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ABSTRACT

The Rouge River basin is an urban/suburban watershed of 48 communities that drains
466 square miles of southeastern Michigan and discharges into the Detroit River. The
Rouge suffers from typical urban watershed stressors including discharges from
combined sewer overflows (CSOs), sanitary sewer overflows (SSOs), non-point sources,
limited industrial discharges, contaminated sediments and high flow variability. These
factors have resulted in public health advisories for fish consumption and water
recreation, poor biotic communities, impoundment eutrophication, and damage to the
stream channel morphology.

The Rouge River National Wet Weather Demonstration Project (Rouge Project), funded
by the United States Environmental Protection Agency (USEPA) through Wayne
County’s Department of Environment, was initiated in 1992 to address these
impairments. The project implemented an intensive monitoring program to assess
existing conditions, identify primary pollution sources, and track long-term trends.
Components of the program include continuous monitoring of dissolved oxygen (DO),
water temperature, stream flow, and rainfall; intermittent dry and wet weather water
quality sampling; and periodic assessments of the trophic status of major impoundments,
stream geomorphology, sediment quality, and macro-invertebrate populations. After ten
years, the sampling program has generated over 15 million records of data.

Sampling conducted during the first few years of the project showed that E. coli bacteria
concentrations were well above the Michigan Department of Environmental Quality
(MDEQ) water quality standards for both full and partial body contact recreation. DO
deficiencies were prevalent particularly downstream of CSO areas and in river reaches
with low stream flow. Nutrient concentrations were high particularly in impoundments,
and one of the impoundments was contaminated by Poly-chlorinated biphenyls (PCBs).

The Rouge Project implemented several watershed management activities to address
these concerns, including construction of ten CSO retention treatment basins, sewer
separation in six communities, participation of all 48 communities in a watershed-wide
storm water management permit program, and several local remediation projects
including the dredging of the PCB-contaminated impoundment, reconnection of an
oxbow to a channelized portion of the river, and community illicit discharge detection
programs.

To evaluate the effectiveness of watershed management activities, DO and E. coli
bacteria data collected from 1994 to 2002 were assessed using two different trend



analysis techniques, linear regression and Seasonal Kendall analysis. At all locations
with representative data substantial improvements in DO have been observed during both
wet and dry weather conditions. In 2002, seven of the eight continuously monitored DO
locations met the State DO standard more than 80 percent of the time.

E. coli bacteria concentrations are also improving, particularly downstream of now
controlled CSO outfalls. However, most locations are still not meeting State water
quality standards and a number of locations in the headwaters and downstream of still
uncontrolled CSO outfalls are showing potentially degrading trends. Although these
results clearly demonstrate that implemented watershed management activities have been
successful, it is evident that continued diligence in addressing remaining water quality
pollution sources is necessary and should lead to continued improvement.
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INTRODUCTION

The Rouge River basin is an urban/suburban watershed of 48 communities that drains
466 square miles of southeastern Michigan and discharges into the Detroit River. The
Rouge suffers from typical urban watershed stressors including discharges from
combined sewer overflows (CSOs), sanitary sewer overflows (SSOs), non-point sources,
limited industrial discharges, contaminated sediments and high flow variability. These
factors have resulted in public health advisories for fish consumption and water
recreation, poor biotic communities, impoundment eutrophication, and damage to the
stream channel morphology.

The Rouge River National Wet Weather Demonstration Project (Rouge Project), funded
by the USEPA through Wayne County’s Department of Environment, was initiated in
1992 to address these impairments. The project implemented an intensive monitoring
program to assess existing conditions, identify primary pollution sources, and track long-
term trends. Components of the program include continuous monitoring of dissolved
oxygen (DO), water temperature, stream flow, and rainfall (15 minute intervals);
intermittent dry and wet weather water quality sampling, and periodic assessments of the
trophic status of major impoundments, stream geomorphology, sediment quality, and
macro-invertebrate populations.

Pollution from CSOs was identified as a major priority, with non-point source pollutants
such as storm water runoff, discharges from illicit connections, discharges from failed on-
site septic systems, and other sources further impeding attainment of water quality
standards. CSO control activities included the construction of ten retention treatment
basins (RTB) and six sewer separation projects, most of which were completed by early



1999 and have resulted in a 51 percent reduction in CSO impacted stream miles.
Watershed management activities to address non-point sources included:

o the elimination of on-site sewage disposal systems,

o illicit discharge elimination programs,

o stormwater management BMPs,

e  downspout disconnection programs,

. pollution prevention and good housekeeping practices,

. reduction of pollutants to the separated storm system,

. reduction of the use of pesticides, herbicides, and fertilizers, and
o public information and education programs.

Since a primary objective of the Rouge Project monitoring program is to evaluate the
effectiveness of implemented watershed management activities by assessing water
quality improvements, two different trend analysis techniques have been applied to
evaluate long term changes in dissolved oxygen (DO) and E.coli bacteria concentrations
using data collected from 1994 through 2002.

METHODOLOGY

The Rouge River sub-watershed or storm water management area (SWMA) map in
Figure 1 shows the water quality monitoring locations included in trend analysis and the
location of the ten CSO RTBs that were constructed. The trend tests included linear
regression of water quality concentration over time and the Seasonal Kendall test, which
extracts seasonality factors contributing to water quality conditions by evaluating yearly
changes in monthly average concentrations. Both tests were run for wet and dry weather
data collectively and independently, using average concentrations and the percent greater
than 5 mg/L for DO and the percent less than 1000 cfu/100 ml for E. coli (Michigan’s
partial body contact standard).

The linear regression method calculated a trend line using a least squares fit through the
time series data points as shown in Figures 2 through 6. Since E. coli concentrations are
more log normal, an exponential fit was applied using a semi-log scale. DO trend
analysis included all locations where representative continuously monitored data were
available and included any grab DO sampling records that were available for those
locations. Regression plots were generated for daily average DO (Figure 2), monthly
May through October wet and dry weather daily average DO (Figures 3-4) and the
percent of the daily DO measurements greater than or equal to 5 mg/L for all, dry, and
wet weather samples (Figure 5). E.coli regression plots (Figure 6) were generated for all
representative grab sampling locations and included trend tests for the geometric mean
for all weather samples and wet and dry weather independently as well as a test for
change in the percent less than or equal to 1000 cfu/100mL.

A trend is defined as an increasing or decreasing change over time. Both tests calculate
an average trend statistic, indicating the magnitude of the change and a probability



statistic (P), indicating the certainty of the trend. A P-value of 0.01, for example,
indicates a 99 percent probability that the true trend differs from 0 or no trend. The
regression trend statistic is in the form of a slope, reported in mg/L per year for DO and
as a percent improvement per year for E. coli. The Seasonal Kendall analysis reports the
Kendall Tau statistic, indicating the strength of the trend and ranges from-1to +1. A-1
indicates a strong decreasing trend whereas a +1 indicates a strong increasing trend.



Figure 1 - Trend Analysis Sampling Locations
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For assessment purposes, the trend analysis results were ranked as increasing, potentially
increasing, none (no statistically significant trend), potentially decreasing, and decreasing
based on the following criteria:

. Increasing = increasing trend with P <= 0.05,

. Potentially increasing = increasing trend with P>0.05 and <=0.20,

o No statistically significant trend = P>0.20,

. Potentially decreasing = decreasing trend with P>0.05 and <=0.20, and
o Decreasing = decreasing trend with P <= 0.05.

For average DO, percent DO greater than or equal to 5 mg/L, and E. coli less than or
equal to 1,000 cfu/100ml an increasing trend equates to an improvement in water quality.
For the E.coli geometric mean an increasing trend equates to degrading water quality.

Since all locations were not sampled all years during both dry and wet conditions, many
locations have inadequate data for detecting statistically valid trends over the time period
when watershed management activities were implemented. It should also be noted that
the magnitude of the trend statistic is relative to the baseline condition for each site. For
example, a site that had good water quality to begin with is unlikely to show much of an
improving trend as water quality approaches pristine conditions. Similarly, it is
important to recognize that the average trend statistic is representative of the period of
available data and not necessarily a prediction that water quality will continue to change
at the same rate in the future.

Figure 2 - Military Rd. (L05) DO Daily Averages - All Weather Samples, 1994-2002
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Figure 3 - Military Rd. (LO5) DO Daily Averages - Wet and Dry Weather Samples, May-

July 1994-2002
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Figure 4 - Military Rd. (LO5) DO Daily Averages - Wet and Dry Weather Samples,

August-October 1994-2002
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Figure 5 - Military Rd. (LO5) Percent of Daily DO >= 5 mg/L 1994-2002
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Figure 6 - E. coli - Dry and Wet Weather Samples, 1994-2002
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DISSOLVED OXYGEN TREND ANALYSIS RESULTS

Trend analysis results clearly demonstrate that DO concentrations are improving in the
Rouge River Watershed during both wet and dry weather conditions. Tables 1 through 4
summarize the results of the regression and Seasonal Kendall analyses for daily average
DO and the percent of daily values greater than the State water quality standard of 5
mg/L during wet and dry weather conditions, independently and collectively. Eight of
nine locations show a statistically significant improving trend for the mean DO with the
average annual improvement ranging from 0.07 to 0.53 mg/L per year. The ninth
location, US8, has only been monitored for the past two years and not surprisingly
reported no statistically significant trend. This location is also the most downstream DO
monitoring location in the watershed and is influenced by many uncontrolled CSO
outfalls.

Average DO trend results are summarized in Figures 7 and 8 for the linear regression and
Seasonal Kendall tests showing the proximity to CSO basins and now controlled CSO
outfalls. Locations with no statistically significant trend are not shown on the maps. In
general, the Seasonal Kendall test appears to be more sensitive to statistical significance,
most likely due to the fact that the Seasonal Kendall analysis was conducted using
monthly average DO, whereas the linear regression test used daily average DO. Analysis
of monthly DO plots similar to those shown in Figures 3 and 4, indicate that most
locations are improving during all seasons with the possible exception of U05 and US5
where improvement is more pronounced in cooler months.

Trend analysis results for the percent of daily DO measurements greater than the State
water quality standard of 5 mg/L also shows that conditions are improving, particularly in
the Lower Rouge River. In 2002, seven of the eight continuously monitored locations
met the State standard more than 80 percent of the time. Analysis of regression plots
similar to Figure 5 show that the DO at US5 is typically above the 5 mg/L standard,
making the no trend result an indication that water quality does not appear to be
threatened at this location. The potentially degrading trend at G45 is similarly
misleading. DO is typically above the water quality standard at this location and
continuous monitoring was discontinued in 1999. Only grab samples were collected in
recent years with one grab sample taken during an upstream lake restoration project
involving dredging, resulting in one measurement below the standard and skewing the
trend analysis result. This situation emphasizes the importance of designing a consistent
and systematic monitoring program including a critical review of supporting time series
plots when conducting trend analysis studies.

Figure 9 shows a summary of the DO trend analysis results for each Rouge SWMA. This
bar chart represents the average improvement in DO per year for wet and dry weather
conditions over the period of available data. The Middle 1 and Lower 1 SWMAs are not
represented in the chart because available DO data in these SWMAs was not suitable for
trend analysis. DO concentrations have improved substantially at all locations evaluated,
with the Lower 2 showing the most improvement of over 0.3 mg/L per year for both wet
and dry weather conditions.



Table 1 - Dissolved Oxygen All, Dry, and Wet Weather Samples - Regression Analysis of Daily Average Dissolved Oxygen (mg/L)
- (Sites are ordered upstream to downstream)

All Dry Wet
Improvement Improvement Improvement
Mumber of |  per Year Mumber of | per Year Mumber of | per Year

SWhi& |Field ID |Location Samples {mgfL) Pvalue Trend Samples (mg/L) DPvralue Trend Samples {mgfL) Dovalue Trend
Main 1-2 | G45  |Main Rouge River 23402 0.34 <0.01 I 19,251 035 <0.01 I 3,747 075 <0.01 I
Main 1-2 | W03 |Main Rouge River 76,728 0.17 =0.01 I 51,085 0.1% <0.01 I 16,408 0.10 0.03 I
MMain 1-2 | TS5 |Main Rouge River 70,041 0.21 =0.01 I 51,652 0.1% <0.01 I 18,160 0.30 =0.01 I
Main 3-4 | TS7 |Main Rouge River 129,923 0.17 =0.01 I 81,125 0.1% <0.01 I 47416 0.18 =0.01 I
Ifain 3-4 | USE |Main Fouge River 30,370 -011 0.4% none 17.078 0.0z 053 none 12,513 -0.14 0.55 fone
Upper 05 |Upper Rouge River 125,449 011 =0.01 I 81,496 0.0% <0.01 I 36,195 0.15 <0.01 I
Middle 3 D06 |Middle Rouge River 126,815 0.07 <0.01 I 70,354 0.07 <0.01 I 40,830 0.10 <0.01 I
Lowrer 2 L0& |Lower Rouge River 33717 0.53 =0.01 I 21,759 045 <0.01 I 6,777 0.56 =0.01 I
Lower 2 L05 |Lower Rouge River 130,026 033 =0.01 I 87,890 032 <0.01 I 38,395 0.30 =0.01 I
Note: In Trend column, D = decreasing trend, PD = potentially decreasing trend, | = increasing trend, P1 = potentially increasing trend, ID = insufficient data, none =

no statistically significant trend

Table 2 - Dissolved Oxygen All, Dry, and Wet Weather Samples - Regression Analysis of the Percent of Values Greater Than 5
(mg/L) - (Sites are ordered upstream to downstream)

All Dry Wet
Humber of Yo MNumber of Y MNumber of Y
WA |Field ID | Location Samples | Improvement Pvalue Trend Samples | Improvement Dvalue Trend Samples | Improvement Pvalue Trend
Main 1-2 | G45  |[Main Rouge River 23,402 -0.6 0.17 PD 19,251 -0.7 0.1% PD 3747 03 036 none
Mfain 1-2 | W03 |Main Rouge River 76,728 2.1 <0.01 I 51,095 2.1 <0.01 I 16,408 2.1 <0.01 I
Ifan 1-2 T35 [Main Fouge River 70,041 0.0 0.25 none 51,652 0.0 0.27 none 18,160 0.0 0.53 none
Mfain 3-4 | TUST7 |Main Rouge River 129,923 2.8 <0.01 I 81,125 2.9 <0.01 I 47416 33 <0.01 I
MMain 3-4 | TUSE |Main Reouge River 30,370 2.9 0.21 note 17,078 5.2 0.12 PI 12,513 -1.0 075 note
Upper 05 |Tpper Eouge River 125,449 0.2 048 none 81,496 -0.3 0.47 none 36,195 12 =0.01 I
Middle 3 D06 [Middle Rouge River 126,815 1.1 <0.01 I 70,354 07 <0.01 I 40,330 2.0 <0.01 I
Lower 2 L0& |Lower Fouge River 33,717 12.8 <0.01 I 21,75% 12.3 <0.01 I 6,777 8.8 <0.01 I
Lower 2 L05 |Lower Fouge River 130,026 57 <0.01 I 87,850 55 <0.01 I 38,395 55 <0.01 I
Note: In Trend column, D = decreasing trend, PD = potentially decreasing trend, | = increasing trend, Pl = potentially increasing trend, ID = insufficient data, none =

no statistically significant trend




Table 3 - Dissolved Oxygen All, Dry, and Wet Weather Samples - Seasonal Kendall Analysis of the Monthly Average Dissolved
Oxygen (mg/L) - (Sites are ordered upstream to downstream)

All Dry Wet
Field HMurber of Mumber of Munber of

=Whis | ID |Lecaton Samples TAT Probability | Trend Samples TATT Probability | Trend Samples TATT Probability | Trend
bdain 1-2 |G45 |Main Rouge Biver 23,402 -0.20 027 MNone 12,251 -0.17 0.37 Ione 3,747 0.6 0.10 FI
Ilam 1-2 | M03 | Wfam Bouge River 76,728 0.35 =0.01 I 51,095 0.28 0.02 I 16,408 0.40 0.01 I
Ilain 1-2 |US5 | Dlain Bouge Biver 70,041 0.33 0.06 P1 51,6352 0.13 0.48 Hone 18,160 0.35 0.0& FI
Ilam 3-4 |US7 | Dlam Eouge River 129,923 0.18 011 1 81,125 0.21 0.06 1 47416 0.07 0.57 IMone
Ilain 3-4 |TSE |Wfan Rouge River 30,370 -0.33 0.68 MNone 17,078 -0.60 0.37 Mone 12,513 -0.33 0.68 Mone
Upper U053 |Upper Eouge Eiver 125,445 0.01 0453 MNone 21,496 -0.04 075 HNone 36,195 0.02 0.50 Hone
IMliddle 3 |D0O6  (Widdle Rouge Bwver | 126,815 0.0%9 0.43 Mone 70,354 0.0% 0.45 Mone 40,830 0.08 0.51 Mone
Lower 2 |L06&  |Lower Eouge BEiver 33,717 0.42 =0.01 I 21,759 0.41 =0.01 I 6,777 0.38 0.04 I
Lower 2 |L0S  |Lower Eouge Biver 120,026 0.40 =0.01 I 87,890 041 =0.01 I 38,395 0.40 <0.01 I
Note: In Trend column, D = decreasing trend, PD = potentially decreasing trend, | = increasing trend, Pl = potentially increasing trend, ID = insufficient data, none = no statistically significant trend

Table 4 - Dissolved Oxygen All, Dry, and Wet Weather Samples - Seasonal Kendall Analysis of the Percent of Values Greater
Than 5 (mg/L) - (Sites are ordered upstream to downstream)

All Dry Wet
Field IMumber of Mumber of HMumber of
SWhA | ID |Location Samples TATT Probability |  Trend Samnples TATT Probabiity |  Trend Sarnples TATT Probability |  Trend
Main 1-2 |G45 |Man Fouge Biver 23,402 -0.02 1.00 Hone 19251 -0.02 1.00 None 3747 0.0% 1.00 Ione
Mfain 1-2 (303 |Wfain Rouge River 76,728 048 <0.01 I 51,095 0.40 <=0.01 Mone 16,408 0.40 =0.01 I
Dlain 1-2 (TS5 |Wlain Eouge Biver 70,041 -0.07 0.65 MNone 31,652 0.00 1.00 None 18,160 -0.0& 0.67 Hone
Mulain 3-4 (TS7 | Wfain Rouge River 129,923 023 0.04 I 31,125 0.18 0.10 T 47 416 0.18 011 1
Mfain 3-4 (TSE | Wfain Rouge River 30,370 0.17 1.00 None 17,078 0.20 1.00 MNone 12,513 -0.17 1.00 Mone
Upper  [T05 (Upper Eouge Eaver 125,449 -0.0% 043 MNone 21,456 -0.15 019 D 36,195 -0.06 0.60 MNone
Lfiddle 3 (D06 |Wliddle Rouge River | 126,815 0.1% 0.09 II 70,354 0.08 044 Mone 40,830 0.15 021 Mone
Lower 2 |LO6 |Lower Eouge Biver 33,717 0.55 <=0.01 I 21,758 0.54 =0.01 I 6,777 0.74 0.01 I
Lower 2 |LOS  |Lower Rouge River | 130,026 0.45 <0.01 I 27,890 042 <=0.01 I 38,395 0.4z =0.01 I

Note: In Trend column, D = decreasing trend, PD = potentially decreasing trend, | = increasing trend, Pl = potentially increasing trend, ID = insufficient data, none = no statistically significant trend



Figure 7 - Dissolved Oxygen All Weather Samples - Regression Analysis of the Daily
Average Dissolved Oxygen (mg/L)
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Figure 8 - Dissolved Oxygen All Weather Samples - Seasonal Kendall Analysis of
the Monthly Average Dissolved Oxygen (mg/L)
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Figure 9: Average DO Improvement per Year by SWMA
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BACTERIA TREND ANALYSIS RESULTS

E. coli trend analysis results generally showed improvement directly downstream of most
watershed management activities, particularly downstream of now controlled CSO
outfalls during wet weather. Some locations were identified where E. coli concentrations
may be increasing. These sites were generally located near the headwaters in areas still
being developed or in areas still impacted by CSOs. Although improving, most locations
are still not meeting State water quality standards for E. coli total or partial body contact
recreation.

Tables 5 through 8 summarize the results of the regression and Seasonal Kendall analyses
for the geometric mean and the percent less than or equal to the State partial body contact
water quality standard of 1000 cfu/100mL during wet and dry weather conditions,
independently and collectively. Substantial improvement is occurring at some locations,
whereas many locations are showing little to no change and some locations may be
getting worse. Figures 10 and 11 summarize the geometric mean results spatially and in
relation to the CSO control activities performed within the watershed for dry and wet
weather conditions, respectively. More improvement is clearly being observed during
wet weather conditions, indicating that CSO control projects have resulted in substantial
water quality improvements. Most of the potentially degrading conditions during dry
weather appear to be in the headwaters where residential and commercial development
are generally expanding or areas where CSO outfalls are still uncontrolled.

Figure 12 summarizes the percent of the E. coli measurements that were less than or
equal to 1000 cfu/100 ml during wet weather conditions. Locations with no statistically
significant trend are not shown on the map. This statistic resulted in fewer sites showing
significant trends largely because even though water quality conditions are improving,
concentrations are still typically above the State’s partial body contact recreation
standard. It is evident that State water quality bacteria standards will not likely be
attained without continued efforts to identify and remedy sources of bacteria to the river.

Figure 13 summarizes the E. coli bacteria trend analysis results, by ranking improving
trends as Good, degrading trends as Poor, and no statistically significant trend as No
Change. The chart presents the percentage of locations in each SWMA that met these
criteria as calculated in the linear regression trend analysis using the monthly geometric
mean E. coli concentration. The Lower 2 and Main 1-2 are showing the most
improvement with an average of 63 percent and 50 percent of the locations improving,
respectively.



Table 5 - E. coli All, Dry, and Wet Weather Samples - Regression Analysis of the
Geometric Mean (cfu/100ml) - (Sites are ordered upstream to downstream)

All Dy Wil
Hunaber of | k] Mumber of Y Humber of %
SWA |Field ID | Location Samples | Improvement | Pevalue Trend Samples | Improvement | P-value Trend Samgles | Improvement | P-value Tread
W01 |ham Reuge Biver T3 -1 0.B6 nene &4 1.0 0.86 nene 3 5.0 071 nene
G5 (Miem Roigge Bives 106 336 000 D 73 313 000 D 33 A05 oot D
{ERT] Lnp-oundment @3 268 000 D L3 238 0,00 i) 27 210 026 none
e |48 Mam Rouge River 9 71 0.89 nene 8 364 0.13 D 1 jis] m jix}
- MO3 Wi Rowge Biver 98 176 0oz D L 154 000 D 22 3’1 01a D
E 346 Erantdn Branch 03 27 043 none I <13 016 P 20 288 ooy I
358 |hfam Reuge River &0 133 0.20 D 40 0.1 0.58 none 20 336 0.01 o
Gi47 [Febb:le Cresk 86 az 037 none 62 12 013 1 24 44.2 oot D
UEs Dz Bouge Biver 106 202 0 D 4 =13 083 none 2 49.9 ooy I
M05  |Evans Dach 105 6.2 0.43 none T =57 0.23 none 23 6.2 0.01 ]
MI15 M Rowge Biver 1] 123 03l none 9 126 033 none ] m m m
35 MMam Eowge River 5] B2 noo D 48 150 o4 D 7 319 ooz I
z uEy Dz Bouge Biver ) -111 nz; none 37 -14.3 021 none 13 sy 01z PD
¥} bfam Fouge River 36 1.2 003 D 37 -26 073 none 13 w7 0.0% FD
g M10  |hfam Reuge River 5 <523 0.00 1 3 -4B.0 0.00 1 4 m m bis)
uEs Dz Bouge Biver 23 153 0,50 none 12 =08 0.a7 none 13 i) m i
M12  |hMam Reuge River 3% -344 0.00 1 35 301 0.00 1 4 -40.2 0.85 none
o1 Upper Rouge Rauer S0 EX) 063 none 67 18 042 none 23 459 o.o0 D
(571 Upper Bauge Barer 11z 23 033 none I -39 045 none k- 159 021 none
(T2 [Upper Rouge Raver 111 118 0.08 D n -6.1 0.23 none 40 6.8 0.01 o
E TG Eell Branch 43 0 092 none 39 a7 09l none 4 A5 093 none
g ug Tarabust Creek 44 =176 0.0s 1 3% -113 ooy P a -43.9 [IR-5] none
03 |Bell Branch 16 -16.5 0.35 none 16 165 0.35 none 0 m o bis]
04 Eell Branch &5 a7 01z D 48 52 044 none 17 162 038 none
s Upper Rouge Baver X 38 068 none 46 -39 0.60 none 33 4.9 0,13 PD
D28 |Bishop Creek 18 94 0.59 nene 1% 38 0.80 nene 2 jis] m jix}
D23 (Walled Tk e Bramch 20 26 062 none 18 57 075 none 2 m m m
; D24 ‘Walled Lakee Branch an 124 0 D 43 155 01z PD & =25 080 none
El G52 |Tehnsen Creek 1% 363 0.47 none 13 111 0.65 none 4 m o bis]
G553 Tohmson Cresk a9 25 nel noTe 41 185 00g FT 8 175 054 nore
g 354 Johnsen Creek 16 -180 07 none 14 -28.9 013 P 2 i) m i
D03 |Tehnsen Creek 47 07 0.54 none 3% -13 0.53 none 3 110 0.73 none
GR3 Miclele Rouge River 45 169 ool D 35 111 004 D 10 39.2 003 D
D29 Ddiddle Baouge Buver pLe -1381 0ol 1 i) =117 0o P a7 -1103 ooy Pl
GE1 iddle Rouge Biver 45 -25 0.44 nene 35 -17.2 0.21 nene 10 231 0.30 nene
G29 Marikin Lake Spillway 36 65 023 none 35 29 079 none ] m m m
: (0] I arlin Lalee Darm 52 =443 006 PL A 458 ooy P 1 i) m i
o |G11 [Mankin Mills Dam 3 -24.5 0.34 none 30 153 0.57 none 1 m o bis]
5 GR4 Temquzsh Creek 18 06 093 none L 63 034 none & ek 023 none
g LHr? Ddiddle Baouge Buver 148 RIR- 033 none 114 -121 01s P 25 we o.n4 I
D30 |hiddde Rouge River 4z 330 0.08 D 37 193 0.58 none 5 m o bis]
DS (Micdle Rogge Bives as 123 016 D (13 17 079 none 19 49.2 oot D
L6 Ididdle Bouge Biver g1 12.9 0.16 D &7 1.9 0.13 PD 14 211 ooz I
L9l |Lewer Reouge River 44 6.8 0.24 none 38 =81 0.12 )31 & 23 0.04 o
= G¥3 Fowler Creek 47 63 034 none 36 o 022 none 11 135 04l none
; (G935 Lower Bouge Brver 24 4.0 nza none 12 -9.0 n.47 none 12 m jin) jin]
3 G52 |Leower Rouge River 33 8.8 0.04 b} 38 a3 0.03 FD 15 6.3 0.53 none
Loz Fellows Creek 39 68 027 none 35 A5 040 none 4 o2 065 none
o LM Lewer Houge Biver L3 14.7 0ol D 47 82 01z PD 22 288 ong PD
ﬁ 557 |Lewer Bouge River 123 14 0.18 D gz -0.7 0.51 none 41 184 0.10 D
% GY2 Lswer Rouge River 128 285 000 D 81 230 oot D 47 373 oot D
=) LO5 Lower Rouge River 114 69 047 none 83 137 026 none 31 a2 054 none

Note: In Trend column, D = decreasing trend, PD = potentially decreasing trend, | = increasing trend, Pl = potentially increasing trend,
ID = insufficient data, none = no statistically significant trend



Table 6 - E. coli All, Dry, and Wet Weather Samples - Regression Analysis of the
Percent of Values Less Than 1,000 (cfu/100ml) - (Sites are ordered upstream to
downstream)

All Dry Wet
Field Humber of]| Yo Tumber of Yo Humber of %
SWIA| ID |Location Samples | Improvement P-value Trend Saraples | Improvement P-value Trend Samples | Improvement P-value Trend
W01 |Main Rouge River 73 4.2 0.28 none 64 25 0.54 none 9 -10.7 0.30 none
G45 |Main Rouge River 106 11.7 0.00 I 73 113 0.00 1 33 121 0.02 I
G58 |Impoundment 93 8.3 0.07 FI 66 116 0.02 1 27 -8.0 035 none
e | G48 [Main Rouge River 9 12.8 0.47 nene 8 219 018 PI 1 m jip) jip)
% 03 |Main Rouge River 98 10.7 0.00 I 70 10.4 0.01 I 28 153 0.20 FI
g (G46 |Franklin Branch 105 2.9 0.27 none el 04 0.88 none 30 112 0.04 I
G589 [Main Feouge River &0 5.5 0.31 nene 40 3.4 0.55 none 20 13.2 0.20 FI
47 |Pebble Creelc 86 2.9 0.27 none 62 03 0.850 none 24 111 0.04 I
TS5 [Main Rouge River 106 9.2 0.10 I 74 4.9 037 none 3z 12.9 0.30 none
05 |Evans Ditch 105 -1.2 0.66 none 77 -2.8 033 none 28 37 0.52 none
115 |Main Rouge River 10 2.4 0.7% nene 9 2.9 076 none 1 m i) m
(G473 |Main Rouge River 85 4.5 0.05 I 48 4.3 015 PI 37 35 0.31 none
: TS7 |Main Rouge River 50 -0.5 0.50 none 37 -2.1 0.58 none 13 32.1 0.03 I
E G42 [Main Fouge River 56 1.9 0.51 nene 37 -11 0.74 none 18 5.1 0.35 none
g 110 |Main Feouge River 25 -11.% 0.00 D 31 -11.0 0.01 D 4 0.0 1.00 none
U38 [Main Rouge River 25 -8.8 0.19 D 12 -14.0 0.07 D 13 0.0 1.00 none
112 |Main Rouge River 33 -125 0.00 o] 35 -11.9 0.00 i8] 4 0.0 1.00 none
T01 [Upper Rouge River 80 3.0 0.43 none 67 -05 0.8% none 23 208 0.01 I
G71 |Upper Rouge River 113 0.8 0.72 nene 75 0.8 075 none 38 2.3 0.49 none
o T02 [Upper Rouge River 111 -2.0 0.45 nene 7 4.5 0.1% D 40 -13 0.15 D
E TU16 |Bell Branch 43 01 0.58 none 39 13 072 none 4 00 1.00 none
E" U183 |Tarabusi Creek 44 -10.3 0.01 D 39 -84 0.04 D 3 00 1.00 none
TU03 |Bell Branch 16 -9.0 0.47 none 16 -9.0 047 none 0 D i) i)
TU04 |Bell Branch 63 -2.3 0.31 none 42 Sits) 0.60 none 17 -5.0 0.36 none
05 [Upper Rouge River 85 -27 0.37 none 46 -35 031 none 33 0.0 1.00 none
D28 |Bishop Creek 18 -3.8 0.56 none 16 4.6 043 none 2 i) i) i)
D23 |Walled Lake Branch 20 -3.2 0.73 nene 12 2.1 0.83 none 2 m i) m
; D24 [Walled Lake Branch 43 2.0 0.64 nene 43 19 0.6%9 none 6 2.5 0.88 none
= G352 |Tohnsen Creek 18 16.0 0235 none 13 71 011 PI 4 83 095 none
8 G353 |Johnson Creek 43 04 0.52 none 41 -2.0 0.66 none 2 4.3 0.65 none
g G54 |Johnson Creek 16 2.0 0.17 I 14 3.0 0.08 Pl 2 D jin] jin]
D03 |Johnsen Creek 47 31 0.34 none 9 38 017 PI 2 -0.9 0.94 none
(383 | Middle Rouge River 45 33 0.11 I 35 17 043 none 10 108 0.10 Pl
D25 [Middle Rouge River 107 -8.2 0.1 FD 60 <18 031 none 47 -10 031 none
G81 |Middle Rouge River 45 -0.6 0.74 nene 35 -1.6 023 none 10 4.6 0.67 none
(G29 |Nankin Lake Spillway 36 4.8 0.51 nene 35 -5.8 0.45 none 1 m jip) jip)
; G24 |Nankin Lake Dam 52 -9.3 0.05 o] 51 -10.3 0.04 D 1 m jip) jip)
S G11 |Nankin Mills Dam 51 -7.0 0.28 none 30 -1.6 0.31 none 1 D i) jis]
(584 | Toneuish Creek 78 =37 0.14 D 70 -4.8 0.07 PD 3 39 071 none
g D07 Middle Rouge River 149 -2.3 0.44 none 114 -4.4 017 D 35 0.9 0.20 Pl
D30 [Middle Rouge River 42 375 0.00 I 37 259 0.03 1 5 0.0 1.00 none
D035 [Middle Rouge River 85 11 0.72 none 66 -27 0.41 none 18 15.6 0.03 i)
D08 [Middle Rouge River 81 38 0.24 nene 67 4.0 0.24 none 14 13.1 0.25 none
| 101 |Lower Rouge River 44 4.0 0.1% FD 38 5.4 0.10 D 6 8.1 0.61 none
=51 G573 |Fowler Creek 47 11 066 none 36 1.0 076 none 11 11 0.84 none
; G485 [Lower Rouge River 24 2.5 0.71 nene 12 -3.6 0.62 none 12 0.0 1.00 none
S G592 [Lower Rouge River 53 5.1 0.04 I 38 4.4 0.14 PI 15 49 0.39 none
L02 |Fellows Creek 39 -3.3 0.31 none 33 -3.6 0.34 none 4 00 1.00 none
e | L06 |Lower Rouge River 63 34 0.24 none 47 2.5 0.44 none 22 52 045 none
E G57 |Lower Rouge River 123 0.2 0.52 none 2z -1.8 0.53 none 41 4.1 0.20 Pl
% G98 |Lower Rouge River 128 15 0.48 nene 81 0.2 093 none 47 4.3 033 none
= L05 [Lower Eouge River 114 0.9 0.47 none 83 -1.4 043 none 21 0.0 1.00 none

Note: In Trend column, D = decreasing trend, PD = potentially decreasing trend, | = increasing trend, Pl = potentially increasing trend,
ID = insufficient data, none = no statistically significant trend



Table 7 - E. coli All, Dry, and Wet Weather Samples - Seasonal Kendall Analysis of
the Geometric Mean (cfu/100ml) - (Sites are ordered upstream to downstream)

Al Dry Wet
Field IMusber off Mumber of Nurmber of
SWMA | ID |Location Samples TAU Probablility Trend Samples TAU | Probablility Trend Samples TAU Probablility Trend
MO1 |Main Rouge River 73 0.21 0.20 None 64 0.18 0.27 None 9 -0.33 1.00 None
GA5 | Main Rouge River 106 -0.48 0.00 D 73 -046 0.00 D 33 -0.56 0.24 Mone
G58 | Impoundment 93 -0.47 0.01 o] 66 -0.50 0.00 o] 27 -0.67 0.25 None
€ G48 | Main Rouge River El -1.00 0.09 PD 8 -1.00 0.09 PD 1 0.00 1.00 Mone
E MI03 [Main Rouge River 98 -0.24 0.15 FD 70 -0.24 0.03 o] o8 -0.67 0.25 None
g G46 | Franklin Branch 105 0.10 0.51 None 5 0.23 0.13 Pl 30 -0.56 0.24 None
G59 | Main Rouge River 60 0.14 0.56 None 40 0.56 0.01 I 20 -1.00 0.25 None
G47 |Pebble Creelk 26 -0.11 0.53 None 62 0.00 1.00 Mone 24 -0.56 0.24 None
TS5 |Main Rouge River 106 -0.07 076 None 74 0.13 048 Mene 32 -0.67 0.25 None
MOS |Evans Ditch 103 015 0.31 None Ex 0.15 0.31 Mone 28 -0.67 0.25 None
115 |Main Rouge River 10 -071 0.17 D 9 -0.67 0.27 Mene 1 0.00 1.00 one
- G43 | Main Rouge River ) -0.32 0.06 D 43 -0.13 0.51 Mene 27 -0.23 0,70 Mone
|US7 |Main Rouge River 50 032 0.14 FI 37 0.18 043 Mene 13 1.00 1.00 one
E G42 | Main Rouge River 56 -0.32 0.16 PD 37 -0.21 0.40 Maone 19 -1.00 0.48 None
g 110 |Main Rouge River 35 046 0.08 FI 31 0.38 0.15 PI 4 0.00 1.00 one
USE |Main Rouge River 25 0.67 0.27 None 12 0.67 0.27 Maone 13 0.00 1.00 None
112 |Main Rouge River 39 042 0.06 FI 35 0.42 0.06 PI 4 0.00 1.00 None
T01 |Upper Rouge River 90 -0.23 0.18 PD 67 0.06 079 Mone 23 0.00 1.00 None
G71 |Upper Ronge River 113 -0.02 0.54 Hone 5 0.14 039 Mone 38 -0.43 049 one
o U02 |Upper Rouge River 111 -0.03 0.53 None 71 0.25 0.12 Pl 40 -071 0.17 D
= U165 |Bell Branch 43 -0.17 0.54 Hone 39 -0.17 0.54 Mone 4 0.00 1.00 one
:“:-4 U13  |Tarabusi Creek 44 0.31 0.22 None 39 0.24 0.36 Mone 3 0.00 1.00 None
U03 |Bell Branch 16 -0.60 040 Hone 16 -0.60 040 Mone 0 MA MA NA
U04 |Bell Branch 63 -0.29 0.18 D 48 -0.18 0.33 Nene 17 -1.00 1.00 None
U05 |Upper Rouge River 85 0.07 077 Hone 46 0.1% 0.32 Mone 33 -0.20 1.00 Hone
D28 |Bishop Creck 18 -0.11 1.00 MNone 16 0.00 1.00 Meone 2 0.00 1.00 MNone
D23 |Walled Lake Branch 20 0.20 1.00 Hone 13 0.33 1.00 Mone 2 0.00 1.00 Hone
; D24 |[Walled Lake Branch 49 -0.12 0.68 None 43 -0.17 0.54 Mene 6 0.00 1.00 None
= G52 |Tohnson Creek 19 -0.14 1.00 HNone 15 0.00 1.00 None 4 0.00 1.00 None
2 G53  |Tohnson Creek. 49 018 049 None 41 033 0.20 Mone 8 0.00 1.00 None
E G54 |Tohnson Creek 16 0.20 1.00 HNone 14 1.00 0.25 None 2 0.00 1.00 None
D03 |Tohnson Creel 47 0.26 0.28 None 39 0.35 0.15 PI 3 0.00 1.00 None
GB83 | Middle Rouge River 45 -0.27 0.29 Mone 35 -033 018 PD 10 0.00 1.00 Mone
D25 [Middle Rouge River 107 1.00 0.13 FI 60 0.00 1.00 Nene 47 0.00 1.00 None
GB81 |Middle Reuge River 45 -0.20 0.45 Mone 35 -013 0.65 MNene 10 0.00 1.00 Mone
G29 |Mankin Lake Spillway| 36 0.41 0.20 FI 35 0.41 0.20 PI 1 0.00 1.00 None
: G24 | Mankin Lake Dam 52 0.48 0.05 I 51 0.48 0.05 I 1 0.00 1.00 None
= |G11 |Nankin Mills Dam 51 0.18 0.58 None 50 0.18 0.58 Mene 1 0.00 1.00 None
g G584 |Tonguish Creek 78 035 0.03 I 70 0.24 0.04 I 8 1.00 1.00 None
E D07 [Middle Rouge River 149 0.10 0.63 None 114 0.13 0.50 Mene 35 0.00 1.00 None
D30 |Middle Feuge River 42 -0.50 0.31 Mone 37 -0.50 0.31 Mene 5 0.00 1.00 Mone
D05 [Middle Rouge River 85 011 0.52 Hone 66 0.26 0.10 PI 1% -1.00 048 one
D0& |Middle Rouge River 81 -0.14 040 INone 67 -0.22 0.18 D 14 -1.00 0.48 INone
— |Lo1 |Lower Rouge River 44 031 0.23 Hone 38 0.31 0.23 Mene 6 0.00 1.00 one
R |G93 |Fowler Creek 47 011 070 Ione 36 0.21 0.37 Nene 11 -1.00 0.48 INone
; G95 |Lower Rouge River 24 -0.20 078 Hone 12 0.00 1.00 Mene 12 0.00 1.00 one
S G92 |Lewer Feuge River 53 -0.27 0.22 None 38 -0.27 0.22 Maone 15 -1.00 0.48 None
LO2  |Fellows Creek 39 0.55 0.02 I 35 0.48 0.04 I 4 0.00 1.00 None
- LO6  |Lower Fouge River 69 -0.02 1.00 None 47 -0.0% 0.68 Mone 22 1.00 0.25 None
E G97 |Lower Rouge River 123 -0.15 0.33 Hone 82 0.11 0.50 Mone 41 -0.14 1.00 one
g G98 |Lower Rouge River 128 -0.50 0.00 D 81 -0.41 0.01 D 47 -0.64 0.10 D
= |[L05 |Lower Rouge River 114 -0.07 070 Hone 83 -0.01 1.00 Mone 31 -0.33 070 one

Note: In Trend column, D = decreasing trend, PD = potentially decreasing trend, | = increasing trend, Pl = potentially increasing trend,
ID = insufficient data, none = no statistically significant trend, NA = no samples <=1,000cfu/100ml



Table 8 - E. coli All, Dry, and Wet Weather Samples - Seasonal Kendall Analysis of
the Percent of Values Less Than 1,000 (cfu/100ml) - (Sites are ordered upstream to
downstream)

All Dry Wet
Field Mumber of Mumber of Mumber of
SWHA | ID Location Samples TAU | Probablitty | Trend Samples TAU | Probablilty | Trend Sanples TAU | Probablility |  Trend
W01 | IMain Rouge River 73 -0.21 0.25 None &4 -0.18 0.35 Hone ] 0.00 1.00 None
G45 | MMain Rouge River 106 023 016 None 73 0.04 0.89 Hone 33 1.00 1.00 HNone
G58 Impoundment 93 0.43 0.07 PI 13 0.23 035 Mone 27 0.00 1.00 None
& G48 | IMain Rouge River g 0.00 1.00 Nene 2 Q.00 1.00 one 1 A NA NA
E MO3 [ IMain Rouge River 98 0.21 0.25 Nene 70 0.15 042 Mone 28 1.00 1.00 None
g G46 | Franklin Branch 105 0.08 0.62 None 75 -017 0.13 Hone 30 1.00 1.00 None
G59 | Main Rouge River 60 0.06 1.00 Nene 40 013 079 Mone 20 0.00 1.00 None
G47 Pebble Creek 86 0.18 0.24 Nene 62 012 0.28 one 24 -1.00 1.00 None
T35 | Main Reuge River 106 -0.14 0.43 Nene 74 -0.11 0.54 Mone 32 0.00 1.00 None
05 Evans Ditch 105 -0.14 0.37 None 77 -013 0.40 Hone 28 0.00 100 None
M15( IMain Rouge River 10 0.00 1.00 Nene 9 0.00 1.00 Mone 1 NA NA NA
- G43 | Main Rouge Biver 85 -0.13 1.00 Neone 48 -0.13 1.00 Mone 37 1.00 1.00 None
- UST | Main Reouge River 30 -0.27 0.25 Nene 37 -0.08 0.81 Ione 13 0.00 1.00 None
2] G42 | Main Rouge River 56 -0.20 0.57 None 37 -0.20 0.57 Hone 1% 0.00 1.00 None
g W10 | Main Rouge River 35 -0.33 0.34 HNone 31 -0.08 1.00 HMone 4 NA NA NA
T38| Main Reuge River 25 0.00 1.00 Nene 12 0.00 1.00 Mone 13 NA NA A
MI12 [ IMain Rouge River 39 -0.22 0.48 Neone 25 -D.22 048 Mone 4 A NA NA
T01 | Upper Rouge River 90 0.34 0.05 None &7 0.08 0.74 Hone 23 0.00 1.00 None
G71 | Upper Rouge River 113 017 0.51 None 75 0.03 1.00 Hone 38 1.00 1.00 HNone
o U02 | Upper Rouge River 111 0.00 1.00 Nene 71 0.03 1.00 Mone 40 0.00 1.00 None
= uls EBell Branch 43 -0.67 0.48 Nene 38 -0.87 0.48 Ione 4 Jury Jury N4
g Uie Tarabusi Creel 44 0.00 1.00 None 3% 0.25 1.00 Hone 5 A A NA
o3 Bell Branch 16 1.00 048 None 16 1.00 0.48 Hone 0 A A NA
uo4 Bell Branch 65 0.00 1.00 Nene 48 0.00 1.00 Mone 17 0.00 1.00 None
U05 | Upper Rouge River 85 -0.67 0.48 Neone 46 -0.67 048 Mone 39 A NA NA
D28 Bishop Creek 18 0.20 1.00 Nene 16 0.20 1.00 Mone 2 0.00 1.00 None
D23 | Walled Lalce Branch 20 0.60 0.30 None 18 0.67 0.48 Hone 2 0.00 1.00 None
; D24 | Walled Lake Branch 49 0.17 0.64 Nene 43 0.15 076 Mone & 0.00 1.00 None
= G52 Jehnson Creek 19 033 0.54 Nene 15 0.00 1.00 Mone 4 0.00 1.00 None
g G53 Johnson Creek 49 -0.08 0.67 Nene 41 -0.03 1.00 one 8 0.00 1.00 None
g G54 Johnson Creelk 16 0.20 1.00 None 14 0.33 1.00 HNone 2 0.00 1.00 None
Do3 Tohnson Creele 47 -0.15 0.56 None 3% -0.04 1.00 Hone 8 0.00 1.00 None
GB3 | Middle Reuge River 45 -0.15 0.53 Nene 35 -0.19 0.21 Mone 10 0.00 1.00 None
D29 | Middle Rouge River 107 -0.50 0.62 Nene &0 0.00 1.00 Mone 47 0.00 1.00 None
GB81 | Middle Rouge River 45 -0.07 0.84 Neone 25 -0.20 0.1% Mone 10 0.00 1.00 None
G29 | Mankin Lake Spillway 36 0.00 1.00 None 35 0.00 1.00 Hone 1 0.00 1.00 None
; G24 | Mankin Lake Dam 52 -0.05 1.00 None 51 -0.05 1.00 Hone 1 0.00 1.00 HNone
= G11 | Mankin Mills Damn 51 0.00 1.00 Nene 50 0.00 1.00 Mone 1 0.00 1.00 None
8 GB4 Tonguish Creek 78 -0.35 0.05 D 70 -0.33 0.06 Mone 8 0.00 1.00 None
g D07 | Middle Eouge River 142 0.20 0.18 Pl 114 0.23 0.12 PI 35 1.00 1.00 None
D30 | Middle Rouge River 42 0.43 0.40 None 37 043 0.40 Hone 5 A A NA
D05 | Middle Rouge River 85 -0.08 0.67 None 66 -0.16 0.34 Hone 19 0.00 1.00 HNone
D06 | Middle Rouge River 81 0.09 030 Nene &7 0.09 0.68 Mone 14 0.00 1.00 None
- LO01 | Lower Rouge River 44 -0.16 0.6% Neone 28 -0.2% 0.44 Mone & 0.00 1.00 None
= G93 Fowler Creek 47 -0.05 1.00 Nene 36 -0.60 0.04 o] 1 1.00 0.48 Hone
; G5 | Lower Rouge River 24 0.60 0.30 None 12 0.20 1.00 Hone 12 A A NA
S G%2 | Lower Rouge River 53 0.03 1.00 Nene 38 -0.08 0.83 Mone 15 0.00 1.00 None
Lo2 Fellows Creel 39 043 047 None 35 -043 0.47 NMone 4 NA NA NA
N L06 | Lower Rouge River 69 -0.06 1.00 Neone 47 -0.13 0.75 Mone 22 0.00 1.00 None
5 G597 | Lower Rouge River 123 0.00 1.00 None 82 -0.08 1.00 Hone 41 0.00 1.00 None
% G398 | Lower Rouge River 128 -0.10 1.00 None 81 043 0.43 Hone 47 0.00 1.00 None
= L05 | Lower Rouge River 114 -1.00 1.00 Nene 83 0.00 1.00 Mone 31 NA NA NA

Note: In Trend column, D = decreasing trend, PD = potentially decreasing trend, | = increasing trend, Pl = potentially increasing trend,
ID = insufficient data, none = no statistically significant trend, NA = no samples <=1,000cfw/100ml



Figure 10 - E. coli Dry Weather Samples - Regression Analysis of the Geometric
Mean (cfu/100ml)




Figure 11 - E. coli Wet Weather Samples - Regression Analysis of the Geometric
Mean (cfu/100ml)
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Figure 12 - E.coli Wet Weather Samples - Regression Analysis of the Percent of
Values Less Than 1,000 (cfu/100ml)

S




Figure 13: Summary of E. coli Trend Analysis Results by SWMA
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CONCLUSIONS

In an effort to evaluate the effectiveness of watershed management activities in the

Rouge River Watershed, water quality trends were evaluated using two statistical analysis
techniques. The linear regression and Seasonal Kendall trend tests were applied to DO
and E. coli data collected from 1994 through 2002. In general, both statistical methods
show that DO concentrations and the percent of values greater than the State standard of
5 mg/L have improved substantially throughout the watershed. In 2002, seven of the
eight continuously monitored locations met the State standard more than 80 percent of
the time.

E. coli results generally showed improvement directly downstream of most watershed
management activities, particularly downstream of now controlled CSO outfalls during
wet weather. Additionally, some locations have been identified where E. coli
concentrations may be increasing. These sites are generally located near the headwaters
where residential and commercial development is expanding or in areas still influenced
by CSOs. Although improving, most locations are still not meeting State water quality
standards for E. coli total or partial body contact recreation.

Overall, these results clearly demonstrate that the implemented watershed management
activities have been successful and that continued diligence in addressing remaining
water quality pollution sources should lead to continued improvement.



