommissioning NEBA approaches. This included 
being invited (2024) by the National Academies of 
Science to participate and speak at GOMCON 2024 
as an expert on NEBA-CA. 

 Given the above, Joe is recognized as an 
international leader in NEBA-based comparative 
assessments associated with the decommissioning 
of offshore O&G jackets, FPSO’s, and associated 
subsea equipment.  

 He was the lead author of a book chapter (published 
in March of 2013 by the Oxford Press) that provided 
an overview of the U.S. Natural Resource Damage 
Assessment (NRDA) regulations and the 
development of resource equivalency analysis 
approaches. The book was entitled “The E.U. 
Liability Directive: A Commentary”.  He led 
Chapter 9 that was entitled “Experience with 
Restoration of Environmental Damage”.  The 
chapter also discusses the similarities and 

differences of the U.S. NRDA rules in relation to the 
ELD. 

 Joe provided NRDA related liability management 
support on over 50 spills/releases. He participated in 
the conduct of numerous environmental 
assessments associated with the development of 
restoration and remedial decisions using NEBA and 
ESE concepts. This includes the ecosystem service 
valuation of compensatory restoration (ecological 
and human use) projects related to NRDA. 

 He led a chapter regarding NEBA as it was 
integrated into Interstate Technical Regulatory 
Council (ITRC) Guidance on Planning and 
Promoting Ecological Land Reuse of Remediated 
Sites. 

 Principal-in-Charge of pilot studies evaluating 
appropriate metrics for NRDA/NEBA for site 
cleanup, restoration, and remediation on behalf of 
the US Environmental Protection Agency (2008). 

 He presented (2020) NEBA-CA to regulators, the 
public, and operators associated with oil & gas 
decommissioning of jackets in California, at the 
request of the State of California at the Public Forum 
on Offshore Decommissioning held at the Aquarium 
of the Pacific in Long Beach, California. 

 Over the past 30 years, Joe has presented NRDA, 
NEBA, and ecosystem service valuation methods at 
numerous conferences, seminars, and training/ 
workshop sessions, across 18+ countries. 

SELECT NEBA/NRDA/ESE PROJECT 
EXAMPLES  
Offshore Oil & Gas Decommissioning Projects 
Multiple projects worldwide including the following 
locales: Arabian Gulf, Australia, California, Caribbean, 
Gulf of Thailand, Gulf of Mexico, Mediterranean Sea, and 
the North Sea.  
  
Joe is an international leader in NEBA-based comparative 
assessments associated with the decommissioning of 
offshore O&G jackets, FPSO’s, and associated subsea 
equipment. 
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Trustees. His role was to assist the PRP’s in developing a 
strategy to manage their NRDA liability at the site. He 
assisted with conducting preliminary evaluations of 
ecological and human use injury and compensatory 
restoration project identification. 
 
Sediment PCB Remedial NRDA/NEBA Evaluation. 
Confidential Client, Portland, Oregon. Joe provided 
technical and strategic support to a client on the 
Willamette River to settle its NRDA mitigation liability. 
 
Fox River PCBs. Joe provided technical and strategic 
advice to Wisconsin Tissue regarding the Fox River 
NRDA and participated in trustee negotiations on behalf 
of Wisconsin Tissue. 
 
Duke Energy: Coal Ash Remedial Alternatives 
Analysis (2016-2019). Joe served as an expert witness in 
evaluating the net environmental and social benefit of 
remedial alternatives [full removal, cap-in-place, and 
monitored natural attenuation alternatives (MNA)] 
associated with coal ash impoundments at multiple 
electric utility facilities in North Carolina. 
 
Confidential Client, Calumet River CERCLA, 
Allocation, Remedial, and NRDA Support. Joe 
represented a potentially responsible party (PRP) with 
remedial and NRDA liabilities associated with historical 
PCBs, metals, etc. releases. In this context, Joe reviewed 
allocation issues, HEA model runs, sediment ecological 
and water toxicity data, and sediment and water column 
concentration data to assist the client in responding to 
demands of the natural resource trustees and other PRPs. 
 
Crab Orchard National Wildlife Refuge, PCB 
CERCLA/NRDA Site, Marion, Illinois. (PCB site 
characterization, remedial alternatives analysis through 
NEBA, remediation implementation, and NRDA liability 
management). Joe served as the CERCLA Project 
Coordinator jointly working with two PRP’s 
(Schlumberger and the USFWS). He helped negotiate 
environmental remedial and NRDA associated liabilities 
related to historical PCB releases at the site. In serving as 
the Project Coordinator, he coordinated closely with the 
federal (USFWS, USEPA) and state (IL DNR, IL EPA) 

regulatory agencies. This was a unique case in that the 
USFWS was a PRP and at the same time, a trustee for 
natural resources. Innovative risk management data 
collection and analysis approaches were used to support 
risk management decision-making and included 
incremental sampling study design and surface weighted 
area concentration (SWAC) analysis A NEBA-based 
approach using resource equivalency analysis was used as 
part of the remedial and damage assessment resolution, 
saving the client over $10 million dollars. 
 
Colonial Pipeline Company. NRDA Advisor (1993-
Present). Joe has provided NRDA services for over 30 
years to Colonial Pipeline. This includes pre-spill 
planning and assessment, emergency oil spill response, 
and spill related NRDA liability assessment. Joe’s 
responsibilities have included overall NRDA project 
management, direct liaison and coordination with the 
governmental regulatory natural resource agencies, oil 
spill environmental study design and data collection, 
participation in unified command meetings, pre-spill 
planning and drill support, response strategy development 
including resources at risk identification (RAR) and 
protection prioritization and approaches, management of 
contractors including cost control and management, field 
study coordination, risk management, technical expertise, 
and report generation. In addition, he has provided overall 
management and oversight of compensatory restoration 
development as part of the NRDA process.  
 
USEPA - Texas: For Region 6 USEPA. Joe supported 
the conduct of NEBAs to evaluate remedial alternatives at 
two orphan sites in Texas. The NEBAs were used to 
demonstrate the benefits/impacts associated with 
remediation. These are described below. 
 

NEBA for USEPA: Jasper Creosoting Company 
Superfund Site, Texas: An ecological risk assessment 
(ERA) for a wetland indicated low to medium risks 
for benthic invertebrates and a subset of upper trophic 
level receptors associated with exposure to dioxin and 
polycyclic aromatic hydrocarbons in sediment. Joe 
supported the development of a NEBA for USEPA 
Region 6 to quantify the net present value of the 
ecological services associated with no further action 
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 Amplify/Beta offshore release, Pipeline CA  

 Armstrong World Industries, OU1, OU2, GA 

 BP Barge release, Elizabeth River, VA  

 BP, Deepwater Horizon, Gulf of Mexico   

 Buckeye Pipeline release, Allegheny River, PA  

 Buckeye Pipeline release, Quinnipiac River, CT  

 Christiana River, DE 

 CITGO, pipeline release, TX 

 Colonial Pipeline since 1993 (30 + years)  
Multi-States 

 Confidential, Corpus Christi Bay, TX 

 Conoco. Calcasieu Estuary, LA  

 Crab Orchard National Wildlife Refuge, IL (NRDA 
and NEBA) 

 Exxon Valdez, Tanker, Prince William Sound, AK  

 Maritrans, tug barge release, Mississippi River, MN  

 Metal Banks, NJ 

 NJ Bay - Confidential Client, NJ 

 Passaic River, PRP Group, NJ 

 Petrobras, pipeline release, Brazil  

 Plantation Pipeline, Rich Fork, NC  

 Plantation Pipeline, Ward Road, GA 

 PRP Group, GA, Confidential 

 PRP Group, Rt. 72/532 Dumpsite, Woodland, NJ 

 Quanta, NJ 

 Southern Pacific Railroad, Sacramento River, CA  

 Styrene release, United Kingdom  

 Sun Oil, barge release, Delaware River, DE  

 Union Pacific, 7 train derailments, UT, CO, NV  

 Unocal, Guadalupe, CA  

 Multiple other releases  
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