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Abstract

One often-overlooked benefit of wind energy is improvement in aquatic
ecosystem health. Operation of wind turbines uses no water whereas conventional energy
requires water for cooling. In this case study, we calculate the withdrawal externalities in
the lower Delaware River estuary. We focused on power plants with once-through
cooling water intake systems. Combined, these plants on average circulate a volume
equal to 34% of the discharge of the river system. After use, most water is discharged
into the river, reducing water quality because it has a high temperature, low dissolved
oxygen, and contains biocides. While plants are withdrawing water, fish are caught in the
water flow and are impinged against screens or entrained within the system, causing them
to die and impacting fishing industries. In the Eastern US, power plants claim a right to
withdraw water freely; however, this right is void if the withdrawals are unreasonable,
affecting water quality and availability. We argue these withdrawals are unreasonable
because alternatives exist (recirculating cooling water intake systems) that greatly reduce
externalities and water withdrawn by these power plants is disproportionate compared to
the amount of frontage they occupy along the Delaware River. Furthermore, water rights
are subject to review and reallocation, no matter how long held. If assigned the proxy
value of non-potable water, water externalities at a natural gas plant are $0.041/kWh, and
losses to weakfish, Atlantic croaker, striped bass, alewife, blueback herring, and blue
crab fisheries are $0.001/kWh. If other water externalities (water quality, consumption of
water, impact to ecosystems) were monetized, the combined cost would be higher.
Retrofitting a natural gas plant to use recirculating cooling water intake systems costs
$0.014/kWh (including costs of water externalities that remain) and reduces 96% of
withdrawals. Thus, retrofitting is a cost-effective mitigation technology today. In the
future, if new generation is to be built, a likely option is natural gas combined cycle plant
with carbon capture sequestration technology. However, the cost differential between this
energy source and offshore wind energy is $0.027/kWh, which costs less than water
externalities, making offshore wind energy a cost effective mitigation technique for
future energy development. To account for externalities, states can charge power plants
for water, tax for fish deaths, require use of recirculating systems, or incentivize offshore
wind energy. We demonstrate that pricing water withdrawals and accounting for
externalities have significant influence on the energy market.

L When this analytical paper is submitted for publication, Lance Noel will be a co-author of the manuscript.
Lance Noel assisted in determining the geographic scope and designing the methodology for the analysis.
He contributed to data collection of historical water usage, electricity production, and impingement and
entrainment of power plants in the Delaware River estuary, and assisted on the legal implications.
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1. Introduction

Coal, natural gas, and nuclear fuel are the conventional sources of electricity
generation in the U.S. The price that consumers pay does not represent its true cost. The
market price does not include all costs of generation: human health effects, climate
change, ocean acidification, and other environmental degradation. These costs are called
externalities because they are external to the market price yet cause real costs to society
(European Commission, 2003; NEEDS, 2009; NRC, 2010; Muller et al., 2011; Epstein et
al., 2011). Epstein et al. determined that the true social cost of coal is on average
17.8¢2008/kilowatthour (kWh) (2011). If this cost were added to the typical market price
for electricity in the Mid-Atlantic (EIA, 2013c), the market price would nearly triple.

These studies predominantly include human health risks and climate change and
have not included costs of externalities caused by water use. This analysis evaluates the
costs of water externalities caused by electricity production that have been absent in the
literature. Water externalities result from use of power plant cooling water intake
structures (CWIS). As a case study, this analysis focuses on power production within the
lower Delaware River estuary, an area that is tidally influenced and supports several
estuarine fish species. Because we focus on a finite region, this analysis is a conservative
estimate of the externalities impacting the entire system of the Delaware River.

Within the Eastern US, nearly half of generation is produced with plants with
once-through CWIS that withdraw water continuously from natural water bodies or water
reservoirs and return used water of considerably lower quality (Averyt et al., 2011). In
contrast, recirculating CWIS reuse water until entirely evaporated. With any CWIS, water
that evaporates is not returned to the ecosystem and classified as consumed. Though
recirculating CWIS withdraw less water, they consume more water than once-through
CWIS. Power plants that have once-through CWIS are the focus of this analysis because
they contribute to most water withdrawals within the region. Nationwide, power plants
withdraw more water than any other sector, including mining, irrigation, industry and
public supply combined, and in 2005 constituted 49% of withdrawals (Kenney, 2009).

Water withdrawals impact the environment, and these damages are defined as
externalities because they cause economic consequences. The Delaware River provides
many ecosystem services that benefit the region’s economy (Kauffman et al., 2011).
Externalities interfere with ecosystem services. Water withdrawals disturb ecosystems by
disrupting river flow, drawing in fish and shellfish, and discharging used water with a
higher temperature and low dissolved oxygen content. The phenomenon affecting fish is
described as impingement and entrainment (I&E). Impingement is entrapment of
organisms against screens in the intake system and typically affects juveniles and young
adults, causing fatal injury. Entrainment happens when small organisms like larvae and
eggs pass through the screens and are caught and killed in the CWIS. The resultant loss
has economic consequences for commercial and recreational fisheries.

Damages are also caused when water is returned after use in CWIS. Returned
water has higher temperatures, causing low dissolved oxygen levels. It also often contains
biocides that have been added to prevent accumulation of biological material within the
CWIS. The volume of returned water can constitute a large portion of a natural water
body. Within our study region, power plants circulate and discharge a volume of water
that is on average 34% of the combined mean annual discharge of the river system,
meaning that about a third of the water flowing past this region will have overall reduced
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quality (see Technical Appendix A). Facilities including treated municipal wastewater,

industrial, and power plants also discharge into the region, so the power plants circulate
water that is already of reduced quality in addition to freshwater. As a result, the power
plants further reduce the quality of the river.

Within the Delaware River Basin and throughout much of the Eastern regions of
the US, power plants do not pay for water withdrawals because plants claim a riparian
right to use water as landowners along the river shoreline. Riparian rights are governed
by the states and require that water use must be reasonable (Restatement (Second) of
Torts 8850A, 1979; Cox, 2008). Reasonable use depends on the context of the cumulative
water use within the region. Water use cannot unnecessarily affect the availability and
quality of water for other riparian users, including society. In addition to the multiple
industries and power providers along the river that use water, the public also are riparian
users, and the public have an interest in utilizing riparian ecosystems for recreation.
Unreasonable water use can detriment these ecosystems for public use, especially
commercial and recreational fishermen.

Within the Delaware River Basin, the availability of water for riparian users is
ensured by the Delaware River Basin Commission (DRBC), a regional compact of
neighboring states. The DRBC charges facilities along the Delaware River and nearby
tributaries to contribute to operation and maintenance of water supply storage in
federally-owned reservoirs (DRBC, 2014). Facilities include industry, electricity, public
water supply, irrigation, and ski and golf recreational facilities (DRBC, 2012a) and are
charged for water that is withdrawn and consumed. Rates change with distance of the
facility’s location from the reservoirs (DRBC, 2010). Facilities at farther distances,
including those in our analysis, pay a discounted rate (DRBC, 2010, Technical Appendix
H). Revenues generally cover 11% to 31% of the costs of the reservoirs (DRBC, 2013b),
so the entire cost of ensuring availability is not captured in the DRBC charging program.
Though there is no shortage of water currently, demand for water will likely grow, and
availability could become problematic. Some areas in the Mid-Atlantic, especially
Delaware, are expected to experience water sustainability issues due to climate change
effects in the future (NRDC, 2010). Additionally, these charges do not compensate for
externalities caused by water withdrawals.? In effect, power plants only partially cover
the costs of water availability and do not compensate for reduced water quality that
directly affects other riparian users.

Water use by riparian owners must be reasonable, ensuring availability and
quality of water. In this analysis, the power plants have water withdrawals that are
unreasonable for three main reasons. One is that recirculating systems are viable
alternatives that exist and would substantially reduce withdrawals and ensuing
externalities while still producing electricity at the existing plants. Recirculating systems
reduce withdrawals by 93 to 98% (EPRI, 2011) and I&E by similar proportions. A
second reason is that the portion of water withdrawn by these power plants is

2 The DRBC addresses some water externalities because they regulate water quality. However, the DRBC
acknowledges that water quality of this region is of concern because some areas are still not classified as
“fishable” or “swimmable,” and attaining these statuses is a stated goal of the Clean Water Act (CWA)
(DRBC, 2012b).
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disproportionate compared to the amount of frontage these power plants have along the
Delaware River (see Technical Appendix A). A final reason is that these withdrawals
cause damages that under the public trust doctrine, water rights are subject to review and
reallocation, no matter how long held (discussed in Section 4.5). Even though power
plants have been operating in these ways for decades, their practices are subject to
review, regardless of whether alternatives (recirculating CWIS) exist. Because we argue
the water withdrawals are unreasonable, we consider water withdrawals as externalities.
The state does not charge for the use of the water or ensuing externalities, and in effect,
free water withdrawals are subsidies for power production given by the state.

We illustrate this subsidy by assigning the water withdrawals a price and use the
market value of industrial, non-potable water as a proxy. Industries (including other
conventional power plants in the region) that do not claim a riparian right to withdraw
water pay for industrial, non-potable water. Power plants would also pay for this water if
they could not claim a riparian right, such as their riparian right is void because their
water use is unreasonable.® This proxy value is not the true social value of water or the
true value of the externality of reduced water quality. There have been attempts to charge
for water externalities in the Australian water sector (Frontier Economics, 2011), but
charging for water externalities caused electricity generation has not been done. The true
cost of water externalities would be the cost of mitigating all the effects of the
externalities: compensation for disruption of ecosystems, consumed water, reduced
quality of returned water, and unnecessary pressure on water managers. Likewise,
defining a price that matches the social value of water itself is difficult, as it is not usually
reflected in market values (van der Zaag and Savenije, 2006). In the absence of data
evaluating the true social value of water or the costs of water externalities, we choose to
use the proxy value.

We also demonstrate economic losses associated with 1&E of fish stocks that are
fished by commercial and recreational fishermen. Though selectively monitored by the
Environmental Protection Agency (EPA), I&E is an externality that requires better
understanding. Section §316(b) of the Clean Water Act (CWA), 33 USC 1326, requires
CWIS be designed to minimize adverse environmental impact, including I&E. I&E
studies are typically plant-specific and of limited duration because they are only required
during occasional permit renewal when the EPA determines a plant has adverse
environmental impact. As such, it is difficult to determine impact to local populations.
Furthermore, implementation of Section §316(b) has been a contentious and difficult
problem (Cronin v. Browner 898 F. Supp. 1052 1995; Riverkeeper v. EPA 475 F.3d 83
2007; Odom, 2010). Despite this, it is clear from studies used in our analysis that
fisheries lose potential harvest and revenue due to I&E. The EPA has estimated losses to
fisheries on a regional basis such as the Mid-Atlantic (EPA, 2006; EPA, 2011). In this
analysis, we estimate economic impacts to fisheries specifically from plants in the lower

3 1f power plants could not claim a riparian right and thus could not pump water themselves, they would
need to buy water from a supplier. This proxy value is the price they would pay to a supplier. If power
plants could claim a right to pump water but the right did not include free use of the water, they would
likely pay the state for water. In this case, they would pay a percentage of the proxy price that excludes the
costs of pumping the water, treating it, and transporting it. This percentage is the cost of the water
company’s plant assets (including access to water) and rate of return (see Technical Appendix E).
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Delaware River, including one not included in the EPA cost assessment (EPA, 2006;
EPA, 2011).

For comparison purposes, we demonstrate the costs of retrofitting to recirculating
CWIS and employing offshore wind energy as alternatives to the current practice of
once-through CWIS. We use offshore wind energy because it is the largest available
renewable resource close to the same load centers as served by the existing
thermoelectric power plants affecting the Delaware River (EIA, 2014). Offshore wind
power uses negligible water during operation (Keith et al., 2012; Macknick et al., 2012)
and thus causes no water externalities typically caused by conventional generation. We
compare the costs of these mitigation technologies to the costs of externalities per unit of
energy produced (kWh).

Offshore wind energy developments in the U.S. have not yet been built and are
currently in the planning and permitting stages. Once constructed and commissioned,
these initial developments are expected to be more costly than current electricity
generation in the Mid-Atlantic (EIA, 2013), as demonstrated by the 468 MW Cape Wind
project in Massachusetts that will cost 18.7¢2012/kWh (DPU, 2012). This price difference
is due to high capital investment costs for offshore wind projects associated with risk,
development of infrastructure, and turbine foundations (Musial and Ram, 2010; Levitt,
2011; NREL, 2012; Wiser and Bolinger, 2013). Including externalities caused by
conventional energy into cost assessments may demonstrate that the price of offshore
wind energy is competitive with conventional energy.

Though the U.S. offshore wind energy industry is in its infancy, land-based wind
energy is a fast-growing renewable energy technology and has dramatically increased
over the past decade from 1 gigawatt (GW) of cumulative capacity in 2002 to 60 GW in
2012 (Wiser and Bolinger, 2013). Although land-based wind energy has at times in the
past encountered high turbine costs (Bolinger and Wiser, 2009; Bolinger and Wiser,
2012) and currently faces some financial uncertainty (Baradalle, 2010), wind energy is
now competitive in the energy market (Lazard, 2013). State renewable portfolio
standards, the federal production tax credit, and state-level incentives and policies helped
contribute to this rapid development (Bird et al., 2005; Menz and Vachon, 2006; Wiser et
al., 2007; Carley, 2009).

Such policies supporting wind energy development are reasonable financial
strategies as they are akin to long-term and continued subsidies for coal, natural gas,
petroleum, and nuclear industries (Environmental Law Institute, 2009). Moreover,
considering the entirety of the externalities associated with conventional energy fuel
mining, transportation, generation, and disposal, the case for financial incentives for wind
energy development is even more compelling. New policies that account for externalities
could be created so that wind energy can compete fairly with the true cost of
conventional energy sources. Policies such as taxes for damages would effectively reward
wind energy for the harms it avoids, further incentivizing wind development.
Furthermore, analysis and recognition of these externalities at a bare minimum justify
financial incentives for wind energy as established by federal and state policies.

2. Methodology
2.1. Geographic scope
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We focused on the lower Delaware River estuary (Figure 1) as a way to bound the
analysis. In this stretch, the River supports species adapted to an estuarine environment
compared to upper reaches of the river that support more freshwater species (personal
communication with Dr. D. Kahn, Delaware Department of Natural Resources and
Environmental Control (DNREC), on January 11, 2013). Commercially fished species
are more abundant within our geographic scope compared to upriver where species are
fished recreationally. Biological monitoring studies also reveal a different range of
species (see Technical Appendix B).

Several plants in the region withdraw water from the Delaware River (see
Technical Appendix C). Salem, Edge Moor, and Eddystone consistently withdrew the
most water. Combined, they constitute between 96% and 98% of the water withdrawn in
years 2001-2011. We focus our analysis on these three plants because they represent the
almost the entirety of the water withdrawn.
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Figure 1. Geographic scope of the analysis: lower Delaware River estuary, south of Philadelphia, PA and
north of Middletown, DE. Large capacity power plants studied are identified. Text is overlaid maps
produced by the Energy Information Association.

2.2. Calculation of externalities

We represent externalities as a unit of damage per kwWh of electricity produced
(e.g., gallons/kWh, fish/kWh). Considering external costs on a per-kWh basis allows for
an equal comparison between conventional energy and offshore wind energy based on the
good society demands — electricity. Historical electricity production data was obtained
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from the Energy Information Association (EIA) Form EIA-923. We monetize impacts
based on values in Table 1.

Table 1. Monetary values used in calculations of externalities. Values were translated into 2013 dollars
using the Consumer Price Index.

Variable in Externality Calculation Assigned Monetary Value
Water withdrawn (total payments to supplier)* $2.3659/thousand gallons
Water withdrawn (costs of water supply)® $0.2602/thousand gallons

Market Value of Commercial Landings in Delaware, Maryland, and New Jersey*

Weakfish $1.47/pound
Atlantic croaker $0.57/pound
Striped bass $2.31/pound
Alewife $0.42/pound
Blueback herring $0.52/pound
Blue crab $0.48/pound

Revealed Preference for Enhanced Recreational Catch in Delaware, Maryland, and New Jersey+

Weakfish $4.78 per one extra fish caught

Atlantic croaker $4.78 per one extra fish caught

Striped bass $4.78 per one extra fish caught
Alewife No data available
Blueback herring No data available
Blue crab No data available

* Prices are rates of local water supply company United Water (United Water, 2011). The first 1.4 million
gallons withdrawn a month are $3.1697/thousand gallons. Subsequent withdrawals are $2.3659/thousand
gallons. Most water is valued at $2.3659/thousand gallons because the first 1.4 million gallons are less than
0.02% of the water withdrawn monthly.

U Costs of the water supply are 11% of the rates charged by local water supplies like United Water.

+ Average commercial landings price from years 2002 to 2012 (ACCSP, 2013).

+ Revealed preference of a recreational fisher’s value of enhanced harvest for a recreational fishing trip for
one extra fish, based on state-specific values and fish size categories (Hicks et al., 1999).

2.2.1. Water withdrawal and consumption externalities

We obtained gallons of water withdrawn and consumed by power plants from the
records of the DRBC that collects this information from state environmental protection
agencies and from self-reported water use data from facilities as part of the DRBC
charging program (personal communication with David Sayers and Kent Barr, DRBC, on
February 14, 2013). The dataset generally spans from 1990 to 2011.

We analyzed the monthly and yearly trends of water use from 2001 to 2011. As
the price of natural gas became less expensive, Edge Moor and Eddystone plants
switched their primary fuel source to natural gas from coal.* Eddystone discontinued coal

4 Generation before the fuel switch to natural gas primarily used coal but also included natural gas and
petroleum. Starting in July 2010, Edge Moor discontinued coal-powered generation (EIA, 2013a) and
added an additional unit powered by natural gas (Calpine). Though Eddystone halted use of one of two
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generation starting in May 2011, so the last 8 months of this dataset represent the
transition. Edge Moor transitioned entirely in July 2010, so water withdrawals associated
with current natural gas generation are represented in the last 18 months of this dataset.
We analyze these months to show current externalities. However, we also analyzed
withdrawals prior to this fuel switch because I&E data was collected during coal
generation, and the impact of I&E is proportional to the amount of water withdrawn.
Current withdrawals per KWh are twice those of coal generation.

We also analyzed withdrawals for years in which Salem conducted I&E studies.
One study was conducted prior to 2001, so we analyzed withdrawal of years 1994 and
1998-2000, excluding years 1995-1997 because Salem was shut down (UCS). In contrast
with Edge Moor, withdrawals at Salem are nearly 80% of past withdrawals per kWh.

We estimated the cost of withdrawals if assigned a proxy value: the price power
plants would pay if they needed to buy water from a supplier (such as in the case they
cannot claim a riparian right to withdraw water). Of water suppliers regulated by the state
of Delaware, rates for water range from $2.74/thousand gallons to $8.71/thousand gallons
for drinking water.® The average rate for residential customers is $6.08/thousand gallons.
Commercial customers on average pay $4.70/thousand gallons. United Water is the
largest supplier of non-potable water for industrial use and sells this at a rate lower than
average drinking water at $3.1697/thousand gallons for the first 1.4 million gallons of
water withdrawn in a month. Beyond the first 1.4 million gallons within a month, the
price is $2.3659/thousand gallons (United Water, 2011). These values are in 2013 dollars.
We used this rate, and nearly all water is valued at $2.3659/thousand gallons because the
first 1.4 million gallons per month represent less than 0.02% of the water.

A percentage of this price (11%) is what consumers pay for the water supply
itself, based on a sample water company’s expenses provided by the Delaware Public
Service Commission (DEPSC) (personal communication, Robert J. Howatt, Executive
Director, DEPSC, February 17, 2013). This excludes the costs of pumping the water,
treating it, and transporting it and is the cost of the water company’s plant assets
(including access to water) and rate of return. For an estimate of the breakdown of
contributions (e.g., capital costs, pumping, distribution, operations and maintenance) to
this cost see Technical Appendix E. This portion for water supply (11%) is
$0.34867/thousand gallons withdrawn for the first 1.4 million gallons and
$0.26015/thousand gallons for subsequent withdrawals. We use this portion to calculate
how much the power plants would be paying for the water itself.

The water withdrawal externality follows as a calculation based on monthly
gallons withdrawn per kwWh multiplied by the value of water (see Equation 1). This
externality considers all water that has been withdrawn regardless of whether the water is
returned to the Delaware River after use or evaporated during cooling. We did not assign
consumed water a different monetary value due to the complexity in defining the price of
water and because consumed water represented less than 1% of water withdrawals.

units powered by coal in 2011 and the remaining unit in 2012 (Power Engineering, 2009; Exelon, 2014),
Eddystone stopped using coal for fuel in May of 2011 (EIA, 2013b).

5 We contacted water suppliers regulated by the Delaware Public Service Commission to identify their
water rates (DEPSC, 2013).
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Equation 1. Water withdrawal externality.

monthly gallons withdrawn S proxy value ($) _ water withdrawl externality ($)
monthly kWh produced gallon - kWh

2.2.2. Impingement and entrainment externalities

Section 8316(b) of the Clean Water Act requires the location, design, construction
and capacity of cooling water intake structures reflect the best technology available for
minimizing adverse environmental impact. Section §404 of the Clean Water Act requires
that power plants apply for permits to implement this 8316(b) rule through the National
Pollutant Discharge Elimination System (NPDES). The EPA promulgated rules that
require biological monitoring characterizing the impact of impingement and entrainment
caused by cooling water intake structures in adherence to Section §316(b) (40 CFR
125.87). Biological monitoring studies are often required when renewing permits, and we
analyzed reports characterizing I&E at Salem, Edge Moor, and Eddystone power plants
(see Technical Appendix B).

We focused on impacts from I&E on nine fish species: weakfish (Cynoscion
regalis), Atlantic croaker (Micropogon undulatus), striped bass (Morone saxatilis), blue
crab (Callinectes sapidus), alewife (Alosa pseudoharengus), and blueback herring (Alosa
aestivalis), American shad (Alosa sapidissima), Atlantic menhaden (Brevoortia
tyrannus), and bay anchovy (Anchoa mitchilli). These species occupy the estuarine
environment for all or part of their lifecycle (see Technical Appendix D) and represent
most of the species that were consistently characterized among most biological
monitoring studies and have been historically fished by commercial and recreational
fishermen. Some species have experienced stress on their populations. Currently, alewife
and blueback herring fisheries are closed (NJ DEP, 2013; MD DNR; DNREC, 2012) and
are species of concern (NOAA, 2013). Though currently fished in the Mid-Atlantic, the
American shad population is also severely impacted (Roe, 2011). Currently, striped bass
are a recovering species whose population has been increasing over several decades due
to regulatory measures. Concurrently, the weakfish population has been declining,
partially due to the increase in the striped bass population that preys on weakfish
(personal communication with Dr. Kahn of DNREC on September 26, 2013).

These species represent a very small subset of the total species killed by I&E.
Species without any direct use (e.g. commercial and recreational harvest) account for
97.3% of I&E mortality (EPA, 2011) and are rarely analyzed in biological monitoring
studies, despite providing value to the ecosystem. This means we have no record of the
impact of I&E of several hundred species that are regularly killed. Because the vast
majority is not represented in the data and is not monetarily quantified, this analysis
conservatively represents economic losses associated with 1&E.

We monetized impact to fish if directly impacting commercial and recreational
fisheries and made the following assumptions:

o We analyzed estimates of fish killed annually rather than raw data of fish killed
per sampling period because seasonality can influence the impact of I&E. Water
intake frequency and velocity, weather, fish population dynamics, fish migrations,
and fishing pressure can vary by season. Still, these estimates do not account for
recruitment that would have ensued by these fish having offspring, further
enhancing populations. As such, these estimates are conservative.
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e We divided the estimates of fish killed at each power plant by the plant’s kWh
produced in the year(s) in which the I&E study was conducted.

e We adjusted estimates for changes in water withdrawals so they represent current
generation (“adjustment factor” in Equations 2 and 3). Salem presently uses 80%
of the water per kWh used in 1994-2000. Edge Moor uses twice the amount of
water currently compared to prior to the fuel switch from natural gas to coal.

e We did not use data during years in which a power plant was shut down.

o Monetary values are converted into 2013 dollars using the Consumer Price Index.

2.2.2.1. Total non-monetized I&E impact on fish of commercial and recreational use

Estimates of the total numbers of fish lost to I&E were reported in several studies;
however, only studies conducted at Salem (PSE&G,1999; PSE&G, 2006) contained
enough information to calculate the impact as number of fish killed per unit of energy
produced: estimates of the total number of fish lost annually for each species and
lifestage (egg, larvae, juveniles, and adults). We focused on the most recent Salem report
because it represents externalities of current generation.

Eddystone’s 2008 report included annual estimates but without lifestage
specifications (Kinnell et al., 2008). Furthermore, the data was collected inconsistently at
multiple intake screens as a result of regulatory exemptions® and we were unable to
determine an adequate estimate of fish killed per gallons withdrawn or kWh. Deepwater’s
2007 report contained estimates but only for the impacts of impingement (URS
Corporation, 2007). Edge Moor’s 2002 report (Entrix, Inc., 2002) contained no estimates
of total fish killed by both impingement and entrainment.

2.2.2.2. I&E impact to commercial fisheries

From biological monitoring studies, we identified the amount of fish that would
have been caught from commercial and recreational fishermen had they not been killed
by I&E at Salem (PSE&G, 1999) and Edge Moor (Entrix, Inc., 2002). The reports do not
distinguish between the pounds lost to commercial fisheries and recreational fisheries.
Because fish have different values in the sectors, we estimated by fish species the
percentage of landings that were commercial and recreational through an analysis of
landings data from 1981 until present compiled by the Atlantic Coastal Cooperative
Statistics Program (ACCSP) (ACCSP, 2013, accessed on November 3, 2013). We
queried landings at ports in Delaware, Maryland, and New Jersey, states that likely
receive fish caught in the Delaware River estuary. We calculated the ratio of commercial
to recreational landings using data since 2002 by fish species, with the exception of
blueback herring and blue crab. Only the year 1998 contained data for both commercial
and recreational landings for blueback herring. Recreational landings for blue crab were

6 The study was conducted when Eddystone’s coal-powered units 1 and 2 were in operation, and the natural
gas units 3 and 4 were used for peaking power, operating at less than 15% capacity. The study researched
the impact of impingement only at the natural gas units 3 and 4 because the coal units 1 and 2 contained
wedge-wire screens. These screens are exempted from biological monitoring because they are known to
reduce impingement (Kinnell, 2008). Conversely, entrainment was only studied at the coal units 1 and 2
because the natural gas units 3 and 4 only provided peaking power and were thus exempt from biological
monitoring (personal communication, Jason Kinnell, November 12, 2013).
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not available in the ACCSP but estimates of both commercial and recreational landings
were available from state departments of natural resources (see Technical Appendix F).

The Salem study reported only a single average estimate of pounds of fish lost
between 1978 to 1998 annually, so we used this number in our calculation of the
commercial fishery externality (see Equation 2). The Edge Moor study reported estimates
for years 2000 and 2001, and we used data from the year 2001. We noticed that data is
incomplete for Edge Moor’s water withdrawals in 2000 (they were abnormally low
compared to typical water withdrawals in recent years). As such we chose to focus on the
year 2001. The average landing price is the average historical commercial value per
pound of fish landed based on market landings data since 2002 (ACCSP, 2013, accessed
November 3, 2013). See Table 1 for list of commercial values.

Equation 2. Commercial fishery externality.

annual pounds lost to fishery . average landing price ($)
X adjustment factor X
pound landed

annual kWh produced
revenue lost to fishery ($)

kWh

2.2.2.3. I&E impact to recreational fisheries

The same reports that were used to identify the externality to commercial fisheries
were used to calculate the externality to recreational fisheries using Equation 3.
Recreational fishing has market value but it is not captured in landings data as
commercial values are. We estimate recreational values using benefits transfer (EPA,
2002). Recreational fishing is valued in different ways: the willingness-to-pay (WTP) for
a fishing trip, the WTP for each fish caught, and the WTP for increased catch rates. WTP
values depend on the methodology of the analysis and variations in resource, context, and
angler attributes (Johnston et al., 2006); it is important to select values carefully. The
value per fish established in the studies ranged widely because they measured different
attributes (e.g., value of one extra fish versus value of existing fish). We narrowed our
focus to studies that analyzed a fisherman’s value of extra fish caught due to fish
population improvements (e.g. ecosystem improvements from reduced pollution).

For the benefits transfer, we considered McConnell and Strand (1994) and Hicks
et al. (1999) and chose to use the values developed in Hicks et al. because it was the most
recent study and thus more likely to be indicative of current values. Furthermore, the
values in McConnell and Strand’s study were generally higher than the values in Hicks et
al., and this could indicate a shift in fishermen’s values as fish populations may have
changed. Hicks et al. used a random utility model and determined the revealed preference
for recreational fishermen’s value of catching an extra fish per fishing trip. (It is possible,
that the values represented in Hicks et al. may be more representative of a fishermen’s
value of enhanced fishing experience rather than one additional fish, but we use the
“additional-fish” as the metric here). For an explanation of other related studies, see
Technical Appendix G. See Table 1 for a list of values.

The estimated fish deaths collected from the biological monitoring studies are in
pounds. The Hicks et al. values are per fish. The weight of a fish is proportionate to its
length (Wigley et al., 2003). We queried the NOAA recreational fisheries database to
obtain the average length of landings of recreational fish for each species by state. We
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calculated a weighted average length for each state for the same years we used to
determine the ratio of commercial to recreational fish (as discussed in Technical
Appendix F). We weighted the length of fish from each state based on the percentage of
landings found in the state and determined a weighted average length per species. We
used the lengths to calculate the expected weight of each species using the function
developed by Wigley et al. (2003) (“average pound” in Equation 3).

Equation 3. Recreational fishery externality.

annual pounds lost to fishery . recreational fish caught
X adjustment factor X

annual kWh produced average pound
revealed preference value ($) _ revenue lost to fishery ($)

one additional fish - kWh

2.2.3. Cost comparison with mitigation technologies

We compare the costs of externalities currently caused by Edge Moor with the
costs of mitigation technologies: retrofitting to recirculating CWIS and offshore wind
energy. We focus on Edge Moor because offshore wind energy is likely to replace natural
gas and coal before it replaces nuclear energy. Within PJM, the regional transmission
organization that provides power to the region, offshore wind is anticipated to provide
peaking power while nuclear energy will provide constant base-load power (GE Energy
Consulting, 2013). Because Edge Moor and Eddystone no longer use coal, we calculate
the costs of current externalities caused by natural gas. We focus on Edge Moor because
we have data after it had fully transitioned to natural gas.

We calculate the net present value of total water externalities caused by Edge
Moor using equations 1, 2, and 3 at a 3% discount rate over 20 years (typical lifespan of
an offshore wind farm). We value water withdrawals using the price of water supply only
(see Technical Appendix E). We inflate the price of water by 4% and lost fishery
revenues by 3%.” We divide the net present value by estimated generation over 20 years
to obtain a levelized cost of externalities ($/kWh). We compare this to the levelized cost
of retrofitting Edge Moor to a recirculating CWIS (EPRI, 2011).8 We add the costs of
remaining water externalities that are not eliminated by recirculating CWIS because they
reduce withdrawals by 93 to 98% (EPRI, 2011). Using the average of the water
reductions (96%), we assume that a recirculating CWIS withdraws 4% of the water it
withdraws and Kill 4% of the fish it kills currently.

7 We calculated inflation of water price by calculating the percentage changes in price for non-potable
water sold by United Water since 1999 (personal communication with Tom Hubbard, Pubic Relations
Manager, United Water on March 13, 2014). We assumed inflation rate for lost fish revenues would be
consistent with the percent change in Consumer Price Index over the past 25 years.

8 We calculate the levelized cost over 20 years using national average cost estimates for retrofitting plants
located on oceans, estuaries, and tidal rivers, including capital investment, downtime during retrofitting,
and operation and maintenance ($0.0003/kW) (EPRI, 2011). Edge Moor is 725 MW capacity (Calpine),
and the net present cost of retrofitting it is $197 million. We determined this cost is $0.012/kWh by
dividing the total cost by the expected kWh generation over 25 years based on Edge Moor’s average
monthly generation when operating on natural gas (56,000,000 kWh).
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We also compare costs of externalities to the levelized cost of offshore wind
energy. New wind energy developments primarily will face competition from new natural
gas plants, which will likely be combined cycle (CC) plants because they are more
efficient than single cycle designs. To simulate the choice between offshore wind energy
and natural gas CC, we calculate the difference between the levelized costs of these two
energy sources (both with and without carbon capture and storage (CCS)) and compare
this difference with the costs of externalities at Edge Moor. We assume a 20-year life of
each project. The levelized cost of offshore wind energy is $0.155/kWh (Lazard, 2013).
The average levelized cost of CC is $0.074/kWh, and the levilized cost of CC with CCS
is $0.127/kWh (Lazard, 2013). We estimate the cost of water externalities associated with
natural gas CC and CC with CCS by assuming that the externalities are respectively 0.7%
and 1.4% of a single cycle natural gas plant with a once-through CWIS.°

3. Results
3.1. Water withdrawal and consumption externalities

Average water withdrawals are summarized in

Costs associated with current water withdrawals are represented in Table 4. The
total payment is the amount of money these plants would be paying if they had to
purchase non-potable water from a supplier. The costs of water supply represent the
percentage of this payment that is for water specifically (11%).

Table 2Fable-2 and Table 3Fable-3. While using natural gas, Edge Moor uses twice the
amount of water (142 gallons/kWh) than when it operated on the fuel mixture in the past
(71 gallons/kWh). Water use at Eddystone has been much higher since May 2011, the
month during which Eddystone began the transition to natural gas generation. Though
Eddystone discontinued coal starting in May 2011, it did not finalize the transition to
natural gas until 2012. Withdrawals associated with the time period of May to December
2011 are eight times historic withdrawals. This should not necessarily be interpreted as
withdrawals during typical production, and indeed, may demonstrate how withdrawals
can increase during unusual periods such as fuel switching and maintenance.
Withdrawals at Salem in 2011 are consistent with the time period of 2001 to 2010 and are
comparable to those of Edge Moor and Eddystone when they operated on coal. Salem
currently withdraws nearly 80% of what it withdrew between 1999 and 2000.

Costs associated with current water withdrawals are represented in Table 4. The
total payment is the amount of money these plants would be paying if they had to
purchase non-potable water from a supplier. The costs of water supply represent the
percentage of this payment that is for water specifically (11%).

Table 2. Current average water withdrawals of Edge Moor, Eddystone, and Salem.

Average water withdrawals

Power plant Primary fuel type Time period (gallons/kWh)

9 The average natural gas CC with a recirculating CWIS uses 0.25 gallons/kWh, and the average natural gas
CC plant with CCS uses 0.5 gallons/kWh, which respectively are 0.71% and 1.4% of the water use of an
average single cycle natural gas plant with once-through cooling (35 gallons/kWh) (Macknick et al., 2012).
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Edge Moor Natural gas July 2010-Dec. 2011 142
Eddystone In transition to natural gas May-Dec. 2011 839
Salem Nuclear 2011 57

Table 3. Historic average water withdrawals of Edge Moor, Eddystone, and Salem.

Average water withdrawals

Power plant Primary fuel type Time period (gallons/kwh)
Edge Moor Coal 2001-June 2010 71
Eddystone Coal 2001-April 2011 106

Salem Nuclear 2001-2010 60
Salem Nuclear 1994, 1998-2000 7

Table 4. Costs associated with water withdrawals. Total payment is the cost power plants would pay to a
water supplier. Costs of water supply are 11% of this cost and exclude maintenance and transportation.

Total payment

Costs of water supply

Power plant Primary fuel type ($/lWh) ($/kWh)
Edge Moor Natural gas $0.34 $0.04
Eddystone In transition to natural gas $1.99 $0.22

Salem Nuclear $0.14 $0.01

3.3. Total non-monetized I&E impact on fish of commercial and recreational use

Table 5 shows the total numbers of fish killed in each lifestage for each species at
Salem. Externalities are represented per gigawatthour (GWh) because fractions of
numbers of fish are killed per kWh and using GWh shows the externality clearly. The
majority of organisms killed are eggs, larvae, and juveniles. Of species studied here, bay
anchovy, striped bass, Atlantic croaker, and weakfish appear most affected. We did not
attempt to monetize the loss of non-market species killed by I&E.

Table 5. Numbers of organisms killed due to I&E at Salem nuclear plant.

Current total number of fish commercially and recreationally fished species killed at Salem

(numbers of fish/GWh)

Eggs Larvae Juvenile YearO Yearl Year2 Year3 Year4 Total
Weakfish 0.600 1,210 102 92 0.023 1,405
Atlantic Croaker 0 816 17,090 139 1 18,046
Striped Bass 31 11421 27 5 0.114 0.033 11,484
Alewife 0 356 4 2 0.062 0 362
Blueback Herring 0 52 29 81
Blue Crab 40 41 81
American Shad 2 0 2
Atlantic Menhaden 0 867 7 8 0.009 0.003 0.003 0.002 952
Bay Anchovy 37,374 35,359 2,272 4 14 75,023
Combined Species 37,406 50,080 19,602 291 56 0.040 0.003 0.002 107,435

3.2. Impacts to commercial fisheries

14



514
515
516
517
518
519
520
521

522
523

524

525
526

527
528
529
530
531
532
533
534

535
536
537

We analyzed the fish that could have been caught by commercial fishermen had
the plants not been operating. We estimate that Edge Moor Kills fish (weakfish, Atlantic
croaker, stripped bass and alewife) valued at $0.0003/kWh (Table 6) and that Salem
nuclear plant kills fish valued at $0.0001/kWh for the same fisheries plus blueback
herring and blue crab fisheries (Table 7). We were unable to determine impacts at
Eddystone because the I&E report at Eddystone did not estimate impact to fisheries.
Atlantic croaker and striped bass are most affected at Edge Moor, and Atlantic croaker
and weakfish are most affected at Salem.

Table 6. Estimated current externalities on commercial fishing industries by Edge Moor natural gas plant.

Commercial landings lost at Commercial revenue lost at
Edge Moor (Ibs/kwWh) Edge Moor (2013$/kWh)
Weakfish 0.000009 $0.00001
Atlantic Croaker 0.0002 $0.0001
Striped Bass 0.0001 $0.00006
Alewife 0.000002 $0.000001
Combined Fisheries 0.0003 $0.0002

Table 7. Estimated current externalities imposed on commercial fishing industries by Salem nuclear plant.

Commercial landings lost at Commercial revenue lost at
Salem (Ibs/kWh) Salem (2013$/kWh)
Weakfish 0.00005 $0.00006
Atlantic Croaker 0.00003 $0.00002
Striped Bass 0.00001 $0.000006
Alewife 0.000000004 $0.000000002
Blueback Herring 0.00000005 $0.00002
Blue Crab 0.000001 $0.000002
Combined Fisheries 0.00009 $0.0001

3.2. Impacts to recreational fisheries

We estimated recreational fisheries lose monetary benefits from weakfish,
Atlantic croaker, and striped bass fisheries at a rate of $0.001/kWh at Edge Moor
currently (Table 8). Salem nuclear plant causes losses of $0.0004/kWh (Table 9). Losses
of Atlantic croaker and striped bass are the main external costs to fisheries caused by
Edge Moor. For the Salem plant, weakfish have more of an influence, and striped bass is
not affected as much.

Table 8. Estimated current externalities of lost landings and monetary benefits for the recreational fishing
industry caused by Edge Moor.

Recreational landings lost at Recreational monetary benefits lost

Edge Moor (lbs/kWh) at Edge Moor (2013$/kWh)
Weakfish 0.00001 $0.00004
Atlantic Croaker 0.0002 $0.0009
Striped Bass 0.0003 $0.0002
Alewife 0.00000007
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Combined Fisheries 0.0005 $0.001

Table 9. Estimated current externalities of lost landings and monetary benefits for the recreational fishing
industry caused by Salem nuclear power plant.

Recreational landings lost at Recreational monetary benefits lost

Salem (Ibs/kWh) at Salem (2013$/kWh)
Weakfish 0.00006 $0.0002
Atlantic Croaker 0.00003 $0.0002
Striped Bass 0.00003 $0.00002
Alewife 0.0000000002
Blueback herring 0.00000002
Blue crab 0.0000001
Combined Fisheries 0.0001 $0.0004

3.4. Cost comparison with mitigation technologies

We calculated the levelized cost of externalities at Edge Moor operating on
natural gas and compared this to the costs of retrofitting to recirculating CWIS and
offshore wind energy. Water withdrawals ($0.042/kWh) constitute nearly all of the
combined water externalities ($0.042/kWh) (Table 10). Retrofitting ($0.014/kWh) is a
third of the costs of combined water externalities (Table 11). The difference between the
levelized cost of offshore wind and natural gas CC ($0.081/kWh) is twice the costs of
water externalities, but the difference between the levelized cost of offshore wind and
natural gas CC with CCS ($0.027/kWh) is about 60% of the cost of water externalities.

Table 10. Estimated levelized cost of current externalities at Edge Moor over 20 years.

Estimated levelized cost of current externalities at Edge Moor ($/kWh)

Externalities on fisheries $0.001
Externalities of water withdrawals $0.041
Combined water externalities $0.042

Table 11. Levelized cost of mitigation technologies, retrofitting to recirculating CWIS and offshore wind
energy. Costs calculated over 20 years of generation.

Levelized cost of mitigation technologies plus costs of unmitigated water externalities ($/kWh)

Retrofitting to recirculating CWIS $0.014
Difference between offshore wind and natural gas CC $0.081
Difference between offshore wind and natural gas CC with CCS $0.027
4. Discussion

We analyzed a subset of externalities associated with electricity production —
water withdrawals for cooling purposes and resulting death of fish. These externalities
have not been included in the predominant studies examining externalities associated
with electricity production (European Commission, 2003; NEEDS, 2009; NRC, 2010;
Muller et al., 2011; Epstein et al., 2011). Though studies have extensively compared
water use among energy sources (Keith et al., 2012; Macknick et al., 2012) and
acknowledge that renewable energy would greatly reduce this use, rarely has a study
discussed the implications of pricing water and fish. Similarly, I&E has been the subject
of much study, especially because it has spurred lengthy legal debate (Cronin v. Browner
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898 F. Supp. 1052 1995; Riverkeeper v. EPA 475 F.3d 83 2007) and because the EPA has
attempted to identify the costs of I&E (EPA, 2011). However, I&E has been largely
absent in discussion about renewable energy. Pricing water externalities and requiring
mitigation allows the market price of energy to reflect part of its true cost, enabling
offshore wind energy to become more competitive on the energy market in the Mid-
Atlantic region.

4.1. Defining and pricing water withdrawal externalities

Knowing the amount of water withdrawn per kWh is a useful start for
understanding the scale of potential ecosystem impacts because impact of I&E is directly
proportional to water withdrawals and most water withdrawn is discharged into the
ecosystem with reduced quality. Edge Moor natural gas plant currently withdraws 142
gallons/kWh, approximately double the withdrawals when operating on coal. Salem
currently uses water more efficiently (60 gallons/kWh) than Edge Moor even though, as
the largest generating facility within this region, it consistently withdraws 70% to over
80% of the water withdrawn. Salem withdrew water less efficiently in the past and
currently withdraws 80% of its historical withdrawals.

The true cost of water withdrawals becomes less veiled when withdrawals are
assigned a price. Although we could not monetize all of effects of withdrawals
(disruption to stream flows, returned water of high temperature, low dissolved oxygen,
and biocides) and could not define the true social value of water, we used a proxy
value—the price of non-potable water for industrial use. A percentage of this price
(11%) is what industrial users pay for the water supply itself excluding costs of pumping
water, treating it, and transporting it. We argue that power plants’ claims to riparian
rights to withdraw water are unreasonable because recirculating CWIS exist as an
alternative and substantially reduce withdrawals and ensuing externalities. Furthermore,
water use is unreasonable because the water use is disproportionate to the frontage of the
Delaware River (see Appendix A), and this use causes damages that are in violation of
the public trust doctrine (discussed in Section 4.5). Therefore, water withdrawals are
externalities (also considered subsidies). If power plants paid for withdrawals with the
cost of water supply, Edge Moor would pay $0.04/kWh when operating on natural gas,
and Salem nuclear plant would pay $0.01/kWh.

Currently, these power plants pay the DRBC to ensure availability of water, but
they do not cover the entirety of the costs of water availability and do not compensate for
reduced water quality that directly affects other riparian users, including the public. Edge
Moor and Salem currently pay the DRBC 0.1% of the cost of water externalities we have
assigned with the proxy value of water supply (see Technical Appendix H).

4.2. ldentifying impact to commercial and recreational fisheries

For both commercial and recreational fisheries, the bulk of the fishery
externalities caused by Edge Moor are due to impacts to Atlantic croaker and striped
bass. For the Salem plant, losses of weakfish have larger influence. This may reflect the
spatial distribution of the species: Atlantic croaker might be evenly distributed between
the two plants, while fewer striped bass but more weakfish might be found downriver
near Salem. Alewife, blueback herring, and blue crab have little influence on the total
externalities for commercial fisheries. Although alewife and blueback herring fisheries
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are currently closed, given their minor effect, the closure of these fisheries does not
materially affect our calculations. In total, commercial fisheries lose $0.0002/kWh at
Edge Moor and $0.0001/kWh at Salem. Recreational fisheries lose $0.001/kWh at Edge
Moor and $0.0004/kWh at Salem.

It is important to acknowledge the recruitment limitation of these estimates: I&E
reports exclude the impact of I&E on recruitment. If a percentage of the population killed
would have produced offspring, and a percentage of the offspring were also to reproduce,
and so on and so forth, over several generations, the impact dramatically increases. As
well, because these monetary estimates also do not include the deleterious effect of high
temperature, low dissolved oxygen, biocides, and reduced stream flow, the I&E estimates
are conservative.

4.3. Costs of mitigation technologies: recirculating CWIS and offshore wind

We calculated the levelized cost of externalities at Edge Moor operating on
natural gas over 20 years and compared this to the levelized costs of retrofitting Edge
Moor to a recirculating CWIS and using offshore wind energy. Within the region,
offshore wind energy is likely to replace coal and natural gas before it replaces nuclear.
In the absence of currently operating coal plants in our geographic scope, we analyzed
externalities of natural gas generation and focused on Edge Moor because we had data
after it fully transitioned to natural gas. Retrofitting Edge Moor to recirculating CWIS
(%$0.014/kWh), incorporating the remaining water externalities, is a third of the costs of
combined water externalities ($0.042/kwWh), making retrofitting cost effective.

In the future, if new generation is to be built, a likely choice is natural gas CC
with or without CCS because its market price is less costly. However, offshore wind
energy is also a future choice, and to simulate the choice between the two sources, we
calculated the difference between the levelized costs of these sources with and without
CCS. The difference between offshore wind and natural gas CC without CCS
($0.081/kWh) is twice the costs of water externalities. However, when including CCS
technology, the difference ($0.027/kWh) costs less than water externalities, making
offshore wind energy a cost effective mitigation technology of the future. If other
externalities such as human health impacts were considered, the benefits of using
offshore wind would be much higher. (Climate change externalities are already
incorporated with the cost of CCS).

4.4. Benefits of offshore wind energy for wildlife

Elimination of I&E is an additional reason that wind energy provides
overwhelming benefits for wildlife compared to conventional energy (Sovacool, 2009;
EBF, 2009; Sovacool, 2013). Wind energy mitigates climate change, ocean acidification,
and environmental damage from fuel mining and related activities. However, there is
concern that wind energy creates other environmental impacts: noise pollution, habitat
fragmentation, and collisions of birds and bats. Collisions directly affect wildlife, much
like I&E. The number of birds that collide with turbines range between 0.240 birds/GWh
to 1.791 birds/GWh, depending on turbine distance from shoreline.!® When considering

10 We examined literature that identifies bird collisions with offshore wind turbines (Desholm, 2003; Poot,
2011; Skov et al 2012; Vanermen et al., 2013). We calculated the collisions per GWh based on the
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only the magnitude of organisms killed, Salem nuclear plant kills more organisms,
resulting in over 100,000 organisms per GWh when considering all eggs, larvae, juvenile
fish, and adults killed. The vast majority of the killed population is eggs, larvae, and
juveniles (about 56 one-year-old fish are killed per GWh).

Fish and birds are different organisms, and analysis of their mortality should
include consideration of their life histories. Fish spawn thousands of eggs, and only a
small amount of these eggs survive to adulthood. Birds lay only several eggs at a time;
thus, survival of individual bird eggs is more important for the propagation of the species
in comparison to an individual fish egg, which is one among thousands.

Though these organisms have different population dynamics and natural mortality
rates, when looking at total wildlife lives killed, Salem’s organism mortality rate could be
considered approximately 100,000 times as great per unit of energy produced compared
with wind energy. Furthermore, considering that 97.3% of the fish species killed are not
even considered in this Salem I&E estimate (EPA, 2011), even this astonishing
comparative rate is conservative.

Moreover, CWIS also impact birds: fish-eating birds suffer and birds themselves
are impinged. During a two-month period, a Wisconsin nuclear plant impinged 74
cormorants, which was 3.2% of the total potential productivity of the species (EPA,
2002). At a New Hampshire nuclear plant, 29 scoters were impinged at CWIS 40 feet
below the surface (EPA, 2002), likely because they dove to fed on mussels attached to
CWIS (North Atlantic Energy Service Corporation, 1999). Fish-eating birds may be
impacted for another reason as well: food supply directly impacts their survival and
reproductive success. Some species (e.g. ospreys and loons) depend entirely on fish and
cannot substitute other prey for fish (EPA, 2002). I&E could be having effects on bird
populations if availability of fish prey is substantially reduced (EPA, 2002).

Energy production impacts wildlife in nuanced and complicated ways, and
understanding full impact would require accounting for mortality on a life-cycle basis,
which would include mortality from mining and transportation of fuels for the life-cycle
impacts of conventional energy. For wind turbines, life-cycle impacts persist as well.
Other mortality caused by turbines is currently being researched (long-term impacts from
noise pollution impacting marine mammals and fish and habitat fragmentation), but with
proper mitigation techniques (sound barriers and proper siting procedure excluding
migration regions), it is likely these impacts are mitigated so that populations are not
impacted.

Additionally, understanding population effects associated with I&E is
complicated. Some studies suggest that I&E may not have great implications at the
population level (Barnthouse, 2013; Lohner and Dixon, 2013), but all parties agree that a
recurring problem is lack of ecosystem-specific, long-term data on which to base
assumptions and construct estimates. No assessment of the cumulative impacts has been

historical generation of offshore wind farms featured in these studies (NoordzeeWind, 2008;
NoordzeeWind, 2010; LORC, 2011a; LORC, 2011b). Generally, turbines close to shore kill both seabirds
and migrating shorebirds while turbines farther from shore kill predominately seabirds. Studies of collision
rates with offshore turbines have all been conducted in Europe. It is possible that effects may be different in
Mid-Atlantic waters but it is unlikely that it would be so different to dramatically influence the ratio of bird
deaths to fish deaths by conventional energy.
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conducted for the Delaware River estuary specifically, with the exception of an
assessment of Salem’s substantial effect on the striped bass cohort (Kahn, 2011). Part of
the problem is that the impact of I&E in CWA Section 316(b) biological monitoring
studies are not communicated effectively. Several reports contain reams of raw data per
sampling period for a multitude of species, but do not include estimates about the
annualized or long-term I&E impact. The methodologies employed make it difficult to
come to reliable conclusions as well. In some cases, fish samples were not collected at
the same CWIS intake screens. This procedure fit a permitting requirement but obscured
understanding of the comprehensive impact of I&E, which contradicts a fundamental
purpose of the CWA. The problem is exacerbated by implementation of the regulatory
program in a manner that is tailored to each specific plant, which does not allow for
consistent comparison among reports from different plants. Understanding cumulative,
ecosystem impacts is crucial to understanding far-reaching impacts. Standardization of
I&E studies should be required so that data can be interpreted to understand the impact
(e.g., ability to understand comprehensive impact per kWh or gallons withdrawn).

4.5. Responsibilities of the state and implications for offshore wind energy policy

The power plants in the lower Delaware River estuary claim a right as riparian
landowners to withdraw water freely. This right is void if withdrawals are unreasonable,
such as they detriment the quality and availability of the water. These power plants
reduce the quality of the water (including killing fish that inhabit the water) and only
partially compensate for availability of the water (DRBC charges cover only part of
reservoir expenses). We argue that these water withdrawals are unreasonable because
retrofitting to recirculating CWIS is an existing alternative that substantially reduce
withdrawals and externalities while still producing electricity at the site. Additionally the
proportion of water being withdrawn at these plants is disproportionate to the frontage
these plants occupy along the Delaware River. Power plants circulate a volume of water
equal to 34% of the river flow; however, their frontage only constitutes 1.1% of the
Delaware River (see Technical Appendix A). Reasonable use would be a more
proportionate allocation of water for riparian owners; water withdrawals as a portion of
the river flow should be in similar proportion to the ownership of land along the water
body.

Furthermore, these externalities violate the public trust doctrine. Each state has a
public trust doctrine that entrusts a duty to the state to protect state-owned natural
resources as a trustee on behalf of the public. State-owned water resources include the
water itself and inhabiting fish. States have the fiduciary duty to ensure that the quality of
water resources and fish populations is maintained for the public. Power plants of the
Delaware River estuary harm these state resources. States can require retrofitting to
recirculating CWIS or charge for withdrawals and ensuing externalities. This payment
could be a rate for withdrawals and water consumed, taxes on production, or tradable
permits. States can also incentivize offshore wind energy as a mitigation technology
through tax credits and subsidies.

An additional reason that the public trust doctrine applies is that in state waters,
public trust rights must be accommodated in consumptive water rights. This includes that
water rights are subject to review and reallocation, no matter how long held, in order to
uphold the public trust. These concepts were determined in a case against a city water

20



740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778

department that diverted water from a lake, causing environmental damages (National
Audubon Society v. The Superior Court of Alpine Valley, 33 Cal. 3d 419; 658 P.2d 709;
189 Cal. Rptr. 346, 1983). Petitioners challenged their actions, claiming that they were
violating the public trust doctrine by causing environmental damages. This means that
though the power plants in this analysis have been operating using closed CWIS for
decades, their water rights are presently and will always be subject to review and
reallocation. Their riparian right to withdraw water can be modified or revoked.

Questioning reasonable use of riparian rights and implementation of the public
trust doctrine may be more successful methods of reducing water externalities rather than
arguing for appropriate implementation of CWA Section 316(b). Appropriate
implementation has been debated in litigation for two decades and has yet to be resolved.
In contrast, the public trust doctrine has successfully sought compensation on damages to
fish through habitat destruction (State Department of Fisheries v. Gillette, 27 Wn. App.
815, 621P.2d 764, 1980). This case implied that states have a fiduciary duty to sue those
who harm public trust resources, especially fish. This implies that under the public trust
doctrine, if the states that border the lower Delaware River estuary determine that state
public trust resources of fish and water are imperiled, they are compelled to address that
situation, including suing those responsible. Investigation of state-specific rules may also
be fruitful, as New Jersey has a statutory requirement that any appropriation of water be
for the public benefit. One may argue that water externalities are a public detriment and
in violation of the statutory requirement, especially in the wake of alternatives.

Controversy over requiring retrofits (Riverkeeper v. EPA 475 F.3d 83 2007),
alternative energies, and other technological advancements!! stems from the assumption
that high electricity costs should be inherently avoided because we have responsibility to
ensure the public is paying reasonable rates for electricity. However, the public does pay
these costs now in terms of fish losses, health costs, and others, many just do not know it.
Moreover, although offshore wind energy is presently more expensive than natural gas
(only considering the electricity price), over time, offshore wind energy projects are
projected to have lower costs than market prices (Levitt, 2011). Yes, the offshore wind
industry needs to start before this can happen, and one way to enable it, is to level the
playing field and require power plants pay for externalities.

Advocates of offshore wind energy can support this process by advocating for
policy that mitigates water externalities. Discussing benefits to fish is also useful in
stakeholder engagement. For example, elimination of I&E may alleviate some concerns
that fishermen have about offshore wind. Offshore wind farms occupy large areas of the
marine space, and it is unlikely that fishermen will be allowed to fish within these areas.
Fishermen often perceive excluding fishing from these areas as an obstacle (Mackinson et
al., 2006) because they are concerned that their harvests will decline and businesses
suffer. However, compared to the impact of conventional energy, deployment of offshore

11 Other I&E reduction techniques exist to reduce the number of fish killed at the intake: traveling screens,
behavioral barriers such as air-bubble curtains, wedge-wire screens, and variable speed pumps (MLML,
2008). The costs of these techniques were not included in this study because the costs are very site-specific
as well as ensuing reductions in I&E. Some of the plants in this analysis have some of these reduction
techniques. Costs and benefits associated with these reduction techniques for plants in the Delaware River
estuary could be avenues for further research to better identify the true costs of energy.
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wind energy may improve fish stocks. Along with other studies (EPA, 2011), we have
demonstrated that fisheries have financial gains when I1&E is reduced. For example,
assuming most recent annual generation (kWh) and externality rates in Tables 6-9, Edge
Moor annually causes commercial losses amounting to $31,000 and recreational losses at
$156,000. Salem causes commercial losses of $15,600 and recreational losses of $62,300.
In addition, offshore wind energy produces artificial reef effect (Leonhard and Pedersen,
2006) and protects fish habitats, as a result of no fishing allowed within offshore wind
sites. Presenting these benefits as trade-offs for reduced fishing area may appeal to
fishermen.

5. Conclusion

Conventional energy withdraws water and kills fish through 1&E, causing several
externalities on water health. Withdrawals disturb ecosystems by moving millions of
gallons of water a day through CWIS, removing water due to evaporation, and
discharging water of reduced quality. I&E Kills fish and shellfish, including those that
would have been caught by commercial and recreational fishermen, and potential
revenues for fisheries are lost. Power plants claim a right as riparian owners to withdraw
water freely. This right is valid only if water use is reasonable, ensuring quality and
availability for all riparian users, including the public. Because alternatives exist
(recirculating CWIS) that substantially reduce withdrawals and externalities, water
withdrawals are disproportionate compared to frontage property, and water rights are
subject to review and reallocation, we argue that the water withdrawals are unreasonable
and should be mitigated by the state. To fulfill this duty, the state can charge for water,
tax for fish deaths, or require retrofitting to recirculating CWIS, which costs less than
water externalities. The state can also incentivize offshore wind energy as a mitigation
technology through tax credits and subsidies. Natural gas CC plants are a likely energy
choice in the future; however, we demonstrate that the cost differential between offshore
wind energy and natural gas CC with CCS costs less than water externalities, making
offshore wind energy a cost effective mitigation technology. If all other impacts (water
quality, fish population impacts, consumption of water, human health, environmental
concerns) were monetized, it is likely that offshore wind energy is cost-effective even
when CCS technology is not included in the price of natural gas CC. We demonstrate that
conventional energy causes substantial water externalities, and pricing these could
significantly influence the energy market.

22



815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859

Works Cited

1.

10.

11.

Averyt, K., Fisher, J., Huber-Lee, A., Lewis, A., Macknick, J., Madden, N.,
Rogers, J. and S. Tellinghuisen. 2011. Freshwater use by U.S. power plants:
Electricity’s thirst for a precious resource. A report of the Energy and Water in a
Warming World initiative. Cambridge, MA: Union of Concerned Scientists.
November.

AECOM Environment. 2008. 316(b) Best professional judgment for best
technology available report: Portland Generating Station. NPDES Permit No.
PA0012475. Prepared for Reliant Energy Pennsylvania.

Agnello, R. 1989. The economic value of fishing success: an application of
socioeconomic survey data. Fishery Bulletin. Vol. 87:1 Available at
http://fishbull.noaa.gov/871/agnello.pdf.

Atlantic Coastal Cooperative Statistics Program. 2013. Public Data Warehouse.
http://www.accsp.org/dataware.htm. Accessed November 3, 2013.

Atlantic States Marine Fisheries Commission (ASMFC). 2014. Atlantic
Menhaden. Available at http://www.asmfc.org/species/atlantic-menhaden.

Barnthouse, L.W. (2013). Impacts of entrainment and impingement on fish
populations: A review of the scientific evidence. Environmental Science & Policy
31, 149-156.

Barradale, M. Impact of public policy uncertainty on renewable energy
investment: Wind power and the production tax credit. Energy Policy 38: 7698-
77009.

Berry, D. 2009. Innovation and the price of wind energy in the US. Energy Policy
37: 4493-4499. doi:10.1016/j.enpol.2009.05.071

Bird, L., Bolinger, M., Gagliano, T., Wiser, R., Brown, M., and B. Parsons. 2005.
Policies and market factors driving wind power development in the United States.
Energy Policy 33: 1397-1407.

Bolinger, M. and R. Wiser. 2009. “Wind power price trends in the United States:
Struggling to remain competitive in the face of strong growth.” Energy Policy 37
(3): 1061-1071. Available at
http://dx.doi.org.proxy.nss.udel.edu/10.1016/j.enpol.2008.10.053.

Bolinger, M. and R. Wiser. 2012. Understanding wind turbine price trends in the
U.S. over the past decade. Energy Policy 42: 628-641.

23



860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Calpine. Edge Moor Energy Center. Available at
http://www.calpine.com/power/plant.asp?plant=280. Accessed November 16,
2013.

Calpine 2010 Annual Report. Available at http://phx.corporate-
ir.net/phoenix.zhtml?c=103361&p=irol-reportsAnnual.

Carley, S. 2009. State renewable energy electricity policies: An empirical
evaluation of effectiveness. Energy Policy 37: 3071-3081.

Cox, E.E. 2008. Waters for fightin’: Is Missouri groundwater allocation law
adequate to cope with increased demand? Drake Journal of Agricultural law. 13
Drake J. Agric. L. 601.

Delaware Department of Natural Resources and Environmental Control
(DNREC). 2012. Summary of current recreational fish regulations in Delaware
for 2012 (Saltwater species). Available at
http://www.dnrec.delaware.gov/fw/Fisheries/Documents/Summary%20rec%20re

05%202012.pdf.

Delaware Public Service Commission (DEPSC). 2013. Water Regulation in
Delaware. Available at http://depsc.delaware.gov/water.shtml

Delaware River Basin Commission (DRBC). 2010. Resolution No. 74-6.
Available at http://www.state.nj.us/drbc/library/documents/water_charges.pdf.
Accessed November 7, 2013.

Delaware River Basin Commission (DRBC). 2012a. DRBC Water Charging
Program Data FY 2011. Available at
http://www.state.nj.us/drbc/library/documents/WCAC/022312/DRBC-wc-
program-dataFY11.pdf.

Delaware River Basin Commission (DRBC). 2012b. Delaware River Quality: A
Brief Recap. Available at http://www.state.nj.us/drbc/quality/index.html.

Delaware River Basin Commission (DRBC). 2013a. American Shad Facts.
Available at http://www.nj.gov/drbc/edweb/special/shad/

Delaware River Basin Commission (DRBC). 2013b. Summary report review and
evaluation of USACE recommendations and cost estimates. O’Brian and Gere.
Report in review by the DRBC.

Delaware River Basin Commission (DRBC). 2014. Water Charges Advisory
Committee. Available at
http://www.state.nj.us/drbc/about/advisory/charges/index.html.

24



906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Delaware Riverkeeper Network (DRN). 2010. Delaware River. Available at
http://delawareriverkeeper.org/delaware-river/index.asp.

Department of Public Utilities. 2012. Petition of NSTAR Electric Company for
approval by the Department of Public Utilities of a long-term contract to purchase
wind power and renewable energy certificates, pursuant to St. 2008, c. 169, § 83
and 220 C.M.R. § 17.00 et seq. http://www.env.state.ma.us/dpu/docs/electric/12-
30/112612dpuord.pdf

Desholm, M. 2005. TADS investigations of avian collision risk at Nysted offshore
wind farm. National Environmental Research Institute, Department of Wildlife
Ecology and Biodiversity. Denmark Ministry of the Environment.

Electric Power Research Instititue (EPRI). 2011. Closed-Cycle Cooling System
Retrofit Study Capital and Performance Cost Estimates 2011 Technical Report.
EPRI Project Managers D. Bailey and D. Dixon.

Energy Information Association (EIA). 2011. Direct Federal Financial
Interventions and Subsidies in Energy in Fiscal Year 2010. Accessed February 3,
2014. Available at http://www.eia.gov/analysis/requests/subsidy/.

Energy Information Association (EIA). 2012. Annual Energy Review 2011.
http://www.eia.gov/totalenergy/data/annual/pdf/aer.pdf. Accessed November 15,
2013.

Energy Information Association (EIA). 2013a. 2010 Form EIA-923. Available at
http://lwww.eia.gov/electricity/data/eia923/index.html.

Energy Information Association (EIA). 2013b. 2011 Form EIA-923. Available at
http://lwww.eia.gov/electricity/data/eia923/index.html.

Energy Information Association (EIA). 2013c. Electricity sales (consumption),
revenue, prices & customers. Form EIA-861. Available at
http://www.eia.gov/electricity/data.cfm#sales. Accessed February 4, 2012.

Energy Information Association. 2014. Delaware: State Profile and Energy
Estimates. http://www.eia.gov/state/?sid=DE Accessed February 8, 2014.

Entrix, Inc. Prepared for Conectiv, Inc. June 2002. An Ecological Risk-Based
316(b) Evaluation For the Edge Moor Power Plant.

Environmental Bioindicators Foundation (EBF), Pandion Systems. 2009.
Comparison of reported effects and risks to vertebrate wildlife from six electricity
generiaton types in the New York/New England region. Albany (NY): New York
State Energy Research and Development Authority. Report 09-02, NYSERDA
9675.

25



952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997

36.

37.

38.

39.

40.

41.

42.

43.

44,

Environmental Law Institute. 2009. Estimating U.S. Government subsidies to
energy sources: 2002-2008. Washington, D.C.: 1-37. Available at
http://www.eli.org/sites/default/files/eli-pubs/d19 07.pdf. Accessed February 3,
2014.

Environmental Protection Agency (EPA). 2002. Phase Il-- Large existing electric
generating plants, Proposed Rule - Case Study Analysis for the Proposed Section
316(b) Phase Il Existing Facilities Rule. Available at
http://water.epa.gov/lawsregs/lawsguidance/cwa/316b/phase2/casestudy _index.cf
m.

Environmental Protection Agency (EPA). 2006. Section 316(b) Final Rule: Phase

111 - Regional Benefits Assessment. Available at

http://water.epa.gov/lawsregs/lawsguidance/cwa/316b/phase3/upload/2006 08 09
316b_phase3 ph3docs_p3-rba-final-part2.pdf.

Environmental Protection Agency (EPA). 2011. 821-R-11-002. Environmental
and Economic Benefits Analysis for Proposed Section 316(b) Existing Facilities
Rule. Available at
http://water.epa.gov/lawsregs/lawsguidance/cwa/316b/upload/environbenefits.pdf.
Accessed November 11, 2013.

European Commission. 2003. External costs: Research results on socio-
environmental damages due to electricity and transport (EUR 20198).
Luxembourg: Office for Official Publications of the European Communities.

Epstein, P.R., Buonocore, J.J., Eckerle, K., Hendryx, M., Stout I, B.M.,
Heinberg, R., Clapp, R.W., May, B., Reinhart, N.L., Ahern, M.M., Doshi, S.K.,
and L. Glustrom. 2011. Full cost accounting for the life cycle of coal. Ecological
Economics Reviews. Robert Costanza, Karin Limburg & Ida Kubiszewski, Eds.
Annals of the New York Academy of Sciences: 1219: 73-98.

Exelon. 2014. Eddystone Generating Station. Available at
http://www.exeloncorp.com/powerplants/eddystone/Pages/profile.aspx.

Frontier Economics. 2011. Externality pricing in the Australian water sector.
Waterlines Report Series No. 43. Commissioned by the Australian Government,
National Water Commission. Available at:
http://archive.nwc.gov.au/__data/assets/pdf file/0019/10936/43 Externalities.pdf

GE Energy Consulting. 2013. PJM Renewable Integration Study (PRIS): Project
Review (Task 3a). Revision 07. Stakeholder Meeting of October 28, 2013.
Available at http://www.pjm.com/~/media/committees-
groups/committees/mic/20131028-impacts/20131028-pjm-renewable-integration-
study.ashx. Accessed February 11, 2014.

26



998

999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042

45, Gillenwater, M. 2013. Probabilistic decision model of wind power investment and

influence of green power market. Energy Policy 63: 1111-1125.

46. Hicks, R., S. Steinback, A. Gautam, and E. Thunberg 1999. Volume II: The
Economic Value of New England and Mid-Atlantic Sportfishing in 1994. U.S.
Department of Commerce, National Oceanic and Atmospheric Administration,
National Marine Fisheries Service. NOAA Technical Memorandum NMFS-
F/SPO-38.

47. Johnston, R.J., Ranson, M., Besedin, E.Y., and E.C. Helm. 2006. What
determines willingness to pay per fish? A meta-analysis of recreational fishing
values. Marine Resource Economics 21 (1).

48. Kahn, D.M. 2011. Mortality of Delaware River striped bass from entrainment and

impingement by the Salem Nuclear Generating Station. Delaware Division of
Fish and Wildlife.

49. Kauffmann, G., Homsey, A., Chatterson, S., McVey, E., and S. Mack. 2011.
Economic Value of the Delaware Estuary Watershed. Institute for Public
Administration, University of Delaware. Prepared for Partnership for the
Delaware Estuary, Inc. Available at
http://www.delawareestuary.org/pdf/NatCap/estuary economic_value.pdf.

50. Keith, G., Jackson, S., Napoleon, A., Comings, T. and J.A. Ramey. 2012. The
Hidden Costs of Electricity: Comparing the Hidden Costs of Power Generation
Fuels. Prepared for the Civil Society Institute.

51. Kenny, J.F., Barber, N.L., Hutson, S.S., Linsey, K.S., Lovelace, J.K., and Maupin,
M.A., 2009, Estimated use of water in the United States in 2005: U.S. Geological

Survey Circular 1344, 52 p. Available at
http://pubs.usgs.gov/circ/1344/pdf/c1344.pdf. Accessed November 17, 2013.

52. L azard. 2013. Lazard’s Levelized Cost of Energy Analysis — Version 7.0.
Auvailable at

http://gallery.mailchimp.com/ce17780900c3d223633ecfa59/files/Lazard Levelize

d_Cost _of Energy v7.0.1.pdf.

52:53. Levitt, A.

53.54. Leonhard, S.B. and J. Pedersen. 2005. Benthic Communities at Horns Rev

Before, During and After Construction of Horns Rev Offshore Wind Farm.

Vattenfall. Available at http://www.vattenfall.dk/da/file/Benthic-Communities-

at-Horns- 7841598.pdf.

27

« - - {Formatted: No bullets or numbering




1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088

54.55. Lohner, T.W. and D.A. Dixon. 2013. The value of long-term

environmental monitoring programs: an Ohio River case study. Environmental
Monitoring and Assessment 185 (11): 9385-9396.

55.56. LORC. 2011a. Belwind 1 Offshore Wind Farm. Available at
http://www.lorc.dk/offshore-wind-farms-map/belwind-1.

56.57. LORC. 2011b. Nysted 1 Offshore Wind Farm. Available at
http://www.lorc.dk/offshore-wind-farms-map/nysted-1.

57.58. Lu, X., Tchou, J., McElroy, M.B., Nielsen, C.P. 2011. The impact of

production tax credits on the profitable production of electricity from wind in the
U.S. Energy Policy 39: 4207-4214.

58.59. Mackinson, S., Curtis, H., Brown, R., McTaggart, K., Taylor, N., Neville,
S.,and S. Rogers. 2006. A report on the perceptions of the fishing industry into
the potential socio-economic impacts of offshore wind energy developments on
their work patterns and income. Science Series Technical Report no.133. Cefas
Lowestoft 133: 99. Available at www.cefas.co.uk.

59.60. Macknick, J., Newmark, R., Heath, G., K.C. Hallett. 2012. Operational
water consumption and withdrawal factors for electricity generating technologies:
a review of existing literature. Environmental Research Letters 7 045802

doi:10.1088/1748-9326/7/4/045802

60:61. Maryland Department of Natural Resources (MD DNR). Maryland
Fishing Guide. Available at
http://www.eregulations.com/maryland/fishing/nontidal-seasons-minimum-sizes-
daily-creel-possession-limits/.

61.62. Maryland Department of Natural Resources (MD DNRa). Maryland Fish
Facts: Alewife and Blueback Herring. Available at
http://www.dnr.state.md.us/fisheries/fishfacts/herring.asp.

62.63. Maryland Department of Natural Resources (MD DNRDb). Maryland Fish
Facts: Blue Crab. Available at
http://lwww.dnr.state.md.us/fisheries/fishfacts/bluecrab.asp.

63-64. McClane, A.J. 1978. McClane’s Field Guide to Saltwater Fishes of North
America. New York: Holt, Rinehart and Winston.

64-65. McConnell, K. and I. Strand. 1994. The Economic Value of Mid and
South Atlantic Sportfishing: Volume 2. Cooperative Agreement #CR-811043-01-
0 between the University of Maryland at College Park, the Environmental
Protection Agency, the National Marine Fisheries Service, and the National
Oceanic and Atmospheric Administration.

28



1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133

65:66. Menz, F.C. and S. Vachon. 2005. The effectiveness of different policy

regimes for promoting wind power: Experience from the states. Energy Policy 34:
1786-1796.

66.67. Moss Landing Marine Laboratories (MLML). 2008. Understanding
entrainment at coastal power plants: Informing a program to study impacts and
their reduction. Prepared for: California Energy Commission. Contract No. 500-

04-025.

67.68. Muller, N. Z., Mendelsohn, R., and W. Nordhaus. 2011. Environmental

accounting for pollution in the United States economy. American Economic
Review, 101(5), 1649-1675. doi: 10.1257/aer.101.5.1649

68.69. Musial, W. and Ram, B. 2010. Large-Scale Offshore Wind Power in the
United States: Assessment of Opportunities and Barriers. National Renewable
Energy Laboratory. Available at http://www.nrel.gov/docs/fy100sti/40745.pdf.

69:70. National Audubon Society v. The Superior Court of Alpine Valley, 33 Cal.
3d 419; 658 P.2d 709; 189 Cal. Rptr. 346, 1983

70:71. National Oceanic and Atmospheric Administration (NOAA). Recreational
Fisheries Statistics Queries. Available at
http://www.st.nmfs.noaa.gov/recreational-fisheries/access-data/run-a-data-
query/queries/index.

72. National Oceanic and Atmospheric Administration (NOAA). 2013.
Species of Concern: River Herring. Available at
http://www.nero.noaa.gov/prot_res/candidatespeciesprogram/RiverHerringSOC.ht
m.

#2:73. National Renewable Energy Laboratory. 2012. Renewable Electricity
Futures Study. Hand, M.M.; Baldwin, S.; DeMeo, E.; Reilly, J.M.; Mai, T.; Arent,
D.; Porro, G.; Meshek, M.; Sandor, D. eds. 4 vols. NREL/TP-6A20-52409.
Golden, CO: National Renewable Energy Laboratory.
http://lwww.nrel.gov/analysis/re_futures/.

+3:74. National Research Council (NRC). 2010. Hidden costs of energy:
Unpriced consequences of energy production and use. Washington, DC: The
National Academies Press.

74.75. Natural Resources Defense Council. 2010. Climate Change, Water, and
Risk: Current Water Demands Are Not Sustainable. Available at
http://www.nrdc.org/globalwarming/watersustainability/files/WaterRisk.pdf.

29



1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179

#5:76. New Energy Externalities Development for Sustainability (NEEDS).
2009. Deliverable n°® 6.1 — rsla: External costs from emerging electricity
generation technologies. European Commission Sixth Framework Programme.

#6:77. New Jersey Department of Environmental Protection (NJ DEP). 2013.
2013 NJ Recreational Minimum Size, Possession Limits & Seasons. Available at
http://www.state.nj.us/dep/fgw/pdf/2013/maregsum13.pdf.

+#78. NextEra Energy Resources. Marcus Hook Energy Center. Available at
http://www.nexteraenergyresources.com/pdf_redesign/Marcus_Hook.pdf.

78:79. Noordzee Wind. 2008. Operations Report 2007. Available at
http://www.noordzeewind.nl/wp-
content/uploads/2012/02/OWEZ R_000 20081023-Operations-2007.pdf.

79-80. NoordzeeWind. 2010. Operations Report 2009. Available at
http://www.noordzeewind.nl/wp-
content/uploads/2012/02/OWEZ R_000 20101112 Operations 2009.pdf.

80:81. Normandeau Associates, Inc. 2001. Impingement and Entrainment at the
Cooling Water Intake Structure of the Delaware City Refinery, April 1998 —
March 2000: Final Report. Prepared for Motiva Enterprises LLC, Delaware City
Refinery, Delaware City, DE.

81.82. Normandeau Associates, Inc. 2008. Impingement Mortality and
Entrainment Characterization Study. Fairless Hills Generating Station. Exelon
Generating Company LLC.

82.83. Normandeau Associates; and Raulli, J.S. of ARCADIS. 2008.
Development of Annual Current and Baseline Impingement Mortality and
Entrainment Estimates. Prepared for Exelon Generation Company, LLC.

83.84. North Atlantic Energy Service Corporation. 1999. Seabrook Station Sea
Duck Entrapment Report. March 22, 1999.

84.85. Norton, V. Smith, T.Strand, I. 1983. Stripers, the economic value of the
Atlantic coast commercial and recreational striped bass fisheries. Maryland Sea
Grant Publication.

85.86. Nye, J.A., Link, J.S., Hare, J.A., and W.J. Overholtz. 2009. Changing
spatial distribution of fish stocks in relation to climate and population size on the
Northeast United States continental shelf. Marine Ecology-Progress Series 393:
111-129.

86-87. Odom, O. 2010. Energy v. water. Ecology law quarterly. V37, 1 2, p. 353-
380, ISSN 0046-1121.

30



1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201

1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225

87.88. PSE&G. 4 March 1999. Renewal Application for NJPDES Permit Number
NJ0005622.

88:89. PSE&G. February 2006. Salem NJPDES Permit Renewal Application.
Section 4 Comprehensive Demonstration Study.

89.90. Power Engineering. 2009. Exelon to retire 933 MW of capacity in 2011.
Available at http://www.power-eng.com/articles/2009/12/exelon-to-retire-933-
mw-of-capacity-in-2011.html. Accessed on November 16, 2013.

90:91. Poot, M.J.M., van Horssen, P.W., Collier, M.P., Lensink, R., and S.
Dirksen. 2011. Effect studies Offshore Wind Egmond aan Zee: cumulative effects
on seabirds. A modelling approach to estimate effects on population levels in
seabirds. Bureau Waardenburg bv Consultants for Environment & Ecology.
Available at
http://www.buwa.nl/fileadmin/buwa_upload/Bureau_Waardenburg_rapporten/06-
466_BW_research_ OWEZ_cumulative effects-web.pdf.

91.92. Restatement (Second) of Torts §850A. 1979. American Law Institute.

92.93. Riverkeeper v. EPA 475 F.3d 83 2007

93.94. Roe, A. W. 2011. Swimming the occidental current: A resource
hermeneutics of fishery collapse. PhD Dissertation. University of Delaware.

94-95. Sayers, D. and K. Barr. Water Use Trends of the Energy Industry in the
Delaware River Basin. Delaware River Basin Commission. WRA 2012 Annual
Conference: Energy, Water and the Environment in the Delaware River Basin.
November 7, 2012.

95.96. Schuhmann, P. 1998. Deriving Species-Specific Benefit Measures for
Expected Catch Improvements in a Random Utility Framework. Marine Resource
Economics 13 (1). Available at
http://ageconsearch.umn.edu/bitstream/28192/1/13010001.pdf. Accessed
December 20, 2013.

96-97. Skov, H., Leonhard, S. B., Heinanen, S., Zydelis, R., Jensen, N. E.,
Durinck, J., and P.N. Gron, P. N. 2012. Horns Rev 2 Offshore Wind Farm Bird
Monitoring Program 2010-2012: Bird Migration. Fredericia Denmark: Horns Rev
11 A/S.

97.98. Sovacool BK. 2009. Contextualizing avian mortality: a preliminary

appraisal of bird and bat fatalities from wind, fossil-fuel, and nuclear electricity.
Energy Policy 37 (6):241-248.

31



1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271

98.99. Sovacool, B.K. 2012. The avian and wildlife costs of fossil fuels and
nuclear power. Journal of Integrative Environmental Sciences, 9:4, 255-278.
Available at: http://dx.doi.org/10.1080/1943815X.2012.746993.

99.100.  State Department of Fisheries v. Gillette, 27 Wn. App. 815, 621P.2d 764,
1980

100:101. Union of Concerned Scientists.
http://lwww.ucsusa.org/assets/documents/nuclear_power/salem-2.pdf

104.102.  United States Geological Survey (USGS). National Water Information
System. Accessed March 15, 2014. Available at http://waterdata.usgs.gov/nwis.

162.103. United Water.
http://lwww.unitedwater.com/uploadedFiles/Localized_Content/UW_Delaware/R
B/MasterTariff%20DE.pdf

103:104. URS Corporation. September 27, 2007. Conectiv Atlantic Generation,
L.L.C. Impingement Mortality and Entrainment Characterization Study for
Deepwater Generating Station NJPDES Permit No. NJ0005363 Pennsville, New
Jersey.

104.105.  Vanermen, N. Stienen, E.W.M. Courtens, W. Onkelinx, T. Vande walle,
M. and H. Verstraete. 2013. Bird monitoring at offshore wind farms in the
Belgian part of the North Sea: Assessing seabird displacement effects. Rapporten
van het Instituut voor Natuur - en Bosonderzoek 2013 (INBO.R.2013.755887)
Instituut voor Natuur en Bosonderzoek, Brussel.

105:106. van der Zaag, P. and H.H.G. Savenije. 2006. Water as an economic good:
The value of pricing and the failure of markets. Value of water research report
series No. 19. UNESCO-IHE Institute for Water Education, Delft, the
Netherlands. Available at http://www.waterfootprint.org/?page=files/Publications.

106:107. Wigley SE, McBride HM, McHugh NJ. 2003. Length-weight relationships
for 74 fish species collected during NEFSC research vessel bottom trawl surveys,
1992-9. NOAA Tech Memo NMFS NE 171; 26 p.

107.108. Wiser, R.; Bolinger, M.; Barbose, G. 2007. Using the Federal Production
Tax Credit to Build a Durable Market for Wind Power in the United States. The
Electricity Journal: Volume 20, Issue 9, 77-88.

108:109. Wiser, R., and M. Bolinger. 2013. 2012 Wind Technologies Market
Report. Lawrence Berkeley National Laboratory. US Department of Energy.

109:110. Whitehead, J.C. and R. Aiken. 2000. An Analysis of Trends in Net
Economic Values for Bass Fishing from the National Survey of Fishing, Hunting,

32



1272
1273
1274
1275
1276
1277
1278

and Wildlife-Associated Recreation. A previous version of this paper was

presented at the 129th annual meeting of the American Fisheries Society, Human

Dimensions in Fisheries Session, Charlotte, NC, September 1999. Available at
http://www.ecu.edu/cs-educ/econ/upload/ecu0007.pdf.

33



1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324

Technical Appendix

A. Water withdrawals as a portion of the Delaware River

The power plants within the study region circulate a volume of water equivalent
to the combined mean annual freshwater discharge (ft®/s) of the Delaware River,
Schuylkill River, and Brandywine Creek. Based on data from Trenton, New Jersey,
Philadelphia, Pennsylvania, and Wilmington, Delaware, the average of the cumulative
discharge over the past 30 years is 15,700 ft3/s with a standard deviation of 4,100 ft3/s
(USGS, 2014). The discharge ranges from 11,500 ft%/s to 19,800 ft%/s, depending on
environmental factors such as annual precipitation. We divided water withdrawals of
Edge Moor, Eddystone, and Salem by the river flow, and determined that the power
plants combined circulate a volume of water equivalent to an average 34% of the
combined mean annual discharge, and this ranges between 27% to 47%. Discharges from
facilities including treated municipal wastewater and other power plants are also
discharged into the region, so the plants do not circulate only freshwater in the CWIS.

These power plants each occupy about a mile each of frontage along the Delaware
River based on analysis of maps. (Approximate frontage of Salem is 1.175 miles;
Eddystone, 1.313 miles; and Edge Moor, 1.230.) The entirety of the Delaware River is
330 miles (DRN, 2010). Combined the power plants comprise 1.1% of the frontage of the
entire Delaware River. Power plants circulate a volume of water equal to 34% of the river
flow; however, their frontage only constitutes 1.1% of the Delaware River

B. Biological monitoring studies

We contacted the Pennsylvania Department of Environmental Protection,
DNREC Division of Fish and Wildlife, and New Jersey Department of Environmental
Protection, Division of Water Quality, and requested biological monitoring studies
conducted by power plants within the Delaware River and Chesapeake Bay regions and
any river systems between the two regions. We chose to focus on the plants along the
Delaware River. Plants along the Delaware River that had reports were Fairless Hills
(Normandeau Associates, Inc., 2008), Portland Generation Station (AECOM
Environment, 2008), Salem nuclear plant (PSE&G, 1999; PSE&G, 2006), Eddystone
natural gas plant (Kinnell et al., 2008), Edge Moor natural gas plant (Entrix, Inc., 2002),
Deepwater Generating Station (URS Corporation, 2007), and Delaware City Refinery,
which does generate small amounts of electricity for industrial use in addition to refining
petroleum (Normandeau Associates, Inc., 2001). We found that species composition and
abundance depicted at plants differed upriver sites north of Eddystone. Fairless Hills and
Portland Generation Station are power plants located farther up the Delaware River. A
study at Fairless Hills reported similar species but in different abundances and included
other species not depicted in reports within the lower Delaware River estuary
(Normandeau Associates, Inc., 2008). A study at Portland Generation Station had only
one species in common with those studies at plants in the lower river (AECOME
Environment, 2008). As such, we chose to focus on the lower Delaware River estuary.

We did not use data from Deepwater Generating Station because this analysis
included estimates of fish impacted due to impingement only. We did not use data from
the Delaware City Refinery because the electricity produced is only for industrial use.
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C. Power plants within geographic scope

The following table lists power plants that withdraw water from the Delaware
River that are within the geographic scope of this study. Other plants not listed here are
also located along the Delaware River, but there is no record of water withdrawals at
these plants because they either do not withdraw water from the Delaware River or
produce small amounts of electricity for industrial use (personal communication with
David Sayers, Delaware River Basin Commission, February 14, 2013).

Table 12. Power plants that withdraw water from the Delaware River within geographic scope (Calpine

Power Plants; EIA, 2014; Exelon, 2014; Sayers and Barr, 2012; NextEra Energy Resources).

Facility Fuel Capacity (GW) CWIS  State
Eddystone Generating Station Natural Gas, Petroleum 0.820 Open PA
FPL Energy Marcus Hook Natural Gas 0.750 Closed PA
Logan Generating Company LP Coal 0.225 Closed NJ
Hay Road* Natural Gas, Petroleum 1.130 Closed DE
Edge Moor Simple-Cycle: Natural Gas 0.725 Open DE
Deepwater Natural Gas 0.158 Open NJ
PSEG Hope Creek Generating Station  Nuclear 1.174 Closed NJ
PSEG Salem Generating Station Nuclear 2.360 Open NJ

*These plants use combined-cycle technology.

D. Estuarine habitats of species within analysis

Weakfish inhabit the surf, sounds, inlets, bays, channels, and saltwater creeks
(McClane, 1978). They reside in estuaries but do not enter freshwater (McClane, 1978).
Atlantic croaker adults reside in estuaries associated with the eastern Atlantic ocean in
the spring and leave in the fall to migrate to the Gulf of Mexico for spawning (McClane,
1978). Postlarval and juvenile Atlantic croaker migrate into estuaries and return to the
ocean as adults of one year of age (McClane, 1978). Striped bass are anadromous
(McClane, 1978) as well as alewife and blueback herring (MD DNRa), spawning in
estuaries and inhabiting oceanic waters as adults. Blue crab prefer benthic habitats and
can reside in a wide range of salinity from freshwater to full saline waters (MD DNRDb).
American shad are anadromous species that live most of their lives in the ocean and
migrate along the coast from the mid-Atlantic during the winter to Nova Scotia during the
summer (DRBC, 2013a). Atlantic menhaden are typically coastal species that migrate
south to spawn in the fall and form large schools in estuaries and near-shore ocean during
the winter (ASMFC, 2014). Bay anchovy are small marine fish that are abundant in
coastal waters (McClane, 1974).

E. Breakdown of costs associated with non-potable water for industrial use

The DEPSC provided a breakdown of costs that reflect the costs of non-potable
water for industrial use. The DPSC analyzed an unnamed water company, and 31% of the
costs were for supply, pumping, and treatment of water and 69% were for distribution.
Supply of water itself including plant assets, access to water, and rate of return constitutes
11% of the rate. The DEPSC cautioned that this ratio can vary greatly among water
companies. Some water companies need to maintain wells and storage tanks, while others
use surface water collections in reservoirs. The quality of water can vary which leads to
significant treatment costs. These factors can significantly change the input and ratio of
costs (personal communication, Robert J. Howatt, DEPSC, February 17, 2014).
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F. Ratio of commercial and recreational landings

We accessed landings data from the ACCSP (ACCSP, 2013, accessed on
November 3, 2013). We queried landings at ports in Delaware, Maryland, and New
Jersey because these are states that would likely receive landings from fish caught within
the Delaware River estuary. We determined the percentage of landings that were
commercial or recreational for each year to calculate an average ratio for each species.
We analyzed this ratio for each species over time from 1981 until 2012.

Prior to 2002, for Atlantic croaker and striped bass fisheries, the ratio fluctuated
greatly. Since 2002, those ratios have been consistent. For this reason, we calculated an
average ratio based on landings data since 2002 for those two species. The ratio for the
weakfish industry has fluctuated from year to year over the entire period from 1981 to
2012. To be consistent with our analysis of the other two species, we also use an average
ratio since 2002 for weakfish. The unpredictable fluctuation may be explained by a
steady decline in the weakfish population in the Delaware River estuary since the 1980s.
This decline is partially due to the increase of the striped bass population that preys on
weakfish (personal communication with Dr. Kahn of DNREC on September 26, 2013).

The ratio trends for alewife and blueback herring were difficult to define because
the landings data is sparse over the time period of 1981 to 2012. Since 1981, even though
commercial landings are consistently reported, only ten years have reports of recreational
landings of alewife. Two of these years are in the time period since 2002. To be
consistent with the ratios of the other species, we chose to take the average ratio for the
two years since 2002 (2002 and 2006). For blueback herring, there is less data available.
While landings are reported sparingly for separate years, only the year 1998 has a report
of both recreational and commercial landings, so we used the ratio from this year. We did
not average the sparse reported landings data because we could not assume that the
blueback population would be the same year to year.

We acquired estimates of blue crab landings at DNREC, Delaware Division of
Fish and Wildlife (personal communication, Richard A. Wong, January 9, 2014) and at
the Maryland Department of Natural Resources, Fisheries Service (personal
communication, Kelly Webb, February 14, 2014). The data from DNREC contained
estimates of landings from 1973 to 2012 for Delaware and New Jersey. For Delaware,
recreational harvest from 1973-2007 was calculated as 2.5% of the non-dredge
commercial harvest based on results from a Division of Fish and Wildlife survey
conducted in 1996-1997. Since 2008, the recreational landings estimate was calculated as
4% of the non-dredge commercial harvest, based on results from a more recent
telephone/intercept survey conducted in 2008. In New Jersey, annual recreational harvest
was calculated as 20% of the commercial non-dredge hard crab landings from May to
October based on the results of a telephone/intercept survey conducted in 2005. The
Maryland DNR data estimated that recreational blue crab harvest was 8% of total
commercial harvest until 2007. Since 2008, there has been a ban on recreational female
harvest so recreational harvest estimates were based on the male commercial harvest.
Like the Atlantic croaker and striped bass fisheries, the ratio of landings was consistent
since 2002, so we chose an average ratio from this time period.

Table 13. Ratio of commercial to recreational landings for selected species.

Harvested Species Commercial (%) Recreational (%) Years Selected
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Weakfish 43% 57% 2002-2012 average

Atlantic Croaker 56% 44% 2002-2012 average
Striped Bass 24% 76% 2002-2012 average
Alewife 96% 4% 2002 and 2006 average
Blueback Herring 73% 27% 1998

Blue Crab 93% 7% 2002-2012 average

We also attempted to determine a ratio for bay anchovy because there is record of
I&E impacts to bay anchovy within several biological monitoring studies. We had three
years of data from the ACCSP for commercial landings and queried recreational landings
data from the NOAA recreational fisheries queries database (NOAA). When we found
that we could not query sufficient data at specific states, we queried for the Mid-Atlantic
region and found marginally better results. No year contained both commercial and
recreational landings and thus we could not calculate an accurate ratio of commercial to
recreational landings. Extrapolating from available information was unsuccessful and
thus we did not include bay anchovy in our analysis.

G. Other recreational fishing valuation studies

In addition to McConnell and Strand (1994) and Hicks et al. (1999), we analyzed
several other studies that value different aspects of recreational fishing. Whitehead and
Aiken (2000) used contingent valuation to determine the willingness-to-pay (WTP) for
recreationally fished striped bass. We did not use this study because the analysis did not
determine the WTP for an additional striped bass. Agnello (1989) studied the WTP of an
additional fish for the first fish and the average of subsequent fish. The study focused on
bluefish, weakfish, and summer flounder, and the resulting values depended on the model
used. We did not use this study because it was published several decades in the past and
was representative of different fish populations than today. Similarly, Norton et al. (1983)
also investigated the value of an additional striped bass fish caught, but we did not use
this study because it was published several decades before our analysis. Schuhmann
(1998) assessed the WTP for an additional 25% increase in recreational catch. We did not
use this study because it was not useful for our analysis, given that we had data consisting
of pounds of recreational fish lost, rather than percentages of additional harvest per
fisherman.

H. Analysis of payments to the DRBC to compensate for availability of water

The DRBC typically charges power plants along the Delaware River
$0.80/million gallons of water withdrawn and $80/million gallons of water consumed.
Analysis of 2011 charges (DRBC, 2012b) shows that Edge Moor, Eddystone, and Salem
do not pay the entirety of this rate (Table 14).

Table 14. Payments to the DRBC for water availability in 2011.

Percentages of typical DRBC charges 2013$/kWh
Edge Moor 29% $0.00004/kWh
Eddystone* 86% $0.0005/kWh
Salem 16% $0.00001/kWh

+Eddystone was in transition to natural gas starting in May of this year.
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