
Chapter 3:  Comparisons Between Streams and Major River Basins

Chapter 3 represents a significant addition to the MCES 2002 Stream Monitoring Report.  A
comparison of 2001 and 2002 water yield and select water chemistry data for all 28 monitoring
stations affords an opportunity to begin assessing the non-point source impacts of various land
use practices within the stream watersheds, as well as the influence of year-to-year
climatological variability.  Relative non-point source pollutant contributions of these streams to
the three major Metropolitan Area rivers (Mississippi, Minnesota, and St. Croix) can also be
examined.  In addition, with several years of stream monitoring data available, compliance with
water quality criteria and standards can be determined for select water quality variables (metals,
chloride, and bacteria).

Non-Point Source Pollutant Impacts by Stream and Major River Basin

Water Yield

Water yield is the amount of water flowing through a stream during a given time period divided
by the watershed area, expressed as inches of water.  Water yield is calculated on an annual basis
for all 28 streams within the MCES monitoring network.  The 2002 water yield for each stream
can be found on the individual hydrographs presented in Chapter 2.  Figure 5 presents a
comparison of 2001 and 2002 annual water yields by stream and major river basin.  The
following is a summary of observations pertaining to Figure 5:

• With the exception of the Cannon River and the Middle Minnesota River Basin streams,
water yields are generally higher in 2002 than in 2001.  The higher water yields from TCMA
streams in 2002 are likely a reflection of more precipitation.  Conversely, the lower water
yields from Middle Minnesota River Basin streams in 2002 are a reflection of drier
conditions and less precipitation.

• In 2002, much of the water yield occurred later in the year, in conjunction with heavy
summer and fall rain events.  The spring of 2002 was characterized by very little snowmelt
and runoff.  In contrast, the majority of the 2001 water yield occurred early in the year
(April- June), and especially in conjunction with above-normal flow conditions and spring
flooding.

• A general correlation can be made between a change in water yield and the changes in
pollutant loads (total suspended solids (TSS), total phosphorus (TP), dissolved phosphorus
(DP), and nitrate nitrogen (NO3)) from a particular stream.  If water yield increased from
2001 to 2002, then pollutant loads also tended to increase, but not necessarily in a directly
proportional manner.  If 2001 and 2002 water yields were similar, then pollutant loads were
about the same.  If water yield decreased from 2001 to 2002, then pollutant loads typically
decreased.  However, water yield is only one variable within a watershed that can affect
pollutant loading.  Other important factors include soil type, slope, and land use.

• When examining the relationship between water yield and TSS, TP, DP, and NO3 loads, TSS
load seems to have the highest correlation with water yield, while NO3 load has the lowest.



Figure 5.  A Comparison of 2001-2002 Water Yields, by Stream and Major River Basin
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2001 Water Yield 2002 Water Yield

2001 Water Yield 7.6 6.5 9.6 18.4 6.4 7.2 10.1 5.6 14.1 22.9 11.4 14.2 12.4 7.8 8.1 8.3 6.4 5.4 35.4 6.0 8.9 10.7 2.5 1.6 6.2 4.3

2002 Water Yield 7.3 9.1 12.3 18.3 10.3 11.7 14.6 11.8 10.9 9.3 4.1 5.8 3.6 8.4 8.1 10.2 8.6 6.5 7.9 43.5 10.9 15.2 3.8 6.0 7.5 4.6
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Total Suspended Solids

Total suspended solids (TSS) is a measure of the amount of solid material (inorganic and
organic) suspended in water.  TSS concentrations are typically analyzed in all grab and
composite samples collected at a stream monitoring station.  Using the FLUX model, annual TSS
loads are calculated for all 28 streams within the MCES monitoring network.  Figure 6 presents a
comparison of 2001 and 2002 TSS loads by stream and major river basin.  Annual TSS yields,
TSS normalized yields, and TSS flow-weighted mean concentrations are determined after annual
TSS loads have been calculated.  Comparisons of 2001 and 2002 TSS yields, normalized yields,
and flow-weighted mean concentrations, by stream and major river basin, are presented in
Figures 7, 8, and 9, respectively.

The following is a summary of observations pertaining to Figures 6-9:

• Table 2 presents a summary of streams with the highest and lowest TSS contributions in
2001 and 2002, by major river basin (Mississippi, Minnesota, and St. Croix).

• TSS loads from streams with predominantly urban watersheds are much smaller than TSS
loads from streams with predominantly agricultural watersheds.

• The Le Sueur and Blue Earth Rivers in the Middle Minnesota River Basin contributed the
highest TSS loads in 2001.  These loads were three to four and one-half times greater than
that from the next highest TSS contributor, the Cannon River.

• TSS loads and yields from streams in the Middle Minnesota River Basin were substantially
less in 2002 than 2001, likely due to below-normal precipitation in 2002 (Figure 4).
However, TSS loads and yields from streams in the Lower Minnesota River Basin (except
Riley Creek) were greater in 2002 than in 2001, likely due to above-normal precipitation
within the TCMA in 2002 (Figure 4).

• Below the confluence of the Minnesota River with the Mississippi River, the Cannon River
becomes another significant TSS contributor to the Mississippi River.  In 2002, the Cannon
River delivered the highest TSS load of all streams monitored by MCES.

• In the St. Croix River Basin, Browns Creek contributed the highest TSS loads in 2001 and
2002.  However, these loads were 20 to 300 times less than the highest TSS contributors in
the Minnesota River (Blue Earth River) and Mississippi River (Cannon River) Basins.

• During the 2001-2002 period, streams monitored by MCES contributed a combined total of
nearly 1.2 million tons of TSS to the Mississippi, Minnesota, and St. Croix Rivers.
Mississippi, Minnesota, and St. Croix River tributaries contributed 519,000 (44%), 661,000
(56%), and 5,000 (<1%) tons of TSS, respectively.

• TSS yields from streams with small urban watersheds can equal the yields from streams with
larger agricultural watersheds.  For example, 2001 and 2002 TSS yields from Riley Creek
were greater than yields from the Cannon, Crow, and Vermillion Rivers.  The 2001 and 2002
Nine Mile Creek TSS yields were also greater than those from the Rum River.

• Riley Creek, draining a relatively small urban watershed tributary to the Lower Minnesota
River, demonstrated a two-year pattern of high TSS yields and concentrations.  This may be
due in part to several large-scale construction projects that occurred within the watershed.

• With the exception of Riley Creek, streams with agricultural watersheds generally exhibit the
highest TSS flow-weighted mean concentrations.



 Figure 7.  A Comparison of 2001-2002 Total Suspended Solids (TSS) Yields, by Stream and Major River Basin
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2001 TSS Yield 38 63 60 161 14 49 40 35 233 1,210 219 1,120 577 303 295 483 314 644 36 79 80 121 1 5 138 6

2002 TSS Yield 75 126 72 118 28 174 67 119 397 438 161 380 64 594 241 802 524 570 468 141 155 253 2 57 258 12
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Dissolved Phosphorus

Dissolved phosphorus (DP) is a measure of soluble forms of phosphorus (both inorganic and
organic) in water.  DP is the most readily available form of phosphorus for primary productivity
in streams.  DP concentrations are typically analyzed in all grab and composite samples collected
at a stream monitoring station.  Using the FLUX model, annual DP loads are calculated for all 28
streams within the MCES monitoring network.  Figure 14 presents a comparison of 2001 and
2002 DP loads by stream and major river basin.  Annual DP yields, DP normalized yields, and
DP flow-weighted mean concentrations are determined after annual DP loads have been
calculated.  Comparisons of 2001 and 2002 DP yields, normalized yields, and flow-weighted
mean concentrations, by stream and major river basin, are presented in Figures 15, 16, and 17,
respectively.

The following is a summary of observations pertaining to Figures 14-17:

• Table 4 presents a summary of streams with the highest and lowest DP contributions in 2001
and 2002, by major river basin (Mississippi, Minnesota, and St. Croix).

• In all three major river basins, the streams with the highest TP loads also had highest DP
loads (Tables 3 and 4).

• Streams draining agricultural watersheds, particularly those in the Minnesota and Mississippi
River Basins, generally exhibit the highest DP loads, yields, normalized yields, and flow-
weighted mean concentrations.

• Streams draining urban watersheds with no wastewater treatment plant discharges generally
exhibit the lowest DP loads, yields, normalized yields, and flow-weighted mean
concentrations.

• High DP levels in the Crow and Vermillion Rivers, like the high TP levels, reflect the
contributions of both wastewater treatment plant discharges to these rivers and substantial
agricultural activity in their watersheds.

• DP loads in streams within the Middle Minnesota River Basin were substantially higher in
2001 than in 2002.  Although precipitation amounts and water yields were greater in 2001,
the higher 2001 DP loads might also be attributed in part to extensive spring flooding.  The
prolonged contact of floodwaters with agricultural lands can promote the release of dissolved
phosphorus from soil and crop residue into the overlying water.  In 2002, spring flooding did
not occur, providing no opportunity for DP to be released via this mechanism.

• In general, changes in DP loads appear to be directly correlated with changes in TP loads.  In
streams where TP loads increased from 2001 to 2002, DP loads also increased.  If 2001-2002
TP loads were similar, DP loads were also similar.  If TP loads decreased from 2001 to 2002,
DP loads also decreased.  The Cannon River is an exception to this relationship.

• During the 2001-2002 period, streams monitored by MCES contributed a combined total of
about 2,000 tons of DP to the Mississippi, Minnesota, and St. Croix Rivers.  Mississippi,
Minnesota, and St. Croix River tributaries contributed 1,400 (70%), 600 (30%), and 3 (<1%)
tons of DP, respectively.

• In the St. Croix River Basin, Browns Creek is the greatest contributor of DP.
• Minnehaha Creek in the Mississippi River Basin is one of the largest TCMA urban

watersheds, yet in comparison to other urban watersheds, exhibits lower DP yields and flow-
weighted mean concentrations, perhaps due to the upstream influence of Lake Minnetonka.



Figure 14.  A Comparison of 2001-2002 Dissolved Phosphorus (DP) Loads, by Stream and Major River Basin
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Figure 15.  A Comparison of 2001-2002 Dissolved Phosphorus (DP) Yields, by Stream and Major River Basin
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Nitrate Nitrogen

Nitrate nitrogen (NO3) is generally one of the major forms of soluble inorganic nitrogen in
water, as well as an essential nutrient for primary productivity in streams.  NO3 concentrations
are typically analyzed in all grab and composite samples collected at a stream monitoring station.
Using the FLUX model, annual NO3 loads are calculated for all 28 streams within the MCES
monitoring network.  Figure 18 presents a comparison of 2001 and 2002 NO3 loads by stream
and major river basin.  Annual NO3 yields, NO3 normalized yields, and NO3 flow-weighted
mean concentrations are determined after annual NO3 loads have been calculated.  Comparisons
of 2001 and 2002 NO3 yields, normalized yields, and flow-weighted mean concentrations, by
stream and major river basin, are presented in Figures 19, 20, and 21, respectively.

The following is a summary of observations pertaining to Figures 18-21:

• Table 5 presents a summary of streams with the highest and lowest NO3 contributions in
2001 and 2002, by major river basin (Mississippi, Minnesota, and St. Croix).

• Streams draining agricultural watersheds in the Minnesota River Basin are substantial NO3
contributors, exhibiting some of the highest nitrate loads, yields, normalized yields, and flow-
weighted mean concentrations observed in 2001 and 2002.  These watersheds are
characterized by extensive row crop agriculture with sub-surface drainage systems that
effectively convey NO3 to surface waters.

• During the 2001-2002 period, streams monitored by MCES contributed a combined total of
about 52,800 tons of NO3 to the Mississippi, Minnesota, and St. Croix Rivers.  Mississippi,
Minnesota, and St. Croix River tributaries contributed 22,800 (43%), 29,800 (57%), and 200
(<1%) tons of NO3, respectively.

• Of all the streams monitored by MCES, the four largest NO3 load contributors are the
Cannon and Crow Rivers in the Mississippi River Basin and the Blue Earth and Le Sueur
Rivers in the Minnesota River Basin.  During the 2001-2002 period, the Crow and Cannon
Rivers contributed 85% of the combined measured NO3 load to the Mississippi River, while
the Blue Earth River (including the Le Sueur River’s contribution) accounted for 86% of the
combined measured NO3 load to the Minnesota River.  All four rivers drain large
agricultural watersheds.

• In the St. Croix River Basin, Valley Creek is the highest NO3 contributor.  The baseflow in
Valley Creek is groundwater discharge from bedrock aquifers.  With agricultural land use in
the aquifer recharge zone, ground water can be a persistent reservoir of high ambient levels
of NO3.

• The combined NO3 load to the Mississippi, Minnesota, and St. Croix Rivers decreased by
54% from 2001 (36,200 tons) to 2002 (16,600 tons).  The majority of this NO3 load
reduction is due to a dramatically reduced load in the Blue Earth River. The primary factors
affecting the 2002 NO3 load reduction in the Blue Earth River include decreased
precipitation, water yield, and water volume.  Timing of precipitation and runoff may also
have played a role.  In 2001, major runoff events occurred in the spring and early summer,
during the period of fertilizer application but prior to crop canopy closure.  In 2002, major
runoff events occurred in the late summer, when fertilizer application was complete, crop
canopy closure was extensive, and the evaporation/transpiration potential was greater.



Turbidity:  A reduction in water clarity or a cloudiness caused by soil particles or organic matter
in the water.  These particles may harm aquatic life by decreasing light availability for plant
growth, increasing water temperature, clogging the gills of aquatic organisms, and covering
habitat.  Low turbidity values (at or below 25 NTU) generally indicate good water quality.

Watershed:  The land area that contributes surface water drainage to a stream.  The watershed
of a larger stream or river may encompass a number of smaller tributary subwatersheds.

Water Yield:  The amount of water flowing through a stream during a given time period divided
by the watershed area, expressed as inches of water.

Yield:  One way to assess and compare the pollutant loads from watersheds of different sizes is
to determine the "yield", or pollutant load per unit area of the watershed.  Yield normalizes
pollutant load on the basis of watershed area, allowing for more relative comparisons to be made
between watersheds.  Yield is calculated by dividing the total pollutant load for a given time
period by the watershed area, and is commonly expressed as pounds per acre.  Pollutant loads
and yields are primarily a function of soil type, land use, landscape characteristics, and the
amount, timing, and intensity of precipitation.




