3.4 Phosphorus Sources and Estimated Amounts Contributed to
Surface Waters (by Basin, Total and Bioavailable)

This section is intended to present the results of the total and bioavailable phosphorus loading
estimates to surface waters from each source category, by basin. The following sections provide a
detailed discussion of the results of the phosphorus loading estimates for each major basin and the
state, including assessments of which phosphorus source categories are important at varying flow

conditions.

3.4.1 Statewide Inventory
This section discusses the results of all of the combined phosphorus source estimates for all of the

basins in the state under each flow condition for total and bioavailable phosphorus.

3.4.1.1 Dry Conditions (Low Flow)

3.4.1.1.1 Total Phosphorus

Figure 3-9 shows that, under low flow conditions, the total point source phosphorus contribution
represents 45 percent, while nonpoint sources of phosphorus represent 55 percent of the statewide
loadings to surface waters. The expected load reduction of approximately 581,000 kg/yr associated
with a 1 mg/L permit limit at the MCES Metro WWTF would shift the point source contribution to
approximately 37 percent of the total load and nonpoint source to 63 percent. Figure 3-9 shows that
commercial/industrial process water and human waste products represent 38 and 35 percent,
respectively, of the point source total phosphorus contributions. The remaining point source
categories contribute less than 14 percent of the statewide point source loadings. The combination of
residential and commercial automatic dishwasher detergent represents approximately 10 percent of
the point source total phosphorus contributions. As shown in Figure 3-9, cropland and pasture runoff
and atmospheric deposition represent 33 and 30 percent, respectively, of the nonpoint source total

phosphorus loadings, with the remaining nonpoint source contributions below 11 percent.

3.4.1.1.2 Bioavailable Phosphorus

Figure 3-10 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 57 percent of the statewide loadings to surface waters. The expected load
reduction of approximately 496,800 kg/yr associated with a 1 mg/L permit limit at the MCES Metro
WWTF would shift the point source contribution to approximately 50 percent of the total
bioavailable phosphorus load. Figure 3-10 shows that commercial/industrial process water and
human waste products represent 40 and 35 percent, respectively, of the point source bioavailable
phosphorus contributions. The remaining point source categories contribute less than 12 percent of
the statewide point source loadings. The combination of residential and commercial automatic

dishwasher detergent represents approximately 10 percent of the point source bioavailable
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Figure 3-9
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Figure 3-10

Estimated Bioavailable P Contributions to Minnesota Surface Waters
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phosphorus contributions. As shown in Figure 3-10, cropland and pasture runoff, atmospheric
deposition and ISTS/unsewered communities represent approximately 34, 19 and 17 percent,
respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint
source contributions below 12 percent. A comparison of Figures 3-9 and 3-10 generally indicates
that point sources of phosphorus are more bioavailable than nonpoint sources. Looking more
specifically at each source category in comparing Figures 3-9 and 3-10, indicates that
ISTS/unsewered communities exhibits a significant increased contribution, while atmospheric
deposition exhibits a significant decreased contribution, relative to the other sources for the
bioavailable contribution of phosphorus. The relative shift for the remaining source categories is less

than 2 percent in comparing the bioavailable and total phosphorus contributions in each figure.

3.4.1.2 Average Condition

3.4.1.2.1 Total Phosphorus

Under average flow conditions, Figure 3-11 shows that the total point source phosphorus contribution
drops to 31 percent, compared to 45 percent for the statewide loadings to surface waters under low
flow conditions. The expected load reduction of approximately 581,000 kg/yr associated with a 1
mg/L permit limit at the MCES Metro WWTF would shift the point source contribution to
approximately 25 percent of the total load. As presented in Figure 3-11, cropland and pasture runoff,
atmospheric deposition, and streambank erosion represent 39, 19 and 16 percent, respectively, of the
nonpoint source total phosphorus loadings, with the remaining nonpoint source contributions below 9
percent. Compared to low flow conditions (Figure 3-9), Figure 3-11 shows that the relative statewide
nonpoint source contributions of total phosphorus increased significantly for streambank erosion,
increased slightly for cropland and pasture runoff, decreased somewhat for urban runoff, and

decreased significantly for atmospheric deposition and ISTS/unsewered communities.

3.4.1.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-12 shows that the bioavailable point source phosphorus
contribution drops to 44 percent, compared to 57 percent for the statewide loadings to surface waters
under low flow conditions. The expected load reduction of approximately 496,800 kg/yr associated
with a 1 mg/L permit limit at the MCES Metro WWTF would shift the point source contribution to
approximately 37 percent of the total bioavailable phosphorus load. As presented in Figure 3-12,
cropland and pasture runoff, atmospheric deposition, and streambank erosion represent 40, 13 and

13 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining
nonpoint source contributions below 10 percent. Compared to low flow conditions (Figure 3-10),
Figure 3-12 shows that the relative statewide nonpoint source contributions of bioavailable

phosphorus increased significantly for streambank erosion, increased slightly for cropland and
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Figure 3-11
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Figure 3-12

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Statewide
Average Flow Water Year
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pasture runoff, decreased somewhat for urban runoff, and decreased significantly for atmospheric

deposition and ISTS/unsewered communities.

3.4.1.3 Wet Condition (High Flow)

3.4.1.3.1 Total Phosphorus

Under high flow conditions, Figure 3-13 shows that the total point source phosphorus contribution
drops to 19 percent, compared to 31 and 45 percent for the statewide loadings to surface waters under
average and low flow conditions, respectively. The expected load reduction of approximately
581,000 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTF would shift the
point source contribution to approximately 15 percent of the total load. As presented in Figure 3-13,
streambank erosion, cropland and pasture runoff, and atmospheric deposition represent 40, 31 and 11
percent, respectively, of the nonpoint source total phosphorus loadings, with the remaining nonpoint
source contributions below 7 percent. Compared to average flow conditions (Figure 3-11),

Figure 3-13 shows that the relative statewide nonpoint source contributions of total phosphorus
increased significantly for streambank erosion, decreased slightly for cropland and pasture and non-
agricultural rural runoff, decreased somewhat for urban runoff, and decreased significantly for

atmospheric deposition and ISTS/unsewered communities.

3.4.1.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-14 shows that the bioavailable point source phosphorus
contribution drops to 30 percent, compared to 44 and 57 percent for the statewide loadings to surface
waters under average and low flow conditions, respectively. The expected load reduction of
approximately 496,800 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTF
would shift the point source contribution to approximately 24 percent of the total load. As presented
in Figure 3-14, streambank erosion, cropland and pasture runoff, and atmospheric deposition
represent 34, 34 and 9 percent, respectively, of the nonpoint source bioavailable phosphorus
loadings, with the remaining nonpoint source contributions at or below 7 percent. Compared to
average flow conditions (Figure 3-12), Figure 3-14 shows that the relative statewide nonpoint source
contributions of bioavailable phosphorus increased significantly for streambank erosion, decreased
slightly for cropland and pasture and non-agricultural rural runoff, decreased somewhat for urban

runoff, and decreased significantly for atmospheric deposition and ISTS/unsewered communities.
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Figure 3-13

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Statewide
Wet, High Flow Water Year
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Figure 3-14

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Statewide
Wet, High Flow Water Year
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3.4.2 St. Croix River Basin

3.4.2.1 Dry Conditions (Low Flow)

3.4.2.1.1 Total Phosphorus

Figure 3-15 shows that, under low flow conditions, the total point source phosphorus contribution
represents 16 percent, while nonpoint sources of phosphorus represent 84 percent of the loadings to
surface waters in the St. Croix River basin. Figure 3-15 also shows that human waste products,
commercial/industrial process water, and food soils represent 50, 17 and 17 percent, respectively, of
the point source total phosphorus contributions. The remaining point source categories contribute
less than 8 percent of the point source loadings. The combination of residential and commercial
automatic dishwasher detergent represents approximately 11 percent of the point source total
phosphorus contributions. As shown in Figure 3-15, cropland and pasture runoff, atmospheric
deposition, and ISTS/unsewered communities represent 28, 30, and 20 percent, respectively, of the
nonpoint source total phosphorus loadings, with the remaining nonpoint source contributions below

13 percent.

3.4.2.1.2 Bioavailable Phosphorus

Figure 3-16 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 22 percent of the loadings to surface waters in the St. Croix River basin.
Figure 3-16 also shows that human waste products, commercial/industrial process water, and food
soils represent 51, 18 and 15 percent, respectively, of the point source bioavailable phosphorus
contributions. The remaining point source categories contribute less than 9 percent of the point
source loadings to the St. Croix River basin. The combination of residential and commercial
automatic dishwasher detergent represents approximately 12 percent of the point source bioavailable
phosphorus contributions. As shown in Figure 3-16, cropland and pasture runoff, atmospheric
deposition and ISTS/unsewered communities represent approximately 26, 21 and 30 percent,
respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint

source contributions below 13 percent.
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Figure 3-15
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3.4.2.2 Average Condition

3.4.2.2.1 Total Phosphorus

Under average flow conditions, Figure 3-17 shows that the total point source phosphorus contribution
drops to 11 percent, compared to 16 percent for the loadings to surface waters in the St. Croix River
basin under low flow conditions. As presented in Figure 3-17, cropland and pasture runoff,
atmospheric deposition, non-agricultural rural runoff and ISTS/unsewered communities represent 36,
22,12, and 12 percent, respectively, of the nonpoint source total phosphorus loadings, with the
remaining nonpoint source contributions below 9 percent. Compared to low flow conditions

(Figure 3-15), Figure 3-17 shows that the relative nonpoint source contributions of total phosphorus
increased significantly for streambank erosion, as well as cropland and pasture runoff, decreased
slightly for urban runoff, and decreased significantly for atmospheric deposition and ISTS/unsewered

communities.

3.2.2.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-18 shows that the bioavailable point source phosphorus
contribution drops to 16 percent, compared to 22 percent for the loadings to surface waters in the St.
Croix River basin under low flow conditions. As presented in Figure 3-18, cropland and pasture
runoff, atmospheric deposition, non-agricultural rural runoff and ISTS/unsewered communities
represent 36, 17, 12, and 19 percent, respectively, of the nonpoint source bioavailable phosphorus
loadings, with the remaining nonpoint source contributions below 7 percent. Compared to low flow
conditions (Figure 3-16), Figure 3-18 shows that the relative nonpoint source contributions of
bioavailable phosphorus increased significantly for streambank erosion, as well as cropland and
pasture runoff, decreased slightly for urban runoff, and decreased significantly for atmospheric

deposition and ISTS/unsewered communities.

3.4.2.3 Wet Condition (High Flow)

3.4.2.3.1 Total Phosphorus

Under high flow conditions, Figure 3-19 shows that the total point source phosphorus contribution
drops to 6 percent, compared to 11 and 16 percent for the loadings to surface waters in the St. Croix
River basin under average and low flow conditions, respectively. As presented in Figure 3-19,
streambank erosion, cropland and pasture runoff, and atmospheric deposition represent 29, 36 and
14 percent, respectively, of the nonpoint source total phosphorus loadings, with the remaining
nonpoint source contributions below 10 percent. Compared to average flow conditions (Figure 3-17),
Figure 3-19 shows that the relative statewide nonpoint source contributions of total phosphorus
increased significantly for streambank erosion, decreased slightly for cropland and pasture and non-
agricultural rural runoff, decreased somewhat for urban runoff, and decreased significantly for

atmospheric deposition and ISTS/unsewered communities.
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3.4.2.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-20 shows that the bioavailable point source phosphorus
contribution drops to 10 percent, compared to 16 and 22 percent for the loadings to surface waters in
the St. Croix River basin under average and low flow conditions, respectively. As presented in
Figure 3-20, cropland and pasture runoff, streambank erosion, atmospheric deposition, non-
agricultural rural runoff and ISTS/unsewered communities represent 38, 23, 12, 10, and 11 percent,
respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint
source contributions at or below 4 percent. Compared to average flow conditions (Figure 3-18),
Figure 3-20 shows that the relative nonpoint source contributions of bioavailable phosphorus
increased significantly for streambank erosion, increased slightly for cropland and pasture, decreased
slightly for non-agricultural rural runoff, decreased somewhat for urban runoff, and decreased

significantly for atmospheric deposition and ISTS/unsewered communities.

3.4.3 Upper Mississippi River Basin

3.4.3.1 Dry Conditions (Low Flow)

3.4.3.1.1 Total Phosphorus

Figure 3-21 shows that, under low flow conditions, the total point source phosphorus contribution
represents 60 percent, while nonpoint sources of phosphorus represent 40 percent of the loadings to
surface waters in the Upper Mississippi River basin. The expected load reduction of approximately
581,000 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTF would shift the
point source contribution to approximately 43 percent of the total load. Figure 3-21 shows that
commercial/industrial process water and human waste products represent 29 and 39 percent,
respectively, of the point source total phosphorus contributions. The remaining point source
categories contribute less than 17 percent of the point source loadings in the Upper Mississippi River
basin. The combination of residential and commercial automatic dishwasher detergent represents
approximately 11 percent of the point source total phosphorus contributions. As shown in

Figure 3-21, cropland and pasture runoff, atmospheric deposition, urban runoff and ISTS/unsewered
communities represent 28, 30, 18 and 14 percent, respectively, of the nonpoint source total

phosphorus loadings, with the remaining nonpoint source contributions below 8 percent.

3.4.3.1.2 Bioavailable Phosphorus
Figure 3-22 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 70 percent of the loadings to surface waters in the Upper Mississippi River

basin. The expected load reduction of approximately 496,800 kg/yr associated with a 1 mg/L permit
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Figure 3-20 Estimated Bioavailable P Contributions to Minnesota Surface Waters—St. Croix
River Basin: Wet, High Flow Water Year
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Figure 3-21  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Upper Mississippi River Basin: Dry, Low Flow Water Year
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Figure 3-22  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Upper
Mississippi River Basin: Dry, Low Flow Water Year
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limit at the MCES Metro WWTF would shift the point source contribution to approximately 56
percent of the total bioavailable phosphorus load. Figure 3-22 shows that commercial/industrial
process water and human waste products represent 31 and 40 percent, respectively, of the point
source bioavailable phosphorus contributions. The remaining point source categories contribute less
than 15 percent of the point source loadings. The combination of residential and commercial
automatic dishwasher detergent represents approximately 12 percent of the point source bioavailable
phosphorus contributions. As shown in Figure 3-22, cropland and pasture runoff, atmospheric
deposition, urban runoff and ISTS/unsewered communities represent approximately 28, 18, 18 and
23 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining

nonpoint source contributions below 8 percent.

3.4.3.2 Average Condition

3.4.3.2.1 Total Phosphorus

Under average flow conditions, Figure 3-23 shows that the total point source phosphorus contribution
drops to 51 percent, compared to 60 percent for the loadings to surface waters in the Upper
Mississippi River basin under low flow conditions. The expected load reduction of approximately
581,000 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTF would shift the
point source contribution to approximately 34 percent of the total load. As presented in Figure 3-23,
cropland and pasture runoff, atmospheric deposition, and urban runoff represent 34, 23 and 14
percent, respectively, of the nonpoint source total phosphorus loadings, with the remaining nonpoint
source contributions below 10 percent. Compared to low flow conditions (Figure 3-21), Figure 3-23
shows that the relative nonpoint source contributions of total phosphorus increased significantly for
streambank erosion, increased slightly for cropland and pasture runoff, decreased somewhat for
urban runoff, and decreased significantly for atmospheric deposition and ISTS/unsewered

communities.

3.4.3.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-24 shows that the bioavailable point source phosphorus
contribution drops to 62 percent, compared to 70 percent for the loadings to surface waters in the
Upper Mississippi River under low flow conditions. The expected load reduction of approximately
496,800 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTF would shift the
point source contribution to approximately 47 percent of the total bioavailable phosphorus load. As
presented in Figure 3-24, cropland and pasture runoff, atmospheric deposition, urban runoff, and
ISTS/unsewered communities represent 35, 15, 15 and 16 percent, respectively, of the nonpoint

source total phosphorus loadings, with the remaining nonpoint source contributions below 10
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Figure 3-23  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Upper Mississippi River Basin: Average Flow Water Year
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Figure 3-24  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Upper
Mississippi River Basin: Average Flow Water Year

P:\23\62\853\Report\Final\Final Report.doc 147



percent. Compared to low flow conditions (Figure 3-22), Figure 3-24 shows that the relative
nonpoint source contributions of total phosphorus increased significantly for streambank erosion,
increased slightly for cropland and pasture runoff, decreased somewhat for urban runoff and

atmospheric deposition, and decreased significantly for ISTS/unsewered communities.

3.4.3.3 Wet Condition (High Flow)

3.4.3.3.1 Total Phosphorus

Under high flow conditions, Figure 3-25 shows that the total point source phosphorus contribution
drops to 37 percent, compared to 51 and 60 percent for the loadings to surface waters in the Upper
Mississippi River basin under average and low flow conditions, respectively. The expected load
reduction of approximately 581,000 kg/yr associated with a 1 mg/L permit limit at the MCES Metro
WWTF would shift the point source contribution to approximately 23 percent of the total load. As
presented in Figure 3-25, streambank erosion, cropland and pasture runoff, and atmospheric
deposition represent 24, 36 and 15 percent, respectively, of the nonpoint source total phosphorus
loadings, with the remaining nonpoint source contributions below 10 percent. Compared to average
flow conditions (Figure 3-23), Figure 3-25 shows that the relative statewide nonpoint source
contributions of total phosphorus increased significantly for streambank erosion, increased slightly
for cropland and pasture, decreased slightly for non-agricultural rural runoff, and decreased

significantly for urban runoff, atmospheric deposition and ISTS/unsewered communities.

3.4.3.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-26 shows that the bioavailable point source phosphorus
contribution drops to 50 percent, compared to 62 and 70 percent for the loadings to surface waters in
the Upper Mississippi River basin under average and low flow conditions, respectively. The
expected load reduction of approximately 496,800 kg/yr associated with a 1 mg/L permit limit at the
MCES Metro WWTF would shift the point source contribution to approximately 35 percent of the
total load. As presented in Figure 3-26, streambank erosion and cropland and pasture runoff
represent 19 and 38 percent, respectively, of the nonpoint source bioavailable phosphorus loadings,
with the remaining nonpoint source contributions at or below 11 percent. Compared to average flow
conditions (Figure 3-24), Figure 3-26 shows that the relative statewide nonpoint source contributions
of total phosphorus increased significantly for streambank erosion, increased slightly for cropland
and pasture, decreased slightly for non-agricultural rural runoff, and decreased significantly for urban

runoff, atmospheric deposition and ISTS/unsewered communities.
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Figure 3-25  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Upper Mississippi River Basin: Wet, High Flow Water Year
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Figure 3-26  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Upper
Mississippi River Basin: Wet, High Flow Water Year
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3.4.4 Lower Mississippi River Basin

3.4.4.1 Dry Conditions (Low Flow)

3.4.4.1.1 Total Phosphorus

Figure 3-27 shows that, under low flow conditions, the total point source phosphorus contribution
represents 50 percent, while nonpoint sources of phosphorus represent 50 percent of the loadings to
surface waters in the Lower Mississippi River basin. Figure 3-27 also shows that human waste
products, commercial/industrial process water, and food soils represent 32, 47 and 11 percent,
respectively, of the point source total phosphorus contributions. The remaining point source
categories contribute less than 5 percent of the point source loadings. The combination of residential
and commercial automatic dishwasher detergent represents approximately 7 percent of the point
source total phosphorus contributions. As shown in Figure 3-27, cropland and pasture runoff,
streambank erosion, urban runoff, and ISTS/unsewered communities represent 45, 17, 10 and 10
percent, respectively, of the nonpoint source total phosphorus loadings, with the remaining nonpoint

source contributions below 5 percent.

3.4.4.1.2 Bioavailable Phosphorus

Figure 3-28 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 61 percent of the loadings to surface waters. Figure 3-28 also shows that
human waste products, commercial/industrial process water, and food soils represent 33, 48 and 9
percent, respectively, of the point source bioavailable phosphorus contributions. The remaining point
source categories contribute less than 6 percent of the point source loadings. The combination of
residential and commercial automatic dishwasher detergent represents approximately 8 percent of the
point source bioavailable phosphorus contributions. As shown in Figure 3-28, cropland and pasture
runoff, streambank erosion, urban runoff and ISTS/unsewered communities represent approximately
44,12, 10 and 16 percent, respectively, of the nonpoint source bioavailable phosphorus loadings,

with the remaining nonpoint source contributions below 7 percent.

3.4.4.2 Average Condition

3.4.4.2.1 Total Phosphorus

Under average flow conditions, Figure 3-29 shows that the total point source phosphorus contribution
drops to 28 percent, compared to 50 percent for the loadings to surface waters under low flow
conditions. As presented in Figure 3-29, cropland and pasture runoff and streambank erosion
represent 36 and 47 percent, respectively, of the nonpoint source total phosphorus loadings, with the
remaining nonpoint source contributions below 5 percent. Compared to low flow conditions

(Figure 3-22), Figure 3-29 shows that the relative nonpoint source contributions of total phosphorus
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Figure 3-27  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Lower Mississippi River Basin: Dry, Low Flow Water Year
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Figure 3-28  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lower
Mississippi River Basin: Dry, Low Flow Water Year
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Figure 3-29  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Lower Mississippi River Basin: Average Flow Water Year
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increased significantly for streambank erosion, decreased slightly for cropland and pasture runoff,

and decreased significantly for all of the remaining source categories.

3.4.4.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-30 shows that the bioavailable point source phosphorus
contribution drops to 41 percent, compared to 61 percent for the loadings to surface waters under low
flow conditions. As presented in Figure 3-30, cropland and pasture runoff and streambank erosion
represent 39 and 39 percent, respectively, of the nonpoint source bioavailable phosphorus loadings,
with the remaining nonpoint source contributions below 8 percent. Compared to low flow conditions
(Figure 3-28), Figure 3-30 shows that the relative nonpoint source contributions of bioavailable
phosphorus increased significantly for streambank erosion, decreased slightly for cropland and

pasture runoff, and decreased significantly for all of the remaining source categories.

3.4.4.3 Wet Condition (High Flow)

3.4.4.3.1 Total Phosphorus

Under high flow conditions, Figure 3-31 shows that the total point source phosphorus contribution
drops to 13 percent, compared to 28 and 50 percent for the loadings to surface waters under average
and low flow conditions, respectively. As presented in Figure 3-31, streambank erosion and cropland
and pasture runoff represent 75 and 17 percent, respectively, of the nonpoint source total phosphorus
loadings, with the remaining nonpoint source contributions below 2 percent. Compared to average
flow conditions (Figure 3-29), Figure 3-31 shows that the relative statewide nonpoint source
contributions of total phosphorus increased significantly for streambank erosion and decreased

significantly for all of the remaining source categories.

3.4.4.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-32 shows that the bioavailable point source phosphorus
contribution drops to 23 percent, compared to 41 and 61 percent for the loadings to surface waters
under average and low flow conditions, respectively. As presented in Figure 3-32, cropland and
pasture runoff and streambank erosion represent 21 and 68 percent, respectively, of the nonpoint
source bioavailable phosphorus loadings, with the remaining nonpoint source contributions at or
below 4 percent. Compared to average flow conditions (Figure 3-30), Figure 3-32 shows that the
relative nonpoint source contributions of bioavailable phosphorus increased significantly for

streambank erosion and decreased significantly for all of the remaining source categories.
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Figure 3-30 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lower
Mississippi River Basin: Average Flow Water Year
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Figure 3-31  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Lower Mississippi River Basin: Wet, High Flow Water Year
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Figure 3-32  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lower
Mississippi River Basin: Wet, High Flow Water Year
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3.4.5 Red River Basin

3.45.1 Dry Conditions (Low Flow)

3.4.5.1.1 Total Phosphorus

Figure 3-33 shows that, under low flow conditions, the total point source phosphorus contribution
represents 16 percent, while nonpoint sources of phosphorus represent 84 percent of the loadings to
surface waters in the Red River basin. Figure 3-33 also shows that human waste products,
commercial/industrial process water, and food soils represent 37, 31 and 14 percent, respectively, of
the point source total phosphorus contributions. The remaining point source categories contribute
less than 7 percent of the point source loadings. The combination of residential and commercial
automatic dishwasher detergent represents approximately 9 percent of the point source total
phosphorus contributions. As shown in Figure 3-33, cropland and pasture runoff and atmospheric
deposition represent 33 and 52 percent, respectively, of the nonpoint source total phosphorus

loadings, with the remaining nonpoint source contributions below 6 percent.

3.4.5.1.2 Bioavailable Phosphorus

Figure 3-34 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 28 percent of the loadings to surface waters. Figure 3-34 also shows that
human waste products, commercial/industrial process water, and food soils represent 37, 32 and 12
percent, respectively, of the point source bioavailable phosphorus contributions. The remaining point
source categories contribute less than 7 percent of the point source loadings. The combination of
residential and commercial automatic dishwasher detergent represents approximately 10 percent of
the point source bioavailable phosphorus contributions. As shown in Figure 3-34, cropland and
pasture runoff and atmospheric deposition represent approximately 41 and 35 percent, respectively,
of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint source

contributions below 12 percent.

3.4.5.2 Average Condition

3.4.5.2.1 Total Phosphorus

Under average flow conditions, the total point source phosphorus contribution drops to 10 percent,
compared to 16 percent for the loadings to surface waters under low flow conditions (Figure 3-35).
Cropland and pasture runoff and atmospheric deposition represent 54 and 32 percent, respectively, of
the nonpoint source total phosphorus loadings, with the remaining nonpoint source contributions
below 6 percent. Compared to low flow conditions (Figure 3-33), Figure 3-35 shows that the relative
nonpoint source contributions of total phosphorus increased significantly for cropland and pasture

runoff and decreased significantly for several of the remaining source categories.
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Figure 3-33  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Red
River Basin: Dry, Low Flow Water Year
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Figure 3-34  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Red
River Basin: Dry, Low Flow Water Year
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Figure 3-35  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Red
River Basin: Average Flow Water Year
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3.4.5.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-36 shows that the bioavailable point source phosphorus
contribution drops to 16 percent, compared to 28 percent for the loadings to surface waters under low
flow conditions. As presented in Figure 3-36, cropland and pasture runoff and atmospheric
deposition represent 60 and 21 percent, respectively, of the nonpoint source bioavailable phosphorus
loadings, with the remaining nonpoint source contributions below 6 percent. Compared to low flow
conditions (Figure 3-34), Figure 3-36 shows that the relative nonpoint source contributions of
bioavailable phosphorus increased significantly for cropland and pasture runoff and decreased

significantly for several of the remaining source categories.

3.4.5.3 Wet Condition (High Flow)

3.4.5.3.1 Total Phosphorus

Under high flow conditions, Figure 3-37 shows that the total point source phosphorus contribution
drops to 7 percent, compared to 10 and 16 percent for the loadings to surface waters under average
and low flow conditions, respectively. As presented in Figure 3-37, streambank erosion, atmospheric
deposition and cropland and pasture runoff represent 14, 24 and 51 percent, respectively, of the
nonpoint source total phosphorus loadings, with the remaining nonpoint source contributions below 6
percent. Compared to average flow conditions (Figure 3-35), Figure 3-37 shows that the relative
statewide nonpoint source contributions of total phosphorus increased significantly for streambank
erosion and decreased significantly for all of the remaining source categories, except cropland and

pasture runoff.

3.4.5.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-38 shows that the bioavailable point source phosphorus
contribution drops to 11 percent, compared to 16 and 28 percent for the loadings to surface waters
under average and low flow conditions, respectively. As presented in Figure 3-38, cropland and
pasture runoff, atmospheric deposition and streambank erosion represent 57, 16 and 11 percent,
respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint
source contributions below 7 percent. Compared to average flow conditions (Figure 3-36),

Figure 3-38 shows that the relative nonpoint source contributions of bioavailable phosphorus
increased significantly for streambank erosion and decreased significantly for all of the remaining

source categories, except cropland and pasture runoff.
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Figure 3-36  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Red
River Basin: Average Flow Water Year
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Figure 3-37  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Red
River Basin: Wet, High Flow Water Year
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Figure 3-38  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Red
River Basin: Wet, High Flow Water Year
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3.4.6 Rainy River Basin

3.4.6.1 Dry Conditions (Low Flow)

3.4.6.1.1 Total Phosphorus

Figure 3-39 shows that, under low flow conditions, the total point source phosphorus contribution
represents 15 percent, while nonpoint sources of phosphorus represent 85 percent of the loadings to
surface waters in the Rainy River basin. Figure 3-39 also shows that commercial/industrial process
water represents 91 percent of the point source total phosphorus contributions. The remaining point
source categories contribute less than 7 percent of the point source loadings. The combination of
residential and commercial automatic dishwasher detergent represents approximately 1 percent of the
point source total phosphorus contributions. As shown in Figure 3-39, non-agricultural rural runoff
and atmospheric deposition represent 28 and 62 percent, respectively, of the nonpoint source total

phosphorus loadings, with the remaining nonpoint source contributions below 4 percent.

3.4.6.1.2 Bioavailable Phosphorus

Figure 3-40 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 27 percent of the loadings to surface waters. Figure 3-40 also shows that
commercial/industrial process water represents 92 percent of the point source bioavailable
phosphorus contributions. The remaining point source categories contribute less than 7 percent of
the point source loadings. The combination of residential and commercial automatic dishwasher
detergent represents approximately 1 percent of the point source bioavailable phosphorus
contributions. As shown in Figure 3-40, non-agricultural rural runoff and atmospheric deposition
represent approximately 35 and 49 percent, respectively, of the nonpoint source bioavailable

phosphorus loadings, with the remaining nonpoint source contributions below 8 percent.

3.4.6.2 Average Condition

3.4.6.2.1 Total Phosphorus

Under average flow conditions, Figure 3-41 shows that the total point source phosphorus contribution
drops to 10 percent, compared to 15 percent for the loadings to surface waters under low flow
conditions. As presented in Figure 3-41, non-agricultural rural runoff and atmospheric deposition
represent 30 and 45 percent, respectively, of the nonpoint source total phosphorus loadings, with the
remaining nonpoint source contributions below 15 percent. Compared to low flow conditions
(Figure 3-39), Figure 3-41 shows that the relative nonpoint source contributions of total phosphorus
increased significantly for streambank erosion and decreased significantly for atmospheric

deposition.
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Figure 3-39  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Rainy
River Basin: Dry, Low Flow Water Year
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Figure 3-40 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Rainy
River Basin: Dry, Low Flow Water Year
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Figure 3-41  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Rainy
River Basin: Average Flow Water Year
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3.4.6.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-42 shows that the bioavailable point source phosphorus
contribution drops to 19 percent, compared to 27 percent for the loadings to surface waters under low
flow conditions. As presented in Figure 3-42, non-agricultural rural runoff and atmospheric
deposition represent 37 and 36 percent, respectively, of the nonpoint source bioavailable phosphorus
loadings, with the remaining nonpoint source contributions below 13 percent. Compared to low flow
conditions (Figure 3-40), Figure 3-42 shows that the relative nonpoint source contributions of
bioavailable phosphorus increased significantly for streambank erosion and decreased significantly

for atmospheric deposition.

3.4.6.3 Wet Condition (High Flow)

3.4.6.3.1 Total Phosphorus

Under high flow conditions, Figure 3-43 shows that the total point source phosphorus contribution
drops to 6 percent, compared to 10 and 15 percent for the loadings to surface waters under average
and low flow conditions, respectively. As presented in Figure 3-43, streambank erosion, atmospheric
deposition and non-agricultural runoff represent 44, 27 and 22 percent, respectively, of the nonpoint
source total phosphorus loadings, with the remaining nonpoint source contributions below 6 percent.
Compared to average flow conditions (Figure 3-41), Figure 3-43 shows that the relative statewide
nonpoint source contributions of total phosphorus increased significantly for streambank erosion and

decreased significantly for all of the remaining source categories, except cropland and pasture runoff.

3.4.6.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-44 shows that the bioavailable point source phosphorus
contribution drops to 11 percent, compared to 19 and 27 percent for the loadings to surface waters
under average and low flow conditions, respectively. As presented in Figure 3-44, non-agricultural
rural runoff, atmospheric deposition and streambank erosion represent 27, 22 and 40 percent,
respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint
source contributions below 7 percent. Compared to average flow conditions (Figure 3-42),

Figure 3-44 shows that the relative nonpoint source contributions of bioavailable phosphorus
increased significantly for streambank erosion and decreased significantly for all of the remaining

source categories, except cropland and pasture runoff.
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Figure 3-42  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Rainy
River Basin: Average Flow Water Year
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Figure 3-43  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Rainy
River Basin: Wet, High Flow Water Year
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Figure 3-44  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Rainy
River Basin: Wet, High Flow Water Year
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3.4.7 Lake Superior Basin

3.4.7.1 Dry Conditions (Low Flow)

3.4.7.1.1 Total Phosphorus

Figure 3-45 shows that, under low flow conditions, the total point source phosphorus contribution
represents 18 percent, while nonpoint sources of phosphorus represent 82 percent of the loadings to
surface waters in the Lake Superior basin. Figure 3-45 also shows that human waste products,
commercial/industrial process water, and food soils represent 51, 22, and 15 percent, respectively, of
the point source total phosphorus contributions. The remaining point source categories contribute
less than 7 percent of the point source loadings. The combination of residential and commercial
automatic dishwasher detergent represents approximately 10 percent of the point source total
phosphorus contributions. As shown in Figure 3-45, urban runoff, non-agricultural rural runoff and
atmospheric deposition represent 14, 30 and 41 percent, respectively, of the nonpoint source total

phosphorus loadings, with the remaining nonpoint source contributions below 6 percent.

3.4.7.1.2 Bioavailable Phosphorus

Figure 3-46 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 28 percent of the loadings to surface waters. Figure 3-46 also shows that
human waste products, commercial/industrial process water, and food soils represent 52, 23, and 13
percent, respectively, of the point source bioavailable phosphorus contributions. The remaining point
source categories contribute less than 8 percent of the point source loadings. The combination of
residential and commercial automatic dishwasher detergent represents approximately 10 percent of
the point source bioavailable phosphorus contributions. As shown in Figure 3-46, urban runoff, non-
agricultural rural runoff, and atmospheric deposition represent approximately 16, 34, and 30 percent,
respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint

source contributions below 10 percent.

3.4.7.2 Average Condition

3.4.7.2.1 Total Phosphorus

Under average flow conditions, Figure 3-47 shows that the total point source phosphorus contribution
drops to 13 percent, compared to 18 percent for the loadings to surface waters under low flow
conditions. As presented in Figure 3-47, non-agricultural rural runoff and atmospheric deposition
represent 32 and 31 percent, respectively, of the nonpoint source total phosphorus loadings, with the
remaining nonpoint source contributions below 16 percent. Compared to low flow conditions
(Figure 3-45), Figure 3-47 shows that the relative nonpoint source contributions of total phosphorus
increased significantly for streambank erosion and decreased significantly for atmospheric

deposition.
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Figure 3-45  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Lake
Superior Basin: Dry, Low Flow Water Year

P:\23\62\853\Report\Final\Final Report.doc 176



Reserved for:

Figure 3-46  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lake
Superior Basin: Dry, Low Flow Water Year
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Figure 3-47  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Lake
Superior Basin: Average Flow Water Year
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3.4.7.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-48 shows that the bioavailable point source phosphorus
contribution drops to 21 percent, compared to 28 percent for the loadings to surface waters under low
flow conditions. As presented in Figure 3-48, non-agricultural rural runoff and atmospheric
deposition represent 36 and 23 percent, respectively, of the nonpoint source bioavailable phosphorus
loadings, with the remaining nonpoint source contributions below 13 percent. Compared to low flow
conditions (Figure 3-46), Figure 3-48 shows that the relative nonpoint source contributions of
bioavailable phosphorus increased significantly for streambank erosion and decreased significantly

for atmospheric deposition and ISTS/unsewered communities.

3.4.7.3 Wet Condition (High Flow)

3.4.7.3.1 Total Phosphorus

Under high flow conditions, Figure 3-49 shows that the total point source phosphorus contribution
drops to 7 percent, compared to 13 and 18 percent for the loadings to surface waters under average
and low flow conditions, respectively. As presented in Figure 3-49, streambank erosion, atmospheric
deposition and non-agricultural runoff represent 46, 18 and 22 percent, respectively, of the nonpoint
source total phosphorus loadings, with the remaining nonpoint source contributions at or below 6
percent. Compared to average flow conditions (Figure 3-47), Figure 3-49 shows that the relative
statewide nonpoint source contributions of total phosphorus increased significantly for streambank
erosion and decreased significantly for all of the remaining source categories, except cropland and

pasture runoff.

3.4.7.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-50 shows that the bioavailable point source phosphorus
contribution drops to 13 percent, compared to 21 and 28 percent for the loadings to surface waters
under average and low flow conditions, respectively. As presented in Figure 3-50, non-agricultural
rural runoff, atmospheric deposition, and streambank erosion represent 25, 15, and 41 percent,
respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint
source contributions at or below 7 percent. Compared to average flow conditions (Figure 3-48),
Figure 3-50 shows that the relative nonpoint source contributions of bioavailable phosphorus
increased significantly for streambank erosion and decreased significantly for all of the remaining

source categories, except cropland and pasture runoff.
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Figure 3-48  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lake
Superior Basin: Average Flow Water Year
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Figure 3-49  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Lake
Superior Basin: Wet, High Flow Water Year
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Figure 3-50 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lake
Superior Basin: Wet, High Flow Water Year
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3.4.8 Missouri River Basin

3.4.8.1 Dry Conditions (Low Flow)

3.4.8.1.1 Total Phosphorus

Figure 3-51 shows that, under low flow conditions, the total point source phosphorus contribution
represents 21 percent, while nonpoint sources of phosphorus represent 79 percent of the loadings to
surface waters in the Missouri River basin. Figure 3-51 also shows that human waste products,
commercial/industrial process water, and food soils represent 43, 31 and 13 percent, respectively, of
the point source total phosphorus contributions. The remaining point source categories contribute
less than 6 percent of the point source loadings. The combination of residential and commercial
automatic dishwasher detergent represents approximately 9 percent of the point source total
phosphorus contributions. As shown in Figure 3-51, cropland and pasture runoff and
ISTS/unsewered communities represent 73 and 8 percent, respectively, of the nonpoint source total

phosphorus loadings, with the remaining nonpoint source contributions at or below 5 percent.

3.4.8.1.2 Bioavailable Phosphorus

Figure 3-52 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 29 percent of the loadings to surface waters. Figure 3-52 also shows that
human waste products, commercial/industrial process water, and food soils represent 43, 32 and 11
percent, respectively, of the point source bioavailable phosphorus contributions. The remaining point
source categories contribute less than 7 percent of the point source loadings. The combination of
residential and commercial automatic dishwasher detergent represents approximately 9 percent of the
point source bioavailable phosphorus contributions. As shown in Figure 3-52, cropland and pasture
runoff and ISTS/unsewered communities represent approximately 70 and 12 percent, respectively, of
the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint source

contributions below 5 percent.

3.4.8.2 Average Condition

3.4.8.2.1 Total Phosphorus

Under average flow conditions, Figure 3-53 shows that the total point source phosphorus contribution
drops to 12 percent, compared to 21 percent for the loadings to surface waters under low flow
conditions. As presented in Figure 3-53, cropland and pasture runoff and streambank erosion
represent 64 and 17 percent, respectively, of the nonpoint source total phosphorus loadings, with the
remaining nonpoint source contributions below 5 percent. Compared to low flow conditions

(Figure 3-51), Figure 3-53 shows that the relative nonpoint source contributions of total phosphorus
increased significantly for streambank erosion, decreased slightly for cropland and pasture runoff,

urban runoff and non-agricultural runoff, and decreased significantly for atmospheric deposition.
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Figure 3-51  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Missouri River Basin: Dry, Low Flow Water Year
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Figure 3-52  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Missouri
River Basin: Dry, Low Flow Water Year
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Figure 3-53  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Missouri River Basin: Average Flow Water Year
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3.4.8.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-54 shows that the bioavailable point source phosphorus
contribution drops to 18 percent, compared to 29 percent for the loadings to surface waters under low
flow conditions. As presented in Figure 3-54, cropland and pasture runoff and streambank erosion
represent 64 and 13 percent, respectively, of the nonpoint source bioavailable phosphorus loadings,
with the remaining nonpoint source contributions below 7 percent. Compared to low flow conditions
(Figure 3-52), Figure 3-54 shows that the relative nonpoint source contributions of bioavailable
phosphorus increased significantly for streambank erosion, decreased slightly for cropland and

pasture runoff, urban runoff, non-agricultural runoff and atmospheric deposition.

3.4.8.3 Wet Condition (High Flow)

3.4.8.3.1 Total Phosphorus

Under high flow conditions, Figure 3-55 shows that the total point source phosphorus contribution
drops to 6 percent, compared to 12 and 21 percent for the loadings to surface waters under average
and low flow conditions, respectively. As presented in Figure 3-55, streambank erosion and cropland
and pasture runoff represent 34 and 53 percent, respectively, of the nonpoint source total phosphorus
loadings, with the remaining nonpoint source contributions below 5 percent. Compared to average
flow conditions (Figure 3-53), Figure 3-55 shows that the relative statewide nonpoint source
contributions of total phosphorus increased significantly for streambank erosion and decreased
significantly for all of the remaining source categories, except feedlots and cropland and pasture

runoff.

3.4.8.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-56 shows that the bioavailable point source phosphorus
contribution drops to 10 percent, compared to 18 and 29 percent for the loadings to surface waters
under average and low flow conditions, respectively. As presented in Figure 3-56, cropland and
pasture runoff and streambank erosion represent 56 and 28 percent, respectively, of the nonpoint
source bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 7
percent. Compared to average flow conditions (Figure 3-54), Figure 3-56 shows that the relative
nonpoint source contributions of bioavailable phosphorus increased significantly for streambank
erosion and decreased significantly for all of the remaining source categories, except feedlots and

cropland and pasture runoff.
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Figure 3-54  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Missouri
River Basin: Average Flow Water Year
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Figure 3-55  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Missouri River Basin: Wet, High Flow Water Year
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Figure 3-56  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Missouri
River Basin: Wet, High Flow Water Year
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3.4.9 Minnesota River Basin

3.4.9.1 Dry Conditions (Low Flow)

3.4.9.1.1 Total Phosphorus

Figure 3-57 shows that, under low flow conditions, the total point source phosphorus contribution
represents 41 percent, while nonpoint sources of phosphorus represent 59 percent of the loadings to
surface waters in the Minnesota River basin. Figure 3-57 also shows that human waste products,
commercial/industrial process water, and food soils represent 23, 58 and 9 percent, respectively, of
the point source total phosphorus contributions. The remaining point source categories contribute
less than 5 percent of the point source loadings. The combination of residential and commercial
automatic dishwasher detergent represents approximately 6 percent of the point source total
phosphorus contributions. As shown in Figure 3-57, cropland and pasture runoff, atmospheric
deposition, and agricultural tile drainage represent 50, 12 and 12 percent, respectively, of the
nonpoint source total phosphorus loadings, with the remaining nonpoint source contributions below

11 percent.

3.4.9.1.2 Bioavailable Phosphorus

Figure 3-58 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 52 percent of the loadings to surface waters. Figure 3-58 also shows that
human waste products, commercial/industrial process water, and food soils represent 23, 60 and 8
percent, respectively, of the point source bioavailable phosphorus contributions. The remaining point
source categories contribute less than 5 percent of the point source loadings. The combination of
residential and commercial automatic dishwasher detergent represents approximately 6 percent of the
point source bioavailable phosphorus contributions. As shown in Figure 3-58, cropland and pasture
runoff, agricultural tile drainage, and ISTS/unsewered communities represent approximately 49, 12,
and 13 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, with the

remaining nonpoint source contributions below 11 percent.

3.4.9.2 Average Condition

3.4.9.2.1 Total Phosphorus

Under average flow conditions, Figure 3-59 shows that the total point source phosphorus contribution
drops to 25 percent, compared to 41 percent for the loadings to surface waters under low flow
conditions. As presented in Figure 3-59, cropland and pasture runoff and streambank erosion
represent 48 and 18 percent, respectively, of the nonpoint source total phosphorus loadings, with the
remaining nonpoint source contributions below 12 percent. Compared to low flow conditions
(Figure 3-57), Figure 3-59 shows that the relative nonpoint source contributions of total phosphorus
increased significantly for streambank erosion, decreased slightly for cropland and pasture runoff,

and decreased significantly for urban runoff and atmospheric deposition.
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Figure 3-57  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Minnesota River Basin: Dry, Low Flow Water Year

P:\23\62\853\Report\Final\Final Report.doc 192



Reserved for:

Figure 3-58  Estimated Bioavailable P Contributions to Minnesota Surface Waters—
Minnesota River Basin: Dry, Low Flow Water Year
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Figure 3-59  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Minnesota River Basin: Average Flow Water Year
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3.4.9.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-60 shows that the bioavailable point source phosphorus
contribution drops to 36 percent, compared to 52 percent for the loadings to surface waters under low
flow conditions. As presented in Figure 3-60, cropland and pasture runoff, agricultural tile drainage,
and streambank erosion represent 49, 12 and 14 percent, respectively, of the nonpoint source
bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 7 percent.
Compared to low flow conditions (Figure 3-58), Figure 3-60 shows that the relative nonpoint source
contributions of bioavailable phosphorus increased significantly for streambank erosion and

decreased significantly for urban runoff and atmospheric deposition.

3.4.9.3 Wet Condition (High Flow)

3.4.9.3.1 Total Phosphorus

Under high flow conditions, Figure 3-61 shows that the total point source phosphorus contribution
drops to 15 percent, compared to 25 and 41 percent for the loadings to surface waters under average
and low flow conditions, respectively. As presented in Figure 3-61, streambank erosion and cropland
and pasture runoff represent 42 and 36 percent, respectively, of the nonpoint source total phosphorus
loadings, with the remaining nonpoint source contributions below 9 percent. Compared to average
flow conditions (Figure 3-59), Figure 3-61 shows that the relative statewide nonpoint source
contributions of total phosphorus increased significantly for streambank erosion and decreased

significantly for all of the remaining source categories, except feedlots.

3.4.9.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-62 shows that the bioavailable point source phosphorus
contribution drops to 23 percent, compared to 36 and 52 percent for the loadings to surface waters
under average and low flow conditions, respectively. As presented in Figure 3-62, cropland and
pasture runoff and streambank erosion represent 39 and 35 percent, respectively, of the nonpoint
source bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 10
percent. Compared to average flow conditions (Figure 3-60), Figure 3-62 shows that the relative
nonpoint source contributions of bioavailable phosphorus increased significantly for streambank

erosion and decreased significantly for all of the remaining source categories, except feedlots.
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Figure 3-60 Estimated Bioavailable P Contributions to Minnesota Surface Waters—
Minnesota River Basin: Average Flow Water Year
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Figure 3-61  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Minnesota River Basin: Wet, High Flow Water Year
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Figure 3-62  Estimated Bioavailable P Contributions to Minnesota Surface Waters—
Minnesota River Basin: Wet, High Flow Water Year

P:\23\62\853\Report\Final\Final Report.doc 198



3.4.10 Cedar River Basin

3.4.10.1 Dry Conditions (Low Flow)

3.4.10.1.1 Total Phosphorus

Figure 3-63 shows that, under low flow conditions, the total point source phosphorus contribution
represents 66 percent, while nonpoint sources of phosphorus represent 34 percent of the loadings to
surface waters in the Cedar River basin. Figure 3-63 also shows that human waste products,
commercial/industrial process water, and food soils represent 68, 13 and 8 percent, respectively, of
the point source total phosphorus contributions. The remaining point source categories contribute
less than 4 percent of the point source loadings. The combination of residential and commercial
automatic dishwasher detergent represents approximately 5 percent of the point source total
phosphorus contributions. As shown in Figure 3-63, cropland and pasture runoff, atmospheric
deposition, urban runoff, and ISTS/unsewered communities represent 48, 14, 14, and 13 percent,
respectively, of the nonpoint source total phosphorus loadings, with the remaining nonpoint source

contributions below 6 percent.

3.4.10.1.2 Bioavailable Phosphorus

Figure 3-64 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 75 percent of the loadings to surface waters. Figure 3-64 also shows that
human waste products, commercial/industrial process water, and food soils represent 69, 14 and 7
percent, respectively, of the point source bioavailable phosphorus contributions. The remaining point
source categories contribute less than 5 percent of the point source loadings. The combination of
residential and commercial automatic dishwasher detergent represents approximately 6 percent of the
point source bioavailable phosphorus contributions. As shown in Figure 3-64, cropland and pasture
runoff, urban runoff and ISTS/unsewered communities represent approximately 46, 14, and 21
percent, respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining

nonpoint source contributions below 8 percent.

3.4.10.2 Average Condition

3.4.10.2.1 Total Phosphorus

Under average flow conditions, Figure 3-65 shows that the total point source phosphorus contribution
drops to 47 percent, compared to 66 percent for the loadings to surface waters under low flow
conditions. As presented in Figure 3-65, cropland and pasture runoff and streambank erosion
represent 54 and 19 percent, respectively, of the nonpoint source total phosphorus loadings, with the
remaining nonpoint source contributions below 8 percent. Compared to low flow conditions

(Figure 3-63), Figure 3-65 shows that the relative nonpoint source contributions of total phosphorus
increased significantly for streambank erosion, increased slightly for cropland and pasture runoff,

and decreased significantly for urban runoff and atmospheric deposition.
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Figure 3-63  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Cedar River Basin: Dry, Low Flow Water Year
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Figure 3-64  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Cedar
River Basin: Dry, Low Flow Water Year
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Figure 3-65  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Cedar River Basin: Average Flow Water Year
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3.4.10.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-66 shows that the bioavailable point source phosphorus
contribution drops to 60 percent, compared to 75 percent for the loadings to surface waters under low
flow conditions. As presented in Figure 3-66, cropland and pasture runoff, streambank erosion and
ISTS/unsewered communities represent 56, 15, and 10 percent, respectively, of the nonpoint source
bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 8 percent.
Compared to low flow conditions (Figure 3-64), Figure 3-66 shows that the relative nonpoint source
contributions of bioavailable phosphorus increased significantly for streambank erosion and

decreased significantly for urban runoff, ISTS/unsewered communities and atmospheric deposition.

3.4.10.3 Wet Condition (High Flow)

3.4.10.3.1 Total Phosphorus

Under high flow conditions, Figure 3-67 shows that the total point source phosphorus contribution
drops to 32 percent, compared to 47 and 66 percent for the loadings to surface waters under average
and low flow conditions, respectively. As presented in Figure 3-67, streambank erosion and cropland
and pasture runoff represent 49 and 36 percent, respectively, of the nonpoint source total phosphorus
loadings, with the remaining nonpoint source contributions below 5 percent. Compared to average
flow conditions (Figure 3-65), Figure 3-67 shows that the relative statewide nonpoint source
contributions of total phosphorus increased significantly for streambank erosion and decreased

significantly for all of the remaining source categories.

3.4.10.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-68 shows that the bioavailable point source phosphorus
contribution drops to 45 percent, compared to 60 and 75 percent for the loadings to surface waters
under average and low flow conditions, respectively. As presented in Figure 3-68, cropland and
pasture runoff and streambank erosion represent 40 and 41 percent, respectively, of the nonpoint
source bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 6
percent. Compared to average flow conditions (Figure 3-66), Figure 3-68 shows that the relative
nonpoint source contributions of bioavailable phosphorus increased significantly for streambank

erosion and decreased significantly for all of the remaining source categories, except feedlots.
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Figure 3-66  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Cedar
River Basin: Average Flow Water Year
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Figure 3-67  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Cedar River Basin: Wet, High Flow Water Year
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Figure 3-68  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Cedar
River Basin: Wet, High Flow Water Year
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3.4.11 Des Moines River Basin

3.4.11.1 Dry Conditions (Low Flow)

3.4.11.1.1 Total Phosphorus

Figure 3-69 shows that, under low flow conditions, the total point source phosphorus contribution
represents 60 percent, while nonpoint sources of phosphorus represent 40 percent of the loadings to
surface waters in the Des Moines River basin. Figure 3-69 also shows that human waste products
and commercial/industrial process water represent 14 and 80 percent, respectively, of the point
source total phosphorus contributions. The remaining point source categories contribute less than 3
percent of the point source loadings. The combination of residential and commercial automatic
dishwasher detergent represents approximately 2 percent of the point source total phosphorus
contributions. As shown in Figure 3-69, cropland and pasture runoff and atmospheric deposition
represent 67 and 13 percent, respectively, of the nonpoint source total phosphorus loadings, with the

remaining nonpoint source contributions below 8 percent.

3.4.11.1.2 Bioavailable Phosphorus

Figure 3-70 shows that, under low flow conditions, the bioavailable point source phosphorus
contribution represents 71 percent of the loadings to surface waters. Figure 3-70 also shows that
human waste products and commercial/industrial process water represent 13 and 81 percent,
respectively, of the point source bioavailable phosphorus contributions. The remaining point source
categories contribute less than 3 percent of the point source loadings. The combination of residential
and commercial automatic dishwasher detergent represents approximately 2 percent of the point
source bioavailable phosphorus contributions. As shown in Figure 3-70, cropland and pasture runoff
represents approximately 66 percent of the nonpoint source bioavailable phosphorus loadings, with

the remaining nonpoint source contributions below 9 percent.

3.4.11.2 Average Condition

3.4.11.2.1 Total Phosphorus

Under average flow conditions, Figure 3-71 shows that the total point source phosphorus contribution
drops to 48 percent, compared to 60 percent for the loadings to surface waters under low flow
conditions. As presented in Figure 3-71, cropland and pasture runoff and streambank erosion
represent 62 and 12 percent, respectively, of the nonpoint source total phosphorus loadings, with the
remaining nonpoint source contributions below 10 percent. Compared to low flow conditions
(Figure 3-69), Figure 3-71 shows that the relative nonpoint source contributions of total phosphorus
increased significantly for feedlots and streambank erosion, and decreased significantly for urban

runoff, ISTS/unsewered communities and atmospheric deposition.
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Figure 3-69  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Des
Moines River Basin: Dry, Low Flow Water Year
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Figure 3-70  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Des
Moines River Basin: Dry, Low Flow Water Year
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Figure 3-71  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Des
Moines River Basin: Average Flow Water Year
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3.4.11.2.2 Bioavailable Phosphorus

Under average flow conditions, Figure 3-72 shows that the bioavailable point source phosphorus
contribution drops to 60 percent, compared to 71 percent for the loadings to surface waters under low
flow conditions. As presented in Figure 3-72, cropland and pasture runoff and streambank erosion
represent 63 and 9 percent, respectively, of the nonpoint source bioavailable phosphorus loadings,
with the remaining nonpoint source contributions below 7 percent. Compared to low flow conditions
(Figure 3-70), Figure 3-72 shows that the relative nonpoint source contributions of bioavailable
phosphorus increased significantly for feedlots and streambank erosion, and decreased significantly

for urban runoff, ISTS/unsewered communities and atmospheric deposition.

3.4.11.3 Wet Condition (High Flow)

3.4.11.3.1 Total Phosphorus

Under high flow conditions, Figure 3-73 shows that the total point source phosphorus contribution
drops to 28 percent, compared to 48 and 60 percent for the loadings to surface waters under average
and low flow conditions, respectively. As presented in Figure 3-73, streambank erosion and cropland
and pasture runoff represent 33 and 52 percent, respectively, of the nonpoint source total phosphorus
loadings, with the remaining nonpoint source contributions below 5 percent. Compared to average
flow conditions (Figure 3-71), Figure 3-73 shows that the relative statewide nonpoint source
contributions of total phosphorus increased significantly for streambank erosion and decreased

significantly for all of the remaining source categories except feedlots.

3.4.11.3.2 Bioavailable Phosphorus

Under high flow conditions, Figure 3-74 shows that the bioavailable point source phosphorus
contribution drops to 41 percent, compared to 60 and 71 percent for the loadings to surface waters
under average and low flow conditions, respectively. As presented in Figure 3-74, cropland and
pasture runoff and streambank erosion represent 55 and 27 percent, respectively, of the nonpoint
source bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 5
percent. Compared to average flow conditions (Figure 3-72), Figure 3-74 shows that the relative
nonpoint source contributions of bioavailable phosphorus increased significantly for streambank

erosion and decreased significantly for all of the remaining source categories, except feedlots.
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Figure 3-72  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Des
Moines River Basin: Average Flow Water Year
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Figure 3-73  Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Des
Moines River Basin: Wet, High Flow Water Year
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Figure 3-74  Estimated Bioavailable P Contributions to Minnesota Surface Waters—Des
Moines River Basin: Wet, High Flow Water Year
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