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FOREWORD

This is one of the volumes comprising the final report on the Corps of Engineers'
Chesapeake Bay Study. The report represents the culmination of many years of study of
the Bay and its associated social, economic, and environmental processes and resources.
The overall study was done in three distinct developmental phases. A description is
provided below of each study phase, followed by a description of the organization of the

report,
1 4

The initial phase of the overall program involved the inventory and assessment of the
existing physical, economic, social, biological, and environmental conditions of the Bay.
The results of this effort were published in a seven volume document titled Chesapeake
Bay Existing Conditions Report, released in 1973. This was the first publication to
present a comprehensive survey of the tidal Chesapeake and its resources as a single
entity,

The second phase of the program focused on projection of water resource requirements in
the Bay Region for the year 2020. Completed in 1977, the Chesapeake Bay Future
Conditions Report documents the results of that work. The l12-volume report contains
projections for resource categories such as navigation, recreation, water supply, water
quality, and land use. Also presented are assessments of the capacities of the Bay
system to meet the identified future requirements, and an identification of problems and
conflicts that may occur with unrestrained growth in the future,

In the third and final study phase, two resource probiems of particular concern in
Chesapeake Bay were addressed in detail: low freshwater inflow and tidal flooding. In
the Low Freshwater Inflow Study, results of testing on the Chesapeake Bay Hydraulic
Model were used to assess the effects on the Bay of projected future depressed
freshwater inflows. Physical and biological changes were quantified and used in
assessments of potential social, economic, and environmental impacts. The Tidal
Flooding Study included development of preliminary stage-damage relationships and
identification of Bay communities in which structural and nonstructural measures could
be beneficial.

The final report of the Chesapeake Bay Study is composed of three major elements:

(1) Summary, (2) Low Freshwater Inflow Study, and (3) Tidal Flooding Study. The
Chesapeake Bay Study Summary Report includes a description of the results, findings,
and recommendations of all the above described phases of the Chesapeake Bay Study. It
is incorporated in four parts:

Summary Report

Supplement A -- Problem Identification
Supplement B — Public Involvement
Supplement C - Hydraulic Model

The Low Freshwater Inflow Study consists of a Main Report and six supporting
appendices. The report includes:

Main Report .
Appendix A - Problem Identification
Appendix B — Plan Formulation
Appendix C -~ Hydrology

Appendix D — Hydraulic Model Test

..........................................
....................................

..............................
.............................
..................................................

..............
........................
................................................




Appendix E -— Biota
Appendix F — Map Folio

- The Tidal Flooding Study consists similarly of a Main Report and six appendices. The
N report includes:

- Main Report

Appendix A — Problem Identification

i Appendix B — Plan Formulation, Assessment, and Evaluation
Appendix C -—- Recreatijon and Natural Resources

f Appendix D — Social and Cultural Resources

: Appendix E - Engineering, Design, and Cost Estimates

Appendix F — Economics




e a—— T ——— g

CHESAPEAKE BAY STUDY
SUMMARY REPORT
SUPPLEMENT A - PROBLEM IDENTIFICATION

TABLE OF CONTENTS

Item Page
Introduction A-1
. Study Authority A-1
Study Purpose and Scope A-2
Study Area A-3
Study Organization and Management A-3
Purpose of Supplement A-6
Planning Background - Need for a Study A-6
Natural Resources of the Study Area A-7
Geology A-7
Soils A-8
Climate A-8
Surface Water Hydrology A-9
Groundwater Resources A-10

The Chesapeake Bay Estuary A-10

The Biota of Chesapeake Bay A-15
Aquatic Plants A-15

Fish and Wildlife A-le6
Important Plant and Animal Organisms A-18

Plant and Animal Communities A-18
Socio-Economic Characteristics of the Study Area - A-20
Introduction : A-20

The People A-20
Population Characteristics A-20
Economic Sectors A-22

Economic and Demographic Projections A-27

Land Use A-33
Existing Land Use A-33

Future Land Use A-39
Institutional Framework A-4l
Introduction A-41
Riparian Doctrine A-41
Existing Federal Water Resources Institutions A-42
Existing Interstate and Basin Institutions A-45
Interstate Commission on the Potomac River Basin (ICPRB) A-45
Chesapeake Bay Commission A-45
Metropolitan Washington Council of Governments (MWCOG) A-46
Susquehanna River Basin Commission (SRBC) A-47

Atlantic States Marine Fisheries Commission (ASMFC) A-49

Potomac River Fisheries Commission (PRFC) A-49
Chesapeake Research Coordination Act of 1980 A-49




LSSl andl el Gl Sudt Sl A i Sl Dk il ik Sl Snfiind Sl

TABLE OF CONTENTS (cont'd)

Item Page
Existing State and Local Water Resources Institutions A-50
State of Delaware A-50

District of Columbia A-51

State of Maryland A-52

State of New York A-54
Commonwealth of Pennsylvania A-56
Commonwealth of Virginia A-57

State of West Virginia A-59

Water Resources Activities in the Study Area A-59
g Corps of Engineers Activities A-59
Metropolitan Washington Area Water Supply Study A-59

ﬁ Pilot Estuary Water Treatment Plant A-60
Norfolk Harbor and Channels Study : A-6l

f Baltimore Harbor and Channels Studies A-6l
: Other Corps Studies Specifically Authorized by Congress A-62
Continuing Authorities Program A-62

Permit Activities A-03

Other Federal Activities A-b3
Environmental Protection Agency Chesapeake by Program A-63

U.S. Geological Survey Potomac Estuary Study A-65

State Activites A-6D
Bi-State Working Committee for Chesapeake Bay A-65
Chesapeake Bay Commission A-65

State of Maryland Flowby Study A-66

Other State Activities A-67

Water Resources Problems and Needs A-€3
Introduction A-63
Water Supply A-68
Water Quality A-74
Municipal Wastewater A-75

Industrial Wastewater A-75

Thermal Discharges A-73
Agricultural and Urban Runoff A-78

Qil and Marine Transportation Spills A-73
Sedimentation A-73

Solid Waste Leachates A-78

High Freshwater Inflows . A-78

Outdoor Recreation A-79
Navigation A-30
Current Status A-80

Future Demands A-31

Problems and Needs : A-84

Tidal Flooding A-85

The Tidal Flooding Problem A-35

Existing Flood Problem Areas A-87

Future Tidal Flood Problem Areas A-37

ii




TABLE OF CONTENT (cont'd)
Item Page
Shoreline Erosion A-90
The Shoreline Erosion Process A-90
Existing Erosion Problems A-91
Future Erosion Problems A-92
Fish and Wildlife A-92
Electric Power A-97
v Power Requirements and Generating Facilities A-97
Market Sectors A-97
Cooling Water Requirements A-101
Existing Problems and Conflicts A-101
Future Electric Power Needs, Supplies and Problems A-1Q02
Noxious Weeds A-106
Selection of Problems for Detailed Study A-107
Introduction A-107
Initial Model Testing Program A-10¥
Expanded Study Program A-114
Low Freshwater Inflow Study A-118
Tidal Flooding Study A-119
High Freshwater Inflow Study A-119
Revisions to Expanded Study Program A-120

LIST OF TABLES

Number Title - . Page
A-1 Basin Characteristics of Major Chesapeake Bay Tributaries A=Y
A-2 Important Chesapeake Bay Plant and Animal Organisms A-19
A-3 Population Growth in the Chesapeake Bay Study Area A-21
A-4 Family Income Distribution for the Chesapeake Bay

Study Area and the United States, 1969 A-22
A-5 Series C Projections of Population, Per Capita Income

and Total Personal Income by Subregion A-29
A-6 Manufacturing Output for Chesapeake Bay Region by Industry A-30
A-7 A Comparison of OBERS Series C and Series E Projections A-32
A-8 A Comparison of Series C and Series E OBERS Projections of

of Population and Total Employment for the Study Area A-34
A-9 A Comparison of Series C, Series E, and 1980 OBERS

’ Projections by Economic Area A-35

A-10 Projected Cropland and Miscellaneous Farmland for the

Chesapeake Bay Region A-40
A-11 Projected Acres of Private Commercial Forest Land for

the Chesapeake Bay Study Area A-40
A-12 Institutions with Water Resources Responsibilities A-43
A-13 Average Chesapeake Bay Area Water Supply Demands A-6Y
A-14 Water Service Area Supply Deficits A-72
A-15 Future Municipal Wastewater Treatment Needs A-75
A-16 Recent Chesapeake Bay Storms A-86

A-17 Tidal Flood Damages : A-36 ;;

PPN AP VI i S, WO W e §




LIST OF TABLES (cont'd)

Number Title Page
- A-18 Floodprone Communities A-88
- A-19 Critical Future Floodprone Areas A-90
.. A-20 Length of Critically Eroding Shoreline A-93
A-21 Projected Period of Exceedence of Maximum
Sustainable Yield for the Major Commercial
s and Sports Species A-95
A-22 Percent Contribution of Fuel Types of Total
! Electric Generation - 1972 A-101
A-23 Projected Land for Steam Electric Plants in the
Chesapeake Bay Study Area A-106
A-24 Potential Model Studies A-109
A-25 Problem Impact Indices A-115

LIST OF FIGURES

Number Title Page
A-1 Chesapeake Bay Study Area A-4
A-2 Chesapeake Bay Study Organization A-5
A-3 Circulation in a Partially Mixed Estuary A-12
A-4 Geographical and Seasonal Variations in Salinities

in Chesapeake Bay A-13
A-5 Employment by Economic Sectors, Chesapeake Bay Study

Area and United States, 1970 A-23
A-6 Manufacturing Employment for the Chesapeake Bay Study

Study Area and United States, 1970 A-24
A-7 Population and Economic Projections for Chesapeake

Bay Region to 2020 A-238
A-8 Major Land Use Types - Chesapeake Bay Region A-36
A-9 Average Water Use by Type in the Chesapeake Bay Region A-7Q
A-10 Water Quality Problems in Chesapeake Bay A-76
A-11 Industrial Discharge Projections for the Chesapeake

Bay Region with Moderate Technology A-77
A-12 Future Waterborne Commerce — Baltimore Harbor A-82
A-13 Future Waterborne Commerce -- Hampton Roads A-83
A-14 Chesapeake Bay Electric Utility Market, Sector

and Study Areas ’ A-98
A-15 Energy Requirements in Chesapeake Bay Area

Market Sectors, 1972 A-99
A-16 Energy Account for Chesapeake Bay Market Area, 1972 A-100
A-17 Projected Energy Requirements for the Chesapeake Bay :

Market Areas A-103
A-18 Chesapeake Bay Plant Location Map, 2000 A-105

iv

....................................




T TR N

SUPPLEMENT A

PROBLEM IDENTIFICATION

INTRODUCTION

Chesapeake Bay is a vast natural, economic, and social resource. Along with its tribu-
taries, the Bay provides a transportation network on which much of the economic
development of the Region has been based, a wide variety of water-oriented recreational
opportunities, a home for numerous fish and wildlife, a source of water supply for potn
municipalities and industries, and the site for the disposal of many of our waste

products. The natural resources and processes of the Bay and man's activities interact to
form a complex and interrelated system, Unfortunately, problems often arise when
man's intended use of one resource conflicts with either the natural environment or man's
use of another resource. It was the need for a plan to provide for the most efficient use
of the Bay's resources that provided the impetus for the initiation of the Chesapeake pay
Study.

STUDY AUTHORITY

The authority for the Chesapeake Bay Study and the construction of the hydraulic model
is contained in Section 312 of the River and Harbor Act of 1965, adopted 27 October
1965, which reads as follows:

(a) The Secretary of the Army, acting through the Chief of Engineers, is authorized
and directed to make a complete investigation and study of water utilization and control
of the Chesapeake Bay Basin, including the waters of the Baitimore Harbor and inciuding,
but not limited to, the following: navigation, fisheries, flood control, control of noxious .
weeds, water pollution, water quality control, beach erosion, and recreation. In order to
carry out the purposes of this section, the Secretary, acting through the Chief of
Engineers, shall construct, operate, and maintain in the State of Maryland a hydraulic
model of the Chesapeake Bay Basin and associated technical center. Such model and
center may be utilized, subject to such terms and conditions as the Secretary deems
necessary, by any department, agency, or instrumentality of the Federal Government or
of the States of Maryland, Virginia, and Pennsylvania, in connection with any research,
investigation, or study being carried on by them of any aspect of the Chesapeake Bay
Basin. The study authorized by this section shall be given priority.

(b) There is authorized to be appropriated not to exceed 6,000,000 to carry out this
section.

An additional appropriation for the Study was provided in Section 3 of the River Basin
Monetary Authorization Act of 1970, adopted 19 June 1970, which reads as follows:

In addition to the previous authorization, the completion of the Chesapeake pay
Basin Comprehensive Study, Maryland, Virginia, and Pennsylvania, authorized by the
River and Harbor Act of 1965 is hereby authorized at an estimated cost of $9,000,000,




As a result of Tropical Storm Agnes, which caused extensive damage in Chesapeake Bay,
Public Law 92-607, the Supplemental Appropriation Act of 1973, signed by the President
on 31 October 1972, included $275,000 for additional studies of the impact of the storm
on Chesapeake Bay.

STUDY PURPOSE AND SCOPE

Historically, measures taken to utilize and control the water and land resources of tnhe
Chesapeake Bay Basin were generally oriented toward solving individual problems. Tne
Chesapeake Bay Study was initiated in 1967 to provide a comprehensive study of the
entire Bay area in order that the most beneficial use be made of the water-related
resources. The major objectives of the study were to:

a. Assess the existing physical, chemical, biological, economic, and environmental
conditions of Chesapeake Bay and its water resources.

b. Project the future water resources needs of Chesapeake Bay to the year 2020,

c. Formulate and recommend solutions to priority problems using the Chesapeake
Bay Hydraulic Model.

In response to the first objective of the study, the initial or inventory phase of the
program was completed in 1973 and the findings were published in a document titled
Chesapeake Bay Existing Conditions Report,

Included in this seven-volume report is a description of the existing physical, economic,
social, biological and environmental conditions of Chesapeake Bay. This was the first
published report that presented a comprehensive survey of the entire Bay Region and
treated Chesapeake Bay as a single entity. Most importantly, the report contains much
of the basic data required to project the future demands on the Bay and to assess the
ability of the resource to meet those demands.

In response to the second objective of the study, the findings of the second or future
projections phase of the program were provided in the Chesapeake Bay Future Conditions
Report published in 1978. The primary focus of that report was the projection of water
resources needs to the year 2020 and the identification of the problems and conflicts
which would result from the unrestrained growth and use of the Bay's resources. That
report provided the basic information necessary to proceed into the detailed study phase
of the program.

Given the probiems and needs identified in the Chesapeake Bay Future Conditions
Report, the priority problems to be examined in detail were selected and the hydraulic
mode] testing in support of those studies was conducted. This the final report of the
Chesapeake Bay Study provides both an overview of the findings incorporated in the
earlier Existing and Future Conditions reports and the results of the detailed studies
conducted in final phase of the study.

The expertise required for the conduct of the Chesapeake Bay Study included the fields
of engineering and the social, physical and biological sciences. The study was
coordinated with Federal, state, and local agencies having an interest in Chesapeake
Bay. Each
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resource category or problem area was treated on an individual basis with demands and
potential problem areas projected to the year 2020, All conclusions are based on
historical information supplied by the preparing agencies having expertise in that field.

As directed in the authorization, the study also included the construction, operation and

maintenance of a hydraulic model of Chesapeake Bay. Actual construction of the l4-

- acre model and shelter was begun in June 1973 and completed in April 1976, Adjustiment

and verification of the model was completed in 1978. Testing was conducted on the
model through January 1982,

The hydraulic model provides a means of reproducing to a manageable scale many natural
events and man-made changes thereby allowing the collection of the data necessary to
assess the consequences of these happenings. As an instrument and physical display, the
hydraulic model served to educate the public relative to the complexity of the Bay's
problems and conflicts. As an operational focal point, the model promoted more
effective liaison among the agencies working on tnhe Bay waters, helping to reduce
duplication of effort and aiding in the dispersion of knowledge among the interested
parties.

STUDY AREA

As shown on Figure A-1, the study area encompasses the counties or Standard
Metropolitan Statistical Areas (SMSA) which adjoin or have a major influence on the
estuary. The area delineated in Figure A-l is referred to as the "Study Area" or "Bay
Region" throughout this report unless otherwise noted. As it relates to the Low
Freshwater-Inflow Study, consideration was given to the entire Chesapeake Bay Drainage
Basin. A more detailed description of the drainage pasin is provided in that report.

STUDY ORGANIZATION AND MANAGEMENT

The magnitude of the Chesapeake Bay Study, the large number of participants, and the

- complex spectrum of problems to be analyzed required intensive coordination of
activities. The initial planning of this study was coordinated with the then National
Council of Marine Resources and Engineering Development through its Committee on
Multiple Use of the Coastal Zone. This study was conceived as a coordinated partnership
among Federal, state, and local agencies and interested scientific institutions. cach
involved agency was charged with exercising leadership in those disciplines in which it
had special competence and was expected to review and comment on work performed by
others. To realize these ends, an Advisory Group, a Steering Committee, and 5 Task

. Groups, as shown in Figure A-2, were established. .
The overall management of the Chesapeake Bay Study was the responsibility of the
District Engineer of the Baltimore District, Corps of Engineers. Supplement B, Public

Involvement, of this report provides a more detailed discussion of the scope and nature of
the study organization and coordination.
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PURPOSE OF SUPPLEMENT

The purpose of this supplement is to provide a brief description of the various activities

and characteristics of the Bay Region that were relevant considerations in the study

effort. Recent water resources planning activities and natural, socio-economic and

institutional characteristics of the study area are discussed. Those factors relating to

the existing conditions in the Bay Region are used as a basis for projecting the future

conditions which in turn serve to aid in the presentation and development of the proolems

and needs. Lastly, this supplement presents the rationale for the selection of those

priority problems that were selected for detailed study in the final phase of the study. -

PLANNING BACKGROUND - NEED FOR A STUDY

The need for a complete and comprehensive investigation of the Chesapeake Bay area
had long been recognized. The concept of developing the Nation's water resources
through single-purposed programs and projects was on the wane by the conclusion of the
Korean conflict. At that time, funds were made available for the conduct of a large
backlog of investigations. These studies were authorized, but had not been started
because of curtailment of the civil works program by Executive Order. Some of the
requests for improvements appeared to pe duplications and, in sone cases, in direct
conflict with one another. The evolution of regional concepts for the development of
water resources was a logical result. In terms of Chesapeake Bay, a first step toward
what might be considered a comprehensive study was the Chesapeake Bay Fishing Haroor
Economics Study, Maryland and Virginia. This study provided, for the first time, a oroad
overview of the commercial fishing industry and a firm and consistent pasis for the
comparison of primary fisning benefits among harbors throughout tne Bay Area.

In 1961, in response to the recommendation of the Senate Select Committee on National
Water Resources (as contained in Senate Report No, 29, Eighty-Seventh Congress, First
Session, made pursuant to Senate Resolution 48, 86th Congress) that a program be formu-
lated to meet the Nation's water resources needs, the District Engineer, Baltimore
District, prepared a pamphlet concerning the Chesapeake Bay Area entitled An Appraisal
of Water Resource Needs Projected to the Year 2060, In the spirit of the Senate
Committee's recommendation, this pamphlet recommended that a cooperative study of
Chesapeake Bay be made by the Federal and state agencies concerned with the Bay's
resources,

In the same year, a basin plan for Chesapeake Bay (Basin Plan, Chesapeake Bay) was
prepared by the Baltimore District in cooperation with the Norfolk District in compli-
ance with instructions from the Office of the Chief of Engineers. The plan was based on
readily available information and consisted of a brief description of the current status of
water development and planning in the Chesapeake Bay Area. [t included comments on
the adequacy of the plan and future demands on the region's water resources. In addi-
tion, it presented a program for bringing the basin plan up to date. Although it was the
first attempt at oringing together comprehensive information on the Bay's resources, it
represented only a superficial analysis.

Based on the two Corps reports mentioned above and similar studies and analyses
conducted by other agencies it was recognized that with rapidly increasing population
and its attendant demands, the resources of the area, including water supply, waterborne
commerce, seafood, recreation, and fish and wildlife resources, were receiving pressures
which could only be expected to increase in the years ahead. Thus, water resources
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managers and scientists in the Bay Region felt that a comprehensive study of the Bay and
its resources was required in order to develop a Bay-wide management plan.

During this same period, certain Congressional representatives with districts within the
Bay Region were expressing interest in a comprehensive Bay study and the construction
of a hydraulic model of the Chesapeake Bay similar to the San Francisco Bay and the
Mississippi River basin models. It was envisioned that such a model would be used as part
of the study decision-making process.

On 23 February 1965, a bill was introduced by Congressman Hervey G. Machen of
Maryland to authorize the Secretary of the Army to conduct a complete investigation
and study of water utilization and control of the Chesapeake Bay Basin. To carry out
this investigation, a hydraulic model of the Chesapeake Bay Basin and associated
technical center were to be constructed. Shortly after introduction of this bill, three
other nearly identical bills were introduced by Congressmen Thomas N. Downing of
Virginia and Rogers C. B. Morton and George H. Fallon of Maryland.

In July 1965, the Senate version of the River and Harbors Act of 1965 was introduced and
it also included a section authorizing a comprehensive Bay study that was very similar to
that proposed in the aforementioned House bills. Following sorne changes, the authority
for the study was provided in Section 312 of the River and Harbor Act of 1965 signed by
the President on 27 October 1965. The authority was previously quoted in this
Supplement.

Prior to passage of the Act and in testimony before the House Committee on Public
Works, the sponsors and supporters of the legislation presented certain statements in
favor of the study. The statements by these Congressional Representatives expressed
their objectives for the Bay study and its associated hydraulic model.

Generally, it was believed that the growing population and development of the Region
demonstrated the need for the creation of a fully integrated basin plan for optimum
development. Increasing pressures on the Region's water and related land resources also
indicated the need to alleviate the major water resource problems of the Bay such as
siltation, beach erosion, noxious aquatic growths, flood control, water pollution, disposal
of dredged material, and protection of the shellfish industry. It was pointed out that the
Bay study and its associated hydraulic model were necessary "to create a tool and
facility to assist the existing agencies in carrying out their missions." The model, by
providing insight into the hydraulic and hydrographic mechanisms operating in the Bay,
was believed necessary to serve and preserve the Bay and would, in addition, penefit
"every water resource problem in every state in the Nation,"

For a more detailed discussion of the history of the Chesapeake Bay Study the reader is
referred to Supplement B, Public Involvement.

NATURAL RESOURCES OF THE STUDY AREA
GEOLOGY
The Chesapeake Bay Region is divided into two geologic provinces - the Coastal Plain
and the Piedmont Plateau. These provinces run roughly parallel to the Atlantic Ocean in

similar fashion to the Bay itself and join at the Fall Line. This natural line of
demarcation generally marks both the limit of tide as well as the head of navigation.
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The Coastal Plain Province includes the Eastern Shore of Maryland and Virginia, most of
Delaware, and a portion of the Western Shore. On the Eastern Shore and in portions of
the Western Shore adjacent to the Bay, the Coastal Plain is largely low, featureless, and
frequently marshy, with many islands and shoals sometimes extending far offshore. The
Province is a gently rolling upland on the Western Shore and in the northern portions of
the Eastern Shore. The Coastal Plain reaches its highest elevation in areas along its
western margin.

The composition of the Coastal Plain is primarily unconsolidated, southeasterly-dipping,
sedimentary layers such as sand, clay, marl, gravel, and diatomaceous earth resting on a
base of hard crystalline rock. These layers, which can be readily seen in areas where
wells have been drilled, increase in thickness towards the Continental Shelf. In a few
isolated areas and in locations where water has cut a deep channel, the basement rock is
exposed in ridges.

The Piedmont Plateau is not, as its name implies, a plateau. It is characterized by low
hills and ridges which tend to rise above the general lay of the land reaching a maximum
height near the Appalachian Province on the west. Many of the stream valleys are quite
narrow and steep-sided, having been cut into the hard crystalline rocks which are
characteristic of the Province.

The parent material of the Piedmont Province is both older and more complicated than
that of the Coastal Plain. The structurally complex crystalline rocks have been severely
folded and subjected to great heat and pressure thereby creating metamorphic rocks.

SOILS

Soils consist of a thin layer of material made from broken and decomposed rock with
added products of decaying organic matter called humus. The Study Area contains soils
produced from the three major types of rock, namely igneous, metamorphic, and sedi-
mentary. The first two types are found primarily in the Piedmont Province, whereas the
Coastal Plain is composed of sediments.

Climate appears to have a definite effect on soil development. Although the Study Area
is generally characterized by a humid climate, local variations in temperature and
rainfall produce some differences in soil type. Soil characteristics (texture, drainage,
structure, particle size, physical composition, and degree of development) have had a
strong role in determining soil usefulness. Richer, well-drained soils are more productive
in terms of agriculture. Few crops can grow on soils which are poorly drained or which
lack plant nutrients. Soils on the Coastal Plain are highly variable with regard to
drainage characteristics and most need liming to neutralize their naturally acidic
condition. Piedmont soils are medium-grained, easily tilled, and of generally higher
fertility than those of the Coastal Plain. A few soils are impermeanle when wet,
retarding the movement of water and causing waterlogging. As a result, strong surface
runoff causes serious erosion of slopes.

CLIMATE
The Chesapeake Bay Study Area is characterized by a generally moderate climate, due in

a large part to the area's proximity to the Atlantic Ocean. Variations occur, however, on
a local, basis due to the large geographical size of the Study Area.
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Precipitation within the Bay Region was studied at selected stations during a 30-year
sample record from 1931 to 1960. The average for the Study Area was 44 inches per
year, with geographical variations from about 40 to 46 inches per year. Snowfall,
included in the precipitation totals, averaged 13 inches per year and occurred generally
between November and March.

Three types of storm activity bring precipitation to the Region. The first type consists
of extratropical storms or "lows" which originate to the west, either in the Rocky
Mountains, Pacific Northwest, or the Gulf of Mexico. The second is tropical storm or
hurricane activity which originates in the Middle Atlantic or the Caribbean Sea region.
The third is thunderstorm activity which is almost always on a local scale. It is this last
activity which brings about the greatest amount of local variation in precipitation in the
Bay Region.

Evapotranspiration, which includes water losses due to evaporation from land and water
surfaces and transpiration from plants, amounts to approximately 60 percent of the
annual precipitation or about 26 inches per year. Authorities estimate an annual
evaporation of 36 to 40 inches from the Bay itself.,

The average temperature for the Study Area is approximately 57 degrees Fahrenheit
(°F). The Bay is oriented in a north-south direction, however, and covers a wide
latitudinal area, allowing wide temperature variances. As a result, the temperature at
the head of the Bay averages less than 55°F, while at the mouth it averages almost 60°F,
with some peripheral effect due to the nearness of the Atlantic Ocean.

SURFACE WATER HYDROLOGY

The source of freshwater for the Bay is runoff-from a drainage basin covering about
64,160 square miles. Approximately 88 percent of this basin is drained by five major
rivers, including the Susquehanna, Potomac, Rappahannock, York, and James {see Table
A‘l)-

These river basins are subject to periodic large, climatic extremes, resulting in large
fluctuations in flow, i.e., droughts and floods. Of these, droughts are the more
geographically widespread and long-term in nature. The Susquehanna, Potomac,
Rappahannock, York, and James Rivers together provide nearly 90 percent of the Bay's
mean annual inflow of approximately 69,800 cubic feet per second.

TABLE A-1
BASIN CHARACTERISTICS OF MAJOR CHESAPEAKE BAY TRIBUTARIES
Drainage Area at River Length
River Basin Mouth (Sq. Mi.) (Mi.)
Susquehanna 27,510 453
Potomac 14,217 4a7
Rappahannock 2,885 184
York 2,857 130
James 10,187 434




GROUNDWATER RESOURCES

Large reservoirs of high quality freshwater are located in the groundwater aquifers of
the Chesapeake Bay Region. Aquifers are subsurface sand and gravel-type materials
with relatively high ability to conduct water. Water levels in the aquifers fluctuate
according to the balance between precipitation and aquifer recharge, on the one hand,
and evapotranspiration, runoff, and withdrawals on the other hand. Of the average
precipitation of 44 inches per year (in the Study Area), an estimated 9 to 1l inches
actually contributes to the recharge of the groundwater reservoirs.

Of the more productive aquifers in the Chesapeake Bay area, the water-bearing
formations known as the Columbia Group produce very high yields. Extensive areas on
the Eastern Shore and portions of Harford and Baltimore Counties, Maryland, are the
principal users. The Piney Point Formation is important in Southern Maryland, portions
of Maryland's Eastern Shore and in areas near the Fall Line in Virginia. Lastly, the
Potomac Group provides water to Anne Arundel, Charles, and Prince Georges Counties,
Maryland and is the most important source of groundwater in the Coastal Plain of
Virginia.

THE CHESAPEAKE BAY

The Chesapeake Bay is a mere youngster, geologically speaking. It is generally believed
that the Bay was formed about 10,000 years ago, at the end of the last Ice Age, when tne
great glaciers melted and poured uncountable billions of gallons of water back into the
world's oceans. As a result of this great influx of water, the ocean level rose several
hundred feet and inundated large stretches of the coastal rivers. The ancient
Susquehanna, which had drained directly into the Atlantic Ocean near what is now the
mouth of the Bay, was one of these "drowned" waterways. Because the area around the
old Susquehanna was characterized by relatively low relief, the estuary that was formed
by this mixing of salt and freshwater covered a large geographical area but was rela-
tively shallow. This newly formed body of water was later to be named "Chesapeake
Bay." Chesapeake Bay varies from 4 to 30 miles in width and is about 200 miles long.
Although the Chesapeake is the largest estuary in the United States, with a surface area
of approximately 4,400 square miles, the average depth of the Bay proper is only about
28 feet and about two-thirds of the Bay is eighteen feet deep or less. There are, how~
ever, deep holes which generally occur as long narrow troughs. These troughs are
thought to be the remnants of the ancient Susquehanna River valley. The deepest of
these holes is about 174 feet and occurs off Kent Isiand.

Chesapeake Bay is a complex, dynamic system. Words like "restless," "unstaple," ana
"unpredictable," which generally describe the young of most animal species, can also be
used to describe the young estuary. The ebb and flood of the tides ana the incessant
action of the waves are the most readily perceptible water movements in the Bay.
Average maximum tidal currents range from 0,5 knots to over 2 knots (1 knot equals |
nautical mile (6,076 feet) per hour). The mean tidal fluctuation in Chesapeake Bay is
small, generally between one and two feet. Except during periods of unusually high
winds, waves in the Bay are relatively small, generally less than 3 feet in height.
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Within the Bay proper and its major tributaries, there is superimposed on the tidal
currents, a less obvious, non-tidal, two-layered circulation pattern that provides a net
seaward flow of lighter, lower salinity water in the upper layer and a flow up the estuary
of heavier, higher salinity waters in the deeper layer. This phenoinenon is illustrated in
Figure A-3. The tidal currents provide some of the energy necessary for the mixing of
the two layers.

Tides and wave action (as well as other types of currents) are biologically significant in
several ways. They provide mixing, transportation, and distrioution of inorganic and

. organic nutrients. These water movements also affect the dispersion of eggs, larva,
spores, gametes, and smaller advanced stages of resident plants and animals; remove
waste products and bring food and oxygen to fixed bottom-dwelling organisms; and
circulate chemical "clues" which aid predators in locating their prey. Tides and waves
are also especially important ecologically to the intertidal zone (the shoreline area
between high and low tides) of an estuary because of their wetting action which is
beneficial to many plant and animal species. In sheltered waters, the mixing of water by
tidal and wave action is important for the prevention of excessively nigh temperatures
and salinity stratification which could be harmful to some biota. The turbulence caused
by wave action also plays a role in aeration of the waters to provide sufficient oxygen for
biotic respiration.

The mixing in the estuary of sea water and freshwater creates salinity variations within
the system. In Chesapeake Bay, salinities range from 33 parts per thousand at the mouth
of the Bay to near zero at the north end of the Bay and at the heads of the embayments
tributary to the Bay. Higher salinities are generally found on the Eastern Shore than on a
comparable area of the Western Shore due to the greater river inflow on the Western
Shore and to the earth's rotation. Salinity patterns also vary seasonally according to the
amount of freshwater inflow into the Bay system. Figure A-4 illustrates these
phenomena,

Due to this seasonal variation in salinity and the natural density differences between
fresh and saline waters, significant non-tidal circulation often occurs within the Bay's
small tributary embayments. In the spring, during the period of high freshwater inflow to
the Bay, salinity in the embayments may be greater than in the Bay., Because of this
salinity difference, surface water from the Bay flows into the tributaries on the surface,
while the heavier, more saline bottom water from the tributaries flows into the pay
along the bottom. As Bay salinity becomes greater through summer and early fail, bay
waters flow into the bottom of the tributaries, while tributary surface waters flow into
the Bay. -

The natural variations in salinity that occur in the Bay are part of the dynamic nature of
the estuary, and the resident species of plants and animals are ordinarily able to adjust to
the changes. Sudden changes in salinity, however, or changes of long duration or
magnitude, may upset the equilibrium between organisms and their environment.
Abnormal periods of freshwater inflow (i.e., floods and droughts) may alter salinities
sufficiently to cause widespread damage to the ecosystem.

P

4

ata’ s

PP A oA WA R i S O P G PR L P Oy




LIGHTER FRESH WATER —— RIVER
A —
A-12
TR e




A e aean g s YT e

LF —___ — T p— - g -
. i f SuSQUEMANNA R

!
| CHESAPEAKE BAY
| SURFACE SALINITY (%)

Spring Average

[ o T T sisoucwanna S‘\W; /};’,
CHESAPEAKE BAY 50 /

SURFACE SALINITY (%ol

Falt Average

e ——— - (ST —

FIGURE A-4 GEOGRAPHICAL AND SEASONAL VARIATIONS IN SALINITIES —1
IN CHESAPEAK L BAY




PAAAC SR b N A AL SR b an 8 aen o

~ w3

Dissolved oxygen is another important physical parameter. Dissolved oxygen levels vary
considerably poth seasonally and according to depth. During tne winter tne Bay is hign in
dissolved oxygen content since oxygen is more soluble in cold water than in warm. With
spring and higher water temperatures, the dissolved oxygen content decreases. While
warmer surface waters stay near saturation, in deeper waters the dissolved oxygen con-
tent becomes significantly less despite the cooler temperatures because of increasing
oxygen demands (by bottom dwelling organisms and decaying organic material) and
decreased vertical mixing. Through the summer, the waters below 30 feet necome
oxygen deficient. By early fall, as the surface waters cool and sink, vertical mixing
takes place and the oxygen content at all depths begins to steadily increase until there is
an almost uniform distribution of oxygen. While species vary in the leve] of dissolved
oxygen they can withstand before respiration is affected, estuarine species in general can
function in waters with dissolved oxygen levels as low as 1.0 to 2.0 mg/liter. Dissolved
oxygen levels of about 5.0 mg/liter are generally considered necessary, however, to
maintain a healthy environment over the long term.

The effects of temperature on the estuarine system are also extremely important. Since
the waters of Chesapeake Bay are relatively shallow comnpared to the ocean, they are
more affected by atmospheric temperature conditions. Generally speaking, the annual
temperature range in Chesapeake Bay is between 0°C and 29°C. Because the mouth of
the estuary is close to the sea, it has a relatively stable temperature as compared with
the upper reaches. Some heat is required by all organisms for the functioning of podily
processes. These processes are restricted, however, to a particular temperature range.
Temperatures above or below the critical range for a particular species can be fatal
unless the organism is able to move out of the area. Temperature also causes variations
in water density which plays a role in stratification and non-tidal circulation as discussed
earlier.

Light is necessary for the survival of plants because of its role in photosynthesis.
Turbidity, more than any other physical factor, determines the deptn light will penetrate
in an estuary. Turbidity is suspended material, mineral and/or organic in origin, which is
transpor ted through the estuary by wave action, tides, and currents. While the absence
of light may be beneficial to some bottom dwelling organisms since they can come out
during daylight hours and feed in relative safety, this condition limits the distrioution of
plant life because of the restriction of photosynthetic activity. This restriction of plant
life (especially plankton in the open estuary) will reduce the benthic (i.e., bottom
dwelling) and zooplankton populations which in turn will reduce fish productivity.

Nutrients are the minerals essential to the normal functioning of an organism. In
Chesapeake Bay, important nutrients include nitrogen, phosphorus, carbon, iron, manga-
nese, and potassium. It is generally believed that most of the nutrients required by
estuarine organisms are present in sufficient quantity in Chesapeake Bay. Excesses of
some nutrients are often a more important problem than deficiencies. Excesses of
nitrogen and phosphorus, for example, may cause an increase in the rate of eutrophica-
tion which, in tum, can eliminate desirable species, encourage the growth of obnoxious
algae, and cause low dissolved oxygen conditions from the decay of dead organisms and
other materials. Relatively little is known about the quantities of specific nutrients
necessary for the healthy functioning of individual species, or more importantly, of
piological communities.
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While it is necessary to keep in mind the interactions of these physical and chemical

p variables when studying Chesapeake Bay, these parameters should not and, in fact,

cannot be addressed separately. The Bay ecosystem is characterized by the dynamic

interplay between many complex factors. As a simple example, the levels of salinity and

f temperature will both affect the metabolism of an aquatic organism. In addition, both

. salinity and temperature can cause a drop in the oxygen concentration in the water and

] thus an increase in the required respiration rate of the organism. While it is true the

1 effects of these variables individually may be of a non-critical nature, the combined (or

h synergistic) effects of the three stresses may be severe to the point of causing death.

. These three parameters, in turn, also interact with other physical and chemical variables

; such as pH, carbon dioxide levels, the availability of nutrients, and numerous others. The

! subtle variable of time may also become critical in many cases. The important point is
that the physical and chemical environment provided by Chesapeake Bay to the indi-
genous biota is extremely complex and difficult, if not impossible, to completely
understand.

THE BIOTA OF CHESAPEAKE BAY

The estuary is biologically a very special place. It is a very demanding environment
because it is constantly changing. The resident plants and animals must be able to adjust
to changes in physical and chemical parameters. The requirement for adjustment to the
almost constant ecological stress limits the number of species of plants and animals that
are able to survive and reproduce in the estuary. Despite the fact that relatively few
species inhabit the Bay, the Chesapeake, like most estuaries, is an extremely productive
ecosystem,

There are a number of reasons why estuaries are so productive. First, the circulation

patterns in the area of mixing of lighter freshwater with heavier sea water .. ¢ partially

mixed estuary such as Chesapeake Bay tend to create a "nutrient trap"” which acts to re-

tain and recirculate nutrients. Second, water movements in the estuary do a yreat deal

of "work" removing wastes and transporting food and nutrients enabling many organisms :
to maintain a productive existence which does not require the expenditure of a great deal .
of energy for excretion and food gathering. Third, the recycling and retention of ;
nutrients by bottom-dwelling organisms, the effects of deeply penetrating plant roots,

and the constant formation of detrital material in the wetlands create a form of "self-

enriching" system. Last, estuaries benefit from a diversity of producer plant types which

together provide year-round energy to the system. Chesapeake Bay has all three types of

producers that power the ecosystems of our world: macrophytes (marsh and sea grasses),

benthic microphytes (algae which live on or near the bottom), and phytoplankton (minute

floating plants).

AQUATIC PLANTS

As implied above, certain aquatic plants are critical to the health and productivity of
Chesapeake Bay. Plants use sunlight and the inorganic nutrients in the water to produce
the energy to drive the estuarine ecosystem. Thus, these plants, ranging from the
microscopic algae to the larger rooted aquatics, are the primary producers-the first link
in the aquatic food chain. Agquatic plants exist in the natural environment in a myriad of
shapes, forms, and degree of specialization. They are also found in waters of widely
varying physical and chemical quality.




"Phytoplankton" is a general term for aquatic plants of both fresh and saline waters
which are characteristically free-floating and microscopic. The most important of the
phytoplankton are the green algaes, diatoms, and dinoflagellates. The population of
these organisms is represented by relatively few species, but when they do occur, they
are present in tremendous numbers. Phytoplankton are the principal photosynthetic
producers in the marine, estuarine, and freshwater environments, and will grow in the
water column to any depth that light will penetrate. Blue-green algae are another type
of phytoplankton organism which are not generally considered to be of importance in
aquatic productivity, but are best known for the nuisance conditions caused when their
growth occurs in excess. Huge populations, or blooms, of these organisms located near
the surface of the water reduce the sunlight available to bottom-dwelling organisms.
The blooms can also give off objectionable odors, clog industrial and municipal water
intakes, and generally cause nuisance conditions.

Macrophytes are, as the Greek roots of the word indicate, "large plants." Unlike the
freely floating, or only weakly motile, and minute phytoplankton, the macrophytic
aquatic plants are generally either rooted or otherwise fastened in some manner to the
bottom. Most have defined leaflets which grow either entirely submerged, floating on
the surface of the water, or out of the water with leaf surfaces in direct contact with
the atmosphere,

The distribution of macrophytes ranges from entirely freshwater to the open ocean.
These types of plants are not only important as food and habitat for fish and wildlife, but
they are also important in the recovery of nutrients from deep sediments.

The "Biota" section of the Chesapeake Bay Existing Conditions Report and Appendices 14
and 15 of the Chesapeake Bay Future Conditions Report inciude a more detailed
discussion of aquatic plants - their types and distribution, importance in the ecosystem,
and the problems associated with them.

FISH AND WILDLIFE

The energy supplied to the ecosystem by the green plants of the Bay must be made
available in some manner to the meat-eating predators, including man, which are nigher
in the food chain. This vital link is filled by many different varieties of organisms such
as zooplankton and various species of worms, shellfish, crabs, and finfish. Zooplankton
include small crustaceans such as copepods, the larva of most of the estuarine fishes and
shellfishes, several shrimp-like species, and other animal forms that generally float with
the currents and tides. Phytoplankton and plant detritus (along with adsorbed bacteria,
fungi, protozoa, and micro-algae) are consumed directly by the zooplankton and other
larger aquatic species. , )

If man through his activity interrupts an established energy flow in the environment, he
may cause energy losses to the system as well as other detrimental biological effects.
Man's activities, for example, may cause the loss of a detritus producing area (e.g., a
stand of saltmarsh cordgrass) resulting in a decline of the organisms which primarily feed
on detritus. A loss of this nature directly affects the next higher trophic level, thereby
starting a chain reaction throughout the food web. Generally, in estuaries, there is a
great deal of dependence of larger organisms on a few key smaller organisms that utilize
detritus and micro-algae for food.,
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Like the aquatic plant communities, the aquatic animal communities are not spread
homogeneously throughout the Bay. Although the entire estuary serves as nursery and
primary habitat for finfish, spawning areas are concentrated in the areas of low salinity
and freshwater in the Upper Bay and corresponding portions of the major tributaries.
The northern part of Chesapeake Bay, including the Chesapeake and Delaware Canal, is
probably the largest of all spawning areas in the Bay. This area plus the upper portions
of the Potomac, York, Rappahannock, James, and Patuxent Rivers, represent about 90
percent of the anadromous fish (i.e., those which ascend rivers from the sea to
reproduce) spawning grounds in the Chesapeake Bay Region. The Bay serves as a
spawning and nursery ground for fish caught from Maine to North Carolina. Some of the
fish that use the Bay as a nursery include striped bass, weakfish, shad, alewife, blueback
herring, croaker, menhaden, and kingfish.

Oysters are abundant in many parts of the estuary. The numerous small bays, coves, and
inlets between the Chester and Nanticoke Rivers along the Eastern Shore and the lower
portions of the Patuxent, Potomac, York, Rappahannock, and James Rivers account for
approximately 90 percent of the annual harvest of oysters.

Some species of Chesapeake Bay fish and shelifish thrive in the saltier waters of the
estuary. The mouth of the Chesapeake, an area of high salinity, is the major blue crab
spawning area in the Bay and its tributaries,

In addition to Chesapeake Bay's large resources of finfish and shellfish, the marshes and
woodlands in the area provide many thousands of acres of natural habitat for a variety of
waterfowl, other birds, reptiles, amphibians, and mammals.

Chesapeake Bay is the constricted neck in the gigantic funnel pattern that forms the
Atlantic Flyway. Most of the waterfow. reared in the area between the western shore of
Hudson Bay and Greenland spend some time in the marshes of the Bay and its tributaries
during their migrations. Good wintering areas adjacent to preferred upland feeding
grounds attract more than 75 percent of the wintering population of Atlantic Flyway
Canada geese. The marshes and grain fields of the Delmarva Peninsula are particularly
attractive to Canada geese and grain-feeding swans, mallards, and black ducks. The
Susquehanna Flats, located at the head of the Bay, supports huge flocks of American
widgeon in the early fall, while several species of diving ducks, including canvasback,
redhead, ringneck, and scaup, winter throughout Chesapeake Bay. About half of the
80,000 whistling swans in North America winter on the small estuaries in or around the
Bay. While the Chesapeake is primarily a wintering ground for birds that nest further
north, several species of waterfowl, including the black duck, blue-winged teal, and wood
duck, find suitable nesting and brood-raising habitat in the Bay Region.

In addition to waterfowl, many other species of birds are found in the Stuay Area. Some
rely primarily on wetlands for their food and other habitat requirements. These include
rails, various sparrows, marsh wrens, red-winged blackbirds, snipe, sandpipers, plovers,
marsh hawk, shorteared owl, herons, egrets, gulls, terns, oyster catcher, and curlews.
Many of the above species are insectivores, feeding on grasshoppers, caterpillars,
beetles, flies, and mosquitoes, while others feed on seeds, frogs, snakes, fish, and
shellfish., There are numerous other birds which rely more heavily on the wooded uplands
and agricultural lands for providing their basic habitat and food requirements. Among
these species are many game birds, including wild turkey, mourning dove, bobwhite quail,
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woodcock, and pheasant. It should be emphasized that some of these species require both
an upland and a wetland habitat. Modest populations of ospreys and American pald
eagles also inhabit the Bay Region.

The Chesapeake Bay Region is also home for most of the common mammals which are
native to the coastal Mid-Atlantic Region. The interspersion of forest and farmland and
the proximity of shore and wetland areas form the basis for a great variety of ecological
systems. The abundance of food such as mast and grain crops and the high quality cover
vegetation found on the wooded uplands and agricultural lands support good populations
of white-tailed deer, cottontail rabbit, red fox, gray fox, gray squirrel, woodchuck,
opossum, and skunk. The various vegetation types found in wetland areas provide
indispensible natural habitat requirements for beaver, otter, mink, muskrat, marsh
rabbit, and nutria. In addition, there are numerous species of small mammals, reptiles,
and amphibians which inhabit the Study Area and are integral parts of botn the upland
and wetland food cycles.

IMPORTANT PLANT AND ANIMAL ORGANISMS

As part of the work done for the Future Conditions Report, a survey of prominent Bay
Area scientists was conducted to determine the most important plant and animal species
based on economic, biological, and social criteria. For example, a species would qualify
as an "important species" if it were either a commercial species, a species pursued for
sport, a prominent species important for energy transfer to organisms higher in the food
chain, a mammal or bird protected by Federal law, or if it exerted a deleterious
influence on other species important to man, The common names of the 124 species and
genera identified according to these criteria are present in Table A-2,

PLANT AND ANIMAL COMMUNITIES

Although the plants and animals of Chesapeake Bay have been treated separately in the
previous discussion, in the real world they are inextricably bound together in
communities. Bay communities are important because of the complex interactions
between inhabiting organisms, both plant and animal, and between one community and
another. In the "eelgrass" community, for example, the organic detritus formed by
eelgrass, plus the microorganisms adsorbed on it, represent the main energy source for
animals living in the community and for animals outside the community to which detritus
is transported. In addition, eelgrass performs the following physical and biological
functions:

1. It provides a habitat for a wide variety of organisms.
2. It is utilized as a nursery ground by fish.
3. Itis a food source for ducks and brant.

4, The plant physically acts as a stabilizing factor for bottom sediments, which allows
greater animal diversity,

5. It plays a role in reducing turbidity and erosion in coastal bays.
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Algae

Blue-Green Alga

Diatom (4 general)
Dinoflagellate (3 species)
Sea lettuce

Green alga

Red alga

Vascular Plants

{Marsh and aguatic)

Widgeongrass
Saltmarsh Cordgrass
Eelgrass

Horned pondweed
Wild rice

Cattails

Pondweeds
Arrow-arum

Wild celery

Stinging nettle
Hydroid

Ctenophora {comb jellies)

Comb jelly (2 species)
Platyhelminthes
flatworms

Flatworm

Annelida (Worms)

*»  Bloodworm

Clam worm
Polychaete worm (4 gener)
Oligorhaete worm

Mollusra (Shellfish)

Eelgrass snail
Oyster drill
Marsh periwinkle
Hooked mussel
Ribbed mussel
Qyster

Hard shell clam

Conditions Report.

TABLE A-2
IMPORTANT CHESAPEAKE BAY PLANT AND ANIMAL ORGANISMS

Mollusca (Shellfish)
Cont.

**  Coot clam

#+ Brackish water clam
Balthic macoma
Stout razor clam
Razor rlam

*  Soft shell clam
Asiatic clam

Arthropoda (Crabs),
shrimp, and other
crustaceans)
Barnacle

*  Copepod (2 genera)
Opposum shrimp
Cumacean
Isopod (2 species)
Amphipod (5 genera)
Sand flea

#* Grass shrimp

**  Sand shrimp

#&  Xanthid crab (2 species)
Bilue crab

Urochordata

Sea squirt

Pisces (Fish)

Cownose ray
Eel

#+  Shad, herring
Menhaden
Anchovy
Variegated minnow
Catfish, bullheads
Hogchoker

++  Killifish
Silverside

**  White perch
Striped bass
Black sea bass
Weakfish

**  Spot
Blenny
Goby
Harvestfish
Flounder

Pisces (Fish) (Cont.)

-e

*e

*a
*#

*u

Northern puffer
Qyster toadfish

Reptiles

Snapping turtle
Diamond-backed terrapin

Aves (Birds)

Horned grebe
Cattle egret

Great blue heron
Glossy ibis
Whistling swan
Canada goose

Wood duck

Black duck
Canvasback

Lesser scaup
Bufflehead

Osprey

Clapper rail
Virginia rail
American coot
American woodcock
Common snipe
Semipalmated sandpiper
Laughing gull
Herring gull

Great black-backed gull
Forster's tern

Least tern

Mammalia (Mammals)

Beaver
Muskrat
Mink
Otter
Raccoon

White-tailed deer

Endangered Species

Shortnose sturgeon
Atlantic sturgeon
Maryland darter

Southern bald eagle
American peregrine falcon
Ipswich sparrow

Delmarva fox squirrel

*  Life histories discussed in the "Biota" Chapter of the Chesapeake Bay Existing

Life histories discussed in the "Bjota" Appendix of the Chesapeake Bay Future

Conditions Report,
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Appendix 15 of the Future Conditions Report presents more detailed information on the
eelgrass community as well as the "oyster" community, two of the most important in the
Chesapeake Bay system,

It is evident from the preceding discussion that Chesapeake Bay is an aimost

incomprehensibly complex physical and biological system. When the human element is

added, the complexities and interrelationships become even more involved.
SOCIO-ECONOMIC CHARACTERISTICS OF THE STUDY AREA

INTRODUCTION

Perhaps the most changeable element of the Chesapeake Bay Region is its people.
Populations grow and change over time as do the economic activities of the people.
Likewise, our ability to measure, describe and forecast these changes also evolves over
time. Since the study was authorized in 1965 until the preparation of this report, the
population of the Bay Region has grown and changed significantly. Demographic and
economic base data have been revised and updated several times most notably by the
decennial censuses of 1970 and 1980. Forecasts of future growth are revised
continuously as new or additional information becomes available or as a result of
advances in the state-of-the-art,

The analyses of this study have taken place over parts of three decades. Each analysis
was done with the most current data and forecasts available at the time. Because of the
duration of the study, the basic data set or forecast parameters have varied from
analysis-to-analysis depending on the time at which the study was conducted. This sum-
mary will present the data which formed the basis for various assumptions and analyses
critical to the study's conclusions and recommendations. The data and discussion which
follow are taken from the Chesapeake Bay Future Conditions Report of 1978 with the
addition of a brief discussion of the 1980 OBERS BEA Regional Projections.

THE PEOPLE
POPULATION CHARACTERISTICS

When Captain John Smith first explored the Chesapeake in 1608, it was an estuary which
had yet to feel the impact of man to any significant extent. But, even before Captain
Smith's voyage, people had settled on the shores of the Bay drawn by its plentiful supplies
of fish and game. These settlements were inhabited by Assateagues, Nanticoke,
Susquehannock, and Choptank Indians. It was the Indian that provided the names for
many promontories of land and water courses. The relatively few wastes generated by
the Indians were easily assimilated by the natural cleansing action of the Bay and its
tributaries. Later, more and more people moved into the Bay Region, attracted first by
a soil and climate favorable to the growth of tobacco, and later by the development of
major manufacturing and transportation centers as well as the founding of the Nation's
Capital at Washington, D.C. By 1980, 372 years after Captain Smith’s voyage up the Bay,
there were over 9 million people living in the Bay Region.

During Colonial times, the Chesapeake Bay Region was one of the primary growth
centers of the New World. However, after the decline of the Region's tobacco industry
in the 19th century, population growth began to lag. This period of relative stagnation
lasted until World War II when large increases in Federal spending (especially on defense)
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stimulated employment and population growth within all the economic subregions. As
shown in Table A-3, the areas around Washington, D.C. and Norfolk, Virginia,
experienced especially high rates of growth after World War II. Over half of the total
population growth in the Bay Region between the time of the Jamestown settlement to
the present occurred during the 1940-1970 period. Population in the Region nas in-
creased since the 1970 Census at an annual rate of approximately one and one-eighth
percent to the estimated total in 1974 of 8.2 million. While this rate is considerably less
than the average annual rate of 2.5 percent experienced during the 1940-1970 period, it
was still higher than the National rate of approximately 1 percent annually during the
1970-1974 period.

TABLE A-3
POPULATION GROWTH IN THE CHESAPEAKE BAY STUDY AREA

Study Area Portions of BEA 1940 1970 Absolute Percentage

Economic Regions Population Population Change Change
Baltimore, Maryland 1,481,179 2,481,402  + 1,000,223 + 67.5
Washington, D.C. 1,086,262 3,040,371  + 1,954,109 + 1799
Richmond, Virginia 437,103 728,946 + 291,843 + 66.8
Norfolk-Portsmouth, VA 467,229 1,121,856 + 654,627 + 140,1
Wilmington, Del. SMSA 248,243 499,493  + 251,250 + 101.2
Total Study Area 3,720,016 7,872,068  + 4,152,052 y 1ll.6
Total United States 132,165,129 203,211,926 +71,046,797 $ 53.8

Source: U.S. Census Data

The majority of the inhabitants of the Chesapeake Bay Region are concentrated in rela-
tively small areas in and around the major cities. Approximately 90 percent of the
population resided in one of the Region's seven Standard Metropolitan Statistical Areas
(SMSA) in 1970. The number of urban dwellers increased by almost 1.5 million during the
1960-1970 decade, while the rural population remained virtually the same. People have
tended to move out of the inner cities and rural counties and into the suburban counties.
Thirty-five of the 76 counties and major independent cities in the area experienced a net
out-migration during the 1960-1970 period. On the other hand, most of the suburban
counties experienced growth rates in excess of 30 percent and in-migrations of at least
10 percent of their 1960 population. In the Bay Region as a whole, net in-migration
accounted for about one-third of the 1.5 million increase in population during the decade
of the 1960's. Most of this in-migration was in response to large increases in employment
opportunities in the Bay Region.

In 1970, there were approximately 3.3 million people employed in the Study Area. About
91 percent of these worked in one of the Region's seven SMSA's, During the 1960-1970
period, total employment increased by about three-quarters of a million jobs or approxi-
mately 30 percent. The National gain during the same period was 19.5 percent.

Compared to the Nation as a whole, the Bay Region has a lower proportion of workers in
the blue-collar industries, such as manufacturing and mining, and a higher proportion in
the white-collar industries, such as public administration and services. Since employ-
ment in the white-collar industries tends to be less volatile, the Study Area has had
consistently lower unemployment rates over the last several decades than the Nation as a
whole. Also contributing to these relatively stable employment levels are the large
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numbers of workers whose jobs depended on relatively consistent Federal government
spending.

Per capita income in the Study Area was $3,694 in 1969, which was about 9 percent
higher than the National figure. Median family income levels ranged from 316,710 in
Montgomery County, Maryland, (one of the highest in the Nation), to $4,773 in
Northampton County, Virginia. As shown in Table A-4 there was a significantly higher
proportion of families in the over $15,000 income bracket and fewer families whose
incomes were below the poverty level in the Study Area than in the Nation.

TABLE A-4
FAMILY INCOME DISTRIBUTION FOR THE CHESAPEAKE BAY
STUDY AREA AND THE UNITED STATES, 1969

Percent Below "Middle" Income Percent Above

Poverty Level Families 915,000
Study Area 11.2 61.3 27.5
United States 12.2 63.6 19.2

ECONOMIC SECTORS

Manufacturing

Generally speaking, the Chesapeake Bay Region has a lower proportion of its workers
employed in heavy water-impacting industries than in the Nation as a whole (see Figure
A-5). For example, manufacturing activities in the Bay Region employed some 524,000
workers in 1970, or about 16 percent of the total employment in the Study Area. This
figure was significantly lower than the National figure of approximately 25 percent. In
addition, manufacturing employment in the Bay Region grew by 6 percent during the
1960-1970 period, which was well below the National growth rate of 13 percent.

Despite the fact that the manufacturing sector was not as important to the economy of
the Study Area as in the Nation as a whole, this sector still has a great deal of
significance. First, the navigation channels in Chesapeake Bay are used by many area
manufacturers as a means of shipping raw materials to their factories and finished
products to market. Second, many manufacturing firms use water in their production
process, usually for cleaning or cooling purposes. This water is often returned to the Bay
system untreated or only partially treated.

As Figure A-6 indicates, in addition to the fact that there is a relatively low proportion
of workers in manufacturing in the Bay Region, the majority of the manufacturing
industries which are located in the area are not considered to be major water users (i.e.,
chemicals, pulp and paper, metals, petroleum refining, and food and kindred products).
The heavy water users that do exist are generally concentrated in the Upper Bay around
Baltimore and in the Wilmington, Delaware SMSA., Employment in the chemical and
metal industries is centered around Baltimore, Wilmington, and Richmond. Food and
kindred products employment is concentrated on the Eastern Shore, in the Washington
SMSA, and in Norfolk. The only major pulp and paper mill in the Bay Region is located at
West Point, Virginia. There is also currently only one major petroleum refinery in the
Region (Yorktown, Virginia), Other significant concentrations of manufacturing
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industries are: printing and publishing, the two machinery shops in the ¥ashington area,
transportation equipment around Norfolk-Portsmouth, and tobacco processing in the
Richmond SMSA. A more detailed discussion of industrial activity in the Bay Region is
provided in Appendix 3 - "Economic and Social Profile" of the Future Conditions Report.

Public Administration

The public administration sector, which includes civilian workers in the Federal, state,
and local governments, is extremely important to the economy of the Bay Region. In
1970, this sector employed approximately 475,000 people or about 14 percent of the total
workers. This is significantly higher than the National average of 5 percent.
Employment in this sector grew 36 percent during the 1960 - 1970 decade, very close to
the 37 percent rate of growth for the Nation.

VYV Y Y N Y W ST Y T v vv v v -
-
«

-

the Study Area, the sector is far more important to the Region's economy than these
employment figures indicate. First, earnings are higher than average in this sector. This
has helped to stimulate other sectors of the economy, especially the retail trade and
service industries. Second, the Federal portion of the public administration sector can be
thought of as a "basic" industry since it exports its "product” (public services) to the
entire Nation, thereby, bringing money into the Region and creating jobs.

i Although the public administration sector ranked only fourth in the total employment in
}

The bulk of the total public administration employment in the Study Area (almost 66
percent) is located in the Washington, D.C. area. Other concentrations of workers are in
the Richmond, Virginia, vicinity, throughout much of the Baltimore, Maryland SM3A, and
in the Norfo'k-Portsmouth area.

The public administration sector can be considered a "clean" industry from a water
resources viewpoint. There are no special requirements for water for either processing
or transportation purposes. However, fast-growing industries, such as the public
administration sector, with its tremendous drawing capacity for workers and their
families, can often cause rates of population growth that tax the ability of local
government to provide services such as water supply and sewerage.

Agriculture

Although less than 2 percent of the total workers in the Chesapeake Bay Region are
employed in the agricultural sector (i.e., the actual planting, cultivation, and harvesting
of raw agricultural goods), these activities have a great deal of impact on the area's
economy and water and land resources. In 1969 the value of all farm products sold by
commercial farms in the Bay Region was approximately $589 million. Approximately 87
percent of the developed land in the Bay Region is used for agricultural purposes. Poor
farming techniques, both in the past and present, have resulted in the extensive erosion
of valuable soils which, in turmn, has caused the siltation of many of the Bay's
waterways. Run-off from fields sprayed with chemical fertilizers adds large quantities
of nutrients to the waterways. This practice has resuited in an increase in the amounts
of undesirable algae and other vegetation in some waters, thereby decreasing the
amounts of available oxygen in the water and, in extreme cases, causing fish kills. In
addition, the use of insecticides in agricultural areas has caused in the past significant
damage to fish and wildlife populations in the Bay Region.




T P T TS YT T w T v T ="

Fisheries

r‘ Just as the Indians and early settlers harvested the Bay's plentiful supplies of finfish,
shellfish, and crabs, modern day watermen harvest and market large quantities of the
Chesapeake's living treasures. In 1973, commercial landings of shellfish and finfish
totaled 565 million pounds with a value at the dock of approximately »47.9 million. This
b - catch amounted to an average of 200 pounds per surface acre of water. In addition, sport
g landings of finfish and shellfish in recent years have been estimated to be as large as the
commercial catch for some species. However, even when the value of the sports fishing
catch is added to the commercial catch value, the total is a very small percentage of the
value of agricultural products, for example, and almost negligible when compared to
value added in the manufacturing sector. On the other hand, the fisheries and watermen
of Chesapeake Bay add a generous amount of regional color and tradition to the "way of
life" in the Bay Region. These benefits are difficult, if not impossible, to measure.

Because agricultural products and seafood are often perishable, they are usually
processed in close proximity to where they are harvested. As a result, the agricultural
and seafood harvesting sectors in the Bay Region support locally important food
processing plants.

Armed Forces

Still another important source of employment for residents of the Bay Region is the
Armed Forces. In 1970, there were approximately 250,000 members of the Armed Forces
stationed within the Study Area, representing almost 8 percent of the total

employment. This percentage was significantly higher than the National figure of 2.5
percent. The cities of Norfolk and Virginia Beach in the Hampton Roads area and Anne
Arundel, Prince Georges, and Fairfax counties in the Baltimore and Washington, D.C.,
areas contained the largest numbers of military personnel.

Construction

The construction sector in the Bay Region employed approximately 200,000 people in
1970. Construction activities have had a great deal of impact on the water resources of
the Bay Region. Much of the disturbed soil on construction sites becomes sediment in
streamns and rivers. This silt can adversely affect fish and wildlife populations, clog
navigation channels, increase the costs of treatment for city and industrial water
supplies, make water-based recreation less enjoyable, and generally lower the aesthetic
quality of a waterway. Unfortunately, the areas in the Region with the most
construction activity are the same areas in which there are already significant indus