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Conversion Factors

Multiply By To obtain
Length
kilomter (km) 0.6214 mile (mi)
meter (m) 3.281 foot (ft)
Area
square kilometer (km?) 0.3861 square mile (mi?)
Volume
cubic meter (m?) 0.0008107 acre-foot (acre-ft)
Flow rate
cubit meter per second (m?/s) 35.315 cubic foot per second (ft*/s)
Mass
kilogram (kg) 2.250 pound avoirdupois (Ib)
kilogram per day (kg/d) 2.205 pound per day (Ib/d)
kilogram per year (kg/yr) 2.205 pound per years (1g/yr)
kilogram per year per square 5.710 pound per year per square mile
kilometer (kg/yr/km?) (Ib/yr/mi?)

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).
Altitude, 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
(ng/L).

Estimated concentration (“E” remark code)—Positive detections below the LRL are not censored. Detected analytes with
concentrations between the LT-MDL and LRL are reported as estimated (“E” remark code). This is because a detection in
this region should have a < 1 — percent probability of being a false positive (Childress and others, 1999). There are several
circumstances that dictate this code; this is one of the most common.

Laboratory reporting level (LRL}—Generally equal to twice the yearly determined LT-MDL. The LRL controls false negative
error. The probability of falsely reporting a non-detection for a sample that contained an analyte at a concentration equal
to or greater than the LRL is predicted to be less than or equal to 1 percent. The value of the LRL will be reported with

a “less than” remark code for samples in which the analyte was not detected. The National Water Quality Laboratory
collects quality-control data from selected analytical methods on a continuing basis to determine long-term method
detection levels (LT-MDLs) and establish laboratory reporting levels (LRLs). These values are re-evaluated annually based
on the most current quality-control data and may, therefore, change (Childress and others, 1999).

Long-term method detection level (LT-MDL)—A detection level derived by determining the standard deviation of a minimum
of 24 MDL spike sample measurements over an extended period of time. LT-MDL data are collected on a continuous basis
to assess year-to-year variations in the LT-MDL. The LT-MDL controls false positive error. The chance of falsely reporting
a concentration at or greater than the LT-MDL for a sample that did not contain the analyte is predicted to be less than or
equal to 1 percent (Childress and others, 1999).



Method detection limit (MDL)—Minimum concentration of a substance that can be measured and reported
with 99-percent confidence that the analyte concentration is greater than zero. Itis determined from the
analysis of a sample in a given matrix containing the analyte (U.S. Environmental Protection Agency, 1997). At
the MDL concentration, the risk of a false positive is predicted to be less than or equal to 1 percent (Childress
and others, 1999).

Minimum reporting level (MRL}—Smallest measured concentration of a constituent that may be reliably
reported by using a given analytical method (Timme, 1995).

Water year (WY)—Is the period October 1 through September 30 designated by the calendar year in which
it ends, for example, the 2008 water year runs from October 1, 2007 to September 30, 2008 (Rantz and
others,1982).



Constituent Concentrations, Loads, and Yields to Beaver
Lake, Arkansas, Water Years 1999-2008

By Susan E. Bolyard, Jeanne L. De Lanois, and W. Reed Green

Abstract

Beaver Lake is a large, deep-storage reservoir used as a
drinking-water supply and considered a primary watershed
of concern in the State of Arkansas. As such, information is
needed to assess water quality, especially nutrient enrichment,
nutrient-algal relations, turbidity, and sediment issues within
the reservoir system. Water-quality samples were collected at
three main inflows to Beaver Lake: the White River near Fay-
etteville, Richland Creek at Goshen, and War Eagle Creek near
Hindsville. Water-quality samples collected over the period
represented different flow conditions (from low to high). Con-
stituent concentrations, flow-weighted concentrations, loads,
and yields from White River, Richland Creek, and War Eagle
Creek to Beaver Lake for water years 1999-2008 were docu-
mented for this report. Constituents include total ammonia
plus organic nitrogen, dissolved nitrite plus nitrate nitrogen,
dissolved orthophosphorus (soluble reactive phosphorus), total
phosphorus, total nitrogen, dissolved organic carbon, total
organic carbon, and suspended sediment. Linear regression
models developed by computer program S-LOADEST were
used to estimate loads for each constituent for the 10-year
period at each station. Constituent yields and flow-weighted
concentrations for each of the three stations were calculated
for the study.

Constituent concentrations and loads and yields varied
with time and varied among the three tributaries contributing
to Beaver Lake. These differences can result from differences
in precipitation, land use, contributions of nutrients from point
sources, and variations in basin size. Load and yield estimates
varied yearly during the study period, water years 1999-2008,
with the least nutrient and sediment load and yields generally
occurring in water year 2006, and the greatest occurring in
water year 2008, during a year with record amounts of pre-
cipitation. Flow-weighted concentrations of most constituents
were greatest at War Eagle Creek near Hindsville than White
River near Fayetteville and Richland Creek at Goshen. Loads
and yields of most constituents were greater at the War Eagle
Creek and White River stations than at the Richland Creek
Station.

Introduction

Beaver Lake (fig. 1) is a large, deep-storage reservoir
located in the White River Basin in northwestern Arkansas.
The reservoir was completed in 1963 for the purposes of flood
control, hydroelectric power, and water supply. Beaver Lake
is the primary drinking-water supply for northwestern Ar-
kansas. In addition, the reservoir is used for fish and wildlife
habitat, and for recreation, and receives wastewater-treatment
plant outflow. Because of the importance of Beaver Lake, it
is considered a primary watershed of concern for the State of
Arkansas. Information is needed to assess water quality, espe-
cially nutrient enrichment, nutrient-algal relations, turbidity,
and sediment issues within the reservoir system.

The U.S. Geological Survey (USGS) along with the U.S.
Army Corps of Engineers (USACE) has monitored streamflow
into Beaver Lake since it was impounded in 1963, includ-
ing a discontinued station at the White River, downstream
from Beaver Dam in Table Rock Lake since 1909. In 1999,
streamflow-gaging stations at White River near Fayetteville
(USGS station number 07048600) and War Eagle Creek near
Hindsville (USGS station number 07049000) were converted
from partial-record stations (supported by the USACE) to
continuous-record stations, and a new streamflow-gaging
station was established on Richland Creek at Goshen (USGS
station number 07048800), in cooperation with Beaver Water
District. Also, periodic water-quality samples were collected
at the White River near Fayetteville station in cooperation
with Arkansas Soil and Water Conservation Commission, now
Arkansas Natural Resources Commission. In 2001, USGS in
cooperation with Beaver Water District modified the White
River near Fayetteville water-quality sampling and initiated
water-quality sampling at both the Richland Creek and War
Eagle Creek stations. Water-quality sampling has continued
at all three stations to present. Data collected by the USGS in
cooperation with Beaver Water District from water years 1999
through 2008 are summarized in this report (appendix 1). A
water year is the period October 1 through September 30 des-
ignated by the calendar year in which it ends. The USGS, in
cooperation with Beaver Water District, used streamflow and
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Figure 1.
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water-quality data in a study to evaluate constituent concentra-
tions and loads to Beaver Lake.

Study Area Description

Beaver Lake was impounded in 1963 on the White River,
northeast of the city of Fayetteville, Arkansas, and in 1968, the
reservoir reached conservation capacity (Haggard and Green,
2002). The conservation capacity of the reservoir is the storage
capacity used for hydroelectric power, water supply, fish and
wildlife, recreation, and water quality (U.S. Army Corps of
Engineers, 1997). The basin has a drainage area of 3.087 km?
at the Beaver Lake Dam. Beaver Lake contains 6,693 mil-
lion m? (1,653,833 acre-ft) of water at the top of the current
conservation pool (341.5 m above NAVD of 1988) at a surface
area of 114 km? (Haggard and Green, 2002). The length of the
reservoir is 80 km from the White River at the Highway 45
Bridge to the Beaver Lake Dam. The depth of the reservoir at
the dam at conservation pool elevation is 60 m, and the aver-
age depth through the reservoir is 17 m (Haggard and Green,
2002).

Beaver Lake is affected by point and nonpoint sources
of nutrients, sediment, and pathogens. The city of Fayetteville
discharges about one-half of its treated sewage effluent into
the White River immediately upstream from the backwater of
the reservoir—however, the discharge is located downstream
from the station where the sample was collected (USGS sta-
tion 07048600). The city of West Fork discharges its treated
sewage effluent into the West Fork of the White River, and
the city of Huntsville discharges treated sewage effluent into
a tributary of War Eagle Creek. Nutrients, sediment, patho-
genic bacteria, and other constituents unrelated to municipal
wastewater also can enter Beaver Lake through its tributaries
and around its shoreline. The greatest increase in population in
the State of Arkansas from 1990 to 2000 occurred in Benton,
Washington, and Carroll Counties in northwestern Arkansas
surrounding Beaver Lake where the population increased
from approximately 239,000 to 335,000 (U.S. Census Bureau,
2009). The principal agricultural activity in the area is poultry
production and secondarily, cattle production. As a result of all
these factors, there is substantial concern about the current and
future water quality of Beaver Lake.

The main inflows into Beaver Lake are the White River,
Richland Creek, and War Eagle Creek (fig. 1). Several smaller
tributaries also flow into the reservoir. The Basin has a drain-
age area of 2,968 km? upstream from Beaver Lake Dam. The
White River is the largest tributary to Beaver Lake with a
drainage area of 1,040 km? upstream from the streamflow-
gaging station near Fayetteville (White River near Fayette-
ville, Arkansas, USGS station number 07048600), composing
approximately 35 percent of the drainage area of Beaver Lake
at the dam. War Eagle Creek is the second largest tribu-
tary to Beaver Lake with a drainage area of 681 km? at the
streamflow-gaging station near Hindsville (War Eagle Creek
near Hindsville, Arkansas, USGS station number 07049000),
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composing approximately 22 percent of the Beaver Lake
Basin upstream from the dam. Richland Creek is another
major tributary to Beaver Lake, with a drainage area of 357
km? upstream from the streamflow-gaging station at Goshen
(Richland Creek at Goshen, Arkansas, USGS station number
07048800), composing approximately 12 percent of the drain-
age area of Beaver Lake upstream from the dam. Combined,
these three tributaries (at the streamflow-gaging stations)
represent approximately 69 percent of the total drainage area
of Beaver Lake.

Purpose and Scope

The purpose of this report is to describe constituent con-
centrations, flow-weighted concentrations, loads, and yields to
Beaver Lake for White River, Richland Creek, and War Eagle
Creek for the study period, water years 1999-2008. Constitu-
ents include total ammonia plus organic nitrogen, dissolved
nitrite plus nitrate nitrogen, total nitrogen, dissolved ortho-
phosphorus (soluble reactive phosphorus), total phosphorus,
dissolved organic carbon, total organic carbon, and suspended
sediment.

Methods

Water-Quality Data Collection and Analysis

The USGS operates 7 continuous streamflow-gaging
stations and 10 water-quality sampling stations in the Beaver
Lake Basin in northwestern Arkansas (fig. 1). Three stream-
flow-gaging stations with water-quality sampling at the same
stations were selected for use in this report: White River near
Fayetteville, Arkansas (USGS station 07048600), Richland
Creek at Goshen, Arkansas (USGS station 07048800), and
War Eagle Creek near Hindsville, Arkansas (USGS station
07049000) (table 1, fig. 1). Stream gages were operated
and streamflows were measured according to the methods
described in Rantz and others (1982). Streamflow, in cubic
feet per second, was computed every 15 minutes and averaged
daily from 1999 through 2008 (and continues) at White River
near Fayetteville, Richland Creek at Goshen, and War Eagle
Creek near Hindsville, and was converted to cubic meters per
second for this report (fig. 1, table 1). Water-quality samples,
with corresponding instantaneous streamflows (streamflow
at the time of sample collection), were collected during low-,
moderate-, and high-flow conditions (fig. 2). The White
River near Fayetteville water-quality sampling record began
with bimonthly (occurring every 2 months) and high-flow
event sampling from November 1999 through October 2000.
Monthly and high-flow event samples were collected at the
White River near Fayetteville beginning in January 2001
and at Richland Creek at Goshen and War Eagle Creek near
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Hindsville beginning in April 2001. Samples were collected
through November 2004. Bimonthly and high-flow event
samples were collected at all three stations from January
2005 through September 2008. Representative water-quality
samples were collected using equal-width increment methods
(Edwards and Glysson, 1999).

The USGS National Water Quality Laboratory in
Lakewood, Colorado, analyzed the water-quality samples for
total ammonia plus organic nitrogen, dissolved nitrite plus
nitrate, dissolved orthophosphorus, total phosphorus, total
nitrogen (Fishman, 1993), dissolved organic carbon (Brenton
and Arnett, 1993), and total organic carbon (Wershaw and
others, 1987). Constituent concentrations were reported as
uncensored values if they were greater than the laboratory
reporting level (LRL). The LRL is set to reduce false positive
error and is equal to twice the yearly determined long-term
method detection level (LT-MDL). When the constituent was
not detected, the LRL value was reported with a “less than”
remark code and was considered a censored value. Estimated
values with concentrations between the LT-MDL and the LRL
are reported with an “E” remark code because of low confi-
dence in the value (Childress and others, 1999). For the pur-
poses of describing the mean and computing loads, censored
values were converted to the LT-MDL value (with the “less
than” remark code), if the LRL was reported at the time of the
sample analysis, and “E” remark codes were removed. If the
censored values were reported as less than the LT-MDL at the
time of analysis, no alteration was made. The modified water-
quality values with remark codes described above, which
were used to determine the mean and loads, are found in the
appendix (appendix 1).

Suspended-sediment samples were collected during low-,
moderate-, and high-flow conditions. The USGS Missouri
Water Science Center Sediment Laboratory in Rolla, Missouri,
analyzed samples for suspended-sediment concentration fol-
lowing procedures established in Guy (1969).

Streamflow data measured from October 1998 through
December 2008 are presented in this report. All streamflow
data described are available on the web at http.//water.usgs.
gov/ar/nwis.

Constituent Load and Yield Estimation

Linear regression models developed by computer pro-
gram S-LOADEST were used to estimate loads for each con-
stituent for the 10—year period at each station (table 2). Data
from all three tributaries generally appeared to fit the models.
Load is the mass of a constituent transported past a selected
point in a stream in a given amount of time, usually 1 year.
The S-LOADEST program (TIBCO Software Inc., 2008) was
used to estimate constituent loads by the rating-curve method
(Cohn and others, 1989; Crawford, 1991) for the White River,
Richland Creek, and War Eagle Creek stations. S-LOADEST
estimates loads using mean daily streamflow, streamflow
rating-curve parameters, several regression methods, and a

ratio estimator. Because some of the constituent concentra-
tions included in the S-LOADEST analyses were censored
values, parameters were estimated by the adjusted maximum
likelihood estimation (AMLE) method (Cohn, 1988; Cohn and
others, 1992). In the absence of censored data, the method
converts to the maximum likelihood estimation (MLE) method
(Dempster and others, 1977; Wolynetz, 1979). Uncertainty in
the estimated load was obtained using the method described
by Likes (1980) and Gilroy and others (1990). The model
(equation 1) used to calculate loads was based on the relation
between the natural logarithms of L and Q:

In(L) = b, + b, In(Q)

where
In is natural logarithm;
L is constituent load, in kilograms per day
(kg/d);
b, is regression constant, dimensionless;
b, is a regression coefficient, dimensionless;
(0] is daily mean streamflow, in cubic meters

per second (m%/s).

Estimated mean annual constituent loads and standard
error of prediction (SEP) of the mean loads were calculated by
S-LOADEST using all available data for each constituent for
the 10-year period. The coefficient of determination (R?) is the
proportion of variability in the data set that is accounted for
by the statistical model. For this report, an R* value of 0.90
or greater was considered a valid regression model. R? values
less than 0.90, which demonstrates a positive relation, were
not considered valid. Estimated residual variance is the maxi-
mum likelihood estimation variance corrected for the number
of observations, number of censored observations, and number
of parameters in the regression model.

The 95-percent confidence interval is the interval that
has a 95-percent chance of containing the true regression line.
In contrast, the 95-percent prediction interval is the interval
in which you expect 95 percent of all data points to fall. A
major factor determining the width of a confidence interval is
the size of the sample used in the estimation procedure, with
smaller samples having wider confidence intervals (Helsel and
Hirsch, 2002).

Constituent yields for each of the three stations were
calculated by dividing mean annual constituent load by the
drainage area, in square kilometers (table 1). Flow-weighted
concentrations for each of the three stations were calculated
by dividing mean annual constituent loads by mean annual
streamflow and multiplying by a conversion factor to adjust
the units.

Linear regression was used to examine the relations
between estimated daily loads and measured instantaneous
loads, both reported in kilograms per day. Instantaneous load
is calculated by multiplying streamflow, in cubic meters per
second, constituent concentration, in milligrams per liter,
and a conversion factor to convert to kilograms per day. The
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Constituent Concentrations, Loads, and Yields for White River, a Tributary to Beaver Lake, near Fayetteville 9

slope of the regression relates to how well the loading model
estimates constituent loading. A line originating at zero with a
slope of 1.0 would be the ideal relation.

Means, along with maxima, minima, and medians, were
determined by an S-Plus software (TIBCO Software Inc.,
2008) data summary statistics application applied to the data
in appendix 1 (table 3).

Quality Assurance and Control

Field methods were conducted following procedures
described in the USGS National Field Manual (U.S. Geologi-
cal Survey, variously dated). Nutrient, total organic carbon,
and dissolved organic carbon analyses were conducted at the
USGS National Water Quality Laboratory in Denver, Colo-
rado, following procedures described in Fishman (1993). SSC
analyses were conducted at the USGS laboratory in Rolla,
Missouri, following procedures described in Guy (1969).
Field measurements, including water temperature, dissolved-
oxygen concentration, pH, and specific conductance also were
collected with each sample following protocols described in
Wilde and Radke (1998).

To maintain proper quality assurance and control (QA/
QC) of water-quality data, protocols for instrument calibration
(Wilde and Radke, 1998) and equipment cleaning (Wilde and
others, 1998) were followed. Associated blank and replicate
water-quality samples also were collected by USGS personnel
periodically. Results indicated that cleaning procedures were
adequate in preventing cross-contamination of samples and
that the laboratory results were reproducible. Results for QA/
QC samples are available at the USGS National Water Infor-
mation System webpage (http.//waterdata.usgs.gov/nwis) and
can be obtained through the USGS Arkansas Water Science
Center in Little Rock, Arkansas.

Constituent Concentrations, Loads, and
Yields for White River, a Tributary to
Beaver Lake, near Fayetteville

Total Ammonia plus Organic Nitrogen

Total ammonia plus organic nitrogen concentrations for
White River near Fayetteville ranged from less than 0.06 to
2.6 mg/L as N with a mean concentration of 0.48 mg/L as N
(table 3). Concentrations tended to increase with increasing
streamflow (fig. 3). Loads were estimated as a function of
streamflow (R? = 0.87; table 2). These estimated loads then
were compared to instantaneous measured load with a slope
of 0.88 (fig. 4). For total ammonia plus organic nitrogen,
the 10-year mean load was 294,000 kg/yr as N (table 4) and
mean yield was 283 kg/yr/km? as N (table 5). Estimated mean

annual flow-weighted concentration was 0.61 mg/L as N (table
6).

Dissolved Nitrite plus Nitrate Nitrogen

Dissolved nitrite plus nitrate concentrations for White
River near Fayetteville ranged from 0.03 to 1.4 mg/L as
N with a mean concentration of 0.44 mg/L as N (table 3).
Concentrations tended to increase with increasing streamflow
(fig. 3). Loads were estimated as a function of streamflow (R?
= 0.94; table 2). These estimated loads were then compared
to instantaneous measured load with a slope of 0.90 (fig. 4).
For dissolved nitrate plus nitrite, the 10-year mean load was
273,000 kg/yr as N (table 4) and mean yield was 262 kg/yr/
km? as N (table 5). Estimated mean annual flow-weighted
concentration was 0.57 mg/L as N (table 6).

Total Nitrogen

Total nitrogen concentrations for White River near Fay-
etteville ranged from 0.31 to 3.0 mg/L with a mean concentra-
tion of 0.98 mg/L (table 3). Concentrations tended to increase
with increasing streamflow (fig. 3). Loads were estimated as
a function of streamflow (R* = 0.98; table 2). These estimated
loads were then compared to instantaneous measured load
with a slope of 0.94 (fig. 4). For total nitrogen, the 10-year
mean load was 593,000 kg/yr (table 4) and mean yield
was 570 kg/yr/km? (table 5). Estimated mean annual flow-
weighted concentration was 1.23 mg/L (table 6).

Dissolved Orthophosphorus

Dissolved orthophosphorus concentrations for White
River near Fayetteville ranged from less than 0.003 to 0.110
mg/L as P with a mean concentration of 0.015 mg/L as P (table
3). Concentrations tended to increase slightly with increas-
ing streamflow (fig. 3). Loads were estimated as a function of
streamflow (R? = 0.87; table 2). These estimated loads were
then compared to instantaneous measured load with a slope
of 1.09 (fig. 4). For dissolved orthophosphorus, the 10-year
mean load was 10,300 kg/yr as P (table 4) and mean yield was
10 kg/yr/km? as P (table 5). Estimated mean annual flow-
weighted concentration was 0.02 mg/L as P (table 6).

Total Phosphorus

Total phosphorus concentrations for White River near
Fayetteville ranged from less than 0.010 to 0.600 mg/L with a
mean concentration of 0.084 mg/L (table 3). Concentrations
tended to increase with increasing streamflow (fig. 3). Loads
were estimated as a function of streamflow (R* = 0.90; table
2). These estimated loads were then compared to instanta-
neous measured load with a slope of 0.96 (fig. 4). For total
phosphorus, the 10-year mean load was 73,200 kg/yr (table 4)
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Figure 3. Relation between nutrient and sediment concentrations and instantaneous streamflow for samples collected at White River
near Fayetteville, Arkansas, water years 1999-2008.
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Figure 4. Relation between natural log of instantaneous measured load and natural log of estimated load for samples collected at
White River near Fayetteville, Arkansas, water years 1999-2008.



13

Constituent Concentrations, Loads, and Yields for White River, a Tributary to Beaver Lake, near Fayetteville

00€°1€ 062°6 01LT 00€°1€ 0vT’9 01LT 08T°L 000°€1 00¥°¢

0v6°9 01T'C 789 0v6°9 0SS°1 789 0Z8°1 010°¢ 8L8

000°CL9 000°81¢ 00989 000°CL9 000°SST 00989 000°Z81 000°96T 001°88

000°€TL 000°0£C 00L1L 000°€TL 000291 00L°TL 000061 000¢1€ 00L°16

000°9L1 00£°9S 00S°LT 000°9L1 00L°6€ 00S°LT 0059 008°9L 00t°CT

088°6

01T

000°0¥C

000°CST

00L°T9

00y

080°1

000°601

000°€11

00L°LT

061°S

0LT'1

000°9C1

000°€€T

00¥°T€

0996

0Tr'e

000°THT

000°€ST

006°19

(§9900) st
-oydsoyd [ejo],

(1£900)

d se ‘snioyd

-soydoyyio
PaAJosSIq

(00900)
udgoniu [ejo]

(1£900) N
Se dreniu 4
QILIIU PIAJOSSI(]

($2900) N

se ‘uofoniu

oesio +
BIUOWITIE [2}0],

(008870L0) UByso9 1e §8a1] puejyaly

000°000°1#1 000°005°89 000°00%°L1 000°000°1#1 000°008°09 000°00%°L1 000°008°1S 000°000°SZL  000°009°0€

000°09%°€ 000°000'C 000%L9 000°09%°€ 000°056°1 000%L9 000°018"T 000°0€6°C 000°001°T

000°0€€C 000°06€°1 000°C61 000°0€€°C 000°0LE 1 000°C61 000°06Z°1 000°086°1 000°88L

000°1S1 002T°€L 00€°81 000°1S1 0069 00%°81 000°SS 000°v€1 00S°C€

008°0T 00€°01 089°C 008°0C 0ST°6 089°C 096°L 00€°8T 00LY

000°0L0°1 000°€6S 000°881 000°0L0°1 000°0LS 000881 000°1¢S 000906 000°C1€

000°681 000°€LT 00v°L8 000681 000°€9C 00%°L8 000°1¥C 00011 000°SH1

000°0ZS 00076C 00196 000°0ZS 000°S8T 00196 000°€9T 000°01 000°8S 1

000000901

000°0€8°C

000°0%6°1

000°%11

008°ST

000098

000°6€

000°CTh

000°00%°8€

000°0LY‘T

000°090°1

00L 0¥

0€6°S

000°C1y

000°161

000°01C

000°008°SS

000°06S°1

000°001°1

00L°6S

0078

000°LLY

000612

000°9€C

000°00€°8S

000°0ST1°C

000°0%S°1

00819

000°6

00019

000°v8T

000°01€

(¥$108)
JUSWIIPAS
papuadsng

(08900)
uoqied dued
-10 [e10],

(18900)
uoqeo orued

-10 POAJOSSI

(59900) sn1
-oydsoyd [ejo1,

(12900)

d se ‘snuoyd

-soydoyio
PIATOSSIT

(00900)
udgoniu [ejo],

(1€900) N
Se ‘drenIu 4
SJLIIIU PIAJOSSI(

(§2900) N

se ‘uoSoniu

J1uesIo +
RIUOWIWE [BJO],

(0098t0.0) 8|iAeN18ARS JeaU JBAY BUYAN

wnwixeyy  uespy wnw 8002 1002 9002 5002 $00Z £00Z
S

200z

1002

0002

6661

(1eah 1ad sweibojny)
1eal sajem Jad peoj jenuue [ejo]

(apoa
1913wesed)
Juanmysuo)

"80—100Z SIeaA Ja1eM ‘sesueyiy ‘a||IASpUIH Jeau )aa.q 8|6eg JepA pue ‘sesueyly ‘Usyson 1e }aalg pue|yly ‘800Z—6661 SIeaA Jarem ‘sesueyiy
‘a||1na18AR JBBU JAAIY BUYAA B3 Joj suonels Aljenb-1a1em e pa10a||09 sa|duies Jalem Ul SUOIRIIUSIUOD JUSNYISUOI WO} PRO| JUBNUISUOD [enuUe [BI0) PRIBWNST ‘b 3jqel



Constituent Concentrations, Loads, and Yields to Beaver Lake, Arkansas, Water Years 1999-2008

14

000°008°08 000°00t°6C 000°029°8 000°008°08

000°0LET 000656 000°56€ 000°0LET

000°08L°1 000°1€8 000°tC€ 000°08L°1

009°€L 00€°0€ 009°0T 009°€L

001°€T 000°11 08¢y 001°€T

000°966 000981 000991 000°966

000°TLS 000°L0€ 000°€ET 000°TLS

000°2¥C 000°L01 00€°0 000°T¥C

000°00%°8T

000°070°1

000°5T8

009°6T

000°11

0008t

000°80€

000901

000°0ST°6

000°S6€

000°tC€

009°0T

08¢y

000961

000°€ET

00€°0y

000°008°1C

000°9%6

000 vLL

00%°ST

00s°01

000°99%

000°T1€

00596

000°00S°1€

000°090°1

000828

00T°T€

000°T1

000°18%

000°T0€

000801

000°0T9°8

000°CI¥

000°9%€

009°01

0€LY

000°€1T

000°TST

000°Cy

000°00€°Lt

000°029°1

000°09Z°1

0018t

00L91

000°82L

000°8tt

000°691

000°009°%1

000729

000°60S

00891

0889

000°L0€

000°80T

00¥°€9

000°00%°81

000°889

000°L¥S

00S°61

06T°L

000°TCE

00090

002°0L

000°005°€€

000°08€1

000°0T1°1

008°LE

000°S1

000599

000¥<Y

000°11

(¥5108)
JUAWIPIS
paopuadsng

(08900)
uoqIes orues

-I0 [ejoL.

(18900)
uoqied d1ued
-I0 PIAJOSSI(]

(§9900) snu
-oydsoyd [ej01,

(1£900)

d se ‘snioyd

-soydoyjio
poAjossIq

(00900)
uagoniu [ejoL

(1£900) N
Se ‘djenIu +
LIIU PIA[OSSI(]

(§2900) N
se ‘uagoniu
oruedio +
BIUOWIE [B}O],

(000670L0) @lIASpuIH Jeau Yaal] a|Be3 ey

000°006°TE 000°0LL‘6 000°058°C 000°006°TE

000°0S9°1 000°0€S 000991 000°059°1

000°01€°1 000°TEY 000°LET 000°0T€ET

000°0LS 9

000°9LE

000°0T€

000°0S8°C

000991

000°LET

000°019°L

00011

000°S9€

000°00L €T

000°12L

000'78S

000°08S°€

000°€1T

000°LLT

000°00%°01

000°€8S

000°SLY

000°0¢t'y

000°€9C

000°61¢

000°09%°S

000°90€

00015

000°00T°01

000°98S

000'78%

(¥S108)
JUAWIPAS

papuadsng

(08900)
uoqued d1ued
-10 [ej0],

(18900)
uoqIed drues

-10 PAAJOSSI]

wnwixepy ueapp| wnw 8002
-lulnn

Looz

9002

5002

vooz

€00z

2002

1002

000z

6661

(1eah 1ad sweibojny)
1eal 121em Jad peoj |enuue |ejo)

(apo2
19)3wesed)
Juanyysuo)

panuiu0)—g0—100Z SIeaA Ja1eM ‘sesueyy ‘a||IASpUIH Jeau 39817 a8|6eJ JepA pue ‘sesueyly ‘Usyson 1e }aal) pue|yoly ‘800Z—6661 SIeaA Jarem ‘sesueyiy
‘a||1na18AR JBBU JAAIY BUYAA B3 Joj suonels Aljenb-1a1em 18 pa10a||09 sa|dwies Ja1em Ul SUOIRIIUSIUOD JUSNYISUOI WO} PRO| JUBNUISUOD [enuUe [BI0) pRIBWNST ‘b 3jqel



Constituent Concentrations, Loads, and Yields for White River, a Tributary to Beaver Lake, near Fayetteville

Table 5. Estimated mean annual constituent loads and yield estimated from constituent concentrations in water samples
collected at water-quality stations for the White River near Fayetteville, Arkansas, water years 1999-2008, Richland Creek at

Goshen, Arkansas, and War Eagle Creek near Hindsville, Arkansas, water years 2001-08.

[km?, square kilometer; kg/yr, kilograms per year; kg/yr/km?, kilogram per year per square kilometer; SEP, standard error of prediction]

i Estimated mean annual
Station name Dr:lr::ge Constituent . -
(number) e (parameter code) Total load Total yield
() (+/- SEP) (kg/yr) (kg/yr/km?)
White River near Fayetteville 1.040 Total ammonia + organic nitrogen, as N
(07048600) ’ (00625) 294,000 (219) 283
Dissolved nitrite + nitrate, as N (00631) 273,000 (124) 262
Total nitrogen (00600) 593,000 (155) 570
Dissolved orthophosphorus , as P (00671) 10,300 (16) 10
Total phosphorus (00665) 73,200 (99) 70
Dissolved organic carbon (00681) 1,390,000 (499) 1,340
Total organic carbon (00680) 2,000,000 (913) 1,920
Suspended sediment (80154) 68,500,000 (59,600) 65,900
Richland Creek at Goshen 357 Total ammonia + organic nitrogen, as N
(07048800) (00625) 56,300 (63) 158
Dissolved nitrite + nitrate, as N (00631) 230,000 (301) 644
Total nitrogen (00600) 218,000 (120) 611
Dissolved orthophosphorus, as P (00671) 2,210 (4) 6
Total phosphorus (00665) 9,290 (24) 26
Dissolved organic carbon (00681) 432,000 (218) 1,210
Total organic carbon (00680) 530,000 (295) 1,480
Suspended sediment (80154) 9,770,000 (12,000) 27,400
War Eagle Creek near Hindsville 631 Total ammonia + organic nitrogen, as N
(07049000) (00625) 107,000 (103) 157
Dissolved nitrite + nitrate, as N (00631) 307,000 (90) 451
Total nitrogen (00600) 486,000 (125) 714
Dissolved orthophosphorus , as P (00671) 11,000 (10) 16
Total phosphorus (00665) 30,300 (23) 44
Dissolved organic carbon (00681) 831,000 (385) 1,220
Total organic carbon (00680) 959,000 (514) 1,410
Suspended sediment (80154) 29,400,000 (36,800) 43,200

!Calculated by S-LOADEST and are statistics of all data in the 10-year period.
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16 Constituent Concentrations, Loads, and Yields to Beaver Lake, Arkansas, Water Years 1999-2008

Table 6. Estimated mean annual constituent loads, mean annual streamflows, and mean flow-weighted constituent
concentrations at water-quality stations for the White River near Fayetteville, Arkansas, water years 1999-2008,
Richland Creek at Goshen, Arkansas, and War Eagle Creek near Hindsville, Arkansas, water years 2001-08.

[kg/yr, kilogram per year; ft*/s, cubic foot per second; mg/L, milligram per liter; N, nitrogen; P, phosphorus]

Estimated mean annual

Station name Constituent Flow-weighted
(number) (parameter code) Load concentration
(ahyr (mg/L)

Wl(l(i)t;:()}:;\;eorol;ear Fayetteville Total ammonia + organic nitrogen, as N (00625) 294,000 0.61
Dissolved nitrite + nitrate, as N (00631) 273,000 0.57
Total nitrogen (00600) 593,000 1.23
Dissolved orthophosphorus, as P (00671) 10,300 0.02
Total phosphorus (00665) 73,200 0.15
Dissolved organic carbon (00681) 1,390,000 2.94
Total organic carbon (00680) 2,000,000 4.19
Suspended sediment (80154) 68,500,000 136

Ri((:(})léj)rzdggc(;(e);k at Goshen Total ammonia + organic nitrogen, as N (00625) 56,300 0.35
Dissolved nitrite + nitrate, as N (00631) 230,000 1.42
Total nitrogen (00600) 218,000 1.35
Dissolved orthophosphorus, as P (00671) 2,210 0.014
Total phosphorus (00665) 9,290 0.06
Dissolved organic carbon (00681) 432,000 2.69
Total organic carbon (00680) 530,000 3.28
Suspended sediment (80154) 9,770,000 58.4

sz)s gf;e(:)(?or; ek near Hindsville Total ammonia + organic nitrogen, as N (00625) 107,000 0.39
Dissolved nitrite + nitrate, as N (00631) 307,000 1.17
Total nitrogen (00600) 486,000 1.81
Dissolved orthophosphorus, as P (00671) 11,000 0.04
Total phosphorus (00665) 30,300 0.11
Dissolved organic carbon (00681) 831,000 3.07
Total organic carbon (00680) 959,000 3.84

Suspended sediment (80154) 29,400,000 102




Constituent Concentrations, Loads, and Yields for Richland Creek, a Tributary to Beaver Lake, at Goshen 17

and mean yield was 70 kg/yr/km? (table 5). Estimated mean
annual flow-weighted concentration was 0.15 mg/L (table 6).

Dissolved Organic Carbon

Dissolved organic carbon (DOC) concentrations for
White River near Fayetteville ranged from 0.8 to 10.9 mg/L
with a mean concentration of 2.8 mg/L (table 3). There was
little relation between concentrations and streamflow (fig.
3). Loads were estimated as a function of streamflow (R2 =
0.94; table 2). These estimated loads were then compared
to instantaneous measured load with a slope of 0.90 (fig. 4).
For DOC, the 10-year mean load was 1,390,000 kg/yr (table
4) and mean yield was 1,340 kg/yr/km2 (table 5). Estimated
mean annual flow-weighted concentration was 2.94 mg/L
(table 6).

Total Organic Carbon

Total organic carbon (TOC) concentrations for White
River near Fayetteville ranged from 0.7 to 19.5 mg/L with a
mean concentration of 3.6 mg/L (table 3). There was a slight
relation between concentration and streamflow (fig. 3). Loads
were estimated as a function of streamflow (R2 = 0.93; table
2). These estimated loads were then compared to instanta-
neous measured load with a slope of 0.89 (fig. 4). For TOC,
the 10-year mean load was 2,000,000 kg/yr (table 4) and mean
yield was 1,920 kg/yr/km2 (table 5). Estimated mean annual
flow-weighted concentration was 4.19 mg/L (table 6).

Suspended Sediment

Suspended sediment concentrations for White River near
Fayetteville ranged from 2 to 950 mg/L with a mean concen-
tration of 97 mg/L (table 3). Concentrations tended to increase
with an increase in streamflow (fig. 3). Loads were estimated
as a function of streamflow (R2 = 0.94; table 2). These esti-
mated loads were then compared to instantaneous measured
load with a slope of 0.88 (fig. 4). For suspended sediment,
the 10-year mean load was 68,500,000 kg/yr (table 4) and
mean yield was 65,900 kg/yr/km?2 (table 5). Estimated mean
annual flow-weighted concentration was 136 mg/L (table 6).

Constituent Concentrations, Loads, and
Yields for Richland Creek, a Tributary
to Beaver Lake, at Goshen

Total Ammonia plus Organic Nitrogen

Total ammonia plus organic nitrogen concentrations
for Richland Creek at Goshen ranged from less than 0.05 to
1.6 mg/L as N with a mean concentration of 0.29 mg/L as N
(table 3). Concentrations tended to increase with increasing
streamflow (fig. 5). Loads were estimated as a function of
streamflow (R? = 0.97; table 2). These estimated loads were
then compared to instantaneous measured load with a slope
0f 0.79 (fig. 6). For total ammonia plus organic nitrogen as
N, the 10-year mean load was 56,300 kg/yr as N (table 4) and
mean yield was 158 kg/yr/km? as N (table 5). Estimated mean
annual flow-weighted concentration was 0.35 mg/L as N (table
6).

Dissolved Nitrite plus Nitrate Nitrogen

Dissolved nitrite plus nitrate concentrations for Richland
Creek at Goshen ranged from 0.01 (estimated) to 3.9 mg/L
as N with a mean concentration of 0.850 mg/L as N (table 3).
Concentrations tended to increase with increasing streamflow
(fig. 5). Loads were estimated as a function of streamflow (R?
=0.96; table 2). These estimated loads were then compared
to instantaneous measured load with a slope of 0.68 (fig. 6).
For dissolved nitrite plus nitrate, the 10-year mean load was
230,000 kg/yr as N (table 4) and mean yield was 644 kg/yr/
km? as N (table 5). Estimated mean annual flow-weighted
concentration was 1.42 mg/L as N (table 6).

Total Nitrogen

Total nitrogen concentrations for Richland Creek at
Goshen ranged from 0.20 to 4.1 mg/L with a mean concentra-
tion of 1.2 mg/L (table 3). Concentrations tended to increase
with increasing streamflow (fig. 5). Loads were estimated as
a function of streamflow (R? = 0.99; table 2). These estimated
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Figure 5. Relation between nutrient and sediment concentraitons and instantaneous streamflow for samples collected at Richland
Creek at Goshen, Arkansas, water years 2001-08.
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20 Constituent Concentrations, Loads, and Yields to Beaver Lake, Arkansas, Water Years 1999-2008

loads were then compared to instantaneous measured load
with a slope of 0.78 (fig. 6). For total nitrogen, the 10-year
mean load was 218,000 kg/yr (table 4) and mean yield

was 611 kg/yr/km? (table 5). Estimated mean annual flow-
weighted concentration was 1.35 mg/L (table 6).

Dissolved Orthophosphorus

Dissolved orthophosphorus concentrations for Richland
Creek at Goshen ranged from less than 0.003 to 0.207 mg/L
as P with a mean concentration of 0.017 mg/L as P (table 3).
Concentrations tended to increase slightly with increasing
streamflow (fig. 5). Loads were estimated as a function of
streamflow (R? = 0.94; table 2). These estimated loads were
then compared to instantaneous measured load with a slope
of 0.80 (fig. 6). For dissolved orthophosphorus, the 10-year
mean load was 2,210 kg/yr as P (table 4) and mean yield was
6 kg/yr/km? as P (table 5). Estimated mean annual flow-
weighted concentration was 0.014 mg/L as P (table 6).

Total Phosphorus

Total phosphorus concentrations for Richland Creek
at Goshen ranged from 0.007 to 0.440 mg/L with a mean
concentration of 0.044 mg/L (table 3). Concentrations tended
to increase with increasing streamflow (fig. 5). Loads were
estimated as a function of streamflow (R? = 0.94; table 2).
These estimated loads were then compared to instantaneous
measured load with a slope of 0.68 (fig. 6). For total phospho-
rus, the 10-year mean load was 9,290 kg/yr (table 4) and mean
yield was 26 kg/yr/km? (table 5). Estimated mean annual
flow-weighted concentration was 0.06 mg/L (table 6).

Dissolved Organic Carbon

DOC concentrations for Richland Creek at Goshen
ranged from 0.6 to 25.4 mg/L with a mean concentration
of 2.56 mg/L (table 3). Concentrations tended to increase
slightly with increases in stream streamflow (fig. 5). Loads
were estimated as a function of streamflow (R*> = 0.99; table
2). These estimated loads were then compared to instanta-
neous measured load with a slope of 0.81 (fig. 6). For DOC,
the 10-year mean load was 432,000 kg/yr (table 4) and mean
yield was 1,210 kg/yr/km? (table 5). Estimated mean annual
flow-weighted concentration was 2.69 mg/L (table 6).

Total Organic Carbon

TOC concentrations for Richland Creek at Goshen ranged
from 0.7 to 19.5 mg/L with a mean concentration of 3.00 mg/L
(table 3). Concentrations tended to increase with increasing
stream streamflow (fig. 5). Loads were estimated as a function
of streamflow (R? = 0.99; table 2). These estimated loads were
then compared to instantaneous measured load with a slope of

0.77 (fig. 6). For TOC, the 10-year mean load was 530,000
kg/yr (table 4) and mean yield was 1,480 kg/yr/km? (table 5).
Estimated mean annual flow-weighted concentration was 3.28
mg/L (table 6).

Suspended Sediment

Suspended sediment concentrations for Richland Creek at
Goshen ranged from 1 to 1,050 mg/L with a mean concentra-
tion of 58 mg/L (table 3). Concentrations tended to increase
with increasing streamflow (fig. 5). Loads were estimated as
a function of streamflow (R? = 0.97; table 2). These estimated
loads were then compared to instantaneous measured load
with a slope of 0.70 (fig. 6). For suspended sediment, the
10-year mean load was 9,770,000 kg/yr (table 4) and mean
yield was 27,400 kg/yr/km? (table 5). Estimated mean annual
flow-weighted concentration was 58.4 mg/L (table 6).

Constituent Concentrations, Loads, and
Yields for War Eagle Creek, a Tributary
to Beaver Lake, near Hindsville

Total Ammonia plus Organic Nitrogen

Total ammonia plus organic nitrogen concentrations for
War Eagle Creek near Hindsville ranged from less than 0.05
to 2.3 mg/L as N with a mean concentration of 0.28 mg/L as
N (table 3). Concentrations tended to increase with increas-
ing streamflow (fig. 7). Loads were estimated as a function of
streamflow (R? = 0.82; table 2). These estimated loads were
then compared to instantaneous measured load with a slope
0f 0.93 (fig. 8). For total ammonia plus organic nitrogen,
the 10-year mean load was 107,000 kg/yr as N (table 4) and
mean yield was 157 kg/yr/km? as N (table 5). Estimated mean
annual flow-weighted concentration was 0.39 mg/L as N (table
6).

Dissolved Nitrite plus Nitrate Nitrogen

Dissolved nitrite plus nitrate concentrations for War
Eagle Creek near Hindsville ranged from 0.257 to 2.36 mg/L
as N with a mean concentration of 1.16 mg/L as N (table 3).
There was no relation between concentrations and changes
in streamflow (fig. 7). Loads were estimated as a function of
streamflow (R? = 0.94; table 2). These estimated loads were
then compared to instantaneous measured load with a slope of
0.92 (fig. 8). For dissolved nitrate plus nitrite concentrations,
the 10-year mean load was 307,000 kg/yr as N (table 4) and
mean yield was 451 kg/yr/km? as N (table 5). Estimated mean
annual flow-weighted concentration was 1.17 mg/L as N (table
6).
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Figure 7. Relation between nutrient and sediment concentrations and instantaneous streamflow volume for samples collected at War
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Total Nitrogen

Total nitrogen concentrations for War Eagle Creek near
Hindsville ranged from 0.58 to 2.7 mg/L with a mean con-
centration of 1.5 mg/L (table 3). Concentrations tended to
increase slightly with increasing streamflow (fig. 7). Loads
were estimated as a function of streamflow (R? = 0.98; table
2). These estimated loads were then compared to instanta-
neous measured load with a slope of 0.94 (fig. 8). For total
nitrogen, the 10-year mean load was 486,000 kg/yr (table 4)
and mean yield was 714 kg/yr/km? (table 5). Estimated mean
annual flow-weighted concentration was 1.81 mg/L (table 6).

Dissolved Orthophosphorus

Dissolved orthophosphorus concentrations for War Eagle
Creek near Hindsville ranged from less than 0.003 to 0.19
mg/L as P with a mean concentration of 0.029 mg/L as P (table
3). Concentrations tended to increase slightly with increas-
ing streamflow (fig. 7). Loads were estimated as a function of
streamflow (R2 = 0.79; table 2). These estimated loads were
then compared to instantaneous measured load with a slope
of 0.94 (fig. 8). For dissolved orthophosphorus, the 10-year
mean load was 11,000 kg/yr as P (table 4) and mean yield was
16 kg/yr/km? as P (table 5). Estimated mean annual flow-
weighted concentration was 0.04 mg/L as P (table 6).

Total Phosphorus

Total phosphorus concentrations for War Eagle Creek
near Hindsville ranged from 0.018 to 0.460 mg/L with a
mean concentration of 0.064 mg/L (table 3). Concentrations
tended to increase with increasing streamflow (fig. 7). Loads
were estimated as a function of streamflow (R? = 0.89; table
2). These estimated loads were then compared to instanta-
neous measured load with a slope of 0.91 (fig. 8). For total
phosphorus, the 10-year mean load was 30,300 kg/yr (table 4)
and mean yield was 44 kg/yr/km? (table 5). Estimated mean
annual flow-weighted concentration was 0.11 mg/L (table 6).

Dissolved Organic Carbon

DOC concentrations for War Eagle Creek near Hindsville
ranged from 0.7 to 29.8 mg/L with a mean concentration of
2.6 mg/L (table 3). Concentrations tended to increase slightly
with increases in streamflow (fig. 7). Loads were estimated as
a function of streamflow (R? = 0.92; table 2). These estimated
loads were then compared to instantaneous measured load
with a slope of 0.90 (fig. 8). For DOC, the 10-year mean load
was 831,000 kg/yr (table 4) and mean yield was 1,220 kg/yr/
km? (table 5). Estimated mean annual flow-weighted concen-
tration was 3.07 mg/L (table 6).

Tributary Water-Quality Comparison 23

Total Organic Carbon

TOC concentrations for War Eagle Creek near Hindsville
ranged from 0.6 to 21.6 mg/L with a mean concentration of 2.8
mg/L (table 3). Concentrations tended to increase with increas-
ing streamflow (fig. 7). Loads were estimated as a function of
streamflow (R2 = 0.93; table 2). These estimated loads were
then compared to instantaneous measured load with a slope of
0.88 (fig. 8). For TOC, the 10-year mean load was 959,000
kg/yr (table 4) and mean yield was 1,410 kg/yr/km? (table 5).
Estimated mean annual flow-weighted concentration was 3.84
mg/L (table 6).

Suspended Sediment

Suspended sediment concentrations for War Eagle Creek
near Hindsville ranged from less than 0.5 to 727 mg/L with
a mean concentration of 50 mg/L (table 3). Concentrations
tended to increase with increasing streamflow (fig. 7). Loads
were estimated as a function of streamflow (R? = 0.86; table
2). These estimated loads were then compared to instan-
taneous measured load with a slope of 0.87 (fig. 8). For
suspended sediment, the 10-year mean load was 29,400,000
kg/yr (table 4) and mean yield was 43,200 kg/yr/km? (table 5).
Estimated mean annual flow-weighted concentration was 102
mg/L (table 6).

Tributary Water-Quality Comparison

Constituent concentrations, loads, and yields varied with
time among the three tributaries contributing to Beaver Lake.
These variations can result from differences in precipitation,
land use, contributions of nutrients from point sources, and
variations in basin size. Overall, for the 10-year period, con-
stituent loads followed streamflow trends resulting from yearly
weather changes. Generally, during wetter years, increased
runoff contributed to an increase in streamflow. Fluctuation
in load values followed the annual streamflow patterns (figs.
9-11). Load and yield estimates varied yearly during the
study period, water years 1999-2008, with the least nutrient
and sediment loads and yields generally occurring in water
year 2006, and the greatest occurring in water year 2008, a
year with extreme floods near Beaver Lake (Funkhouser and
Eng, 2009).

Annual Flow-Weighted Concentrations

Flow-weighted concentrations of most constituents
were greater at the War Eagle Creek station than at the White
River and Richland Creek stations. Of the three stations,
flow-weighted concentrations of total nitrogen, dissolved
orthophosphorus as P, DOC, and suspended sediment were
greatest at the War Eagle Creek station (figs. 12 and 13).
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Figure 10. Time series of annual load and streamflow at Richland Creek at Goshen, Arkansas, water years 1999-2008.
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Flow-weighted concentrations of total ammonia plus organic
nitrogen, total phosphorus, and TOC were greatest at the
White River station. Flow-weighted concentrations of dis-
solved nitrite plus nitrate were greatest at the Richland Creek
station.

Annual Loads

Loads of most constituents were greatest at the War
Eagle Creek and White River stations (fig. 14, table 4). Load
amounts do not represent the contribution of the constituent
for the entire basin but only that part upstream from the station
where the samples were collected. Of the three stations, loads
of dissolved nitrite plus nitrate and dissolved orthophosphorus
were greatest at the War Eagle Creek station. Loads of total
ammonia plus organic nitrogen, total nitrogen, total phospho-
rus, DOC, TOC, and suspended sediment were greatest at the
White River station. Loads were least for all constituents at
the Richland Creek station.

Annual Yields

Yields of most constituents were greatest at the War
Eagle Creek and White River stations (fig. 15, table 5). Yield
amounts do not represent the contribution of the constituent
for the entire basin but only that part upstream from the station
where the samples were collected. Of the three stations, yields
of total nitrogen and dissolved orthophosphorus were greatest
at the War Eagle Creek station. Yields of total ammonia plus
organic nitrogen, total phosphorus, DOC, TOC, and suspended
sediment were greatest at the White River station. Yields at
Richland Creek were least for all constituents except dissolved
nitrite plus nitrate, which were greatest at Richland Creek.

Summary

Beaver Lake is a large, deep-storage reservoir used as
the primary drinking-water supply for northwestern Arkansas
and a primary watershed of concern for the State of Arkansas.
Because of increased population growth and varying land
use, information is needed to assess water quality, especially
nutrient enrichment and sediment issues within the reservoir
system. In 1999, streamflow-gaging stations at White River
near Fayetteville (USGS station 07048600) and War Eagle
Creek near Hindsville (USGS station 07049000) were con-
verted from partial-record stations (supported by the USACE)
to continuous-record stations, and a new streamflow-gaging
station was established on Richland Creek at Goshen (USGS
station 07048800), in cooperation with Beaver Water District.
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Also, periodic water-quality samples were collected at the
White River near Fayetteville station in cooperation with
Arkansas Soil and Water Conservation Commission, now
Arkansas Natural Resources Commission. In 2001, USGS in
cooperation with Beaver Water District modified the White
River near Fayetteville water-quality sampling and initiated
water-quality sampling at both the Richland Creek and War
Eagle Creek stations. Water-quality sampling has continued
at all three stations to present. Water-quality samples collected
during the study period represented different flow conditions
(from low to high).

This report describes constituent loads, yields, and
flow-weighted concentrations to Beaver Lake for White
River, Richland Creek, and War Eagle Creek for the period
1999-2008 water years. Constituents include total ammonia
plus organic nitrogen, dissolved nitrite plus nitrate nitrogen,
total nitrogen, dissolved orthophosphorus (soluble reactive
phosphorus), total phosphorus, dissolved organic carbon, total
organic carbon, and suspended sediment.

The Beaver Lake study area comprises the lake with three
main tributaries: White River, Richland Creek, and War Eagle
Creek. Several smaller tributaries also flow into the reservoir.
The basin has a drainage area of 2,968 km? upstream from
Beaver Lake Dam. The White River is the largest tributary
followed by War Eagle Creek and Richland Creek. Combined,
these three tributaries represent approximately 69 percent of
the total drainage area of Beaver Lake (measured upstream
from the measured streamflow-gaging stations).

Estimated mean annual constituent loads and standard
deviations of the mean loads were calculated by S-LOADEST
using all available data for each constituent for the 10-year
period. Constituent yields for each of the three stations were
calculated by dividing mean annual constituent load by the
drainage area, in square kilometers. Flow-weighted concen-
trations for each of the three stations were calculated by divid-
ing mean annual constituent loads by mean annual streamflow
and multiplying by a conversion factor to adjust the units.

Constituent concentrations, loads, and yields varied with
time and varied among the three tributaries contributing to
Beaver Lake. These variations can result from differences in
precipitation, land use, contributions of nutrients from point
sources, and variations in basin size. Load and yield estimates
varied yearly during the study period, water years 1999-2008,
with the least nutrient and sediment load and yields generally
occurring in water year 2006, and the greatest occurring in
water year 2008, during a year with record amounts of pre-
cipitation. Flow-weighted concentrations of most constituents
were greatest at the War Eagle Creek station than at the White
River and Richland Creek stations. Loads and yields of most
constituents were greatest at the War Eagle Creek and White
River stations than at the Richland Creek station.
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Figure 14. Distributions of annual nutrient, organic carbon, and sediment loads from water samples collected at White River near
Fayetteville, Richland Creek at Goshen, and War Eagle Creek near Hindsville, Arkansas, water years 1999-2008.
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Appendix 1. Water-quality data results modified from NWIS data for White River near Fayetteville (07048600), Richland Creek at Goshen
(07048800), and War Eagle Creek near Hindsville (07049000).

[Units are in milligrams per liter unless otherwise noted; m?/s, cubic meter per second; five-digit numbers in parentheses are STORET parameter
codes used for computer storage of data; N, nitrogen; p, phosphorus; <, less than; --, missing data. When laboratory reporting limit (LRL) values
were originally reported, less than values were modified by dividing the LRL by 2 to get the long-term method detection level (LT-MDL) and
the resulting LT-MDL value is reported below]

Instan- Total Dissolved

taneous ammonia nitrite + Total (?ri:?:‘?:_ Total D[i):s::lvizd orTO;?.Iic 3:;3 d
Date Time str_eamﬂow, + organic, nitrate, nitrogen phoru: as P phosphorus c:rbon c:rbon s'; diment
'(';[;‘;;/95) (:056;“5) “;;?':'1) (00600) ™ (g0 71) (00655)  (ooe1)  (ooGB0) (80154)
11/04/1999 1200 0.311 0.31 0.36 0.67 0.010 0.030 --- - 39
12/09/1999 1330 5.32 0.33 0.86 1.2 <0.010 0.050 --- - 36
12/12/1999 1715 180 0.64 1.2 1.8 <0.010 0.130 - - 167
02/09/2000 945 2.44 <0.10 0.80 --- <0.010 <0.010 --- --- 32
04/13/2000 1200 17.6 0.38 0.46 0.84 <0.010 0.030 --- - 43
05/07/2000 1700 28.9 0.42 0.29 0.71 <0.010 0.050 - - 56
05/25/2000 1010 9.77 0.33 0.21 0.54 <0.010 0.060 --- - 63
05/26/2000 840 3.17 0.33 0.23 0.56 <0.010 0.050 --- - 39
05/27/2000 1500 512 2.6 0.43 3.0 0.010 0.600 - - 738
06/14/2000 1900 69.7 0.92 0.42 1.3 0.050 0.200 --- --- 206
06/14/2000 2240 90.0 0.91 0.41 1.3 0.020 0.140 --- - 189
06/17/2000 1315 408 1.9 0.40 2.3 0.110 0.420 - - 421
06/17/2000 1745 583 2.0 0.40 2.4 0.100 0.520 --- --- 542
06/18/2000 1140 143 0.62 0.58 1.2 0.030 0.140 --- - 111
08/08/2000 1030 0.538 0.36 0.16 0.52 0.010 0.030 - - 36
10/12/2000 1330 0.963 0.32 0.26 0.58 <0.005 <0.010 --- - 57
01/08/2001 1100 14.2 <0.10 1.4 --- <0.005 0.030 --- - 28
02/14/2001 1930 100 1.8 0.88 2.7 0.020 0.390 - - 712
02/15/2001 1315 317 1.1 1.0 2.1 <0.005 0.220 --- --- 280
02/17/2001 715 119 0.38 1.3 1.7 0.010 0.030 --- - 50
03/13/2001 930 9.06 0.28 1.3 1.6 <0.005 <0.010 - - 29
04/04/2001 1115 433 <0.10 0.73 --- <0.005 <0.010 1.6 2.1 28
04/17/2001 845 10.3 0.27 0.45 0.72 <0.005 0.020 1.6 1.8 24
05/01/2001 1130 3.17 0.29 0.23 0.52 <0.005 <0.010 0.8 1.1 25
05/15/2001 1330 3.74 0.47 0.24 0.71 <0.005 0.020 1.9 1.5 24
05/16/2001 1400 3.00 0.30 0.21 0.51 <0.005 <0.010 --- - 38
05/30/2001 1400 16.2 0.55 0.32 0.87 <0.005 0.050 2.9 2.6 72
05/30/2001 1430 16.7 0.59 0.32 0.91 <0.005 <0.010 --- --- 72
06/12/2001 1315 1.61 0.29 0.12 0.41 0.020 0.020 2.6 2.7 20
06/15/2001 1015 31.7 0.69 0.18 0.87 0.010 0.090 - - 70
06/26/2001 815 0.934 0.42 0.20 0.62 <0.005 0.030 33 2.4 32
07/09/2001 1345 0.736 0.50 0.18 0.68 <0.005 <0.010 43 3.1 31
07/13/2001 1400 24.5 0.70 0.09 0.79 <0.005 0.060 - - 64
07/18/2001 900 6.00 0.83 0.43 1.3 0.010 0.130 --- --- 127
07/23/2001 1100 1.08 0.49 0.24 0.73 <0.005 0.030 2.9 2.4 33

08/06/2001 1415 0.340 0.30 0.15 0.45 <0.005 <0.010 32 2.4 33
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Appendix 1. Water-quality data results modified from NWIS data for White River near Fayetteville (07048600), Richland Creek at Goshen
(07048800), and War Eagle Creek near Hindsville (07049000).—Continued

[Units are in milligrams per liter unless otherwise noted; m?/s, cubic meter per second; five-digit numbers in parentheses are STORET parameter
codes used for computer storage of data; N, nitrogen; p, phosphorus; <, less than; --, missing data. When laboratory reporting limit (LRL) values
were originally reported, less than values were modified by dividing the LRL by 2 to get the long-term method detection level (LT-MDL) and
the resulting LT-MDL value is reported below]

Instan- Total Dissolved

taneous ammonia nitrite + Total (?;:?II‘:‘?:_ Total D;:s::l\lizd orTO;?.Iic :::e d
Date Time str_eamﬂow, + organic, nitrate, nitrogen phoru:, as P phosphorus c:rbon c:rbon s'; diment
'(';[;‘;;/95) (:056;“5) “;]562'1) (00600) ™ (006 71) (00685)  (ooe1)  (o0GB0) (80154)
08/21/2001 1330 0.425 0.50 0.40 0.90 <0.005 0.030 3.8 3.9 33
09/04/2001 1100 0.453 0.60 0.31 0.91 <0.005 <0.010 --- - 28
09/05/2001 1215 0.368 0.50 0.28 0.78 <0.005 <0.010 43 3.8 22
09/17/2001 1230 9.26 1.1 0.41 1.5 0.050 0.220 4.6 3.9 148
10/01/2001 1250 0.765 0.30 0.44 0.74 <0.005 <0.010 3.6 3.6 32
10/10/2001 2320 151 <0.10 0.33 - 0.020 0.580 - - 950
10/11/2001 355 120 <0.10 0.50 --- 0.080 0.180 --- --- 276
10/11/2001 1530 67.7 <0.10 0.29 --- 0.040 0.230 --- - 99
10/15/2001 1400 17.8 <0.10 0.96 - 0.040 0.070 43 4.9 37
10/24/2001 1100 2.75 0.20 0.97 1.2 <0.005 0.020 --- --- 37
10/29/2001 1315 1.44 0.30 0.78 1.1 <0.005 <0.010 2.5 2.7 23
11/07/2001 1530 4.98 0.40 1.0 1.4 0.010 <0.010 4.2 5.6 55
11/26/2001 1345 6.43 <0.10 0.32 --- <0.005 <0.010 2.9 4.3 26
12/04/2001 1030 13.7 <0.10 0.57 --- <0.005 0.030 --- - 38
12/10/2001 1400 7.99 <0.10 0.59 - 0.010 0.030 1.3 1.4 24
12/17/2001 415 816 1.6 0.57 2.2 <0.005 0.420 6.8 7.0 462
12/17/2001 745 699 1.3 0.58 1.9 0.030 0.310 --- - 349
12/17/2001 1745 239 0.60 0.78 1.4 0.020 0.140 - - 130
01/03/2002 915 6.00 <0.10 1.2 --- <0.005 <0.010 3.8 4.0 25
01/14/2002 1230 3.11 <0.10 1.0 --- <0.005 <0.010 1.5 1.8 16
01/31/2002 1245 266 1.3 0.62 1.9 0.050 0.240 - - 306
02/06/2002 1215 22.0 <0.10 0.93 --- <0.005 <0.010 1.7 1.9 19
02/20/2002 1145 40.5 0.70 0.64 1.3 0.020 0.070 3.6 4.1 63
03/05/2002 1400 16.2 <0.10 0.57 --- 0.030 <0.010 1.8 2.2 21
03/07/2002 1000 16.5 <0.10 0.51 --- <0.005 <0.010 --- --- 23
03/19/2002 745 221 0.80 0.45 1.2 0.050 0.180 5.2 5.1 179
04/02/2002 1630 17.9 <0.10 0.58 --- <0.005 <0.010 0.8 --- 23
04/07/2002 2030 209 1.0 0.48 1.5 0.020 0.200 --- --- 373
04/16/2002 1315 16.9 <0.10 0.58 --- <0.005 <0.010 1.0 1.0 29
04/30/2002 1400 14.8 <0.10 0.30 --- <0.005 0.020 1.0 1.5 30
05/13/2002 1745 13.8 0.60 0.27 0.87 <0.005 0.040 2.6 2.8 40
05/15/2002 1430 6.82 0.50 0.03 0.80 <0.005 0.050 --- - 29
05/17/2002 1300 76.2 1.3 0.25 1.6 0.030 0.120 --- --- 206
05/29/2002 915 7.48 0.20 0.22 0.42 0.010 <0.010 1.9 1.6 26
06/17/2002 1815 8.78 0.40 0.17 0.57 0.020 0.040 2.6 2.3 14

07/08/2002 1115 0.991 0.30 0.15 0.45 0.020 0.040 2.2 2.1 11



36 Constituent Concentrations, Loads, and Yields to Beaver Lake, Arkansas, Water Years 1999-2008

Appendix 1. Water-quality data results modified from NWIS data for White River near Fayetteville (07048600), Richland Creek at Goshen
(07048800), and War Eagle Creek near Hindsville (07049000).—Continued

[Units are in milligrams per liter unless otherwise noted; m%/s, cubic meter per second; five-digit numbers in parentheses are STORET parameter
codes used for computer storage of data; N, nitrogen; p, phosphorus; <, less than; --, missing data. When laboratory reporting limit (LRL) values
were originally reported, less than values were modified by dividing the LRL by 2 to get the long-term method detection level (LT-MDL) and
the resulting LT-MDL value is reported below]

Instan- Total Dissolved

taneous ammon_ia ni_trite + _Total :r::z:?:z:_ Total D(l):;::lvizd 0:;’;::‘: p:::; d
Date Time str_eam!low, + organic, nitrate, nitrogen phorus, as P phosphorus carbon carbon  sediment
inmd/s asN asN (00600) (00665)
(30209) (00625) (00631) (00671) (00681) (00630) (80154)

07/22/2002 1600 3.88 0.40 0.14 0.54 <0.005 0.040 2.8 2.8 22
07/25/2002 800 6.82 <0.10 0.05 - <0.005 0.030 - - 15
08/21/2002 1450 3.00 0.20 0.35 0.55 <0.005 0.040 2.4 2.1 23
08/28/2002 1300 0.934 0.40 0.17 0.57 <0.005 0.020 --- -

09/03/2002 1430 0.481 0.40 0.11 0.51 <0.005 <0.010 2.2 1.9

10/08/2002 1130 0.119 0.40 0.10 0.50 <0.005 <0.010 32 2.9

10/29/2002 1545 0.680 0.40 0.28 0.68 0.020 0.060 4.0 3.3 52
11/13/2002 1010 0.139 0.60 0.11 0.71 <0.005 <0.010 3.2 2.9

12/11/2002 1445 0.453 0.40 0.10 0.50 <0.005 <0.010 2.4 2.4 4
12/18/2002 1230 2.69 0.50 0.16 0.66 0.030 0.030 2.5 2.9 12
01/07/2003 1330 1.13 <0.10 0.99 - <0.005 0.030 1.5 1.7 10
01/22/2003 1000 2.21 0.20 0.83 1.0 <0.005 0.020 1.1 1.2 6
02/12/2003 1130 1.27 0.30 0.58 0.88 <0.005 <0.010 2.3 2.6 19
03/11/2003 1345 6.63 <0.10 0.67 - <0.005 0.010 1.0 1.0 11
03/25/2003 1515 17.6 <0.10 0.50 - <0.005 0.020 1.2 1.1 14
04/08/2003 1450 5.15 <0.10 0.30 --- <0.005 0.030 1.2 1.1 23
05/05/2003 1530 6.48 <0.10 0.20 - <0.005 0.020 1.0 0.9 29
06/03/2003 30 48.1 0.70 0.37 1.1 0.040 0.150 4.8 43 84
06/05/2003 1445 13.3 0.30 0.33 0.63 0.010 0.060 2.6 2.6 35
07/29/2003 1615 1.33 0.30 0.03 0.33 <0.005 <0.010 1.7 1.5 27
08/20/2003 1300 0.278 0.30 0.17 0.47 <0.005 <0.010 2.8 2.7 24
09/09/2003 1330 0.425 0.30 0.41 0.71 <0.005 0.020 2.8 2.9 28
10/28/2003 1340 0.906 0.40 0.19 0.59 0.010 <0.010 2.1 2.0 20
11/18/2003 1115 53.0 0.40 0.34 0.74 0.010 0.040 1.7 1.8 37
11/19/2003 730 334 0.50 0.41 0.91 <0.005 0.050 3.1 3.4 42
12/09/2003 1345 6.40 0.20 0.68 0.88 <0.005 0.040 1.5 1.5 41
01/21/2004 1415 21.4 <0.10 0.66 - <0.005 <0.010 1.3 1.4 23
02/18/2004 1345 10.4 <0.10 0.55 --- <0.005 <0.010 1.0 1.4 46
03/05/2004 1100 81.8 1.3 0.53 1.8 0.040 0.230 - - 205
03/17/2004 1230 9.09 <0.10 0.51 --- <0.005 0.030 1.1 0.7 29
04/13/2004 1315 14.7 <0.10 0.26 --- <0.005 <0.010 1.4 1.3 26
04/22/2004 1415 178 1.0 0.33 1.3 0.040 0.190 7.5 6.8 134
05/19/2004 1245 9.29 0.20 0.26 0.46 <0.005 <0.010 1.8 1.6 26
06/22/2004 1420 82.1 0.70 0.37 1.1 0.020 0.150 5.1 5.2 120
06/23/2004 1015 51.8 0.40 1.3 1.7 0.020 0.090 4.5 4.6 62

07/21/2004 1130 5.10 0.29 0.11 0.40 <0.010 0.020 2.0 43 22
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Appendix 1. Water-quality data results modified from NWIS data for White River near Fayetteville (07048600), Richland Creek at Goshen
(07048800), and War Eagle Creek near Hindsville (07049000).—Continued

[Units are in milligrams per liter unless otherwise noted; m%/s, cubic meter per second; five-digit numbers in parentheses are STORET parameter
codes used for computer storage of data; N, nitrogen; p, phosphorus; <, less than; --, missing data. When laboratory reporting limit (LRL) values
were originally reported, less than values were modified by dividing the LRL by 2 to get the long-term method detection level (LT-MDL) and
the resulting LT-MDL value is reported below]

Instan- Total Dissolved

taneous ammon_ia ni_trite + _Total :r::i:?:z:_ Total D;:;::,vizd 0:;’;::‘: p:::; d
Date Time str_eam!low, + organic, nitrate, nitrogen phorus, as P phosphorus carbon carbon  sediment
inmd/s asN asN (00600) (00665)
(30209) (00625) (00631) (00671) (00681) (00630) (80154)

08/11/2004 1200 3.20 0.31 0.07 0.38 <0.010 0.040 1.8 33 32
09/09/2004 1400 0.396 0.24 0.10 0.35 <0.010 <0.020 2.0 3.2 22
10/05/2004 1215 0.283 0.26 0.12 0.38 <0.003 0.027 2.3 5.1 31
11/01/2004 1515 320 1.2 0.464 1.6 0.036 0.230 5.0 12.6 347
11/03/2004 1440 37.9 0.28 0.728 1.0 0.007 0.071 1.9 3.6 49
01/03/2005 1945 147 0.79 0.539 1.3 0.042 0.190 5.4 9.4 142
01/11/2005 1600 24.5 0.14 0.812 0.95 <0.003 0.024 1.7 1.9 36
03/08/2005 1500 9.80 0.16 0.275 0.44 <0.003 0.020 0.9 1.6 14
04/18/2005 1340 15.0 0.15 0.306 0.45 <0.003 0.021 1.1 1.3 12
06/29/2005 1515 0.266 0.35 0.093 0.44 <0.003 0.040 3.0 4.3 15
08/17/2005 1500 0.0934 0.39 0.187 0.58 <0.020 0.019 3.2 3.7 21
10/19/2005 1400 0.0651 0.30 0.288 0.58 <0.015 0.023 3.9 3.0 32
12/19/2005 1430 0.119 0.45 0.111 0.56 <0.015 0.091 2.7 5.1 42
02/23/2006 1540 1.02 0.26 0.220 0.48 <0.015 0.025 2.1 3.6 8
05/02/2006 1200 26.6 0.27 0.390 0.66 <0.090 0.043 1.8 4.1 32
05/04/2006 1415 276 1.8 0.369 2.2 0.003 0.330 3.4 19.5 695
05/23/2006 830 6.57 0.19 0.124 0.31 <0.003 0.013 1.3 1.7 9
07/19/2006 900 0.0850 0.34 0.172 0.52 0.004 0.030 2.4 3.4 5
08/23/2006 1330 422 2.0 1.08 3.0 0.044 0.390 49 17.5 533
08/29/2006 1600 2.55 0.61 0.572 1.2 0.012 0.086 3.9 6.1 40
11/01/2006 1215 1.73 0.22 0.489 0.71 0.003 0.026 10.9 2.1 8
12/13/2006 1230 8.92 0.16 0.974 1.1 <0.003 0.019 7.2 1.2 7
01/13/2007 1615 323 0.76 0.429 1.2 0.040 0.199 43 9.3 151
02/13/2007 1430 123 0.61 0.468 1.1 0.024 0.141 4.1 6.4 84
02/20/2007 1430 16.1 0.06 0.590 0.65 0.003 0.017 0.8 0.8 11
05/29/2007 1245 7.53 0.19 0.157 0.34 0.004 0.024 1.3 2.1 12
07/09/2007 1330 4.47 0.29 0.207 0.49 0.005 0.068 22 3.4 21
09/04/2007 1640 0.0340 0.27 0.136 0.40 0.004 0.024 2.4 4.0

10/22/2007 1023 1.56 0.29 0.188 0.48 0.005 0.029 2.3 2.5

01/14/2008 945 5.44 0.22 0.508 0.72 0.004 0.028 1.2 2.0 12
02/16/2008 2333 129 1.6 0.537 2.2 0.029 0.360 3.9 12 563
02/25/2008 1513 21.2 0.18 1.05 1.2 0.004 0.027 1.0 1.4 14
03/19/2008 1525 144 0.85 0.395 1.2 0.025 0.333 3.1 9.1 294
04/10/2008 1915 351 1.4 0.273 1.6 0.012 0.300 7.1 13.6 512
05/06/2008 940 23.8 0.18 0.252 0.43 0.004 0.028 1.2 1.6 23

06/13/2008 915 18.7 0.25 0.289 0.54 0.004 0.047 1.9 2.0 26
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Appendix 1. Water-quality data results modified from NWIS data for White River near Fayetteville (07048600), Richland Creek at Goshen
(07048800), and War Eagle Creek near Hindsville (07049000).—Continued

[Units are in milligrams per liter unless otherwise noted; m?/s, cubic meter per second; five-digit numbers in parentheses are STORET parameter
codes used for computer storage of data; N, nitrogen; p, phosphorus; <, less than; --, missing data. When laboratory reporting limit (LRL) values
were originally reported, less than values were modified by dividing the LRL by 2 to get the long-term method detection level (LT-MDL) and
the resulting LT-MDL value is reported below]

Instan- Total Dissolved

taneous ammonia nitrite + Total Dissolved Total Dissolv_ed Tolal_ Sus-
Date Time streamflow, + organic, nitrate, nitrogen orthophos- phosphorus organic organic pe'.ldEd
ows o an e Ml U pmen e e
(30209) (00625) (00631)

07/09/2008 1450 453 0.79 0.290 1.1 0.019 0.143 3.7 7.3 142
08/26/2008 1120 1.02 0.45 0.448 0.90 0.008 0.084 3.4 4.5 33
Richland Creek at Goshen (07048800)

04/04/2001 1415 0.340 <0.10 1.5 --- <0.005 <0.010 22 2.5 17
04/17/2001 800 0.906 <0.10 1.2 --- <0.005 <0.010 1.1 1.4 17
05/01/2001 1000 0.538 0.21 0.65 0.86 <0.005 <0.010 0.6 0.9 19
05/15/2001 1210 0.680 0.40 0.74 1.1 <0.005 <0.010 2.3 1.1 23
05/30/2001 1130 0.906 0.32 0.63 0.95 <0.005 <0.010 1.4 1.5 27
06/12/2001 945 0.453 0.28 0.45 0.73 0.020 <0.010 2.3 1.6 24
06/26/2001 715 0.110 0.22 0.60 0.82 <0.005 <0.010 1.5 0.8 24
07/10/2001 1530 0.232 0.30 0.29 0.59 <0.005 <0.010 2.1 1.5 31
07/23/2001 1215 0.232 0.36 0.40 0.76 <0.005 0.020 1.3 0.8 32
08/07/2001 1125 0.0765 0.30 0.08 0.38 <0.005 <0.010 1.6 22 28
08/23/2001 1445 0.0481 0.40 0.05 0.45 <0.005 <0.010 1.2 1.8 37
09/05/2001 915 0.0396 <0.10 0.06 - <0.005 <0.010 2.4 1.9 33
09/17/2001 1400 0.623 <0.10 1.2 --- 0.010 <0.010 1.7 1.7 27
10/01/2001 1400 0.368 <0.10 1.2 --- <0.005 <0.010 1.6 1.7 31
10/15/2001 1500 2.66 <0.10 2.0 - 0.020 <0.010 2.8 2.8 29
10/29/2001 1430 0.453 <0.10 1.6 --- <0.005 <0.010 2.3 2.1 25
11/06/2001 1330 0.396 <0.10 1.2 --- <0.005 <0.010 2.5 3.0 30
11/26/2001 1510 0.340 <0.10 1.0 - <0.005 <0.010 3.7 3.8 30
12/10/2001 1500 0.396 <0.10 1.1 --- <0.005 0.020 1.1 1.3 30
12/18/2001 930 24.6 0.30 2.2 2.5 <0.005 0.060 3.5 3.8 102
01/03/2002 1105 1.02 <0.10 2.2 - <0.005 <0.010 3.6 3.8 28
01/14/2002 1400 0.708 <0.10 1.9 --- <0.005 <0.010 2.1 2.5 20
02/06/2002 1030 7.53 <0.10 1.7 --- <0.005 <0.010 1.9 2.0 16
02/20/2002 1300 10.4 0.40 0.91 1.3 0.020 0.040 2.8 2.8 37
03/05/2002 1510 3.51 <0.10 0.97 --- 0.020 <0.010 1.7 2.0 20
03/18/2002 1630 0 <0.10 0.69 --- 0.010 <0.010 1.3 1.3 7
04/02/2002 1515 0 0.20 1.1 1.3 <0.005 <0.010 0.8 2.0 15
04/15/2002 1615 0 <0.10 1.2 --- <0.005 <0.010 1.0 1.2 15
04/30/2002 1245 0 <0.10 0.68 --- 0.020 <0.010 0.9 1.2 9
05/13/2002 1630 0 0.60 0.85 1.4 0.020 0.060 4.1 4.5 20
05/29/2002 815 0 <0.10 0.87 --- 0.020 <0.010 2.0 1.9 12
06/17/2002 1645 0 <0.10 1.0 --- 0.020 0.020 1.4 1.3 7
07/08/2002 1230 0 0.40 0.79 1.2 0.010 0.030 1.9 22 5
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(07048800), and War Eagle Creek near Hindsville (07049000).—Continued

Appendix 39

Water-quality data results modified from NWIS data for White River near Fayetteville (07048600), Richland Creek at Goshen

[Units are in milligrams per liter unless otherwise noted; m*/s, cubic meter per second; five-digit numbers in parentheses are STORET parameter
codes used for computer storage of data; N, nitrogen; p, phosphorus; <, less than; --, missing data. When laboratory reporting limit (LRL) values
were originally reported, less than values were modified by dividing the LRL by 2 to get the long-term method detection level (LT-MDL) and

the resulting LT-MDL value is reported below]

Instan-

Total

Dissolved

taneous ammonia nitrite + Total [?r::i(:":s:_ Total D(::;::’izd o:;:\?llic p:::(; d
Date Time str_eamﬂow, + organic, nitrate, nitrogen phorus, as P phosphorus carbon carbon  sediment
'(';0"2‘;/93) (;0562'5) (:0862'1) (00600) ™ (006 71) (00685)  (ooes1)  (ooGBO) (80154)
07/22/2002 1500 0 0.30 0.35 0.65 <0.005 0.030 2.5 2.3 7
08/20/2002 1440 0 0.30 0.85 1.1 <0.005 0.030 1.8 1.8 8
09/03/2002 1330 0 0.60 0.42 1.0 <0.005 <0.010 2.3 1.9 11
10/08/2002 930 0 <0.10 0.14 --- <0.005 <0.010 1.2 0.9 5
10/28/2002 1500 0 <0.10 0.10 - <0.005 <0.010 1.5 1.1 3
11/13/2002 900 0 <0.10 0.11 - <0.005 <0.010 1.5 1.2 3
12/11/2002 1300 0.227 <0.10 0.89 --- <0.005 0.030 1.1 1.0 4
12/18/2002 1400 1.13 0.20 1.3 1.5 <0.005 <0.010 2.0 2.0 11
01/08/2003 830 1.39 <0.10 1.7 - 0.020 <0.010 1.9 2.0 6
01/22/2003 1110 0.510 <0.10 1.5 --- <0.005 <0.010 0.8 1.0 5
02/12/2003 940 0.261 <0.10 1.1 - <0.005 <0.010 1.8 3.5 1
03/12/2003 745 1.44 <0.10 1.2 - <0.005 <0.010 1.0 1.3 4
03/25/2003 1415 4.96 <0.10 0.84 - <0.005 <0.010 1.2 1.1 8
04/08/2003 1345 1.27 <0.10 0.72 - <0.005 <0.010 1.0 0.9 19
05/05/2003 1430 1.50 <0.10 0.40 --- <0.005 <0.010 0.9 0.7 30
06/02/2003 2300 18.3 0.70 0.63 1.3 0.020 0.090 4.7 4.5 60
06/05/2003 1345 3.37 <0.10 0.64 - 0.010 <0.010 1.4 1.3 24
07/29/2003 1540 0.0680 0.60 0.09 0.69 <0.005 0.050 2.5 2.5 28
08/20/2003 1120 0.0198 0.30 0.01 --- <0.005 <0.010 1.6 1.4 19
09/09/2003 1235 0.130 0.30 0.56 0.86 <0.005 <0.010 2.0 1.8 23
10/28/2003 1200 0.340 0.20 0.85 1.1 <0.005 <0.010 1.2 1.0 24
11/18/2003 1215 11.6 0.40 0.81 1.2 0.010 0.060 2.9 2.7 48
11/19/2003 845 8.41 0.30 0.84 1.1 <0.005 0.030 2.5 2.5 28
12/09/2003 1130 1.47 <0.10 1.1 --- <0.005 <0.010 1.1 1.0 28
01/21/2004 1245 4.76 <0.10 1.1 --- <0.005 0.010 1.7 1.9 22
02/18/2004 1245 2.38 <0.10 1.1 - <0.005 0.010 1.0 1.0 46
03/17/2004 1030 2.04 <0.10 0.86 --- <0.005 0.010 0.8 0.7 26
04/13/2004 1440 3.74 <0.10 0.28 - <0.005 <0.010 1.1 1.1 17
04/22/2004 1715 36.0 0.70 0.58 1.3 0.030 0.120 5.2 5.3 119
05/19/2004 930 241 <0.10 0.60 --- <0.005 <0.010 1.4 1.1 34
06/23/2004 850 13.8 0.30 0.66 0.96 <0.005 0.050 3.7 3.8 41
07/21/2004 940 1.36 0.18 1.17 1.3 <0.010 <0.020 1.1 2.6 33
08/11/2004 1530 0.878 0.13 0.89 1.0 <0.010 <0.020 1.1 1.5 26
09/08/2004 1250 0.159 0.16 0.38 0.55 <0.010 <0.020 1.3 2.0 25
10/05/2004 1330 0.0538 0.17 0.031 0.20 <0.003 0.013 1.3 3.2 23
11/01/2004 1700 68.5 1.0 1.1 2.1 0.042 0.220 53 12.3 351
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Appendix 1. Water-quality data results modified from NWIS data for White River near Fayetteville (07048600), Richland Creek at Goshen
(07048800), and War Eagle Creek near Hindsville (07049000).—Continued

[Units are in milligrams per liter unless otherwise noted; m?/s, cubic meter per second; five-digit numbers in parentheses are STORET parameter
codes used for computer storage of data; N, nitrogen; p, phosphorus; <, less than; --, missing data. When laboratory reporting limit (LRL) values
were originally reported, less than values were modified by dividing the LRL by 2 to get the long-term method detection level (LT-MDL) and
the resulting LT-MDL value is reported below]

ll::;?)lllls an.:l(:lt:lllia Dl:?tt?tll:id Total Dissolved Total Dissolv_ed Total_ Sus-
Date Time streamflow, + organic, nitrate, nitrogen orthophos- phosphorus organic organic pe|.1ded

wwe e o Mt T et s e

(30209) (00625) (00631)
11/03/2004 1315 12.1 0.24 3.9 4.1 0.014 0.043 1.9 3.2 43
01/04/2005 855 61.4 1.6 0.868 2.5 0.078 0.440 5.7 19.5 1050
01/11/2005 1400 1.59 0.10 1.51 1.6 0.006 0.019 1.1 1.4 26
03/07/2005 1330 2.55 0.09 0.592 0.68 <0.003 0.007 0.9 1.3
04/18/2005 1430 4.62 0.12 0.454 0.57 <0.015 0.012 1.5 1.0
06/28/2005 1445 0.159 0.30 0.049 0.35 <0.003 0.021 1.5 2.3
08/15/2005 1430 0.0311 0.29 0.014 0.31 <0.020 0.028 9.7 3.5 16
10/19/2005 1230 0.0116 0.27 0.018 0.29 <0.015 0.023 3.9 2.4 35
12/19/2005 1330 0.0136 0.14 0.040 <0.015 0.009 1.0 3.9 60
02/22/2006 1410 0.139 0.11 0.257 0.37 <0.015 0.007 1.0 1.5 2
05/04/2006 1700 84.4 1.0 0.356 1.4 0.037 0.220 7.8 15.3 363
05/23/2006 1230 0.736 0.16 0.369 0.53 <0.003 0.009 1.3 2.8 3
07/19/2006 815 0.0272 0.26 0.012 0.27 0.003 0.016 1.6 22 4
08/23/2006 1415 8.98 1.4 2.11 3.5 0.207 0.430 8.5 13.3 143
08/29/2006 1355 0.235 0.28 1.31 1.6 0.007 0.020 2.3 2.9 5
10/31/2006 1315 0.708 0.20 1.44 1.6 0.004 0.017 8.2 2.6 5
12/13/2006 1320 0.263 0.16 2.0 22 0.006 0.015 25.4 1.5 7
01/13/2007 1715 116 1.6 0.581 22 0.063 0.340 5.0 17.6 876
02/13/2007 1400 29.7 0.49 0.805 1.3 0.021 0.094 4.0 5.9 55
02/20/2007 1515 3.40 <0.05 1.36 0.006 0.008 0.9 1.2 6
05/29/2007 1400 0.680 0.12 0.313 0.43 0.004 0.009 1.0 1.4 6
07/09/2007 1500 0.396 0.20 0.226 0.42 0.003 0.015 1.8 2.2 5
09/04/2007 1600 0.0850 0.25 0.035 0.29 0.007 0.019 2.0 2.4 6
10/22/2007 1130 0.235 0.14 0.220 0.36 0.004 0.008 1.5 1.6 2
01/14/2008 1155 0.595 0.11 0.894 1.0 0.004 0.008 1.2 1.1 5
02/17/2008 1230 50.1 0.78 1.21 2.0 0.050 0.208 6.7 8.6 89
02/25/2008 1448 2.63 0.11 1.86 2.0 0.007 0.013 1.2 1.2 5
03/19/2008 1310 762 1.0 0.853 1.9 0.052 0.330 6.6 10.4 428
04/10/2008 1720 1270 1.4 0.559 2.0 0.027 0.330 3.9 133 582
05/06/2008 1040 65.4 0.12 0.669 0.79 0.006 0.016 1.0 1.4 14
06/09/2008 1010 74.8 0.24 0.531 0.77 0.003 0.029 1.4 1.6 13
08/26/2008 1042 35.7 0.43 1.03 1.5 0.004 0.047 2.3 35 18
09/04/2008 1300 473 0.59 1.27 1.9 0.048 0.116 5.0 7.6 27

War Eagle Creek near Hindsuville (07049000)

04/05/2001 830 2.15 <0.10 1.5 0.030 0.030 1.8 19

04/17/2001 1400 4.53 0.21 0.89 1.1 0.020 0.030 2.0 24 21



Appendix 1.

(07048800), and War Eagle Creek near Hindsville (07049000).—Continued

Appendix |

Water-quality data results modified from NWIS data for White River near Fayetteville (07048600), Richland Creek at Goshen

[Units are in milligrams per liter unless otherwise noted; m3/s, cubic meter per second; five-digit numbers in parentheses are STORET parameter
codes used for computer storage of data; N, nitrogen; p, phosphorus; <, less than; --, missing data. When laboratory reporting limit (LRL) values
were originally reported, less than values were modified by dividing the LRL by 2 to get the long-term method detection level (LT-MDL) and

the resulting LT-MDL value is reported below]

t?:;?:l-s an-1r:1t:|I1ia Dl:istsr?tlt‘alid Total Dissolved Total Dissolv_ed Tota! Sus-
Date Time streamflow, + organic, nitrate, nitrogen orthophos- phosphorus orgamc  organic pe|_1ded

owe o an e Ml U pmen e s

(30209) (00625) (00631)
05/02/2001 745 1.56 0.36 0.84 1.2 0.020 0.020 1.0 1.2 22
05/16/2001 850 1.33 0.42 1.0 1.4 0.050 0.070 1.7 1.3 28
05/30/2001 800 1.67 0.26 1.1 1.4 0.030 0.020 1.5 1.4 25
06/12/2001 800 0.934 0.24 1.0 1.2 0.050 0.040 2.2 2.1 27
06/25/2001 1330 0.793 0.21 0.94 1.1 0.020 0.020 1.0 0.8 23
07/09/2001 1215 0.991 0.20 1.3 1.5 0.030 0.040 2.2 1.6 28
07/24/2001 1400 0.651 0.26 0.84 1.1 0.030 0.050 1.3 1.0 26
08/07/2001 615 0.425 0.30 0.76 1.1 <0.005 0.020 2.4 1.8 32
08/21/2001 1130 0.368 0.30 0.41 0.71 <0.005 <0.010 2.9 1.8 42
09/05/2001 730 0.481 <0.10 0.78 - <0.005 <0.010 2.2 2.5 31
09/18/2001 930 0.850 0.20 1.9 2.1 0.040 0.050 2.9 23 25
10/04/2001 800 0.510 <0.10 1.2 - 0.040 0.050 1.6 1.5 36
10/16/2001 1530 3.40 <0.10 0.86 - 0.050 0.050 3.0 2.9 26
11/01/2001 730 0.623 <0.10 1.2 - 0.020 0.030 1.7 1.7 23
11/06/2001 1215 0.651 0.30 1.3 1.6 0.030 0.040 53 5.4 34
11/26/2001 1645 1.58 <0.10 1.2 - 0.060 0.070 3.5 3.8 39
12/13/2001 715 2.97 <0.10 1.0 - 0.070 0.070 1.9 1.9 30
12/18/2001 815 77.0 0.50 1.9 2.4 0.020 0.080 4.4 6.7 95
01/03/2002 1315 2.35 <0.10 2.2 - 0.040 0.050 3.7 3.8 26
01/16/2002 1530 1.61 <0.10 2.1 - 0.080 0.080 0.7 0.6 24
02/06/2002 930 12.1 <0.10 1.7 - 0.010 0.020 1.8 1.9 20
02/20/2002 1545 16.0 0.30 1.0 1.3 0.020 0.050 1.7 2.1 46
03/07/2002 1530 8.89 <0.10 0.87 - 0.040 0.030 2.4 - 23
03/18/2002 1530 8.61 0.20 0.80 1.0 <0.005 <0.010 1.6 1.6 32
04/02/2002 1400 10.1 <0.10 1.3 - <0.005 0.020 0.9 1.8 26
04/16/2002 1100 10.7 <0.10 1.4 - 0.020 0.020 1.2 1.2 11
04/30/2002 1145 10.6 <0.10 0.71 - 0.020 0.030 1.2 1.3 10
05/13/2002 1500 12.8 1.4 1.1 2.5 0.040 0.060 2.0 2.1 16
05/29/2002 715 9.68 <0.10 1.4 - 0.030 <0.010 1.5 1.4 15
06/17/2002 1530 8.21 <0.10 1.4 - 0.020 0.020 1.3 1.4 12
07/08/2002 1345 2.10 <0.10 1.4 - 0.030 0.040 1.6 1.7 7
07/22/2002 1330 3.26 0.20 1.4 1.6 0.070 0.060 2.1 1.3 8
08/20/2002 1615 2.83 <0.10 1.9 - 0.030 0.060 23 23 11
09/03/2002 1230 0.680 0.30 1.4 1.7 <0.005 <0.010 1.4 1.1 12
10/08/2002 830 0.425 <0.10 1.4 - <0.005 <0.010 1.2 1.1 4
10/28/2002 1350 1.05 <0.10 1.6 - <0.005 <0.010 1.4 1.2
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Appendix 1. Water-quality data results modified from NWIS data for White River near Fayetteville (07048600), Richland Creek at Goshen
(07048800), and War Eagle Creek near Hindsville (07049000).—Continued

[Units are in milligrams per liter unless otherwise noted; m?/s, cubic meter per second; five-digit numbers in parentheses are STORET parameter
codes used for computer storage of data; N, nitrogen; p, phosphorus; <, less than; --, missing data. When laboratory reporting limit (LRL) values
were originally reported, less than values were modified by dividing the LRL by 2 to get the long-term method detection level (LT-MDL) and
the resulting LT-MDL value is reported below]

Instan- Total Dissolved

taneous ammonia nitrite + Total (?ri:?:‘?:_ Total D[i):s::lvizd orTO;?.Iic 3:;3 d
Date Time str_eamﬂow, + organic, nitrate, nitrogen phoru:, as P phosphorus c:rbon c:rbon s'; diment

'(';[;‘;;/95) (:056;“5) “;]562'1) (00600) ™ 00671) (00865)  (ooge1)  (ooG80)  (80154)
11/13/2002 800 0.736 <0.10 1.6 --- 0.030 0.040 1.4 1.4 3
12/09/2002 1445 1.33 0.30 1.8 2.1 0.040 0.060 1.3 1.5 <0.5
12/19/2002 845 1.93 0.40 2.1 2.5 0.190 0.210 2.1 2.7 7
01/07/2003 1045 3.48 <0.10 1.6 --- 0.030 0.050 1.3 1.5 5
01/22/2003 1245 0.821 <0.10 1.5 --- 0.080 0.110 1.6 1.7 2
02/12/2003 830 0.453 0.20 1.3 1.5 0.040 0.050 1.8 2.9 3
03/11/2003 1220 3.40 <0.10 1.3 --- <0.005 <0.010 1.0 1.0 6
03/25/2003 1245 9.71 <0.10 1.0 --- 0.020 0.050 1.2 1.1 13
04/09/2003 730 2.86 <0.10 0.98 - 0.020 0.050 1.3 1.1 25
05/05/2003 1300 3.06 <0.10 0.51 --- 0.020 0.040 1.1 1.0 35
06/03/2003 745 213 0.30 0.61 0.91 0.010 0.070 2.0 1.9 66
06/05/2003 1215 7.39 <0.10 0.88 - 0.030 0.050 2.0 22 32
07/29/2003 1445 0.510 0.20 0.94 1.1 0.030 0.040 1.6 1.3 37
08/20/2003 1025 0.368 0.20 0.54 0.74 <0.005 0.010 1.8 1.5 27
09/09/2003 1130 0.453 0.20 1.6 1.8 0.020 0.030 1.6 1.6 27
10/28/2003 1100 0.878 0.30 0.97 1.3 0.090 0.080 1.5 1.5 21
11/18/2003 1655 21.8 0.50 0.79 1.3 0.100 0.180 2.0 1.9 89
11/19/2003 1115 13.0 0.50 0.70 1.2 0.020 0.080 33 42 45
12/09/2003 1000 2.29 <0.10 1.2 --- 0.040 0.050 1.0 1.0 28
01/21/2004 1130 9.00 <0.10 0.69 --- <0.005 0.020 1.5 1.6 28
02/18/2004 1045 4.67 <0.10 1.1 - <0.005 0.020 0.9 0.9 45
03/17/2004 930 3.82 <0.10 1.0 --- 0.040 0.060 0.9 0.7 30
04/13/2004 1625 6.65 <0.10 0.42 --- 0.020 0.040 1.4 1.3 12
04/22/2004 1800 129 1.2 0.43 1.6 0.020 0.240 7.1 6.6 267
05/19/2004 830 5.55 <0.10 1.3 --- <0.005 <0.010 1.4 1.3 35
06/23/2004 725 6.65 <0.10 1.3 --- 0.030 0.060 1.8 1.9 43
07/21/2004 830 1.64 0.11 1.1 1.2 0.020 <0.020 1.1 2.1 30
08/11/2004 1400 1.33 0.18 1.23 1.4 0.020 0.050 1.2 2.6 34
09/08/2004 1100 0.340 0.16 1.57 1.7 <0.010 0.030 1.1 1.7 34
10/05/2004 1045 0.283 0.15 1.24 1.4 0.006 0.019 1.1 3.1 54
11/02/2004 1115 51.0 0.60 1.2 1.8 0.023 0.138 4.3 7.2 133
11/03/2004 925 56.9 0.36 1.57 1.9 0.023 0.078 2.4 4.4 61
01/04/2005 1230 48.7 1.4 1.38 2.7 0.044 0.300 3.9 15.5 454
01/11/2005 1250 17.3 0.13 1.91 2.0 0.017 0.038 1.4 1.6 38
03/08/2005 815 7.11 0.12 0.931 1.1 <0.003 0.018 1.1 1.3 8

04/19/2005 800 8.33 0.12 0.709 0.83 <0.003 0.036 1.0 1.7 13
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(07048800), and War Eagle Creek near Hindsville (07049000).—Continued

Appendix 43

Water-quality data results modified from NWIS data for White River near Fayetteville (07048600), Richland Creek at Goshen

[Units are in milligrams per liter unless otherwise noted; m*/s, cubic meter per second; five-digit numbers in parentheses are STORET parameter
codes used for computer storage of data; N, nitrogen; p, phosphorus; <, less than; --, missing data. When laboratory reporting limit (LRL) values
were originally reported, less than values were modified by dividing the LRL by 2 to get the long-term method detection level (LT-MDL) and

the resulting LT-MDL value is reported below]

Instan-

Total

Dissolved

taneous ammonia nitrite + Total Dissolved Total Dissolv_ed Total_ Sus-
Date Time streamflow, + organic, nitrate, nitrogen orthophos- phosphorus organic organic pel_lded
in ms as N as N (00600) phorus, as P (00665 carbon carbon  sediment
(30209) (00625) (00631) (00671) (00681) (00680) (80154)

06/28/2005 1330 0.651 0.24 0.914 1.1 0.006 0.043 1.7 1.9
08/15/2005 1330 0.368 0.34 0.414 0.75 <0.020 0.035 2.7 3.0
10/19/2005 1120 0.255 0.20 0.721 0.92 <0.015 0.023 2.1 4.4 39
12/19/2005 1200 0.368 0.19 1.14 1.3 0.030 0.066 1.4 33 43
02/22/2006 1200 0.595 0.17 0.631 0.80 0.033 0.070 1.3 33 3
05/04/2006 1900 146 1.6 0.673 2.3 0.060 0.380 5.8 17.8 517
05/23/2006 1100 3.11 0.18 1.18 1.4 0.017 0.035 1.3 1.5 12
07/19/2006 650 0.368 0.32 0.257 0.58 0.003 0.026 1.4 22 10
08/29/2006 1240 0.906 0.31 1.46 1.8 0.015 0.041 1.9 2.7
11/01/2006 1100 1.87 0.20 1.53 1.7 0.067 0.100 21.7 22 6
12/13/2006 1040 6.14 0.12 2.36 2.5 0.025 0.051 29.8 1.5 10
02/13/2007 1300 96.6 0.79 0.973 1.8 0.022 0.194 4.1 3.1 146
02/20/2007 1630 8.81 <0.05 1.84 - 0.019 0.033 0.9 1.2 18
05/30/2007 820 1.87 0.16 0.968 1.1 0.014 0.033 1.1 1.7 9
07/10/2007 1345 1.39 0.20 0.530 0.73 0.016 0.032 1.9 2.3 4
09/04/2007 1510 0.340 0.21 0.367 0.58 0.006 0.025 1.5 2.7 5
10/22/2007 1245 0.651 0.20 1.19 1.4 0.021 0.035 1.9 2.0 3
01/14/2008 1047 2.29 0.21 0.859 1.1 0.021 0.049 2.0 2.4 9
02/25/2008 1327 5.55 0.13 2.26 2.4 0.020 0.040 1.1 1.5 8
03/04/2008 1030 111 0.76 1.73 2.5 0.025 0.210 4.0 8.1 187
03/19/2008 1015 881 0.97 0.844 1.8 0.063 0.329 9.9 11.0 279
04/10/2008 1430 1060 23 0.347 2.6 0.056 0.460 8.2 21.6 727
05/06/2008 1140 7.84 0.12 0.999 1.1 0.008 0.023 1.1 1.5 164
06/09/2008 1110 3.48 0.17 0.886 1.1 0.022 0.044 1.3 1.6 11
08/26/2008 957 1.30 0.26 1.68 1.9 0.048 0.075 1.8 2.0 11
09/04/2008 1400 42.8 0.54 1.68 22 0.037 0.115 3.8 43 73
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