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Conversion Factors

U.S. customary units to International System of Units

Multiply By To obtain
Length
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
square mile (mi?) 259.0 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)
Flow rate
cubic foot per second (ft/s) 0.02832 cubic meter per second (m?/s)
Mass
ton, short (2,000 1b) 0.9072 megagram (Mg)
ton per year (ton/yr) 0.9072 megagram per year (Mg/yr)
ton per year (ton/yr) 907.2 kilogram per year (kg/yr)
ton per year per square mile 0.3503 megagram per year per square kilometer
[(ton/yr)/mi?] [(Mg/yr)/km?]
ton per year per square mile 350.3 kilogram per year per square kilometer

[(ton/yr)/mi?]

[(kg/yr)/km?]

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

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

A water year is the period from October 1 to September 30. It is designated by the calendar year

in which it ends.






Stage-Discharge Relations and Annual Nitrogen and
Phosphorus Load Estimates for Stream Sites in the

Elk River Basin, 2006—2008

By Anne B. Hoos, Shannon D. Williams, and William J. Wolfe

Abstract

The U.S. Geological Survey, in cooperation with the Ten-
nessee Department of Environment and Conservation (TDEC),
measured continuous discharge at 4 water-quality monitoring
sites and developed stage-discharge ratings for 10 additional
water-quality monitoring sites in the Elk River Basin during
2006 through 2008. The discharge data were collected to
support stream load assessments by TDEC. Annual nitrogen
and phosphorus loads were estimated for the four sites where
continuous daily discharge records were collected. Reported

loads for the period 2006 through 2008 are not representative
of long-term mean annual conditions at the sites in this study,
however, because of severe drought conditions in the Elk
River Basin during this period.

Introduction

Because nitrogen and phosphorus loads in the Elk River
Basin (fig. 1) are among the highest in the Tennessee River
Basin (Hoos and others, 2000), TDEC water-quality managers
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Nutrient water-quality monitoring site and site number (table 1)

Type of associated discharge record
A Site with continuous discharge record during 2006-2008
Site with periodic measurement of discharge during 2006—2008

Location of nutrient water-quality monitoring sites in the Elk River Basin in Tennessee, 20062008
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need to account for natural and human-related variability of
nutrient sources and transport throughout the basin. During
2006 through 2008, TDEC collected water samples at stream
sites (fig. 1 and table 1) in the Elk River Basin and analyzed
the samples for nitrogen and phosphorus concentration. The
U.S. Geological Survey (USGS), in cooperation with TDEC,
measured continuous discharge at 4 of the TDEC sampling
sites and developed stage-discharge ratings for 10 additional
sites (fig. 1 and table 2). Sites were selected to support efforts
by the TDEC to assess and manage nutrient loadings to Ten-
nessee streams. The continuous discharge records, combined
with periodic measurements of nutrient concentration, enable
estimation of annual nutrient loads. The stage-discharge
ratings, combined with periodic measurements of nutrient
concentration, enable estimation of instantaneous loads at the
times of sample collection.

Purpose and Scope

The purpose of this report is to provide the stage-
discharge ratings at 10 sites in the Elk River Basin and to
report annual nitrogen and phosphorus load estimates for
4 sites where continuous daily discharge records were collected.
The report includes notes on the methods used to characterize
stage-discharge relations and estimates of annual loads and
discussions of associated errors.

The current study addresses one of the six USGS science
strategy goals, “Understanding Ecosystems and Predicting
Ecosystem Change” (U.S. Geological Survey, 2007). The
study also meets the science plan and goal of the USGS Lower
Mississippi-Gulf Water Science Center to support Federal and
State water-resources programs by collecting, interpreting, and
disseminating quality-assured hydrologic data.

Stage-Discharge Relations and
Associated Error, 2006-2008

Stage-discharge relations (ratings) were developed for
10 sites in the Elk River Basin (table 3, available at http://
dx.doi.org/10.3133/ds1015) from a graphical analysis of
numerous discharge and stage measurements at each site.
The methods used to develop the stage-discharge ratings are
described by Kennedy (1984). All discharge measurements
were made following standard procedures of measurement
and quality control (Turnipseed and Sauer, 2010) and are
permanently stored in the USGS National Water Information
System (NWIS) database; the discharge measurement descrip-
tions for the sites are available by accessing the hyperlinks in
table 3. Some discharge measurements indicate a temporary
change in the rating, typically because of a change in the
streambed geometry (for example, erosion or deposition) or

growth of riparian vegetation. Such changes are called shifts;
they may indicate a short- or long-term change in the rating
for the gage. Additional information on development and shift-
ing of stage-discharge ratings is given by Kennedy (1984).

As a result of the limited amount of measurements
(between 4 and 8) made at each of the 10 sites between sum-
mer 2006 and spring 2008, little is known about the extent
and timing of shifts at these sites. The stage-discharge ratings
should be considered provisional, and users are cautioned to
carefully consider the applicability of these ratings.

Another reason for caution in the use of the stage-
discharge ratings is that they do not cover the entire range of
stages and discharges that occur at these sites. Discharge and
stage were measured during a drought period in Tennessee,
and opportunities to collect discharge measurements at higher
stages were infrequent. The USGS only extends rating curves
to twice as high as the highest flow measured (Rantz and
others, 1982); therefore, these rating curves do not cover the
entire range of stages and discharges that occur during wetter
or possibly even normal hydrologic years.

Annual Nitrogen and Phosphorus
Load Estimates and Associated Error,
2006-2008

Nitrogen and phosphorus loads were estimated for four
sites with continuous discharge records (table 4) using daily
discharge data and concentrations of unfiltered total nitrogen
and total phosphorus. Daily discharge data collected by the
USGS were retrieved from the USGS National Water Infor-
mation System (NWIS; USGS, National Water Information
System: Web Interface. http://waterdata.usgs.gov/nwis/sw,
accessed October 26, 2012). Concentration data were collected
by TDEC, stored in the U.S. Environmental Protection
Agency’s (USEPAs) Storage and Retrieval (STORET) data-
base, and retrieved for this analysis from the Water Quality
Portal (http://waterqualitydata.us/portal/, accessed October 27,
2012). Total nitrogen concentration (as N) was summed from
the retrieved characteristics “Kjeldahl nitrogen” (sample frac-
tion = Total) and “Inorganic nitrogen (nitrate and nitrite) as
N” (sample fraction = Total). Total phosphorus concentration
(as P) was taken from the retrieved characteristic “Phospho-
rus” (SampleFraction = Total).

Loads were computed from the discharge and concentra-
tion data using bias-corrected, log-linear regression models
within the program Fluxmaster (Schwarz and others, 2006)
and based on methods described by Cohn and others (1989,
1992) and Gilroy and others (1990). Daily mean concentra-
tion was modeled by regressing the available instantaneous
measurements of nutrient concentration against the variables
discharge, season, and time:


http://waterdata.usgs.gov/nwis/sw
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In[C] = B0+ B1(In[Q]) + B2(In[T]) +

B3(sine[2nT]) + B4(cosine[2nT]) + e @
where
In[] is natural logarithm function;
C  isinstantaneous daily concentration, in
milligrams per liter;
O  is daily discharge, in cubic feet per second;
T istime, in decimal years;
n s 3.14169;
B0—p4 are coefficients to be estimated in the

regression analysis; and
e is model error.

The sine and cosine terms describe the pattern of seasonal
variation. All of the available concentration and discharge
record during water years 2002—2011 were used to develop the
regression model of concentration and discharge for each site.

Daily mean load was then estimated as the product of
estimated daily mean concentration and gaged daily discharge.
The estimated daily values of mean load were then summed to
produce a series of annual estimates of mean load; the annual
estimates for water years 2006—2008 are reported in table 4.
Values of annual yield were computed as the ratio of load to
drainage area (tons per year per square mile); values of annual
flow-weighted mean concentration were computed as the ratio
of load to discharge (milligrams per liter).

The standard error of the annual nitrogen load estimates,
expressed as a percentage of the estimated value, ranged from
18 to 65 percent (table 4). The standard error of the annual
phosphorus load estimates ranged from 10 to 94 percent,

although for all estimates except for the site at Sugar Creek,
the standard error was less than 30 percent. Larger values of
percent standard error overall at one site compared to another
site reflect greater uncertainty in the calibration of the daily
concentration model (root mean square error, table 4) which in
turn reflect poor fit of the regression model for concentration
(equation 1); larger values of percent standard error for 1 year
at a site compared to other years at that site reflect larger vari-
ance in flow for that year (Schwarz and others, 20006, p. 27).
These error estimates do not account for the additional source
of error introduced by estimating discharge from stage-
discharge ratings. This additional error was not quantified but
may be substantial, particularly for the Cane Creek and Sugar
Creek sites for which the stage-discharge ratings were not well
defined for higher flows and were extended above the highest
discharge measurements of 4,280 cubic feet per second (ft¥/s)
for Cane Creek and 2,220 ft*/s for Sugar Creek.

Discharge data collection (but not water-quality data
collection) occurred before and after the 2006-2008 period at
two sites (03584020 and 03584600, map identification num-
bers 2 and 3, respectively, fig. 1). For these sites, load can be
estimated for the additional years (table 5) by extrapolating the
concentration model beyond the period of water-quality data
collection. The time series of annual mean discharge and load
estimates at these two sites during 2002—-2009 (table 5) delin-
eate a sharp decline in discharge and load beginning in 2006
and emphasize the severity of the drought during the study
period, particularly for 2007. The annual loads reported for
the drought period 2006—2008 are much lower than loads for
the other years and are not representative of long-term mean
annual conditions at the sites in this study.



Table 1. Nutrient water-quality monitoring sites in the Elk River Basin with associated continuous- or partial-record discharge sites, 2006—2008.

[Water-quality monitoring sites operated by the Tennessee Department of Environment and Conservation; USGS, U.S. Geological Survey, mi?, square miles]

. Associated . . Longi- Numberof Daily discharge
. Water-quality . Drainage Latitude, .
Site number L USGS discharge . . tude, water- record available
. monitoring site . . USGS station name area, decimal . . .
(figure 1) identifier gaging station in mi dearees decimal  quality during
number g degrees  samples 2006-2008?
1 CANEO008.1LI 035825882 CANE CREEK NEAR HOWELL, TN 106 35223 —86.623 41 Yes
2 RICHL002.0GS 03584020 RICHLAND CREEK AT HIGHWAY 64 NEAR PULASKI, 366 35.211 —87.100 38 Yes
TN
3 ELK036.5GS 03584600 ELK RIVER AT PROSPECT, TN 1,805 35.014  -86.995 41 Yes
4 SUGARO015.2GS 03585269 SUGAR CREEK AT HIGHWAY 11 NEAR MINOR HILL, 125 35.017  -87.198 31 Yes
TN
5 EFMULO010.2MR 03581250 EAST FORK MULBERRY CREEK AT MULBERRY- 52.8 35.194 -86.453 24 No
KELSO ROAD NEAR MULBERRY, TN
6 WFMULOO1.4LI 03581499 WEST FORK MULBERRY CREEK AT HIGHWAY 50 AT 41 35.212 —86.462 50 No
MULBERRY, TN
7 NORRIOO01.2LI 03582315 NORRIS CREEK AT ADAMS STREET AT FAYETTE- 45.5 35.137 —86.555 44 No
VILLE, TN
8 SWANO000.8LI 03582670 SWAN CREEK AT EAST CYRUSTON, TN 49 35.158 -86.717 35 No
9 ELK064.0LI 03582690 ELK RIVER NEAR COLDWATER, TN 1,105 35.099  -86.743 54 No
10 BRADS001.3LI 03583210 BRADSHAW CREEK BELOW MCBURG, TN 58 35.148  -86.820 51 No
11 YOKLE000.1GS 03583360 YOKLEY CREEK NEAR CAMPBELLSVILLE, TN 20.2 35369  -87.137 27 No
12 BIG004.9GS 03583392 BIG CREEK AT KERR HILL ROAD NEAR CAMP- 79.9 35312 -87.089 37 No
BELLSVILLE, TN
13 RICHL029.9GS 03584400 RICHLAND CREEK NEAR ELKTON, TN 485 35.046  —86.950 51 No
14 EFSHO000.2GS 03585215 EAST FORK SHOAL CREEK NEAR BETHEL, TN 25.3 35.008  —87.099 38 No

v
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Table 2. Partial-record stage-discharge sites in the Elk River Basin, 2006—2008.

[USGS, U.S. Geological Survey; mi?, square miles]

. USGS discharge Drainage Latitude, Longitude,
Site number . . . . .
- gaging station USGS station name area, decimal decimal
(figure 1) A
number in mi degrees degrees
5 03581250 East Fork Mulberry Creek At Mulberry-Kelso Road Near 52.8 35.194 -86.453
Mulberry, TN
6 03581499 West Fork Mulberry Creek At Highway 50 At 41 35.212 -86.462
Mulberry, TN
7 03582315 Norris Creek At Adams Street At Fayetteville, TN 45.5 35.137 —86.555
8 03582670 Swan Creek At East Cyruston, TN 49 35.158 -86.717
9 03582690 Elk River Near Coldwater, TN 1,105 35.099 -86.743
10 03583210 Bradshaw Creek Below Mcburg, TN 58 35.148 -86.820
11 03583360 Yokley Creek Near Campbellsville, TN 20.2 35.369 —87.137
12 03583392 Big Creek At Kerr Hill Road Near Campbellsville, TN 79.9 35.312 -87.089
13 03584400 Richland Creek Near Elkton, TN 485 35.046 -86.950
14 03585215 East Fork Shoal Creek Near Bethel, TN 25.3 35.008 -87.099

Table 3. Stage-discharge ratings for 10 partial-record stage-discharge sites in the Elk River Basin.
(Available online at http://dx.doi.org/10.3133/ds1015/)



Table 4. Estimates of annual nitrogen and phosphorus load, yield, and concentration for four monitoring sites in the Elk River Basin, water years 2006—2008.

[Annual estimates are reported for the period 2006-2008. Because flow and loading conditions vary widely from year to year, comparisons of yield among sites should be made for the
common load estimation period, 2007-2008 (highlighted cells); USGS, U.S. Geological Survey; ft*/s, cubic feet per second; ton/yr, tons per year; (ton/yr)/mi? , tons per year per square mile;
mg/L, milligrams per liter; NE, not estimated]

USGS Annual flow-
Site Water-quality discharae Annual Annual Annual weighted
er-quaii arg . Water mean nitrogen  nitrogen mean
number  monitoring site gaging USGS station name . . Lo .
(figure 1) identifier station year discharge, load,in yield, in  nitrogen con-
9 number in ft¥/s ton/yr  (ton/yr)/ mi?  centration,
in mg/L
1 CANEO008.1LI'" 035825882 Cane Creek near Howell, TN 2007 54 180 1.7 3.4
1 CANEO008.1LI'! 035825882 Cane Creek near Howell, TN 2008 65 215 2.0 3.4
2 RICHL002.0GS 03584020  Richland Creek at Highway 64 near Pulaski, TN 2006 463 1,031 2.8 2.3
2 RICHL002.0GS 03584020  Richland Creek at Highway 64 near Pulaski, TN 2007 255 436 1.2 1.7
2 RICHL002.0GS 03584020  Richland Creek at Highway 64 near Pulaski, TN 2008 379 729 2.0 2.0
3 ELK036.5GS 03584600  Elk River at Prospect, TN 2006 2,067 1,461 0.8 0.7
3 ELK036.5GS 03584600  Elk River at Prospect, TN 2007 1,228 1,010 0.6 0.8
3 ELK036.5GS 03584600  Elk River at Prospect, TN 2008 1,329 1,432 0.8 1.1
4 SUGARO015.2GS ' 03585269  Sugar Creek at Highway 11 near Minor Hill, TN 2007 85 62 0.5 0.7
4 SUGARO015.2GS ' 03585269  Sugar Creek at Highway 11 near Minor Hill, TN 2008 132 97 0.8 0.8

9
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Table 4. Estimates of annual nitrogen and phosphorus load, yield, and concentration for four monitoring sites in the Elk River Basin,
water years 2006—2008.—Continued

[Annual estimates are reported for the period 2006-2008. Because flow and loading conditions vary widely from year to year, comparisons of yield among sites should be made for the
common load estimation period, 2007-2008 (highlighted cells); USGS, U.S. Geological Survey; ft*/s, cubic feet per second; ton/yr, tons per year; (ton/yr)/mi’ , tons per year per square mile;
mg/L, milligrams per liter; NE, not estimated]

Annual flow- Standard
. Standard error ]
Site . Annual Annual weighted mean error of annual Root mean square Root mean square
of annual nitrogen . .
number load/yield phosphorus load, phosphorus yield, phosphorus phosphorus load/  error for nitrogen error for phosphorus
(figure 1) . v in ton/yr in (ton/yr)/ mi? concentration, yield estimate, in concentration model  concentration model
estimate, in percent -
in mg/L percent

1

1

2 65 139 0.38 0.31 14 0.57 0.22

2

2

3 31 542 0.30 0.27 26 0.41 0.44

3

3

4

4

! Annual nitrogen load estimates for Cane Creek near Howell, TN, and Sugar Creek at Hwy 11 near Minor Hill, TN, are expressed as an upper bound and displayed in italic font because a
large proportion of concentration measurements were reported as below detection limit and therefore were not quantified; these load estimates do not have associated statistical measures of
error (standard error of estimate, root mean square error) but are considered less accurate than the other estimates.
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Table 5.
conditions during 2006—2008.

Estimates of annual nitrogen and phosphorus load and yield during 2002—2009 for two monitoring sites in the Elk River Basin, for comparison with

[The period 20072008 (highlighted cells) is the common period for load estimation reported for the four continuous-record sites (table 4); USGS, U.S. Geological Survey; ft*/s, cubic feet per
second; ton/yr, tons per year; (ton/yr)/mi*, tons per year per square mile]

USGS Standard P
Site Water-qualit discharae Annual Annual Annual error of an- Annual Annual annual
number monitor(iln sire agin g USGS station name Water mean nitrogen  nitrogen  nual nitrogen phosphorus  phosphorus hosphorus
. . ng gaging year  discharge, load, in yield, in load/yield load, yield, phosph
(figure 1) identifier station in ft¥/s tonfyr  (ton/yr)/ mi?  estimate, in inton/yr in (ton/yr)/mi? load/yield
number Y Y ercen't Y Y estimate,
P in percent
2 RICHLO002.0GS 03584020 Richland Creek at Highway 64 2002 882 2,411 6.6 77 316 0.86 17
near Pulaski, TN
2 RICHLO002.0GS 03584020 Richland Creek at Highway 64 2003 1,074 2,893 7.9 76 429 1.2 18
near Pulaski, TN
2 RICHL002.0GS 03584020 Richland Creek at Highway 64 2004 796 1,889 5.2 64 313 0.86 17
near Pulaski, TN
2 RICHL002.0GS 03584020 Richland Creek at Highway 64 2005 876 2,170 5.9 65 327 0.89 17
near Pulaski, TN
2 RICHL002.0GS 03584020 Richland Creek at Highway 64 2006 463 1,031 2.8 65 139 0.38 14
near Pulaski, TN
2 RICHL002.0GS 03584020 Richland Creek at Highway 64 | 2007 255 436 1.2 42 65 0.18 10
near Pulaski, TN
2 RICHL002.0GS 03584020 Richland Creek at Highway 64 = 2008 379 729 2.0 47 112 0.31 12
near Pulaski, TN
2 RICHL002.0GS 03584020 Richland Creek at Highway 64 2009 574 1,256 34 54 204 0.56 15
near Pulaski, TN
3 ELK036.5GS 03584600 Elk River at Prospect, TN 2004 3,458 1,511 0.84 62 1,145 0.63 47
3 ELK036.5GS 03584600 Elk River at Prospect, TN 2005 3,707 2,236 1.2 51 1,163 0.64 39
3 ELK036.5GS 03584600 Elk River at Prospect, TN 2006 2,067 1,461 0.81 31 542 0.30 26
3 ELK036.5GS 03584600 Elk River at Prospect, TN 2007 1,228 1,010 0.56 18 264 0.15 18
3 ELK036.5GS 03584600 Elk River at Prospect, TN 2008 1,329 1,432 0.79 18 358 0.20 19
3 ELK036.5GS 03584600 Elk River at Prospect, TN 2009 2,845 4,592 2.5 21 1,004 0.56 21
3 ELK036.5GS 03584600 Elk River at Prospect, TN 2010 3,107 6,506 3.6 24 1,031 0.57 20
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