2025 Root River Monitoring Summary
For City of Waukesha Diversion Approval

(Reporting Period October 2024 - September 2025)

WISCONSIN
DEPT. OF NATURAL RESOURCES

The Wisconsin DNR developed a 2025 technical
summary of the City of Waukesha'’s (City) Root Riv-
er monitoring program conducted by the City in
compliance with its Lake Michigan diversion approv-
al. The City’s diversion approval requires river moni-
toring to assess the impacts of treated wastewater
discharge (return flow) on the Root River. The Root
River is located in southeast Wisconsin, with head-
waters in Waukesha and Milwaukee Counties, flow-
ing to Lake Michigan in Racine.

In October 2023, the City’s diversion of Lake Michi-
gan water came online. At that point the City began
returning diverted Lake Michigan water back to the
lake via the Root River, while adhering to
wastewater permit and diversion approval require-
ments. Beginning February 2017, the City began
water quality and streamflow monitoring in the Root
River to collect reference data prior to starting the
diversion and return flow to the Root River.

Reference conditions for the Root River monitoring

cover the period February 2017 through September
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Figure 1 Root River Monitoring Sites C and D

Photo credit: DNR/Craig Helker.

2023. The City is required to report annually on its
Root River monitoring program. The report submit-
ted to the Wisconsin DNR in February 2026 covers
the monitoring period from October 2024 through
September 2025, corresponding to the USGS wa-
ter year.

Monitoring

The City’s Root River monitoring program includes
monitoring at four locations: A, B, C and D. Water
quality parameters monitored include total sus-
pended solids, orthophosphate, total phosphorus,
dissolved oxygen, chloride, E. coli, pH and temper-
ature (Figures 1 and 2). The monitoring program
also includes a USGS flow gage at Site D and habi-
tat, fish and macroinvertebrate monitoring at Sites
A, B, C and D. Finally, the City also monitors tem-
perature at Site C2.
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Climate

Figure 4 shows the monthly temperature and precipitation data for the reporting period compared to the 30-
year averages. October 2024 through December 2024 were warmer, January and February 2025 cooler, and
March 2025 through September 2025 average to slightly warmer. Precipitation varied from the norm with
below average precipitation in December 2024 through February 2025 and historic high precipitation in Au-
gust 2025.
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Figure 4 Temperature and precipitation data from station 4043413 (Cudahy, WI)
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Flow

Water flow affects aquatic organisms, fish, channel shape and pollutant loading.
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Figure 5 October 2024 through September 2025 streamflow is flow from the Root River gage (site 040872343) downstream of the
Waukesha return flow outfall. The portion of the monthly streamflow that is the City of Waukesha return flow is in orange.

Flow in the Root River varies considerably from year to year and month to month depending on precipita-
tion patterns. In contrast, the City’s return flow to the Root River is consistent throughout the year and rep-
resents a higher proportion of the river flow in low flow periods (Figure 5). The Root River’s average
monthly flow was lowest in February 2025, when the City’s return flow was 43% of the total that month.
The average daily flow was lowest on February 23, 2025; at which point the City’s return flow was 77% of

the Root River’s total flow.

Water Temperature

Water temperature can be an important factor in the health of fish and aquatic communities affecting em-
bryonic development, growth cycles, migration patterns, competition with aquatic invasive species, and dis-
ease risk and severity. Water temperature also affects the concentration of dissolved oxygen, influencing
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Figure 6 Plots show maximum, minimum and median water temperature
for the pre-diversion period and post-diversion period. Red triangles are
the current period median water temperature.

aquatic organism respiration, bacteria activity
and toxic chemical availability in water and sedi-
ment.

Annual median water temperatures show a slight
increase between the monitoring site upstream
of the return flow outfall and the two monitoring
sites downstream of the outfall (Figure 6). Fur-
ther monthly data provided in the Report suggest
the return flow outfall water may have a slight
warming effect in winter and a slight cooling ef-
fect in summer. Monthly data is available in Ap-
pendix F of the City’s Diversion Approval Report
for 2025.
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Figure 7 Plot compares the phosphorus concentrations from the pre-diversion
period (blue) to the post-diversion period (red). Median reporting year values
are shown as red triangles.

Phosphorus is a vital nutrient in aquatic eco-
systems. However, excessive phosphorus in
the Root River from urban stormwater runoff,
wastewater treatment plants, agricultural run-
off, and septic systems can lead to degraded
stream habitat, eutrophic conditions and unbal-
anced fish populations. High levels of algal
growth in the stream driven by increased phos-
phorus can decrease water clarity, raise water
temperature, increase the magnitude of oxy-
gen swings and reduce light availability for
beneficial macrophytes and periphyton com-
munities. The entire Root River is listed on
Wisconsin’s 303(d) list as impaired for phos-
phorus, a listing that predates the City’s return
flow to the Root River.

Phosphorus concentrations in the river are elevated, but consistent above and below the return flow outfall
(Figure 7). Median phosphorus concentrations in the river from the reporting period are elevated relative to
the pre-diversion median, which may be due to high stream flows or other environmental factors in the river
during the reporting period. The return flow median phosphorus concentration is lower than the river's and the
monitoring location downstream of return flow outfall shows a slight decrease in the median phosphorus con-
centration in the river.

pH

Aquatic organisms thrive in a pH range of 6 to 9; concentrations above or below these limits harm aquatic or-
ganism survival.
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Median pH concentrations in the Root River
for the reporting period upstream and down-
stream of the return flow outfall were within
the desired pH range and were lower than
the median pre-diversion values (Figure 8).
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Figure 8 Plot compares the pH concentrations from the pre-diversion period (blue) to
the post-diversion period (red). Median reporting year values are shown as red trian-

gles.



Dissolved Oxygen

Dissolved oxygen is important for aquatic life
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Figure 9 Plot compares the dissolved oxygen concentrations from the pre-
diversion period (blue) to the post-diversion period (red). Median reporting
year values are shown as red triangles.

E. coli

E. coli is an indicator organism used to indicate if disease-causing bacteria may be present in freshwater. E.
coli concentrations are regulated to protect human health during recreational use of water bodies. Potential
sources of E. coli in surface water include wastewater treatment plant effluent, septic systems, livestock,
stormwater runoff and wildlife.
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Figure 10 Plot compares the E. coli concentrations from the pre-diversion period (blue to the post-diversion period
(red). Median reporting year values are shown as red triangles. Outliers above 4000 MpN /100mL are not shown. The
highest E. coli concentrations were measured at 14,000 MPN/100mL. Note: Plot includes limited pre-diversion data
for Site D collected and analyzed by MMSD. Post diversion data includes both the City of Waukesha and MMSD data.
This graph is different from the earlier graphs in this summary that include pre-diversion data for both upstream and
downstream time periods.
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Chloride

Chlorides are found in both saltwater and fresh water and are essential to life. In the Root River, chlorides
come primarily from anthropogenic sources (deicing salt and water softener discharges), since the area’s ge-
ologic formations contain relatively little natural chloride. High chloride concentrations in freshwater can be
harmful to aquatic organisms, hindering reproduction, growth and survival.
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Habitat, Fish and Macroinvertebrates
The City’s monitoring program also monitors the Root River’s habitat, fish and macroinvertebrates .

Fish populations are monitored in the summer and fall at sites above and below the return flow discharge
site. Shannon Diversity Index calculations show that the Root River has moderate to low fish species diversi-
ty, consistent with pre-diversion conditions.

Macroinvertebrate monitoring from the pre-diversion period through 2024 using the Hilsenhoff Biotic Index
indicates water quality above and below the return flow outfall ranges from fair to fairly poor. Comparative pre
-diversion data from the reporting period were not available at the time the report was submitted.

The City’s full report includes additional information on the habitat in the Root River, including information on
substrate, cover and algal abundance.
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Conclusion

Water quality, water-dependent natural re-
sources and flow can be highly variable,
influenced by weather patterns, seasonality
and other watershed activities. Comparing
upstream and downstream conditions of
the City’s discharge location, the City of
Waukesha’s monitoring data do not indi-
cate the addition of return flow alters the
Root River with the exception of a few ef-
fects; additional flow during low flow peri-
ods, increased chloride concentrations,
slight cooling in summer months and slight
warming during cooler weather. Some of
these effects, such as additional flow dur-
ing low river flow conditions and cooling the
river in summer months are an improve-
ment to the river function.



