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Conversion Factors and Abbreviations

Multiply By To obtain

Length
inch (in.) 254 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)

Area
acre 0.4047 square hectometer (hm?)
square mile (mi?) 2.590 square kilometer (km?)

Flow rate

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

Mass
pound, avoirdupois (Ib) 0.4536 kilogram (kg)

Hydraulic gradient

foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)

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

°F=(1.8x°C)+32

Abbreviated water-quality units used in this report: Chemical concentrations and water
temperature are given in metric units. Chemical concentration is given in milligrams

per liter (mg/L), micrograms per liter (pg/L). Milligrams per liter is a unit expressing the
concentration of chemical constituents in solution as weight (milligrams) of solute per
unit volume (liter) of water. One-thousand micrograms per liter is equivalent to 1 milligram
per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for
concentrations in parts per million.

Water year: Water year in USGS reports dealing with surface-water supply is the 12-month
period October 1 through September 30. The water year is designated by the calendar year
in which it ends and includes 9 of the 12 months. Thus, the year ending September 30, 1998,
is called the “1998 water year.”



Precipitation was collected during nonfreezing periods
only (March 1-November 30) at the two sites.

In October 1989, three rain gages were installed in
each watershed (fig. 1). One rain gage was at the site of
the rain gage from the previous study. The other two rain
gages were sited by trial-and-error to result in approxi-
mately equal Thiessen polygon areas. Thiessen polygons
represent the areas in closest proximity to each rain gage;
the average precipitation was computed as a weighted
average using the Thiessen polygon areas as the weight-
ing factor (Viessman and others, 1977). Thus, because
the Thiessen polygon areas are approximately equal, the

Table 1. Summary of eligible and implemented rural best-management practices

in the Brewery and Garfoot Creek watersheds, Wis.

[ft, feet; BMP’s, best-management practices. Table contains revisions to a BMP table previously
published in Rappold and others (1997), which are the result of changes in practices eligible or

implemented. Data are number of sites unless otherwise noted]

Methods 5

arithmetic average of the precipitation at the three rain
gages is approximately equal to the average precipitation
for a given watershed. Precipitation was collected in an
8-in. collector that drained into a tipping bucket rain gage.
Each tip represented 0.01 in. of rain; all rainfall data were
recorded every 5 minutes.

Selection and Inventory of Watersheds

Inventory of the rural watersheds began in 1992
to provide information on land-use and land-treatment
changes that may affect water quality. A geographic infor-
mation system (GIS) database contains
the land-use and BMP inventories.
Watershed boundaries, hydrography,
roads, streams, woodlot, rain gages
and BMPs were digitized from
1:24000 topographic maps. Farm-field
and parcel mapping was done by the

Evaluation monitoring watershed

Dane County Regional Planning Com-

Practice

Brewery Creek  Garfoot Creek

mission. Detailed descriptions of each

Animal-waste management

watershed and the BMP program are

Eligible barnyard-runoff control systems 20°

Implemented barnyard-runoff control systems 10°

Streambank protection

Eligible streambank protection® 22,000 ft
Implemented streambank protection® 19,100 ft
Eligible Fencing 1,200 ft
Implemented fencing 0°
Contracted stream crossing 1
Implemented stream crossing 1
Contracted grade stabilization 2
Implemented grade stabilization 2¢

Upland management

Eligible nutrient management 2,440 acres
Implemented nutrient management 1,415 acres
Eligible upland BMPs* 5,170 acres
Implemented upland BMPs" 1,145 acres

7a reported in Rappold and others (1997),
s and Wierl and others (1996).
The Priority Watersheds Program
selected, assessed, and approved the
16,800 ft Black Earth Creek project between
16,700 ft 1985 and 1989. Voluntary signup
5.475 ft period for BMPs started in March
1989 and ended in March 1997. Moni-
AT toring of the post-BMP implementa-
4 tion started when the majority of prac-
4 tices were installed and operational.
’ The post-BMP implementation period
began in the Brewery Creek watershed
2 on October 1, 1996, and at Garfoot
Creek watershed in April 1, 1997.
590 acres Eligible, and installed BMPs for
155 acres Garfoot and Brewery Creek water-
sheds are summarized in table 1.
1,520 acres .
Annual updates of practices—barn-
285 acres

yard-runoff control, streambank

“Includes barnyards that no longer have livestock: Brewery = 5, Garfoot = 1.
®Total includes a barnyard-control system installed by landowner without cost-share funding.

¢The contracts for length of streambank protection reflect the total length of each practice.
One eroded site can include various practices, such as riprap, shoreline and streambank stabiliza-
tion, and shoreline buffers. Both banks may have been eroded and/or implemented with BMPs.

4Site eligible for BMP no longer has livestock.

¢Includes an individual practice or series of practices, other than nutrient management, that
result in a reduced pollutant source, such as contour farming, contour strip cropping, field strip

cropping, grassed waterways, and reduced tillage.

protection, and upland control—were
obtained by contacting the Dane
County Land Conservation Office.
Barnyard-runoff control systems are
installed to reduce the amount of
organic matter reaching the stream

by improving the cattle lots and adding
filter strips. Streambank protection
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Figure 3. Eligible and implemented best-management practices (BMPs), Brewery and Garfoot Creek watersheds,
Dane County, Wis.



reduces the amount of sediment reaching the stream by
limiting cattle access and stabilizing streambanks by vari-
ous practices, including fencing and installation of water-
ing areas in the stream. Upland-control practices reduce
the amount of sediment and

phosphorus by cropland and manure management on
highly erodible lands.

In 1999, a majority of the goals set by the WDNR
and local Land Conservation Department had been
achieved in the Garfoot and Brewery Creeks Watersheds.
Additional practices could be implemented for several
years, but it was felt that most sources of nonpoint pol-
lution had been controlled by the implemented practices.
The land-use tracking was discontinued in 1999 when the
post-monitoring phase ended. The status of barnyard and
streambank-protection practices as of 1999 is shown in
figure 3.

Methods 7

Hydrologic Conditions During the
Study Period

Precipitation

The 30-year normal precipitation for the study
area was 30.88 in. at the National Oceanic Atmospheric
Administration (NOAA) weather station at the Madison,
Wis., airport (National Oceanic and Atmospheric Admin-
istration, 2000). Data from the rain gages in the middle of
each watershed show that the annual rainfall was substan-
tially above the 30-year normal (1961-90) for 3 of the 11
years monitored at Brewery Creek (1985, 1986, and 1993)
and 4 of the 11 years monitored at Garfoot Creek (1985,
1986, 1993, and 1998); in both watersheds, rainfall was
substantially below the 30-year normal during 1 year:
1997 for Brewery Creek and 1990 for Garfoot Creek
(fig. 4). The largest deviation between annual precipitation
and the 30-year normal was in water year 1993 for both of
the rain gages (fig. 4). At Brewery Creek, the annual
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precipitation was 48.6 in. in 1993, which was 17.7 in.
above the long-term annual normal (fig. 4). At Garfoot
Creek, the annual precipitation was 45.4 in. in water year
1993 which was 14.5 in. above the annual long-term
normal (fig. 4). Ninety-three and 96 percent of the above
normal precipitation fell in 4 months at Brewery and Gar-
foot, respectively, in water year 1993. The largest deviation
between monthly precipitation and the long-term normal
for July was in 1993 (3.4 in.). At Brewery Creek, the July
1993 total monthly rainfall was 11.2 in., which was
7.8 in. above normal. The total monthly precipitation for
July 1993 was 9.9 in. at Garfoot Creek, which was 6.5 in.
above normal.

At Brewery Creek, the lowest annual precipitation
was 27.7 in. in water year 1997, which is 3.2 in. below the

Pre-BMP (Best Management Practice) Period

long-term normal. The lowest annual precipitation mea-
sured at Garfoot Creek was 26.9 in. in water year 1990,
which is 4.0 in. below the annual long-term normal.

A Kendall test for trend (Helsel and Hirsch, 1992)
was done for the precipitation data collected at the
Brewery Creek and Garfoot rain gages for the 11 years of
record. No statistically significant trend (at the 5-percent
significance level) was found in the annual precipitation
at either site. A Kendall test for trend also was done for
annual precipitation for 11 years of record at the NOAA
rain gage at the Madison airport. Again, no statistically
significant trend was found at the 5-percent significance
level. Annual precipitation at the NOAA rain gage for the
1954-98 period also had no statistically significant trend.
The 1954-98 periods corresponds to the streamflow data
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Figure 5. Histograms of precipitation events at Brewery Creek, Dane County, Wis., for which storm loads were calculated.



collected at a USGS long-term gaging station at Black
Earth Creek near Black Earth (fig.1).

Histograms are presented for rainstorms for which
storm loads were calculated for Brewery and Garfoot
Creeks (figs. 5 and 6). At Brewery Creek during the pre-
BMP period (1985 and 1986 water years), 11 precipitation
events amounting to less than 2 in. produced surface runoff
and subsequent storm loads (fig. 5). Two precipitation
rainstorms were in the 2- to 4-in. range, and one precipita-
tion rainstorm was greater than 4 in. (fig. 5). During the
post-BMP period, there were 17 rainstorms with less than
2 in. of total rain (fig. 5). Five rainstorms were between
2- to 4 in. range, and one rainstorm had a total rainfall
greater than 4 in. (fig. 5). At Brewery Creek, three fewer

Pre-BMP (Best Management Practice) Period

Hydrologic Conditions During the Study Period 9

rainstorms produced surface runoff and storm loads in the
pre-BMP period than in the post-BMP period. More rain-
storms in the post-BMP period had rainfall between

2 and 4 in.

At Garfoot Creek during the pre-BMP period
(1985-86 and 1990 water years), there were 14 rainstorms
with less than 2 in. of total rainfall. Three rainstorms had
a total rainfall between 2 and 4 in. and one rainstorm had
a total precipitation greater than 4 in. (fig. 6). During the
post-BMP period, 15 rainstorms had total rainfall of less
than 2 in., 1 rainstorm had between 2 and 4 in., and
1 rainstorm had total precipitation greater than 4 in.

(fig. 6). The distributions of pre- and post-BMP rainstorms
that produced storm runoff are similar. There was one
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Figure 6. Histograms of precipitation events at Garfoot Creek, Dane County, Wis., for which storm loads were calculated.
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more rainstorm in the post-BMP period with less than

2 in. of rain compared to the pre-BMP periods. The main
difference is that there were more rainstorms between

2 and 4 in. in the pre-BMP period. For the most part, the
distributions for rainstorms that produced surface runoff
and storm loads were similar in the pre- and post-BMP
periods for both Brewery and Garfoot Creeks.

Streamflow

At Brewery Creek, the mean annual streamflow
for the study period was 2.4 ft¥/s (table 2); the minimum
annual streamflow was 0.58 ft*/s in water year 1991, and
the maximum annual streamflow was 4.3 ft¥/s in water
year 1993 (fig. 7). At Garfoot Creek, the mean annual
streamflow for the study period was 5.2 ft¥/s (table 2); the

POST-
BMP

7 7
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7700077
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maximum annual streamflow was 7.7 ft¥/s in water year
1993, and the minimum annual streamflow was 3.2 ft3/s
in water year 1990 (fig. 8). The mean annual streamflow at
Black Earth Creek near Black Earth for water years 1954—
98 was 35 ft¥/s (table 2); the minimum annual streamflow
was 27 ft*/s in water year 1990 (fig. 9), and the maximum
annual streamflow was 61 ft¥/s in water year 1993
(fig. 9). At Brewery Creek, the mean annual streamflow
for the pre-BMP period was 3.1 ft¥/s, whereas the mean
annual streamflow for the post-BMP period was
2.2 ft}/s. At Garfoot Creek, the mean annual streamflow
for the pre- and post-BMP periods were 4.9 ft*/s and
5.8 ft¥/s, respectively (table 2).

Streamflow data collected as part of this study were
used to determine the streamflow characteristics at the
Garfoot, Brewery, and Black Earth Creek gaging stations
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Figure 7. Streamflow characteristics for Brewery Creek, Dane County, Wis.
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Table 2. Summary of streamflow characteristics for Brewery, Garfoot, and Black Earth Creeks, Wis., pre- and post-BMP periods

[BMP, best-management practice; WY, water year]

Brewery Creek Garfoot Creek Black Earth Creek
Streamflow
characteristic
(cubic feet Period Period Period
per second, Pre-BMP  Post-BMP of Pre-BMP® Post-BMP of Pre-BMP  Post-BMP  of record
unless noted) 10/84-9/86  10/96-9/98  record 10/84-4/90  4/96-9/98  record WY 85-86 WY 97-98 WY 54-98
Mean annual 3.08 2.25 2.43 5.76 5.23 50.8 41.7 34.9
streamflow
Minimum 7-day .93 1.1 0 2.60 1.8 29.0 23.0 13
low flow
Mean base flow 2.30 1.70 1.72 4.90 442 43.6 354 29.6
Mean base flow® 73 76 67 84 85 85 86 84 85

*Includes all of 1990 water year.

As a percentage of mean annual streamflow.

(fig. 1). In addition, the streamflow data were needed to
determine the nutrient and sediment loads at the Brewery
and Garfoot Creek gaging stations. Base flow represents
ground-water discharge to the stream channel. Base flow
was separated from the daily mean streamflows over the
period of study (1984-98) by methods described in White
and Sloto (1990). Overland runoff—the difference between
the annual mean discharge and base flow—is water

that flows over the land surface and enters the stream.
Daily streamflow data for the gaging stations for all the
water years of the study period are published in “Water
Resources Data, Wisconsin, Water Years 1985-1998”
(Holmstrom and others, 1986, 1987, 1990-99).

The highest annual streamflow at all three stations
was in water year 1993. The annual streamflow at Black
Earth Creek in 1993 was 175 percent of the mean for the
period of record (44 years) and was the highest annual
streamflow ever recorded at the station. This streamflow
corresponds to the greatest annual precipitation measured
at the study-site rain gages and the greatest annual precipi-
tation measured at the NOAA weather station at Madison
for the period of data collection. The minimum annual
streamflow occurred in water year 1991 at Brewery Creek
and in water year 1990 at Garfoot Creek and Black Earth
Creek (figs. 7, 8, and 9). At Brewery Creek in water year
1991, the 7-day mean low flow was zero (fig. 7).

A frequency analysis of annual peak at streamflows
at Black Earth Creek near Black Earth for 1954-98 was
done using the log-Pearson Type III procedure following
Bulletin 17-B guidelines for annual peaks (Interagency
Advisory Committee on Water Data, 1982). The estimated
peak streamflows for selected frequencies are presented in

table 3. The peak streamflows (1,320 ft¥/s) for the period
of record at Black Earth Creek occurred in 1993. This
flood peak was between the 25- and 50-year recurrence
interval (table 3).

A Kendall test for trend was done for all of the
streamflow characteristics for the study period at Brewery,
Garfoot, and Black Earth Creeks. None of the streamflow
characteristics had a statistically significant trend for the
study period. The Kendall test for trend also was done for
Black Earth Creek for annual streamflow, base flow, and
overland runoff for 1954-98. A statistically significant
upward trend was found for annual streamflow and base
flow but not for overland runoff for Black Earth Creek
near Black Earth (table 4). Because annual streamflow
is the sum of annualized base flow and overland runoff,
the increase in annual streamflow may be caused by the
increase in base flow.

Table 3. Peak streamflow and selected recurrence intervals
for Black Earth Creek, Wis., 1954-98

[ft*/s, cubic feet per second]

Recurrence interval Peak streamflow

(years) (fté/s)
1.25 251

2 432

5 725
10 939
25 1,226
50 1,450
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Table 4. Results of the Kendall test of trend in streamflow
characteristics, Black Earth Creek near Black Earth, Wis.,
water years 1954-98

[ft*/s, cubic foot per second; <, less than]

Since 1960, there have been three periods of appar-
ently increasing annual streamflow and base flow for the
Black Earth Creek area near Black Earth, Wis. (fig. 10).
The first increase was in the mid-1970s, the second dur-
ing the mid-1980s, and the last from about 1992 to 1995

Trend slope - fig. 10). As noted previously, no statistically significant
Streamflow Kendall fi tp Significance (fig. 10) ] p Y o ysig ]
characteristic Tau esimate level trend was found in annual precipitation at the Madison
ft¥/s . . . .
(ftss) airport rain gage. The increase in the annual streamflow,
Annual streamflow 0.36 0.3766 <0.01 which likely is related to base flow (ground-water-
Base flow .11 3502 <.01 seepage to the stream) of Black Earth Creek corresponds
Overland runoff 11 0267 28 to increasing snowfall. Krohelski and others (2002) found
a good correlation between increasing snowfall and
periods of increasing base flow of Black Earth Creek in
south-central Wisconsin. Snowfall is one of the sources
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Figure 8. Streamflow characteristics for Garfoot Creek, Dane County, Wis.



of recharge to the ground-water system in south-central
Wisconsin. In addition, changing land practices in the
watershed may have increased the infiltration rate and
hence increased base flow. Gebert and Krug (1996) found
similar trends in other sites in southwestern Wisconsin.
Even though an increase is apparent in annual streamflow
and base flow in the latter part of the study period (fig. 10),
no statistically significant trend was found. This result may
be due more to the short time period (11 years) than to
absence of a trend. Although the annual streamflows and
base flows indicate a cyclical pattern (fig. 10), the overall
flows appear to be increasing.

NN
A

N
\\
s

ANNUAL STREAMFLOW,
IN CUBIC FEET PER SECOND

Y
NNNNNN
N

N

N
N

N

1985 1986 1990 1991 1992 1993 1994 1995 1996 1997 1998

WATER YEAR

BASE FLOW,
IN CUBIC FEET PER SECOND

Hydrologic Conditions During the Study Period
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Because base flow of a stream consists of ground-

water discharge to the stream, base-flow water quality

generally reflects ground-water quality. Consequently,
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Figure 10. Annual streamflow and base flow with 3-year moving average for Black Earth Creek, Dane County, Wis., 1955-98

water years.

elevated above background concentrations in ground
water as a result of agricultural activities.

Comparisons of base-flow water quality concentra-
tions during the pre- and post-BMP periods may indicate
changes due to BMPs. A nonparametric Wilcoxon rank-
sum test can be used to determine whether significant
differences are present between two independent periods
(pre- and post-BMP). The null hypothesis is that median
of selected constituents at base flow during the pre-BMP
period are the same as those in the post-BMP period. The
alternative hypothesis is that the median concentrations
at base flow in the post-BMP period are less than those
during the pre-BMP period. If the alternative hypothesis
appears to be true, then the reduction may be a result of
changing land-use practices in the watershed.

Water-quality samples were collected at base flow
during the pre- and post-BMP periods. Daily mean
streamflows were separated into overland flow and base
flow to determine whether a sample collected was during
a base-flow period, the ratio of instantaneous streamflow
and daily mean base flow was calculated. If the ratio of

instantaneous discharge to daily mean base flow was less
than or equal to 0.95, then a sample collected on this day
was considered to be a potential base-flow sample. In addi-
tion, an overland-flow time lag was calculated. The time
lag was equal to the drainage area raised to the 0.2 power
and rounded up to the next day (Viessman and others,
1977). The overland- flow time lag was determined to

be 2 days for both Garfoot and Brewery Creeks. If a poten-
tial base-flow sample was collected within 2 days of the
peak of a hydrograph rise, this sample was not considered
to be a base-flow sample. The remaining potential base-
flow samples then were evaluated on the basis of their
hydrograph position relative to preceding storms.

The Wilcoxon rank-sum nonparametric test of the
median (MathSoft, 2000) was applied to the pre-BMP
and post-BMP concentrations for the base-flow samples.
Results of the Wilcoxon rank-sum test can be found
in table 5. Concentration of the base-flow samples for
Brewery and Garfoot Creeks are shown in figures 11 and
12. Also shown on these figures is the median for each
constituent by water year.
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Figure 12. Concentrations and water-year medians of suspended sediment and nutrients in base-flow samples during the data-collection period at Garfoot Creek,

Dane County, Wis.
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Table 5. Results of the Wilcoxon rank-sum test on the median concentra-
tions of suspended sediments and nutrients at base flow, pre- and post-BMP

periods, Brewery and Garfoot Creeks, Wis.

[mg/L, milligrams per liter; BMP, best-management practice]

the end of the storm. Some concentration
data for individual storms were estimated
by the relation between concentration and
streamflow. Estimated data samples within
a storm period were kept to a minimum.

Median concentration, mg/L

In many cases, the variability in the

Dependent variable Pre-BMP Post-BMP  Significance level storm loads is large enough to mask poten-
Brewery Creek tial differences in the pre- and post-BMP
Suspended sediment 62.0 546 0.127 periods. In addition, because the pre- and
post-BMP periods arise from different
Total phosphorus 15 12 105 hydrologic conditions, differences in the
Ammonia nitrogen 03 064 872 hydrologic conditions could result in
Garfoot Creek differences that are not a result of the man-
Suspended sediment 375 22.0 016 agement practices. For these reasons, one
solution is to perform regressions relating
Total phosphorus .09 .08 .166 . .
the storm loads to variables representing
Ammonia nitrogen 06 020 001 climatic and seasonal conditions. If the

For Brewery Creek, none of the differences in the
median water-quality concentrations for the pre- and post-
BMP periods were statistically significant at the 0.05 level
(table 5; values less than 0.05 are significant). For Garfoot
Creek, the 41-percent decrease in the median suspended
sediment concentration between the pre- and post-BMP
periods is statistically significant at the 0.05 level (table
5). The 67-percent decrease in ammonia nitrogen median
concentration between the pre- and post-BMP periods also
was statistically significant at the 0.05 level (table 5). The
slight decrease in total phosphorus median concentration
between the pre-and post-BMP periods was not statisti-
cally significant at the 0.05 level (table 5).

Storm Loads

Because a great deal of the annual sediment and nutri-
ent transport occurs during storms, fixed-interval sampling,
particularly at a monthly frequency, may not show changes
resulting from BMP implementation (Walker, 1993). Con-
sequently, mass transport resulting from individual storms
was analyzed. Instantaneous mass transport of a particular
constituent is determined by multiplying streamflow by
the concentration of the constituent and a conversion factor
(Porterfield, 1972). The integration method was then used
to determine the mass transport of each constituent for
each storm (Porterfield, 1972), expressed as a storm load.
Concentration at the beginning of a storm was estimated
from samples collected during previous base-flow periods
between storms. Concentration at the end of the storm
was estimated from samples collected immediately after

independent variables represent the natural

climatologic and seasonal conditions, then

the variability remaining in the regres-
sion residuals represents the combination of lack-of-fit for
the regression model and changes induced by the BMPs.
Because the regression, by design, reduces the variability
in the data, in theory it should be possible to detect smaller
differences between the pre- and post-BMP periods com-
pared to detecting differences in the storm loads.

A number of independent variables were selected,
most of which were based on various measures of precipi-
tation for each distinct rainstorm. These variables included
total rainfall (P), the 15- and 30-minute maximum inten-
sities (I and 1, ), and the Universal Soil Less Equation
(USLE) erosivity index (EI; Wischmeier and Smith, 1978).
Additional precipitation-based measures included the
1-, 3- and 5-day antecedent precipitation (API,, API, and
APL), which is computed as the total rainfall for the 1, 3,
and 5 days prior to the beginning of each storm, respec-
tively. Terms combining total rainfall and the antecedent
precipitation also were considered (for example, P+API, ).
Finally, two seasonal terms were included to allow for
variations arising solely based on the time of year. The sea-
sonal terms were based on the serial date of the storm (T),
using a period of 1 year and both sine and cosine terms to
allow for amplitude and phase-shift estimation.

Preliminary regression results indicated that for many
of the constituents and storms, simple linear regressions
resulted in the prediction of negative storm loads. Because
these negative loads would result in erroneous conclusions
when comparing pre- and post-BMP periods, the final
regressions were based on a logarithmic transformation of
the storm loads, thus assuring that negative loads cannot be
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predicted. For each creek and constituent, stepwise regres-
sions were done using the independent variables described
above (table 6). For each regression, additional variables
were considered if the improvement in the resulting regres-
sion was considered large enough to warrant the use of
additional variables. In addition, various regression plots
were examined to verify that the underlying assumptions
of regression analysis were not violated.

For both Brewery and Garfoot Creeks, the median
storm loads for all three constituents for the pre-BMP and
post-BMP periods are listed in table 7. The two periods
were compared statistically by means of the Wilcoxon
rank-sum test as described previously. Along with the test
applied to the storm loads, the regression residuals also
were tested for differences between the pre- and post-BMP
periods (table 7). If the regressions represent the variability
due to natural factors, a difference in the regression residu-
als could be attributed directly to a difference due to the
BMPs.

For Brewery Creek, ammonia nitrogen was the only
median storm load that decreased, and the decrease was
not statistically significant at the 0.05 level (table 7).

There are three potential reasons that the differences are
not statistically significant. First, the difference may be
due entirely to chance, so the difference is not a result of
the BMPs. Second, differences in the underlying natural
conditions (precipitation amount and intensity, seasonal

distribution of storms, and so forth) between the pre- and
post-BMP periods may be obscuring a real difference.
Third, the variability in the data may be large enough to
obscure a real difference. For the first two reasons, there is
no way to determine whether a nonsignificant difference
is due to chance or differences in the underlying condi-
tions. Because the regression residuals will have a smaller
variability (the regression removes some of the variability
through the relation with the independent variables), test-
ing the regression residuals could reduce the variability
enough to reveal a true difference between the two periods.
For Brewery Creek, this result appears to be the case for
ammonia nitrogen, where the difference in storm load
residuals between the pre- and post-BMP periods is statis-
tically significant at the 0.05 level (table 7). Therefore, for
ammonia nitrogen, the difference in pre- and post-BMP
conditions is likely due to the BMPs installed.

For Garfoot Creek, only the median storm load for
ammonia nitrogen shows a statistically significant differ-
ence between the pre- and post-BMP periods (table 7).
The decrease in ammonia nitrogen was 66 percent. The
test applied to the regression residuals shows that the
differences in load residuals for both total phosphorus
and ammonia nitrogen are statistically significant at the
0.05 level (table 7). Therefore, the reduction in pre- and
post-BMP conditions for total phosphorus and ammonia
nitrogen is likely due to the BMPs installed.

Table 6. Regression results for storm loads at Brewery and Garfoot Creeks, Wis.

[P, total rainfall; EI, Universal Soil Loss Equation Erosivity Index; API , antecedent rainfall n days before the storm; I , n-minute maximum precipitation
intensity; T, starting date of streamflow period, in years since 1904; cos( ), trigonometric cosine function; sin( ), trigonometric sine function; R?, fraction

of variation explained by the regression]

Independent Standard error,
Dependent variable variables Sample size Adjusted R? Standard error percent
Brewery Creek
Suspended sediment P+API, T, 5> cos(T), 29 0.829 0.733 34
sin(T)
Total phosphorus P+API, I, cos(T), 26 790 .672 16
sin(T)
Ammonia nitrogen  EI, cos(T), sin(T) 24 .635 946 31
Garfoot Creek
Suspended sediment P+APL, L, , cos(T), 31 .651 137 28
sin(T)
Total phosphorus P+API, cos(T), 33 594 748 17
sin(T)
Ammonia nitrogen  P+APIL, cos(T), 31 .642 613 20

sin(T)




Effects of Specific Management
Practices

Concentrations of nutrients and sediment observed
during base-flow conditions and storms can be reduced
by BMPs. For the purpose of discussion, BMPs can be
divided into five main categories: animal-waste-
management systems, fencing, streambank protection,
nutrient management, and upland-control practices
(University of Wisconsin Extension, 1998). Because each
watershed is affected by a mixture of BMPs and each BMP
has varying success in controlling different aspects of
water quality, it is useful to consider a matrix of interac-
tions between the BMPs and the potential water-quality
change caused by BMPs. In this matrix (table 8), the
direction of each arrow indicates whether the water quality
is likely to improve (downward indicating a decrease in
concentration) or degrade (upward indicating an increase
in concentration). The size of each arrow indicates how
likely the BMPs would be to change the water quality of
the stream. A small arrow indicates some effect on the
water quality but may not cause a significant change. A
large arrow indicates likelihood of significant change in
water quality. A horizontal bar indicates that the BMP may
have little effect or an unknown effect on the stream-water
quality. A separate matrix for a generalized watershed, for
the Brewery Creek watershed and for the Garfoot Creek
watershed, is included in table 8. The last row under each
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of the matrices indicates the observed effect for Brewery
Creek and Garfoot Creek watersheds of the implementa-
tion of BMPs in the watershed.
Animal-waste-management systems are used to con-
trol phosphorus and ammonia nitrogen loading to a stream.
BMPs for controlling barnyard wastes include directing
clean surface water around the barnyard, constructing set-
tling basins or filter walls, and establishing vegetated filter
strips (University of Wisconsin Extension, 1998). Con-
trolling animal wastes should have a noticeable effect on
storm loads of phosphorus and ammonia nitrogen by elimi-
nating the direct runoff of manure and urine (table 8). The
effect on the base-flow water quality may be less. Streams
that flow through a barnyard or that are directly connected
to a barnyard by a ditch or pipe can achieve reductions in
the base-flow concentration of phosphorus and ammonia
nitrogen by eliminating this waste stream. On the other
hand, animal-waste systems that emphasize infiltration into
the ground-water-flow system may increase the base-flow
concentrations of phosphorus. Animal-waste-management
systems should have little or no effect on the suspended-sed-
iment concentration or suspended sediment load (table 8).
By restricting access of cattle, streambank fencing
allows vegetative stabilization of the streambank. This
stabilization should reduce bank erosion during high flows
and should lead to lower suspended-sediment and total-
phosphorus loads. Base-flow suspended-sediment
concentrations also should be reduced if cattle access

Table 7. Results of the Wilcoxon rank-sum test comparing storm loads and storm-load residuals for pre- and post-BMP

periods at Brewery and Garfoot Creeks, Wis.

[BMP, best management practice]

Median storm loads, pounds*

Storm load residuals

Dependent variable Pre-BMP Post-BMP g:;c:ri]zz Sigr:g\i/(;?nce cl))fi(r;(;tri](;r; Signlg\i/(;mce

Brewery Creek

Suspended sediment 34 4.9 Increase 0.244 Increase 0.930

Total phosphorus 46.6 55.1 Increase .696 Increase .959

Ammonia nitrogen 29.8 9.0 Decrease 292 Decrease .026
Garfoot Creek

Suspended sediment 16.6 6.6 Decrease .149 Decrease 280

Total phosphorus 114 38.8 Decrease .066 Decrease .044

Ammonia nitrogen 36.6 12.5 Decrease .006 Decrease .005

'Suspended-sediment loads are in tons
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Table 8. Matrix of interactions between BMPs and different aspects of water quality, with statistical tests results from comparing
pre- to post-BMP periods for a generalized watershed, and Brewery and Garfoot Creek Watersheds, Wis.

[BMP, best-management practices; N/C, no change; %, percent; --, no expected affect on water quality]

Statistically significant improvement in water quality expected
Improvement in water quality expected
4+ Water quality could either improve or degrade

4 Degradation of water quality expected

Sediment Phosphorus Ammonia nitrogen

Best management practices Base flow Storm Base flow Storm Base flow Storm

Generalized Watershed

Animal-waste-management systems - - + +

Fencing -
Streambank protection - -
Nutrient management - .

Upland-control practices - - -

Brewery Creek Watershed

Sediment Phosphorus Ammonia nitrogen
s:aasét?;aerslagement St(?/zl;s Base flow Storm Base flow Storm Base flow Storm
Animal-waste-management 75 - - + 1+

systems
Fencing 0 . - . — -
Streambank protection 90 - - - -
Nutrient management 50 - - - -
Upland-control practices 20 - 4 - -
Observed effect N/C N/C N/C N/C N/C
Garfoot Creek Watershed

Sediment Phosphorus Ammonia nitrogen
sreas étriréaer;agement St(?/(t);ls Base flow Storm Base flow Storm Base flow Storm
Animal-waste-management 70 - Y

systems
Fencing 100 -
Streambank protection 100 -
Nutrient management 30 - - . -
Upland-control practices 20 . 4 4 - -

Observed effect N/C N/C




to the channel and streambank is restricted. Base-flow
concentrations of ammonia nitrogen and total phosphorus
from animal waste could be reduced by not allowing cattle
direct access to the stream.

Streambank-protection practices include stabilizing
shoreline, shaping and seeding streambanks, and reha-
bilitating fishery habitat (University of Wisconsin Exten-
sion, 1998). Streambank-protection systems typically will
reduce erosion by restricting cattle access and stabiliz-
ing eroded streambanks. By protecting the streambanks,
sedimentation and nutrient delivery to the stream (that
is, phosphorus attached to soil particles) will be reduced.
Base-flow sediment concentration and sediment storms
loads should be reduced after implementation of stream-
bank protection (table 8). Phosphorus base-flow concen-
tration and storm loads may be reduced by implementa-
tion of streambank protection, but the effect will be less
than the effect on suspended-sediment concentration and
storm load (table 8). Ammonia nitrogen concentration in
base-flow streamflow and storm loads should be affected
minimally by streambank protection (table 8).

Nutrient-management practices (University of Wison-
sin—Extension, 1998), which include use of recommended
fertilizer and manure application rates, should reduce
phosphorus and ammonia nitrogen concentration and loads
during both base-flow and storm conditions (table 8).
Nutrient management should have no effect on suspended
sediment.

Upland-protection practices, which are designed to
prevent and control sheet and rill erosion, include changes
in crop rotation, change of permanent cover, minimum or
reduced tillage, contour and strip cropping, and grassed
waterways. The main effect on streamwater quality from
upland protection will be to reduce suspended-sediment
concentration and loads during storms (table 8). Phospho-
rus storm loads also will be reduced if the soil-attached
phosphorus is a major contributor to the stream phospho-
rus load. Because upland-protection practices encourage
infiltration, they potentially could increase concentrations
of phosphorus in the ground-water system, which could
increase base-flow concentrations.

In Brewery Creek, 80-95 percent of the suspended
sediment reaching Brewery Creek was estimated to be
from eroding cropland (Wisconsin Department of Natural
Resources, 1989). Because the level of upland protec-
tion was low (20 percent) of the potential land area, the
expected effects from these practices would be diminished
(table 8). For this watershed, only ammonia nitrogen
during storms showed a statistically significant decrease
between the pre- and post-BMP periods (table 8). The

Effects of Specific Management Practices 21

source of ammonia nitrogen to the stream is likely from
animal waste. The sources of total phosphorus load to the
stream are barnyards and soil with attached phosphorus.
Even though 70 percent of the barnyards were controlled
by runoff-control systems and removal of livestock, the
potential improvement in total-phosphorus loads are
likely being masked by a continuing supply of phosphorus
attached to sediment from upland erosion of croplands.
Benefits of the BMPs also may be masked by location of
controlled barnyards. These barnyards are off the main
stem of Brewery Creek, so the effects of the controls may
not be apparent at the gaging station and watershed outlet.
An estimated 90 percent of sediment reaching
Garfoot Creek was from eroding croplands (Wisconsin
Department of Natural Resources, 1989). Only 20 percent
of upland protection was implemented in the watershed.
With this low level of upland protection implemented, a
decrease in suspended-sediment loads during storms is
expected (table 8). Yet, for this watershed, both suspended-
sediment and ammonia nitrogen concentrations in base
flow decreased significantly between the pre- and post-
BMP periods. A major source of ammonia nitrogen to the
stream is from animal waste (Wisconsin Department of
Natural Resources, 1989). Barnyard-runoff controls were
implemented at five of seven eligible barnyards. Garfoot
Creek flowed through two of these barnyards, and a third
drained directly to the creek (fig. 3). After the barnyard
controls were implemented, this source of ammonia nitro-
gen during base-flow periods was eliminated, and the post-
BMP ammonia nitrogen was less than the pre-BMP period.
Suspended-sediment concentration also was reduced,
as indicated by comparing pre- and post-BMP implemen-
tation low-flow periods. One of the management practices
implemented was fencing. Approximately 1 mile of fenc-
ing was installed along Garfoot Creek (table 1 and table 8),
most of it along the main stem. The watershed plan
(Wisconsin Department of Natural Resources, 1989) indi-
cated that streambank erosion along Garfoot Creek was
minimal but cattle had access to two sites with eroding and
trampled banks and one site controlled by fencing. Fenc-
ing also is a component of barnyard controls. A barnyard
directly upstream from the gage was controlled, and ani-
mals were excluded from the stream except at a watering
area. Fencing the stream prevents animals from wading
in the stream and resuspending sediment that would be
transported downstream during base flow.
Total-phosphorus and ammonia-nitrogen loads during
storms in the Garfoot Creek watershed showed a statisti-
cally significant decrease between the pre- and post-BMP
periods. An important source of total phosphorus and
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ammonia nitrogen in the Garfoot Creek watershed is ani-
mal waste (Wisconsin Department of Natural Resources,
1989). In the Garfoot Creek watershed, five of seven
barnyards had runoff-control systems implemented. These
five barnyards all were along the main stem of Garfoot
Creek (fig. 3), and two of these had the highest estimated
barnyard phosphorus loads in the watershed (Wisconsin
Department of Natural Resources, 1989). Controlling these
barnyards resulted in a significant reduction of nutrient
loads in the streams.

In contrast, the barnyard BMPs that were installed in
the Brewery Creek watershed were effective in reducing
the storm loads of ammonia nitrogen but were not effec-
tive in reducing the total phosphorus loads. The source of
total phosphorus in the Brewery Creek watershed is from
animal waste and phosphorus that is attached to sediment.
The suspended sediment in the Brewery Creek watershed
is fine (silt and clay) and has a greater capacity to bind
total phosphorus than the coarse-grained sediments (sand)
that predominate in the Garfoot Creek watershed. The
installed barnyard-control systems have reduced the total
phosphorus loads from animal waste but would not have
controlled the total phosphorus load that is transported to
the creek from upland erosion. Therefore, the Brewery
Creek watershed likely will continue to be a source of
phosphorus, either as direct overland transport or from
resuspended sediment in the channel.

Suspended-sediment loads during storms did not
show a significant decrease between the pre-and post-BMP
periods at either the Brewery Creek or Garfoot Creek
watershed. At Garfoot Creek, there was a statistically sig-
nificant decrease in the suspended-sediment concentration
during base-flow periods. At high flows, the suspended
sediment that has been deposited in the channel previ-
ously (years of deposition) probably is being resuspended.
To detect a significant difference between the pre-and
post-BMP periods, suspended-sediment monitoring likely
would have to continue for years in the future.

The effects of the BMPs on water quality are water-
shed specific. The effectiveness of the BMPs will depend
on the type, number, and location of the controls imple-
mented. In addition, the sources of the contaminants to
the watershed will determine whether the practices are
effective. If the soil substrate is sandy and barnyards are
numerous, then the source of total phosphorus will be from
animal wastes, and barnyard controls may be highly effec-
tive (Garfoot Creek). If the soils are transported easily and
the source of phosphorus is from phosphorus attached to
soil particles, then barnyard controls may not be as effec-
tive (Brewery Creek).

Summary and Conclusions

The U.S. Geological Survey, in cooperation with
the Wisconsin Department of Natural Resources, began a
comprehensive, multi-disciplinary evaluation-monitoring
program in 1989 to assess the effectiveness of the Wiscon-
sin Nonpoint Source Program. Hydrologic and water-qual-
ity data were collected at Brewery and Garfoot Creeks in
1984 and 985 (pre-BMP period) and 1997 and 1998 (post-
BMP period). BMPs installed in these two basins included
conservation tillage, contour strip-cropping, streambank
protection, and various barnyard-runoff controls.

Water-quality samples were collected during base-
flow and storm conditions for two periods: pre- and post-
BMP implementation. Samples were analyzed for sus-
pended sediment, total phosphorus, and ammonia nitrogen.
At Brewery Creek, no statistically significant differences
were found in the median concentrations of the water-
quality constituents at base flow between pre- and post-
BMP periods. At Garfoot Creek, the median suspended-
sediment concentrations between the pre- and post-BMP
periods decreased by 41 percent, and the difference is
statistically significant at the 0.05 level. The median
ammonia nitrogen concentrations of base-flow samples
between the pre- and post-BMP periods decreased by
67 percent, and the difference was statistically significant
at the 0.05 level. No statistically significant difference in
the median total phosphorus concentrations was found at
base flow between the pre- and post-BMP periods.

For both Brewery and Garfoot Creeks, the median
storm loads for suspended sediment, total phosphorus, and
ammonia nitrogen were compared statistically by means
of the Wilcoxon rank-sum test. This test was also applied
to the regression residuals for differences between the
pre- and post-BMP periods. The regression represented the
variability due to natural factors; a difference in the regres-
sion residuals could be attributed directly to a difference
due to the BMPs.

For Brewery Creek, differences between the pre- and
post-BMP median storm loads were not statistically sig-
nificant at the 0.05 level for any of the three constituents
described above. There was a decrease, however, in the
regression residuals for ammonia nitrogen between the
pre- and post-BMP periods that was statistically significant
at the 0.05 level. This difference is likely attributed to the
installed BMPs. For Garfoot Creek, only the median load
for ammonia nitrogen showed a statistically significant
difference between the pre- and post-BMP periods.
Significant differences also were observed in the



storm-load residuals for both total phosphorus and ammo-
nia nitrogen. It appears that the implementation of BMPs
in the Garfoot Creek watershed is improving the water
quality of that stream. The reduction in the pre- and post-
BMP periods is likely due to the installed BMPs.

The overall results for the effectiveness of BMPs are
mixed. In this study, the Garfoot Creek watershed showed
more improvement in water quality than the Brewery
Creek watershed. The Garfoot Creek watershed was fenced
extensively, and most of the planned barnyard practices
were installed. Fencing the stream corridor may have the
greatest effect on constituent concentrations at base flow.
Keeping animals out of the stream will allow banks to
revegetate, and bank erosion will be reduced; stream-bot-
tom sediments will not be resuspended, and animal waste
will not be deposited directly in the stream. Fewer BMPs
were installed in the Brewery Creek watershed, which may
account for less improvement in water quality.
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