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Conversion Factors and Datums

Multiply By To obtain
Length
foot (ft) 0.3048 meter (m)
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Area
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Volume
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Vertical coordinate information is referenced to the North American Vertical Datum of 1988

(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Elevation, as used in this report, refers to distance above the vertical datum.



Water Volume and Sediment Accumulation in Lake
Linganore, Frederick County, Maryland, 2009

By Andrew J. Sekellick and William S.L. Banks

Abstract

To assist in understanding sediment and phosphorus load-
ings and the management of water resources, a bathymetric
survey was conducted at Lake Linganore in Frederick County,
Maryland in June 2009 by the U.S. Geological Survey, in
cooperation with the City of Frederick and Frederick County,
Maryland. Position data and water-depth data were collected
using a survey grade echo sounder and a differentially cor-
rected global positioning system. Data were compiled and
edited using geographic information system software. A three-
dimensional triangulated irregular network model of the lake
bottom was created to calculate the volume of stored water in
the reservoir. Large-scale topographic maps of the valley prior
to inundation in 1972 were provided by the City of Frederick
and digitized. The two surfaces were compared and a sedi-
ment volume was calculated. Cartographic representations of
both water depth and sediment accumulation were produced
along with an area/capacity table. An accuracy assessment was
completed on the resulting bathymetric model. Vertical accu-
racy at the 95-percent confidence level for the collected data,
the bathymetric surface model, and the bathymetric contour
map was calculated to be 0.95 feet, 1.53 feet, and 3.63 feet,
respectively.

The water storage volume of Lake Linganore was
calculated to be 1,860 acre-feet at full pool elevation. Water
volume in the reservoir has decreased by 350 acre-feet (about
16 percent) in the 37 years since the dam was constructed. The
total calculated volume of sediment deposited in the lake since
1972 is 313 acre-feet. This represents an average rate of sedi-
ment accumulation of 8.5 acre-feet per year since Linganore
Creek was impounded. A sectional analysis of sediment
distribution indicates that the most upstream third of Lake
Linganore contains the largest volume of sediment whereas
the section closest to the dam contains the largest amount of
water. In comparison to other Maryland Piedmont reservoirs,
Lake Linganore was found to have one of the lowest sedimen-
tation rates at 0.26 cubic yards per year per acre of drainage
area. Sedimentation rates in other comparable Maryland
reservoirs were Prettyboy Reservoir (filling at a rate of 2.26
cubic yards per year per acre), Loch Raven Reservoir (filling
at a rate of 0.88 cubic yards per year per acre) and Piney Run
Reservoir (filling at a negligible rate).

Introduction

The U.S. Environmental Protection Agency has identi-
fied the Lower Monocacy River, a tributary to the Chesapeake
Bay, as impaired by sediment and nutrients, and has imposed
a sediment and phosphorus Total Maximum Daily Load
(TMDL) (Maryland Department of the Environment, 2002).
Linganore Creek is a tributary of the Lower Monocacy River.
Lake Linganore, an impoundment on Linganore Creek,
provides water to the City of Frederick and Frederick County,
Maryland. To meet the TMDL regulatory requirement, and
assist the City of Frederick and Frederick County, Maryland
in mitigating sediment and phosphorus loadings and manage
their water resources, it is necessary to understand the amount
of water impounded in Lake Linganore and to accurately
quantify the volume of sediment behind the dam to allow the
City and County to meet their water-use needs. To address
these issues, the City of Frederick and Frederick County asked
the U.S. Geological Survey (USGS) to investigate water vol-
ume and sediment accumulation in the lake.

As a result of sedimentation problems in the contribut-
ing waters, the capacity of Lake Linganore has decreased
(Frederick County, Maryland, 2006). In order to effectively
and efficiently manage water resources, the City of Frederick
and Frederick County have twice estimated the water capacity
of Lake Linganore. A 1980 report provided an initial estimate
of water volume for the reservoir of 2,710 acre-ft (acre-feet)
as constructed (Zeigler, 1980). The parameters of this first
survey are not well documented and the extent of the reservoir
during the survey is not known. In 2002, the City of Frederick
and Fredrick County hired a contractor to produce a siltation
and capacity report that determined lake volume was 2,240
acre-ft in 1999. This same report estimated a pre-reservoir
water capacity of 2,560 acre-ft based on 2-ft (foot) contour
intervals surveyed prior to dam construction. This corresponds
to a volume loss of 320 acre-ft (12.5 percent) (Whitman,
Requardt & Associates, 2002). The methods and extents of the
reservoir reported in Zeigler (1980) and Whitman, Requardt
& Associates (2002) are not the same as those used in this
report. Direct comparisons between this study and histori-
cal studies should not be made. All calculations of potential
water volume loss and sediment accumulation in the current
study are based on the methods described herein and compare
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current measured volume to theoretical volumes as calculated
from 1972 topography between the dam and Boyers Mill Road
bridge.

Purpose and Scope

This report describes the water-storage capacity and
sediment accumulation in Lake Linganore in Frederick
County, Maryland from 1972 through 2009. This report also
describes methods used to collect and process the bathymetric
data necessary to determine the elevation of the lake bottom
and compute the water volume of the reservoir. In addition,
the report describes an accuracy assessment of the collected
environmental dataset and the methods described above.

Description of Study Area

Lake Linganore is located on Linganore Creek in central
Frederick County, Maryland, 35 miles west of Baltimore,
Maryland (fig. 1a). Linganore Creek drains part of the
Piedmont Physiographic Province. The area is characterized
by rolling hills and moderately to deeply incised, well-drained
valleys with altitudes ranging from sea level to more than 900
ft above sea level (DiLisio, 1983). The lake was created in
1972 by construction of an earthen dam on Linganore Creek.
The impoundment, as designed, extends from the dam to a
point 2 mi (miles) upstream. For the purposes of this study, the
extent of the reservoir is limited to the part of the lake down-
stream of Boyers Mill Road. Therefore, water volume calcula-
tions and areas of sediment accretion and scour are limited to
this area (fig. 1b).

The lake was originally constructed for recreation
purposes for the private community of Lake Linganore at
Eaglehead. The reservoir currently serves as one part of the
City of Frederick’s water supply and provides part of the water
supply for Frederick County. In 2009, the City of Frederick
was permitted to withdraw 6.0 Mgal/d (million gallons per
day), while keeping a minimum of 4.5 Mgal/d passing over
the dam for ecological health downstream in Linganore
Creek (Frederick County, Maryland, 2006). The County is
permitted to withdraw an additional 1.2 Mgal/d as long as
the lake’s pool elevation is at least 308 ft, the elevation of the
spillway (Michael Marschner, Director of Public Utilities and
Solid Waste, Frederick County, Maryland, written commun.,
February 24, 2010).

Precipitation in the basin averages 40.64 inches per
year. Temperatures range from a July mean of 77.9 degrees
Fahrenheit to a December mean of 33.3 degrees Fahrenheit
(National Oceanic and Atmospheric Administration, 2006).
Land use in the 81.1-mi? (square mile) watershed is 16 percent
developed, 56 percent agriculture, and 28 percent forested and

other land uses (Maryland Department of the Environment,
2002). Frederick County is within commuting distance to

the Washington, D.C. and Baltimore, Maryland metropoli-

tan areas and has experienced population growth in the last
decade. During the 1990s, the population of Frederick County
increased by 30 percent (45,000 people) (U.S. Census Bureau,
2009). Land-use conversion and the expansion of impervious
surfaces can cause increases in stormwater runoff, streamflow,
erosion, and sediment and phosphorus loadings, such as those
that have had a significant impact on the water quality of the
Chesapeake Bay and its tributaries (Gellis and others, 2009).

Methods

The commercial hydrographic survey software package
HYPACK was used for planning, data acquisition, and data
management before, during, and after the survey (HYPACK,
2008). Survey lines (pre-planned lines designed to guide data-
collection operations) were created at 100-ft intervals along
the long (east-west) axis of the lake. The transect spacing was
computed to optimize data coverage and accuracy and resulted
in a data-collection line spacing of approximately 1 percent
of the longitudinal distance of the lake for optimum coverage
detail (Wilson and Richards, 2006) (fig. 2). Using this transect
spacing, 12.7 mi of data-collection lines were planned for
the survey. In order to maximize accuracy, survey lines were
oriented perpendicular to the shoreline. As the geometry of
the lake changed, the orientation of survey lines was rotated
to best maintain an optimum perpendicular relation to the
shoreline.

In addition to the survey lines described, a separate set
of quality-assurance transect lines were planned to provide
independent measurements of precision and bias. These lines,
oriented at approximately a 45-degree angle to the survey
lines, provided an independent measurement of depth on
the basis of differing field conditions at points where they
intersected with the environmental survey lines. Sixteen of
these quality-assurance lines were spaced at 500-ft intervals
between Boyers Mill Road and the dam, and provided
approximately 90 coincidental points (fig. 2). Once spacing
and orientation of the survey lines were planned, both the
environmental transects (100-ft spacing) and the quality-
assurance transects (500-ft spacing) were imported into the
HYPACK software to guide the field crew during data collec-
tion. The horizontal projection of the survey was Universal
Transverse Mercator Zone 18 North, North American Datum
of 1983 (UTM, NADS3) and the vertical control datum was
North American Vertical Datum of 1988 (NAVD 88). These
projections were used for both the Geographic Information
System (GIS) and HYPACK platforms.
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