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Conversion Factors

Inch/Pound to SI

Multiply By To obtain

Length

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)
Area

square mile (mi?) 2.590 square kilometer (km?)
Volume

gallon (gal) 3.785 liter (L)

cubic foot (ft?) 0.02832 cubic meter (m?)

Flow rate

cubic foot per second (ft¥/s) 0.02832 cubic meter per second (m¥s)

gallon per minute (gal/min) 0.06309 liter per second (L/s)

million gallons per day (Mgal/d) 0.04381 cubic meter per second (m¥s)
Mass

ton, short (2,000 Ib) 0.9072 megagram (Mg)

ton per day (ton/d) 0.9072 megagram per day (Mg/d)

ton per day per square mile 0.3503 megagram per day per square kilometer

[(ton/d)/mi?] [(Mg/d)/km?]

ton per year (ton/yr) 0.9072 megagram per year (Mg/yr)

SI to Inch/Pound

Multiply By To obtain

Length

centimeter (cm) 0.3937 inch (in.)

meter (m) 3.281 foot (ft)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=(1.8x°C)+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/1.8

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.

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L)

or micrograms per liter (ug/L).
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Q Discharge
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Total Nitrogen and Suspended-Sediment Loads and
Identification of Suspended-Sediment Sources in
the Laurel Hill Creek Watershed, Somerset County,
Pennsylvania, Water Years 2010-11

By Ronald A. Sloto, Allen C. Gellis, and Daniel G. Galeone

Abstract

Laurel Hill Creek is a watershed of 125 square miles
located mostly in Somerset County, Pennsylvania, with small
areas extending into Fayette and Westmoreland Counties. The
upper part of the watershed is on the Pennsylvania Department
of Environmental Protection 303(d) list of impaired streams
because of siltation, nutrients, and low dissolved oxygen con-
centrations. The objectives of this study were to (1) estimate
the annual sediment load, (2) estimate the annual nitrogen
load, and (3) identify the major sources of fine-grained sedi-
ment using the sediment-fingerprinting approach. This study
by the U.S. Geological Survey (USGS) was done in coopera-
tion with the Somerset County Conservation District. Dis-
charge, suspended-sediment, and nutrient data were collected
at two streamflow-gaging stations—Laurel Hill Creek near
Bakersville, Pa., (station 03079600) and Laurel Hill Creek at
Ursina, Pa., (station 03080000)—and one ungaged stream site,
Laurel Hill Creek below Laurel Hill Creek Lake at Trent (sta-
tion 03079655).

Concentrations of nutrients generally were low. Con-
centrations of ammonia were less than 0.2 milligrams per
liter (mg/L), and concentrations of phosphorus were less than
0.3 mg/L. Most concentrations of phosphorus were less than
the detection limit of 0.02 mg/L. Most water samples had
concentrations of nitrate plus nitrite less than 1.0 mg/L. At the
Bakersville station, concentrations of total nitrogen ranged
from 0.63 to 1.3 mg/L in base-flow samples and from 0.57 to
1.5 mg/L in storm composite samples. Median concentrations
were 0.88 mg/L in base-flow samples and 1.2 mg/L in storm
composite samples. At the Ursina station, concentrations of
total nitrogen ranged from 0.25 to 0.92 mg/L in base-flow
samples; the median concentration was 0.57 mg/L. The esti-
mated total nitrogen load at the Bakersville station was 262
pounds (Ib) for 11 months of the 2010 water year (November
2009 to September 2010) and 266 Ib for the 2011 water year'.

A water year is the 12-month period from October 1 to September 30. It is
designated by the year in which it ends.

Most of the total nitrogen loading was from stormflows. The
stormflow load accounted for 76.6 percent of the total load for
the 2010 water year and 80.6 percent of the total load for the
2011 water year. The estimated monthly total nitrogen loads
were higher during the winter and spring (December through
May) than during the summer (June through August).

For the Bakersville station, the estimated suspended-
sediment load (SSL) was 17,700 tons for 11 months of the
2010 water year (November 2009 to September 2010). The
storm beginning January 24, 2010, provided 34.4 percent of
the annual SSL, and the storm beginning March 10, 2010, pro-
vided 31.9 percent of the annual SSL. Together, these two win-
ter storms provided 66 percent of the annual SSL for the 2010
water year. For the 2011 water year, the estimated annual SSL
was 13,500 tons. For the 2011 water year, the SSLs were more
evenly divided among storms than for the 2010 water year.
Seven of 37 storms with the highest SSLs provided a total of
65.7 percent of the annual SSL for the 2011 water year; each
storm provided from 4.6 to 12.3 percent of the annual SSL.
The highest cumulative SSL for the 2010 and 2011 water years
generally occurred during the late winter. Stormflows with the
highest peak discharges generally carried the highest SSL.

The sediment-fingerprinting approach was used to
quantify sources of fine-grained suspended sediment in the
watershed draining to the Laurel Hill Creek near Bakersville
streamflow-gaging station. Sediment source samples were
collected from five source types: 20 from cropland, 9 from
pasture, 18 from forested areas, 20 from unpaved roads, and
23 from streambanks. At the Bakersville station, 10 sus-
pended-sediment samples were collected during 6 storms for
sediment-source analysis. Thirty-five tracers from elemental
analysis and 4 tracers from stable isotope analysis were used
to fingerprint the source of sediment for the 10 storm samples.
Statistical analysis determined that cropland and pasture could
not be discriminated by the set of tracers and were combined
into one source group—agriculture. Stepwise discriminant
function analysis determined that 11 tracers best described
the 4 sources. An “unmixing” model applied to the 11 tracers
showed that agricultural land (cropland and pasture) was the
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major source of sediment, contributing an average of 53 per-
cent of the sediment for the 10 storm samples. Streambanks,
unpaved roads, and forest contributions for the 10 storm
samples averaged 30, 17, and 0 percent, respectively. Agricul-
ture was the major contributor of sediment during the highest
sampled stormflows. The highest stormflows also produced the
highest total nitrogen and suspended-sediment loads.

Introduction

Laurel Hill Creek, located mostly in Somerset County,
Pennsylvania, drains a 125 square-mile (mi?) area (fig. 1).
Laurel Hill Creek is classified by the Pennsylvania Department
of Environmental Protection (PaDEP) as a High Quality Cold-
water Fishery with four Exceptional Value tributaries. The
upper part of the Laurel Hill Creek watershed is on the PaDEP
303(d) list of impaired streams (Pennsylvania Department
of Environmental Protection, 2012a) because of sedimenta-
tion (siltation), elevated concentrations of nutrients, and low
dissolved oxygen concentrations (fig. 2). The impaired stream
segments are all upstream from the streamflow-gaging station
on Laurel Hill Creek near Bakersville, Pa. (station number
03079600). Sedimentation can lead to a decline in surface-
water quality and biodiversity. Sediments fill the interstices of
gravel and cobble stream bottoms, decreasing the spawning
areas for many fish species and the habitat for macroinverte-
brates, which serve as food for many fish species. Nitrogen
concentrations elevated above background concentrations
in surface water can decrease the pH by releasing hydrogen
and ammonia ions. Acidification reduces the biodiversity of
aquatic ecosystems. Elevated nitrogen concentrations can
speed up eutrophication, increasing algae growth and lowering
dissolved oxygen concentrations.

As part of Pennsylvania’s State Water Plan (Pennsylvania
Act 220), Critical Water Planning Areas (CWPA) are desig-
nated where water use exceeds water availability, and Critical
Area Resource Plans (CARPs) are developed for each CWPA.
The PaDEP Ohio Water Resources Regional Committee
designated Laurel Hill Creek as a regional priority for designa-
tion as a CWPA. In Act 220, a CWPA is defined as a “signifi-
cant hydrologic unit where existing or future water demands
exceed or threaten to exceed the safe yield of available water
resources” (Pennsylvania Department of Environmental
Protection, 2006a). The average daily quantity of water with-
drawn from the Laurel Hill Creek watershed was 2.27 million
gallons per day (Mgal/d) in 2003 and 2.22 Mgal/d in 2009.
These values are approximately 150 percent of the 7-day
10-year low flow (Q, ) value for the watershed, which was
estimated to be 1.43 Mgal/d (Simko Consulting, Inc., 2011).

A Cold Water Heritage Partnership PL-566 grant was
developed for Laurel Hill Creek to address sediment and
nutrients from farms (U.S. Department of Agriculture, 1987).
For the PL-566 grant, it was estimated that approximately
48,400 tons of sediment are delivered annually to the creek

from areas in the upper part of the watershed. It was also noted
that the sedimentation severely affects native trout populations
and that the drinking-water reservoir for the Somerset Water
Authority was filling with sediment

The Somerset County Comprehensive Plan (Somerset
County Planning Commission, 2006) recognizes that “The
County has some of the steepest agricultural land in the state
and as a result it is also highly prone to erosion. The eroded
topsoil ends up in the streams and rivers as sediment, which
negatively impacts water quality and the health of fish and
wildlife.” Impaired water quality from sediment is listed by
the U.S. Department of Agriculture (1987) as one of three
areas of concern in the Laurel Hill Creek watershed. Often
it is the fine-grained part of the sediment (silts and clays)
that is detrimental to the environment (Gellis and Walling,
2011; Larsen and others, 2010). In order to effectively reduce
sediment, it is necessary to identify the major sources of
fine-grained sediment. This information can then be used to
determine the appropriate management practices to reduce the
nutrient and suspended sediment loads. Load reductions are
necessary in order to remove affected stream segments from
the PaDEP 303(d) impaired stream list.

The objectives of this study in the Laurel Hill Creek
watershed were to (1) estimate the annual nitrogen load, (2)
estimate the annual suspended-sediment load, and (3) identify
the major sources of fine-grained sediment using the sediment-
fingerprinting approach. This study by the U.S. Geological
Survey (USGS) was done in cooperation with the Somerset
County Conservation District.

Purpose and Scope

This report presents discharge, nutrient, and suspended
sediment data collected at three sites in the Laurel Hill Creek
watershed—Laurel Hill Creek near Bakersville, Pa. (sta-
tion 03079600), Laurel Hill Creek at Ursina, Pa. (station
03080000), and Laurel Hill Creek below Laurel Hill Creek
Lake at Trent, Pa. (station 03079655)—during the 2009—11
water years. Water samples for nutrients and suspended sedi-
ment were collected during low-flow and stormflow events to
characterize concentrations and loads. The report presents total
nitrogen and suspended-sediment loads and yields for Laurel
Hill Creek near Bakersville for the 2010 and 2011 water years.
The important sources of fine-grained sediment in the Laurel
Hill Creek watershed upstream from the Bakersville station
were identified using the sediment-fingerprinting approach.
Nitrogen and suspended-sediment loads in base flow or storm-
flow are shown in illustrations and listed in tables.

Study Area

Laurel Hill Creek is a 125-mi* watershed mostly in
Somerset County, Pa., with small areas extending into Fayette
and Westmoreland Counties (fig. 1). Laurel Hill Creek enters
the Casselman River approximately 400 ft upstream from the
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Location of the Laurel Hill Creek watershed and surface-water sampling sites, Somerset County, Pennsylvania.
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Youghiogheny River in the Borough of Confluence, Pa. This
watershed has great recreational value because it contains
three state parks (Laurel Hill, Kooser, and Laurel Ridge),
Forbes State Forest, and State Game Lands 111. Several ski
resorts are located on Laurel Hill in the western part of the
watershed. Numerous vacation and second homes are located
in and around the ski resorts.

The climate of the Laurel Hill Creek watershed is conti-
nental, but temperatures are more variable and precipitation
occurs more frequently than in other parts of the State. Air
temperatures show variation across the watershed as a result of
orographic influences. Annual average minimum air tempera-
tures range from 35.6 to 39.3°F (degrees Fahrenheit), and the
annual average maximum air temperatures range from 53.5
to 61.5°F. On the basis of data from continuous recording sta-
tions in and around the watershed, the highest daily maximum
and minimum temperatures occur in July and the lowest daily
maximum and minimum temperatures occur in January. The
daily maximum temperature ranges from about 75 to 85°F in
July, and the daily minimum temperature ranges from about
15 to 16°F in January (National Oceanic and Atmospheric
Administration, 2001).

Annual precipitation in the watershed varies spatially
because of the mountainous terrain, leading to orographic
influences on precipitation patterns (fig. 3). The 1971-2000
normal annual precipitation is 52.41 in. at Laurel Mountain
and 42.38 in. at Somerset (National Oceanic and Atmospheric
Administration, 2001). Precipitation is distributed fairly
evenly throughout the year. Snowfall varies greatly across
the watershed, both spatially and seasonally. Seven Springs
Mountain Resort is situated at the top of Laurel Hill in the
northwest corner of the watershed. Snowfall totals recorded
by the resort from fall 2005 through spring 2010 indicate an
annual average snowfall for the period of 135 in., with the
minimum occurring during the 2008-09 season (98 in.) and
the maximum occurring during the 2009—-10 season (223 in.)
(Jeff Alcorn, Seven Springs Mountain Resort, oral commun.,
2010). The average annual snowfall was 54.9 in. for Conflu-
ence during 1971-2000. The snow totals for Seven Springs
Mountain Resort and Confluence give a reasonable estimate of
the snowfall within the watershed.

Physiography, Geology, and Land Use

The Laurel Hill Creek watershed lies within the Allegh-
eny Mountain Section of the Appalachian Plateaus Physio-
graphic Province. The Allegheny Mountain Section consists of
broad, rounded ridges separated by broad valleys. The ridges
decrease in elevation from south to north, and the ridges have
no topographic expression at the northern end of the section.
The ridges occur on the crests of anticlines that have been
eroded to expose the resistant rocks that form the crests of
the ridges. The southern parts of these ridges form the highest
mountains in Pennsylvania. The valleys are broad, undulat-
ing surfaces with shallow to deep stream incision (Sevon,
2000). There is relatively large relief in the Laurel Hill Creek
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watershed for Pennsylvania, with elevations ranging from
1,300 ft at the mouth of the watershed at Confluence, Pa., to
approximately 2,990 ft on Laurel Hill at various locations
along the ridge top (fig. 4).

Sedimentary rocks of Pennsylvanian and Mississippian
ages are exposed in the Laurel Hill Creek watershed (fig. 5).
The Pennsylvanian age rocks, from youngest to oldest, are the
Casselman, Glenshaw, Allegheny, and Pottsville Formations.
These rocks underlie most of the watershed. The Mississippian
rocks, from youngest to oldest, are the Mauch Chunk Forma-
tion, the Loyalhanna Limestone, and the Burgoon Sandstone.
These rocks are found in the higher elevations and underlie
the western part of the watershed. The Loyalhanna Limestone
is quarried for aggregate in places. The New Enterprise Stone
and Lime Company operates two quarries in the Bakersville
area.

From a spatial analysis of 2001 land cover (fig. 6), it was
determined that the Laurel Hill Creek watershed is 63.4 per-
cent forest, 27.2 percent agricultural, 4.9 percent residential,
3.0 percent wetlands and open water, and 1.6 percent commer-
cial/industrial and mining (Scott Hoffman, U.S. Geological
Survey, written commun., 2012). Together forested and agri-
cultural areas account for more than 90 percent of the water-
shed. The upper one-third of the watershed is mainly agricul-
tural. Agricultural land use predominantly coincides with the
areas underlain by the Casselman and Glenshaw Formations.

Water Withdrawals and Use

Water is withdrawn from both surface and groundwater
sources to supply multiple uses. In 2003, the average daily
quantity of water withdrawn from the Laurel Hill Creek water-
shed was 2.27 million gallons per day (Mgal/d); in 2009, the
average daily withdrawal was 2.22 Mgal/d. Fifty-two per-
cent of the water withdrawn in 2003 was from surface-water
sources, and 38 percent of the water was from groundwater
sources. In 2003, 68 percent of the withdrawals was for public
water supply, 14 percent was for commercial purposes, and
8 percent was for the mining industry (Pennsylvania Depart-
ment of Environmental Protection, 2009).

The Laurel Hill Creek Lake (fig. 1) is owned by the Bor-
ough of Somerset (referred to as Somerset), a municipal water
supplier whose service area is located outside and to the east
of the Laurel Hill Creek watershed. Somerset also withdraws
and exports water from three wells within the watershed.
Somerset has a minimum pass-by requirement downstream
from the reservoir of 1.37 Mgal/d. When the discharge drops
below this minimum amount, Somerset enacts a drought
plan in which the withdrawals from the reservoir cease and
withdrawals from the water-supply wells increase. These
changes in operating procedures result in an overall reduc-
tion in withdrawals, which is sufficient to meet water-supply
demands over a prolonged period (Borough of Somerset,
written commun., 2008). In 1994, 1995, 1998, 1999, 2001,
and 2002, Somerset continued to withdraw water from the
reservoir when discharge was less than the minimum pass-by



6

Total Nitrogen and Suspended-Sediment Loads and Sediment Sources in the Laurel Hill Creek Watershed, Pa., WY 2010-11

EXPLANATION

Average anuual precipitation,
in inches from 1971 to 2000

44— 47 — Stream
0 s —-—  Countyline
. 50-52  ----- Township line
. 53-55 %: Interstate highway
B s BN~ State highway
0 5 MILES
| l l l l |
| I I I I |
0 5 KILOMETERS
Precipitation data from The PRISM Climate Group
79°20" at Oregon State University, 2009 County and
. . township lines, boroughs, interstate and state
Streams from U.S. Geological Survey National highways from Pennsylvania Department of
Hydrography Data Set, 2009, 1:100,000 Transportation, 2009

Figure 3. Average annual precipitation in the Laurel Hill Creek watershed, Somerset County, Pennsylvania, 1971-2000.
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Figure 4. Topographic elevations in the Laurel Hill Creek watershed, Somerset County, Pennsylvania.
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Figure 5. Geology of the Laurel Hill Creek watershed, Somerset County, Pennsylvania.
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requirement of 1.37 Mgal/d (Pennsylvania Department of
Environmental Protection, 2009).

Methods of Data Collection and
Chemical Analysis

Methods for collection and analysis of discharge, turbid-
ity, suspended-sediment, and nutrient data are described in the
following sections.

Discharge

Discharge data were collected at two streamflow-gaging
stations on Laurel Hill Creek ((03079600 and 03080000;
fig. 1) at 15-minute intervals. Published data for these stations
are available at http://pa.water.usgs.gov/.

The streamflow-gaging station on Laurel Hill Creek near
Bakersville, Pa., (station 03079600) is in Laurel Hill State
Park above Laurel Hill Creek Lake about 2.5 mi south-south-
west of Bakersville. The drainage area is 38.2 mi®. This station
was installed in October 2009 to collect discharge, turbidity,
nutrient, and suspended-sediment data. A turbidity probe and
automatic water sampler were installed at this site.

The streamflow-gaging station on Laurel Hill Creek at
Ursina, Pa., (station 03080000) is 500 ft downstream from the
bridge on State Highway 281 at Ursina and 2.7 mi upstream
from the mouth of the creek. The drainage area is 121 mi®.
Discharge data have been collected at this station since
October 1918.

Turbidity

Turbidity data were collected at the Bakersville station
(03079600). Data were collected at 15-minute intervals using
an FTS DTS-12 turbidity sensor installed in a perforated
2-inch-diameter steel pipe. The sensor was positioned approxi-
mately 20 ft from the left bank, which is about mid-stream.
The probe uses a 780 nanometer wavelength for a light
source. The sensor measurement range is 0 to 1,600 Formazin
Nephelometric Units (FNU). Accuracy is £2 percent of the
reading for 0 to 300 FNU and +4 percent of the reading for
400 to 1,600 FNU. FTS, Inc., reports that the DTS-12 sensor
exhibits less than 2-percent annual drift, eliminating the typi-
cal requirement for frequent turbidity probe calibration (FTS,
Inc., 2011). The reporting precision of the turbidity probe in
low turbidity water is £0.3 FNU. The lowest reportable value,
0 FNU, does not necessarily indicate a condition of zero
turbidity; the turbidly could be as great as 0.3 FNU. Published
turbidity data are available at http.//pa.water.usgs.gov/.

Suspended Sediment

Suspended-sediment samples were collected at the
Bakersville, Ursina, and Trent (03079655) stations (fig. 1).
Suspended-sediment data for the Bakersville station are listed
in appendix 1, for the Ursina station in appendix 2, and for the
Trent station in appendix 3.

Suspended-sediment samples were collected at the Bak-
ersville station during high (storm) flows by an automatic sam-
pler that was programmed to sample streamflow above a set
gage height (trip stage). When flow was above the trip stage,
one sample was collected every hour to fill 24 one-liter plastic
bottles. Sampling ceased when the flow dropped below the
trip stage or the 24 bottles were filled. Samples were collected
during eight storms using the automatic sampler. The number
of hourly samples for each storm ranged from 3 to 24.

A 1.2 liter (L) flow-weighted sample was processed
for each storm. To generate a flow-weighted sample, the
discharge at the time each sample was collected was deter-
mined from the continuous stage data using a rating curve.
From the discharge data, the amount of the sample to be
withdrawn from each bottle was calculated in order to have
a total flow-weighted sample of 1.2 L for the storm. Samples
withdrawn from each bottle were then composited. The dis-
charge reported for each composited storm sample is the mean
discharge (appendix 1). The composited sample was processed
into other bottles for nutrient and sediment-concentration
analyses. Because USGS protocols were not followed for
sample compositing, the sediment concentration is reported as
suspended solids in appendix 1.

Samples for suspended-sediment analysis were sent to the
USGS Kentucky Water Science Center Sediment Laboratory.
The concentration was determined by use of American Society
for Testing and Materials (ASTM) method D3977-97 (Ameri-
can Society for Testing and Materials, 2002), and the entire
sample was analyzed. For suspended-sediment samples col-
lected for source tracking, the samples were centrifuged and
passed through a 63-micron polyester sieve to remove sand
and then sent to the appropriate laboratory for analysis.

During low streamflow (base flow), sediment samples
from all three stations were collected in bottles placed in a
DH-81 sediment sampler. Samples were collected by USGS
personnel wading across the stream at a cross section near the
streamflow-gaging station.

Some samples collected at the Ursina station were sent to
the PaDEP laboratory in Harrisburg, Pa., for total suspended-
solids (TSS) analysis. TSS is the concentration of total
suspended material carried by a stream, as determined by an
analysis of a representative subsample of a collected water
sample. The analysis method requires the sample to be shaken,
an aliquot taken, and only the aliquot analyzed, not the entire
sample. A TSS analysis may underestimate the total sus-
pended material if a significant fraction of the suspended load
is sand-sized or larger. Because the analytical methods used
to determine concentrations of suspended sediment and total
suspended solids (TSS) differ, concentrations of suspended



sediment tend to be higher, and measurements tend to be more
accurate than those of TSS, particularly at higher flows (Kam-
merer and others, 1998). Since February 2001, USGS policy
has mandated the use of suspended-sediment analysis rather
than TSS analysis.

At the Ursina station, grab samples were collected at
a cross section adjacent to the streamflow-gaging station
by using same methods described above for the Bakers-
ville station. Only one composite storm sample (September
30, 2010) was collected with an automated sampler. Storm
samples collected for the Pennsylvania Water Quality Network
(WQN) (Pennsylvania Department of Environmental Pro-
tection, 2006b) were discrete samples, and only one sample
was collected for each storm. The WQN sampling frequency
at the Ursina station is one sample per month. Five storm
samples for the Ursina station were collected upstream from
the streamflow-gaging station at the Route 281 bridge; the
samples were depth- and width-integrated samples.

The Trent station does not have a streamflow-gaging sta-
tion. Grab samples were collected in a manner similar to that
for the other two stations. A discharge measurement was made
at the time of sample collection.

Nutrients

Water samples were collected for nutrient analysis at all
three sites. Samples were sent to either the USGS National
Water Quality Laboratory in Denver, Colorado, or the PaDEP
laboratory in Harrisburg, Pa. (see appendix 1, 2, and 3). Nutri-
ents analyzed include dissolved ammonia, dissolved nitrite,
dissolved nitrate plus nitrite, dissolved and total phosphorus,
total dissolved nitrogen, and total nitrogen. For some samples
from the Ursina station, nutrients analyzed also included total
ammonia, dissolved nitrate, and total orthophosphate. Nutri-
ent data are given for the Bakersville station in appendix 1,
the Ursina station in appendix 2, and the Trent station in
appendix 3.

Storm samples from the Bakersville station were col-
lected using an automatic sampler, and a flow-weighted
sample was processed for each storm as described in the pre-
ceding section. Samples were analyzed at the U.S. Geological
Survey National Water Quality Laboratory in Denver, Colo.
Monthly samples were collected during the 2011 water year
at the Ursina station as part of the WQN. These samples were
analyzed by the PaDEP laboratory in Harrisburg, Pa.

Sediment-Source Samples

The sediment-fingerprinting approach provides a direct
method for determining the likely sources of watershed-
derived fine-grained suspended sediment (Collins and others,
1997; Motha and others, 2003; Walling, 2005; Gellis and oth-
ers, 2009). This approach entails the identification of specific
sediment sources through the establishment of a minimal set
of physical and (or) chemical properties, such as tracers that
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uniquely define each source in the watershed. Suspended
sediment collected under different flow conditions exhibits

a composite, or fingerprint, of properties that allows them to
be traced back to their respective sources. Tracers that have
been used successfully as fingerprints are minerals (Motha
and others, 2003), radionuclides (Walling and Woodward,
1992; Collins and others, 1997; Nagle and others, 2007); trace
elements (Devereux and others, 2010); magnetic properties
(Slattery and others, 2000), and stable isotope ratios (*C/"*C
and “N/"N) (Papanicolaou and others, 2003). Sources of sedi-
ment in a watershed include channel corridor (streambanks)
and upland areas containing agriculture, urban construction,
and forest. Sampling sediment at these sources and linking the
fingerprints to sediment in transport using a statistical mix-
ing model enables quantification of the sediment from each
source. Sediment-source samples were collected upstream
from the Bakersville station in upland source areas and
streambanks. Sediment sources were identified as agriculture
(cropland and pasture), forest, unpaved road, and streambank
(fig. 7).

Site selection for sampling sediment in areas with forest
and agriculture was based on (1) landowner permission and
(2) the ability to obtain a spatially representative data set. Top-
ographic maps (7.5 minute) available for the Laurel Hill Creek
watershed display unpaved roads. After a reconnaissance of
the watershed, samples from unpaved roads were collected
to obtain a spatially representative data set. Unpaved roads
were distinguished in the field as semi-paved sand or gravel,
maintained sand and gravel, and non-maintained sand and
gravel. Samples from unpaved roads were obtained by sweep-
ing the surface sediment with a small broom into a plastic pan.
Approximately 150 ft of road was sampled at each site.

Site selection for sampling streambanks was based on a
spatial analysis of streams in the Laurel Hill Creek watershed.
The streams were classified by Strahler order into first, second,
third, and fourth order (Strahler, 1952), and the lengths of
streams in each order were summed (table 1). The number
of samples collected for each stream order was based on the
length of streams in each order, as well as field observations of
eroding streambanks. Spatially distributed sampling sites were
then selected. To obtain a representative sample, the stream-
banks were sampled from the bottom to the top of the bank
face. Samples were collected at three to five transects spaced
30 ft apart and composited into one sample. If streambanks
were exposed on both sides of the channel, samples were col-
lected from both sides of the stream and composited into one
sample.

Soil samples from agricultural and forested areas were
collected from the soil surface with a plastic hand shovel. To
account for variability in the tracer properties at agricultural
and forested sites, sediment was collected across transects and
composited into one sample. Transects were typically 350 by
100 ft.
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Figure 7. Location of sediment-source sample sites in the Laurel Hill Creek watershed, Somerset County, Pennsylvania.



Table 1. Summed lengths of stream reaches in the Laurel Hill
Creek watershed, Somerset County, Pennsylvania, by stream
order.

Sum of lengths Percentage of total

Stream order

(feet) stream length
1 239,390 54
2 121,730 27
3 36,350 8
4 49,400 11
Total 446,870 100

Laboratory Analyses for Sediment Fingerprinting

Samples collected from agricultural lands, forests,
unpaved roads, and streambanks were taken to the laboratory,
dried at 60 degrees Celsius (°C) (Gellis and others, 2009), dis-
aggregated using a pestle and mortar, and wet-sieved through
a 63-micron polyester sieve to remove the sand. Sample
weights before and after sieving were recorded to determine
the percentage of sand in the samples.

The silt and clay fractions (less than 63 microns) of
suspended sediment, upland soil, and channel corridor samples
were sent to a USGS research laboratory in Denver, Colo., for
elemental analyses (table 2) and to the University of California
at Davis Stable Isotope Laboratory for stable isotope analyses
(table 3). At the USGS laboratory, the samples were analyzed
for 35 elements (table 2). All samples were analyzed using
inductively coupled plasma combined with mass spectrometry
(ICP-MS) after multi-acid decomposition (a mixture of hydro-
chloric, nitric, perchloric, and hydrofluoric acids). Specific
details regarding this method can be found in Taggart (2002).

Samples were analyzed for carbon and nitrogen stable
isotopes (1*C/*2C and ®N/*N), total carbon (C), and total nitro-
gen (N) at the University of California laboratory (table 3)
using an Elementar Vario EL Cube (ELEMENTAR Analy-
sensysteme, GmbH, Hanau, Germany) elemental analyzer
interfaced to a Sercon 20-20 isotope ratio mass spectrometer
(Sercon Ltd., Cheshire, UK). Samples were combusted at
1,000°C in a reactor packed with cerium dioxide, copper
oxide, and lead chromate. Following combustion, oxides were
removed in a reduction reactor (reduced copper at 650°C).
Water was removed with magnesium perchlorate. Carbon
dioxide was removed from the carrier stream by an adsorption
trap allowing nitrogen to be analyzed. Following the comple-
tion of the nitrogen analysis, the adsorption trap was heated
releasing the trapped carbon dioxide for analysis (Brenna and
others, 1997).

Carbon and nitrogen isotope values (6'*C and 6'°N)
are reported in per mil (%o) notation with respect to Vienna
Pee Dee Belemnite (VPDB) and atmospheric N, (AIR),
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respectively. During analysis, samples were interspersed with
laboratory standards, which were previously calibrated against
International Atomic Energy Agency (IAEA) Standard Refer-
ence Materials including USGS-40, USGS-41, and IAEA-600.
Provisional isotope values were normalized using USGS-41
(d°C,pp = 37.63%0 and d"N, . = 47.6%o) and an internal
nylon standard (d"°C,,, = -27.81%0 and d"°N, . = -9.8%o).
The long-term precision for a laboratory check standard is
0.2 %o for 6"*C and 0.3 %o for 8'*N. The samples analyzed for
carbon isotopes were acid fumed according to the procedures
of Harris and others (2001).

Quality Control

Two sources of errors were determined for the fingerprint
sample set. One source of error was from field sampling. Field
sampling error was determined by collecting replicates of the
source samples at selected locations. The replicate samples
were collected at the same location with the same sampling
methodology and sent to the appropriate laboratories for
analysis. The difference in analytical results from two replicate
samples shows possible errors in sampling. Another source of
error is analytical error. Analytical errors were discerned by
taking a split of the field sample. The difference in analytical
results from the split samples shows possible errors in analyti-
cal results. Because of constraints in mass requirements, it was
not possible to obtain replicates or splits of the suspended-
sediment samples.

Replicate and split errors were determined as percent dif-
ference in the tracer values using the following equation:

Error (percent) = |( 4 - B)/ (4 + B)/2)| * 100 , @)
where

A and B are the tracer values for a replicate or split sample.

When sample splits or replicates were analyzed, the tracer
values used in the statistical analysis of sediment sources are
the average of the splits of the sample and the replicate value
for that sample.

The results of quality control for the sampling methodol-
ogy (replicate samples) and laboratory analysis (split samples)
are provided in appendix 4. A total of 9 split and 9 replicate
samples were collected for the source groups (appendix 4).
With the exception of forest sample FR80, which had an error
of 200 percent, errors ranged from 0 to 30 percent for the split
samples with 67 percent of the tracers having an error less
than 10 percent. The largest errors in the split-sample group
were for total carbon and total nitrogen (appendix 4). Errors
for the replicate samples ranged from 0 to 65 percent, with
83 percent of the tracers having an error less than 10 percent
(appendix 4).
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Table 2. Elements used for fingerprint analysis, denoted by name and symbol, analyzed at the U.S. Geological Survey Geology

Discipline research laboratory in Denver, Colorado.

Aluminum (Al) Cesium (Cs) Lithium (Li)
Antimony (Sb) Chromium (Cr) Magnesium (Mg)
Arsenic (As) Cobalt (Co) Manganese (Mn)
Barium (Ba) Copper (Cu) Molybdenum (Mo)
Beryllium (Be) Gallium (Ga) Nickel (Ni)
Bismuth (Bi) Iron (Fe) Niobium (Nb)
Cadmium (Cd) Lanthanum (La) Phosphorus (P)
Cerium (Ce) Lead (Pb) Potassium (K)

Rubidum (Rb)
Scandium (Sc)
Sodium (Na)
Strontium (Sr)
Thalium (TI)
Thorium (Th)
Titanium (Ti)

Uranium (U)

Vanadium (V)
Yttrium (Y)

Zinc (Zn)

Table 3. Tracer constituents analyzed by the University of
California at Davis Stable Isotope Laboratory, Davis, California.

Stable isotope delta carbon-13 (8"3C %0))

VPDB (

Percentage of dried soil sample comprised of total Carbon (C)

Stable isotope delta nitrogen-15 (8N, - (%o))

AIR (

Percentage of dried soil sample comprised of total Nitrogen (N)

Nutrient Concentrations and Loads

Water samples for nutrient analysis were collected at the
Bakersville and Ursina stations from July 2009 through Sep-
tember 2011 (appendix 1 and 2). Nutrients analyzed included
dissolved and total ammonia, dissolved and total nitrite,
dissolved nitrate plus nitrite, dissolved nitrate, dissolved and
total phosphorus, total orthophosphate, and dissolved and total
nitrogen. Summary statistics for nutrients in water samples are
presented in table 4.

Concentrations of nutrients in base-flow samples col-
lected at the Bakersville station generally were low. Concen-
trations of dissolved ammonia ranged from less than 0.01 to
0.128 mg/L; the median concentration was 0.013 mg/L. All
concentrations of dissolved phosphorus were less than the
detection limit. Concentrations of total phosphorus ranged
from less than 0.01 to 0.01 mg/L; only 2 of 10 samples had
concentrations greater than the detection limit. Concentra-
tions of dissolved nitrite ranged from an estimated 0.001 to
0.011 mg/L. Concentrations of nitrate plus nitrite ranged from
0.5 to 0.99 mg/L; the median concentration was 0.68 mg/L
(table 4).

Concentrations of nutrients in stormflow composite sam-
ples collected at the Bakersville station generally were slightly

higher than concentrations in baseflow. Concentrations of
dissolved ammonia ranged from less than 0.01 to 0.046 mg/L;
the median concentration was 0.024 mg/L. All concentrations
of dissolved phosphorus except one (0.01 mg/L) were below
the detection limit. Concentrations of total phosphorus ranged
from less than 0.01 to 0.11 mg/L; the median concentration
was 0.06 mg/L. Concentrations of dissolved nitrite ranged
from 0.001 to 0.004 mg/L. Concentrations of nitrate plus
nitrite ranged from 0.37 to 0.94 mg/L; the median concentra-
tion was 0.7 mg/L (table 4).

At the Bakersville station, concentrations of dissolved
total nitrogen in base flow ranged from 0.61 to 1.3 mg/L in
base-flow samples, 1.1 to 1.3 mg/L in stormflow grab samples,
and 0.52 to 1.1 mg/L in stormflow composite samples. Median
concentrations for base-flow and storm composite samples
were similar at 0.88 and 0.91 mg/L, respectively. The median
concentration for storm grab samples was 1.2 mg/L. Con-
centrations of total nitrogen ranged from 0.63 to 1.3 mg/L in
base-flow samples, 1.0 to 1.4 mg/L in storm grab samples, and
0.57 to 1.5 mg/L in storm composite samples. Median con-
centrations were 0.88 mg/L in base-flow samples, 1.2 mg/L in
storm grab samples, and 1.2 mg/L in storm composite samples
(table 4).

Concentrations of nutrients in base-flow samples col-
lected at the Ursina station generally were low. Concentra-
tions of dissolved ammonia ranged from less than 0.02 to
0.069 mg/L; the median concentration was below the detec-
tion limit. Only one of nine samples had a total ammonia
concentration (0.04 mg/L) greater than the detection limit.

All concentrations of dissolved phosphorus were less than the
detection limit. Concentrations of total phosphorus ranged
from less than 0.02 to 0.02 mg/L; only 4 of 21 samples had
concentrations greater than the detection limit. Concentrations
of orthophosphate ranged from less than 0.01 to 0.02 mg/L;
the median concentration was less than the detection limit. All
concentrations of total nitrite were less than the detection limit
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of 0.04 mg/L. Concentrations of dissolved nitrite ranged from
less than 0.002 to 0.007 mg/L; the median concentration was
0.001 mg/L. Concentrations of nitrate plus nitrite ranged from
0.24 to 0.77 mg/L; the median concentration was 0.31 mg/L
(table 4).

At the Ursina station, concentrations of dissolved total
nitrogen ranged from 0.12 to 1.1 mg/L in 21 base-flow
samples and from 0.52 to 0.97 mg/L in 5 stormflow samples.
Median concentrations for base-flow and stormflow samples
were similar at 0.58 and 0.7 mg/L, respectively. Concentra-
tions of total nitrogen ranged from 0.25 to 0.92 mg/L in 12
base-flow samples and were 0.97 and 1.0 mg/L in 2 stormflow
samples. The median concentration for base-flow samples was
0.57 mg/L (table 4).

The term “load” represents the mass (commonly
expressed in tons or pounds) of a constituent transported past
a sampling station during a specified period of time. Loads
can be computed for various time increments, such as instan-
taneous, daily, monthly, seasonal, and annual, or for storms.
Instantaneous loads represent the mass transported at the spe-
cific sampling time, whereas daily, monthly, seasonal, annual,
and storm loads represent the cumulative mass transported
over a prolonged period.

Monthly total nitrogen loads were estimated for the
Bakersville station by summing the daily estimated total
nitrogen load. A regression model was developed to relate the
total nitrogen measured in composite stormflow samples to the
mean discharge during collection of the sample (fig. 8). The
coefficient of determination was 0.93. The daily total nitrogen
load was estimated for stormflows using

log(N) = 0.00673 (0.2727 log(Q) - 0.611) , 2)

where
N is daily total nitrogen load, in pounds per
day;
(0] is mean daily discharge, in cubic feet per
second; and 0.00673 is a conversion factor.

A Duan bias correction factor (Duan, 1983) of 1.003 was
applied to correct for negative bias during retransformation of
the response variable.

A relation between total nitrogen concentration and mean
discharge was not apparent for base-flow samples collected
at the Bakersville station (fig. 9). Therefore, the mean total
nitrogen concentration of the base-flow samples, 0.88 mg/L
(table 4), was used to estimate total nitrogen loads during base
flow. The daily total nitrogen load was estimated using

N=0.00673 (0.88 Q) , A3)

where
N is daily total nitrogen load, in pounds per
day;
(0] is mean daily discharge, in cubic feet per
second; and 0.00673 is a conversion factor.
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Figure 8. Regression relation of total nitrogen concentration to
mean discharge for composite stormflow samples collected at
station 03079600, Laurel Hill Creek near Bakersville, Pennsylvania.

14
°
124 N
g
>
o
w
%107 L N
2 °
‘E °
£ Y
=
S 08 ° B
o
*é" ]
=
=] ®
= °
0.6 —
0.4 ‘ ] ‘
1 10 100

Mean discharge, in cubic feet per second

Figure 9. Relation of total nitrogen concentration to discharge
for base-flow samples collected at station 03079600, Laurel Hill
Creek near Bakersville, Pennsylvania.



Estimated monthly total nitrogen loads for the Bakers-
ville station are given in table 5. The total nitrogen load was
262 pounds (Ib) for 11 months of the 2010 water year and
266 1b for the 2011 water year. Mean monthly total nitrogen
loads were similar for the 2010 and 2011 water years. The
mean monthly total nitrogen load was 23.9 pounds per month
(Ib/mo) for the 2010 water year and 22.2 1b/mo for the 2011
water year. Most of the total nitrogen load was from storm-
flows. The mean monthly stormflow load was 18.3 1b/mo for
the 2010 water year and 17.9 Ib/mo for the 2011 water year.
The stormflow load made up 76.6 percent of the total load for
the 2010 water year and 80.6 percent of the total load for the
2011 water year (table 5).

The estimated monthly total nitrogen loads at the Bakers-
ville station were higher during the winter and spring (Decem-
ber through May) than during the summer (June through
August) (fig. 10). The estimated monthly total nitrogen load is
related to the mean monthly discharge (fig. 11). The monthly
total nitrogen load can be estimated from the mean monthly
discharge using

N, =0.1226 Q"7 , @)
where
N is monthly total nitrogen load, in pounds per
month; and
0 is mean monthly discharge, in cubic feet per
second.

Water samples were collected at both the Trent (station
03079655; appendix 3) and Bakersville (station 03079600;
appendix 1) stations on 3 days (July 28, 2009; September 3,
2009, and June 7, 2010). The Bakersville station is located
upstream from Laurel Hill Creek Lake, and the Trent station is
located downstream from Laurel Hill Creek Lake. A compari-
son of the analytical results showed that the discharge and
water temperature were higher downstream from Laurel Hill
Creek Lake than upstream. The dissolved oxygen concentra-
tion, pH, specific conductance, dissolved nitrate plus nitrite,
and total and dissolved nitrogen were lower downstream from
Laurel Hill Creek Lake.

Suspended-Sediment Concentrations
and Loads

Turbidity is a principal physical characteristic of water
and is an expression of the optical property that causes light
to be scattered and absorbed by particles and molecules rather
than transmitted in straight lines through a water sample. It
is caused by suspended matter or impurities that interfere
with the clarity of the water. These impurities may include
clay, silt, finely divided inorganic and organic matter, soluble
colored organic compounds, and microscopic organisms (U.S.
Environmental Protection Agency, 1999, p. 7-1). Suspended
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Table 5. Estimated monthly total nitrogen loads for station
03079600, Laurel Hill Creek near Bakersville, Pennsylvania,
November 2009 to September 2011.

[Ib/mo; pounds per month]

Base-flow Stormflow
Month and year load load T?It:/ln:?)?d
(Ib/mo) (Ib/mo)

November 2009 6.3 1.5 7.8
December 2009 6.8 21.9 28.7
January 2010 13.5 40.4 53.8
February 2010 9.5 0.7 10.2
March 2010 34 101 104

April 2010 9.6 5.7 15.3
May 2010 3.6 26.9 30.6
June 2010 4.8 24 7.2
July 2010 1.7 0.3 2.0
August 2010 1.3 0.0 1.3
September 2010 0.8 0.3 1.1
Total (11 months) 61.3 201 262

Mean 5.6 18.3 23.9
Percentage 23.4 76.6 100.0
October 2010 1.7 0.5 2.2
November 2010 2.9 11.2 14.1
December 2010 8.8 16.2 25.0
January 2011 2.6 2.7 53
February 2011 6.0 44.5 50.4
March 2011 8.4 44.5 53.0
April 2011 0.8 41.1 41.9
May 2011 7.7 16.8 24.5
June 2011 4.0 1.6 5.6
July 2011 1.9 0.7 2.6
August 2011 2.4 1.7 4.0
September 2011 4.4 33.1 37.5
Total (12 months) 51.59 215 266

Mean 43 17.9 22.2
Percentage 19.4 80.6 100

solids affect the scattering of light, and turbidity increases as
the scattering of light increases.

Turbidity or turbidity and discharge are often better indi-
cators of suspended-sediment concentration (SSC) than the
traditional sediment-transport curve method for some streams.
Turbidity can serve as a surrogate for SSC. Lee and others
(2008) compared annual suspended-sediment loads (SSL)
computed using traditional sediment-transport curve methods
and a turbidity-SSC model at stations near John Redmond
Reservoir in Kansas. Lee and others (2008) found that the
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Figure 10. Estimated monthly total nitrogen loads for station
03079600, Laurel Hill Creek near Bakersville, Pennsylvania,
November 2009 to September 2011.
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Figure 11. Relation between estimated monthly total nitrogen
load and mean monthly discharge at station 03079600, Laurel
Hill Creek near Bakersville, Pennsylvania, November 2009 to
September 2011.

SSL calculated from the turbidity-SSC model had an error of
1.1 to 3.2 percent, whereas the SSL calculated from sediment-
transport curves had an error of 16 to 20 percent.

Regression Models

Regression models were developed for SSC, turbidity,
and discharge as a means of estimating time-series SSC using
turbidity data. Available data from the 2010 and 2011 water
years were used. The estimated SSC was used to compute
daily, storm, and annual SSL for water years 2010 and 2011.
Regression models were developed to determine the relations
of SSC to turbidity (T) and discharge (Q) using SSC data col-
lected by the automated sampler and turbidity and discharge
data collected at the Bakersville station. The methodology
is described by Rasmussen and others (2009), Helsel and
Hirsch (2002), and Bragg and others (2007). Regression equa-
tions were developed using the model building approaches
explained by Helsel and Hirsch (2002).

Six regression models were initially developed: (1)

SSC in relation to T, (2) SSC to Q, (3) SSC to T and Q, (4)
log,,SSC to log, T, (5) log,,SSC to log,,Q, and (6) log ,SSC to
log,, T and log, Q. Statistics, including coefficient of determi-
nation (R?), adjusted R?, standard error, prediction error sum
of squares (PRESS), Mallow’s Cp, variance inflation factor,
probability plot correlation coefficient, and model standard
percentage error, were used to evaluate the models (table 6).
The statistics are appropriate only for comparing models with
the same response variable units. The coefficient of determina-
tion is the fraction of the variance explained by the regression
model. The adjusted coefficient of determination is adjusted
for the number of degrees of freedom to allow comparison of
regression models with differing numbers of explanatory vari-
ables. The standard error is an estimate of the variation from
the average. The prediction error sum of squares (PRESS)
estimates error by using n-1 observations in the regression
model to estimate the value left out; a lower PRESS value
indicates less model error. Mallow’s Cp is used to assess the fit
of a regression model by minimizing bias and standard error;
the best model is the one with the lowest Cp. The variance
inflation factor (VIF) estimates how much the variance of an
estimated regression coefficient in a multiple linear regression
model is increased because of collinearity. The probability plot
correlation coefficient (PPCC) is a test for normal distribu-
tion, which will have a correlation coefficient close to 1.0. As
data depart from normality, the coefficient drops below 1.0.
The model standard percentage error (MSPE) is the root mean
squared error expressed as a percentage. It is a measure of

the variance between observed values and values computed
by the regression model. A log transformation model using
turbidity and discharge as explanatory variables provided the
best results (model number 6 in table 6). The regression model
selected was
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Table 6. Statistics for suspended-sediment regression models developed for station 03079600, Laurel Hill Creek near Bakersville,
Pennsylvania, with suspended sediment concentration as the response variable.

[R?, coefficient of determination; PPCC, probability plot correlation coefficient; PRESS, prediction error sum of squares; MSPE, model standard percentage

error; VIF, variance inflation factor; -- statistic not applicable; n, number of observations; T, turbidity; Q, discharge]

Mol Gl g A S g press M s
n=37
1 T 0.847 0.843 26.17 0.97 27,674 2.00 37.87 --
2 Q 0.637 0.627 40.35 0.99 62,546 50.20 58.38 --
3 T,Q 0.852 0.843 26.17 0.97 27,821 3 -- 3.16
4 log, T 0.854 0.850 0.28 0.96 3.17 7.06 69.54 --
5 log,Q 0.761 0.754 0.36 0.97 1.30 4.94 32.68 --
6 log,, T and log,,Q 0.876 0.869 0.26 0.96 294 3 - 3.90
log(SSC) = 0.82 log(7) + 0.362 log(Q) - 0.459 ,  (5) SSL,=8SCxQ.xC, (6)
where where
SSC  is instantaneous suspended-sediment SSL, is the computed suspended-sediment load, in

concentration, in milligrams per liter;

T s turbidity, in Formazine Nephelometric
Units; and

(0] is instantaneous discharge, in cubic feet per
second.

Estimation of Suspended-Sediment Loads and
Yields

Annual loads generally are more informative than
instantaneous loads measured at the time of sampling because
they represent the cumulative transport of sediment during
a year and, thereby, incorporate the potentially large range
of daily variations. Differences in annual loads transported
past a sampling station can result from differences in annual
flow volumes, physical watershed characteristics, current and
historical land-use activities, and local conditions that affect
sediment supply or susceptibility to erosion.

Instantaneous (15-minute) suspended-sediment loads
(SSL) were computed from time-series turbidity and dis-
charge data for the 2010 and 2011 water years (figs. 12 and
13, respectively) as follows. Equation 5 was used to compute
instantaneous SSC from turbidity and discharge data collected
every 15 minutes. SSC values computed from regression esti-
mates were multiplied by the corresponding discharge values
and a unit conversion to compute estimates of instantancous
SSL in short tons (2,000 1b). Instantaneous SSL was calculated
using the following equation:

tons per 15-minute interval;

SSC, is the computed suspended-sediment
concentration for the ith value, in
milligrams per liter;

0, is the discharge for the ith value, in cubic feet
per second; and

C is a constant, 2.81 x 107, for converting the
units to tons per 15 minutes.

The computations of instantaneous (15-minute) SSL
were summed to provide daily, storm, and annual loads. In
cases where 15-minute unit discharge values were not avail-
able when the streamflow-gaging station was affected by ice,
the mean daily discharge value was substituted. Estimated
annual SSL was determined by summing the estimated
15-minute SSL transported past the streamflow-gaging station
during water years 2010 and 2011 (table 7). The annual SSL
was divided by the upstream drainage area to estimate the
annual sediment yield. Annual sediment yields can be used to
compare sediment loads among watersheds of different sizes.
Daily SSLs are provided for 2010 water year in table 8 and for
the 2011 water year in table 9.

For the Bakersville station, the estimated annual SSL
was 17,700 tons, and the estimated yield was 464 ton/mi?* for
11 months of the 2010 water year (table 7). Data for the 2010
water year are incomplete because data collection began on
October 29, 2009. SSL was calculated for each storm with
a peak discharge greater than 50 ft*/s when unit discharge
data were available. During the 2010 water year (beginning
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Figure 12. Discharge and turbidity measured at station 03079600, Laurel Hill Creek near Bakersville, Pennsylvania, 2010 water year.
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Figure 13. Discharge and turbidity measured at station 03079600, Laurel Hill Creek near Bakersville, Pennsylvania, 2011 water year.
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Table 7. Estimated annual suspended-sediment loads and
yields for station 03079600, Laurel Hill Creek near Bakersuville,
Pennsylvania, water years 2010 and 2011.

Estimated Estlmal_e i Percentage of
annual yield .
annual load sediment from
(tons per square
(tons per year) . stormflow
mile per year)

2010 2011 12010 2011 2010 2011
water water water water water water
year year year year year year
17,700 13,500 464 353 88.5 94.6

! Data collection began on October 29, 2009.

October 29, 2009), there were 25 storms with peak discharges
greater than 50 ft¥/s. Storms producing a discharge less than
50 ft*/s occurred between June 1 and December 1, 2010,
during a drought (Pennsylvania Department of Environmen-
tal Protection, 2012b) and during the summer of 2011. The
storms were low-intensity storms that generally produced little
sediment.

The storm beginning January 24, 2010, provided
34.4 percent of the annual SSL, and the storm begin-
ning March 10, 2010, provided 31.9 percent of the annual
SSL (fig. 14). Together, these two winter storms provided
66 percent of the annual SSL for the 2010 water year. The
other 23 storms during the 2010 water year each provided
from less than 0.01 to 4.2 percent of the annual SSL.

During the 2011 water year, there were 37 storms with
peak discharges greater than 50 ft¥/s. The estimated annual
SSL was 13,500 tons, and the estimated yield was 353 ton/mi?
(table 7). During the 2011 water year, the SSLs were more
evenly divided among storms than during the 2010 water
year (fig. 14). Seven of 37 storms with the highest SSLs each
provided a total of 65.7 percent of the annual SSL for the 2011
water year; each storm provided from 4.6 to 12.3 percent of
the annual SSL. The highest cumulative SSL for the 2010 and
2011 water years generally occurred during the late winter
(fig. 14). For the 2010 and 2011 water years, stormflows with
the highest peak discharges generally carried the highest SSLs
(r*=0.87) (fig. 15).

Sloto and Olsen (2011) estimated sediment yields from
the West Branch Brandywine and French Creek watersheds
in Chester County, Pa. In comparison to the Laurel Hill Creek
watershed, the French Creek watershed has about the same
amount of agricultural land (33 percent) but has less for-
est land (44.6 percent) and more urban land (16.1 percent);
the French Creek watershed had a mean sediment yield of
66.7 ton/mi? for the 2008 and 2009 water years. The West
Branch Brandywine near Honey Brook watershed, which has
a larger percentage of agricultural land (59.7 percent) than
Laurel Hill Creek watershed but has much less forest land
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Figure 14. Estimated suspended-sediment loads from storms at
station 03079600, Laurel Hill Creek near Bakersville, Pennsylvania,
2010 and 2011 water years.

(17.6 percent) and more urban land (13.8 percent) had a mean
sediment yield of 184 (ton/mi?)/yr for the 2008 and 2009 water
years. The sediment yield in both of these watersheds is much
lower than the yield for the Laurel Hill Creek watershed,
which had a mean sediment yield of 409 ton/mi? for the 2011
water year and the last 11 months of the 2011 water year.
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Table 8. Estimated daily sediment loads at station 03079600, Laurel Hill Creek near Bakersville, Pennsylvania, 2010 water year.

[Loads are in tons; --, no data]

Day October November December January February March April May June July August September
1 -- 4.7 9.4 6.4 7.5 3.1 17 5.1 2.4 0.14 0.04 0.01
2 -- 3.1 6.2 4.4 7.0 30 13 6.1 1.6 0.12 0.04 0.01
3 -- 2.7 92 4.2 4.7 2.7 10 134 1.2 0.12 0.05 0.02
4 -- 23 40 3.9 3.6 30 75 68 1.0 0.12 0.07 0.02
5 - 2.0 17 3.2 4.1 3.2 5.7 20 2.4 0.11 0.09 0.01
6 -- 2.2 11 2.8 4.1 30 52 12 1.8 0.09 0.10 0.01
7 -- 1.9 7.5 2.4 3.0 34 42 7.6 1.1 0.08 0.07 0.01
8 -- 1.5 6.5 2.5 33 6.0 38 14 0.8 0.07 0.04 0.01
9 -- 1.2 116 2.6 2.7 69 4.0 11 13.2 0.09 0.04 0.01
10 -- 1.1 171 2.7 2.7 17 2.8 622 71.2 0.18 0.04 0.01
11 - 0.93 33 3.1 2.9 90 2.2 18 7.7 0.11 0.03 0.01
12 -- 0.84 14 3.2 2.6 662 1.8 64 34 0.08 0.07 0.01
13 -- 0.81 20 3.7 2.6 1,960 1.8 25 2.8 0.17 0.08 0.01
14 -- 0.73 109 4.1 23 2,110 1.8 16 2.5 3.9 0.05 0.01
15 -- 0.72 112 4.8 23 487 1.5 29 2.6 0.68 0.04 0.01
16 -- 0.59 65 6.5 2.0 353 2 12.4 2.1 0.19 0.03 0.13
17 - 0.51 24 49 2.3 351 48 84 1.5 0.21 0.03 0.33
18 -- 0.42 13 190 2.3 264 9.29 176 1.1 0.13 0.02 0.07
19 -- 1.5 11 71 2.6 231 5 52 1.2 0.15 0.02 0.03
20 -- 54 7.3 33 23 249 33 34 1.9 0.10 0.02 0.02
21 -- 3.6 4.5 19 2.7 235 2.8 17 0.88  0.07 0.02 0.01
22 -- 2.5 3.2 14 2.7 262 2.6 55 0.63  0.06 0.45 0.01
23 - 2.0 1.8 12 2.8 401 2.4 198 0.53  0.08 0.19 0.00
24 -- 2.1 1.8 22 3.1 152 2.0 41 1.3 0.07 0.07 0.00
25 -- 2.1 3.2 4,590 32 86 3.1 19 1.3 0.17 0.05 0.00
26 -- 2.0 13 1,270 2.7 123 51 12 0.51 0.32 0.04 0.00
27 -- 2.2 15 167 3.0 56 55 9.0 042 0.10 0.03 0.00
28 -- 2.2 8.8 63 33 50 17 5.7 0.34  0.07 0.03 0.04
29 - 2.3 6.4 28 - 121 10 8.3 0.25  0.06 0.03 0.03
30 11 8.5 6.7 22 -- 44 6.7 3.7 0.19 0.05 0.02 13.28
31 8.0 -- 9.4 10 -- 25 -- 2.5 -- 0.04 0.02 --

Monthly total -- 65 961 6,630 91 8,350 304 1,170 130 7.9 1.9 14
Monthly yield -- 1.7 25 174 24 219 8.0 30.6 34 0.21 0.05 0.37

!Annual total 17,700

Data for most of October are not available.
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Table 9. Estimated daily sediment loads at station 03079600, Laurel Hill Creek near Bakersville, Pennsylvania, 2011 water year.

[Loads are in tons; --, no data]

Day October November December January February March  April May  June July  August September

1 6.9 0.10 697 7.2 3.7 620 3.5 14 1.6 0.51 0.22 10

2 0.56 0.09 194 41 32 98 4.1 13 1.2 0.33 0.16 4.4

3 0.19 0.10 48 19 31 44 7.7 13 0.91 0.74 0.18 0.63

4 0.10 0.19 20 8 21 24 15 17 0.83 0.50 0.37 13

5 0.07 1.3 11 4.9 20 18 414 13 1.1 0.34 0.28 77

6 0.10 1.2 7.0 4.5 19 207 136 84 0.72 0.26 1.0 245

7 0.54 0.65 6.9 4.1 12 166 47 6.8 0.64 0.29 4.5 1,038

8 0.27 0.45 5.0 2.7 10 52 39 53  0.67 1.8 1.5 217

9 0.14 0.38 4.0 2.2 10 41 77 4.1 0.73 1.6 3.8 43

10 0.09 0.32 3.9 1.7 10 425 30 3.0 1.0 0.39 3.8 26

11 0.06 0.26 23 1.7 12 911 20 26 0.77 0.36 1.3 11

12 0.06 0.27 6.3 1.9 8.8 165 23 2.0 0.85 0.27 0.74 5.9

13 0.09 0.20 18 24 8.2 77 78 2.8 0.85 0.21 0.54 4.2

14 0.07 0.22 13 3.1 9.0 37 38 3.8 057 0.14 3.1 2.8

15 0.07 0.53 8.4 2.7 14 23 20 6.7 0.52 0.12 33 32

16 0.09 2.7 7.3 2.4 53 24 40 5.6 0.55 0.11 1.4 2.6

17 0.08 20 7.8 2.4 27 17 95 16 0.82 0.11 0.96 1.51

18 0.06 6.4 7.1 24 596 16 32 301 1.2 0.11 0.68 1.04

19 0.92 2.9 7.0 2.6 713 14 73 322 0.92 0.15 0.45 0.89

20 0.59 1.8 5.8 2.8 88 87 165 107 39 0.13 0.38 1.2

21 0.26 1.2 4.9 2.9 170 9.0 47 41 16 0.12 0.35 0.98

22 0.19 0.98 4.6 2.6 144 24 28 20 5.6 0.10 0.42 0.87

23 0.12 1.1 34 2.6 51 44 47 18 3.0 0.10 0.38 0.74

24 0.09 0.83 2.8 2.7 28 82 36 15 1.9 0.10 0.33 0.68

25 0.08 31 2.9 2.8 313 30 24 20 1.8 0.94 0.58 0.60

26 0.11 370 2.9 3.2 234 16 28 11 1.1 0.68 0.47 0.52

27 044 111 2.4 3.1 77 11 98 14 1.1 0.20 0.29 1.7

28 0.31 20 2.5 32 854 7.1 96 82 1.5 0.16 0.26 1.7

29 0.18 8.8 2.5 3.2 -- 5.0 46 46 1.2 0.66 0.22 1.1

30 0.14 182 2.9 3.2 -- 3.9 22 3.0 0.70 1.9 0.22 0.91

31 0.11 -- 33 2.1 -- 36 - 2.1 -- 0.38 0.21 --
Monthly total 13 768 1,110 151 3,520 3,221 1,830 1,030 89 14 32 1,720
Monthly yield 0.3 20 29 4.0 92 84 48 27 23 0.36 0.85 45

Annual total 13,500
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Figure 15. Relation of estimated storm suspended-sediment

load to peak discharge at station 03079600, Laurel Hill Creek near
Bakersville, Pennsylvania, 2010 and 2011 water years.

Sediment-Source Assessment Using
Sediment Fingerprints

At the Bakersville station, 10 suspended-sediment
samples were collected during 6 storms for sediment-source
analysis (fig. 16; table 10). Except for the March 12, 2010,
sample, sediment collection occurred over several hours dur-
ing the time periods shown on the flood hydrographs in figure
16. Ninety samples were collected from five source areas: 20
from cropland, 9 from pasture, 18 from forest land, 20 from
unpaved roads, and 23 from streambanks (fig. 7; appendix 5).
Nine streambank samples were collected in first-order chan-
nels, 9 in second-order channels, 2 in third-order channels, and
3 in fourth-order channels (fig. 7; appendix 5). The percentage
of fines (silt and clay) in the source samples for the Laurel
Hill Creek watershed ranged from 2 to 74 percent; streambank
samples had the highest percentage of fines, and unpaved road
samples had the lowest percentage (appendix 5).

Statistical Methods

Several analytical and statistical steps were used to deter-
mine which tracers were most appropriate in defining sedi-
ment sources as follows: (1) removing outliers in each source
type, (2) bracketing the fluvial samples by the source type, (3)

performing stepwise discriminant function analysis (DFA), (4)
evaluating the capacity of the set of characteristic variables to
discriminate between source types, and (5) identifying source
percentages using an “‘unmixing” model (fig. 17).

The first step in the statistical procedure was to remove
outliers. The presence of outliers can lead to errors in data
analysis and statistical conclusions (Helsel and Hirsch, 1992).
Before the outlier test was performed, tracers for each source
type were tested for a normal distribution using the Shapiro-
Wilk test (null hypothesis is that samples are random and
come from a normal distribution). All variables that were not
normally distributed at a 95-percent confidence interval were
tested again for normality after transformation using one of
the following: log, power, square root, cube root, or inverse
function (Helsel and Hirsch, 1992). The best transformation
for normality was selected, and the three standard deviation
rule (Wainer, 1976) was applied to that data set. Tracers in
each source type that were greater or less than three times
the standard deviation of the average value of a tracer in that
source type were considered outliers, and the entire sample of
that tracer was removed.

A requirement of sediment fingerprinting is that the
fluvial tracers must be conservative and not change during
transport from the source to the sampling point. Consequently,
the next step in the statistical analysis was to determine that
for a given tracer, the fluvial samples were bracketed by the
sources within the range of error for each tracer. Any tracers
that did not satisfy this constraint within measurement error
were considered to be non-conservative and were removed
from further consideration.

Collins and Walling (2002) and Collins and others (1997)
have suggested that a composite of several tracers provides a
greater ability to discriminate between sources than a single
tracer. To create the optimal group of tracers, a stepwise
DFA was used to select tracers. For this procedure, normality
among the variables being analyzed was assumed; therefore,
all variables used in the DFA were tested for normality using
the Shapiro-Wilk test. All variables that were not normally dis-
tributed at a 95-percent confidence interval were tested again
for normality after transformation using either a log, power,
square root, cube root, or inverse function.

The best transformation for normality was selected, and
stepwise DFA was performed on the data. Stepwise DFA
incrementally identifies the tracers that significantly contrib-
ute to correctly identifying the sediment sources and rejects
variables that do not contribute based on the minimization of
the computed value of the variable Wilks’ lambda (Collins and
others, 1997). A lambda close to 1.0 indicates that the means
of all tracers chosen are equal, and differences among groups
cannot be distinguished. A lambda close to zero occurs when
any two groups are well separated (within group variability is
small compared to overall variability). Thus, the model selects
a combination of tracers that provide optimal separation; no
better separation can be achieved using fewer or more tracers.
A significance value of 0.05 was used in the procedure. The
statistical program SAS was used in the stepwise DFA.
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Table 10. Description of streamflows sampled during storms for sediment fingerprinting at station 03079600, Laurel Hill Creek near
Bakersville, Pennsylvania, March 2010 to April 2011.

[ft¥/s, cubic feet per second]

Suspended-
sediment load
Range of Peak Part of storm for days on
Sample start Sample end g discharge Peak flow cay
sampled hydrograph dur- which the
Date (date: hours and  (date: hours and of sampled (date: hours and . : .
. . flows . ing which sample sediment
minutes) minutes) s event minutes)
(ft/s) was collected sample was
(ft'/s)
collected
(tons/day)
3/12/2010 3/12/2010:0800  3/12/2010:0941 600625 1,720 3/14/2010:0045  Rising 662
3/12/2010 3/12/2010:0942  3/12/2010:1105 626-652 1,720 3/14/2010:0045  Rising 662
5/17-18/2010  5/17/2010:1700  5/18/2010:0400 250-408 408 5/18/2010:0430  Rising 261
5/17-18/2010  5/18/2010:0500  5/18/2010:1600 293-395 408 5/18/2010:0430  Rising 28.8
9/30-10/1/2010  9/30/2010:1230  9/30/2010:1830 19-142 148 9/30/2010:1930  Rising 133
9/30-10/1/2010  9/30/2010:1930  10/01/2010:1230  45-148 148 9/30/2010:1930  Rising 20.1
11/16-17/2010  11/16/2010:2030 11/17/2010:1230  58-154 154 11/17/2010: 0445 Rising and falling 20.2
4/5/2011 4/5/2011:0500 4/5/2011:1200 413-526 552 4/5/2011:1445 Rising 414
4/5/2011 4/5/2011:1215 4/5/2011:2000 515-552 552 4/5/2011:1445 Rising and falling 414
4/19-20/2011 4/19/2011:2000  4/20/2011:0900 338-368 368 4/19/2011:2200  Rising and falling 238
Another requirement of sediment fingerprinting is that (Zr} H(Ci-(E", PS.)/C, }2 W) ’ 7)
) . = s=1 " s si i i
tracers have a unique value for each source. The Mahalanobis
distance statistic was used to verify that the set of normalized and
tracers determined from the stepwise DFA can correctly iden-
tify each source type. The Mahalanobis distance statistic tests Yl =P =1 (®)
the distance between source types for a set of tracers (Rao, ' §
1965). A probability value of 0.05 was used in the Mahalano- where

bis distance statistic test. The Mahalanobis distance statistic
was run on the set of normalized tracers determined from the
stepwise DFA. If no tracer is found to differentiate between
two sources, a decision is made to combine the sources into
one source type, for example, cropland and pasture into
agriculture. Stepwise DFA and the Mahalanobis distance
statistic tests are then repeated on the new data set (fig. 17).
The Mahalanobis distance statistic test has been used in other
sediment studies to assist in discriminating sources (Karlin,
1980; Minella and others, 2008).

The final step in the statistical analysis was to deter-
mine the significant sources of sediment using an “unmixing
model.” The tracer values that were determined from the
stepwise DFA are used in the “unmixing” model but in their
original (non-transformed) form. A modified version of the
“unmixing” equation of Collins and others (2010) was used to
determine source percentages:

the concentration of tracer property (i) in

the suspended sediment collected during

storms,

the optimized percentage contribution from

the source type(s),

the mean concentration of tracer property

(1) in source type(s),

the tracer discriminatory weighting,

is the number of fingerprint properties
comprising the optimum composite
fingerprint, and

m is the number of sediment-source types.

The “unmixing” model iteratively tests for the lowest
error value using all possible source percentage combinations.
A step of 0.01 is used in the source computations. In a five-
source model, there are 4,598,126 iterations to find the lowest
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Figure 16. Discharge and suspended-sediment sample collection during storms for source analysis at station 03079600, Laurel Hill
Creek near Bakersville, Somerset County, Pennsylvania.
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source type (Shapiro-Wilk test)

Transform non-normal data for each tracer in each

deviation rule)

Remove outliers in each source type (3 standard

 /

Bracket fluvial samples by sources

all sources (Shapiro-Wilk test)

Transform non-normal data for each tracer grouped for

Identify and evaluate tracers that significantly
distinguish source types (stepwise discriminant function
analysis and Mahalanobis distance statistic)

¥

If no tracers can distinguish between 2 source types,

distance statistic)

combine those source types *

Using the new source types, identify and evaluate
tracers that significantly distinguish source types
(stepwise discriminant function analysis and Mahalanobis

Final source apportionment using an unmixing model

Figure 17.
County, Pennsylvania.

error value. Wi, the tracer discriminatory weighting value, is a
weighting used to reflect tracer discriminatory power (eq. 7).
This weighting is based on the relative discriminatory power
of each individual tracer provided by the results of the step-
wise DFA.

Examination for outliers in the source types showed that
no tracers were outside the specified range (greater or less
than three times the standard deviation from the average) for
that source type. Examination of the fluvial tracers in relation
to the source samples showed that the measured values for
eight tracers (Ba, Cd, Co, Mg, Mn, Na, Ni, Zn) were outside
the range of the measured source values and were removed
(appendix 5). The results of the stepwise DFA on the final 31
tracers indicated that 11 tracers were significant (Bi, Nb, Y,
P, Fe, Ti, Pb, Cu, Th, Cs, K). Results from the Mahalanobis

Flow chart of steps used to determine the significant sources of sediment in the Laurel Hill Creek watershed, Somerset

distance test on the 11 tracers determined from the stepwise
DFA indicated that the composite set of all 11 tracers was not
able to distinguish between pasture and cropland (p=0.193),
and these source types were combined into one source group
called agricultural land. On the basis of conversations with
landowners in the Laurel Hill Creek watershed, many of the
pasture fields were cropland in the recent past or are rotated
into cropland every few years, and thus, combining cropland
and pasture into one source group was representative of agri-
culture in the watershed.

Stepwise DFA was run again on the final 31 tracers for
the four sediment source groups (agricultural lands, stream-
banks, unpaved roads, and forests) and showed that 11 tracers
were significant (Bi, Nb, Y, P, Fe, Ti, Pb, Cu, Th, Cs, K)
(table 11). The cumulative percentage of source-type samples
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Table 11. The optimum composite set of tracers for
discriminating individual sediment-source types in the Laurel
Hill Creek watershed, Somerset County, Pennsylvania.

[Bi, Bismuth; Nb, Niobium; Y, Yttrium; P, Phosphorus; Fe, Iron; Ti, Tita-
nium; Pb, Lead; Cu, Copper; Th, Thorium; Cs, Cesium; K, Potassium]

Cumulative Percentage of

Tracer dis-
percentage of source-type s
Tracer criminatory
Step source-type samples S
selected e weighting
samples clas- classified
. value
sified correctly  correctly
1 Bi 66.4 33.6 22
2 Nb 73.3 41.9 1.9
3 Y 89.7 42.8 1.9
4 P 94.2 47.7 1.7
5 Fe 94.2 47.4 1.7
6 Ti 98.9 42.9 1.9
7 Pb 98.9 38.2 2.1
8 Cu 98.9 45.8 1.8
9 Th 98.9 69.9 1.0
10 Cs 97.8 63.6 1.2
11 K 97.8 63.6 1.2

correctly classified was 97.8 percent (table 11). Results from
the Mahalanobis distance test on the 11 tracers determined
from the stepwise DFA indicate that the composite set of all 11
tracers was able to distinguish between individual source types
(table 11); 4 source types were used in the statistical analysis
of sediment-source types (table 12).

Table 12. Probability that the 11 tracers from the stepwise
discriminant function analysis can distinguish between
individual source types using the Mahalanobis distance
statistic, Laurel Hill Creek watershed, Somerset County,
Pennsylvania.

[Values less than 0.05 indicate that the composite set of tracers can be used
to distinguish between the source types]

Streambanks Agricultural Forests Unpaved

lands roads
Streambanks 1 <0.0001  <0.0001 <0.0001
Agricultural lands 1 <0.0001 <0.0001
Forests 1 <0.0001

Unpaved roads 1

Sediment Sources

The “unmixing” model was applied to the final 11 tracers
for the 10 stormflow samples (table 13). Averaging the source
percentages for the 10 storms showed that agricultural lands
were the dominant source of fine-grained sediment (53 per-
cent). Streambanks contributed 30 percent; unpaved roads,

17 percent; and forests, 0 percent.

Sediment flux is highly correlated with discharge. The
discharge at the time of suspended-sediment sample collec-
tion is an indicator of the energy that is available to erode
and transport sediment. When the relation between source
contributions and discharge were plotted, the graph showed
that agricultural lands were an important sediment source
during high discharges. Samples collected during the highest
discharges also had the highest suspended-sediment loads on
that day. Streambanks and unpaved roads were a source of
sediment over the range of discharges and sediment-transport
conditions (fig. 18).

For discharges of 19 to 154 ft*/s, streambanks were the
major contributor of sediment (average of 47 percent), fol-
lowed by unpaved roads (average of 39 percent), and agricul-
tural lands (average of 13 percent). For discharges of 250 to
552 ft¥/s, agricultural lands were the major contributor of sedi-
ment (average of 73 percent) followed by streambanks (aver-
age of 17 percent), and unpaved roads (average of 10 percent).
For discharges of 600 to 652 ft/s, agricultural lands were the
major contributor of sediment (average of 64 percent), fol-
lowed by streambanks (average of 33 percent), and unpaved
roads (average of 3 percent).

The highest contribution of sediment from streambanks
(61 percent) was observed for the second lowest sampled dis-
charges (45 to 148 ft/s on September 30 to October 1, 2010),
which had low daily suspended-sediment loads (fig. 18).

The highest contribution from unpaved roads (58 percent)
was observed for the third lowest sampled discharges (58 to
154 ft3/s on November 1617, 2010), which had low daily
suspended-sediment loads (fig. 18).
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Table 13. Sediment sources determined using the unmixing model and 15 tracers for samples collected during 6 storms, Laurel Hill
Creek watershed, Somerset County, Pennsylvania, 2010-11.

Sample start Sample end Agricultural Unpaved
Date (date: hours and (date: hours and land Forest road Streambank Error
minutes) minutes) (percent) (percent) (percent) (percent)
3/12/2010 3/12/2010:0800 3/12/2010:0941 62 0 3 35 0.34
3/12/2010 3/12/2010:0942 3/12/2010:1105 65 0 3 32 0.39
5/17-18/2010 5/17/2010:1700 5/18/2010:0400 66 0 0 34 0.35
5/17-18/2010 5/18/2010:0500 5/18/2010:1600 75 0 0 25 0.32
9/30-10/1/2010 9/30/2010:1230 9/30/2010:1830 16 0 45 39 0.69
9/30-10/1/2010 9/30/2010:1930 10/01/2010:1230 24 0 15 61 0.56
11/16-17/2010 11/16/2010:2030 11/17/2010:1230 0 0 58 42 1.11
4/5/2011 4/5/2011:0500 4/5/2011:1200 76 0 17 7 0.21
4/5/2011 4/5/2011:1215 4/5/2011:2000 78 0 18 4 0.32
4/19-20/2011 4/19/2011:2000 4/20/2011:0900 71 0 14 15 0.41
Average 53 0 17 30
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Figure 18. Sediment sources by A, a range of discharges during sampling and B, suspended-sediment load on the day of sample
collection, at station 03079600, Laurel Hill Creek near Bakersville, Pennsylvania.



Summary and Conclusions

Laurel Hill Creek is a 125 mi* watershed located mostly
in Somerset County, Pennsylvania, with small areas extend-
ing into Fayette and Westmoreland Counties. On the basis of
land-use data for 2001, the Laurel Hill Creek watershed is
63.4 percent forest, 27.2 percent agricultural, 4.9 percent resi-
dential, 3.0 percent wetlands and open water, and 1.6 percent
commercial/industrial and mining. Withdrawals are made from
surface-water and groundwater sources to supply multiple
users. The upper part of the Laurel Hill Creek watershed,
upstream from the U.S. Geological Survey (USGS) stream-
flow-gaging station near Bakersville, is on the PaDEP 303(d)
list of impaired streams because of sedimentation (siltation),
elevated nutrient concentrations, and low dissolved oxygen
concentrations. The objectives of this study in the Laurel Hill
Creek watershed were to (1) estimate the annual nitrogen load,
(2) estimate the annual sediment load, and (3) identify the
major sources of fine-grained sediment using the sediment-
fingerprinting approach. This study was done by the USGS in
cooperation with the Somerset County Conservation District.

Discharge data were collected at two streamflow-gaging
stations on Laurel Hill Creek: Laurel Hill Creek near Bakers-
ville, Pa., (station 03079600) and Laurel Hill Creek at Ursina,
Pa., (station 03080000). Turbidity data were collected at the
Bakersville station at 15-minute intervals using a turbidity sen-
sor. Suspended-sediment samples were collected for base-flow
and storm events at the Bakersville, Ursina, and Trent (Laurel
Hill Creek below Laurel Hill Creek Lake at Trent, station
03079655) stations. Suspended-sediment and nutrient samples
were collected at the Bakersville station during high (storm)
flows by an automatic sampler. Water samples were collected
manually for nutrient analysis at the Ursina and Trent sites.

Water samples for nutrient analysis were collected at
the Bakersville and Ursina stations from July 2009 through
September 2011. Concentrations of nutrients, in general, were
low. Most concentrations of phosphorous were less than the
detection limit of 0.02 milligrams per liter (mg/L). Most water
samples had concentrations of nitrate plus nitrite of less than
1 mg/L; only one sample exceeded a concentration of 1 mg/L.

At the Bakersville station, concentrations of dissolved
total nitrogen ranged from 0.61 to 1.3 mg/L in base-flow
samples, 1.1 to 1.3 mg/L in stormflow grab samples, and 0.52
to 1.1 mg/L in stormflow composite samples. Median con-
centrations for base-flow and stormflow composite samples
were similar at 0.88 and 0.91 mg/L, respectively. The median
concentration for storm grab samples was 1.2 mg/L. Con-
centrations of total nitrogen ranged from 0.63 to 1.3 mg/L
for base-flow samples, 1.1 to 1.4 mg/L for stormflow grab
samples, and 0.57 to 1.5 mg/L for stormflow composite
samples. Median concentrations were 0.88 mg/L for base-flow
samples, 1.2 mg/L for stormflow grab samples, and 1.2 mg/L
for stormflow composite samples.

At the Ursina station, concentrations of dissolved total
nitrogen ranged from 0.12 to 1.1 mg/L for base-flow samples
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and 0.52 to 0.97 mg/L for stormflow samples. Median con-
centrations for base-flow and stormflow samples were similar
at 0.58 and 0.70 mg/L, respectively. Concentrations of total
nitrogen ranged from 0.25 to 0.92 mg/L for base-flow samples,
and the median concentration was 0.57 mg/L.

Monthly total nitrogen loads were estimated for the
Bakersville station. The estimated total nitrogen load was
262 pounds (Ib) for 11 months of the 2010 water year
(November 2009 to September 2010) and 266 Ib for the 2011
water year. Estimated mean monthly total nitrogen loads were
similar for both water years. The estimated mean monthly
total nitrogen load was 23.9 pounds per month (Ib/mo) for the
2010 water year and 22.2 1b/mo for the 2011 water year. Most
of the total nitrogen load was from stormflows. The estimated
mean monthly load in stormflow was 18.3 Ib/mo for the 2010
water year and 17.9 Ib/mo for the 2011 water year. The load in
stormflow made up 76.6 percent of the total load for the 2010
water year and 80.6 percent of the total load for the 2011 water
year. The estimated monthly total nitrogen loads were higher
during the winter and spring (December through May) than
during the summer (June through August).

For the Bakersville station, the estimated annual
suspended-sediment load (SSL) was 17,700 tons, and the
estimated yield was 464 tons per square mile (ton/mi?) for 11
months of the 2010 water year (November 2009 to Septem-
ber 2010). During the 2010 water year (beginning October
29, 2009), there were 25 storms with peak discharges greater
than 50 ft*/s. The storm beginning January 24, 2010, provided
34.4 percent of the annual SSL, and the storm beginning
March 10, 2010, provided 31.9 percent of the annual SSL.
Together, these two winter storms provided 66 percent of the
annual SSL for the 2010 water year. The other 23 storms dur-
ing the 2010 water year each provided from less than 0.01 to
4.2 percent of the annual SSL.

During the 2011 water year, there were 37 storms
with peak discharges greater than 50 ft¥/s. The estimated
annual SSL was 13,500 tons, and the estimated yield was
353 ton/mi®. For the 2011 water year, the SSLs were more
evenly divided among storms than for the 2010 water year.
Seven of 37 storms with the highest SSLs provided a total of
65.7 percent of the annual SSL for the 2011 water year; each
storm provided from 4.6 to 12.3 percent of the annual SSL.
The highest cumulative SSL for the 2010 and 2011 water
years generally occurred during the late winter. For the 2010
and 2011 water years, storms with the highest peak discharges
generally carried the highest SSL.

The sediment-fingerprinting approach was used to iden-
tify sources of fine-grained suspended sediment. The approach
entailed the identification of specific sediment sources through
the establishment of a set of tracers that uniquely defined each
source in the watershed. Source-sediment samples were col-
lected upstream from the Bakersville station at upland source
areas and streambanks. Sediment sources were identified as
agricultural lands (cropland and pasture), forests, unpaved
roads, and streambanks.
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At the Bakersville station, 10 suspended-sediment
samples were collected during 6 storms for sediment-source
analysis. Statistical analysis determined that pasture and crop-
land could not be discriminated by the set of tracers and were
combined into one source group—agricultural lands. The four
sediment sources in the Laurel Hill Creek watershed (agri-
cultural lands, unpaved roads, streambanks, and forests) were
differentiated by 11 tracers. An “unmixing” model applied to
the 11 tracers showed that agricultural lands were the major
source of sediment, contributing an average of 53 percent of
the sediment in the 10 storm samples. Contributions from
streambanks, unpaved roads, and forests for the 10 storm sam-
ples averaged 30, 17, and 0 percent, respectively. Agricultural
lands were the major contributor of sediment during the high-
est sampled discharges. The highest discharges also produced
the highest total nitrogen and suspended sediment loads.

For the lowest sampled discharges of 19 to 154 ft¥/s,
streambanks were the major contributor of sediment (average
of 47 percent), followed by unpaved roads (average of 39 per-
cent), and agricultural lands (average of 13 percent). For dis-
charges of 250 to 552 t*/s, agricultural lands were the major
contributor of sediment (average of 73 percent), followed
by streambanks (average of 17 percent), and unpaved roads
(average of 10 percent). For the highest sampled discharges of
600 and 652 ft*/s, agricultural lands were the major contribu-
tor of sediment (average of 64 percent), followed by stream-
banks (average of 33 percent), and unpaved roads (average of
3 percent).
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Appendixes 1, 2, 3, 4, and 5

Appendix 1. Results of field and laboratory analyses of water samples from Laurel Hill Creek near Bakersville,
Pennsylvania (station 03079600).

Appendix 2. Results of field and laboratory analyses of water samples from Laurel Hill Creek at Ursina, Pennsylvania
(station 03080000).

Appendix 3. Results of field and laboratory analyses of water samples from Laurel Hill Creek below Laurel Hill Creek Lake
at Trent, Pennsylvania (station 03079655).

Appendix 4. Results of replicates and splits for analyzed tracers in samples collected from potential sediment sources,
Laurel Hill Creek watershed, Somerset County, Pennsylvania. (Excel spreadsheet available online at http.//pubs.usgs.gov/
sir/2012/5250/)

Appendix 5. Laboratory data on tracers used in the sediment-source analysis, Laurel Hill Creek watershed, Somerset
County, Pennsylvania. (Excel spreadsheet available online at Attp://pubs.usgs.gov/sir/2012/5250/)
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For additional information, write to:

Director

U.S. Geological Survey
Pennsylvania Water Science Center
215 Limekiln Road

New Cumberland, Pa. 17070

or visit our Web site at:
http.//pa.water.usgs.gov/
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