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CONVERSION FACTORS AND ABBREVIATIONS

"Inch-pound” units of measure used in this report may be converted to
International System (metric) units by using the following factors:

Multiply By To obtain
Cubic feet per second 0.02832 Cubic meters per second
(£t3/s) (m3/s)
Cubic yards (yd3) 0.7646 Cubic meters (m3)
Feet (ft) 0.3048 Meters (m)
Inches (in.) ) 25.40 Millimeters (mm)
Inches per year (in/yr) 25.40 : Millimeters per year
(mm/yr)
Miles (mi) 1.609 Kilometers (km)
Pounds per day (1lb/day) 5.250 Milligrams per second
(mg/s)
Square miles (mi2) 2.590 Square kilometers (km2)
Tons per year 0.9072 Metric tons per year

For temperature, degrees Celsius (°C) may be converted to degrees
Fahrenheit (°F) by using the formula °F = [(1.8)(°C)] + 32.

ALTITUDE DATUM
In this report, "sea level™ refers to the National Geodetic Vertical

Datum of 1929 (NGVD of 1929), which is derived from a general adjustment
of the first-order leveling networks of both the United States and Canada.
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EFFECT OF EROSION-CONTROL STRUCTURES ON SEDIMENT
AND NUTRIENT TRANSPORT, EDGEWOOD CREEK DRAINAGE,
LAKE TAHOE BASIN, NEVADA, 1981-83

By Kerry T. Garcia

ABSTRACT

Three sites in the Edgewood Creek basin with a combined drainage area
of about 1.2 square miles were selected to assess the effect of erosion-
control structures along Nevada State Highway 207 on sediment and nutrient
transport. The flow at site one is thought to have been largely unaffected
by urban development, and was completely unaffected by erosion-control
structures. The flow at site two was from a basin affected by urban
development and erosion-control structures. Site three was downstream
from the confluence of streams measured at sites one .and two. Most data
on streamflow and water quality were collected between June 1981 and May
1983 to assess the hydrologic characteristics of the three sites.

As a result of the erosion—control structures, mean annual
concentrations of total sediment were reduced from about 24,000 to about
410 milligrams per liter at site two and from about 1,900 to about 190
milligrams per liter at site three. Sediment loads were reduced from
about 240 to about 10 tons per year at site two and from about 550 to
about 110 tons per year at site three. At site one, in contrast, mean
concentrations and loads remained low throughout the study period.

At site two, sediment-particle size changed from predominately coarse
prior to construction, to predominately fine thereafter; at site three, it
changed from about half coarse sediment to predominately fine.

Mean concentrations and loads of total iron also were significantly
reduced after construction at sites two and three, whereas mean concentra-
tions of nitrogen and phosphorus species did not change appreciably.

INTRODUCTION

The adverse impact of urban growth in the Lake Tahoe basin, California
and Nevada, has been of concern to decision makers and the general public
for many years. Some researchers (Goldman and others, 1974) have suggested
that the trends of decreasing water clarity and increasing algal produc-
tivity in the lake have been due, in part, to the excessive introduction
of terrestrial sediments and nutrients.

As a result of the urban development along State Highway 207 in the
Lake Tahoe basin, the U.S. Geological Survey, in cooperation with Douglas
County, Nev., began an investigation of sediment and nutrient transport in
the Edgewood Creek drainage basin. The study area is shown in figure 1,
and the field work was done during the period 1981-83.
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Purpose and Scope of Study

The purpose of the study was to determine the effectiveness of
erosion—control structures emplaced in 1982 along Nevada State Highway 207
(also known as Kingsbury Grade) in reducing sediment and nutrient transport
in the streams. The erosion-control structures consisted of rock gabions,
wooden retaining walls, rock linings on roadside ditches, curbs and gutters,
and vegetation planted to stabilize the slopes. Sediment retention basins
were built to trap material that might still be eroded after the erosion-
control work was completed. Figure 2 shows a rock gabion wall and figure 3
a retention dam constructed as part of the erosion-control work. The scope
of the project involved the collection of data on streamflow, stream
sediment, and nutrients (nitrogen, phosphorus, and iron) at three sites
in a small basin tributary to Edgewood Creek.
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AYERAGE MONTHLY PRECIPITATION, IN INCHES
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Annual average, 32.3 inches

FIGURE 5.--Average monthly precipitation at Glenbrook, Nev., and
Tahoe City, Calif., 1950-80 (based on data from National Climatic
Center, 1951-81).
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TABLE 1l.--Comparison of measured instantaneous maximum and
minimum values and estimated annual mean values for
streamflow, sediment, and nutrients before and after
erosion-control construction

[Streamflow in cubic feet per second (E, estimated).

Concentrations in milligrams per liter] ~

Total Total Total
Total nitrogen phosphorus iron
Streamflow sediment as N as P as Fe
SITE ONE (10336756)
Maximum
Before 4.0 16 0.92 0.07 1.0
After 8.9 397 1.9 .64 19
Minimum
Before .00 1 .48 < .01 .02
After .00 1 .50 < .01l .07
Mean
Before .18 3 .67 .02 .15
After .38 32 .87 .09 2.1
SITE TWO (10336757)
Maximum
Before E3.0 133,000 10 1.6 630
After E2.7 4,500 3.4 1.1 110
Minimum
Before .00 1,790 .67 .11 23
After .00 25 .69 .08 1.7
Mean
Before .01 24,000 1.4 .36 240
After .02 a410 1.5 .20 aiz
SITE THREE (10336758)
Maximum
Before 7.9 22,200 3.3 0.93 280
After 12 1,680 4.4 1.2 57
Minimum
Before .00 6 .56 < .01 1.1
After .01 10 .49 .03 .63
Mean
Before .30 1,900 1.1 .17 38
After .59 190 .94 .18 6.3

1 See "Methods Used in the'Study“ (in text) for discussion
of mean values.

@ Statistical coefficients of determination for relatioms
between streamflow and (1) sediment and (2) iron at site two
after construction are less than 0.50, indicating that these
estimated mean concentrations are of questionable accuracy.
(See text section titled "Methods Used

-11-
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The streamflow records at sites one, two, and three were judged to be
of fair, poor, and fair accuracy, respectively. A "fair" rating signifies
that about 95 percent of the daily discharges are correct within 15 percent
of the true discharges; "poor” means that the daily discharges have less
than fair accuracy.

Average streamflow at Trout Creek, about 5 miles southwest of the
study area, 1is about 38 £t3/s on the basis of 23 years of record. During
the years ending May 31, 1982 and 1983, the average streamflows were about
41 and 64 ft3/s, respectively. The data for these 2 years show that more
runoff occurred during the second year at Trout Creek, but that both years
were above average. Data for the three sites in the study area also show
greater flow in the second, post-construction year (table 1).

DESCRIPTION OF STUDY SITES

The three sites, shown in figure 1, are as follows:

Drainage

area

Site Station  (square

number Name number miles)

One Edgewood Creek tributary 10336756 0.80

near Daggett Pass, Nev.

Two Tributary of Edgewood Creek tributary 10336757 .14
near Tahoe Village, Nev.

Three Edgewood Creek tributary at Highland Drive, 10336758 1.23

near Tahoe Village, Nev.

The drainage tributary to site one has steep stream—channel gradients
in the headwater areas and moderate gradients in the narrow, elongated
meadow areas farther downstream. The drainage includes an urban area
upstream from the meadow lands (figure 1). Much of the suspended sediment
in the urban runoff apparently is deposited in the lower gradient meadow
areas. As a result, no erosion—control work took place upstream from site
one in 1982.

The drainage upstream from site two includes the right—of-way for State
Highway 207 and urban development in areas near the highway. Runoff from
this basin flows to site two in the gutters of Highway 207. Most of the
erosion—-contol construction in the study area during 1982 took place along
and adjacent to these gutters.

_12-



Site three receives the flow from sites one and two, along with a
moderate amount of additional flow from the largely non—urban drainage
between site three and sites one and two. Some erosion-control construction
took place along Highway 207 between sites two and three in 1982.

Site one was chosen as the control, or "background,” site for this
study because it (1) was completely unaffected by erosion—control structures
and (2) is thought to have been largely unaffected by urban development.

Site two was relocated three times during the study because of
hydrologic and logistic problems which resulted in poor streamflow records.
The first location was about 300 feet upstream from the confluence with the
Edgewood Creek tributary (figure 1). This location was unsatisfactory
because of an unstable channel and shifting control.

In December 1981, the gage was relocated about 600 feet above the
confluence and approximately 10 feet west of State Highway 207. This site
also developed a shifting control which resulted in scouring and filling of
the channel. Snow buildup caused by snow-removal equipment obstructed the
channel during the winter months. The gage was removed in June 1982 to
prevent damage during the construction of erosion—control structures.

In October 1982, after most construction was completed, the gage was
relocated about 400 feet above the confluence of Edgewood Creek tributary.
At this final location, a 90-degree V-notch weir was installed and placed
in concrete. The channel above and below the control (a total of about
100 feet) was lined with concrete resulting in a localized stable channel.
During low flows, however, the gage pool had some silt buildup. The reloca-
tions of the site two sampling location and gage may have caused some of the
results to be suspect. Nevertheless, the results are considered useful and
included in this report.

METHODS USED IN THE STUDY

The streamflow in the study area was monitored at the three sites
by continuous stream—stage recorders. Streamflow measurements were made
onsite by volumetric methods or by using a pygmy or Price AA current meter,
according to standard U.S. Geological Survey procedures (Buchanan and
Somers, 1969, pages 38-40, 61-63).

Total—-sediment samples were collected, and the coarse (sand and larger)
and fine (silt and clay) sediment percentages determined whenever possible.
The open mouths of sediment bottles were used as the nozzle orifices because
shallow depths occurred at each site (Guy and Norman, 1970, pages 41-42).
Samples were collected at locations in the stream where total (suspended and
bedload) sediment samples could be obtained. This technique allowed larger
particles to be captured than would have been the case using the more
standard suspended samples, and the results are believed to be superior
to those results that would have been obtained using standard suspended-
sediment methods (Glancy, 1977, page 5). Sample analyses were done by
Geological Survey personnel at the sediment laboratory in Boise, Idaho.

_13_



Nitrogen and phosphorus are commonly referred to as nutrients. Steen
(1971, page 353) defines a nutrient as any substance which promotes growth
or provides energy for physiological processes. Goldman (1974, page 153)
states that nitrogen and, to a lesser extent, iron and phosphorus are now
the most important nutrients which are in low supply and individually or
in combination reduce or "limit"” the growth of phytoplankton in Lake Tahoe.
Therefore, iron is also classified as a nutrient in this report.

Total- and dissolved-nutrient samples were collected during the
study and analyzed using procedures described by Skougstad and others
(1979). Immediately after collection, all nutrient samples were chilled
and maintained at 4 °C or less until analyzed. Water samples for determina-
tion of dissolved constituents were filtered as soon as possible through a
0.45-micrometer filter and then shipped to the U.S. Geological Survey
Central Laboratory in Arvada, Colo., for analysis. 1In order to obtain
samples from all three sites during runoff events, the samples for dissolved
constituents were not filtered onsite because the duration of runoff events
was too short and dynamic to allow adequate time for filtration of turbid
samples. In addition, by allowing the samples to settle, some of the
sediment had fallen to the bottom of the sample container, permitting
easier filtration.

Nutrient species for which analytical determinations, or calculations
therefrom, were made during this study are as follows:

Nitrogen
nitrite (analysis)
nitrite plus nitrate (analysis)
nitrate (calculation)

ammonia (analysis)
ammonia plus organic nitrogen (analysis)
organic nitrogen (calculation)

all forms (calculation)2
Phosphorus
orthophosphate (analysis)

all forms (analysis)

Iron
all forms (analysis)

1 pmmonia data are the result of an analytical procedure that
determines the combined concentration of the ammonium ion (NH,*) plus
un—ionized ammonia (NH3). In most waters having a pH of less than about
8.5, the concentration of ammonium exceeds that of ammonia. For consistency
in this report, however, the term "ammonia” is used throughout to indicate
the combined concentration of NH,* and NHj.

2 The combined concentration of nitrite, nitrate, ammonia, and organic
nitrogen.

-14—



Concentrations of nitrogen and phosphorus species are expressed in
terms of elemental nitrogen (N) or elemental phosphorus (P) to facilitate
comparisons among the several species.

Iron concentrations discussed in the text are expressed in milligrams
per liter (mg/L). Tables 8-10 show concentrations of iron in micrograms per
liter (ug/L). To convert ug/L to mg/L, multiply by 0.001.

Specific conductance was measured by collecting a sample and analyzing
it at the Carson City laboratory.

Samples were collected during varying flow conditions. Data collection
began in January 1981 and ended in September 1983. Sampling was emphasized
and most intensive during periods of snowmelt and rainfall runoff. A few
samples were also obtained during base-flow periods. The sampling-frequency
strategy, designed to concentrate data collection during periods of heavy
sediment transport, resulted in most samples being collected during a select
few days of the year. At site three, for example, 42 samples were collected
during 15 days after construction. Of these 42 samples, 27 were collected
during spring snowmelt.

Accurate analytical results for some nutrient samples could not be
achieved because the concentrations were less than the analytical detection
limits. For those nutrient samples, the detection limit is listed along
with a "<” ("less than") symbol in tables 8-10. For example, many values
for dissolved nitrite nitrogen are reported as "“<0.02 mg/L."

The analytical data in tables 8-10, along with instantaneous streamflow
data in tables 5~7, were used to calculate instantaneous sediment and
nutrient loads. These loads were then fitted by nonlinear least-squares
regression to an equation of the form:

Y = A(xB)
where Y = instantaneous load, in tomns or pounds per day,
X = instantaneous streamflow, in cubic feet per second, and
A, B = regression constants.

For example, the resulting equation for total sediment at site two before
construction is:

Y = 112(x1-48)y,

For this relation, the statistical coefficient of determination (r2) is
0.89, which indicates that 89 percent of the total variation in sediment
load can statistically be attributed to the relation with streamflow. The
standard error of estimate for this relation is 2.9, indicating that about
two-thirds of the estimated sediment-load values are within 2.9 tons of the
values predicted from the relation with streamflow.

-15-



TABLE 2.-—-Statistical characterization of relations between (1) streamflow and
(2) sediment and nutrient loads before and after erosion-comtrol comstruction

Coefficient Standard
of deter- error of
Regression equationsl mination (rz) estimate
Constituent Before After Before After Before After
SITE ONE (10336756)
Total sediment ¥=0.0111(¢x1-80) Y=0.0239( x2+25) 0.93  0.92 1.5 2.2
Total nitrogen Y=3.74(xL.08) Y=4.49(x1-10) .99 .96 1.1 1.3
Total phosphorus Y=0.135(xl-22) ¥=0.282(xL-72) .92 .89 1.6 2.0
Total iron ¥=0.000648( X204y y=0,00231(x2-00) .93 .92 1.6 1.9
SITE TWO (10336757)
Total sediment Y=112(x1.48) Y=1.31(x1-12) 0.89 0.34 2.9 3.7
Total nitrogen Y=8.44(X1-06) Y=13.1(xL-24) .90 .88 2.0 1.5
Total phosphorus Y=2.13(X1'083 y=1.50(x:-16) .91 67 1.9 2.0
Total iron ¥=0.996(x1-39) ¥=0.0351(x1-18) .94 A 2.1 3.0
SITE THREE (10336758)
Total sediment Y=4.50(xL-72) ¥=0.304(x1-67) 0.71  0.75 5.1 2.7
Total nitrogen ¥=5.87(x0-70) ¥=5.20( xL-06) .75 .85 1.6 1.6
Total phosphorus Y=0.892(x0-91) YEO.832(X1'34) .59 71 2.4 2.4
Total irom ¥=0.0998(x1-43) ¥=0.0125(xL-52) .78 74 3.2 2.5

1 Symbols: X, instantaneous streamflow, in cubic feet per second;
Y, instantaneous load, in tons per day for sediment and iron, and pounds per day
for nitrogen and phosphorus.

The equations, correlation coefficients of determination, and standard
errors for the several relations are listed in table 2. Most of the listed
coefficients of determination are greater than 0.70, indicating that much
of the variation in sediment and nutrient loads generally can be attributed
to the relations with streamflow. Only two of the coefficients, for sedi-
ment and irom at site two after construction, are appreciably less than
0.60. These two low values (0.34 and 0.44, respectively) indicate that less
than half of the variation in loads can be statistically attributed to a
relation with streamflow. Likewise, any computations based on the regres—
sion equation expressing that relation (for example, the annual loads and
mean concentrations discussed below) are of questionable accuracy.

-16-



Equations for sediment and nutrient loads were entered into a computer
program along with mean daily streamflows, in cubic feet per second, for
each station. For every mean daily discharge, a daily sediment or nutrient
load was estimated from the equation. By adding the daily loads for the
year, a total annual load was determined.

Annual mean concentrations for each constituent were calculated
by dividing the total annual load by (1) the total annual streamflow and
(2) the appropriate conversion constant. For nitrogen and phosphorus loads
(in pounds per day), the conversion factor is 5.4; for sediment and iron
loads (in tons per day), the conversion factor is 0.0027.

When concentrations of total nitrite plus nitrate were reported as
less than the analytical detection limit, the closest concentration below
the detection limit was used in the calculation of total nitrogen. For
example, when the nitrite-plus-nitrate concentration was reported as
<0.10 mg/L, the value 0.09 mg/L was used in the calculation. This assump-
tion gives estimated total-nitrogen concentrations that may be higher than
the actual concentrations.

EFFECT OF EROSION-CONTROL STRUCTURES
Sediment
Concentrations

Mean sediment concentrations before and after construction were
significantly different at all sites. After construction, higher annual
mean concentrations of total sediment occurred at site one, but lower mean
concentrations occurred at sites twol and three, with site two having the
greater reduction (table 1). The increase at site one was probably the
result of the greater post—construction streamflow. (The flow at site
one is thought to be largely unaffected by urbanization and is completely
unaffected by erosion—-control structures.) The mean daily discharge at
site two increased from 0.01 to 0.02 ft3/s, but the mean sediment concen-
tration was reduced from about 24,000 to about 410 mg/L. The reduction
in mean sediment concentration at site three was about 10-fold. Figure 8
shows the mean sediment concentrations and loads at all three sites, both
before and after construction.

I The statistical coefficient of determination for the relation
between streamflow and sediment at site two after construction is less
than 0.50, indicating that the estimated mean annual concentration is
of questionable accuracy (see text section titled "Methods Used in the
Study”). However, the order of magnitude of the estimate may be correct.
The low coefficient of determination at site two after construction may
have resulted because the small basin had not as yet re—-equilibrated after
emplacement of the erosion—-control structure.

-17-
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TOTAL-SEDIMENT LOAD, IN

IN MILLIGRAMS PER LITER

TONS PER YEAR

10,000

Before

- After

5000

24,000

SITE
ONE

SITE
TWO

SITE
THREE

400

300 —

200

100

550

-

FIGURE 8.-Total-sediment concentrations and loads before and after
erosion-control construction. The statistical coefficient of determi-
nation for the relation between streamflow and sediment at site two
after construction is less than 0.50, indicating that the estimated
annual mean concentration and load are of questionabie accuracy
(see text secton titled “Methods Used in the Study*). However,

the order of magnitude of the estimates may be correct.

-18-




Mean daily discharge was greater at sites two and three after
construction because of the greater amount of precipitation. In contrast,
mean sediment concentrations were significantly less at these two sites.
The reduction of sediment movement at sites two and three is believed to
be the result of the effectiveness of the erosion—-control structures and
retention dams.

Loads

The sediment load moving past site one increased from about 0.5 ton/yr
before construction to about 12 ton/yr afterward (table 3; figure 8). The
increase in load is believed to be the result of increases in streamflow
quantities and rates during the runoff season after construction. 1In
contrast, the sediment load moving past site twol decreased from about 240
to about 10 ton/yr. Major reductions in sediment concentrations accompanied
the substantial reductions in sediment load at this site. The sediment load
moving past site three was reduced from about 550 to about 110 ton/yr;
reductions in sediment concentrations, similar to those at site two,
accompanied the decreased load at site three.

The sediment rating curves for sites two and three, which show the
relation between sediment loads and streamflow, are given in figures 9 and
10. These curves, and the data upon which they are based, indicate that the
erosion—control structures modified sediment yields at the two measurement
sites. For any given streamflow, the sediment loads associated with that
streamflow after construction characteristically were noticeably less
than they were before construction. The reduction in sediment yield
is interpreted as a quantitative measurement of the effectiveness of
the erosion-control structures.

Particle Size

For the purpose of this study, sediment contained in whole-water
samples was classified as either fine or coarse. Fine sediment is herein
defined as all material with a diameter less than 0.062 millimeter (that is,
silt and clay), and coarse sediment as all material with a diameter greater
than 0.062 millimeter (sand and gravel).

Particle size at site one was not determined before construction
because of the low rate of sediment transport at this site (figure 11).
After construction, nine samples had sufficient material for particle size
determinations. Results averaged about 88 percent fine and 12 percent
coarse sediment (figure 11).

I The statistical coefficient of determination for the relation between
streamflow and sediment at site two after construction is less thanm 0.50,

indicating that the estimated annual load is of questionable accuracy (see
text section titled "Methods Used in the Study”). However, the order of
magnitude of the estimate may be correct.
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TABLE 3.--Comparison of estimated annual quantities for streamflow, sediment,
and nutrients before and after erosion-control construction

[Streamflow in acre-feet per year. Sediment and iron loads in tons per year;
nitrogen and phosphorus loads in pounds per year]

Drainage
between sites
Site one Site two Site three one, two,
(10336756) (10336757) (10336758) and three
Constituent
or property Before After Before After Before After Before After
Streawmflow 130 270 7.4 18 220 430 80 140
Total sediment 52 12 240 a10 550 110 310 90
Total nitrogen as N 240 650 29 76 670 1,100 400 400
Total phosphorus as P 8.1 71 7.2 10 98 210 83 130
Total iron as Fe <.l .8 2.4 a3 11 3.7 9 3

Q Statistical coefficients of determination for relations between streamflow
and (1) sediment and (2) iron at site two after construction are less than 0.50,
indicating that these loads are of questiomable accuracy. (See text section titled
"Methods Used in the Study.")

b see figure 1. Quantity at site three, minus quantities at sites one and
two.

At site two before construction, 25 samples collected for particle-size
analysis showed that the coarse fraction was dominating (averaged about
80 percent) the water-sediment mixture (figure 11). After the comstruction,
31 of the collected samples averaged about 62 percent fine and about 38 per-
cent coarse sediment. This suggests that the erosion-control structures
reduced a large part of the coarse fraction of the sediment load.

Site three did not undergo as drastic a change in the size of
material before and after the comstruction. The 29 samples collected
before comstruction averaged about 53 percent coarse sediment, whereas
the 37 samples collected after construction averaged about 34 percent.

The results of the particle-size analyses also suggest that the
erosion-control structures are effective in decreasing the transport
of the larger coarse-size particles.
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Deposition

The area behind a retention dam (figure 1) was surveyed to determine
the effectiveness of the dam in trapping sediment. The dam is downstream
from site two and upstream from the confluence with the site-ome tributary.
Two cross sections were surveyed in September 1982, after the retention dam
was constructed and prior to any significant flow. The same cross sections
were surveyed again after the spring runoff in July 1983. Figure 12 is a
longitudinal profile showing the estimated depth of fill behind the reten-
tion dam after the spring runoff of 1983, based on the two cross sections
and the measurement of high-water marks. Figure 13 shows the estimated
area of fill in cross—-section 1. The fill in cross—section 2 is not shown
but was used to estimate the total amount of fill after comnstruction. The
volume of fill was calculated by multiplying the average depth across the
channel at several intervals by the width of the fill between the intervals
and by the estimated length of the channel in which the £fill occurred. The
estimated amount of fill behind the retention dam was about 75 cubic yards,
subject to a possible error of plus or minus 20 cubic yards largely because
only two cross sections were used to compute sediment fill.

According to Mark Gonzales, Douglas County Project Engineer (oral
communication, 1983), heavy machinery removed about 100 cubic yards of
material behind the retention dam. The difference between the calculated
and reported amounts of fill could be the result of heavy machinery
removing more material than was deposited or errors in the computations
described above. A resurvey of the cross sections after the removal of
material was not done.
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Nutrients
Concentrations

Table 1 lists mean annual concentrations of total nitrogen, phosphorus,
and iron before and after the erosion-control construction. The data for
nitrogen show little change with time at the three sites, despite signifi-
cantly greater amounts of streamflow in the post—construction year.

Mean phosphorus concentrations at the "background” site (one) remained
low throughout the 2-year period. A slightly higher value in the second
year may be attributable to the substantially greater amount of sediment
that accompanied higher mean annual streamflows during that period. Phos-
phorus is fairly abundant in sediment (Hem, 1985, p. 126), and particularly
so in the organic components. At site two, the mean concentration of phos-
phorus was much lower after construction than before, presumably due to the
pronounced decrease in sediment concentrations as a result of the erosion—
control structures. At site three, in contrast, the mean phosphorus
concentration was slightly greater in the second year, despite a more
than 10-fold decrease in sediment. The reason for this is unclear.
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Total-iron concentrations usually can be correlated with sediment
concentrations. Figure 14 compares total iron and total sediment at site
two before and after the erosion~control work. Before constructiom, all
measured sediment concentrations were greater than 1,500 mg/L, and 14 of
the 20 samples had total-iron concentrations greater than 100 mg/L. After
the erosion-control work, all but 3 of the 32 measured sediment concentra-
tions were below 1,500 mg/L, and the measured total-irom concentration
exceeded 100 mg/L only once.

Total—-iron concentrations at the "background” site were greater
during the second year than during the first. The increase is believed
to have been related to the greater sediment concentrations associated
with increased streamflow in the second year.
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Sites twol and three had a reduction in the mean concentration
of total iron after the erosion-control construction (figure 15). The
reduction is believed to have been the result of the erosion-control
structures, which reduced the concentrations of sediment and, therefore,
iron.

Loads

Figures 16 and 17 show the plots of streamflow versus nitrogen load
at sites two and three. The data show little difference in relation before
and after construction. Thus, because streamflow at the two sites was
greater during the year after construction than during the year before, the
nitrogen loads were greater too in the second year (table 3). The load at
site one also was greater during the second year, for the same reason.

Figures 18 and 19 show plots of streamflow versus phosphorus load at
sites two and three. Like nitrogen, the phosphorus data plot in the same
general area on each graph, but site two exhibits a moderate difference
between relations before and after construction. Nonetheless, increased
streamflow during the second year resulted in increased total-phosphorus
loads at both sites (table 3). The streamflow and load at the "background”
site (one) also were greater in the second year than in the first.

Figures 20 and 21 show the plots of streamflow versus total-iron load
for sites two and three. The graphs show that the tonnage of iron for any
given streamflow is proportionally smaller after the construction than
before. 1In that regard, the before-and-after relation for iron is similar
to that for sediment load (figures 9 and 10).2 The decreased tonnages of
both constituents in the second year probably are a result of the erosion-
control structures. At site one, which was not influenced by erosion-
control structures, greater streamflow in the second year was accompanied
by a greater total-iron load (along with a much greater amount of sediment;
table 3).

I The statistical coefficient of determination for the relation
between streamflow and iron at site two after construction is less than
0.50, indicating that the estimated mean annual concentration is of
questionable accuracy (see text section titled "Methods Used in the
Study"). However, the order of magnitude of the estimate may be correct.
The low coefficient of determination at site two after construction may
have resulted because the small basin had not as yet re—equilibrated after
emplacement of the erosion—control structures.

2 The statistical coefficient of determination for the relation
between streamflow and iron at site two after construction is less than
0.50, indicating that the estimated annual load is of questionable accuracy
(see text section titled "Methods Used in the Study"). However, the order
of magnitude of the estimate may be correct.
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FIGURE 15.-Total-iron concentrations and loads before and after
erosion-control construction. The statistical coefficient of determi-
nation for the relation between streamflow and iron at site two
after construction is less than 0.50, indicating that the estimated
annual mean concentration and load are of questionable accuracy
(see text section titled “Methods Used in the Study’’). However,
the order of magnitude of the estimates may be correct.
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FIGURE 16.--Relation of streamflow to instantaneous total-nitrogen
load at site two before and after erosion-control construction,
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FIGURE 17.-Relation of streamflow to instantaneous total-nitrogen
load at site three before and after erosion-control construction.
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FIGURE 18.-Relation of streamflow to instantaneous
total-phosphorus load at site two before and after
erosion-control construction.
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FIGURE 19.-Relation of streamflow to instantaneous
total-phosphorus load at site three before and after
erasion-control construction.
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FIGURE 21.--Relation of streamflow to instantaneous total-iron load
at site three before and after erosion-control construction.
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SUMMARY AND CONCLUSIONS

The purpose of the study was to determine the effectiveness of newly
emplaced erosion-control structures (rock gabions, wooden retaining walls,
rock linings of roadside ditches, curbs and gutters, and vegetation planted
to stabilize the slopes) in the Edgewood Cr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>