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Preface

Located along the Eastern Seaboard, Delaware is tremendously rich in natural resources and
habitat. Although the second smallest state, it is rich in water resources—25 miles of ocean
coastline, 841 square miles of bay, 2,509 miles of rivers and streams, and 2,934 acres of lakes
and ponds. The water, natural resources, and ecosystems contained in Delaware’s watersheds
are a valuable economic resource to the state.

Researchers at the Institute for Public Administration’s Water Resources Agency (WRA)
conclude that Delaware’s water supplies and natural resources constitute a substantial economic
engine, which contributes somewhere between $2 billion and $6.7 billion to the regional
economy in Delaware. Moreover, Delaware watersheds represent an economic engine
responsible for more than 70,000 jobs and providing over $2 billion in wages.

WRA project director Gerald Kauffman and associate policy scientist Martha Corrozi Narvaez
led a team of IPA researchers—associate policy scientist Andrew Homsey and assistant policy
scientist Nicole Minni, who provided GIS mapping support, and research assistants Erin McVey,
Catherine Cruz-Ortiz, and Chelsea Halley, who collected ecosystem services and jobs data—in
preparation of the writing of this important document.

This report demonstrates that the natural resources of Delaware’s watersheds provide real and
significant economic benefits to the state and are worthy of investment to keep them healthy and
productive.

Jerome R. Lewis, Ph.D.
Director, Institute for Public Administration
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Executive Summary

Abstract

The water, natural resources, and ecosystems
contained in Delaware’s watersheds are an economic
engine for the state. These resources provide
tremendous economic value to the state and the
surrounding region. This report examines that value
in three distinct ways:

» Economic value directly related to Delaware’s
water resources and habitats—Using economic
activity as a measure of value, Delaware
watersheds contribute over $6 billion in annual
economic activity from water quality, flood
control, water supply, fishing and wildlife viewing,
recreation, agriculture, ports, forests, and parks.

- Value of the goods and services provided by
Delaware’s ecosystems—Using ecosystem goods
and services as a measure of value, the ecosystems of
Delaware provide $6.7 billion annually in goods and services in 2010 dollars, with a net
present value of $216.6 billion calculated over a 100-year period.

Delaware Watershed Basins

- Employment related to Delaware’s water resources and habitats—Using employment as a
measure of value, Delaware’s water resources and habitat directly and indirectly support over
70,000 jobs with over $2 billion in wages annually. This does not include the thousands or,
perhaps, millions of jobs in companies and industries that rely on Delaware’s waters for their
industrial and commercial processes.

The purpose of these estimates is to demonstrate that Delaware watersheds provide real and
significant economic benefits to the state and are worthy of investment to keep them healthy and
productive. All were made by taking values from existing literature and studies and applying
them to Delaware using ecological economics and benefits-transfer techniques described in this
report. All values in are in 2010 dollars except where noted.

It is important to note that the values in the three categories above cannot be summed because
there is some measure of overlap between certain values within each category that could result in
double counting. For example, the jobs of fishermen that contribute to employment and wages
are also a factor in the economic activity generated from fishing, and the ecosystem values of
forests for water-quality benefits should be at least partially captured in the economic value of
water supply. Accurately determining (and eliminating) this overlap is difficult, if not
impossible, within the scope of this analysis. However, each of the above estimates clearly
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indicates Delaware watersheds are an economic engine that contributes between $2 billion
and $6.7 billion annually to the state’s economy.

It is also important to note that the estimates presented in this report are not all-inclusive, due to
a lack of data for some economic sectors, nor are they meant to be used to compare and contrast
uses of Delaware’s water resources for their value. Some values were not included in these
estimates because the data to assess them either are not readily available or do not exist. For
example, the full amount of economic activity and jobs associated with the many companies and
industries that rely on Delaware’s waters for their industrial processes is not included here,
because identifying those companies and gathering information on their economic activity is
beyond the scope of this analysis. Since all estimates were made by taking values from existing
literature and studies, the values for various activities and resources vary greatly in how they
were determined and applied to Delaware, making it difficult to accurately compare values
across uses and activities. Gathering more complex, tailored, or primary data on Delaware
watersheds would improve the comparability of information across uses as well as make value
estimates more comprehensive. Further research is recommended to gather updated Delaware-
specific valuation data.

The field of ecosystem services valuation in particular is still a new and growing field. As
knowledge and understanding of these valuation techniques grows and is applied to more
resources, we will continue to incorporate them in our understanding of the value of Delaware’s
watersheds. However, it is also important to note that we may never be able to fully describe in
economic terms the real value of the Delaware watersheds and all of their benefits to the people
of this state and region.

Delaware Watersheds

The entire state of Delaware is drained by four basins; the Piedmont, Delaware Estuary, and
Inland Bays basins flow east, and the Chesapeake Bay basin flows west. Within these four major
basins there are 46 watersheds that flow from Piedmont and Coastal physiographic provinces to
the tidal river and bay.

Piedmont Basin — Empties into the Delaware River, is part of the Delaware Estuary, and
comprises 605 square miles, 80 percent of which lies in Pennsylvania.

Delaware Bay and Estuary Basin — Located in eastern New Castle, Kent, and Sussex
counties and drains runoff from 520,960 acres, or 814 square miles, to the Delaware Bay.

Inland Bays/Atlantic Ocean Basin - Comprises 313 square miles of eastern Sussex
County, Delaware.

Chesapeake Basin — Drains to the nation’s largest estuary, the Chesapeake Bay, and
encompasses a 769-square-mile area of land in western New Castle, Kent, and Sussex
Counties.
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In Delaware in 2007, 39 percent of the land is agriculture, 18 percent is forest, 17 percent is
saltwater/freshwater wetland, 15 percent is urban, 8 percent is marine, and 3 percent is open
freshwater.

Between 2000 and 2010, Delaware population grew by 14.6 percent. According to the U.S.
Census Bureau, in 2010, 897,934 people live in Delaware with a population density of 1,000 per
square mile. Sixty percent of the population resides in New Castle County, 18 percent reside in
Kent County, and 22 percent reside in Sussex County. Just less than 400,000 people were
employed in Delaware; 68 percent of those jobs were in New Castle County, 15 percent in Kent
County, and 17 percent in Sussex County.

Annual Economic Value

The economic value of Delaware watersheds is over $6 billion in annual market and non-market
value. Market value is determined by the sale/purchase of watershed goods, such as drinking
water, fish, hunting supplies or powerboats. Non-market value is provided by ecosystems, such
as pollution removal by forests, public willingness to pay for improved water quality, forest
carbon-storage benefits, and health benefits of parks. Note that the totals for both market and
non-market values are rounded down to ensure that values are not overstated (Table E1).
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Table E1. Annual Economic VValue of Delaware Watersheds ‘ $million

Market Value \ >$5 billion

Water Quality

Increased Property Value (+6% over 20 years) 39

Water Treatment by Forests ($41/mgd) 2

Wastewater Treatment 245
Flood Control Benefits

Stormwater Detention (+2-5%) 42-105
Water Supply

Drinking Water Supply ($4.78/1,000 gallons) 518

Irrigation Water Supply ($300/acre-foot) 22-24

Thermoelectric Power Water Supply ($44/acre-foot) 41

Industrial Water Supply ($200/acre-foot) 9
Fish/Wildlife

Wetlands 6

National Wildlife Refuges 20

Commercial Fish Landings ($0.60/Ib) 9

Fishing (11-18 trips/angler, $17-$53/trip) 109

Hunting (16 trips/hunter, $16-50/trip) 46

Wildlife/Bird-watching (8-13 trips/yr, $15-$27/trip) 147
Recreation

Tourism 1,900

Power-Boating 344
Agriculture

Crop, poultry, livestock value ($1,800/acre) | 1,200
Ports

Navigation ($15/acre-foot) 66

Port Activity 3,200
Non-Market Value ‘ >$1 billion
Recreation

Swimming ($13.40/trip) 1

Boating ($30/trip) 6

Fishing ($62.79/trip) 56

Wildlife/Bird watching ($77.73/trip) 67
Water Quality

Improved Stream Water Quality/Willingness to Pay 153
Forests

Carbon Storage ($827/acre) 220

Carbon Sequestration ($29/acre) 8

Air-Pollution Removal ($266/acre) 71

Building Energy Savings ($56/acre) 15

Avoided Carbon Emissions ($3/acre) 796
Public Parks

Health Benefits ($9,734/acre) 265

Community Cohesion ($2,383/acre) 65

Stormwater Benefit ($921/acre) 25

Air-Pollution Control ($88/acre) 2
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Ecosystem Services

Delaware is rich in natural resources and habitat, as measured by the economic value of
ecosystem goods and services. Ecosystem goods are benefits provided by the sale of watershed
products, such as drinking water and fish. Ecosystem services are economic benefits provided to
society by nature, such as water filtration, flood reduction, and carbon storage. The value of
natural goods and services from ecosystems in Delaware watersheds is $6.7 billion (in 2010
dollars) with net present value (NPV) of $216.6 billion, using a discount rate of 3 percent over
100 years (Table E2).

Table E2. Ecosystem Goods a

d Services Value o

the Delaware Watersheds

Ecosystem Area (acres) | $/acrelyear 2010 $lyear 2010 NPV $
Freshwater wetlands 178,632 13,621 2,433,081,000 79,075,132,489
Marine 124,879 10,006 1,249,541,955 40,610,113,531
Farmland 590,150 2,949 1,740,640,688 56,570,822,374
Forest land 265,476 1,978 525,143,567 17,067,165,922
Saltwater wetlands 71,001 7,235 513,691,702 16,694,980,313
Barren land 6,459 0 0 0
Urban 229,827 342 78,511,742 2,551,631,623
Beach/dune 588 48,644 28,579,665 928,839,116
Open water 48,253 1,946 93,891,133 3,051,461,812

State Total

1,515,265

6,663,081,452

216,550,147,180

$lyr

Ecosystem Services Value
Watersheds in Delaware

3,000,000,000
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Value of Natural Goods and Services (2010 $M)
Watersheds in Delaware
3,000 ¢
2.500 $2,424
D F $2,049 $1,993
c 2,000 +
2 o
g 1,500 ]
5 1,000 +
) o
500 - $197
o+ [
Delaware Chesapeake Inland Bays Piedmont
Estuary
Jobs and Wages

Delaware watersheds are jobs engines with water resources and habitat that supports over 70,000
direct and indirect jobs with over $2 billion in annual wages in the coastal, farm, ecotourism,
watershed-organization, water supply/wastewater, recreation, and port industries (Table 39).

Table E3. Jobs and Wages Related to Delaware Watersheds

Sector Jobs Wages ($) Data Source
Direct Watershed-related 18,926 402,000,000 | U.S. Bureau of Labor Statistics (2009)
Indirect Watershed-related 22,711 322,000,000 | U.S. Census Bureau (2009)
Coastal 15,174 268,000,000 | Nat’l Coastal Econ. Program (2009)
Farm 28,328 1,410,000,000 | Awokuse et al. (2010)
Fishing/Hunting/Birding 9,248 304,000,000 | U.S. Fish and Wildlife Service (2008)
National Wildlife Refuge 198 5,500,000 | Carver and Caudill (2007)
Wetlands 584 19,300,000 | NOAA Coastal Services Center (2011)
Watershed Organizations 115 5,520,000 | WRA and DRBC (2010)
Ports 4,601 307,000,000 | Martins Associates (2007))
Tourism 31,050 931,000,000 | Delaware Tourism Office (2008)
Water Supply Utilities 275 15,000,000 | WRA and DRBC (2010)
Wastewater Utilities 207 9,000,000 | WRA and DRBC (2010)
Delaware Watershed totals ~ >70,000 >$2 billion
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1. Introduction

Objectives

This report summarizes the socioeconomic value of water, natural resources, and ecosystems in
Delaware’s watersheds estimated as:

1. Economic activity including market and non-market value of agriculture, water supply,
fishing, hunting, recreation, boating, ecotourism, and navigation/port benefits.

2. Ecosystem goods and services (natural capital) value provided by habitat such as wetlands,
forests, farms, and open water.

3. Jobs and wages directly and indirectly associated with Delaware’s watersheds.

These estimates demonstrate that the natural resources of Delaware’s watersheds provide real
and significant economic benefits to the state and are worthy of investment to keep them healthy
and productive. Value-transfer techniques were applied by selecting data from existing studies
and applying them to Delaware using ecological-economics techniques.

Values in the three categories cannot be summed because there may be overlap within each
category that could result in double-counting. For example, the jobs of fishermen that contribute
to employment and wages are also a factor in the economic activity generated from fishing. The
ecosystem values of forests for water-quality benefits should be at least partially captured in the
economic value of water supply. Accounting for this overlap is difficult, if not impossible,
within the scope of this analysis. However, each of the above estimates clearly indicates that
Delaware’s watersheds are an economic engine that contributes between $2 billion and $6.7
billion to our state’s economy.

The estimates presented in this report are not comprehensive, nor are they meant to be used to
compare/contrast uses of the state’s water resources for their value. Some values were not
included in these estimates because the data to assess them are not readily available. For
example, the full amount of economic activity and jobs associated with the many companies and
industries that rely on Delaware’s waters for their industrial processes is not included here,
because identifying those companies and gathering information on their economic activity is
complicated and beyond the scope of this analysis. Since all estimates were made by taking
values from existing literature, the values for various activities differ greatly in how they were
determined and applied to Delaware’s water resources making it difficult to accurately compare
values across uses.

Other values, like the value of freshwater mussels for filtering water, are not included in this
work because they are not yet well documented in the literature on valuation. The field of
ecosystem services valuation in particular is still a new and growing field. As our knowledge
and understanding of these valuation techniques grows and is applied to more resources, we must
continue to incorporate them in our understanding of the value of Delaware’s water resources.
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An Economic Engine

Delaware is located on the Atlantic Coast in the Mid-Atlantic region and surrounded by several
major bodies of water—Delaware River, Delaware Bay, Chesapeake Bay, and the Atlantic
Ocean. Water is an abundant resource in the First State and makes Delaware a truly unique
place. Whether it’s the pristine beaches, the natural beauty and biology of the streams and
creeks, the invigorating recreational opportunities, or the essential services that the First State’s
water resources provide, it is a driving force and an essential component of Delaware’s economy.

In 2010 more than 300 million gallons per day of drinking water and industrial-process water
were withdrawn from the rivers, streams, and aquifers in Delaware’s watersheds to sustain the
state’s jobs and domestic, commercial, and industrial economy. The river, bay, beaches,
wetlands, and forests support a multi-billion dollar coastal tourism, recreation, and
hunting/fishing/birding economy.

Society tends to underprice water, based on its marginal value for single uses (i.e., drinking
water), and not consider its full value of water for all uses, such as recreation and tourism. The
following report tabulates the substantial economic value and worth of watersheds in
Delaware—the 2nd smallest state by area and the 6th most densely populated state in the nation.
The report attempts to quantify the highest multi-objective value of water in toto for its wide
range of habitat, recreation, ecological, and industrial benefits throughout the state of Delaware.

The Watersheds

The state of Delaware occupies four major basins—Piedmont, Delaware Bay and Estuary, Inland
Bays, and Chesapeake Bay (Figure 1).

Delaware is situated on the Delmarva Peninsula and includes (DNREC, 2010):

e 25 miles of ocean coastline

e 841 square miles of bay

e 2,509 miles of rivers and streams
* 2,934 acres of lakes and ponds

In addition:

» 86 percent of Delaware rivers/streams impaired for swimming due to high bacteria

» 97 percent of Delaware rivers/streams do not meet fish and wildlife water quality standards
» 44 percent of Delaware ponds and lakes do not meet swimming uses

» 89 percent of ponds and lakes do not support fish and wildlife uses

» >100 miles of waters have fish-consumption advisories from high PCBs, metals, pesticides

Within Delaware’s four major basins there are 46 watersheds that flow from Piedmont and
Coastal Plain physiographic provinces to the tidal river and bay.
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Piedmont

The entire Piedmont Basin, 80 percent of which is in Pennsylvania, empties into the Delaware
River and is part of the Delaware Estuary. The Piedmont Basin contains the following
watersheds:

» Brandywine Creek
* Red Clay Creek

* White Clay Creek
e Christina River

* Naamans Creek

» Shellpot Creek

The Piedmont Basin supplies a significant source of freshwater from surface water and
groundwater sources. The geologically unique Fall Line located in the Piedmont Basin runs
along a line between Newark and Wilmington and separates the hilly, rocky, Piedmont from the
flat, sandy Coastal Plain provinces. This transition zone supports a wide array of flora and fauna.

Delaware Bay and Estuary

The Delaware Bay and Estuary Basin is located in eastern New Castle, Kent, and Sussex
counties and drains runoff from the Delaware Bay and Delaware Estuary. The basin drains
520,960 acres, or 814 square miles, and encompasses the following watersheds:

» Delaware River

* Army Creek

* Red Lion Creek

* Dragon Run Creek

» Chesapeake & Delaware Canal East
* Appoquinimink River
» Blackbird Creek

» Delaware Bay

* Smyrna River

* Leipsic River

» Little Creek

e St. Jones River

*  Murderkill River

* Mispillion River

» Cedar Creek

» Broadkill River

The Delaware Bay and Estuary Basin lies entirely within the Atlantic Coastal Plain
physiographic province. Topography in the northern part of the basin is dominantly undulating
and rolling with moderate dissection. In the southern portion of the drainage basin, flatter (slope
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gradients <1%) landscapes dominate. Some of the most productive farms in Delaware, some of
which are still owned by the original families, are located within this basin.

Inland Bays/Atlantic Ocean

The Inland Bays/Atlantic Ocean Basin comprises 313 square miles of eastern Sussex County,
Delaware. The Inland Bays/Atlantic Ocean Basin lies entirely within the Atlantic Coastal Plain
physiographic province. The dominant physiographic features of the basin are the three “inland
bays” that are located just landward of the Atlantic Ocean shoreline. From north to south, these
are Rehoboth Bay, Indian River Bay, and Little Assawoman Bay. Rehoboth Bay includes the
following watersheds:

e Lewes-Rehoboth Canal
* Rehoboth Bay Watershed

The Indian River Bay includes the following watersheds:

¢ Indian River
* lron Branch
* Indian River Bay

The Little Assawoman Bay includes the following watersheds:

e Little Assawoman
e Assawoman
* Buntings Branch

Other distinctive physiographic characteristics include the flat topography and man-made
drainage ditches that are used to drain soils with perennially high water tables, which are mostly
limited to the area south of Millsboro and Indian River Bay.

The Inland Bays Watershed supports Delaware’s ocean and coastal tourism economy and
contains rapidly growing industries of poultry farming and second-home residential
development. More than 11 miles of Delaware’s ocean coast are developed with homes and
businesses. The majority of them are located on the barrier island—the thin strip of land
separating the ocean from the Inland Bays. Sea-level rise, storms, and other natural coastal-
transport processes are causing the barrier island system to migrate in a landward direction.

Chesapeake Bay

The Chesapeake Bay Basin drains to the nation’s largest estuary, the Chesapeake Bay. As an
estuary, the Chesapeake Bay contains a mixture of fresh and saltwater, creating an ideal habitat
for a diverse array of plants and animals. The bay’s welfare is heavily reliant on the land use of
the basin, since Delaware’s portion of the Chesapeake Basin contains headwater areas, the area
where a waterway originates. The basin encompasses a 769-square-mile area of land in western

10
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New Castle, Kent, and Sussex Counties. More geological formations exist in the Chesapeake
Basin than in any of the other three basins. Delaware’s Coastal Plain contains very thick
sedimentary deposits. These unique deposits were able to form because of Delaware’s position
along what used to be an extremely active continental plate boundary. The basin encompasses
the following 16 watersheds:

* Bohemia Creek e Gravelly Branch * Pocomoke River
» Broad Creek e Gum Branch e Sassafras River
* C&D Canal West * Marshyhope Creek * Wicomico River
* Deep Creek * Nanticoke River

* EIlk Creek » Perch Creek

In Delaware in 2007, 39 percent of the land is agriculture, 18 percent is forest, 17 percent is
saltwater/freshwater wetland, 15 percent is urban, 8 percent is marine, and 3 percent is open
freshwater (Table 1 and Figure 2). The entire state of Delaware is drained by four basins; the
Piedmont, Delaware Estuary, and Inland Bays basins flow east, and the Chesapeake Bay Basin
flows west (Figure 1).

Table 1. Land Use in Delaware Watersheds

. Delaware Chesapeake Inland Bays/
Ecosystem PHEEI0ETIL Estuary Bay Atlantic Ocean VL
(acre) (acres)
(acres) (acres) (acres)
Freshwater wetlands 4,732 58,390 81,130 34,379 178,632
Marine 799 16,274 233 107,573 124,879
Farmland 9,588 254,143 245,509 80,910 590,150
Forest 32,189 95,346 102,306 35,635 265,476
Saltwater wetland 919 61,617 353 8,111 71,001
Barren land 234 2,305 844 3,076 6,459
Urban 67,357 123,048 17,019 22,403 229,827
Beach/Dune 42 256 74 216 588
Open freshwater 575 14,056 1,780 31,842 48,253
Total 116,435 625,435 449,248 324,145 1,515,263
. Delaware Chesapeake Inland Bays/

Ecosystem Piedmont Estuary Beg/ Atlantic Ocilaan Total
Freshwater wetlands 4.1% 9.3% 18.1% 10. 6% 11.8%
Marine 0.7% 2.6% 0.1% 33.2% 8.2%
Farmland 8.2% 40.6% 54.6% 25.0% 38.9%
Forest 27.6% 15.2% 22.8% 11.0% 17.5%
Saltwater wetland 0.8% 9.9% 0.1% 2.5% 4.7%
Barren land 0.2% 0.4% 0.2% 0.9% 0.4%
Urban 57.8% 19.7% 3.8% 6.9% 15.2%
Beach/Dune 0.0% 0.0% 0.0% 0.1% 0.0%
Open freshwater 0.5% 2.2% 0.4% 9.8% 3.2%
Total 100.0% 100.0% 100.0% 100.0% 100.0%

Source: NOAA CSC, 2007
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Figure 1. Major Basins and Watershed Boundaries in Delaware
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Figure 2. Land Use/Land Cover in Delaware’s Watersheds (NOAA CSC, 2007)
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Demographics

According to the U.S. Census Bureau, in 2010, 897,934 people live in Delaware on 1,956 square
miles—a population density of just over 450/sq. mi. (Table 2). New Castle County is the most
populous county, comprising 60 percent of the population (538,479); 162,310 people reside in
Kent County (18%), and 197,145 reside in Sussex County (22%). Just less than 400,000 people
were employed in Delaware, with 267,683 jobs in New Castle County (68%), 60,964 jobs in
Kent County (15%), and 67,447 (17%) jobs in Sussex County (Table 2).

Table 2. Land Area, Population, and Employment in Delaware

Area Population® | Employment?
SERHCIIILY (sq. mi.) 010 Y010
New Castle 426 538,479 267,683
Kent 590 162,310 60,964
Sussex 940 197,145 67,447
Delaware 1,956 897,934 396,094

1. U.S. Census Bureau, 2010
2. U.S. Bureau of Labor Statistics, 2011

Between 2000 and 2010, Delaware population grew by 14.6 percent or 114,334 people (Table 3
and 5). Over the last decade, population increased by over 25 percent in Kent and Sussex
counties and by 7.6 percent in New Castle County. By 2030, the population in Delaware is
projected to grow by 156,697 (18%) to over a million people (Table 4).

Table 3. Population Change in Delaware by County, 2000-2010

State/county Pop. 2000 Pop. 2010 | Change | % Change
New Castle 500,265 538,479 38,214 7.6
Kent 126,697 162,310 35,613 28.1
Sussex 156,638 197,145 40,507 25.9
Delaware 783,600 897,934 114,334 14.6

Source: U.S. Census Bureau, 2010

Table 4. Population Projections in Delaware, 2010-2030

Actua_l PrOJect_ed Pt‘OjethEd 2010-2030 2010-2030

County Population | Population | Population Chanae % Chanae

2010" 2020° 2030° 9 9
New Castle 538,479 567,764 589,267 50,788 9
Kent 162,310 178,817 192,853 30,543 19
Sussex 197,145 235,341 272,511 75,366 38
Total 897,934 981,922 1,054,631 156,697 18

1. U.S. Census Bureau, 2010
2. Delaware Population Consortium, 2010
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Table 5. 2010 Population Density in Delaware by Watershed

Watershed | Area(sq.mi) |  Population | Population Density (people/sq. mi.)
Piedmont
Brandywine Creek 23 44,098 1,920
Christina River 67 175,572 2,615
Naamans Creek 10 35,783 3,512
Red Clay Creek 21 24,523 1,163
Shellpot Creek 14 37,992 2,646
White Clay Creek 46 95,579 2,070
Delaware Bay and Estuary
Appoquinimink River 46 24,113 520
Army Creek 10 21,305 2,124
Blackbird Creek 31 5,465 177
Broadkill River 107 23,216 217
C & D Canal East 44 12,148 276
Cedar Creek 52 7,334 140
Delaware Bay 10 393 41
Delaware River 6 16,879 2,597
Dragon Run Creek 10 6,429 620
Leipsic River 105 16,201 155
Little Creek 23 8,269 356
Mispillion River 76 18,155 238
Murderkill River 107 25,364 238
Red Lion Creek 11 11,716 1,070
Smyrna River 64 20,577 322
St. Jones River 90 68,323 759
Chesapeake Bay
Bohemia Creek 9 3,755 428
Broad Creek 120 17,700 148
C & D Canal West 17 10,666 614
Chester River 40 5,150 130
Choptank River 97 10,289 106
Deep Creek 63 10,333 163
Elk Creek 0 314 730
Gravelly Branch 38 3,668 96
Gum Branch 30 2,768 92
Marshyhope Creek 96 7,576 79
Nanticoke River 144 30,000 208
Perch Creek 2 2,368 1,172
Pocomoke River 35 2,068 60
Sassafras River 8 1,979 246
Wicomico 2 352 173
Inland Bays
Assawoman 7 2,344 316
Buntings Branch 10 1,802 183
Indian River 86 17,237 200
Indian River Bay 86 21,498 249
Iron Branch 15 4617 299
Lewes-Rehoboth Canal 17 7,782 465
Little Assawoman 33 8,838 267
Rehoboth Bay 72 22,113 308
Total 2,004 894,651 446
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2. Methods

Valuation Techniques

The University of Delaware derived the economic value of Delaware’s watersheds from
published studies that employed the following valuation techniques:

Avoided Cost: Society sustains costs if certain ecosystems were not present or are lost. For
instance, the loss of wetlands may increase economic cost from flood damage.

Replacement Cost: Natural services are lost and replaced by more expensive human systems.
For instance, forests provide water-filtration benefits that would be replaced by costly water-
filtration plants.

Net Factor Income by Enhancement of Income: Improved water quality is known to enhance
fishing productivity and boost fishing jobs/wages.

Travel Cost: Visitors are willing to pay to travel and purchase food and lodging to visit
ecosystems and natural resources for tourism, boating, hunting, fishing, and birding.

Hedonic Pricing: Residents may be willing to pay more for higher property values along scenic
bay and river coastlines with improved water quality.

Contingent Valuation: Valuation by survey of individual preferences to preserve ecosystems.
People may be willing to pay more in fees or water rates to preserve river and bay water quality.

Scope of Work

The University of Delaware established the socioeconomic value of Delaware’s watersheds
according to the following scope of work.

1. Area of Interest: The area of interest is defined as the watersheds of Delaware and the water
resources in Delaware. The University of Deaware developed ArcGIS map layers of watersheds,
population, ecosystems, habitat, and land use/land cover to perform the analysis.

2. Literature Review: Gather published literature and socioeconomic data relevant to the
watersheds of Delaware including databases from the U.S. Census Bureau, U.S. Bureau of Labor
Statistics, U.S. Department of Agriculture, U.S. Forest Service, and U.S. Fish and Wildlife
Service.

3. Annual Economic Value: Estimate the direct (market) and indirect (non-market) economic
value of agriculture, water quality, water supply, fishing, hunting, recreation, boating,
ecotourism, and navigation in Delaware by utilizing population, employment, industrial activity,
and land-use data. Total economic activity is the sum of direct and indirect uses, option demand,
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and non-use values (Ingraham and Foster 2008). Direct-use (market) values are derived from the
sale or purchase of natural goods such as drinking water, boating, recreation, and commercial
fishing. Indirect (non-market) values are benefits from ecosystems such as water filtration by
forests and flood control/habitat protection from wetlands. Option demand is public willingness
to pay for benefits from water quality or scenic value of the water resources. Non-use
(existence) values are treasured by a public who may never visit the resource but are willing to
pay to preserve the existence of the resource.

4. Ecosystem Services: Tabulate the market value of natural resources (ecosystem services
value) in Delaware’s watersheds for habitat such as wetlands, forests, farmland, and open water.
Ecosystem services (ecological services) are economic benefits provided to society by nature
such as water filtration, flood reduction, and drinking water supply.

Using ArcGIS, map and tabulate ecosystem areas (acres) using 2007 NOAA Coastal Services
Center (CSC) land cover data in the following classifications: (a) freshwater wetlands, (b)
marine, (c) farmland, (d), forest, (e) barren, (f) saltwater wetland, (g) urban, (h) beach/dune, and
(1) open freshwater.

Review published research studies and gather economic value ($/acre) data for these ecosystem
goods and services: (a) carbon sequestration, (b) flood control, (c) drinking water supply, (d)
water-quality filtration, (e) waste treatment and assimilation, (f) nutrient regulation, (g) fish and
wildlife habitat, (h) recreation and aesthetics. Compute ecosystem services value by multiplying
land-use area (acres) by ecosystem value ($/acre).

Ecosystem services in Delaware’s watersheds are estimated using value (benefits) transfer where
published data and literature from similar watersheds are reviewed and applied to the resource in
question. Value-transfer techniques include selecting data from published literature from another
watershed or study area and applying the dollars-per-acre values to Delaware land-use areas.
While primary research data from the area in question (Delaware) is preferable and is used in
some cases in this report, value transfer is the next best practical way to value ecosystems,
especially when, in the absence of such data, the worth of ecosystems have previously been
deemed zero. Future economic valuation research is recommended to develop primary
ecosystem service values for Delaware.

5. Jobs and wages: Obtain employment and wage data from the U.S. Department of Labor,
U.S. Census Bureau, National Ocean Economics Program, and other sources. Calculate
direct/indirect jobs in Delaware by North American Industry Classification System (NAICS)
codes such as shipbuilding, marine transportation/ports, fisheries, recreation, minerals, trade,
agriculture, and others. NAICS data were supplemented with farm jobs data from the USDA
Agricultural Statistics Bureau, U.S. Fish and Wildlife Service ecotourism jobs data, and jobs
provided by water purveyors and wastewater-treatment utilities.

6. Report: Prepare a report and GIS mapping that summarizes (1) annual economic value of

activities related to Delaware’s watersheds, (2) ecosystem goods and services (natural capital),
and (3) jobs and wages directly and indirectly related to Delaware’s watersheds in 2010 dollars.
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3. Economic Value

Figure 3 illustrates the total economic value of water resources computed from use and non-use
values (Hodge and Dunn, 1992). Use values include direct values, such as market goods from
the sales of crops, fish, and timber; unpriced benefits from recreation and aesthetic viewsheds;
and ecological-function values (ecosystem services) from flood control, water storage, and
waste-assimilation services of wetland and forest habitat. Non-use values include future-option
values such as future drug discoveries from wetland plants and future recreation, existence
values from satisfaction that a water resource exists but may never be visited, and bequest values
such as preserving water quality for future generations.

Figure 3. Economic Value of Water Resources

Source: Hodge and Dunn, 1992

The value of the Delaware Estuary watershed from recreation, water quality, water supply,
fish/wildlife, flood control benefits, agriculture, public parks, forests and maritime transportation
benefits exceeds $6 billion (Figure 4 and Table 6).

e Water Quality $439M

* Flood Control $73M
« Water Supply $591M
* Fish/Wildlife $344M
* Recreation $2,374M
e Agriculture $1,200M
* Ports $3,266M
» Forests $1,110M
« Public Parks $357M

Total >$6B
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Figure 4. Annual Economic Value of Delaware Watersheds
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Table 6. Annual Economic Value in Delaware Watersheds

Activity

| 2010 ($ million) |

Source

Market Value

Water Quality

Increased Property Value (+6% over 20 years) 39 EPA (1973), Brookings Institute (2010)

Water Treatment by Forests ($41/mgd) 2 Trust for Public Land, AWWA (2004)

Wastewater Treatment 245 DNREC (2010), WRA

Flood Control

Stormwater Detention (+2-5%) | 42-105 | Braden and Johnston (2004)

Water Supply

Drinking Water Supply ($4.78/1,000 gallons) 518 WRA and DNREC (2010)

Irrigation Water Supply ($300/acre-foot) 22-24 Resources for the Future (1996), USDA

Thermoelectric-Power Water Supply ($44/acre- 41 EIA (2002), NETL (2009)

Industrial Water Supply ($200/acre-foot) 9 Resources for the Future (1996), USGS

Fish/Wildlife

Wetlands 13 NOAA Coastal Services Center (2011)

National Wildlife Refuge 20 Carver and Caudill (2007)

Commercial Fish Landings ($0.60/1b) 9 NMFS, Nat’l Ocean Econ. Program (2007)

Fishing (11-18 trips/angler, $17-$53/trip) 109 U.S. Fish and Wildlife Service (2008)

Hunting (16 trips/hunter, $16-50/trip) 46 U.S. Fish and Wildlife Service (2008)

Wildlife/Bird-watching (8-13 trips/yr, $15- 147 U.S. Fish and Wildlife Service (2008)

Recreation

Tourism 1,900 Delaware Tourism Office (2008)

Power-Boating 344 NMMA (2010)

Agriculture

Crop, poultry, livestock value ($1,800/acre) | 1,200 | USDA Census of Agriculture 2007 (2009)

Ports

Navigation ($15/acre-foot) 66 Resources for the Future (1996)

Port Activity 3,200 Economy League of Greater Phila. (2008)
Non-Market Value

Recreation

Swimming ($13.40/trip) 1 University of Rhode Island (2002)

Boating ($30/trip) 6 University of Rhode Island (2002)

Fishing ($62.79/trip) 56 University of Rhode Island (2002)

Wildlife/bird watching ($77.73/trip) 67 University of Rhode Island (2002)

Water Quality

Improved Stream Water Quality/Willingness to | 153 | University of Maryland (1989)

Forests

Carbon Storage ($827/acre) 220 U.S. Forest Service, Del. Ctr. Hort. (2008)

Carbon Sequestration ($29/acre) 8 U.S. Forest Service, Del. Ctr. Hort. (2008)

Air-Pollution Removal ($266/acre) 71 U.S. Forest Service, Del. Ctr. Hort. (2008)

Building Energy Savings ($56/acre) 15 U.S. Forest Service, Del. Ctr. Hort. (2008)

Avoided Carbon Emissions ($3/acre) 796 U.S. Forest Service, Del. Ctr. Hort. (2008)

Public Parks

Health Benefits ($9,734/acre) 265 Trust for Public Land

Community Cohesion ($2,383/acre) 65 Trust for Public Land

Stormwater Benefit ($921/acre) 25 Trust for Public Land

Air-Pollution Control ($88/acre) 2 Trust for Public Land

Delaware Watersheds >$6 billion

Note: Total economic value is rounded down to avoid double-counting.
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Market Value
Water Quality
Increased Property Value

Studies along rivers and bays in the U.S. indicate that improved water quality can increase
shoreline property values by 4 to 18 percent (Table 7). The EPA (1973) estimated improved
water quality can raise property values by up to 18 percent next to the water, 8 percent at 1,000
feet from the water, and 4 percent at 2,000 feet from the water. Leggett et al. (2000) estimated
improved bacteria levels to meet water quality standards along the western shore of the
Chesapeake Bay in Maryland could raise property values by 6 percent. The Brookings Institute
(2007) projected that investing $26 billion to restore the Great Lakes would increase shore
property values by 10 percent.

Table 7. Increased Property Values Resulting from Improved Water Quality

Increased
Study Watershed Property Value

EPA (1973) San Diego Bay, Calif.

- Next to water Kanawha, Ohio 18%

- 1000 ft from water Willamette River, Ore. 8%

- 2000 ft from water 4%
Leggett et al. (2000) Chesapeake Bay 6%
Brookings Institute (2007) Great Lakes 10%

Property values within 1,000 feet of the shore are estimated to increase by 6 percent due to
stormwater management, which improves water quality to meet bacteria standards in Delaware
watersheds. About 86 percent of the 2,509 miles of Delaware streams or 2,158 miles are
impaired for bacteria. If the median property value in Delaware is $25,000 per acre, then
properties within a 1,000 feet corridor along 2,158 impaired stream miles in Delaware have an
estimated value of $13.1 billion. Property values within 1,000 feet of the water would increase
by $784 million (6%) due to water quality improvements in Delaware watersheds (Table 8).
Since the increase in property value is a one-time benefit, the annual value over a 20-year period
where water quality has improved in Delaware’s waters is estimated at $39.2 million.

Table 8. Added Property Value Due to Improved Water Quality in Delaware’s Watersheds

ISTrzglr;?s? Streams Area within 1000 ft Property Value Increased
(mi) (ft) of Stream (ac) @ $25,000/ac | Value @ 6%
2,158 11,394,240 523,000 $13,075,000,000 | $784,000,000

1.Impaired streams for bacteria as per DNREC Sec. 303d Report, 2010

Water Treatment by Forests

Forests provide significant water-quality and water-treatment benefits. The Trust for Public
Land and American Water Works Association (2004) found for every 10 percent increase in
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forested watershed land, drinking water treatment and chemical costs are reduced by
approximately 20 percent (Table 9). If the public drinking water supply is 100 million gallons
per day (mgd) and forests cover 265,476 acres (414 sg. mi. or 18 percent) of Delaware
watersheds, then loss of these forests would increase drinking water—treatment costs by $41 per
mgd ($139 per mgd @ 0% forested minus $98 per mgd @ 18% forested) or $4,100/day or
$1,496,000/year.

Table 9. Drinking Water—Treatment Costs Based on Percent of Forested Watershed

Watershed Treatment Costs Change

Forested ($ per million gallons) in Costs
0% 139 21%
10% 115 19%
20% 93 20%
30% 73 21%
40% 58 21%
50% 46 21%
60% 37 19%

Source: Trust for Public Land and AWWA, 2004
Wastewater Treatment

The water resources in the state of Delaware provide significant wastewater-treatment

and -assimilation services. According to DNREC’s Surface Water Discharges Section, there are
21 permitted surface-discharge sewage-treatment plants in Delaware. Three are located in the
Piedmont Basin, eight in the Delaware Bay and Estuary Basin, five in the Inland Bays Basin, and
five in the Chesapeake Bay Basin. The NPDES wastewater dischargers in Delaware possess
Federal and state water-quality permits to treat and discharge 168 million gallons per day to the
watershed (Table 10). An analysis of wastewater utilities conducted by WRA computes that the
average wastewater rate in the watershed is $4.00 per 1,000 gallons, which, for an average
residence of four people (at 50 gpcd), is a fee of $290 per year. The total market value based on
treated-wastewater rates in Delaware’s watersheds is $671,680 per day or $245 million per year
(Table 11).
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Table 10. Surface Water—Discharge Sewage-Treatment Plants in Delaware
Watershed NPDES ID Sewage-Treatment Plant DI(S&ZZI;QG

Piedmont Basin
Delaware River DE0020320 Wilmington WWTP 134.00
Red Clay Creek DE0021709 Greenville Country Club 0.02
Brandywine Creek DE0021768 Winterthur 0.03
Delaware Bay and Estuary Basin
Delaware River DE0021555 Delaware City STP 0.57
DE0021539 Port Penn STP 0.05
C&D Canal East DEO0050083 Lums Pond State Park 0.11
Appoquinimink River DEO0050547 Middletown-Odessa-Townsend 0.50
Smyrna River DE0051063 Hanover Foods 0.00
R DE0020036 Harrington STP 0.75
Murderkill River DE0020338 Kent County STP 15.00
Broadkill River DE0021491 Milton STP 0.35
Inland Bays Basin
DE0021512 Lewes STP 1.50
Lewes-Rehoboth Canal DE0020028 Rehoboth Beach STP 3.40
Indian River DE0050164 Millsboro STP 0.57
. DE0020010 Selbyville STP 1.25
Little Assawoman Bay DE0050008 South Coastal Reg’l STP 6.00
Chesapeake Bay Basin
Broad Creek DE0020125 Laurel STP 0.70
DEO0050725 Mobile Gardens Trailer Park 0.03
Nanticoke River DE0020249 Bridgeville STP 0.80
DE0020265 Seaford STP 2.00
DEO0000035 Invista 0.31
Total 167.92

Source: DNREC, Surface Water Discharges Section, August 2010
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Table 11. Value of NPDES Surface Water-Discharge Sewage-Treatment Plants in Delaware

Discharge $/day
NPDES ID Sewage Treatment Plant (mgd) ($4.00/1,000gal) $/Year
Piedmont Basin
DE0020320 | Wilmington WWTP 134.000 536,000 195,640,000
DE0021709 | Greenville Country Club 0.015 60 21,900
DE0021768 | Winterthur 0.025 100 36,500
Delaware Bay and Estuary Basin
DE0021555 | Delaware City STP 0.570 2,280 832,200
DE0021539 | Port Penn STP 0.050 200 73,000
DE0050083 | Lums Pond State Park 0.105 420 153,300
DE0050547 | Middletown-Odessa-Townsend 0.500 2,000 730,000
DE0051063 | Hanover Foods 0.000 0 0
DE0020036 | Harrington STP 0.750 3,000 1,095,000
DE0020338 | Kent County STP 15.000 60,000 21,900,000
DE0021491 | Milton STP 0.350 1,400 511,000
Inland Bays Basin
DE0021512 | Lewes STP 1.500 6,000 2,190,000
DE0020028 | Rehoboth Beach STP 3.400 13,600 4,964,000
DE0050164 | Millshoro STP 0.566 2,264 826,360
DE0020010 | Selbyville STP 1.250 5,000 1,825,000
DE0050008 | South Coastal Reg’l STP 6.000 24,000 8,760,000
Chesapeake Bay Basin
DE0020125 | Laurel STP 0.700 2,800 1,022,000
DE0050725 | Mobile Gardens Trailer Park 0.028 112 40,880
DE0020249 | Bridgeville STP 0.800 3,200 1,168,000
DE0020265 | Seaford STP 2.000 8,000 2,920,000
DE0000035 | Invista 0.311 1,244 454,060
Total 167.920 $671,680 $245,163,200

Flood Control Benefits
Stormwater Detention

Braden and Johnston (2004) from the University of Illinois estimate that onsite stormwater
detention provides flood mitigation and water quality protection services totaling 2 to 5 percent
of property value on average for all properties in the floodplain (Wise et al.). If 211,840 acres
(331 sg. mi. or 17%) of Delaware’s land mass is within a FEMA-mapped 100-year floodplain
and the average value of floodplain land is $10,000/acre, then the total value of floodplain land
in Delaware is $2.1 billion. Based on the assumption that onsite stormwater detention increases
downstream property values by 2 to 5 percent, stormwater detention then provides $42 to $105
million in economic benefits to downstream floodplain property owners in Delaware.
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Water Supply
Drinking Water Supply

Seventy-five percent of the drinking water for New Castle County comes from the streams of the
Christina Basin, which include the Brandywine, Red Clay, and White Clay Creeks, and the
Christina River. The only four public surface-water intakes in the state are located in the
Piedmont Basin. Groundwater sources supply the remaining 25 percent of New Castle County’s
drinking water. Kent and Sussex Counties rely solely on groundwater for their drinking water

supply.

Table 12 provides a list of the largest public water suppliers in Delaware, which include the three
largest withdrawers—United Water Delaware, the City of Wilmington, and the City of Dover.

The annual value of raw (untreated) public water supplies in Delaware (297 mgd) is $108 million
per year. Water purveyors in Delaware estimate the value of raw water supply is $1.00/1,000
gallons from the cost of services studies for rate setting by the Public Service Commission.
When treated and delivered to customers, the market value of drinking water supplies is $518
million (Table 13). The average value of treated drinking water, based on rates set by public and
private water purveyors in Delaware, is $4.78 per 1,000 gallons (Corrozi and Seymour, 2008).

Table 12. Largest Public Water Withdrawals in Delaware

Withdrawal
Delaware Water Purveyor (mgd)
Wilmington 25.0
United Water Delaware 18.5
Newark 6.0
Dover 55
Milford 3.4
Lewes 1.9
Harrington 0.7
Tidewater Utilities 0.6
Milton 0.6
Dover Air Force Base 0.6
New Castle Mun. Services Comm. 0.4
Smyrna 0.4
Camden-Wyoming Water Authority 0.3

Source: DRBC and DNREC, 2010
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Table 13. Economic Value of Delaware’s Public Water Supply
: . Value/da Value/year Value/year
Basin PWS CapaCItyl Cejptsy Del. untrea%/ed2 Del. unt?leated Del. tre}allted3
(gpm) (gpd) ($1/1,000 gal) | ($1/1,000gal) | ($4.78/1,000 gal)
C 17,785 25,610,400 $25,610 $9,347,796 $44,682,465
Chesapeake | NTNC 5,177 7,454,880 $7,455 $2,721,031 $13,006,529
Bay TNC 245 352,800 $353 $128,772 $615,530
Total 23,207 33,418,080 $33,418 $12,197,599 $58,304,524
C 68,891 99,203,040 $99,203 $36,209,110 $173,079,544
Delaware NTNC 26,433 38,063,520 $38,064 $13,893,185 $66,409,423
Bay TNC 1,625 2,340,000 $2,340 $854,100 $4,082,598
Total 96,949 139,606,560 $139,607 $50,956,394 $243,571,565
C 32,444 46,719,360 $46,719 $17,052,566 $81,511,267
Inland NTNC 4,310 6,206,400 $6,206 $2,265,336 $10,828,306
Bays/Atlantic | TNC 1,032 1,486,080 $1,486 $542,419 $2,592,764
Total 37,786 54,411,840 $54,412 $19,860,322 $94,932,337
C 47,475 68,364,000 $68,364 $24,952,860 $119,274,671
Piedmont NTNC 923 1,329,120 $1,329 $485,129 $2,318,916
TNC 25 36,000 $36 $13,140 $62,809
Total 48,423 69,729,120 $69,729 $25,451,129 $121,656,396
C 166,595 | 239,896,800 $239,897 $87,562,332 $418,547,947
State Totals NTNC 36,843 53,053,920 $53,054 $19,364,681 $92,563,174
TNC 2,927 4,214,880 $4,215 $1,538,431 $7,353,701
Total 206,365 | 297,165,600 $297,166 $108,465,444 $518,464,822

C=Community, NTNC=Non-transient Non-community, and TNC=Transient Non-community
1. DNREC Division of Water

2. WRA, 2010

3. Corrozi and Seymour, 2008

Irrigation Water Supply

In a study of the economic value of freshwater in the United States, Resources for the Future
estimated the median market value of irrigation water withdrawals is $198/acre-ft in 1996 dollars
(Frederick et al., 1996) or $300/acre-ft ($0.92/1,000 gal) in 2010 dollars, adjusting for 3 percent
annually (Table 14). In 2007 Delaware had 432,773 acres of cropland (29% of the state’s area),
104,562 acres of which were irrigated (USDA, 2009). New Castle, Kent, and Sussex counties
had 2,711, 29,066, and 72,785 acres of irrigated cropland, respectively (Table 15). Annual
irrigation-water needs from June through September are nine inches in Delaware for corn,
soybeans, and grain (2,600 gpd/acre or 417 mgd). In Delaware, the total annual value of water
demand to irrigate 104,562 acres for agriculture is $23.5 million. The total annual value of water
demand to irrigate 2,711 acres in New Castle County is just over $0.5 million, to irrigate 29,066
acres in Kent County is $6.5 million, and to irrigate 72,785 acres in Sussex County is $16.4
million (Table 16). The value of irrigation water demand = (9 in./12 in./ft.) (104,562 acres)

($300/acre-ft.) = $23,526,450/yr.
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Table 14. Freshwater-Use Values in the United States
ke 1996 Median® 2010 Median? 2010 Median
($/acre-ft.) ($/acre-ft.) ($/1,000 gal)
Navigation 10 15 0.02
Irrigation 198 300 0.92
Industrial Process 132 200 0.61
Thermoelectric 29 44 0.14
Power

1. Frederick et al., 1996
2. Adjusted to 2010 dollars at 3% annually

Table 15. Value of Agriculture Irrigation in Delaware Using Ag Census Data

Sy Cropland® | Irrigation® | Value of irrigation®
(acres) (acres) @ $300/acre-ft.
New Castle 51,913 2,711 $609,975
Kent 146,536 29,066 $6,539,850
Sussex 234,324 72,785 $16,376,625
Delaware 432,773 104,562 $23,526,450

1. Census of Agriculture, 2007 (USDA 2009)
2. Frederick et al., 1996
3. USGS, 2005

The USGS (2005) estimated that there are 65.1 mgd used for irrigation in Delaware. The median
market value of irrigation-water withdrawals is $198/acre-ft. in 1996 dollars (Frederick et al.,
1996) or $300/acre-ft. ($0.92/1,000 gal) in 2010 dollars, adjusting at 3 percent annually.
Therefore, the total annual value of water demand to irrigate cropland in Delaware is $21.9
million (Table 16).

Table 16. Value of Agriculture Irrigation in Delaware Using USGS Data

Irrigation’ Value of irrigation/day” Value of irrigation/year?
(mgd) @ $0.92/1,000 gal @ $0.92/1,000 gal
65.1 mgd $59,892 $21,860,580

1. USGS, 2005 2. Frederick et al., 1996

Using data from both the USDA and USGS, the total annual value of water demand to irrigate
the cropland in Delaware ranges from $21.9-$23.5 million.

Thermoelectric-Power Water Supply

Thermoelectric power plants, which evaporate water during cooling, produce more than 89
percent of the energy in the United States. Delaware watersheds provide a source of cooling
water to run the following coal, and gas-fired power plants in Delaware:

* Delmarva Delaware City Power Plant  «
» Conective Edgemoor Power Plant .
* NRG Indian River Power Plant

Lewes City Power Plant
Invista Seaford Power Plant
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The USGS (2005) estimates that Delaware’s waters provide 805 mgd (422 mgd fresh and 383
mgd saline) of cooling water to run the power plants in Delaware. About 95 percent of the
cooling water returns to the waterway (non-consumptive), and 5 percent evaporates
(consumptive). The median economic value of thermoelectric-power water withdrawals in 1996
dollars is $29/acre-ft. ($0.09/1,000 gal) with a range of $9 to $63/acre-ft. (Frederick et al., 1996).
Adjusting at 3 percent annually, the median value of thermoelectric-plant water withdrawals in
2010 dollars is $44 per acre-ft. or $0.14/1,000 gallons. The annual value of power-plant water
withdrawals in Delaware is just over $41 million (Table 17).

Table 17. Thermoelectric Power Plant Water Withdrawals in Delaware

Withdrawal® Value/day® Value/year
(mgd) ($0.14/,1000 gal) | ($0.14/1,000 gal)

Power Plant*

Delmarva Delaware City
Conectiv Edgemoor
Lewes City
Invista Seaford
NRG Indian River
Total 805 $112,700 $41,135,500
1.EIA, 2002, DRBC, 2010, NETL, 2009.
2. USGS, 2005. 3. Frederick et al., 1996 (adjusted to 2010 dollars at 3% annually).

Industrial Water Supply

The USGS (2005) estimates that industrial-water withdrawals total 41.4 mgd in Delaware
watersheds. A study of the economic value of freshwater in the United States indicates the
median market value of industrial withdrawals is $132/acre-ft. in 1996 dollars (Frederick et al.
1996) or $200/acre-ft. ($0.61/1,000 gal) in 2010 dollars adjusting at 3 percent annually. The
value of industrial-water withdrawals based on 41.4 mgd in Delaware watersheds is $25,254 per
day or $9,217,710 per year.

Fish/Wildlife
Wetlands

The NOAA Coastal Services Center (2011) estimates that coastal wetlands habitat supports 584
commercial, creational, and charter fishing jobs in Delaware with $13.4 million in business
output and 19.3 million in wages.

National Wildlife Refuge

The U.S. Fish and Wildlife Service estimates that the 16,000 acre Bombay Hook National
Wildlife Refuge (NWR) in Delaware was the 4th most visited refuge in the nation, as it recorded
nearly 271,000 recreational visits in 2006 with 80 percent of its visitors from other states (Carver
and Caudill 2007). The Bombay Hook NWR is the 6th most valuable refuge in the U.S., as it
contributed $20.2 million to the local economy from food, lodging, equipment, and
transportation expenditures—with $13.4 million from bird watching alone—and was responsible
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for 198 jobs with $5.5 million in annual income. With a FY 2006 annual budget of $804,000
and benefits of $20.2 million, the Bombay Hook NWR provides a benefit to cost ratio of 23.4-1.

Commercial Fish Landings

The annual value of commercial fish landings in the waters of Delaware is $7.9 million in 2007

dollars or $8.6 million in 2010 dollars, as reported by the National Marine Fisheries Service and
National Ocean Economics Program (2007). Table 18 ranks the most lucrative fisheries in 2010
dollars as blue crab ($5.8 million/year), with the eastern oyster, striped bass, and knobbed whelk
each at approximately $0.5 million/year. Figures 5, 6 and 7 and Table 18 show fish harvests by

weight and revenue for harvests at Delaware docks.

Figure 5. Blue Crab Harvests in Delaware Waters

Source: NMFS and NOEP, 2007

Figure 6. Striped Bass Harvests in Delaware Waters

Source: NMFS and NOEP, 2007
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Figure 7. Eastern Oyster Harvests in Delaware Waters

Source: NMFS and NOEP 2007
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Table 18. Value of Commercial Fish Harvests in Delaware

Commercial Living Marine Species in Delaware, 2007"

Species Pounds Landed Value2 Landed Value2
(2007) (2007 dollars) (2010 dollars)

Striped Bass 188,671 $429,994 $469,866
Bluefish 19,565 $8,075 $8,824
Butterfish 946 $843 $921
Common Carp 3,764 $865 $945
Channel Catfish 6,922 $3,929 $4,293
Northern Quahog Clam 44,618 $181,350 $198,166
Blue Crab 3,799,820 $5,329,182 $5,823,341
Horseshoe Crab 229,602 $48,978 $53,520
Atlantic Croaker 13,651 $8,281 $9,049
Blac