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Regression Models for Estimating Sediment, Nutrient
Concentrations and Loads at School Branch at
Brownsburg, Indiana, June 2015 through February 2019

By Myles S. Downhour, Aubrey R. Bunch, and Timothy R. Lathrop

Abstract

Sediment and nutrient transport in the School Branch
watershed (in central Indiana west of Indianapolis) is consid-
ered to be heavily affected by agricultural land use through-
out the watershed. In 2015, the U.S. Geological Survey, in
cooperation with the Indiana Department of Environmental
Management, deployed continuous water-quality moni-
tors and began collecting discrete water-quality samples at
the streamflow-gaging station School Branch at CR750N
at Brownsburg, Indiana (U.S. Geological Survey station
03353420). Regression models that estimate concentrations
of suspended sediment, total nitrogen, and total phosphorus
were developed by relating streamflow and continuously
monitored water-quality data to concentrations measured
in discrete water-quality samples collected from June 2015
through February 2019. Regression model diagnostics
indicated that streamflow and sensor-measured turbidity
concentrations explained about 95 percent of the variation in
suspended-sediment concentration and 73 percent of the varia-
tion in total phosphorus concentration. Similarly, streamflow
and sensor-measured nitrate plus nitrite concentrations
explained about 97 percent of the variation in total
nitrogen concentrations.

Daily loads of suspended sediment, total nitrogen, and
total phosphorus were computed from regression model
concentrations and instantaneous streamflow. The estimated
mean daily suspended-sediment discharge (June 2015 through
February 2019) was 1.184 tons per day; the estimated median
suspended-sediment discharge was 0.053 tons per day.

The estimated mean daily total nitrogen discharge (June 2015
through February 2019) was 127.50 pounds per day; the
estimated median total nitrogen discharge was 28.49 pounds
per day. The estimated mean daily total phosphorus discharge
(June 2015 through February 2019) was 12.08 pounds per
day; the estimated median total-phosphorus discharge was
1.208 pounds per day.

Introduction

The School Branch watershed is in Hendricks County,
Indiana, and drains into the southwest side of Eagle Creek
Reservoir (fig. 1). Before settlement, the School Branch
watershed consisted of dense forests and marshland.
Extensive anthropogenic changes to School Branch, including
ditching and the addition of tile drainage, began shortly after
settlement in the 1830s, making the watershed more suitable
for agriculture (Hadley, 1914; Tharpe and Quinn, 1915).

The large percentage of agricultural land use (primar-
ily row crops) in the School Branch watershed can sub-
stantially affect water quality by influencing the amount of
sediment and nutrients transported to streams, lakes, and
reservoirs (Bunch and others, 2021; Tedesco and others,
2005). Sediment transported to waterways through soil ero-
sion and runoff is considered a major criterion for streams
being listed on the Clean Water Acts 303(d) list of impaired
waterways (U.S. Environmental Protection Agency, 2021).
Agricultural chemicals, such as nutrients and pesticides, are
often bound to or transported along with eroded sediments
(Tedesco and others, 2005). Tile drains, which are used exten-
sively to lower water tables and improve crop yields in the
Midwest and in School Branch, act as conduits that transport
nutrients and often bypass riparian buffers (Tedesco and oth-
ers, 2005). Within the upper School Branch watershed, best
management activities (such as conservation tillage, cover
crops, and nutrient management) have been implemented to
reduce high concentrations of nutrients, sediment, and fertil-
izers transported downstream (Tedesco and others, 2005).

The Indiana Department of Environmental Management
(IDEM) is a State agency responsible for protecting public
health and the environment by assessing the quality of surface
water and groundwater. The IDEM fulfills Indiana’s responsi-
bilities mandated by the Clean Water Act (Indiana Department
of Environmental Management, 2020). In 2015, the U.S.
Geological Survey (USGS), in cooperation with IDEM, and
through the Clean Water Act Section 319 program, installed a
gaging station on School Branch at CR750N at Brownsburg,
Indiana, (USGS station 03353420) as part of a larger study
(Bunch and others, 2021) to assess water pollution as it relates
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to land use and management practices. Instruments were
installed to measure streamflow and in situ water-quality
properties were installed, and the USGS began collection
of discrete water-quality samples at the site. By combining
the in situ continuous data with the discrete water-quality
samples, concentrations and loads of suspended sediment,
total nitrogen, and total phosphorus were estimated using
linear regression.

The data discussed in this report were collected as part
of a statewide USGS Supergage program. Supergages pro-
vide real-time, continuous water-quality at streamflow-gaging
stations and groundwater wells and are usually designed to
target a specific water resource threat, in this case excess
sediment and nutrient loads in the School Branch water-
shed. A Supergage incorporates real-time and continuous
water-quality measurements with field-based measurements
and discrete sample collection and laboratory analyses to
ensure accuracy of the real-time data (Shoda and others,
2015). Supergages can also be groundwater wells with con-
tinuous water levels, in addition to one or more continuous
water-quality properties using in situ sensors. Depending on
the specific types of water-quality sensors installed at the
site, the purpose of a Supergage can include monitoring of
sediment, nutrients, or harmful algal blooms. The benefits of
a USGS Supergage network include enhancing the ability to
model properties important to environmental managers that
cannot be measured continuously such as total nitrogen, total
phosphorus, and suspended sediment concentrations. The data
collected by a USGS Supergage can be used to create models
that assess conservation practices, provide early warning for
water supply and recreational activities, and aid in evaluation
of nutrient reduction strategies (Crain, 2020).

In 2015, the USGS Supergage at School Branch at
CR750N at Brownsburg, Indiana (USGS station 03353420,
hereafter referred to as School Branch at CR750N), was
installed to measure streamflow and continuous water-quality.
The gage was installed to facilitate a better understanding
of the effects of conservation cropping in the School Branch
watershed on water quality and water quantity over 5 to
10 years.

Purpose and Scope

The purpose of this report is to document the develop-
ment and application of regression models for estimating
suspended sediment, total nitrogen, and total phosphorus con-
centrations and loads at School Branch at CR750N, using data
collected from June 2015 through February 2019. This report
follows the template for reporting established in Lathrop and
others (2019), where models for estimating sediment and
nutrient concentrations and loads were similarly developed
for another Indiana site, the Kankakee River at Shelby, Ind.
The models summarized in this report can be used to estimate
suspended-sediment, total nitrogen, and total phosphorus

Study Area 3

concentrations and loads at School Branch at CR750N with
ongoing model validation. The baseline dataset and developed
models will provide IDEM, other agencies, and the public
with information and tools to help quantify constituent trans-
port and assess the effects from environmental factors such

as changing land use and land-management practices in the
School Branch watershed.

Study Area

In total, School Branch drains an area of 8.31 square
miles (mi?) into Eagle Creek Reservoir (USGS, 2016). School
Branch flows in a southeasterly direction from its headwaters
in northeast Hendricks County, Ind., to its mouth on the south-
west side of the reservoir (fig. 1). Tributaries of School Branch
consist of lateral ditches and tiles, draining predominately
cropland throughout the watershed. The average slope of the
stream is 10.8 feet per mile (ft/mi), although most of the drop
in elevation occurs within 1 mile of Eagle Creek Reservoir
(USGS, 2016; Davis and others, 2019).

School Branch lies within the Tipton Till Plain section
of the Central Till Plain physiographic region of Indiana
(not shown; Gray and Sowder, 2002). The surficial geol-
ogy consists primarily of till and is characterized by poorly
sorted gravel, sand, silt, and clay. In this region, materials
from the Wisconsin glaciation are deposited over most of the
materials of previous glaciations (Tedesco and others, 2005).
Unconsolidated sediment thickness in the School Branch
watershed ranges from 140 ft in the northern portion of
the watershed to 260 ft in the southern portion
(Naylor and others, 2015).

Land use in the watershed is primarily agricultural
(76 percent) with isolated urban areas (18 percent), forested
land (4 percent), and a few small pockets of wetlands
(<1 percent). Row crop agriculture in the watershed is domi-
nated by corn and soybeans, with a few winter wheat fields
and pastures. (USGS, 2016; USDA, 2017). Certain parts of
the watershed have used conservation cropping practices since
the 1990s in an effort to keep sediment and nutrients on the
land, while other areas have been managed under conventional
cropping practices. Suburban land use in the watershed has
increased steadily since the 1990s. Except for a few hundred
acres of Brownsburg, Ind., there are presently no other towns
within the School Branch watershed; the residential infrastruc-
ture is mainly composed of areas of low- to medium-intensity
developed land (USGS, 2015). Homes in the School Branch
watershed rely on a combination of septic and sewer systems
(Tedesco and others, 2005), although their effect on the water
quality of School Branch is not part of this study.

Historically, the School Branch watershed, and most of
northeastern Hendricks County, were covered in dense forest
and marshland (Hadley, 1914). Beginning in the 1830s, the
School Branch area was settled, and shortly thereafter, marsh-
land and waterways began to be converted for agricultural
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use through installation of tiled ditches and artificial mains
(Hadley, 1914; Tharpe and Quinn, 1915). As a result, riparian
corridors were drained, decreasing localized saturation and
improving near-stream areas for agricultural use. From 1780
to 1980, 87 percent of presettlement wetlands in Indiana were
lost to deliberate drainage (Dahl, 1990).

The drainage area of the Supergage at School Branch at
CR750N is 4.76 mi? and is about 4-miles upstream from the
reservoir (USGS, 2016). This Supergage station is one of three
USGS streamflow-gaging stations on School Branch (two
of which are Supergages). All data analyzed for this report
were collected at the streamflow-gaging station at CR750N at
Brownsburg, Indiana.

Approach and Methods

The development of regression models for suspended
sediment, total nitrogen, and total phosphorus relied on the
collection of representative discrete water-quality samples
and the operation of in situ continuous monitors that span the
range of water-quality conditions observed at the site.

For this study, representative discrete water-quality samples
can be defined as a small subset of sampled water that seeks to
proportionally reflect the water-quality characteristics of the
entire stream. Additionally, quality-control data were collected
throughout the study to assess sampling variability and the
potential for bias in the discrete sample results. Field blanks
and replicate samples were collected each year and account for
7 percent of all samples collected. Field blanks help to identify
potential contamination that may be introduced in the cleaning
of equipment or the collection and analytical processing of the
samples. Replicate samples were collected to understand the
variability associated with collecting environmental data and
to ensure sample results were reproducible.

Collection and Analysis of Discrete
Water-Quality Samples

Discrete water-quality samples used in the develop-
ment of regression models were collected by USGS field
crews from October 20, 2015, through February 6, 2019.
Initially, water-quality samples were collected on a fixed
schedule of every 2 weeks from April through October and
monthly during cooler months. Because most of the early sam-
pling was done during lower flows, in late 2016 through the
end of the project, the sampling design was altered to target
selected high-flow events to better document concentrations
throughout the full range of flows in the stream.

Discrete water-quality samples were collected using
field protocols as outlined in the USGS National Field
Manual for the Collection of Water-Quality Data (USGS,
variously dated). During high-flow conditions, the USGS
equal-width-increment method was used to collect sam-
ples from the downstream side of the bridge near the

monitoring site to obtain a flow-weighted-mean concen-
tration for the cross section. During low-flow conditions,
equal-width-increment samples were collected by wading near
the gage site. During each site visit, the cross section of the
stream was sampled twice to provide sufficient sample volume
for analysis of (1) nutrients and (2) suspended sediment.
Using a churn splitter, the nutrient sample was subset into

two containers for evaluation of unfiltered (raw) constitu-

ent concentrations and concentrations of filtered constituents
smaller than 0.45 micron. Whole-water nutrient samples were
preserved with 1 milliliter of sulfuric acid. After preserva-
tion, nutrient samples were chilled and shipped for analysis.
Each nutrient sample was analyzed by the USGS National
Water Quality Laboratory for total and dissolved nitrogen and
phosphorus using published methods (Fishman, 1993; O’Dell,
1993; Patton and Kryskalla, 2003, 2011). The entire volume
collected for the suspended-sediment sample was analyzed
for concentration and sand/fines composition at the USGS
Kentucky Sediment Laboratory using analytical methods
described by Guy (1969). Results from these two laborato-
ries were reviewed and quality assured by USGS personnel
and stored in the USGS National Water Information System
(USGS, 2020).

Continuous Water-Quality Monitoring

On June 23, 2015, the Supergage at School Branch at
CR750N was constructed with three water-quality moni-
tors that continuously measure water temperature, specific
conductance, pH, dissolved oxygen, turbidity, nitrate plus
nitrite concentration, and orthophosphate concentration.
The three water-quality monitors were a YSI 6600 5-parameter
water-quality sonde (YSI, Yellow Springs, Ohio), a Sea-Bird
Submersible Ultraviolet Nitrate Analyzer V2-5 nitrate moni-
tor (SUNA, Bellevue, Washington), and a Wet Labs Cycle
P Nutrient Analyzer (Cycle P, Bellevue, Wash.). They were
deployed in flow-through polyvinyl chloride (commonly
known as PVC) pipes affixed near the right bank of the creek
approximately 200 ft downstream from the bridge and situ-
ated in well-mixed, flowing water. Beginning on October 4,
2018, the nitrate plus nitrite and orthophosphate monitors
were moved to a heated gage house near the right bank of
the stream. By continuously pumping water from the creek
to a flow-through chamber within the gage house, the instru-
ments continued to measure water-quality of School Branch
even during the cold winter months. At the same time, the YSI
6600 was repositioned to the middle of the creek just above
the streambed in a steel protective structure. The YSI 6600
and SUNA equipment operate year-round, monitoring water
quality every 15 minutes. The Cycle P measures orthophos-
phate concentration every 2 hours. All continuous measure-
ments are stored at the site on a data-collection platform and
are telemetered hourly using the Geostationary Operational



Results of Data Collection: Discrete and Continuous Water-Quality Data 5

Environmental Satellite constellation for storage, review,
and archival in the publicly available USGS National Water
Information System database (USGS, 2020).

Continuous water-quality monitors are operated fol-
lowing documented USGS protocols (Wagner and others,
2006; Pellerin and others, 2013). Each monitor is cleaned and
checked for calibration drift, which is an electronic shift in
instrument reading of a known standard; this requires roughly
biweekly visits from April through October when biofouling
from algae and biofilm is greatest and monthly visits from
November through March when biofouling is not as promi-
nent. During site visits, the USGS personnel evaluate and
record the magnitude of any fouling and calibration drift.

The field inspection information is used later to correct for
drift and fouling. Data that are rated worse than poor and
exceed parameter thresholds cannot be corrected and are
removed from the record (Wagner and others, 2006; Pellerin
and others, 2013). Infrequently, equipment malfunctions,
excessive fouling, and substantial instrument drift resulted

in periods of missing continuous data. Minimally twice per
year, a second calibrated monitor was used to measure stream
water-quality properties (water temperature, specific conduc-
tance, pH, dissolved oxygen, and turbidity) across the channel
cross section to verify that the in situ monitor provided results
representative of average water-quality conditions in the cross
section (Wagner and others, 2006).

To assess whether representative concentrations
were being obtained, continuous nutrient concentrations
measured with in situ sensors were compared to depth- and
width-integrated discrete sample concentration data collected
during site visits (Lathrop, 2021). Additionally, following
USGS protocols, continuous data were checked for bias (con-
sistent overestimate or underestimate of concentration) using
methods described by Pellerin and others (2013). Continuous
nutrient data collected in this study were determined to be
representative of the cross section and were not biased.

Development and Use of Regression Models

Simple and multiple-linear regression models were devel-
oped with concurrent (or nearly concurrent) measurements
of discrete and continuous water-quality data collected from
October 20, 2015 through February 6, 2019, and archived in a
USGS data release (Lathrop, 2021). Regression models were
developed following USGS protocols and methods (Helsel
and Hirsch, 2002; Rasmussen and others, 2009). Each regres-
sion model relates laboratory-analyzed discrete water-quality
sample data with in situ, continuous water-quality monitor
measurements. Ordinary least-squares regression was used to
evaluate and determine the optimal continuous water-quality
parameter(s; explanatory variables) to be used as surrogates
for each of the discrete constituents (suspended sediment,
total nitrogen, and total phosphorus [response variables]).
Statistical models for all possible combinations of explana-
tory and response variables were produced using stepwise

regression with smwrStats (Lorenz, 2018) in the R statisti-

cal package version 3.5.2 (R Core Team, 2018). A variety of
model statistics and diagnostics were used to determine the
best predictors of each modeled constituent including tests of
significance, standard error, adjusted coefficient of determi-
nation (R?), and the predicted residual error sum of squares
(PRESS) statistic. The PRESS statistic is a leave-one-out form
of cross-validation that provides a measure of model fit for
sample observations not used to develop the regression model.
In general, the smaller the PRESS statistic, the better the
model’s predictive ability (Helsel and Hirsch, 2002).

Explanatory and response variables were evaluated for
transformations (logarithm, square root, or square) that linear-
ize the relation or change the distributional characteristics of
data, resulting in model residuals that are normally distributed
and homoscedastic. To evaluate potential models, diagnostic
plots were created to assess how each model’s residuals varied
as a function of (1) predicted values, (2) normal quantiles, (3)
date, and (4) streamflow. Additional plots highlight differences
among predicted and observed values, residuals by season,
and residuals by year. When comparing models with similar
diagnostics, simple linear models, which are those with only
one explanatory variable, were given preference to models
with two explanatory variables, as is suggested by Rasmussen
and others (2009).

The optimal models commonly used a mathematically
transformed response variable. In those instances, a smear-
ing estimator was used to correct for bias that occurs when
back-transforming model results back into base-10 units
(Helsel and Hirsch, 2002). Prediction intervals were computed
for each model following methods from Helsel and Hirsch
(2002), to define the range of values within which there is
90-percent certainty that the true value occurs.

Potential outliers were identified by inspecting studen-
tized residuals; a studentized residual is the quotient resulting
from the division of a residual by an estimate of its standard
deviation. Studentized residuals outside of the range of 3 to
-3 were considered potential outliers and received further
evaluation. Two observations exceeded the outlier threshold.
After further examination, both observations were determined
to be valid and were retained and used in model development.

Once published, regression models can be used to
estimate concentrations and loads of suspended sediment, total
nitrogen, and total phosphorus. Daily loads of each constituent
are computed from the instantaneous model concentration
estimates and instantaneous streamflow using equation 1
(Rasmussen and others, 2009) described in this report.

Results of Data Collection: Discrete
and Continuous Water-Quality Data

During the study period, discrete and continuous
water-quality data were collected at School Branch at
CR750N. Discrete water-quality samples were manually
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collected at the gaging station and then analyzed at a labora-

tory.

Discrete water-quality samples reflect the instantaneous
concentration of instream constituents at the time of sam-
pling. In situ water-quality monitors were used to record data
every 15 minutes and so reflect a wide range of hydrologic
conditions including during periods when field personnel are

not at the site.

Discrete and Continuous Data

During the study period, discrete water-quality samples
were collected throughout the range of hydrologic and

seasonal conditions at School Branch at CR750N. There were

32, 44, and 48 water samples collected, analyzed, and used in

the development of the suspended-sediment, total nitrogen,

and total phosphorus regression models, respectively (table 1).
No censored data (values below detection) were identified in
this study. The range of stream conditions measured by the

continuous water-quality monitors is summarized in table 2.

Table 1. Water-quality constituent data from discrete samples collected by the U.S. Geological Survey at the continuous water-quality
monitoring station School Branch at CR750N at Brownsburg, Indiana (U.S. Geological Survey station 03353420), June 23, 2015 through

February 6, 2019.

[USGS, U.S. Geological Survey; n, sample size]

Concentration, in milligrams per liter

Water-quality constituent USGS parameter n Range Median Standa_rd devia-
code tion
Suspended-sediment 80154 32 2-435 38 111
Nitrogen, water, unfiltered, total as 62855 44 0.55-8.83 3.71 1.93
nitrogen
Phosphorus, water, unfiltered, total as 00665 48 0.018-0.968 0.123 0.215

phosphorus

Table 2. Range of in situ, continuous streamflow, and water-quality values measured at the continuous water-quality monitoring
station School Branch at CR750N at Brownsburg, Indiana (U.S. Geological Survey station 03353420), June 23, 2015 through February 6,

2019.

[USGS, U.S. Geological Survey]

Range, during discrete sample

Physical property and units USGS parameter code collection Range, continuous data

Streamflow, in cubic feet per 00060 0.02-251 0.01-557
second

Water temperature, in degrees 00010 1.5-24.1 -0.2-28.2
Celsius

Specific conductance, in mi- 00095 112-799 65-1,110
crosiemens per centimeter at
25 degrees Celsius

pH, in standard units 00400 6.9-8.5 6.4-8.0

Dissolved oxygen, in milli- 00300 4.9-17.7 0.1-23.7
grams per liter

Turbidity, in formazin nephelo- 63680 0.9-269 0.1-1,570
metric units

Nitrate plus nitrite, in milli- 99133 0.12-7.76 0.01-29.4

grams per liter




These continuous water-quality data were used to provide
temporally dense surrogates from which constituent concentra-
tions and loads were estimated by means of regression models.

Quality Control/Quality Assurance

All field blanks resulted in detections that were at least
80 percent below the median of the environmental sample
population (92 percent of blank samples were below minimum
laboratory reporting levels). With one exception, all repli-
cate samples analyzed for nutrients and suspended sediment
had a relative percent difference that was within 10 percent
or had result differences that were less than the minimum
reporting limit. One set of total nitrogen replicates collected
during storm sampling had a relative percent difference of
15.9 percent. This total nitrogen sample was within laboratory
reporting limits and was retained and used in the model.

Regression Models

Several simple linear and multiple linear regression
models were evaluated before selection of the best-fit models
to estimate concentrations of suspended sediment, total nitro-
gen, and total phosphorus. Selected regression models used to
compute each constituent are listed in table 3. In-depth model
archive summaries are available for each constituent in a com-
panion USGS data release (Lathrop, 2021).

Regression Models 7

Suspended-Sediment Concentration

The best-fit suspended-sediment linear regression model
is listed in table 3. After evaluating streamflow, specific
conductance, and transformed turbidity (log,,7URB or
sqrtTURB), the best-fit suspended-sediment linear regression
model was created using both streamflow and transformed
turbidity as explanatory variables. The explanatory variables
used to compute suspended-sediment concentration are logical
statistically and physically.

After exploratory statistics indicated that
transformed turbidity (log,,7URB or sqrt7URB) in a
simple linear regression model might be used to compute
suspended-sediment concentration, diagnostic plots of
model residuals as a function of time and streamflow were
improved when streamflow was added as an additional
explanatory variable (Lathrop, 2021).

Total Nitrogen

The best-fit total nitrogen linear regression model is
listed in table 3. Initially, exploratory statistics indicated that
untransformed total nitrogen could be computed directly from
continuous nitrate plus nitrite (NOx). Further review of model
residuals as a function of time and streamflow indicated that
an additional variable(s) or transformation(s)—or both—might
help linearize the relation. The addition of streamflow to the
model and the transformation of each

Table 3. Regression models for selected water-quality constituents at the continuous water-quality monitoring station School Branch
at CR750N at Brownshburg, Indiana (U.S. Geological Survey station 03353420), June 23, 2015 through February 6, 2019.

[n, sample size; RMSE, root mean square error; R?, coefficient of determination; PRESS, predicted residual error sum of squares; log,, Logarithm base 10; SSC,
suspended-sediment concentration; TURB, turbidity in formazin nephelometric units; Q, streamflow in cubic feet per second; TN, total nitrogen; NOx, nitrate

plus nitrite in milligrams per liter; sqrt, square root; TP, total phosphorus]

_ ) Range of vari- RIV!SE Adjusted ESS PRESS
Constituent Equation able values used n (constitu-ent .
. - R statistic
in model units)
Suspended- log,,SSC=0.3681+(0.9468* SSC=2-435 32 0.144 0.95 124 0.796
sediment log,, TURB)+(-0.0995*log,,Q) = TURB=0.9-269
concentration, in Q=0.05-251
milligrams per
liter
Total nitrogen, log,, TN=(0.4444*sqrtNOx)+ TN=0.55-8.83 44 0.0441 0.97 3.14 0.097
water, unfiltered, (0.0438*1og,,Q)-0.2697) NOx=0.12-7.76
total as nitrogen, Q=0.02-251
milligrams per
liter
Total phosphorus, TP=(0.05138*sqrtTURB)-0.00127  TP=0.018-0.968 48 0.112 0.73 1.64 0.653

water, unfiltered,

total as phospho-

rus, in milligrams
per liter

TURB=0.9-269
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of the variables improved the distributional characteristics
of the data and resulted in model residuals that were more
normally distributed.

Continuous measurement of nitrate plus nitrite is logical
as an explanatory variable because nitrate plus nitrite accounts
for most (77 percent) of the total nitrogen concentrations in
the discrete samples at School Branch at CR750N. It also is
logical for streamflow to be an explanatory variable because
rises in streamflow from rainfall and runoff may increase
the total nitrogen concentration in the stream because of the
entrainment and transport of nitrogen from nonpoint sources.
Conversely, rising streamflow may lead to dilution of nitrogen
entering the stream from point sources. Streamflow levels also
may be indicative of the relative contributions of groundwater,
shallow subsurface flow, surface runoff, and subsurface
drainage, each of which may contribute higher or lower
amounts of nutrients.

Total Phosphorus

The best-fit total phosphorus model is listed in table 3.
Models which included variables of specific conductance,
streamflow, or seasonality variables were tested, but turbid-
ity does the best job of computing total phosphorus over the
range of turbidity and streamflow. The use of turbidity as an
explanatory variable is logical physically and statistically.

In rivers, soluble phosphorus or orthophosphate commonly
binds to sediment, whereas particulate phosphorus is com-
monly transported because of erosion (Mueller and Helsel,
1996). As a result, increased turbidity typically coincides with
increased concentrations of total phosphorus within the river
(Lathrop, 2021).

Constituent Load Computation

At School Branch at CR750N, daily loads of suspended
sediment, total nitrogen, and total phosphorus were computed
for June 23, 2015 through February 6, 2019, from instanta-
neous regression model concentrations and instantaneous
streamflow. “Instantaneous” can be defined as 15-minute unit
values. To fill missing periods for load estimation, the resam-
pleUVdata function in the rloadest R package was used to fill
gaps in the explanatory variable time series (Runkel and De
Cicco, 2017). The function fills gaps by resampling the origi-
nal unit-value data to a 15-minute time interval. The function
was set to resample unit values no more than 6 hours away
from the nearest data point. For this report, on days when
suspended sediment, total nitrogen, and total phosphorus
regression model concentrations had gaps greater than the
threshold, no daily loads were computed.

Load Estimation Computations for Suspended
Sediment, Total Nitrogen, and Total Phosphorus

Daily loads of suspended sediment, total nitrogen,
and total phosphorus were computed for School Branch at
CR750N, from June 23, 2015 through February 6, 2019
(figs. 2-4). Loads were calculated at 15-minute intervals for
each constituent using equation 1 and then summed to get the
total daily load. Regression model loads were not computed
when continuous explanatory variables were not available
because of (1) exceedance of USGS fouling or drift thresholds
that required deletion, (2) in situ instrument failure or removal,
or (3) being 10 percent greater than the range of the regres-
sion model calibration dataset and exceeding USGS guidelines
(Wagner and others, 2006; Rasmussen and others, 2009).

Daily Loads-Suspended Sediment, Total
Nitrogen, and Total Phosphorus

Daily loads of suspended sediment, total nitrogen, and
total phosphorus at School Branch at CR750N were computed
for each constituent by using the instantaneous regression
model concentrations and instantaneous streamflow in the
following equation:

(Ci + Ci—l)*(Qi + Qi—l)*(ti - ti—l)*

cL, = ¥, i c W
Where
CLn 1is the computed load for the desired time period,
in tons;
C. is the concentration for the ith time,

in milligrams per liter;

C._  is the concentration for the ith minus 1 time,
in milligrams per liter;

O, s the streamflow for the ith value after midnight,
in cubic feet per second;

O, , is the streamflow for the ith minus 1 value after
midnight, in cubic feet per second;

t; is the time for the ith value after midnight;

t_, s the time for the (ith minus 1) value after
midnight;

c is a constant, 0.0027, for converting the units
to tons per day; and

n is the number of instantaneous values within

the desired period (day, month, year;
Rasmussen and others, 2009).

Instantaneous concentrations and loads could not be
calculated when gaps in the explanatory time series exceeded
the gap fill threshold.

Estimated daily loads of suspended sediment, total
nitrogen, and total phosphorus for this study period are
summarized in table 4. Streamflow throughout the study
period ranged from 0.05 to 276 cubic feet per second (ft¥/s).
The mean instantaneous streamflow during this period was
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Figure 2. Estimated daily suspended-sediment loads with 90-percent prediction intervals for the gaging station
School Branch at CR750N at Brownsburg, Indiana (U.S. Geological Survey station 03353420), for June 23, 2015
through February 6, 2019.
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Figure 3. Estimated daily total nitrogen loads with 90-percent prediction intervals for the gaging station School
Branch at CR750N at Brownsburg, Indiana (U.S. Geological Survey station 03353420), for June 23, 2015 through
February 6, 2019.
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Figure 4. Estimated daily total phosphorus loads with 90-percent prediction intervals for the gaging station School
Branch at CR750N at Brownsburg, Indiana (U.S. Geological Survey station 03353420), for June 23, 2015 through
February 6, 2019.
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Table 4. Summary of load statistics for suspended sediment, total nitrogen, and total phosphorus computed from regression and
rloadest models for the continuous water-quality monitoring station School Branch at CR750N at Brownsburg, Indiana (U.S. Geological
Survey station 03353420), from June 23, 2015 through February 6, 2019.

Constituent Range in daily loads

Mean daily load Median daily load

June 23, 2015 through February 06, 2019

Suspended sediment 0.001-81.2 tons 1.18 tons 0.053 tons

Total nitrogen, as N 0.0819-2,908 pounds 127.5 pounds 28.49 pounds

Total phosphorus, as P 0.022-510 pounds 12.1 pounds 1.21 pounds
6.29 ft/s, the median was 1.64 ft3/s, and daily mean stream- summ a I'y

flow only exceeded 20 ft3/s approximately 10 percent of the
time. Days with daily mean streamflow greater than 20 ft3/s
accounted for 79 percent of the estimated suspended-sediment
load (938.9 tons), 53 percent of the estimated total nitro-

gen load (39.88 tons), and 74 percent of the estimated total
phosphorus load (4.49 tons; figs. 2—4). Loads were able to be
calculated for 75 percent, 88 percent, and 75 percent of days
throughout the study period for suspended sediment, total
nitrogen, and total phosphorus, respectively.

Limitations

Discrete and continuous water-quality data were
collected throughout the range of hydrologic and seasonal
conditions and are assumed to be independent observations.
Samples collected too closely in time may be serially cor-
related, which is the correlation of a value with one or more
values that come after it in sequence (Helsel and Hirsch,
2002). Serial correlation among residuals can bias model
statistics that assume independence (for example, PRESS and
prediction interval). The sampling frequency at School Branch
at CR750N at Brownsburg, Indiana, was every 2 weeks
or longer to minimize the potential for serial correlation.
Some samples were spaced closer together but were deliber-
ately taken during different runoff events, which makes serial
correlation less likely (Helsel and Hirsch, 2002).

The regression models published in this report (table 3)
were computed based on concurrent continuous and discrete
water-quality measurements at School Branch at CR750N.
Although site visits were scheduled to cover the range
of seasonal conditions and were later adjusted to capture
observed peaks in water-quality properties, discrete samples
were not collected during the entire range of in situ continu-
ous measurements. Extrapolation, which is the application of
regression models to conditions outside the range of the model
calibration data, should be restricted to no more than 10 per-
cent of the maximum or minimum continuous value(s) used
in the development of each model (table 2; Rasmussen and
others, 2009).

The School Branch watershed drains 8.31 square miles
of central Indiana. Extensive anthropogenic changes to School
Branch began in the mid-19th century, altering the watershed
for improved agricultural use, which could have increased the
transport potential of sediment and nutrients to downstream
waterbodies. The streamflow-gaging station School Branch
at CR750N (U.S. Geological Survey station 0353420) was
installed in 2015 in cooperation with the Indiana Department
of Environmental Management. The gage was installed to
provide real-time estimates of concentrations and loads of
suspended sediment, total nitrogen, and total phosphorus as
part of a larger study to assess the effects of agricultural best
practices on water quality.

Continuous and discrete water-quality data, collected
from June 2015 through February 2019, were used to develop
linear regression models for estimating concentrations of
suspended sediment, total nitrogen, and total phosphorus.
Regression models indicated strong correlations between tur-
bidity and streamflow with suspended-sediment concentration
(adjusted coefficient of determination [R?] = 0.95, predicted
residual error sum of squares [PRESS] = 0.796), nitrate plus
nitrite and streamflow with total nitrogen (adjusted R? =
0.97, PRESS = 0.0968), and turbidity with total phosphorus
(adjusted RZ=0.73, PRESS = 0.653).

Daily loads of suspended sediment, total nitrogen, and
total phosphorus were computed with instantanecous regression
model concentration estimates and instantaneous streamflow.
The estimated mean daily suspended-sediment discharge
(June 2015 through February 2019) was 1.184 tons per day;
the median suspended-sediment discharge was 0.053 tons
per day. The estimated mean daily total nitrogen discharge
(June 2015 through February 2019) was 127.50 pounds per
day; the median total nitrogen discharge was 28.49 pounds
per day. The estimated mean daily total phosphorus dis-
charge (June 2015 through February 2019) was 12.08 pounds
per day; the median total-phosphorus discharge was
1.208 pounds per day.
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