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Preface

Esluaries are among our most productive natural
syslems. The freshwaler and nutrients that estuaries
provide to coasial areas are crifically important to
sustaining the health of most living marine resources in
these areas, and in providing important habital,
particularly during early life stages. Society also places
a high value on these areas as places for living,
working, and recreating. Because of theirimportance to
bath economic development and ecological processes,
estuanes aré among our most heavily used and highly
stressed natural systems,

In spite of their high value, intense use, and
frequent overuse, estuaries have not been widely
recognized as a unique or important depleted resource
base ol national significance. Unlike our forests,
farmlands, parks, and wildile refuges, no Federal
program is dedicated to developing a comprehensive
and consistent national policy on the use and
management of estuaries. Although several Federal
laws have been enacted. including the Clean Waler
Act, the Coastal Zone Management Act, and the Marine
Protection, Research, and Sanctuanes Acl, they only
partialty or indirectly affect how estuaries are used. Most
decision makers and scientists continue to address
selected estuaries on an individual basis only, with little
or no directed, comprehensive national focus.

Two previous studies completed over 15 years
ago, the Nafional Estuary Study (U.S. Departrment of the
Interior, 1970) and the National Estuaring Follulion
Study (U.5. Department of the Interior and the Fedaral
Water Pollution Control Administration, 1968), remained
untl NOAA's current effort the only aftempts to
inventory comprehensively the estuaries of the USA
and assess their condition. The neglect of estuaries as a
natural resource is symbolized by the fact that the data
gathered during the Mational Estuaring Pollution Study
are lost and unaccounted for. Without a comprehensive
national data base, the assessment and comparison of
conditions of estuarnes and the development of effective
national policies are not possible.

NOAA has unique capabiities to conducl
comprehensive assessments of estuaries throughout

the USA. Iis colleclive scientific experlise, research
laboratories, and data collechion technology and
platforms (from ships to satellites) are unparaleled.
Within this context, the Ocean Assessments Division
{OAD) conducts research, assessment, and monitoring
activities on environmental qually problems of the
Mation's estuanes, as well as coastal and oceanic
areas, Through its Mational Status and Trends Program,
OAD is conducting the largest national field monitoring
program ewver underlaken to measure and assess
chemical contamination in estuarine and coastal areas
of the USA. Through its Matonal Coastal Pollutant
Discharge Inventory, OAD is developing a capability to
analyze the sources and discharges of pollutants
throughout estuaring argas of the USA. In close
cooperalion with scientists of the National Marine
Fisheries Service, OAD is working to quantily belter the
elfects ol esluarine pollution, compile and assess
information on the stalus and trends of classified
shellfishing waters, and determine the status and trends
of coastal wetlands of the USA. Resulis of these NDAA
efforts will be incorporated into the “National Estuarine
Inventory (MEI) Data Base. "

This data atlas is the first major product of NOAA's
aftorts 10 develop a Mational Estuaring Inventory. The
allas and inventory are integral parts of a national
program of comprehensive “sirategic assessments'
through which NOAA is developing information useful
for identifying or modifying national objectives for
coastal and oceanic resource development and
conservation (Ehler and Basta, 1984). Current plans are
to add to the Mational Estuarine Inventory available
information on the distribution and abundance of living
rasources within estuaries, as well as to expand the
information base on human activities that aflect
estuaries. Depending upon an evaluation of the utility of
the inventary, gecgraphic coverage may be expanded
to include additional estuaries, such as those n the
Stale of Alaska, which were initially excluded because
of their relatively undisturbed state, or smaller estuaries
which did nol meet our preliminary selection criteria.

When the inventory is completed, it will be used lo
make comparisons, rankings, statistical correlations,

and other analyses related 1o r(esource use,
environmental quality, and economic values among
esluaries. We strongly encourage scientists, analysts,
and managers in both the public and private secior to
review carefully this work and provide us with their
thoughts on refining, developing further, and using the
National Estuarine Inventory.

Charles N. Ehler, Chiel
Ocean Assessments Division

Daniel J. Basta, Chigf
Strategic Assassment Branch
Ocean Assessments Division
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Introduction

Estuaries provide the Mation with a rich variety of
goods and services. They are important features of the
Mation's coastal regions, especially along the Atlantic
Coast and the Gull of Mexico, and represent the
transition zone between freshwater and maringe
ecosystemns. Thay are most commonly defined as semi-
enclosed coastal bodies of water having a free
connection with the open sea and within which
seawaler is measurably diluted with freshwater from
land drainage (Fritchard. 1967).

The impartant role that estuaries play in sustaining
ihe health and abundance of maring fishes, shellfish,
and hirds has been recognized for a long time,
However, only recently has attention been focused on
the total mix of mulliple goods and services that
estuaring systems provide. The Mation wvalues its
estuanes as sources of food, recreation, and assthealic
pleasure, It also demands that estuarnes provide cooling
waters for industry and energy production,
accommodate the needs of large ships and tanker
traffic, sacrilice welland and bottom habitat to supply
space for coastal development, and transfer pollutant
loads from the Mation's rivers and sireams into coastal
and oceanic waters. Dense populations are another
feature of the coastal areas that estuaries occupy. They
are among the most intensely populated and used
spaces in the Nation: more than 75 percent of the
population of the USA will live within 50 miles of the
coastine by 1990 (Council on Environmental Quality,
1984). As the demand for the services and resources
that estuaries provide continues to increase, so will
conflicts among the competing usears of thig important
national resource base.

I. Purpose

The Nalional Estuarine Inventory: Data Allas is the
first product from a series of aclivilies now underway in
the Ocean Assesaments Division to develop a national
estuarine assessment capabilily. The allas does not
compile all characteristics on all estuaries in the USA. iis
objectives were more modesl. The first objective was lo
identify and specify the extent of most of the estuaries
on each coast of the contiguous USA. The second was
io compile information in a consistent mannear on the
basic physical and hydrologic characteristics of each
estuary. The third was to determine the boundanes and
land use characleristics of the drainage basins that
directly alfect each estuary. The fourth objective was to
provide a comprehensive framework for intiating
discussion among estuarine scienfists, resource
managers, and government officials on the uses and
health of the estuanes of the USA.

This is the first of two volumes of the Nafional
Estuaring Inventary: Dala Aflas. It presents information,
through maps and tables, on the most important
physical and hydrologic characleristics of each estuary.
The 92 estuaries included in the inventory and
portrayed in this volume represent approximately 90
percent of the surface area of esfuarine waters along
the northeast coast, the southeast coast, the Guif of
Mexico coast, and the west coast of the USA. These
estuaries also account for more than 90 percent of the
freshwater inflow entering each of the four coastal
regions. Figure 1 shows the approximate national
coverage of the drainage areas that directly allect the
92 estuaries. Some of the 92 estuaries do not lit exactly
the classic definition of an estuary. They have been
included, however, bacause they are important coastal
features, often display estuarine characteristics, and
provide impaortant habitat for many marine animals,

WVolume Il presents land use information for each of
the 92 estuaries in both mapped and tabular form.
Acreage estimatas for each of 25 categaries of land use
are organized by: (1) the drainage area thal directy
alfects each estuary {estuarine drainage area); (2) U.S.
Geological Survey Cataloging Unit; and (3) the counties
that fall within each estuarine drainage area.

The infarmation presented in these volumes can be
used to understand the general characteristics of each
estuary and the similarties and differences among
individual estuaries or groups of estuaries. This atlas will
help to demaonstrate the various ways information about
the Mation's estuarine resource base can be organized
and charactarized through a comprehensive national
assessment capability.

Il. Making the Atlas

Preliminary planning and dala collection for
developing the National Estuarine Inventory and
assessment capability began in the summer of 1983, It
soon became clear that an important and necessary
first step was to develop a set of maps that clearly
identified the relevant boundaries of each estuary.
Without a consistent idenlification of boundaries for all
estuaries, it would not be possible to compile a
complete and consistent data base for the Mation.
Consequently, the concept of an allas began o take
shape, from a simple set of maps to be used for data
collection, to a rough workbook of reference maps, and
finally to an atlas conlaining maps and data summaries.
The data collected and portrayed in the atlas represent
the firsl comprehensive, consistent, and complete set of
information to be incorporated into the Mational
Estuanne Inventory Data Base.

Actual work on systematic development of the atlas
bagan October 1984 when the lirm of Dalton * Dalton «
Mewport (DDN. now URS Dalton). Cleveland, Ohio, was
awarded a contract by NOAA to produce the atlas. As
development of the allas proceaded, many revisions in
its content and portrayal were made by the NOAADDN
project team. Four impaortant aspects of this process are
described below.

Base Maps

An initial design objective was to portray ecach
estuary in the atlas on a single page, including all
tabular data on its characteristics. However, a second
volume in this series will present the land use data on
each estuary and related maps. In this volume (Volume
1), each estuary is mapped with only its physical and
hydrologic characteristics portrayed,

U.E. Geological Survey (USGS) State Hydrologic
Urit maps (1:500.000) were used as a standard base to
identify and map esluaring boundaries and fealures.
The USGS maps were chosen becausa they clearly and
consistenlly depict the boundaries of coastal drainage
basing, identily numerous features important for plotting
information, and provide reasonable coastline
definition. Because of the large size of spme estuanes,
such as Chesapeake Bay and Long lsland Sound,
some of the original 1:500,000 maps had (o be reduced
to fit each estuary on one page. Consequently, six map
scales appear in the allas: 1:500.000; 1:750,000;
1:1,000,000; 1:1,280.000; 1:1,500.000; and
1:2,750,000 (Puget Sound only). For a few extramely
large esluaries, important subsystems were mapped
separately to capture their individual characteristics.

Several modifications were made to the onginal
USGS base maps to enhance the portrayal of each
estuary and its important features. First, most place
names, small streams, and certain geographic features
were removed lo simphly presentation. The USGS
maps were never intended to emphasize estuaring
features and contained considerable information not
necessary for the portrayal of estuaring characteristics.
Second, coastal and esluanne shorelines, estuanne
zones, and drainage basin boundaries were enhanced
to emphasize these leatures. Third, lones and symbols
wera added to distinguish more clearly zones and
boundaries and to locate specific items, such as head
of lide, tide gages, and flow gages.

The maps are a schematic representation of each
estuary. They are not intended to provide delailed
information for navigation or locating specific facilities.
Collectively, they provide a simple and consistant

piclure of the major physical and hydrologic
characteristics of the estuarine resource base of the
UsA,

Selecting and Organizing the Data

Preliminary planning and data collection for the
MNational Estuaring Inventory indicated that the physscal,
chamical, bidlogical, and economic data necessary for
conducling a comprehensive assessment of the use
and health of the Nation's esluaries were either
unavailable, incomplete, or in a very dilficult form to
use, It would not be possible to develop a
comprehensive data base and transform these data into
meaningful infarmation in a short penod of ime.

Criteria were established to determine the subsel of
data that would be compiled and mapped in the atlas.
First, the data would have 1o describe as completely as
possible at least one set of important characteristics of
the Mation's estuaries. Second. they would have o
provide a foundation upon which information on other
important charactenisiics, for example, living resources
or economic activities. could be added. Third, the data
would have 10 be sufficient to parmit at least a
preliminary analysis of the use and health ol the
estuaries of the USA. Fourth, the data had to be either
generally available for most estuaries from existing
sources of be easly derved by standard estimation
procedures applied uniformly 1o all estuanes, Fifth, the
data selected could be compiled, orgamized, mapped,
and an atlas produced with the resources available.

Three categories of data that met these criteria
weare selecled: (1) physical dimensions and
characteristics; (2) hydrologic parameters, including
both tidal and freshwater inflow data; and (3)
distribution of land use. Each of these is discussed
below in more detall (Data Categories). All physical and
hydrologic data are summarized in a lable adjacent 1o
the map showing the boundaries and major features of
each estuary. Cross-section diagrams of the mouths
and natural outlets of each estuary also are shown next
to the map. Twenlydive categories ol land use are
summarized in tabular form in Volume Il and organized
by estuarine drainage .area, USGS Hydrologic
Calaloging Unit, and county. All labular data in Volumes
| and Il have been organized for easy entry into the
Mational Estuarine Inventory Data Base,

Data Collection and Validation

Collecting the bes! available dala on lhe physical,
hydrologic, and land use characteristics of 92 estuanes,
and processing it into a reasonably consistent data
base was a major undertaking, even for the relatively
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Introduction (continued)

small number of parameters thal appear in this data
atlas. With the exception of prevailing tide type and
location of measuring stations, comprehensive and
consistent data bases from which parameter values
could be selected, directly enterad inlo a data table, or
mapped could not be located. Every parameter
required development of estimation procedures. For
axample, all of the data needed 1o estimale tidal prism
volume required some data development and
modilication. Even requisite lidal data, which were
thought to be available readily in NOAA tide tables, had
to be augmented through special computer runs of
NOAA's national tidal data base.

Reasonably strict criteria were used to evaluate the
data needed to estimate each parameter. For example,
freshwater inflow data obtained from the USGS were
used only if: (1) the gaging station at which the data
were collected had a high USGS internal accuracy and
integrity rating: (2) was an aclive gage; and (3) covered
a minimurn period of 10 years. For simple parametars,
such as depth and surface area, existing published
sources did not prowde consistent and reliable
astimates that could eventually be used to compare
estuaring systems. Consequently, rather than using
available published wvalues, these parameters wera
estimated by digitizing the appropriate features from
more than 200 standard NOAA naulical charls and
following wuniform and consistent estimation
procedures.

Personal communication with esluarine experts
within each region and on individual estuaries was
particularly helpiul. Experts nat only identified local dala
sources and assessed the appropriateness of vanous
data and estimation techniques, but gave crucial
assistance in estimating certain paramaters. This was
especially true for determining the boundaries and
variability between the lidal fresh, mixing, and seawater
zones in each estuary. The data needed to estimate the
location of these features for most estuaries are either
incomplete or nonexistent. Consequently, in many
cases, the zones shown on the estuarine maps often
represent the “best guess” by informed experts
Communication with experts was also important for
classifying estuaries according to siratification and, in
several cases, delermining the most important
openings to the sea for developing cross-section
profiles.

The process of validating the dala developed for
each esluary consisted ol two parts. The first was
checking and rechecking to ensure thal no errors had
been made in applying estimation procedures, Most
parameters were compuled al least twice, once by

DDN and once by NOAA, Second, all parameters and
mapped informalion were assessed lo delerming
whether they reasonably represented each estuary.
This again was done independently by NOAA and
DON, Valees for individual estuaries were compared
where possible with those in the published literature,
compared among similar estuaries, and reviewed by
regional and local experts. Given the inherent natural
variability of these parameters, reasonableness was
defined as those wvalues and mapped data that
represent long-term averages for each estuary as thay
ara now known,

Although it was impossible 10 assess exactly the
level of certainty associated with each parameter for
every estuary, the following general rules should guide
the user:

* Information on estuaries along the west coast,
except Puget Sound, the Columbia River and San
Francisco Bay, is less certain than for estuaries on
the other coasts. Because this region has fewer
estuaries, west coast estuaries have received much
less attention by individual researchers and
institutions than other estuaries of the USA;

* Physical dimensions are the most accurate
information portrayed, followed by information on
freshwater inflow and tidal characteristics;

» |nformation on tidal prism volume, estuanne zones.
and stratificaton tends to be less accurate for
estvares with complex topography and geomelry,
except for those that have been heavily studied such
as Chesapeake Bay, and

« |nformation on estuaring 2ones and stratification also
tends to be less accurate for estuaries that do not fit
exactly the classical definition of an estuary, have not
been studied in depth, or roulingly experience
dramatic variability,

The data collected represent the anly
comprahensive, complete, and reasonably consistent
information base on the physical, hydrologic, and land
use characteristics ol the estuaries of the USA. In spite
ol the vanability and uncertainly mentioned, sciantists,
analysts, managers, and other interested parties in the
public and private sector should find tha dala and maps
useful. A delailed discussion of how land use data were
collected and vahdated is contained in Volume Il

Ill. Data Categories
Physical Characteristics and Dimensions

The physical characteristics of an estuary are
primary determinants of estuarine processes and
ultimately affect the ecology of a system. Important
physical parameters for which information was
compiled include the dimensions of an estuary, ils
drainage area, its stratification classification, and the
areas of the fidal fresh, mixing, and seawater zones.

Estuarine and Fluvial Drainage Areas The
estuaring drainage area (EDA) is that land and water
component of an entire watershed (measured in square
miles) that most direcily affects an estuary. The purpose
ol identifying an estuarine drainage area is to establish
the spatial unit for compiling land use, flow data, and
factors that affect each estuary. The EDA is outlined on
each map and shaded on the regional inset map,; is
dimensions are listed in the physical and hydrologic
characteristics tables.

EDAs were defined based on the limits of tidal
influence within an estuarine system and the
boundaries of US Geological Survey (USGS)
hydrologic cataloging units. A hydrologic unit s a
geographic area representing part or all ol a surface
drainage basin of a distinct hydrologic feature.
Cataloging units, the smaller of four levels of hydrologic
units, are usually greater than 700 square miles in area.

EDAs were drawn to coincide with hydrologic
cataloging unil(s) that contain the heads of lide and
seaward estuarineg boundaries. In many cases, this
means the EDA extends landward beyond the head of
tide. In other more limited instances, the EDA may
intersect a cataloging unit.

Where the EDA coincided with cataloging units,
area estimates were oblained from USGS. In cases
where the EDA did not coincide with cataloging unit
boundaries, areas ware measured with a planimeter to
derive a value for the total estuarine drainage area,

In addition lo idenlifying the EDA, the fuvial
drainage area (FDA) was determined by inspection of
hydrologic unit maps and reviews of USGS state waler
resource repors. The FDA is the land and water portion
of the entire watershed upstream of the EDA. In some
instances, the FDA coincides with the EDA. This often
occurs where the total drainage to the system is small
and may consist of only one or two hydrologic units,
Fluvial drainage areas are shown only on the inset map.

Estuary Surface Area The surface water area of
an estuary was estimated from the physical head of lide

of the estuary and its tributaries to the mouth, where the
estuary empties into an ocean, bay, gull, sound, or
other water body. Head of tide was interpreled from
coastal ecological inventary maps prepared by the U.S.
Fish and Wildlife Service (DOI, 1980-81, scale
1:250,000). These maps indicate areas of change in the
distribution of living marine resources due to salinty
concentrations and approximate the average point on a
stream where surface water elevation is no longer
influenced by the rise and fall of the tide. In addition,
data were obtained from LULS. Coast Pilofs, published
by NOAA, and from USGS district offices, U.S. Army
Corps of Engineers, and state water or nalural resource
Agencies.

The seaward boundary for each estuary was
determined by inspection of USGS hydrologic unit
maps and NOAA nautical charls 1o identily signiticant
physiographic characteristics and other features, such
as barrier iglands, rock oulcrops, and manmade
structures. If no clear physiographic limils existed, the
charls were used to decipher bottorn features that can
affect circulation patterns and mixing processes. These
include overall bathymetry, sills, and reefs. |n addition,
the point at which a subesluary enters a main system
was delineated as the mouth of the subestuary. The
shoreline atl midtide level was measured with a
planimeter to obtain the surface area. These data are
represented on the physical and hydrologic
characteristics table as the total sum of the three
estuannge zones.

Estuary Length Estuary length (shown in miles)
was delineated along the main axis ol the estuary from
the head of tide of the principal tributary stream to the
midpoint of the estuary mouth or principal opening 10
the sea. In cases where the seaward opening or estuary
boundaries wera nol clearly defined by shoreline
morphometry, the awxis was drawn following the
approximate centerling of the direction of net flow for
the estuarine water mass. This was determined on the
basis of prevaling currents and major subsurace
features,

Estuary Width Average width (shown in miles)
was determined by measuring a senes of regularly
spaced perpendiculars to the main axis of the water
body on NOAA nautical charts, drawn at mid-tide level,
and averaged. The number ol perpendiculars for an
individual system was a function of estuary length and
lhe shoreline irregularity. Maximum and minimum
esluary widths were measured on MOAA nautical
charls along perpendiculars to the main axis al
approximalely mid-tide level.
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Introduction (continued)

Depth Average estuary depth (shown in feet) was
calculated by overaying a transparent grid of equal
horizontally- and vertically-spaced lines on NOAA
nautical chars that show depth soundings. Depths
were recorded at the intersection of these lines or
mterpolated, where necessary, and summed and
divided by the number of intersections. Because depth
soundings are recorded for low-water level, the final
average depth was oblained by adding the difference
in elevation beltween low-water datum and mid-tide
elevation.

Average Depth to Width Ratic This parameter
provides an indication of the depth of an estuary relative
to its width. It was calculated as a ratio of the values
obtained for avarage depth and average width,

Cross Section The physical communication of
estuaring waters with the coastal ocean affects many
processes, including circulation and flushing rates. This
interaction of ocean and estuary is controlled by the
physical dimensions of an esluary mouth. A cross
section of each estuary mouth andior major opening to
the sea is shown adjacent to each map. These figures
depict width, depth at mean high water, bottom
contours, and other salienl features such as ship
channals and landmarks.

Scale ratio is an indication of verlical exaggeration.
Vertical exaggeration is a deliberate increase in the
verlical scale of a cross seclion, while retaining the
horizontal scale, in order o make the cross section
more clear, For example, if the scale ratio is 10:1, this
means that if one inch verical distance on the cross
section equals one foot, then one inch in the horizontal
dimension equals ten feet.

Estuary Classification Estuaries are classified
based upon the degree of salinity stratification, which is
often used to infer circulation features. Salinity profiles,
being governed by circulation, are affecled by such
tactors as the amount of freshwater inflow, the size and
shape of the basin, and the effects of tides and strong
winds. Since estuaries are dynamic, circulation patterns
may vary and salinity structures will change as a resull.
When using any classification scheme, i11s important to
recognize this dynamic quality and to realize that
generalizations concerning salinity profiles do not
reflect such variability.

Stratification classification was determined for each
astuary from published and unpublished data, and by
consulling local experts. The classification assigned to
an estuary is specific to the mixing zone of a system
where freshwater interfaces with seawater. Variability in

classification therefore could exist between zones. In
ceftain cases, such as the estuanes in Maine, the area
of the mixing zone is limited due to the strong influence
of tides. However, stratification occurs within this band
as freshwater maintaing its confinuity over a limited
distance before its dispersion inlo the seawater zone.
Three classes of siratfication based on the degree of
verlical stratification and circulation are reparted:

* Highly stratiied (sall wedge estuary) - Very little
mixing occurs between the surface and the botlom
layers; mixing that does occur results from shear
forces at the junction of upper and lower layers.

* Moderately stratified (surface salinity less than
bottom salinity) - Moderate amount of mixing occurs
betwean surface and bottom water; the dominant
mixing agent is turbulence caused by tidal action;
surface salinities are normally lower than boltom
salinilies.

» Verically homogenous (surface salinity equals
bottom  salinity) - An estuary is wvertically
homogenous when lidal mixing and turbulence is
sufficient to break down stratification.

Because freshwater inflow and tidal prism volumes
can vary during the year, the classification of an estuary
can vary seasonally. To account for this, salinity
classifications are reported for the three-month period
of highest freshwater inflow and the three-month period
of lowest freshwater inflow for each estuary,

Determination of circulation and stratification
classification of an estuary is important for resource
managers. Knowledge of the cirulation and mixing
processes in an estuary allows a belter understanding
of the movement and dispersion of pollutants
inroduced into a system. This information allows
managers o estimate betler the impacts from waste
load allocations, channel dredging, and alterations in
freshwater inflow.

The dominant mixing processes operating in an
estuary can be inferred by comparing freshwater inflow,
tidal conditions, and physical dimension data for a
number of estuaries. Development of these data may
permit stratification classification and prediction of
circulation of an estuary not previously classified.

Estuarine Zones Each estuary was subdivided
into three zones baetween the heads of tide and the
seaward boundaries based on average annual depth-
averaged salinity concentrations. Salinily zones are
important to determine since they often dictate the

digtnbution of biclogical communities and contribute to
estuaring circulation. These zones comespond to the
following salinity regimes:

Approximate Salinity Ranges for Estuarine Zonas
{parts per thousand)

TIAS FOBE s isussiinsamisminmnsvai s sansnssinninil 00w 0.5
MIXING oo s G310 28.0
SEEWALET ... v s 20,0 8N greater

Salinity data were oblained, and subsequent
boundarias determined, from published and
unpublished sources, and through consultation with
axperts,

Segmentation of an estuary on the basis of salinity
is highly variable due to the many interacting factors
affecting salinily concentrations, such as variations in
freshwater inflow, wind, and tlides. Several guidelines
were therefore developed to provide a uniform
approach and to account for wvariability in data

presentation,

First, episodic anomalies of salinity conditions that
occur during low or high Ireshwater inflows were
screened out to provide an average annual scenario of
the systern. Second, surface and bottom salinifies were
averaged to determine salinity gradients along the
length of the estuary. Finally, delineation between zones
was depicted by a band which indicated the spatial
varniability which could be experienced over an annual
cycle, Low, moderate, and high wvariability
classifications are a function of the relative proportion of
the variability to the length of the estuary. For example,
an estuary with a length of five miles and salinity zone
boundary of four miles, would be classified as highly
variable.

Freshwater Inflow

Estuaries have been degraded in many coastal
areas and much of the documented damage has been
attributed to alteration and reduction of freshwater
inflow. The volume and rate of freshwater inflow into an
estuary is a major factor that determines the physical,
geological, chemical, and biclogical characteristics of
an estuarine system. For example. freshwater inflow is a
contributing factor to the concentration, distribution,
and retention of pollutants in an estuary. Frashwater
inflow also affects salinity concentrations and is a factor
in stratification.

Flow statistics were determined for lhe entire
drainage basin from flows measured by USGS flow
gages, through estimation techniques for ungaged

areas, and from records of significant diversions of flow
regulations (dams) unaccounted for by flow gages.
Long-term average flow and extrerne low- and high-flow
conditions were determined for each estuary. These
conditions best characterize the overall hydrolegy of a
system and are important for determining estuarine
hydrodynamics.

Flow Rates (Gaged Flows - Average daily
freshwater inflow data for streams discharging to an
estuary were obtained from the USGS WATSTORE
hydrologic data base system. This information was
accessed from the U.5. Environmental Protection
Agency's (EPA) Flow Data File, which is part of EPA's
STORET water quality dala base. The slalislics
developed for each gage were long-lerm daily average
flows calculated on an annual and monthly basis,
7T-day, 10-year low flow, and the 50- and 100-year high
flows. Gage data quality was assessed by inspecting
the USGS integrity code and accuracy rating, and
confirming that the gage is aclive and that the period of
record covers a minimum of 10 years. In addition, it was
verified that no major flow regulations or diversions
were consiructed during the period of record which
would have significant effect on flow.

Ungaged Flows - Localized regression eguations
and unit runcff factors were used to astimate average
flow conditions for ungaged areas for which flow
coniributions had to be determined. Regression
equalions, oblained from USGS district (state) offices.
were used to calculate ungaged flows based on data
from nearby gaged areas. If regression equations were
unavailable or impractical, unit runoff factors (URF)
were used to determine ungaged flows. The URF
represents the ratio of gaged flow to the drainage
contributing to this flow, caleulated from nearby gaged
areas thal were comparable in size and land use to the
ungaged area. The area of ungaged drainage was then
multipfied by the URF o derive iis flow contribulion to
the estuary. These additional flow data were then
added to the gaged portion of a gaged stream, or were
substituted for unacceplable gaged data.

Precipitation data were used as a supplement to
gaged and ungaged flow in those esluaries whose
estuarine waler area was greater than or egual to 20
parcent of the total watershed. Precipilation data were
also added lo calculaions of freshwaler inflow for
estuaries where this contribution to total flow was
significant. This was the case in large enclosed bays
where runoff from the land is low and
$vapu'transplralm is high, such as Laguna Madre,

exas.
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Introduction (continued)

Fiow Ratios Flow rabo s the proportion of the
volume of freshwater entering a coastal system during a
tidal cycle to the volume of the tidal prism, This ratio
provides an initial prediction of whether freshwater
inflow or tidal influence is the dominant factor affecting
the water body, Higher ratios indicate freshwater or
rivering inpuls dominate the system. Conversely, tidal
domination is indicated by a small flow ratic value,
Average annual, high- and low-flow period ratios were
calculated for each estuary.

Tidal Data

Tides are the cyclical rise and fall of sea avel
caused by the gravilational attraction of the sun and
maon on the earth. Tidal currents play an important role
in the physical dynamics of an estuary, including their
influence on the flushing and retention time. The
prevailing tide was determined for each estuary from
National Ocean Service (MOS) tide tables. In addition,
the average tidal prism was calculated for each estuary.

Tides Tides are grouped into two types based on
the number of high and low tides per day, the
relationship between the heights of successive highs or
lows, and the tme between corresponding high or low
slands of sea level. The two types of tides are diurnal
(one high and low per day) and semidiurnal or mixed
(two highs and two lows per day). The prevailing tide is
reported for each estuary. In general, lides along the
east and west coasts are semidiurnal and those along
the Guif of Mexico are diurnal or semidiurnal. A tidal
penod coresponds to the ime between successive
passes of the moon over any point on the earth. The
tirme of tidal period is either 12 hours and 25 minutes
{semidiurnal), or 24 hours and 50 minutes (diurnal). The
tidal range calculated for each esluary is the difference
in water level between mean high water (MHW) and
mean low water (MLW) for semidiurnal and diurnal
tides. Tidal ranges were oblained from NOS lidal
obsarvation stations,

Tidal Prism The tidal prism is the volume of water
entering a coastal system during flood tide, Data for
each estuary were obtained from NOS mean tidal range
information and nautical charts. Twdal prisms were
calculated using the cubature method (Jarrett, 1976).
The cubature method takes into account the time
required for a flood wave to propagate through the
syslem, rather than assuming a uniform and
simultaneous rise and fall of tide over the enlire estuary.

Each estuary was segmented based upon areas
that experience the same phase range. The phase
range is delined as the diflerence in tidal elevation at a
particular location relative o the occurrence of flood

and ebb tide al a tidal reference station, which is usually
located at the mouth of the estuary. The time interval
between tvo succeeding flood and ebb  lides
represents the time during which water flows into the
estuary. The surface water elevation at each tide gage
slation was plotted versus lime for each station on a
common chronological scale, assuming a 12-hour
25-minute period for semidiurnal tide and a 24-hour,
S0-minute period for a diurnal tide. From this curve, the
high and low water elevations for each tide gage were
determined. The difference between thess Itwo
elevations for a specific station représents its phase
range.

After determining the phase range for each station,
the estuary was segmented into subareas of
approximately the same phase range. The mean
surface area of each subarea was measured with a
planimeter. The tidal prism for each subarea was then
computed by multiplying the mid-tide water surface
area lor each subarea by the average phase range
corresponding to that segment. The sum of the tidal
prisms for each subarea is the average tdal prism
volume for the estuary. The tidal prism, which does nol
represent seasonal anomalies, was calculated for each
astuary.

Land Use

Land use within an estuaringe drainage basin
indicates the overall extent to which human activities
may affect the environmental quality of the basin and its
waters. For example, the surace area occupied by
different land use activities affeclts the amount of
stormwater runoff and types of associated poliutants
that eventually drain into estuarine waters. Major
categories of land use include urban and built-up land,
agricultural cropland, range land, and forest lands. A
consistent compilation of estimates for 25 land use
types organized by 92 estuanne drainage bagins, 278
USGS cataloging units, and their associated coastal
counties appear in Volume Il: Land Use Characterisfics.

The primary source of these astimates is the Land
Use Dala Analysis (LUDA) program of the US.
Geological Survey (Fegeas, et al., 1983). This program
compiles data on land use for the entire USA,
developed primarily from LANDSAT satellite imagery
taken from 1973 to 1981. Depending on land use type,
the spatial resolution (the size of an area o which a
specific land use can be assigned) 15 either 10 or 40
acres. For example, urban and built-up land is assigned
by 10-acre areas, while wetlands are assigned by
40-acre areas. In the few areas where LUDA data were
unavailable, other sources from regional, state, local,
and Canadian agencies were used,

The information compiled provides a consistent set
of estimates that can be used to make comprehensive
comparnsons of land use among the Nation's estuarineg
areas. These data, however, are not necessarily the
best available for making detailed “‘tactical”
assessments of land use within individual estuarine
basins because of their spatial resolution. Depending
on the area and the land use categories of interest,
more detailed data may be available from other
sources. For example, the spatial resolution of the U.S.
Fish and Wildlile Service *'Mational Wetiands Inventory™
maps s aboul one acre, compared o 40 acres for
welland areas in LUDA,

IV. Uses and Future Plans

This allas and dala base can be used lo
understand and compare better than ever before the
physical, hydrologic, and land use relationships among
the estuaries of the USA. This is the first time that these
relationships have been defined in a syslemalic and
comprehensive manner for so large a number of
estuanes. Individually, the maps and data tables
provide an easyto-understand overview of each
estuary's characteristics that is useful on its own,
particularly for estuaries that have not been studied in
depth. Collectively, the maps and data tables can be
used for comparative analyses among estuanes. They
can also be used 10 pose queshons and develop
hypotheses for future research efforts for individual
estuaries, logically organized groups of estuaries, or all
estuarnies in the USA.

As the data compiled in this atlas are entered into
the overall National Estuanne Invemory Data Base, and
it becomes possible to use any of a number of
computer-assisted analytical tools, considerably greater
flexibility and complexity will be possible in the types of
esluarine compansons that can be examined.
However, the relatively simple visual displays of this
allas remain critically important for understanding the
estuaries of the USA and the dala used to describe
them.

The knowledge and information base required to
manage and conserve effectively the Nation's estuarine
resource base remains limited. Consequently, the work
of the Ocean Assessments Division (OAD) toward
developing a capability for conducting strategic
assessments of the Nation's estuaring resources does
not end with completion of this atlas and data base.

On the contrary, completion of this atlas and data
base is only the beginning of a process to organize and
apply the best available information and develop an

operational capability to assess the use and health ol
estuaries of the USA.

Several major OAD efforts are underway
developing additional information that will be added to
the Matenal Estuarine Inventory Data Base, These
include: (1) the Mational Coastal Pollutant Discharge
Inventory (Basta, et al., 1985) which when completed
will include estimates of all point, nonpoint, and rivering
sources of pollutant discharges in the estuarine,
coastal, and oceanic waters of the contiguous USA; (2)
the compilation of dala on classified shelifishing waters
in each of the 92 estuaries; (3) an inventory of ouldoor
maring recreation facilities throughout the USA; and (4)
the organization of information on lving marine
resource distributions in estuaries.

As more information is developed and organized
by estuary, this allas will eventually be revised, with
considerably more information added. Comments on
this allas or questions aboul currert or fulure activities
should be addressed o:

Strategic Assessment Branch

Ocean Assessments Division

Office of Oceanography and Marine Assessment
National Ocean Service

National Oceanic and Atmospheric Administration
11400 Rockville Pike

Rockville, Maryland 20852



Figure 1.
The National Estuarine Inventory
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The Mortheast region extends from Maine through
Virginia. Twenty-cight estuaries are portrayed here,
representing approximalely 9506 of the tolal estuarine
area in the region. Within the region there are two
unique geomorphological zones. The first extends from
the Canadian border to Cape Cod and is commonly
referred 10 as the Gull of Maine. Estuaries within this
zone were lormed by glaciers that removed the soil
cover leaving a rocky shoreline, and deeply carved,
steep-sided channels through which nvers now run to
the ocean. Although these systems are referred to as
ljords, they lack the typical shallow sill mouths normally
associated with fjords such as those found along the
coastine of British Columbla. Strong tides and basin
geometry in fjords of the Gulf of Maine result in tidal
domination of circulation,

The second zone extends from Cape Cod through
Virginia. The lopography in lhis zone was allected less
directly by glaciers. Rising sea levels, however,
resulting from melting glaciers, drowned the mouths of
ancient rivers extending across the continental shell.
These estuaries are referred 1o as coastal plain
estuaries, and are generally restricted to temperate
latitudes. Volume of water introduced by tidal action is
large compared to river inflow. Tides remain the
dominant factor in estuarine circulation in this part of the
region. Tides throughout the region are semidiurnal and
range on average from about 18 feet in northern Maine
to 10.5 fest in southern Maine, and 2.5 feal in Virginia.

In the northern zone, Ireshwater inflows into
estuaries generally carry low sediment loads, because
of the heavy forest cover and rocky soils that dominate
coastal drainage areas. Sediment loads 1o estuaries
increase moving south as the coastal plain widens and
agricuttural activity increases. Long-term precipitation,
approximately 40 to 44 inches per year, increases only
glightly from north to south. Freshwater inflows tend to
correlate with variations in winter runoff, High-flow
periods in the northern portion of the region occur from
March through May, while highflow periods in the
central and southern portions of the region occur
slightly earher, Low-fiow perods throughout the region
are July through September. MNortheas! estuaries

account for aboul 65% of freshwater discharge to
coastal waters along the East Coast.

As a group, estuaries in the Northeast are the most
intensively studied in the Nation. This is to a large extant
due 1o the research programs conducted by the many
universites and colleges in the area. Consequently,
Mortheast data are generally the most reliable and
accurate in this atlas, For example, relatively reliable
eslimates can be made for freshwater inpuls due to the
extensve monitoring stations maintained by the United
States Geological Survey and various state agencies.
Information on salinity, stralification, and tides was also
locally availatie,

Northeast
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National Estuarine Atlas

PHYSICAL AND HYDROLOGIC CHARACTERISTICS
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National Estuarine Atlas
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reprasents portion of Estuaring Drainage Area boundary not coinciding with U.S.
Geological Survey cataloging unit boundary. NA: Fluvial Drainage Area equals
Estuaring Drainage Area.

References:
Fontaine, 1978, Fontaine, 1982, Larsen and Doggett, 1976. Maorrill, 1975, Morrill, et
al., 1882. Parker, 1878, U5, Department of Commerce, 1983a.
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National Estuarine Atlas

PHYSICAL AND HYDROLOGIC CHARACTERISTICS
PHYSICAL FRESHWATER INFLOW TIDAL DATA
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represents porion of Estuarine Drainage Area boundary not coinciding with LS,
Geological Survey cataloging unit boundary. MA: Fluvial Drainage Area equals
Estuarine Drainage Area

Relerences:
Fontaine, 1978. Fontaine, 1982. Larsen and Doggett, 1976, Morrill, 1975, Morrill, et
al., 1982, Parker, 1978, U.5. Department of Commerce, 1983a.
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National Estuarine Atlas

PHYSICAL AND HYDROLOGIC CHARACTERISTICS
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represents portion of Estuarine Drainage Area boundary not coinciding with U.S.
Geological Survey cataloging unit boundary,

References:

Fink, &t al., 1980. Fontaine,

1978. Fontaine, 1881, Fontaine, 1882, Haelner, 1967

Hatch, 1871, Marrill, 1975. Morrill et al., 1982. Muirhead and Wartha, 1971. Parker,
1978. U.S. Deparimant of Commerce, 1983a.
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National Estuarine Atlas
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Approximately 50% of Estuarine Drainage Area is shown on map. Drainage Divide
represents portion of Estuarine Drainage Area boundary not coinciding with U.S.
Geological Survey cataloging unit boundary. NA: Fluvial Drainage Area equals
Estwarine Drainage Area

References:
Farrell, 1970. Fontaine, 1878, Fontaine, 1982. Morrill, 1975. Marrill, et al.

, 1882,
Parker, 1978. U.S. Depariment of Commerce, 1983a.
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Geological Survey cataloging unit boundary. WA: Fluvial Drainage Area egquals
Estuaring Drainage Area. Flows are calculated from published regression equations.

References:
Fontaine, 1878, Fontaine, 1882. Larsen and Dogget, 1976, Morrill, 1875, Morrill, et
al,, 1882. Parker, 1978. U.5. Depariment of Commerce, 1983a.
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Geological Survey cataloging unit boundary.

Relerances:

Fontaine, 1978. Fontaine, 1879. Fontaine, 1980, Fomaine, 1882, Larsen, 1975,
Larsen and Doggett, 1976. McAlice, 1977. Morrill, 1875, Morrill, et al., 1882, Parker,
1678, Stickney, 1859, U.5. Department of Commerce, 1983a.
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PHYSICAL AND HYDROLOGIC CHARACTERISTICS
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1882, Parker, 1978. U.S. Department of Commerce, 1883a.
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References:
Fortaine, 1978, Fontaine, 1882, Morrill, 1875, Morrill, et al., 1982, Parker, 1978.
Silver and Brown, 1975. U.5. Dapartment of Commearce, 1983a.
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PHYSICAL AND HYDROLOGIC CHARACTERISTICS
PHYSICAL FRESHWATER INFLOW TIDAL DATA
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PHYSICAL AND HYDROLOGIC CHARACTERISTICS
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PHYSICAL AND HYDROLOGIC CHARACTERISTICS
PHYSICAL FRESHWATER INFLOW TIDAL DATA
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PHYSICAL AND HYDROLOGIC CHARACTERISTICS
PHYSICAL FRESHWATER INFLOW TIDAL DATA
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1883, U.S. Department of Commerce, 1982. .S, Department of Commerce, 1883a.
Voylik, et al., 1982, Wang, 1978, Wang, 1883, Yarbro, 1983
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National Estuarine Atlas

PHYSICAL AND HYDROLOGIC CHARACTERISTICS
PHYSICAL FRESHWATER INFLOW TIDAL DATA
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Notes:
One hundred percent of Estuarine Drainage Area is shown on map.

References:
Ambrose and Roesch, 1982, Blumbarg, 1977, Miller, 1978, U.5. Department of
Commarce, 1883a
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PHYSICAL AND HYDROLOGIC CHARACTERISTICS
PHYSICAL FRESHWATER INFLOW TIDAL DATA
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Approximately 80% of Estuaring Drainage Area is shown on map.

References:
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1983a.
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PHYSICAL AND HYDROLOGIC CHARACTERISTICS
PHYSICAL FRESHWATER INFLOW TIDAL DATA
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Approximately 45% of Estuarine Drainage Area is shown on map. NA: Fluvial
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References:
Miller, 1978, Prugh, 1983, U_S. Depariment of Commarce, 1983a.

Lozoamhs
xﬁ‘(\.fb‘
X 6';1{

7+, 02080206
N -

i/

/o,r

b

/
ra-(’(:f

G |

iy,

AN

L

4
¢

S

o

';4 (i / - /
-2030107 AP
\s ) Ly
¢,02080102
(O
OE - 1
&£

6\.
@\\
e DO,
A
£
[ . %E
o Ll A’ 5
; _-\..-J o

P
-rpncuasam
’.-f
RN

02080108 N

NEWPORT HAMPTON

scabe 500,000 USGSE Accounsirg Linas o 1 Fistians! Water Dana Ne-
work, TOTH. scale 1.7 500,000, NOAAMOS Mercal Cran, No 122058,
Jund 1884, sCak 140 000

\[ﬂ EW
37° . hY
\\
02080208
Ilzbww:
U8 Geolagest Survey, it of Vingewa, Hyonsogic Und Mag, 1974, 0 B 16 24 MILES

T e ...

0 10 20 30 40 KILOMETERS

York River
VA

Virginia

Tide Gage

@ | Flow Gage

A | Head of Tide

Estuarine Drainage Area (EDA)

. Tidal Fresh Zone

Mixing Zona

[D] Seawater Zone

E Hydrologic Cataloging Unit Boundary

= =1 County Boundary

Salinity Zone Boundary - Low Variability

[AX3Y Salinity Zone Boundary - Moderate Variability

m Salinity Zone Boundary - High Variability

P Stralegic Assessment Branch
Oesan Assetemants Divigion
mﬂrh\llmw Marine Assessmend
= Mational Ocsan FNOAA

1.23¢c



1 National Estuarine Atlas

 dl

| S

]

-

L d Kk

k4

L 4

kd

= oy =
e
i 5 )020301 06 |
PHYSICAL AND HYDROLOGIC CHARACTERISTICS LA
PHYSICAL FRESHWATER INFLOW TIDAL DATA
~ Buriscy Arpss fmi¥) _ Flow Rstes {1000 cta) Privadrg Taak Wu_:
o] ot || e [ oo VIRGI N | A
Estuasing 2ot Long Tarm Phase Rangs of Tids 1)
Tidal Fsh 2 Avwenge Daly e Map Key | Saation Rangs
Mg 2ae o J 176 |J 88 A 2353 25 ;
FR— o F 77 |A 53 B 26T 24
Toul | T T |8 87 ] wTe | 23 50 HARLES = b,
e Dimensiona Menswy | A 183 |0 111 o 78 | 11 CiTY - - \
Langth {mi | 008 M 2T [N w8 E a7 [T
"\';_-Iﬂ;]w* | _:.; -._ 4 124 o 2T F 289 Q. L
Minirmgen o3 T-Duyy, 10-Yoar 5a
Macxirmim 1 s Pl |
Avetnge Dapih (L) | ';_n;_m _?_T'furm.é" 3808 \.,\ |
e B L B~ : PRINCE NN
Stewtitication Classitieation Avaeage Annual 0.080 -
W tignPow | W5 |menrowreed | oom | | | ] GEORGE £ Roeag CUSESEAE
AMommLowFiow | MB | Low Flow Pariod D028 | ; BAY
Abboewiitions: Vertically Homogeneous, Y, Modersisly Soratified, M5 Highly Siraiifed, M5 /"_;-
202080108
1 rd
i - FF{"—& h_J“ ’h -
Cross Section o [ s L 1 * HAMPTON
(it F@En high waler) J -~ AN
" o _,?
1 -
A A’ are 'i 1*"/
|—; 12,083 A, (2.3 mi} e "V -"/l
-~ SUSSEX ) | - 5,
l&nI Willoughtyy Bank S \ e ‘Ft
Willoughtyy Spi Did Point Comiud /"' 03010202
73 ’
r
et % [' ;‘/ PORTSMOUTH od Kmmma
= & ¢ / , IR j BEACH
-

Hotes:

Approximately 48% of Estuaring Drainage Area is shown on map.

References:
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Savannah Sound should be listed as

Total of astearing 20068 i 76, not 78

Cataloging unit 01070005 should nol be
included in the ssuarine drainags area

The B-B' cross-section on the map should
ba drewn batween E. Plain Point to Culloden

Point, not Shagwong Point

Tides Stations |, J, K, L are not shown on
map

Average depth should be 23.1, not 27.8 feet

Cataloging units 03010204, 03010201,
03010202 should not be in the estuarine
dranage dnda

Point “A" cross-section should be Maw
Paint, not Man Point

Average depth should be 6.8, not 2.0 feat
Caraloging unit 03080101 boundary line was
excluded, il should not be included in
Cataloging unit 03080201

Thir Caloosahatches River and s aanuaning
drainage area should be included in the
Charione Harbor inset map

Gladsen County should be Gadsen County
Averags depth should ba 11,6, nat 26.8 leet
Avorage depth should ba 14.8, not 21.7 leet

Langth of estuary should ba 412, not §7.2
miles

Average depth should be 7.0, not 36.0 miles
Surface wrea of estuaring zonos should be
Tdad Frosh - 13; Mixing - 481; Seawater - 51;
total 525 square miles

Estuaring drainage area should be 8830, not
230 squire mikis

“Humbolt Gounty® should be “Humboldr™
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