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Environmental Setting of the Morgan Creek Basin,

Maryland, 2002-04

By Tracy Connell Hancock and Michael J. Brayton

Abstract

The Morgan Creek Basin is a 31-square-kilometer
watershed in Kent County, Maryland on the Delmarva
Peninsula. The Delmarva Peninsula covers about
15,500 square kilometers and includes most of the State
of Delaware and parts of Maryland and Virginia east of the
Chesapeake Bay. The Morgan Creek Basin is one of five
sites selected for the study of sources, transport, and fate by
the U.S. Geological Survey (USGS) National Water-Quality
Assessment (NAWQA) Program’s: Agricultural Chemicals:
Sources, Transport and Fate study team (Agricultural Chemi-
cals Team, ACT). A key component of the study is identifying
the natural factors and human influences affecting water
quality in the Morgan Creek Basin.

The Morgan Creek Basin is in the Coastal Plain
Physiographic Province, which is a nearly level seaward-
sloping lowland with areas of moderate topographic relief.
The study area lies within a well-drained upland region with
permeable and porous soils and aquifer sediments. The soils
are well suited to most field crops.

Agriculture is the principal land use in the Morgan Creek
Basin, as well as throughout the entire Delmarva Peninsula.
Most agricultural land is used for row crops such as corn,
soybeans, and small grains, and slightly less land is used for
pasture and hay production involving alfalfa, clover, and vari-
ous perennial grasses. There are several animal operations in
the study area. Farm management practices include fertilizer
and herbicide applications, different tillage practices, addition
of lime, forested riparian buffers, grassed waterways, and sedi-
ment retention ponds. Irrigation in the study area is minimal.

The climate of the Morgan Creek Basin is humid and
subtropical, with an average annual precipitation of
1.12 meters. Overall annual precipitation is evenly distributed
throughout the year, from 76 to 101 millimeters per month;
however, the spring and summer (March — September) tend to
be slightly wetter than the autumn and winter (October —
February). Anomalously high precipitation can occur in

summer/early autumn due to occasional hurricanes and
tropical storms. Thunderstorms can also produce relatively
high localized precipitation over the Morgan Creek Basin
during the summer months.

Mean daily streamflows for Morgan Creek are highly
variable, and somewhat flashy due to the relatively small area
of the basin. The long-term median base flow for Morgan
Creek is 59 percent of total flow, indicating that total stream-
flow is most often dominated by a sustained ground-water
contribution. Surface runoff accounts for the other 41 percent
of the water in total streamflow and dominates during and just
after precipitation events.

The surficial aquifer in the study area consists of
permeable quartz-rich sand and gravel and is underlain by
less permeable marine sand, silt, and clay. The depth to water
table ranges from less than 0.4 meters below land surface in
the floodplain to 12 meters below land surface in upland areas.
Ground water generally flows from uplands toward the
Morgan Creek floodplain at a variety of depths and time
scales. Because the soils and sediments are permeable and
porous, some fraction of chemicals applied to the land surface
tend to move downward to the water table where they are
transported to discharge areas near Morgan Creek.

Introduction

The Morgan Creek Basin is located in Kent County,
Maryland on the Delmarva Peninsula (fig. 1), which covers
about 15,500 km? (square kilometers) and includes most of
the State of Delaware and parts of Maryland and Virginia east
of the Chesapeake Bay. The Morgan Creek Basin is one of five
sites selected for the study of sources, transport, and fate by
the U.S. Geological Survey (USGS) National Water-Quality
Assessment (NAWQA) Program’s: Agricultural Chemicals:
Sources, Transport and Fate study team (Agricultural
Chemicals Team, ACT). The primary goal of the ACT study
is to identify the natural and human factors affecting the
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transport and fate of agricultural chemicals in different
environmental settings nationwide.

The other agricultural basins in the ACT study included
Mustang Creek Basin and the lower Merced River Basin in
central California, Leary Weber Ditch Basin and Sugar Creek
Basin in central Indiana within White River Basin, DR2 Drain
Basin and the Granger Drain Basin in south-central Washing-
ton within the Yakima River Basin, and Maple Creek Basin
in Nebraska. Additionally, two more studies began in 2005
in Iowa and Mississippi. As the studies progress, additional
basins will likely be added. The basins in the studies represent
a range of agricultural settings—with varying crop types and
agricultural practices related to tillage, irrigation, artificial
drainage, and chemical use—as well as a range of landscapes
with different geology, soils, topography, climate, and hydrol-
ogy. Consistent methodology and analysis allow comparisons
among the different basins. This study design leads to an
improved understanding of the many factors that can affect
the movement of water and chemicals in different agricultural
settings. There was an attempt to keep the local study designs
as consistent as possible, but only the study components that
were locally pertinent were included.

Purpose and Scope

To understand the sources, transport, and fate of
agricultural chemicals on a basin level, intensive chemical
sampling was conducted in the Morgan Creek Basin from
2002 through 2004. Samples were collected from each
environmental “compartment” within the basin and specifi-
cally from a single agricultural field along the creek. Environ-
mental compartments sampled included precipitation, unsatu-
rated zone water, surface water, ground water, and riparian
zone seepage water. The report provides a description of major
natural (physiography, geology, soils, climate, and hydrology)
and human components (land and water use, population, and
modifications to the natural hydrology) of the environmental
setting.

Previous Studies

Several previous investigations characterized the sur-
face- and ground-water quality of the Delmarva Peninsula.
In 1986, the USGS NAWQA Program began pilot studies to
assess the quality of the Nation’s surface- and ground-water
resources. A regional ground-water quality assessment of the
Delmarva Peninsula was one of the pilot studies conducted for
the NAWQA Program (Shedlock and others, 1993). The study
focused on the surficial aquifer and used both existing data
and newer data collected from 1988 to 1991 (Hamilton and
others, 1991; Hamilton and others, 1993; Shedlock and others,
1999; Koterba and others, 1993) to characterize ground-water
quality on the Delmarva Peninsula.

Later studies of the Morgan Creek Basin established
an understanding of the effects of hydrogeology on surface-

water quality and the interaction between surface and ground
water on water quality. Bohlke and Denver (1995) evaluated
the history and fate of nitrate contamination of ground water
using age dating, chemical, and isotopic analyses. They docu-
mented the occurrence of denitrification in shallow subsurface
geologic formations, and assessed the effect of denitrified
discharge water on the chemical composition of stream base
flow. The U.S. Environmental Protection Agency developed
analytical and numerical models of ground-water flow and
nitrate transport, and assessed the basin capacity for nitrogen
reduction (Hantush and Cruz, 1999; Hantush and Marino,
2001). Bachman and others (2002) described the hydrogeol-
ogy, ground-water geochemistry, and assessment of nitrogen
yield from base flow in Morgan Creek.

Ator and others (2000; 2003) related previously
collected shallow ground-water-quality data in the Mid-
Atlantic Coastal Plain and newly collected stream-water-
quality data in the study area to surficial hydrogeology. Ator
and others (2005) delineated different hydrogeologic settings
for the Mid-Atlantic Coastal Plain on the basis of geomorphol-
ogy, and the thickness and texture of surficial sediments and
underlying confining beds.

The NAWQA Program conducted a follow-up assess-
ment of water quality, Cycle II, in ground water and streams
on the Delmarva Peninsula from 1999 to 2001 (Denver and
others, 2004). In a similar manner to the pilot study from 1988
to 1991, water quality was assessed at many scales—from local
ground-water flow paths to regional ground-water networks,
and in surface water. In this Cycle II NAWQA study, trends in
water quality were evaluated with respect to changes in
chemical sources, land use, and chemical transport and fate.

Water discharge data have been continuously collected
by the USGS at one fixed streamflow-gaging station in the
Morgan Creek Basin since 1951: USGS Station 01493500,
Morgan Creek near Kennedyville, Maryland. The stream-
flow-gaging station on Morgan Creek is in Hydrologic Unit
02060002. This site consists of a telemetered water-stage
recorder, which provides near real-time data via the Internet
(http://waterdata.usgs.gov/md/nwis/uv?01493500). A concrete
control weir forms a small pool, and a few hundred yards
below this pool, the stream becomes tidal. During unusually
strong storms, when southwesterly winds are sustained, water
can mound on the eastern side of the Chesapeake Bay and be
forced into tributaries. The result is a higher-than-normal high
tide that affects the gage pool with backwater, raising the stage
so0 as to inaccurately reflect the actual discharge. During these
infrequent and short-duration tidal events, stream records can
be estimated by removing tidal effects using downstream
tide-gage data.

Surface-water quality data have been collected in several
previous studies at both the Morgan Creek streamflow-gaging
station (located in the southwest portion of the Morgan Creek
Basin), and other upstream locations (Bohlke and Denver,
1995; Bachman and others, 2002; Ator and others, 2003). As
part of the NAWQA National Trends Monitoring Program, a
continuous in-stream monitor was operated in Morgan Creek
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Figure 1. The Delmarva Peninsula and Morgan Creek Basin, Maryland.
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at the streamflow-gaging station from April 2002 to October
2004, to measure temperature, specific conductance, dissolved
oxygen, and pH.

Denver and others (2004) found that on the Delmarva
Peninsula in 2001, nitrogen concentrations were greater than
3 mg/L (milligrams per liter) in about half of the headwater
streams sampled during base-flow conditions in the spring.

At the same time, in the surficial aquifer, the median nitrate
concentration in 48 ground-water wells was 5.8 mg/L as N
(nitrogen). In well-oxygenated areas of the surficial aquifer,
this concentration increased by an average of 2 mg/L between
1988 and 2001. Concentrations of nitrate were above 10 mg/L
as N, the Federal standard for drinking water (U.S. Environ-
mental Protection Agency, 2002), in about one-third samples
from 29 wells in the part of the aquifer used for domestic
water supply.

Denver and others (2004) also found that phosphorus was
transported to streams and rivers on the peninsula, primarily
with overland runoff during storms. Concentrations of total
phosphorus were typically less than 0.1 mg/L at base flow
in well-drained areas. Phosphorus strongly attaches to soil
particles in well-drained agricultural soils and, as a result,
concentrations of dissolved phosphorus in ground water in the
surficial aquifer rarely exceed 0.1 mg/L in spite of relatively
large phosphorus applications.

Atrazine was one of the most frequently detected
herbicides in streams and surficial ground water throughout
the Delmarva Peninsula (Denver and others, 2004; Ator and
others, 2004) and the Nation (Kolpin and Kalkoff, 1993).
Denver and others (2004) frequently observed metolachlor and
simazine in surficial ground water and streams throughout the
Delmarva Peninsula.

Environmental Setting: Physical
and Cultural Features, Climate, and
Hydrology

The Morgan Creek study area is in central Kent County,
Maryland in the northwest region of the Delmarva Peninsula
(fig. 1). It is situated between the tidal Chester and Sassafras
Rivers, about 15 km (kilometers) northeast of Chestertown,
Maryland. Morgan Creek is a small stream which drains a
31-km?basin and flows directly into the tidal part of the Ches-
ter River. It is surrounded by rural farmland and flows past the
village of Kennedyville. Forested riparian zones border most
areas of the creek and many of its tributaries. Morgan Creek
flows 9.8 km toward the southwest from its source in the upper
northeast portion of the basin to the streamflow-gaging station
(USGS Station 01493500), and a total of 18.8 km from its
source to the confluence with the Chester River (fig. 1).

Physical Features

The Delmarva Peninsula covers about 15,500 km? and
includes most of the State of Delaware and parts of Maryland
and Virginia east of the Chesapeake Bay. The entire peninsula
lies within the Coastal Plain Physiographic Province, which is
locally a broad central upland with flat to gently rolling topog-
raphy, flanked by low plains that slope toward surrounding
water bodies (Denver and others, 2004). The highest elevation
on the Delmarva Peninsula is 151 m (meters) above sea level,
in the northern part (National Elevation Dataset, 1999).

The peninsula is underlain by a series of unconsolidated
deposits of sand, silt, clay, gravel, and seashells. This wedge of
unconsolidated sediments underlying the peninsula thickens to
the south and east. The thickness ranges from virtually zero in
the northern part of the peninsula to more than 2,400 m along
the Atlantic Coast of Maryland. Cushing and others (1973)
divided these deposits into a complex aquifer system consist-
ing of a series of confined aquifers of coarse sediments (sands
and gravels) and associated confining units of finer sediments
(silts and clay).

Several different hydrogeologic settings have been
delineated within the Delmarva Peninsula (fig. 2) at several
different scales by different methods (Shedlock and others,
1993; Bachman and others, 2002; Ator and others, 2000; Ator
and others, 2005). Each hydrogeologic setting has a unique
set of geologic, geomorphology, drainage patterns, soils, and
land-use patterns.

Physiography

The Morgan Creek Basin is characterized by flat and
gently rolling topography (fig. 3) (White, 1982). The major-
ity of the study area is from 18 to 25 m above sea level and
consists of nearly level or undulating land that is dissected in
places by ravines. The study area lies within a well-drained
upland region (fig. 2), which includes permeable soils and
aquifer sediments that are deeply incised by stream valleys
(Hamilton and others, 1991; Shedlock and others 1993). The
valleys are sometimes inundated by water during periods of
heavy rainfall or high tides.

The drainage network for Morgan Creek (fig. 3) includes
a series of tributaries that originate in the central upland
regions of the basin. In general, surface drainage in the study
area is good. Ponds are fairly common in the basin and most
of them were constructed for sediment retention from farm
runoff. Grassed waterways are prevalent and serve to route
water off fields and control eroding sediment during rain
storms (Natural Resources Conservation Service, 2005). Most
of these grassed waterways lead to sediment retention ponds
that are often not lined (Craig McSparron, University of
Maryland, Cooperative Extension, oral commun., 2005).
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Geology

The geology of the Morgan Creek Basin, like that of the
peninsula, includes a series of coarse and finer sediments in
unconfined aquifers and confining units. The regional confin-
ing layer is a low-permeability clay bed in the Severn Forma-
tion (fig. 4). This unit lies more than 50 m below land surface
throughout most of the study area (Bachman and others,
2002). Above this confining layer, there are two lithologically
similar, coarsening upward sequences of marine glauconitic
sands with varying amounts of silts and clays, which dip and
thicken to the southeast. Specifically, these consist of fine-to-
medium quartz sands with abundant (30 to 50 percent) glauco-
nite grains in a silt-clay matrix and are light olive-brown with
dark reddish-brown flecks of glauconite. The lower of these
units is the Paleocene Hornerstown Formation (Bachman and

others, 2002), and above that is the upper Paleocene Aquia
Formation (figs. 4 and 5).

Throughout the study area, the Hornerstown Formation
is generally 16 m thick. The top of this formation ranges from
10 m above sea level in the northwest part of the study area
to more than 20 m below sea level in the southeast part of the
study area. The contact between the Aquia and the Horner-
stown Formations is usually not a distinctive lithologic break
and is commonly identified on gamma logs as the transition
between the silt-clay-rich parts at the bottom of the Aquia and
the sandy top part of the Hornerstown (fig. 4) (Bachman and
others, 2002). The Aquia Formation subcrops within 3 to 5 m
of land surface in a band that strikes southwest to northeast
across the northern edge of the study area, but its exact loca-
tion is poorly known (Bachman and others, 2002). This forma-
tion thickens from 5 to 25 m from northwest to southeast.
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Bachman and others, 2002).
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The upland regions of the Morgan Creek Basin are
capped by a gravelly, coarse sand known as the Pensauken
Formation (figs. 4 and 5), which is thought to be late Mio-
cene to early Pliocene (Owens and Denny, 1979; Owens and
Minard, 1979). The Pensauken Formation is lithologically
similar to the Columbia Formation (Jordan, 1962, 1964) and
some references use these interchangeably. The Pensauken
Formation includes medium-to-coarse sands and gravels with
common cobbles and less common boulders (Bachman and
others, 2002). The sediments are poorly sorted and deeply
weathered; the dominant colors are yellowish-orange, light to
very light brown (tan), and light gray. These sediments were
deposited in a braided-river system that covered most of the
central peninsula. Fluvial erosion during the deposition trun-
cated older sediments resulting in a regional angular uncon-
formity at the base of the Pensauken (Bachman and others,
2002). The Pensauken is typically 6 to 15 m thick in the study
area and the base is between 12 to 15 m above sea level, but is
irregular because of channelization and scouring.

The youngest sediments in the Morgan Creek Basin are
the incised valley fill. These Holocene alluvial sediments were
derived from erosion of the adjacent upland and are domi-
nantly coarse sands with gravels interbedded with some peat
layers and trace amounts of glauconite (Bachman and others,
2002). Although the thickness of this alluvium is inferred
because of limited core data, Bachman and others (2002)

indicate there may be as much as 4 to 6 m in the stream axis
of Morgan Creek. Silty overbank deposits form the modern
floodplain and contain organic matter accumulated from the
riparian forest (Bachman and others, 2002).

Soils

Soils in the Morgan Creek Basin are predominantly
well- to moderately well-drained (fig. 6a) fine silt loams
(fig. 6b) that have some clay (Maryland Department of State
Planning, 1973; White, 1982; U.S. Department of Agriculture,
2005). These soils have formed in the upland regions and in
sloped parts of the study area. Fine loam soils have formed
along the wooded regions near the creek, tributaries, and other
drainages, and in some upland regions in the southeast part of
the study area. Coarse loam soils are typically found in and
near the stream channels.

Soils in the uplands and side-sloped regions of the study
area, including fine silt loams and fine loams (fig. 6b), are
generally 1.5 to 1.9 m deep (including the substratum), fine-
to-medium textured, well-drained (fig. 6a), and have moderate
to low permeability (White, 1982). Available water capacity is
moderate to high. In cultivated areas, the potential for run-
off is medium and the hazard of erosion is mostly moderate,
although in some soils it is slight. The soils are strongly to
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extremely acidic under natural conditions, although most areas
with crop production have been repeatedly treated with lime.
These soils are classified as prime farmland (White, 1982) and
are well suited to most field crops; however, many of the soils
are also well suited for woodland.

Soils in the floodplains are level to nearly level and are
poorly drained (fig. 6a) coarse loams (fig. 6b) (White, 1982).
These soils are generally 1.5 m deep (including substratum)
and have moderate permeability. Available water capacity
is high, and surface runoff is low. These soils are frequently
flooded, especially in winter and early spring, and strongly
acidic throughout the profile. Poor drainage, flooding, and the
narrow shape of the areas makes them generally unsuitable
for most field crops, and well suited to woodland and wetland
habitat.

Cultural Features

The Delmarva Peninsula is mostly a rural setting with
several small cities and towns. Agriculture is the main land use
and most agricultural land is used for row crops such as corn,
soybeans, and small grains. There are also poultry and dairy
operations scattered throughout the peninsula.

Land Use

Because of the fertile, well-drained soils, agricultural
crop production is the main activity in the Morgan Creek
Basin (fig. 7; table 1). A few dairy operations and poultry
houses are scattered throughout the study area. The only
nonrural area within the study area is the village of
Kennedyville (fig. 7) along the northwest edge of the Morgan
Creek Basin. Woodlands and wetlands are predominantly
located in steep valleys along Morgan Creek and its tributaries.

Farm management practices for the 2 years of study
(water years 2003 and 2004) were documented by gathering
information from local farmers, commercial applicators of
farm chemicals, and the University of Maryland, Cooperative
Extension, Kent County Office. This information included
fertilizer and herbicide applications on production crops,
applications of lime, animal operations, different tillage
practices, irrigation, forested riparian buffers, grassed water-
ways, and sediment retention ponds. The information was
subsequently used with public records (Alexander and Smith,
1990; Aspelin and Grube, 1999; Bandel and others, 1990;
Cornell University, 2005a,b; E.I. du Pont de Nemours and
Company, 2005; Gianessi and Puffer, 1991; Information
Ventures, Inc., 1995a,b,c; Poole, 2004; Spectrum Laboratories,

Table 1. Summary of crops and animal operations in the Morgan Creek Basin, 2003-04.

[Information gathered from local farmers, commercial applicators, and the University of Maryland, Cooperative
Extension, Kent County Office (Craig McSparron, University of Maryland, Cooperative Extension, oral commun.,
2005; Michael Bandstra, Horizon Organic Dairy, oral commun., 2004). Bold values represent totals for particular

categories (row crops or animal operations)]

. Area Pe_rcent of Percent of
Activity (hectares) agricultural total watershed

land area
Row Crops 2249.5 80.1 59.1
Corn 1079.0 38.4 28.3
Soybeans 1148.0 40.9 30.2
Small Grains 22.5 0.8 0.6
Pasture, Hay 490.0 17.4 12.9
Nursery, Orchard 56.4 2.0 1.5
Animal Operations 13.3 0.5 0.3
Dairy Operations 8.0 0.3 0.2
Chicken Houses 54 0.2 0.1
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2003; Toth and Stinner, 2005; U.S. Department of Agriculture,
2002; Vance Communication Corporation, 2004), area recon-
naissance, and extrapolation to calculate amounts of herbicides
and fertilizers applied to the basin for each field in the study
area.

Approximately 2,300 hectares of the Morgan Creek
Basin are used for row crops such as corn, soybeans, and small
grains, and approximately 500 hectares are used for pasture
and hay production involving alfalfa, clover, and various
perennial grasses (table 1) (U.S. Department of Agriculture,
2002). Small grains such as wheat, barley, and rye are often
used as cover crops and for silage, grazing, and hay (Poole,
2004). One of the most common crop rotation practices in the
basin involves planting corn in 1 year, then wheat (or other
crops), followed by soybeans. In this area of Kent County,
wheat, barley, or hay is planted in the fall, then soybeans are
planted later in the spring or summer (Poole, 2004).

The majority of row-cropped fields in the Morgan Creek
Basin undergo conservation no-tillage practices. This signifi-

cantly reduces soil erosion and nutrient runoff, and often pro-
duces higher crop yields and more efficient utilization of plant
nutrients (Craig McSparron, University of Maryland, Coop-
erative Extension, oral commun., 2005; Bandel and others,
1990). In no-tillage practices, cover crops are typically used in
the late fall through winter and into early spring to reduce the
growth of weeds and prevent soil erosion. Prior to planting in
the spring, a pre-emergent application of herbicides is often
used as a dessicant to “burn-down” the winter cover crop.
Applications of fertilizer and lime also occur in the spring.
The farm machinery that is often used to sow the spring crop
seeds will disc or knife the soil, turning the winter cover crop
debris into the near-surface soil, so the winter cover crop
debris can be used as “green fertilizer” for the spring crop.
Nitrogen, phosphorus, and potassium are the most
commonly applied fertilizers in the study area (table 2) and the
source of these is commercial inorganic fertilizers and animal
manures (Bandel and others, 1990; Alexander and Smith,
1990; Denver and others, 2004). Potash is commonly used as

Table 2. Summary of fertilizers used, crops treated, application method, area of application, and total elemental mass

applied in the Morgan Creek Basin, 2003-04.

[Information gathered from local farmers, commercial applicators, and the University of Maryland, Cooperative Extension, Kent County Office
and from specific sources (Craig McSparron, University of Maryland, Cooperative Extension, oral commun., 2005; Michael Bandstra, Horizon
Organic Dairy, oral commun., 2004; Alexander and Smith, 1990; Bandel and others, 1990; Toth and Stinner, 2005; Poole, 2004; and U.S.

Department of Agriculture, 2002)]

2003 2004
Fertilizers _and Crops Application Ar?a o_f Total mass Ar?a o_f Total mass
othe_r_sml treated method(s) application (kilograms) application (kilograms)
additives (hectares) (hectares)
mostly corn,
littl>; on pre- and post-
Nitrogen soybeans, :’L‘Ezfzm 3,260 265,000 3,400 226,300
rarely on ..
pastlf]re /hay application
mostly corn,
litt1>; on pre- and post-
Phosphorus soybeans, ;‘Eg‘:’zm 3,160 120,000 3,050 145,000
rarely on L.
pastlfre /hay application
mostly corn,
littl)é on pre- and post-
Potassium soybeans, :’L‘ngzm 3,160 150,200 3,180 166,500
rarely on ..
pastlfre /hay application
mostly corn,
littl)é on pre- and post-
Sulfur soybeans, :’L‘ngzm 2,980 57,300 2,730 52,500
rarely on application

pasture/hay
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a fertilizer because it is a source of soluble potassium. Sulfur
is also commonly applied with commercial inorganic nitrogen
fertilizer mixtures in the form of ammonium sulfate.

Nitrogen fertilizers are applied to nearly all the corn in
the study area. Little nitrogen or other fertilizers are applied
for soybean production; however, depending on results of
field-soil analysis, some fertilizers may be used. Nitrogen
applications in the study area are commonly in the form of
either an ammonium sulfate or a urea-ammonium nitrate
(UAN) solution. These nitrogen forms are applied to field
crops throughout the growing season such as the pre-emergent
herbicide applications, during seeding of the crop, and as a
post-emergent sidedressing to growing crop (Craig McSpar-
ron, University of Maryland, Cooperative Extension, oral
commun., 2005). Most post-emergent sidedressed applications
of nitrogen to corn occur as a 28-35 percent UAN solution
(Bandel and others, 1990). Some dairy waste is applied to
row crops and pasture/hay fields for fertilizer and disposal.
Composted poultry litter is also used for fertilizer, albeit
infrequently in this part of the Delmarva Peninsula (Craig
McSparron, University of Maryland, Cooperative Extension,
oral commun., 2005).

Numerous years of fertilizer applications on the
Delmarva Peninsula have led to increased soil concentrations
of phosphorus that often exceed crop uptake needs (Sprague
and others, 2000). For this reason, phosphorus is not used as
often, or in as high quantities, as nitrogen on the Delmarva
Peninsula (Alexander and Smith, 1990; U.S. Department of
Agriculture, 2002).

A herbicide is a type of pesticide used to kill plants.
Herbicides are the most widely used pesticides in the Morgan
Creek Basin and on the Delmarva Peninsula where they are
used for weed control (Denver and others, 2004). Metolachlor
and simazine are often used in combination with atrazine for
corn production (table 3). Glyphosate and paraquat are the
major herbicides applied to soybeans in the study area
(table 3). Numerous other herbicides are used in the produc-
tion of row crops, pasture, hay, and nursery stock (table 3).
There is no record of fungicide and insecticide use in the study
area for the water years 2003 and 2004.

There are a few dairy operations scattered throughout
the Morgan Creek Basin and fewer poultry houses. The dairy
operations cover a total of 8 hectares of land in the study area
and the poultry houses cover a total of 5.4 hectares (table 1).
Most dairy operations implement agricultural management
practices such as stream fencing to keep cattle out of the creek,
open grazing in pastures, and spraying of liquid lagoon waste
and disposal of solid waste on fields for fertilization of forage
and silage crops. There is at least one location on Morgan
Creek where cattle cross the stream. Most dairy operations
have approximately 100 adult females and varying numbers of
calves. Only half of the waste lagoons in the study are
lined and most are emptied twice a year (Craig McSparron,
University of Maryland, Cooperative Extension, oral
commun., 2005).

There is a large commercial organic dairy operation in
the Morgan Creek Basin, which consists of a primary farm of
72 hectares located along the southwest edge of the basin. As
of 2002, the primary farm had over 600 adult female cows,
several waste lagoons, and 49 hectares in various rotations
of corn, perennial rye grass, clover, and alfalfa. The organic
dairy operation also uses another property in the basin. Of
the 89 hectares on this second property, 65 hectares are used
for alfalfa and 18.2 hectares are used for pasture. As of 2002,
approximately 75-100 calves were raised on this smaller
property (Michael Bandstra, Horizon Organic Dairy, oral
commun., 2004).

The organic dairy employs the practice of no-tillage,
unless weed problems are encountered, in which case
conventional tillage is used. There is some spraying of liquid
waste on the primary farm fields. During periods of heavy
precipitation, lagoons on the main farm may overflow and run
overland into Morgan Creek. Solid waste is disposed of on the
smaller organic dairy property and at a local nursery. At the
nursery, the solid waste is combined with unsold trees to
create compost, which is used in the production of nursery
stock (Michael Bandstra, Horizon Organic Dairy, oral
commun., 2004).

Less than 2 percent of the Morgan Creek Basin contains
nursery crops (table 1); however, 30 percent of an adjacent
basin is used for cultivation of plant nursery stock (Bachman
and others, 2002). This nursery, located in the northern part of
the Morgan Creek Basin and adjacent basin, most commonly
grows a variety of ornamentals including premium
Root Pruned Holly, Juniper, Arborvitae, Taxus, and Flower
Carpet Roses (James Kohl, Angelica Nursery, oral commun.,
2004).

Population

In 2000, about 1.1 million people lived on the Delmarva
Peninsula; the population is increasing in the urban area
around Wilmington, Delaware and near vacation resorts along
the Atlantic coastline (fig. 1) (U.S. Bureau of Census, 2004).
In general, there are at least 327 people per km? throughout the
study area, except in the village of Kennedyville, where there
are over 327 people per km? (fig. 8). The population in Kent
County, Maryland, increased approximately 10 percent from
1990-2004 to 19,600 (U.S. Bureau of Census, 2004).

Climate

The climate of the Morgan Creek Basin is humid and
subtropical, with an average annual precipitation of 1.12 m.
The mean temperature in January, the coldest month, is 0.6 °C
(degrees Celsius), and mean temperature in July, the warmest
month, is 25.2 °C (National Weather Service, 2004).

Monthly mean high and low temperatures were
generally lower than the long-term average for the first
6 months of 2003, and similar or greater than the long-term
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average for the second half of 2003 and all of 2004 (fig. 9).
The only exception was in January 2004, when temperatures
were much colder than the long-term average. Extreme
temperatures for the study period were marked by a high of
36.7 °C on July 5, 2004, and a low of minus 15 °C on
January 10, 2004.

At the National Weather Service monitoring station at
Chestertown, Maryland, located 8.3 km from the Morgan
Creek streamflow-gage, mean annual precipitation was
112 cm (centimeters) for the period 1975-2004. Precipitation
during 2003, 162 cm, was much greater than the long-term
average, and precipitation during 2004, 100 cm, was slightly
less than the long-term average (fig. 10). On average, annual
precipitation is evenly distributed throughout the year, from
7.3 to 11.1 cm per month (fig. 11); however, the spring and
summer period (March — September) tends to be slightly
wetter than the autumn and winter period (October —
February). Anomalously high precipitation can occur in late
summer/early autumn due to occasional hurricanes and
tropical storms. Thunderstorms can also produce relatively
high localized precipitation during the summer months.

Monthly precipitation during 2003, a relatively wet year,
was above normal for all months except January and April.
February, June, and September had nearly twice the normal
precipitation (fig.11). In 2004, which was drier than normal,

precipitation for most months was near or below normal,
except for April and November (fig.11). In water year 2003,
there were more frequent storms than in water year 2004.

Hydrology

The hydrology of the Morgan Creek Basin can be
described by partitioning the annual mean precipitation of
112 cm into a basic water budget.

PPT = SW + GW+ ET,
where

PPT is annual precipitation, 112 cm
SW is streamflow loss = 28 percent, 31.4 cm
GW is ground-water loss to adjacent basins =
2 percent, 2.2 cm
ET is evapotranspiration loss = 70 percent,
78.4 cm

Evapotranspiration is predominant during the growing
season from April through September, whereas simple evapo-
ration is more likely to occur from October through March.
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An estimate for recharge to ground water is 18 cm; while
runoff contribution to streamflow is 15.5 cm.

Natural hydrologic processes dominate water movement
in the basin; however, there are some non-natural modifica-
tions that affect streamflow conditions and water quality.
These features include grassed waterways that direct overland
runoff, and small (less than 0.04 hectares) sediment retention
ponds, which are common on many farms. There are limited
ground-water withdrawals for both agricultural and municipal
uses, as well as some permitted surface discharges to Morgan
Creek.

Surface Water

Water discharge data were continuously collected by the
USGS at one fixed streamflow-gaging station in the Morgan
Creek Basin: USGS Station 01493500, Morgan Creek near
Kennedyville, Maryland (fig. 12). The streamflow-gaging
station on Morgan Creek is in Hydrologic Unit 02060002.

Mean annual discharges for water years 2003 (0.52 m?/s
[cubic meter per second]) and 2004 (0.45 m?/s) were both
greater than 0.31 m?/s, the long-term mean annual discharge
for Morgan Creek (fig. 13). Interannual variation in discharge
is fairly common. Mean annual discharge for water year 2003,

Environmental Setting of the Morgan Creek Basin, Maryland, 2002-04

for example, was almost three times greater than for water
year 2002 (0.19 m¥/s), which was a drought year. Seven of the
last 10 water years have been near or greater than the long-
term mean annual discharge, indicating a relatively wet period
of time.

Mean monthly discharges for water year 2003 were
greater than the long-term mean monthly discharges for all
months except October and January (fig 14). In water year
2004, mean monthly discharges were again equal to or greater
than normal for all months, except January, March, and
August (fig 14).

Mean daily discharges (logarithmic scale), plotted with
mean monthly discharges, show the relative frequency and
duration of storm events, and the general pattern of other flow
variations within each month. Mean daily discharge for Mor-
gan Creek can be highly variable, and somewhat flashy due to
the relatively small area of the basin. A successive sequence
of storms (rainfall events) is capable of sustaining high mean
daily discharges. In water year 2003, there were more frequent
storms than in water year 2004; however, some of the storms
in water year 2004 were much larger (more intense and(or)
with greater total rainfall amounts) than those in water year
2003. Frequent rainfall events tend to maintain saturated
conditions in near-surface soils, resulting in sustained greater
than average streamflow.
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Figure 13. Long-term annual discharge at the Morgan Creek streamflow-gaging station, water years

1952-2004 (from U.S. Geological Survey, 1952-2004).
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Figure 14. Mean daily discharge and mean monthly discharge at the Morgan Creek streamflow-gaging station,

water years 2003 and 2004.

Daily mean streamflow characteristics for the Morgan
Creek Basin are summarized for water years 1952-2004
(fig. 15). Flow duration computations show the relative percent
of time that the daily mean streamflow exceeded the discharge
value shown. Low flows are discharges less than 0.09 m%/s
(90-percent exceedance), and high flows are discharges greater
than 0.85 m?/s (5-percent exceedance).

Using steamflow-component separation techniques
(HYSEP, local minimum method, Sloto and Crouse, 1996) for
water years 1952-2004, the long-term median base flow for
Morgan Creek was calculated to be 59 percent of total flow.
This indicates that total streamflow is most often dominated by
sustained ground-water contribution. Surface runoff accounts
for the other 41 percent of total streamflow and dominates
during and just after precipitation events. Streamflow separa-
tion calculations support the estimates of runoff and recharge
in the total water budget.

Wetlands constitute less than 5 percent of the Morgan
Creek Basin and occupy low-lying and relatively flat areas,

mostly the floodplain and main channel of Morgan Creek and
its tributaries (fig. 7). Many wetland areas are also forested
and the combined forest and wetland land use is close to

9 percent of the total study area. Because soils in the wetlands
are frequently flooded, especially in winter and early spring,
and poorly drained, these areas are generally unsuitable for
most field crops. The high organic content of these soils
creates favorable conditions for denitrification; however, other
forms of microbial and chemical degradation of agricultural
chemicals may occur as surface water flows through the
forested wetlands during and after rainfall, and as ground
water discharges in and near these areas (Bohlke and Denver,
1995; Bachman and others, 2002).

Ponds are fairly common in the Morgan Creek Basin and
most were constructed for sediment retention on farm fields.
Secondary use of these ponds is for hunting and recreation.
As of 2002, there are 30 known retention ponds, ranging in
size from 0.2 to 4.9 hectares. In sum, these ponds cover an
estimated surface area of 36.8 hectares, or 1.1 percent of
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Figure 15. Summary of daily mean streamflow characteristics at Morgan Creek streamflow-gaging
station, water years 1952-2004 showing percent of time that daily mean streamflow was greater than
or equal to the discharge value shown, in cubic meters per second.

the total basin land area. Most ponds were constructed with
design assistance from the Natural Resources Conservation
Service (2005). Although the actual surface area of the ponds
is relatively small, the total contributing areas to these ponds
is considerable. These farm field ponds may increase potential
evaporation, and can also serve as areas of focused recharge if
unlined.

The formation of natural ponds in uplands is inhibited
by the presence of well-drained soils; however, some transi-
tory ponds form in the main stem of Morgan Creek and some
tributaries. These ponds are created by the buildup of channel
debris, or more likely, from beaver activity, and may persist
for weeks or even years in extreme cases. Ponds formed
in the mainstem channel affect streamflow by delaying the
movement of water downstream. Aside from effective use in
sediment retention, ponds tend to slow down the traveltime of
water in the basin, which allows for settling of other particu-
late matter and greater time for nutrient uptake by vegetation.

Ground Water

In the Morgan Creek Basin, the surficial aquifer consists
of permeable quartz sand and gravel of the Pensauken
Formation and fine-to-medium quartz sands and glauconite
in a silt-clay matrix of the upper part of the Aquia Formation

(fig. 5). The depth of the surficial aquifer ranges from 15 m
above sea level at the northern edge of the study area to near
sea level at the southern edge (fig. 4) (Bachman and others,
2002). Depth to the water table ranges from less than 0.4 m
below surface in the floodplain to 12 m below land surface in
upland areas (Bachman and others, 2002). Ground water flows
generally from uplands toward the Morgan Creek floodplain
at a variety of depths and time scales (Bachman and others,
2002). In the upper reaches of the basin where the floodplain
is narrow and floodplain sediments are thinner, direct
discharge of ground water to the stream is possible. In the
lower reaches of the basin, where the floodplain is wider,
direct contribution of ground water to the stream is more
limited, and perennial seeps along the fringes of the broad
floodplain are a major source of ground-water discharge.
There is a wide range of ages and sources of ground
water discharging to the Morgan Creek floodplain. Along the
fringes of the floodplain, recently recharged water less than
5 years old is common. Toward the middle of the floodplain,
closer to the stream channel, ground waters traveling along
longer and deeper flow paths are encountered, ranging in age
from 10 to more than 30 years old, based on recent age-date
sampling (Bachman and others, 2002). For the entire Morgan
Creek Basin, there is regional ground-water loss via the deep-
est flow paths in a southeasterly direction toward an adjacent



basin, consistent with the overall dip and strike orientation of
subsurface geologic units (Leon Kauffman, USGS, oral
commun., 2005).

Floods and Droughts

Hydrologic conditions such as floods and droughts can
be inferred, in part, from examining streamflow records.
Morgan Creek has sustained flows typically ranging from 0.13
to 0.27 m¥/s. In the context of streamflow, a storm event for
Morgan Creek is considered a discharge greater than 0.48 m?¥/s
(10-percent exceedance), and is typically generated by
15-25 mm (millimeters) of rainfall within a 24-hour period.
On occasion, precipitation of great intensity and(or) long
duration (large storm event) will create flooding conditions.
Because Morgan Creek Basin is relatively small, large storm
events can inflate the overall monthly, or even yearly mean
discharges. This occurred during February 2004, when one
storm event raised the overall mean monthly total to more than
twice the long-term average (fig. 14).

High flows, greater than 0.85 m*/s (5-percent
exceedence), are almost always attributed to storms and will
visibly transport sediment. Direct field observation of stream-
flows greater than 2.8 m*/s (1-percent exceedance) showed
inundation of parts of the floodplain. Flooding events, defined
for Morgan Creek as discharges exceeding 2.8 m%/s, were
more common in water year 2003 (8 separate days), than in
water year 2004 (3 separate days). The greatest instantaneous
discharge ever measured at Morgan Creek was 317 m?/s during
Hurricane Floyd, on September 16, 1999 (gage height, 4.6 m).
Most examples of extreme flooding are related to hurricanes
passing near the area.

Low streamflows are considered to be discharges less
than 0.07 m*/s (95-percent exceedance). During the study
period, low-flow conditions existed only during early October
of water year 2003, a remnant of drought conditions during
the summer of 2002. During the remainder of the study period,
discharges never dropped below 0.14 m?/s (fig. 13). The small-
est instantaneous discharge ever recorded for the period of
record at the streamflow-measurement gage was 0.017 m*/s on
August 28-29, 1966, during the drought of 1966. A drought is
difficult to define solely based on low streamflow; however, as
it also requires measurement of soil moisture, and measured
lack of precipitation.

Water Use

Both surface- and ground-water uses are permitted in
the Morgan Creek Basin by the Maryland Department of the
Environment. Because of the relatively high yielding aquifers,
water quantity is plentiful. Ground-water quality is depen-
dent on specific location. Regionally, water quality is highly
affected by past and present agricultural land use (Denver and
others, 2004).

Summary 23

Within Kent County, permitted ground-water withdrawals
range from 0.38 to 30 cubic meters per day (m*/d) for small
users and 30 to 2,700 m?/d for large users (U.S. Geological
Survey, 1985). Small-scale uses include livestock watering,
seasonal pond filling, and irrigation of lawns, gardens, and
recreation fields. There are also limited withdrawals for
drinking water for small businesses and restaurants. Large-
scale ground-water uses include farm irrigation, livestock
watering and sanitation, and the Kent County Sanitary District
at Kennedyville.

Surface-water withdrawals are limited, and primarily
used for farm irrigation. Most agricultural operations in the
study area rely on natural rainfall. There is center pivot
irrigation in some areas of the study area where there are well-
drained soils (University of Maryland, 2005). There are no
known or permitted surface-water withdrawals that are
used for drinking water.

The Kent County Sanitary District is permitted to
discharge treated wastewater to Morgan Creek from its
Kennedyville road facility. Most water withdrawn is either
recharged back to ground water or is lost to evapotrans-
piration; very little water leaves the basin through interbasin
transfer (Leon Kauffman, USGS, oral commun., 2005).

Summary

The Morgan Creek Basin is one of five sites selected
for the study of sources, transport, and fate of agricultural
chemicals by the Agricultural Chemicals Team as part of the
U.S. Geological Survey’s National Water-Quality Assess-
ment Program. This basin is in Kent County, Maryland, in the
northeast region of the Delmarva Peninsula. Morgan Creek is a
small stream that drains a 31-square-kilometer basin and flows
directly into the tidal portion of the Chester River. It is
surrounded by farmland and bordered by wooded riparian
zones. There are no large towns in the basin.

Morgan Creek Basin lies within the Coastal Plain
Physiographic Province, which is a generally flat, seaward-
sloping lowland with areas of moderate topographic relief.
The basin lies within a well-drained upland region, which
includes permeable soils and sediments that are incised by
stream valleys. This region contains a mixed sequence of
unconsolidated deposits of sand, silt, clay, gravel, and shells.

Soil types in the Morgan Creek Basin are predominantly
silt loams that have some clay, but have a higher proportion
of silts and sands. These are often found in the upland regions
and in sloped areas away from drainages. Over half of the soils
in the study area are classified as well drained and moderately
well drained. Available water capacity is moderate to high.

In cultivated areas, the potential for surface-water runoff is
medium and the hazard for soil erosion is mostly moderate.
The soil is strongly to extremely acidic in areas where limed
is added. These soils are classified as prime farmland and are
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well suited to most crops, including row crops, pasture, hay,
and specialty crops such as nursery stock.

Agriculture is the main land use in the study area. Most
agricultural land is used for row crops such as corn, soybeans,
and small grains, and, slightly less is used used for pasture
and hay production involving alfalfa, clover, and various
perennial grasses. Conservation no-tillage practices are com-
monly employed in the row cropping of corn and soybeans.
The major growth enhancer used is nitrogen. The majority of
nitrogen applied comes from inorganic ammonium sulfate and
urea-ammonium nitrate applications; however, some liquid
dairy and solid poultry waste is used on a few fields. Glypho-
sate and paraquat are the major chemical herbicides used in
soybean production and atrazine and metolachlor are the major
chemicals used in corn production. Insecticides are rarely used
in the study area. Irrigation is minimal.

The Morgan Creek Basin exhibits moderate temperatures
ranging from a mean of 25.2 degrees Celsius in July to a mean
of 0.67 degrees Celsius in January. The mean annual precipita-
tion is 1.12 meters. Generally, precipitation is evenly distrib-
uted throughout the year, with total amounts in spring and
summer slightly exceeding that of fall and winter. Evapotrans-
piration plays a large role in the water budget. In the study
area, an annual average of 78.4 centimeters of moisture moves
into the atmosphere as a result of evaporation and transpira-
tion, and this occurs predominantly during the growing season
from April to September.

A streamflow-gaging station on Morgan Creek was used
to measure discharge in the study area—Morgan Creek near
Kennedyville, Maryland (Station number 01493500). Mean
daily streamflows for Morgan Creek are highly variable, and
somewhat flashy due to the relatively small area of the basin.
Frequent storm events that maintain saturated conditions in
the basin help to sustain greater than average streamflow. The
long-term median base flow for Morgan Creek is 59 percent
of total flow, indicating that total streamflow is most often
dominated by sustained ground-water contribution. Surface
runoff accounts for the other 41 percent of total streamflow
and dominates during and just after precipitation events.

Ponds are fairly common in the Morgan Creek Basin, and
most were constructed for sediment retention on farms. Some
transitory ponds form in the main stem of Morgan Creek and
some tributaries. These ponds are created by the buildup of
channel debris, or more likely, from beaver activity, and may
persist for weeks or even years in extreme cases. Aside from
effective use in sediment retention, ponds tend to slow down
the travel time of water in the basin, which allows for settling
of other particulate matter and greater time for nutrient uptake
by vegetation.

The surficial aquifer in the study area consists of
permeable quartz sand and gravel and is underlain by less
permeable silt and clay. Depth to the water table ranges from
less than 0.4 meters below land surface in the floodplain to 12
meters below land surface in upland areas. Ground water gen-

erally flows from uplands toward the Morgan Creek floodplain
at a variety of depths and time scales. In the upper reaches of
the basin where the floodplain is narrow and

floodplain sediments are thinner, direct discharge of ground
water to the stream is possible. In the lower reaches of the
basin, where the floodplain is wider, direct contribution of
ground water to the stream is more limited, and a major source
of ground-water discharge is perennial seeps along the fringes
of the broad floodplain.

Flooding in the Morgan Creek Basin occurs occasionally
when precipitation is of great intensity and(or) long duration.
High flows are almost always attributed to storms and storm-
flows will infrequently inundate parts of the floodplain. The
greatest instantaneous discharge ever measured at Morgan
Creek was 317 cubic meters per second during Hurricane
Floyd, on September 16, 1999. Most examples of extreme
flooding are related to hurricanes passing near the area.
During the study period, low-flow conditions existed only
during early October of water year 2003, a remnant of drought
conditions during the summer of 2002. The smallest discharge
ever recorded for the gage period of record (1951 to 2004) was
0.017 cubic meters per second on August 28-29, 1966, during
the drought of 1966.

Both surface- and ground-water use is permitted in the
Morgan Creek Basin by the Maryland Department of the
Environment. Within Kent County, permitted ground-water
withdrawals range from 0.38 to 30 cubic meters per day for
small users and 30 to 2,678 cubic meters per day for large
users. Small-scale uses include livestock watering, seasonal
pond filling, and irrigation of lawns, gardens, and ball fields.
There are also limited withdrawals for drinking water for
small businesses and restaurants. Large-scale ground-water
uses include farm irrigation, livestock watering, and sanita-
tion. Surface-water withdrawals are limited, and used for farm
irrigation. There are no known or permitted surface-water
withdrawals for use as drinking water.

References Cited

Alexander, R.B., and Smith, R.A., 1990, County-level
estimates of nitrogen and phosphorus use in the United
States, 1945 to 1985: U.S. Geological Survey Open-File
Report 90-130, 12 p., accessed February 22, 2005, at
http://pubs.usgs.gov/of/1990/0fr90130/

Aspelin, A.L., and Grube, A.H., 1999, Pesticides industry
sales and usage -1996 and 1997 market estimates: U.S.
Environmental Protection Agency, Office of Prevention,
Pesticides, and Toxic Substances, 733-R-99-001, 39 p.



Ator, S.W., Denver, J.M., and Brayton, M.J., 2004, Hydrologic
and geochemical controls on pesticide and nutrient transport
to two small streams on the Delmarva Peninsula: U.S.
Geological Survey Scientific Investigations Report
2004-5051, 34 p.

Ator, S.W., Denver, J.M., Hancock, and T.C. 2000, Relating
shallow ground-water quality to surficial hydrogeology in
the Mid-Atlantic Coastal Plain in National Water Quality
Monitoring Conference Proceedings, April 25-27, 2000,
Austin, Texas, p. 409-423.

Ator, S.W., Denver, J.M., Krantz, D.E., Newell, W.L., and
Martucci, S.K., 2005, A surficial hydrogeologic framework
for the Mid-Atlantic Coastal Plain: U.S. Geological Survey
Professional Paper 1680, 44 p., 4 pls.

Ator, S.W., Olson, A.R., Pitchford, A.M., and Denver, J.M.,
2003, Application of a multipurpose unequal probability
stream survey in the Mid-Atlantic Coastal Plain: Journal of
the American Water Resources Association, v. 15, no. 4,

p. 873-885.

Bachman, L.J., Krantz, D.E., and Bohlke, J.K., 2002,
Hydrogeologic framework, ground-water geochemistry, and
assessment of nitrogen yield from base flow in two agri-
cultural watersheds, Kent County, Maryland: U.S. Environ-
mental Protection Agency Report EPA/600/R-02/008, 79 p.

Bandel, V.A., Kunishi, H.M., Meisinger, J.J., and Mulford, R.,
1990, No-till corn production: Achieving maximum nutri-
ent efficiency: University of Maryland Fact Sheet FS-514,
accessed July 7, 2005, at http://www.agnr.umd.edu/MCE/
Publications/Publication.cfm?ID=259

Bohlke, J.K., and Denver, J.M., 1995, Combined use of
groundwater dating, chemical, and isotopic analyses to
resolve the history and fate of nitrate contamination in two
agricultural watersheds, Atlantic Coastal Plain, Maryland:
Water Resources Research, v. 31, no. 9, p. 2,319-2,339.

Cornell University, 2005a, The pesticide management educa-
tion program, Extoxnet, Extension Toxicology Network,
Atrazine, Cornell University, accessed March 14, 2005, at
http://pmep.cce.cornell.edu/profiles/extoxnet/24d-captan/
atrazine-ext.html

Cornell University, 2005b, The pesticide management educa-
tion program, Extoxnet, Extension Toxicology Network,
Paraquat, Cornell University, accessed March 14, 2005, at
http://pmep.cce.cornell.edu/profiles/herb-growthreg/naa-
rimsulfuron/paraquat/herb-prof-paraquat.html

Cushing, E.M., Kantrowitz, [.H., and Taylor, K.R., 1973,
Water resources of the Delmarva Peninsula: U.S. Geological
Survey Professional Paper 822, 58 p.

References Cited 25

Denver, J.M., Ator, S.W., Debrewer, L.D., Ferrari, M.J., Bar-
baro, J.R., Hancock, T.C., Brayton, M.J., and Nardi, M.R.,
2004, Water quality in the Delmarva Peninsula, Delaware,
Maryland, and Virginia, 1999-2001: U.S. Geological Survey
Circular 1228, 31 p.

E.I. du Pont de Nemours and Company, 2005, Labels and
material safety data sheets, accessed March 27, 2005, at
http://www.dupont.com/ag/labelmsds_search.html and
production information accessed, March 28, 2005, at http://
www.dupont.com/ag/products/index.html

Gianessi, L.P,, and Puffer, C.A., 1991, Herbicide use in the
United States: Resources for the future, National Summary
Report, Washington, D.C., Quality of the Environment
Division, 128 p.

Hamilton, P.A., Denver, J.M., Phillips, P.J., and Shedlock, R.J.,
1993, Water-quality assessment of the Delmarva Peninsula,
Delaware, Maryland, and Virginia—Effects of agricultural
activities on, and distribution of, nitrate and other inorganic
constituents in the surficial aquifer: U.S. Geological Survey
Open-File Report 93-40, 87 p.

Hamilton, P.A., Shedlock, R.J., and Phillips, PJ., 1991,
Water-quality assessment of the Delmarva Peninsula,
Delaware, Maryland, and Virginia—Analysis of available
ground-water-quality data through 1987: U.S. Geological
Survey Water-Supply Paper 2355-B, 65 p.

Hantush, M.M., and Cruz, J., 1999, Hydrogeologic
foundations in support of ecosystem restoration: Base-flow
loadings of nitrate in Mid-Atlantic agricultural watersheds:
U.S. Environmental Protection Agency, EPA/600/R-99/104,
46 p.

Hantush, M.M., and Marino, M. A., 2001, Analytical
modeling of the influence of denitrifying sediments on
nitrate transport in aquifers with sloping beds: Water
Resources Research, v. 37, p. 3,177-3,192.

Information Ventures, Inc., 1995a, Atrazine pesticide fact
sheet, accessed March 16, 2005, at http://infoventures.com/
e-hlth/pestcide/atrazine.html

Information Ventures, Inc., 1995b, Simazine pesticide fact
sheet, accessed March 16, 2005, at http://infoventures.com/
e-hlth/pestcide/simazine.html

Information Ventures, Inc., 1995¢c, Glyphosate pesticide fact
sheet, accessed March 16, 2005, at http://infoventures.com/
e-hlth/pestcide/glyphos.html

Jordan, R.R., 1962, Stratigraphy of the sedimentary rocks of
Delaware: Delaware Geological Survey Bulletin No. 9,
51p.

Jordan, R.R., 1964, Columbia (Pleistocene) sediments of
Delaware: Delaware Geological Survey Bulletin No. 12,
69 p.


http://www.agnr.umd.edu/MCE/Publications/Publication.cfm?ID=259
http://www.agnr.umd.edu/MCE/Publications/Publication.cfm?ID=259
http://pmep.cce.cornell.edu/profiles/extoxnet/24d-captan/atrazine-ext.html
http://pmep.cce.cornell.edu/profiles/extoxnet/24d-captan/atrazine-ext.html
http://pmep.cce.cornell.edu/profiles/herb-growthreg/naa-rimsulfuron/paraquat/herb-prof-paraquat.html
http://pmep.cce.cornell.edu/profiles/herb-growthreg/naa-rimsulfuron/paraquat/herb-prof-paraquat.html
http://water.usgs.gov/pubs/circ/2004/1228/
http://water.usgs.gov/pubs/circ/2004/1228/
http://www.dupont.com/ag/labelmsds_search.html
http://www.dupont.com/ag/products/index.html
http://www.dupont.com/ag/products/index.html
http://infoventures.com/e-hlth/pesticide/glyphos.html
http://infoventures.com/e-hlth/pesticide/glyphos.html
http://infoventures.com/e-hlth/pesticide/glyphos.html
http://infoventures.com/e-hlth/pesticide/glyphos.html
http://infoventures.com/e-hlth/pesticide/glyphos.html
http://infoventures.com/e-hlth/pesticide/glyphos.html

26 Environmental Setting of the Morgan Creek Basin, Maryland, 2002-04

Kolpin, D.W., and Kalkoff, S.J., 1993, Atrazine degradation
in a small stream in Iowa: Environmental Science and
Technology, v. 27, no. 1, p. 134-139.

Koterba, M.T., Banks, W.S.L, and Shedlock, R.J., 1993,
Pesticides in shallow ground water in the Delmarva Pen-
insula: Journal of Environmental Quality, v. 22, no. 3, p.
500-518.

Maryland Department of State Planning, 1973, Natural soils
groups of Maryland: Maryland Department of State
Planning, Technical Series, General Land-Use Plan, 153 p.

National Elevation Dataset, 1999, U.S. Geological Survey
dataset, accessed May 9, 2005, at http://gisdata.usgs.net/
ned/about.asp

National Weather Service, 2004, National Oceanic and
Atmospheric Administration, National Weather Service
Station 181750, Chestertown, Maryland, accessed October
15, 2005, at http://www4.ncdc.noaa.gov/cgi-win/wwegi.
dl1?wwDI~StnSrch~StnID~20009556

Natural Resources Conservation Service, 2005, Electronic
field office technical guides, accessed June 6, 2005, at
http://www.nrcs.usda.gov/technical/efotg/

Owens, J.P.,, and Denny, C.S., 1979, Upper Cenozoic deposits
of the central Delmarva Peninsula, Maryland and Delaware:
U.S. Geological Survey Professional Paper 1067-A, 28 p.

Owens, J.P., and Minard, J.P., 1979, Upper Cenozoic deposits
of the lower Delaware Valley and northern Delmarva
Peninsula, New Jersey, Pennsylvania, Delaware, and
Maryland: U.S. Geological Survey Professional Paper
1067-D, 47 p.

Poole, T., 2004, Cover Crops: University of Maryland
Fact Sheet FS-785, accessed July 7, 2005, at http://
www.agnr.umd.edu/MCE/Publications/Publication.
cfm?ID=362&cat=C

Shedlock, R.J., Denver, J.M., Hayes, M.A., Hamilton, P.A.,
Koterba, M.T., Bachman, L.J., Phillips, P.J., and Banks,
W.S.L, 1999, Water-quality assessment of the Delmarva
Peninsula, Delaware, Maryland, and Virginia: Results of
investigations, 1987-91: U.S. Geological Survey Water-
Supply Paper 2355-A, 41 p.

Shedlock, R.J., Hamilton, P.A., Denver, J.M., and Phillips, PJ.,
1993, Multiscale approach to regional ground-water quality
assessment of the Delmarva Peninsula, in Alley, W.M., ed.,
Regional ground-water quality: New York, Van Nostrand
Reinhold, p. 563-587.

Sloto, R.A., and Crouse, M.Y., 1996, HYSEP: A computer
program for streamflow hydrograph separation and analysis:
U.S. Geological Survey Water-Resources Investigations
Report 96-4040.

Spectrum Laboratories, 2003, Metolachlor chemical fact sheet,
accessed June 29, 2005, at http://www.speclab.com/com-
pound/c5121845.htm

Sprague, L.A., Langland, M.J., Yochum, S.E., Edwards, R.E.,
Blomgquist, J.D., Phillips, S.W., Shenk, G.W., and Preston,
S.D., 2000, Factors affecting nutrient trends in major rivers
of the Chesapeake Bay Watershed: U.S. Geological Survey
Water-Resources Investigations Report 00-4218, 98 p.

Toth, S., and Stinner, R., 2005, Department of Entomology,
North Carolina State University, U.S. Department of
Agriculture Crop Profiles, accessed on May 26, 2005, at
http://www.ipmcenters.org/cropprofiles/docs/MDcorn-
sweet.html and http://www.ipmcenters.org/cropprofiles/
docs/DEsoybean.html

U.S. Bureau of Census, 2004, Current population reports and
local population estimates using 2004, 2000, and 1990
information, accessed May 24, 2005, at http://www.census.
gov/

U.S. Department of Agriculture, 2002, Census of agriculture
—v.1, National, state, and county tables: U.S. Department of
Agriculture, National Agricultural Statistics Service AC97-
A-51, accessed February 15, 2005, at http://www.nass.usda.
gov/census/census02/volumel/index2.htm

U.S. Department of Agriculture, 2005, Soil Survey
Geographic (SSURGO) Database for Kent County,
Maryland, Natural Resources Conservation Service,
accessed May 6, 2005, at http://soildatamart.nrcs.usda.gov

U.S. Geological Survey, 1952-2004, Water resources data,
Maryland, water years 1952-2004: U.S. Geological Survey
Water-Data Reports MD-DE-S2—MD-DE-DC-04 [vari-
ously paged].

U.S. Environmental Protection Agency, 2002, List of drinking
water contaminants and MCLs, National Primary Drinking
Water Regulations, accessed October 5, 2005, at http://www.
epa.gov/safewater/mcl.html#mcls

U.S. Geological Survey, 1985, Aggregate Water-Use Data
System (AWUDS), accessed May 31, 2005, at http://water.
usgs.gov/watuse/wuawuds.html and http://water.usgs.gov/
watuse/wudownload.html

Vance Communication Corporation, 2004, Greenbook ®
labels and material safety data sheets, accessed March 25,
2005, at http://www.greenbook.net/

White, E.A., Jr., 1982, Soil survey of Kent County, Maryland:
National Cooperative Soil Survey, U.S. Department of
Agriculture, Soil Conservation Service, Maryland Agri-
cultural Experimental Station, and Kent Soil Conservation
District, 125 p.


http://gisdata.usgs.net/ned/about.asp
http://gisdata.usgs.net/ned/about.asp
http://www.nrcs.usda.gov/technical/efotg/
http://www.agnr.umd.edu/MCE/Publications/Publication.cfm?ID=362&cat=C
http://www.agnr.umd.edu/MCE/Publications/Publication.cfm?ID=362&cat=C
http://www.agnr.umd.edu/MCE/Publications/Publication.cfm?ID=362&cat=C
http://www.speclab.com/compound/c5121845.htm
http://www.speclab.com/compound/c5121845.htm
http://va.water.usgs.gov/online_pubs/WRIR/00-4218.htm
http://va.water.usgs.gov/online_pubs/WRIR/00-4218.htm
http://www.ipmcenters.org/cropprofiles/docs/MDcorn-sweet.html
http://www.ipmcenters.org/cropprofiles/docs/MDcorn-sweet.html
http://www.ipmcenters.org/cropprofiles/docs/DEsoybean.html
http://www.ipmcenters.org/cropprofiles/docs/DEsoybean.html
http://www.census.gov/
http://www.census.gov/
http://www.nass.usda.gov/census/census02/volume1/index2.htm
http://www.nass.usda.gov/census/census02/volume1/index2.htm
http://soildatamart.nrcs.usda.gov
http://water.usgs.gov/watuse/wuawuds.html
http://water.usgs.gov/watuse/wuawuds.html
http://water.usgs.gov/watuse/wudownload.html
http://water.usgs.gov/watuse/wudownload.html
http://www.greenbook.net/

References Cited 27

Coordination with agencies and organizations in the Delmarva Peninsula was integral to the success of this study. We thank those
agencies and organization that cooperated with data-collection efforts and contributed information.

Federal Agencies
U.S. Department of Agriculture
National Resources Conservation Service

State and Local Agencies
Delaware Department of Agriculture
Maryland Department of the Environment

Universities

University of Maryland
Cooperative Extension, Kent County Office

We also thank the following individuals for contributing to this effort.

The numerous property and business owners who provided information on their farm management practices and allowed us access
to their fields, wells, and streams for reconnaissance studies and sampling.

Judith Denver, Jeffrey Barbaro, William Guertal, Scott Ator, Matt Ferrari, Leon Kauffman, William Fleck, J.K. Bohlke, Mark Sandstrom,
Richard Healy, Tom Nolan, Larry Puckett, and Paul Capel of the U.S. Geological Survey who helped with study design and provided
scientific advice and oversight.

Deb Bringman, George Zynjuk, Bill Stearns, Joe Beman, Jim Jeffries, Holly Weyers, Eric Lang, Matt Baker, and James Broadwater,
Maria Gieske, Steven Schriver, and Wade Kress of the U.S. Geological Survey who provided data collection and technical support.

Mark Nardi, Betzaida Reyes, Mike Wieczorek, and Ted Samsel of the U.S. Geological Survey for graphics production and geographical
information systems support.

Glenn Berwick, Jeff Grey, Art Baehr, Tim Reilly, and Pat Mills of the U.S. Geological Survey for well-drilling services.

Report reviewers include: Paul Capel, Wesley Stone, and Wayne Newell of the U.S. Geological Survey.

For additional information, contact:

Director, Virginia Water Science Center
U.S. Geological Survey

1730 East Parham Road

Richmond, VA 23228



	Cover

	By Tracy Connell Hancock and Michael J. 

	Contents
	List of Figures

	Figure 1.  The Delmarva Peninsula and Morgan Creek Basin, Maryland.
	Figure 2.  Hydrogeomorphic regions in the surficial aquifer on the Delmarva Peninsula.
	Figure 3.  Topography and hydrography of the Morgan Creek Basin, Maryland.
	Figure 4.  Composite hydrostratigraphic sequence of central Kent County, Maryland. 
	Figure 5.  Cross section showing general generalized hydrostratigraphy across central Kent County, Maryland.
	Figure 6a. Soil drainage descriptions in the Morgan Creek Basin, Maryland, based on the Soil Survey Geographic (SSURGO) Database for Kent County, Maryland.
	Figure 6b.  Soil textures in the Morgan Creek Basin, Maryland, based on the Soil Survey Geographic (SSURGO) Database for Kent County, Maryland.
	Figure 7.  Land use and land cover in the Morgan Creek Basin, Maryland.
	Figure 8.  Population density for the Morgan Creek Basin, Maryland.
	Figure 9.   Average daily high and low temperatures for 2003 and 2004 at National Weather Service, Station 181750, Chestertown, Maryland.
	Figure 10.  Annual precipitation over time at National Weather Service, Station 181750, Chestertown, Maryland.
	Figure 11.  Mean monthly precipitation for 2003 and 2004 at National Weather Service, Station 181750, Chestertown, Maryland.
	Figure 12.  Location of Morgan Creek and tributaries in relation to the streamflow-gaging station.
	Figure 13.  Long-term annual discharge at the Morgan Creek streamflow-gaging station, water years 1952-2004.
	Figure 14.  Mean daily discharge and mean monthly discharge at the Morgan Creek streamflow-gaging station, water years 2003 and 2004.
	Figure 15.  Summary of daily mean streamstreamflow characteristics at Morgan Creek streamflow-gaging station, water years 1952-2004 showing percent of time that daily mean streamflow was greater than or equal to the discharge value shown, in cubic meters per second.

	List of Tables

	Table 1. Summary of crops and animal operations in the Morgan Creek Basin, 2003-04.
	Table 2. Summary of fertilizers used, crops treated, application method, area of application, and total elemental mass applied in the Morgan Creek Basin, 2003-04.
	Table 3. Summary of herbicide use in the Morgan Creek Basin, 2003-04.


	Abstract
	Introduction
	Purpose and Scope
	Previous Studies

	Environmental Setting:  Physical and Cultural Features, Climate, and Hydrology
	Physical Features
	Physiography
	Geology
	Soils

	Cultural Features
	Land Use
	Population

	Climate
	Hydrology
	Surface Water
	Ground Water
	Floods and Droughts
	Water Use


	Summary
	References Cited

