Minnesota Pollution Control Agency

g™
o Office of the Commissioner

Februarv 26. 2004

The Honorable John Marty, Chair " The Honorable Tom Hackbarth, Chair
Environment and Natural Resources Committee Environment and Natural Resources Policy
Minnesota Senate Committee

323 Capitol Minnesota House of Representatives

409 State Office Building
The Honorable Dallas Sams, Chair

Environment, Agriculture and Economic The Honorable Dennis Ozment, Chair ,
Development Budget Division Environment and Natural Resources Finance
Minnesota Senate Committee

328 Capitol Minnesota House of Representatives

479 State Office Building
The Honorable Linda Scheid, Chair

Commerce Committee The Honorable Gregory Davids, Chair
Minnesota Senate Commerce, Jobs and Economic Development
303 State Capitol Committee

Minnesota House of Representatives
379 State Office Building
Dear Committee Chairs:

I am pleased to submit to you the enclosed report entitled, “Detailed Assessment of Phosphorus Sources
to Minnesota Watersheds” produced by Barr Engineering Company (Barr) under contract to the State of
Minnesota. This letter and report are submitted to you to fulfill the requirements of Minn. Laws 2003,
Ch. 128, Art. 1, Sections 122 and 166 which asked MPCA to report to the 2004 Legislature on the levels
of non-ingested phosphorus discharged to wastewater treatment systems, the effect of lowering
phosphorus on water quality, and a review of the MPCA’s rules on nutrients in cleaning agents. As
noted in a letter to you dated January 20, 2004, although this report was required to be submitted by
February 2, it was necessary to extend the submittal date to March 1, 2004.

As nutrients in fertilizer cause crops and lawns to grow, nutrients, which get into surface water, cause
excessive growth of algae and other aquatic plants. Phosphorus is the primary nutrient causing the
pollution of Minnesota’s surface waters. The presence of phosphorus in automatic dishwasher detergent
(ADWD) was discussed by the Legislature during the 2003 Session and legislation to eliminate virtually
all phosphorus in ADWD was introduced. The various perspectives of interested parties and a lack of
solid data led the Legislature to charge the MPCA to research a series of questions and develop a study
of the sources of phosphorus statewide. The MPCA contracted with a local consultant, Barr, to conduct
the study and assist the MPCA in answering the questions posed by the Legislature. Barr has performed
in an outstanding manner in this very large and complicated effort and was able to deliver a final report
to the agency on February 19, 2004. Their report is enclosed with this letter.
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The questions posed by the Legislature were:

1.

What is a reasonable estimate for the amount of phosphorus entering municipal wastewater systems
(Publicly Owned Treatment Works — (POTW’s) from non-ingested sources?

Non-ingested sources of phosphorus are commercial/industrial process water, residential and
commercial ADWD, food soils (dishwashing and garbage disposals food wastes), dentifrices (oral
hygiene products), noncontact cooling water, drinking water treatment agents and groundwater
inflow/infiltration. Non-ingested sources of phosphorus make up 57.6 percent (2,573,000 kg/yr.) of
the total amount (4,468,000 kg/yr.) of phosphorus entering POTW’s. Commercial and industrial
process water is 46 percent of the non-ingested phosphorus entering POTW’s and food soils are
about 28 percent of the non-ingested phosphorus. The phosphorus from residential and commercial
use of ADWD, combined, is almost 19 percent of the non-ingested phosphorus entering POTWs.
The remainder of the sources totals less than 8 percent.

What is a reasonable timeline for achieving a 50 percent reduction of phosphorus from non-ingested
sources to municipal wastewater systems?

Each individual POTW receives phosphorus from varying non-ingested sources. The source, or
combination of sources, of non-ingested phosphorus that enters a POTW and the practicality of
removing non-ingested phosphorus from specific individual sources will determine the feasibility of
reaching a 50 percent removal goal in any reasonable timeframe.

According to the Barr report, the achievement of a 50 percent reduction of non-ingested phosphorus
appears to be an ambitious goal. It is theoretically possible to achieve a 50 percent reduction in non-
ingested phosphorus entering a POTW, but the practicality and timeline for doing so is reliant upon a
thorough examination of the data in the Barr report and ultimately, is a public policy decision. The
report outlines several options that could lead to a significant reduction in non-ingested phosphorus
entering POTW’s. One example of the type of approach that would be necessary to achieve a
significant reduction in non-ingested phosphorus entering a POTW would require a reduction to zero
phosphorus in residential and commercial ADWD and a 50 percent reduction in phosphorus from
commercial and industrial process water. These reductions combined would result in a reduction of
42 percent of phosphorus entering a POTW.

What is the effect on water quality of receiving waters as a result of lowering phosphorus in the
wastewater stream?

One method of estimating the effect of lowering the phosphorus content of the wastewater stream is
to determine the relative amount of phosphorus contribution from a specific source when compared
to other sources in a major basin or statewide. While this was the general approach used in this
study, it is important to note that this statewide/basin method has limitations because the effect of a
phosphorus reduction on water quality is related to many factors, such as type of water body (river,
wetland, or lake), size of water body, geographical location, types of phosphorus sources and many
others. The Barr report includes detailed estimates of the relative
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phosphorus contributions to surface water of the ten major basins and statewide, however an
evaluation of all such individual conditions was not conducted.

There is a vast amount of information in the Barr report. Although the full content of the report has
yet to be thoroughly analyzed, preliminarily we find the following information to be, in our view,
significant:

a) For average flow conditions, nonpoint sources of phosphorus account for 69 percent of the
phosphorus entering Minnesota surface waters and point sources account for 31 percent.

b) Of the nonpoint sources, cropland runoff (26 percent) is the single largest source followed by
atmospheric deposition (13 percent) and streambank erosion (11 percent).

¢) For point sources, human waste (34 percent) accounts for the single largest contribution,
although the combination of the amount of phosphorus from commercial and industrial
stand-alone facilities and commercial and industrial discharges treated at POTWs equals 38
percent of all point source phosphorus discharged.

d) As the water flow in rivers increases, the percentage contribution of phosphorus from point
sources decreases and nonpoint source increases. Streambank erosion is the source most
impacted under high flow conditions and ranges from 62,300 kg/yr. at low flow to 3,605,900
kg/yr. at high flow conditions.

e) For non-ingested phosphorus entering POTWs, commercial and industrial process water is
the largest source (46 percent), residential ADWD phosphorus is 12.6 percent and
commercial ADWD phosphorus is 5.9 percent.

f) The bioavailability of phosphorus was highly variable for some sources and fairly consistent
for others. Bioavailability of ADWD phosphorus was 100 percent, while POTW effluent
was 86 percent and cropland runoff was 58 percent.

g) Minor sources of phosphorus at the basin scale may be significant sources at the local level.

4. What is the best way to assist local units of government in removing phosphorus at public
wastewater treatment plants?

The Barr report provides a review of select facilities with phosphorus removal. Treatment type,
removal efficiencies and influent reduction activities are generally considered. Two Portland,
Oregon facilities are noted as achieving effluent phosphorus concentrations of 0.07 mg/L.. These are
some of the lowest effluent concentrations in the United States. Generally, phosphorus effluent
limitations are 1.0 mg/L in Minnesota, with two facilities having effluent limitations of 0.3 mg/L.

In addition, Minn. Laws Ch. 128, Art. 1, Sec. 9, Subd. 7e appropriated $296,000 to the MPCA in
cooperation with the Minnesota Environmental Science and Economic Review Board (MESERB), to
conduct an independent examination of selected wastewater treatment facilities by nationally
recognized experts in phosphorus removal. These experts will prepare a report on influent reduction
strategies and on effective phosphorus removal technologies and disseminate this information.
MESERB will use the findings from data review and facility examinations to develop
recommendations on low-cost, high-benefit strategies that will be most effective for

facilities of various sizes and types, in various regions of the state. This information will be compiled

into a report, designed to assist wastewater operators in 1dentifying and implementing
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effective phosphorus removal techniques. The project is scheduled for completion June 30, 2005, At
that time, MESERB and MPCA should have valuable information to report to the Legislature on this
question.

5. What are the results of the Agency’s review of rules on nutrients in cleaning agents under Minn.
Stat. § § 116.23 and 116.24?

The MPCA has the authority to adopt rules limiting the amount of nutrients in cleaning agents and
water conditioners. Sufficient technical information and resources would be necessary to revise or
promulgate rules. In Minn. Stat. § § 116.23 and 116.24, the Legislature found that nutrients
contained in many cleaning agents and water conditioning agents served a valuable purpose in
increasing their overall effectiveness, but the Legislature also found that they can lead to an
acceleration of the natural eutrophication process of our state waters. The Legislature listed three
factors that should be considered when rules imposing nutrient limitations were developed in
accordance with Minn. Stat. § § 116.23 and 116.24:

a. The availability of safe, nonpolluting and effective substitutes.
. The differences in the mineral content of water in various parts of the state.
¢. The differing needs of industrial, commercial and household users of cleaning agents and
chemical water conditioners.

Minn. R. 7100.015 through 7100.024 relate to the limitation of phosphorus in cleaning agents and
water conditioners. No new nutrient rules or modifications of the original rules have been adopted
since the mid-1970s. The MPCA has no plans to conduct rulemaking to remove phosphorus from
additional cleaning agents and water conditioners without a legislative public policy decision and
further legislative direction.

If you have any questions regarding this report, please contact Nelson French, of my staff at
(651) 296-7352.

Sheryl A. Corrigan
Commissioner

SAC:.cmbg
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Executive Summary

Background—The Problem with Phosphorus

Concerns about the phosphorus content of automatic dishwashing detergents, from the Minnesota
State Legislature and other interested stakeholders, resulted in legislation requiring a study of all of
the sources and amounts of phosphorus entering publicly-owned treatment works (POTWSs) and

Minnesota surface waters.

Phosphorus is the nutrient primarily responsible for the eutrophication (nutrient enrichment of
waterbodies) of Minnesota’s surface waters. An overabundance of phosphorus—specifically usable
(bioavailable) phosphorus—results in excessive algal production in Minnesota waters. Phosphorus
from point sources may be more bioavailable, impacting surface water quality more than a similar
amount of nonpoint source phosphorus that enters the same surface water. Phosphorus contributions
to Minnesota surface waters by point and nonpoint sources are known to vary, both geographically
and over time, in response to annual variations in weather and climate. Nonpoint sources of
phosphorus tend to comprise a larger fraction of the aggregate phosphorus load to Minnesota surface
waters during relatively wet periods, while point sources become increasingly important during dry

conditions.

Purpose of Assessment
This Detailed Assessment of Phosphorus Sources to Minnesota Watersheds was conducted to provide
the Minnesota Pollution Control Agency (MPCA) with the information necessary to comply with

newly enacted legislation surrounding phosphorus sources. The assessment inventories the following:

1. Sources and amounts of phosphorus entering three different sizes and categories of
publicly-owned treatment works (POTWs; i.e., wastewater treatment plants).

Sizes: (average daily flow rate) Categories:
¢ Less than 0.2 million gallons per day (mgd) ¢ Primarily domestic
¢ (0.2 to 1.0 mgd ® Domestic with some commercial/industrial
® Greater than 1.0 mgd ¢ Predominately commercial/industrial

Sources: (individual and/or categorical)

® Automatic dishwasher detergents (ADWD)
e Other household cleaners or household non-ingested sources

¢ Commercial/industrial, including:

. Process wastewater
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= Noncontact cooling water
= Other additives
e Water supply, including water treatment chemicals
¢ Human waste products (ingested sources)
e Groundwater intrusion to sanitary sewers
Information developed in this portion of the phosphorus inventory is intended to assist the
MPCA in complying with MN Laws 2003, Chap. 128 Art. 1, Sec. 122:

The state goal for reducing phosphorus for non-ingested sources entering municipal
wastewater treatment systems is at least 50 percent reduction based on the timeline for
reduction developed by the commissioner under section 166, and a reasonable estimate of
the amount of phosphorus from non-ingested sources entering municipal wastewater
treatment system in calendar year 2003.

2. Sources and amounts of phosphorus entering Minnesota surface waters for each of the
ten major basins (see Figure EX-1) and for the entire state of Minnesota from point- and
nonpoint-sources during low (dry), average, and high (wet) flow conditions; and the effect
of various phosphorus source reduction options on water quality.

Information developed in this portion of the phosphorus inventory is intended to assist the
MPCA in complying with MN Laws 2003, Chap. 128, Art. 1, Sec. 166:

The commissioner of the pollution control agency must study the concept of lowering
phosphorus in the wastewater stream and the effect on water quality in the receiving
waters and how to best assist local units of government in removing phosphorus at public
wastewater treatment plants, including the establishment of a timeline for meeting the goal
in Minnesota Statutes, section 115.42.

Estimating the phosphorus source contributions to Minnesota surface waters for each of the ten major
basins required a clear definition of surface waters, as well as knowledge about the amount of
phosphorus produced and the mechanisms of delivery for each point and nonpoint source category, to
establish a “frame of reference,” or a basis for comparison by source category and by basin. For the
purposes of this analysis, Minnesota surface waters were defined by mapping all of the various types
of water bodies contained in the Minnesota Department of Natural Resources 24K Stream Layer (all
records, including ditches and intermittent streams) and all land cover types identified as wetlands or
lakes in the U.S. Geological Survey (USGS) National Land Cover Database. Figure EX-1 shows the

areas of all of the Minnesota surface waters, within each of the ten major basins.
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Figure EX-1 Major Basins and Surface Waters
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General Project Approach

This assessment estimates the annual phosphorus loading, or amounts of phosphorus (total and
bioavailable), entering all of the various types of surface waters from each of the source categories
under low (dry), average and high (wet) flow conditions. The general nature and scale of this analysis
allows for summarizing the estimated loadings for each major basin, and on a statewide basis. The
characteristics of smaller watershed units, or subwatersheds, were not utilized to estimate the

phosphorus loadings from each source

category. Since each subwatershed ...the phosphorus loadings discussed in
typically drains to wetlands, lakes, ditches this report represent the total amount of
or streams that possess their own unique phosphorus entering all of the surface

processes for transformation or e
water areas that are present within each

phosphorus uptake, no further breakdown
_ . major basin for each flow condition.
of phosphorus inflow or outflow loadings
by subwatershed or surface water type is possible within the scope of this analysis. As a result, the
phosphorus loadings discussed in this report represent the total amount of phosphorus entering all of

the surface water areas that are present within each major basin for each flow condition.

Because of the general nature of this analysis, it can be true that sources of phosphorus which are
deemed minor at the basin scale, may actually contribute the majority of phosphorus to specific
surface water bodies, at a localized scale. For example, point sources typically contribute little or no
phosphorus to Twin Cities Metropolitan and most outstate lakes, but can represent a significant
portion of the total phosphorus load to rivers under low flow conditions. Likewise, nonpoint source
amounts or categories will vary at a localized scale. Because of this, there is still a need to complete
individual assessments of specific watersheds to evaluate specific loading conditions. The
phosphorus loading estimates from this assessment are only intended to quantify the phosphorus
source contributions originating in Minnesota for Minnesota surface waters. No attempt has been
made to estimate the phosphorus loadings to the St. Croix River basin that originate from Wisconsin,
to the Minnesota River basin from South Dakota, to the Rainy River basin from Canada, or to the

Red River basin from North Dakota.

While the context for this analysis does not allow for direct assessments to be made about the
observed water quality at the mouth of each major river basin, it does allow for a direct “apples-to-
apples” comparison of the amounts of phosphorus originating from various source categories under

various flow conditions. This analysis also facilitates comparison between each major basin so that
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the relative magnitude of each source category can be compared throughout the state. The results of
this assessment should be used to make broader policy and management planning decisions and are
not intended to be used in the place of Total Maximum Daily Load (TMDL) studies or detailed
assessments based on site-specific water
The results of this assessment should be quality monitoring and modeling data. The
used to make broader policy and results of this study should also be used to
management planning decisions and are focus continuing monitoring efforts and

not intended to be used in the place of prioritize additional water quality,

. . biological and/or physical assessments.
TMDL studies or detailed assessments

based on site-specific water quality Methods Used

monitoring and modeling data. In general, relatively simple methods were
employed in this assessment to provide a
rapid means of evaluating the relative significance of different sources and identifying critical source
areas with minimal effort and data requirements. Each portion of this assessment typically involved

the following stepwise approach:

1. Obtain data on source and watershed characteristics (such as per capita use/land cover/land

use/soils), conduct published literature review and obtain site-specific data, where available

2. Use available site-specific data to develop and apply a basin-specific, regional, ecoregional
or statewide phosphorus load estimation methodology that utilizes source and watershed

characteristics

3. Use data from nearby study areas or other established empirical relationships applied to

watershed characteristics

4. Apply best professional judgment when any data or published literature information are

absent

This assessment began with an evaluation of the historical runoff and precipitation data for each
basin in the state. This analysis resulted in runoff and precipitation datasets that defined what
constituted low (dry), average, and high (wet) flow conditions in each of the ten major basins. The
data, throughout the state, indicated that there is a general trend of decreasing runoff from east to
west (see Figure EX-2). This is significant because nonpoint sources are strongly influenced by

precipitation and runoff amounts.
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Figure EX-2 Annual Runoff Volumes, Average Flow Conditions (Period of Record, 1979-

2002)
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The Lake Superior basin has the highest runoff rate in the state, with the Baptism River watershed
having the highest values within that basin (an average annual runoff of 15.3 inches). The Red River
basin had the least runoff, with the Buffalo River watershed experiencing only 2.8 inches of runoff in
an average year. Decreasing runoff from east to west also occurs in southern Minnesota, but the trend

is less dramatic than in the north. Increases in runoff are more dramatic moving south in the state, as

flows approach high flow conditions. Statewide, the gradient in runoff volumes increases

significantly from low to average flow, and from average to high flow, conditions.

Categories of Findings

This assessment resulted in a number of findings, broken down into the following categories:

e Phosphorus source category loadings statewide

e Phosphorus source category loadings by major basins

e Statewide phosphorus source category loadings by flow condition

e Major basin phosphorus source category loadings by flow condition

Phosphorus Source Category Loadings Statewide

This assessment found that, under average flow conditions, the

point source total phosphorus contribution represents 31 percent,
while nonpoint sources of total phosphorus represent 69 percent of
the loadings to surface waters, statewide (see Figure EX-3). The
point source phosphorus loadings to surface waters are broken
down in proportion to the influent phosphorus loadings (inflows) to
wastewater treatment plants (WWTPs) in the state from each
wastewater source category. This assumes that the proportion of the
phosphorus load from each source category in the wastewater
influent remains the same in the wastewater effluent (or treated

discharge) from each treatment facility.

Figure EX-3 shows for average flow conditions the major

phosphorus sources to surface waters are as follows:

e cropland and pasture runoff (26%)
e atmospheric deposition (13%)

e commercial/industrial process water (12%)
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It should be noted that the
Metropolitan Council
Environmental Services
(MCES) Metro WWTP—
which discharges to the
Upper Mississippi River
basin—was required to
implement phosphorus
removal to 1 mg/L from
2.97 mg/L (average
phosphorus effluent
concentration) by the end
of 2005, but is already
achieving the 1 mg/L
limit. A reduction in the
phosphorus concentration
to 1 mg/L will result in a
reduction of an estimated
581,000 kg of phosphorus
per year, shifting the
point source contribution
to approximately 25
percent and raising the
nonpoint source
contribution to 75 percent
of the total load
statewide.
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Figure EX-3
Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Statewide
Average Flow Water Year
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e streambank erosion (11%)

¢ human waste products (11%)
All of the remaining source category contributions are below 6 percent. The combination of
residential and commercial automatic dishwasher detergent (ADWD) represents approximately 3

percent of the total phosphorus contributions to surface waters in the state, during an average year.

Phosphorus Source Category Loadings by Major Basin

This assessment found that, under average flow conditions, the relative magnitude of the total

phosphorus loadings from the sum of all source categories in the Upper Mississippi River basin is
significantly higher than the remaining basins, with the second highest phosphorus loadings
occurring in the Minnesota River basin (see Figure EX-4a). The Lower Mississippi and Red River
basin total phosphorus loadings are approximately one-third less than the Minnesota River basin

loadings.

Figure EX-4a illustrates the relative magnitudes of each of the phosphorus source category loadings
estimated for each basin under average flow conditions, while Figure EX-4b shows the same
information normalized to the basin area, as another way to compare the phosphorus loadings from
basin to basin. Figures EX-4a and EX-4b show that, relative to the other phosphorus source
categories in each basin, agricultural runoff is a significant source of phosphorus in all but the Lake
Superior and Rainy River basins. Human waste products are a significant source of phosphorus in the

Upper Mississippi River basin, along with commercial/industrial process water and food soils.

It should be noted that the data used for this study to assess point source loadings is from the years
2001, 2002 and the first half of 2003. Since that time period, phosphorus removal was implemented
at the MCES’ Metro WWTP (see blue sidebar on page viii). Because this one facility accounted for
approximately 74 percent of the point source phosphorus load to the Upper Mississippi River basin
and an estimated 40 percent statewide, continued phosphorus removal at this one facility will have a

significant impact on the future relative phosphorus loads in this basin and the state.

Figures EX-4a and EX-4b also show that atmospheric deposition comprises significant percentages

of the annual phosphorus loads as follows:

e Upper Mississippi River basin (11%) e St. Croix River basin (20%)
e Red River basin (29%) e Rainy River basin (34%)
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Phosphorus Load (kg/yr)

Figure EX-4a Total Phosphorus Loads to Minnesota Surface Waters - By Major Drainage Basin: Average Flow Conditions
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Areal Phosphorus Yield (kg/kmz/yr)

Figure EX-4b Watershed Total Phosphorus Yields to Minnesota Surface Waters - By Major Drainage Basin: Average Flow Conditions

60 -

50

40 -

30

20 -

10 A

St. Croix
River

Upper

Mississippi Mississippi

River

Lower

River

Red River

Rainy Lake
River Superior

Basin Name

P:\23\62\853\SAS Spreadsheets\OverallTPBudgetsRevised-colon.xIs;Chart5

Missouri
River

Minnesota
River

Cedar
River

Des
Moines
River

B Noncontact Cooling Water
OCommercial/Industrial Process Water
B Groundwater Intrusion (1&l)

B Raw/Finished Water Supply
EHuman Waste Products

M Dentifrices

B Food Soils/Garbage Disposal Waste
OCommercial Automatic Dishwasher

Detergent

O Residential Automatic Dishwashing
Detergent

O Stream Bank Erosion

d Roadway and Sidewalk Deicing
Chemicals

B Non-Agricultural Rural Runoff

OUrban Runoff

O Atmospheric Deposition

O Agricultural Tile Drainage (subsurface
flows and surface tile inlets)

O Feedlots

@ Agricultural Runoff

O Individual Sewage Treatment Systems
(ISTS) / Unsewered Communities

2/19/2004
10:47 AM




This reflects the large amount of surface water and the relatively low amounts of other sources in

these basins.

Streambank erosion is a significant source of phosphorus in the Lower Mississippi River basin (34%)
and, to a lesser degree, in the Minnesota River basin (14%). Commercial/industrial process water is
an important source of phosphorus in the Lower Mississippi (13%), Minnesota (15%), Des Moines
(38%), and the Rainy River (10%) basins. Non-agricultural rural runoff sources of phosphorus are
important in the Rainy River (27%) and Lake Superior (28%) basins. Finally, human waste products

are a significant source of phosphorus in the Upper Mississippi (20%) and Cedar River (32%) basins.

Statewide Phosphorus Source Category Loadings by Flow Condition

Both total and bioavailable phosphorus source estimates vary significantly under each flow
condition. This is the result of changes in the nonpoint source loading from different flow conditions.
Point source loads remain constant for the three flow conditions. Total amount and relative source

contributions are summarized in Table EX-1 and Figures EX-5 through EX-9.

Low Flow Conditions

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 WWTP would shift the point source contribution to approximately 37
percent of the total load and the nonpoint source contribution to 63 percent. The
commercial/industrial process water represents 38 percent of the point source total phosphorus
contributions, while human waste products represent 35 percent. 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 9 percent of the

point source total phosphorus contributions.

Cropland and pasture runoff represent 33 percent of the nonpoint source total phosphorus loadings,
while atmospheric deposition represents 30 percent, with the remaining nonpoint source

contributions below 11 percent.

Under low flow conditions, the bioavailable point source phosphorus contribution represents 57
percent of the statewide loadings to surface waters (see Figure EX-6). The expected load reduction of
approximately 496,800 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTP
would shift the point source contribution to approximately 50 percent of the total bioavailable
phosphorus load. Commercial/industrial process water represents 40 percent of the point source

bioavailable phosphorus contributions, while human waste products represent 35 percent. The
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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 phosphorus contributions.

As shown in Figure EX-6, cropland and pasture runoff represents approximately 34 percent of the
nonpoint source bioavailable phosphorus loadings; atmospheric deposition represents 19 percent; and
Individual Sewage Treatment Systems (ISTS)/unsewered communities represent 17 percent, with the

remaining nonpoint source contributions below 12 percent. Table EX-1 generally indicates that point

sources of phosphorus are more bioavailable than nonpoint sources.

Table EX-1 Statewide phosphorus contributions of point and nonpoint sources by flow

condition

Flow Condition

Low Average High
(Dry) (Wet)
Total Phosphorus
Point Source (kg/yr) 2,123,930 2,123,930 2,123,930
(45%) (31%) (19%)
Nonpoint Source (kg/yr) 2,638,067 4,659,704 8,932,735
(55%) (69%) (81%)
Total 4,761,997 6,783,634 11,056,665
Bioavaiable I-D’hosphorus
Point Source (kg/yr) 1,975,757 1,975,757 1,975,757
(57%) (44%) (30%)
Nonpoint Source (kg/yr) 1,472,784 2,559,026 4,648,570
(43%) (56%) (70%)
Total 3,448,542 4,534,783 6,624,327

Looking more specifically at each source category in comparing Figures EX-5 and EX-6, on a

proportional basis, 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.
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Figure EX-5
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Figure EX-6
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Average Flow Conditions

Under average flow conditions (see Figure EX-7), 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. Cropland and pasture runoff represents 39 percent of the nonpoint source total
phosphorus loadings; atmospheric deposition represents 19 percent; and streambank erosion
represents 16 percent, with the remaining nonpoint source contributions below 9 percent. Compared
to low flow conditions (see Figure EX-6), 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. Table EX-1 also shows that the nonpoint source
phosphorus loadings nearly double from low to average flow conditions. All nonpoint source

categories except ISTS/unsewered communities increase from low to average flow conditions.

High Flow Conditions

Under high flow conditions (see Figure EX-8), 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. Streambank erosion represents 40 percent of the
nonpoint source total phosphorus loadings; cropland and pasture runoff represents 31 percent; and
atmospheric deposition represents 11 percent, with the remaining nonpoint source contributions
below 7 percent. Compared to an average flow year (Figure EX-7), Figure EX-8 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. Table EX-1 shows a 3.3-fold increase in nonpoint source phosphorus
loadings from low to high flow conditions and a near two-fold increase from average to high flow

conditions.

Major Basin Phosphorus Source Category Loadings by Flow Condition

Table EX-2 presents the contributions of each source category to the total and bioavailable
phosphorus loadings to surface waters in each basin and the state, by flow condition. The importance
of the total and bioavailable phosphorus contributions from each source category varies significantly
by basin, and somewhat by flow condition. Human waste products represent a significant portion of
the total and bioavailable phosphorus loadings in the Upper Mississippi and Cedar River basins under
each flow condition, and on a statewide basis, for the low and to a lesser extent average flow

conditions. During low flow conditions, human waste products contribute
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Figure EX-7
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Commercial/ Food Soils/ 74,114 kglyr,
Industrial Garbage 16%
Process Water: w Dtls-pgssglms
815,674 kg/yr, :;S/;' 13 é% Non-Agricultural Cropland and
38.4% T Rural Runoff: Pasture Runoff:
388,751 kalyr, 1,793,968 kglyr,
8.3% 38.5%
Dentifrices:
17,494 kglyr,
Groundwater 0.8%
Intrusion (I&I): Urban Runoff:
1,277 kglyr, 325,046 kglyr, Agricultural Tile
<0.1% 7.0% Drainage
(subsurface
Atmospheric flows and
Raw/Finished Deposition: surface tile
Water Supply: Human Waste 885,704 kglyr, inlets): 124,000
55,788 kglyr, Products: 19.0% Feedlots: kg/yr, 2.7%
2.6% 741,615 kglyr, 64,564 kglyr,
34.9% 1.4%
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Figure EX-8

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Statewide
Wet, High Flow Water Year

Point Source:
2,123,930 kg/yr,
19%

» Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

* Dentifrices

» Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I1&I)

* Residential Automatic
Dishwasher Detergent

» Human Waste Products

» Noncontact Cooling Water
» Raw/Finished Water Supply

Expected Load Reduction (581,044 kg P/yr)
Associated with a 1 mg P/L Effluent Discharge
Limit at the MCES Metro WWTF
(Effective 12/31/05)

Nonpoint Source:
8,932,735 kg/yr,
81%

+ Atmospheric Deposition

+ Cropland and Pasture Runoff

* Feedlots

* Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

* Non-Agriculture Rural Runoff

* Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

* Urban Runoff

Point Source Nonpoint Source
Total Phosphorus Contributions Total Phosphorus Contributions
Residential .
Automatic Commercial Individual
Dishwashing Automatic Sewage
Detergent: Dishwasher Treatment
Noncontact 129,287 kglyr, Detergent: Systems (ISTS)
Cooling Water: 6.1% 60335:‘9/3’" / Unsewered Cropland and
14,278 kglyr, 2.8% Communities:  pasture Runoff:
0.7% 253,867 kg/yr, 2,758,542 kalyr,
2.8% 30.9%
Food Soils/
Commercial/ ga rbagel
Industrial W. tls-p;);; 183 Streaml Bénk Agricultural Tile
Process Water: aste: 285, 1 Erosion: Drainage
815,674 kaly, kg/yr, 13.6% 3,605,900 kg/yr, - rfg
38.4% 40.4% (7;i:ai3e
surface tile
inlets): 181,919
Dentifrices: Roadway and kalyr, 2.0%
17,494 kglyr, Sidewalk
Groundwater 0.8% Deicing
Intrusion (I&l): ’ Chemicals:
1,277 kglyr, 102,966 kg/yr, Feedlots:
0.1% 1.2% 109,804 kgl/yr,
< Human Waste 1 2%9 v
Raw/Finished Products: Non-Agricultural :
Water Supply: 741,615 kg/yr, Rural Runoff: X
55,788 kg/yr, 34.9% 554,968 kg/yr, Urban Runoff: Atmosphenlc
2.6% 6.2% 359,884 kg/yr, Deposition:
4.0% 1 ,0041,:38250/kg/yr,
(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)
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Table EX-2

Major Source Category Contributions of Total and Bioavailable Phosphorus to Each Basin and the State, by Flow Condition

Basin St. Croix River Lower Mi i River Red River Rainy River Lake Superior Missouri River Minnesota River Cedar River Des Moines River Statewide
[Flow Condition Low | Average | High Average | High Low | Average | High Low | Average | High Low | Average | High Low | Average | High Low | Average [ High Low | Average | High Low | Average | High Lo Average | _High Low | Average | High
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KEY: TP - Total Phosphorus
BP - Bioavailable Phosphorus
ADWD — Automatic Dishwashing Detergent

~ Source category represents more than 20% of the total basin phosphorus loading.
~ Source category represents between 10% and 20% of the total basin phosphorus loading.
~ Source category represents less than 10% of the total basin phosphorus loading.



between 10 and 20 percent of the bioavailable phosphorus loadings in the Lake Superior and St.
Croix, Lower Mississippi, Red, Missouri, and Minnesota River basins. Commercial/industrial
process water represents a significant portion of the total and bioavailable phosphorus loadings in the
Upper Mississippi, Lower Mississippi, Minnesota, and Des Moines River basins under each flow
condition, and on a statewide basis, for the low and to a lesser extent average flow conditions.
Phosphorus contributions from ISTS/unsewered communities are of relative importance in the St.

Croix River basin.

Cropland and pasture runoff represents significant total and bioavailable phosphorus loadings in the
St. Croix, Lower Mississippi, Red, Missouri, Minnesota, Cedar and Des Moines River basins, and on
a statewide basis, under all flow conditions. The phosphorus contribution from cropland and pasture
runoff is also significant in the Upper Mississippi River basin for the average and high flow
conditions. Atmospheric deposition represents a significant portion of the phosphorus loadings in the
Lake Superior, St. Croix, Red, and Rainy River basins for each flow condition. Non-agricultural
rural runoff contributes a significant portion of the phosphorus loadings in the Lake Superior and
Rainy River basins for each flow condition. It should be noted, based on the analyses used in this
study, that the typical rate of total phosphorus export from each acre of non-agricultural land is
approximately four times lower than the corresponding load from each acre of contributing
agricultural land (cropland and pasture). Finally, Table EX-2 shows that streambank erosion is an
important source of phosphorus under high flow conditions for all of the basins, and is fairly
significant in the Lake Superior, Lower Mississippi, Rainy and Missouri River basins under average
flow conditions. Streambank erosion can also contribute somewhat significant amounts of total

phosphorus statewide and to the Minnesota and Cedar River basins under average flow conditions.

Concepts for Lowering Phosphorus Export from Point Sources

The concepts for lowering the phosphorus export from point sources are presented in two parts:

1) Lowering phosphorus loading discharged to POTWSs

2) Lowering point source phosphorus loading to surface waters

Lowering Phosphorus Loading Discharged to POTWs
The assessment of phosphorus sources entering POTWs are intended to assist the MPCA in

complying with MN Laws 2003, Chap. 128 Art. 1, Sec. 122., as follows:

The state goal for reducing phosphorus from non-ingested sources entering municipal wastewater

treatment systems is at least a 50 percent reduction developed by the commissioner under section
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166, and a reasonable estimate of the amount of phosphorus from non-ingested sources entering

municipal wastewater treatment systems in calendar year 2003.

For purposes of complying with this legislation, this study has estimated that the current non-
ingested phosphorus load entering POTWs is 2,573,000 kg/yr. A 50 percent reduction would require
decreasing the phosphorus discharged to POTWs by at least 1,286,000 kg/yr. (Note: in this study,
human wastes are the only ingested source; all other sources are defined as non-ingested.) The

following reduction tactics for non-ingested sources are listed in descending order of applicability:

e Next to human wastes, a variety of industrial and commercial dischargers contribute the most
phosphorus to POTWs. The contribution of phosphorus from these commercial and industrial
sources accounts for approximately 46 percent (1,183,600 kg/yr) of the non-ingested
phosphorus load discharged into POTWs. Total removal of phosphorus from commercial and
industrial wastewater is not a feasible option. In most cases, reduction would have to come
from resource/product substitution, improvements in technology, through recycling and reuse,
and through pretreatment of wastewater prior to discharge to the POTW. Reducing
commercial and industrial phosphorus contribution to POTWs by one half would reduce the
total non-ingested phosphorus discharged to POTWs by almost 23 percent. Excise taxes
and/or effluent strength charges may provide an incentive to reduce this source of phosphorus

discharged to POTWs.

® Food soils and garbage disposal wastes account for approximately 28 percent (725,000 kg/yr)
of the non-ingested phosphorus discharged to POTWs. This is a substantial amount, but it
would be difficult to implement product modification or prohibit the discharge of food wastes
into the sewer systems. Approximately 25 percent of the phosphorus from this source is
discharged into the sewer system as garbage disposal waste. Garbage disposal waste could be
sent elsewhere (trash, compost, etc.), whereas it would be more difficult to manage the food
associated phosphorus from dish rinsing and dish washing. Short of inducing the food product
industries to reduce their use of phosphates or eliminating garbage disposals and prohibiting
the discharge of food wastes down the drain, there appears to be few choices for reducing this
phosphorus load to POTWs. Public education about this issue might help reduce the discharge

of food wastes down the drain.

e Residential ADWD contributes almost 13 percent (334,500 kg/yr) of the non-ingested
phosphorus load to POTWs. Although there has been a slight decline in the consumption of
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phosphorus for residential ADWD, SRI publication Chemical Economics Handbook -
Industrial Phosphates (SRI, 2002) states that “it is unlikely that detergents with much lower
phosphorus contents will be available in the near future.” Currently, at least one brand of
ADWD does not contain phosphorus; the phosphorus content of other brands varies
significantly. Advertising and prominent content labeling would help reduce this source by

aiding consumers in choosing low phosphorus products.

¢ Commercial and institutional ADWD contributes a statewide average of approximately 6

percent (152,000 kg/yr) of the influent non-ingested phosphorus load discharged into POTWs.

e Water supply chemicals account for an estimated 5.5 percent (141,500 kg/yr) of the non-
ingested phosphorus load to POTWs statewide. Phosphorus is used for the sequestration
(withdrawal) of metals, such as iron and manganese, and for the corrosion control of lead and
copper, which in some cases is a human health issue and is required by law for those
communities that do not pass the state corrosion tests. Reduction options include iron and
manganese removal or substituting alternative water treatment chemicals in place of those

containing phosphorus.

e Dentifrices (toothpaste, mouth wash, denture cleaners) account for less than 2 percent of the
total non-ingested phosphorus load to POTWs. Because the phosphorus load from this source

is so minimal, it does not warrant major reduction steps.

e Stormwater inflow and infiltration (I & I) contribute a negligible amount of phosphorus to
POTW influent. Although there are many good reasons to limit inflow and infiltration into
sewer systems—such as preventing hydraulic overloading of treatment facilities—the

reduction of influent phosphorus is not one of them.

Overall Recommendation for Lowering Phosphorus Loads to POTWs
Given that food soils would be very difficult to reduce, and that dentifrices, noncontact cooling
water, and I & I contribute so little to the influent phosphorus load discharged to POTWs, it is

recommended that reduction efforts focus on the following:

e residential ADWD
e commercial and industrial process wastewater
e commercial and institutional ADWD

e water treatment chemicals
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A summary of the phosphorus load discharged to POTWs and the reduction potential is presented in
Table EX-3.

Table EX-3 Reduction Potential for Phosphorus Loads to POTW

Summary Phosphorus Load to Portion of Total Load to
POTWs (kg/yr) POTW
Total Phosphorus Load Discharged 4,468,000
to POTWs
Human Waste Load 1,900,000 43
Non-Ingested Waste Load 2,573,000 57
% Reduction to Non- Cumulative Reduction to
Phosphorus Source Ingested Phosphorus Non-Ingested Phosphorus
Load (%) Load (%)
Residential ADWD reduced to O 13 13
Commercial ADWD reduced to 0 6 19
Commercial and Industrial Process 23 42
Water reduced by one half
Total Reduction 42

To reach the state goal of a 50 percent reduction in the total non-ingested phosphorus contribution to
POTWs, residential and commercial/institutional ADWD and water treatment chemicals would need
to be eliminated completely and commercial and industrial process wastewater would need to be
reduced more than 64 percent. Given that it will be difficult to completely eliminate
commercial/institutional ADWD and water treatment chemicals, while reducing the commercial and
industrial process wastewater loading by such a substantial amount, a 50 percent reduction in the

total non-ingested phosphorus contribution to POTWs appears to be an ambitious goal.

Lowering Phosphorus Loads to Surface Waters

Recommendations for lowering the point source phosphorus load discharged to surface waters in
each major basin vary, based on the type of treatment facility and treatment processes employed.
Phosphorus that comes from POTW outflows (effluent) represents, on average, more than 80 percent
of the total point source loads to waters of the state. The largest source of phosphorus from POTWs
is from large (> 1.0 mgd) facilities (88%). Phosphorus reduction efforts should begin at these
facilities. As discussed previously, many POTWs have implemented phosphorus removal and others
will begin to implement it in the near future. The largest impact, as noted previously, is phosphorus

removal at the MCES’ Metro WWTP (see blue sidebar on page viii). The reduction of the effluent
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phosphorus concentration to 1 mg/L at this one facility will result in the effluent phosphorus from

POTWs being reduced from 80 percent to 74 percent of the point source load to waters of the state.

Privately owned wastewater treatment systems account for less than 0.5 percent of the total point
source phosphorus discharged statewide. Increased phosphorus removal at these facilities will have

only a negligible impact on the statewide point source phosphorus load.

Direct commercial and industrial sources statewide constitute approximately 18 percent of the point
source phosphorus load. Combining direct commercial/industrial discharges with
commercial/industrial discharges following treatment at POTWs represents 38 percent, statewide. It
was not within the scope of this study to categorize the phosphorus loading data by commercial and
industry type or to determine which industries are the largest contributors. However, it is
recommended that industrial dischargers that make major contributions to the phosphorus loadings be

evaluated in further detail.

Current Effluent Phosphorus Reduction Efforts by Wastewater Treatment Plants

As part of this study, several WWTPs were surveyed regarding phosphorus treatment methods and a
review of the efforts of each of the cities to reduce phosphorus in their effluent was completed. The
WWTPs ranged in size (0.7 to 24 million gallons per day), treatment methods (chemical and/or
biological), and phosphorus discharge requirements (0.07 mg/L to 2.41 mg/L). Four of the eight
WWTPs surveyed used chemical treatment only for phosphorus removal. Four of the eight WWTPs
used enhanced biological phosphorus removal (EBPR). In addition to EBPR, three of the four plants
surveyed also use chemical treatment to meet total phosphorus discharge requirements below 1 mg/L.
The Rock Creek and Durham WWTPs in Portland, Oregon use EBPR and two-point alum addition to
meet a stringent 0.07 mg/L total phosphorus discharge requirement set for the Tualatin Watershed
west of Portland. Pilot testing and full-scale system modifications were required to reach the high
level of phosphorus removal achieved by these plants. Alum is added to the primary clarifier prior to
EBPR, as well as the secondary clarifier. The effluent from the secondary clarifier is then filtered for
an average total phosphorus effluent concentration of 0.05 mg/L. Significant cost savings were
observed once enhanced biological phosphorus removal was implemented at the Durham facility

(i.e., the chemical costs for alum were cut by one third).

The City of St. Cloud has a Phosphorus Management Plan (PMP), with a primary goal of limiting the
amount of phosphorus coming into the facility by means of a phosphorus reduction program and
public outreach. The goal of the phosphorus reduction program is to assist non-domestic nutrient

contributors (NDNC) in developing phosphorus reduction strategies that will reduce the amount of
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phosphorus that enters the wastewater collection system and eliminate phosphorus slug loads. The
city works with industrial users to keep phosphorus discharges to the WWTP below 6 mg/L. This

method is effective at reducing spike loads and the average influent phosphorus concentrations.

The following summarizes the conclusions of the survey evaluating phosphorus reduction efforts by

wastewater treatment plants:

e The cities implementing source reduction programs all achieved significant reduction in
phosphorus loading on their WWTPs using a variety of methods: public outreach, phosphorus
bans, surcharges for phosphorus treatment, and maximum limits on significant industrial

users (SIU) phosphorus discharges.

e The St. Cloud WWTP showed that a reduction in influent phosphorus loading and

phosphorus slug loads lead to a reduction in effluent phosphorus concentration.
e Chemical treatment is capable of reaching the lowest phosphorus effluent concentrations.

e The cost per unit of total phosphorus removed varied from $0.96 to $20.00 per pound of total
phosphorus removed. The cost of treating phosphorus chemically appeared to show an

economy of scale.

e The cost for chemical treatment was lower for those WWTPs that used a combination of

EBPR and chemical treatment.

e EBPR alone is generally effective at achieving 0.5 mg/L to 1 mg/L effluent phosphorus
concentrations. Chemical addition is necessary to achieve effluent phosphorus concentrations
less than 0.5 mg/L. One of the best available bio/chemical treatment facilities (Durham
WWTP, OR) was able to achieve an average effluent phosphorus concentration of 0.05 mg/L.
To reach this low effluent concentration, significant pilot testing was required and

phosphorus removal efficiency was dependent upon wastewater characteristics.

® Once the initial capital improvements are made there are no additional costs associated with

phosphorus removal using EBPR.

¢ In some cases, EBPR can be implemented with simple process modifications (e.g., St Cloud

aeration modifications) that achieve reductions in effluent phosphorus concentrations. St
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Cloud was able to achieve an effluent phosphorus concentration of approximately 1 mg/L

with this approach.

The Minnesota Environmental Science and Economic Review Board (MESERB) received funding
from the legislature to complete a Wastewater Phosphorus Control and Reduction Initiative. The
Initiative consists of an independent examination of selected wastewater treatment facilities by
nationally recognized experts in biological phosphorus removal. A final report will evaluate actual
and potential methods of phosphorus reduction, and develop a list of recommended cost-effective
reduction strategies. Two seminars will also provide wastewater operators with the tools to
implement immediate measures to reduce phosphorus in the final effluent. Project completion is

scheduled for April 2005.

Concepts for Lowering Phosphorus Export from Nonpoint Sources

Agricultural Runoff

Comparing past agricultural runoff loadings with the current phosphorus loading estimates—when it
is assumed that moldboard plowing (which lifts, fractures and inverts the soil, producing furrows) is
used on all row cropland—allows for an evaluation of the extent of progress in controlling
phosphorus losses over the last twenty years, due to improvements in tillage management. Modeling
indicates that in the Minnesota River basin, compared to an era when moldboard plowing was widely
practiced, current day phosphorus losses from agricultural cropland have been reduced by about
146,000 kg/yr (from about 664,000 to 518,000 kg/yr), for a 28% reduction. In the Upper Mississippi
River basin, current phosphorus losses from agricultural land have been reduced by about 87,000
kg/yr, for a 24% reduction. Similar comparisons show a 7% reduction for the Red River basin and no

significant reduction for the Lower Mississippi River basin.

Although modeling indicates improvements in phosphorus reduction over the past 20 years, increased
reduction could come from improved phosphorus fertilizer and manure management. If University of
Minnesota recommendations were followed more consistently, phosphorus fertilizer usage could be
reduced. For instance, the University has set a threshold above which crops do not respond to
additional phosphorus. But phosphorus fertilizer is spread on significant areas of land in the
Minnesota River basin, and elsewhere, even if soil test phosphorus levels exceed that threshold.
Excess applications in the past were considered cheap forms of insurance for crop yield needs and,
since even high soil phosphorus levels were wrongly perceived not to be released from soils, the
environmental impact was considered minimal. Modeling indicates that in the Minnesota River basin,

reductions in the rate of phosphorus fertilizer application could reduce phosphorus losses to surface
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waters by about 81,000 kg/yr, as compared to existing conditions, for a 16% reduction. Comparable
levels of reduction could occur with improved phosphorus fertilizer management in the Red River,

and the Upper and Lower Mississippi River basins.

The potential impact of improved manure application methods is significant in the Red River basin.
Phosphorus loads to surface waters could be reduced by about 75,000 kg/yr, for a 20% reduction.
Improved manure application methods could potentially reduce phosphorus loads to surface waters in
the Upper Mississippi (12%), Lower Mississippi (7%), and Minnesota River (7%) basins.

Decreasing the area of cropland within 100 m of surface waters, which corresponds to land
retirement programs such as those promoted in the Conservation Reserve and Conservation Reserve
Enhancement Programs, are estimated to decrease the phosphorus loadings to levels that are

comparable to non-agricultural rural runoff.

Atmospheric Deposition

Soil dust is estimated to be the largest source of atmospheric phosphorus. Therefore, reducing soil
dust, particularly from wind erosion from agricultural fields, through the application of wind erosion
best management practices (shelterbelts, no till planting, use of cover crops, etc.) should be a high

priority.

Deicers

Efforts are currently underway, as part of MnDOT’s road weather information system (RWIS), to use
timely and accurate weather and road data in deicing application decisions to optimize the use of
deicing materials. More accurate weather information could lead to reduced usage of deicing agents.
These types of efforts should be used by other winter road maintenance agencies throughout the state.
The use of brines should be considered to improve the effectiveness of deicing agents and thereby
reduce the use of other deicers. The high phosphorus content of many of the agriculturally derived
alternatives to road salt is of concern, as many of these products have phosphorus concentrations 100
to 10,000 times greater than road salt or sand. Testing should be done on these road salt alternatives

and an assessment should be done to weigh their benefits against their environmental implications.

Streambank Erosion

There is the potential for substantial water quality benefits associated with lowering phosphorus
export from streambank erosion, including reduced eutrophication and sedimentation, as well as
improved biological habitat within reservoirs, lakes, wetlands, and river systems. Several methods
can be implemented to help reduce streambank erosion: Careful land use planning that considers the

potential adverse impacts associated with increased runoff volumes; well-designed stream road
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crossings that consider the potential hydrodynamic changes to the system; exclusion or controlled
access of pastured animals and preservation of riparian vegetation; and rotational grazing. There are
opportunities to reduce streambank erosion in watersheds that have experienced flow volume

increases from land use changes.

ISTS/Unsewered Communities

Many of the counties in Minnesota have been delegated to implement Minnesota Rules Chapter 7080 for
ISTS, which require conformance with state standards for new construction of ISTSs and disclosure of the
state of existing ISTS when a property transfers ownership. Several counties require ISTS upgrades at
property transfer. Owners of ISTS that pose an Imminent Threat to Public Health and Safety (ITPHS),
through direct discharge to tile lines or surface ditches or system seeping to the ground surface should be
identified through a statewide survey to help residents determine whether their ISTS are adequately
treating and disposing of sewage below grade. Local Units of Government (LUGSs), ISTS permitting
authorities and inspection programs should be targeted with MPCA audits to determine adequacy of
performance in a number of key areas, including spot checks for conformance on new ISTS installations,
level of effort on ISTS inspections and follow-through on replacement of noncompliant systems, and
dealing with problem ISTS professionals. Since septic system failure is a widespread problem, a
basinwide approach to addressing nonconforming systems with potential for high delivery of pollutants to
public waters, such as straight pipe discharges and other types of ITPHS should be given priority
attention. The LUGs should work with the MPCA to develop, populate and maintain a database, similar
to MPCA’s feedlot database that shows the location of each nonconforming system, especially where
straight pipe discharges and other types of ITPHS are located. LUG personnel should be provided with
an incentive to inventory all systems within their jurisdiction, and track system performance and

maintenance.

Non-Agricultural Rural Runoff

The protection of natural areas is needed to ensure they retain the hydrologic and ecologic functions
that keep surface runoff volumes low, nutrient (phosphorus) export low and groundwater recharge
rates high. Many natural areas are under stress due to development pressures, invasion by exotic
species and increased nutrient loading associated with runoff coming from adjacent land uses.
Conservation easements, such as CREP and RIM, provide additional opportunities for reducing

phosphorus export from contributory watershed areas.
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Urban Runoff

The design, construction and maintenance of watershed BMPs will help reduce pollutant
(phosphorus) loads to surface waters in urban areas. Water quality protection requires that all urban
development design use a water budget approach, where the preservation of the infiltration and
evapotranspiration components of the hydrologic cycle are primary considerations. Site planning that
reduces impervious surface area and preserves infiltration will help attain water quality protection. A
number of stormwater management and urban best management practices manuals are available that
provide design guidance for controlling the impacts of urban runoff and promoting infiltration
(Metropolitan Council, 2001; Schueler, 1995; Brach, 1989; US EPA. 2001). The National Pollutant
Discharge Elimination System (NPDES) permit administered by the MPCA regulates runoff from
construction sites, industrial facilities and municipal separate storm sewer systems (MS4s) to reduce
the pollution and ecological damage. Phase I of the program focused on large construction sites, 11
categories of industrial facilities, and major metropolitan MS4s. Phase II broadened the program to
include smaller construction sites, small municipalities (populations of less than 100,000) that were
exempted from Phase I regulations, industrial activity, and MS4s. At a minimum, compliance with
the stormwater pollution prevention planning requirements of this permit program is critical to

minimize the phosphorus loading increases associated with urban runoff.

Relative Phosphorus Source Loading Uncertainty/Recommended
Refinements

This assessment assumes that there is some variability and uncertainty surrounding the phosphorus
loading estimates used for this study. The variability and uncertainty of the phosphorus loading
computations done for each source category can generally be attributed to natural variability (such as
variations in watershed and climatic conditions), a lack of source-specific data or regional
relationships with watershed characteristics, error associated with extrapolation of available data, and
in some cases, a lack of understanding about all of the processes contributing to the phosphorus

loadings under each flow condition.

The phosphorus loading estimates for commercial/industrial process water, streambank erosion,
cropland and pasture runoff, feedlot runoff, agricultural tile drainage, ISTS/unsewered communities,
and atmospheric deposition are expected to have moderate to high variability and uncertainty relative
to the other phosphorus source categories. Table EX-2 shows that, of these categories,
commercial/industrial process water, streambank erosion, cropland and pasture runoff, and

atmospheric deposition represent significant phosphorus contributions to some of the major basins
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under more than one flow condition. Phosphorus loading estimates for human waste products are

expected to have low variability and uncertainty relative to the other phosphorus source categories.

General recommendations intended to reduce the uncertainty of the phosphorus load estimates

associated with the significant phosphorus source categories include:

e Continue to develop, populate and maintain intra- and inter-agency database information
(preferably in geographic databases), similar to MPCA'’s Delta, environmental data access and
feedlot databases, that can readily provide both information for resource-specific studies and data
for the development of larger scale (such as agroecoregion, ecoregion, or regional) relationships

based on existing programs

e Prioritize and complete source-specific studies to better understand the processes, identify
and fill in data gaps for the phosphorus source categories with moderate to high uncertainty,

and evaluate the effects of best management practices

e Enlist, train and coordinate new large-scale data collection efforts with volunteers and other state,
county and local personnel to obtain chemical and biological data for future assessments (e.g.,
tracking nonconforming septic systems, streambank erosion inventories) that can be completed

throughout the state

Overall Conclusions

The results of this assessment indicate that the estimated amounts of total and bioavailable
phosphorus entering surface waters within each major basin and the state vary significantly, both by
source category and by flow condition. The phosphorus loadings associated with several point and
nonpoint source categories can be controlled to various levels, resulting in significant water quality
improvements, depending on the water resource and flow condition. The following discussion

provides some overall conclusions from this assessment:

e Because of the general nature of this analysis, it can be true that sources of phosphorus which
are deemed minor at the basin scale, may actually contribute the majority of phosphorus to
specific surface water bodies, at a localized scale. For example, point sources typically
contribute little or no phosphorus to Twin Cities Metropolitan and most outstate lakes, but can
represent a significant portion of the total phosphorus load to rivers under low flow
conditions. Because of this, there is still a need to complete individual assessments of specific

watersheds to evaluate specific loading conditions.
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e Under average conditions, the point source total phosphorus contribution represents 31
percent of the loadings to surface waters, statewide, whereas nonpoint sources contribute 69
percent. Of these nonpoint sources, cropland and pasture runoff, atmospheric deposition,
streambank erosion, human waste products, and commercial/industrial process water each
represent between 10 and 30 percent of the total phosphorus loading. All of the remaining
source category contributions are below 6 percent. The combination of household and
commercial automatic dishwasher detergent represents approximately 3 percent of the total

phosphorus contributions to surface waters in the state, during an average year.

¢ Under low flow conditions, the total point source phosphorus contribution represents 45
percent, compared to 31 and 19 percent for the statewide loadings to surface waters under
average and high flow conditions, respectively. The bioavailable low flow point source
phosphorus contribution represents 57 percent of the statewide loadings, confirming that point
sources of phosphorus are more bioavailable than nonpoint sources. Comparing high flow to
average and low flow conditions, the relative statewide nonpoint source contributions of total
phosphorus increased significantly for streambank erosion, decreased somewhat for urban
runoff, and decreased significantly for atmospheric deposition and ISTS/unsewered

communities.

¢ Nonpoint source phosphorus loadings nearly double from low to average flow conditions, and

again from average to high flow conditions.

e Human waste products represent a significant portion of the total and bioavailable phosphorus
loadings in the Upper Mississippi and Cedar River basins under each flow condition; and on a
statewide basis, for the low and to a lesser extent average flow conditions. During low flow
conditions, human waste products contribute between 10 and 20 percent of the bioavailable
phosphorus loadings in the Lake Superior and St. Croix, Lower Mississippi, Red, Missouri,

and Minnesota River basins.

¢ Commercial/industrial process water represents a significant portion of the total and
bioavailable phosphorus loadings in the Upper Mississippi, Lower Mississippi, Minnesota,
and Des Moines River basins under each flow condition, and on a statewide basis, for the low

and to a lesser extent average flow conditions.

¢ Phosphorus contributions from ISTS/unsewered communities are of relative importance in the

St. Croix River basin.
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¢ Cropland and pasture runoff represents a significant portion of the total and bioavailable
phosphorus loadings in the St. Croix, Lower Mississippi, Red, Missouri, Minnesota, Cedar
and Des Moines River basins, and on a statewide basis, under all flow conditions. The
phosphorus contribution from cropland and pasture runoff is also significant in the Upper

Mississippi River basin for the average and high flow conditions.

e Atmospheric deposition represents a significant portion of the phosphorus loadings in the

Lake Superior, St. Croix, Red, and Rainy River basins for each flow condition.

® Non-agricultural rural runoff contributes a significant portion of the phosphorus loadings in
the Lake Superior and Rainy River basins for each flow condition, although the typical rate of
total phosphorus export from each acre of non-agricultural land is approximately four times

lower than the corresponding load from each acre of contributing cropland and pasture runoff.

e Streambank erosion is an important source of phosphorus under high flow conditions for all of
the basins, and is fairly significant in the Lake Superior, Lower Mississippi, Rainy and
Missouri River basins under average flow conditions. Streambank erosion can also contribute
somewhat significant amounts of total phosphorus statewide and to the Minnesota and Cedar

River basins under average flow conditions.

e The concepts for lowering the phosphorus export from point sources address possible
reductions of phosphorus discharged to POTWs as well as phosphorus discharged to the
surface waters in each basin. Food soils would be very difficult to reduce, and dentifrices,
noncontact cooling water and I & I contribute little to the influent phosphorus load discharged
to POTWs. If residential and commercial/institutional ADWD and water treatment chemicals
were eliminated completely, commercial and industrial process wastewater would still need to
be reduced more than 64 percent to attain a 50 percent reduction in the total non-ingested
phosphorus contribution to POTWs (the goal established in MN Laws 2003, Chap. 128 Art. 1,
Sec. 122). Given the difficulties in completely eliminating phosphorus from
commercial/institutional ADWD and water treatment chemicals, and reducing the commercial
and industrial process wastewater loading by more than 64 percent, a 50 percent reduction of
non-ingested influent phosphorus appears to be an ambitious goal. In addition, a 50 percent
reduction in influent may not mean a 50 percent reduction in the effluent depending upon the type

of wastewater treatment processes used.
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e A large portion of the influent phosphorus load to POTWs is from human waste products and/or is
largely uncontrollable. Continued implementation of enhanced biological phosphorus removal

(EBPR) will significantly reduce effluent phosphorus concentrations.

¢ Public education about the use of ADWD based on hardness and the availability of no- and low-

phosphorus content products should be encouraged.
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1.0 Introduction

1.1 Background

Eutrophication of surface waters is a condition in which excess nutrients cause excessive growth of
algae and other aquatic plants. Phosphorus is the nutrient primarily responsible for the
eutrophication of Minnesota’s surface waters. Too much phosphorus causes excessive growths of
nuisance algae (blooms) and reduced water transparency, making waters unsuitable for swimming or
other recreational activities. When there are excessive amounts of algae in surface waters and those
algae die, the decay of the algae may consume dissolved oxygen in the water and stress the biological
community. This may cause fish kills. Additionally, severe algal blooms may directly poison

animals that ingest the algae, or cause allergic reactions in people who swim in the polluted water.

Phosphorus in lakes and streams comes from both point and nonpoint sources. Point sources are
typically industrial and publicly-owned wastewater treatment plants (POTWs). Point sources usually
have distinct pipe discharges to surface water and are discharged from wastewater treatment plants
may come into the plant from a variety of sources. Phosphorus discharged from wastewater
treatment plants may come into the plant from a variety of sources. Nonpoint sources of phosphorus
are typically polluted runoff from cities and farmland, among other land uses. Nonpoint phosphorous
sources do not generally have distinct discharge points and are not typically regulated under State

Water Pollution Permit programs.

The amounts of phosphorus contributed to Minnesota surface waters by point and nonpoint sources
are known to vary, both geographically and temporally, in response to annual variations in weather
and climate, primarily. Variations in rainfall and watershed runoff alter both the amounts of runoff-
borne non-point source phosphorus reaching surface waters and the waters’ dilution capacities.
Generally speaking, nonpoint sources of phosphorus comprise a much larger fraction of the aggregate
total phosphorus load to Minnesota surface waters during relatively wet periods, while point sources
become more important during dry conditions, compared to wet conditions. Previous work by the
MPCA, completed as part of their Minnesota River Basin Plan, estimated that nonpoint sources of
phosphorus loading monitored in the basin at Jordan, MN (comprising approximately 19 percent of
the area of the state), predominate under high and average river flow conditions. Point source
phosphorus loads dominated the basin’s phosphorus budget under low flow conditions (Table 1-1),

the MPCA further estimated, based on analyses of data collected at Jordan, MN near the river mouth.
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Table 1-1

Duration Intervals

Minnesota River Point and Nonpoint Source Load Contributions at Various Flow

Percentage of
Duration Within Each

Nonpoint Source and
Others Percent
Contribution to Total

Point Source Percent
Contribution to Total

Minnesota River Flow Flow Interval Load Load
High (>7,100 cfs) 18.5 90 10
Average (2,750 cfs) 70.7 * 74 26
Low (<1,275 cfs) 10.8 28 72

*Percent of time flow was between 7,100 and 1,275 cfs

Results of this study, using a variety of estimation techniques to calculate phosphorus loading to
Minnesota surface waters, confirm these load distribution patterns for the Minnesota River basin and
the nine other major river basins either wholly or partially within the state. The phosphorus load
estimates reported here are aggregate totals contributed to all waters of the state, including lakes,

ponds, rivers, streams and wetlands, and ditches.

The amount of phosphorus contributed to surface waters is not the only factor that determines
adverse impact of the pollutant. The form of phosphorus and its ease of being utilized by algae and
other plants are important. Excessive algal production is dependent on the availability of usable
(bioavailable) phosphorus. Phosphorus from a point source may be more bioavailable and exert a
larger impact on surface water quality than a similar amount of nonpoint source phosphorus that
enters the same surface water. Phosphorus from point sources is largely in a chemical form readily
useable by plants (ca. 97 percent bioavailable), while phosphorus from nonpoint sources may be only
30 to 60 percent bioavailable to plants. Other critical factors affecting the water quality impacts are

the type of water body the phosphorus enters (lake, river, reservoir) and season of the year.

1.2 Legislative Mandate to Conduct this Study
This watershed-based study of phosphorus contributions to Minnesota surface waters was conducted

to inventory the following:

1. Sources and amounts of phosphorus entering three different sizes and categories of
Publicly-Owned Treatment Works (POTWs; i.e., Wastewater Treatment Plants).

Sizes: (average daily flow rate)

® | ess than 0.2 million gallons per day (mgd)
¢ (.2 to 1.0 mgd
® Greater than 1.0 mgd
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Categories: (flow contributors)

® Primarily domestic
e Domestic with some commercial/industrial

® Predominately commercial/industrial

Sources: (individual and/or categorical)

® Automatic dishwasher detergents
¢ Other household cleaners or household non-ingested sources
e Commercial/industrial, including:
Process wastewater
Noncontact cooling water
Other additives
e Water supply, including water treatment chemicals
e Human waste products

e Groundwater intrusion to sanitary sewers
Information developed in this portion of the phosphorus inventory is intended to assist the

MPCA in complying with MN Laws 2003, Chap. 128 Art. 1, Sec. 122:

The state goal for reducing phosphorus for non-ingested sources entering municipal
wastewater treatment systems is at least 50 percent reduction based on the timeline for
reduction developed by the commissioner under section 166, and a reasonable estimate of
the amount of phosphorus from non-ingested sources entering municipal wastewater
treatment system in calendar year 2003.

2. Sources and amounts of phosphorus entering Minnesota surface waters for each of the ten
major basins and for the entire state of Minnesota from point- and nonpoint-sources during
low (dry), average, and high (wet) flow conditions; and the effect of various phosphorus
source reduction options on water quality.

Information developed in this portion of the phosphorus inventory is intended to assist the

MPCA in complying with MN Laws 2003, Chap. 128, Art. 1, Sec. 16:

The commissioner of the pollution control agency must study the concept of lowering
phosphorus in the wastewater stream and the effect on water quality in the receiving
waters and how to best assist local units of government in removing phosphorus at public
wastewater treatment plants, including the establishment of a timeline for meeting the goal
in Minnesota Statutes, section 115.42 .
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1.3 Organization of this Report

To facilitate the reading of this report, results have been organized around identification of the
sources and amounts of phosphorus contributed both to POTWs and to surface waters of the state.
Sources and amounts contributed to surface waters includes both point and nonpoint source
contributions. Wastewater treatment plants (Publicly-Owned, Private and Industrial) are included as
point source contributors, in this context. The report discusses phosphorus contributions to surface
waters of the state, both in terms of source category and by major basin, for low, average and high
flow conditions. The hydrology of each basin under low, average and high flow conditions is
discussed in more detail in Appendix A. Detailed discussions about each source contribution
category are included in Appendices B through J. The report further assesses the importance of each
phosphorus source contributor in regards to the bioavailability of its contribution (described in detail
in Appendix K). Finally, this report concludes with a brief assessment of effluent total phosphorus
reduction efforts by wastewater treatment plants, recommendations for lowering nonpoint sources of

phosphorus and reducing load calculation uncertainty as part of future efforts.

1.4 Frame of Reference for Quantifying Phosphorus Source
Contributions to Surface Waters

Estimating the phosphorus source contributions to Minnesota surface waters for each of the major

basins requires the following information to establish a “frame of reference”, or a basis for

comparison by source category and by basin:

e A clear definition of surface waters and information about the locations of surface waters
throughout Minnesota

e Knowledge about the amount of phosphorus produced and mode of transport for each point
and nonpoint source category

Figure 1-1 illustrates an example of where each of the following phosphorus source categories
(numbered to coincide with the figure) are typically located in relation to the various types of surface

waters considered in this analysis:

Cropland, pasture and feedlot runoff

Atmospheric deposition

Deicing agents

Streambank erosion

Individual sewage treatment systems (ISTS)/unsewered communities
Non-agricultural rural runoff

Urban runoff

PN R L=

Point sources

P:\23\62\853\Report\Final\Final Report.doc 4



Figure 1-1 Schematic for Phosphorus Source Contributions to Surface Waters
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The analysis completed for this assessment consists of estimating the total amounts of phosphorus
entering all of the various types of surface waters from each of the source categories within each

major basin, as well as on a statewide basis.

1.4.1 Surface Waters Defined

For purposes of this analysis, all of the surface waters in Minnesota were mapped using ESRI ArcGIS
software and were defined by using all of the various types of water bodies contained in the Minnesota
Department of Natural Resources 24K Stream Layer (all records, including ditches and intermittent
streams) and the USGS National Land Cover Database [NLCD] (1992). All land cover types identified
as wetlands or lakes in the NLCD database were used as surface waters. As a result, all of the water
surface areas shown (in dark blue) on Figure 1-1, including ditches, wetlands, lakes, rivers and
intermittent streams, would be considered surface waters for the analysis discussed in this report.

Figure 1-2 shows the areas of all of Minnesota’s surface waters, within each of the ten major basins.
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Figure 1-2 Major basins with surface waters
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1.4.2 Context for Quantifying Phosphorus Source Contributions

As previously discussed, this assessment is intended to estimate the annual phosphorus loading (total
and bioavailable), entering all of the various types of surface waters from each of the source
categories under low, average and high flow conditions. The general nature and scale of this analysis
allows for summarizing the estimated loadings for each major basin, and on a statewide basis. The
characteristics of smaller watershed units (smaller than the major basin scale), or subwatersheds,
were not utilized to estimate phosphorus loadings from the source categories. Since each of the
various subwatersheds typically drain to wetlands, lakes, ditches or streams that each have their own
unique processes for transformation or phosphorus uptake, no further breakdown of phosphorus
inflow or outflow loadings by subwatershed or surface water type is possible with the scope of this
analysis. As a result, the phosphorus loadings discussed in this report represent the total amount of
phosphorus entering all of the combined surface water areas that are present within each major basin
under each flow condition. For example, if urban runoff from the source area (#7) shown in

Figure 1-1 is estimated to contribute 10 kg of phosphorus during average flow conditions, this
analysis does not attempt to distinguish between how much of the 10 kg is going to the intermittent
stream or to the river, nor does this analysis attempt to estimate how much this phosphorus load
would be delivered to the mouth of the major basin. It should also be noted that the general nature of
the results from this analysis means that minor sources of phosphorus, at the basin scale, may
actually contribute the majority of phosphorus to specific surface water bodies, at a localized scale.
For example, point sources typically represent contribute little or no phosphorus to Twin City
Metropolitan and most outstate lakes, but can represent a significant portion of the total phosphorus
load to rivers under low flow conditions. This explains the need to complete individual assessments

of specific watersheds to evaluate specific loading conditions.

In addition, the phosphorus loadings estimated for this assessment are only intended to quantify the
phosphorus source contributions originating in Minnesota for Minnesota surface waters. For
example, no attempt has been made to estimate the phosphorus loadings to the St. Croix River basin,
originating from Wisconsin, or the loadings to the Red River basin from North Dakota. While the
context for this analysis does not allow for assessments to be made about the observed water quality
at the mouth of each major river basin, it does allow for direct “apples to apples” comparison of the
amounts of phosphorus originating from various source categories under various flow conditions.
This analysis also facilitates comparison between basin, as well as statewide, so that the magnitude

and proportional contribution of each source category can be compared throughout the state.
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2.0 Methods

2.1 Basin Hydrology

This detailed assessment of phosphorus required an analysis of basin hydrology to properly evaluate
the importance of the varying rainfall/runoff relationships for low, average and high flow conditions
throughout the state. This section will discuss how these three flow conditions were defined and how
rainfall and runoff volumes were determined for this analysis. The determination of flow conditions
are especially important since they facilitate computation of nonpoint phosphorus sources and allow
for the comparison of point and nonpoint phosphorus sources for the varied climatic conditions that
occur across Minnesota. Following statistical analysis of the historical rainfall and runoff volumes,
recent (1979-2002) water year (October 1 to September 30) data was identified to represent low,
average and high flow conditions within each basin. A more detailed discussion about the approach

and methodology for assessment of the basin hydrology is included in Appendix A.

2.1.1 Minnesota Basins

Figure 2-1 shows the ten major Minnesota basins considered in this analysis, along with locations of
the USGS flow gaging sites used to estimate runoff during the various flow conditions. The ten
major drainage basins within Minnesota vary greatly in their characteristics. Table 2-1 provides a
summary of some of the characteristics of each basin. As shown in the table, there is significant
variability of runoff and precipitation across the state. There is also a significant difference in land

cover between basins, particularly between the southwest and northeast parts of the state.

2.1.2 Calculation of Basin Runoff Volumes

The phosphorus load estimates in this study were determined for low, average and high flow
conditions, for each of the ten basins (further discussed in Appendix K). The phosphorus load
estimates for each flow condition are based on the annual runoff volumes that have been determined
from recent water year flow data. A characteristic of most of the basins is that water is received from
upstream basins (such as the Lower Mississippi which receives flow from the Minnesota, St. Croix
and Upper Mississippi basins) or water flows into the basin from neighboring states or provinces
(Minnesota and Rainy River basins). The Upper Mississippi River is the only basin in the state that
is a headwater basin (wholly within Minnesota). Therefore, flow and phosphorus data measured at
the “outlet” or mouth of the basin will include both water and phosphorus originating from outside of
Minnesota or from other upstream Minnesota basins. For example, 53 percent of the watershed area

of the Red River of the North (which is the border between North Dakota and Minnesota), at the
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Figure 2-1

Major Basins with USGS Flow Gaging Stations
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Table 2-1 Basin Characteristics

Land Cover Percentages®*
Area (Sq | Average Precipitation JAverage Runol Tilled Pasture/  Wetland/Open

Basin Miles)* (1979-2002) (1979-2002) Urban  Forested  Agricultural Grassland Water Other

Cedar River 1028 12,06 9,80 3.4%, 3% 834% 6.2% 3.7% 0.0%
Des Moinas River 1,535 27.98) 5.68 1.B% 1.8% 79.9%, 11.0% 5.5% 0.0%
Lake Superior 6,149 2911 1244 ] 4% 57.1% 26% 3.5% 33.3% 2.1%
Lower Mississippi 6,317 13.29 10,28 24% 15.4% 52.2% 24.8% 5.1% 0.1%
Minnasota River 14943 2814 5.6 21% 4.68% 72.71% 12.6% 7.8% 0.1%
Missouiri 1,782 2716 5.25 |57 1.0 78.9% 16.0% 2.6% 0.0%
Rainy River 11,236 2620 801 0.4% 41.4% 2.0% 2.3% 52.5% 1.3%
Red River 17.741 23.29 342 0.7% 12.0% 54 6% 8.8% 23.8% 0.2%
St Croix River 3528 30,61 9.71 1.3% 36.8% 10.8% 20.6% 30.1% 0.2%
Upper Mississippi 20,100 2807 6.87 3,50 29.1% 20,2% 16. 7% 20.7% 0.7
State Wide 79,201 213 683 1.9% 12.1% I8.1% 12.0% 4.1% 0.6%

*Drainage area within Minnesota
**Based on USGS National Land Cover Database {1992)

Manitoba border, is in the State of North Dakota. Since this study is only concerned with phosphorus
contributions from Minnesota, a methodology was developed to estimate only Minnesota’s
contribution of water. Runoff from the Minnesota portions of the ten basins were calculated using
state-wide flow maps for the three flow conditions. Each map, developed using ESRI ArcView
software, consists of a state-wide 1 km x km grid of values representing runoff in inches. Using
these grids, runoff averages over the basins were determined. The methods used to develop these

maps are described below.

2.1.2.1 River Discharge Data

Monthly mean stream flow data were collected from the United States Geologic Survey for 27 gaging
stations in Minnesota, two in North Dakota and one in Iowa for a total of 30 gages. The stations
were selected based on their length of record and the location of the gage within each of the ten
basins. Annual runoff in inches, for each gage was determined by summing the monthly mean flows
for each water year (October 1 — September 30) and dividing by the contributing watershed area to
arrive at runoff in inches per year. The watershed areas were delineated using the Minnesota
Department of Natural Resources Division of Waters Watershed Basin (1995) GIS Layer. This layer
was developed using data from USGS 1:24,000 Quadrangle Maps.

2.1.2.2 Precipitation Data
Basin-wide precipitation data were made available from the State Climatology Office of the
Minnesota Department of Natural Resources. The data consisted of monthly values calculated from

a grid-based archive of historical monthly precipitation totals for the period of 1892 — 2002. These

P:\23\62\853\Report\Final\Final Report.doc 10



data consisted of estimated monthly total precipitation over each watershed, in inches, for each of the

ten basins. Data for the period of 1979 — 2002 water years were used in this study.

2.1.2.3 Runoff Frequency Curves
The result of the basin runoff computations was a table of annual runoff values, in inches over each
of the 30 watersheds. These data were used to develop two frequency curves for each of the 30 gages

and were based on these following periods of record:

® Using all water years data were available

e Using water years 1979 — 2002

For curve one, the time period of available flow data varied greatly. Some gages had data available
for up to 100 years and others only a dozen or so years. The second curve was developed to reflect
current climatic and drainage conditions. For the period from 1979 to 2002, a complete record of
data was available for most of the gages used. Since this period reflected current watershed drainage

characteristics and climatic trends, the 1979-2002 record was used to develop the runoff mapping.

The frequency curves were developed using a statistical analysis of the annual basin flows adopted
from Guidelines for Determining Flood Flow Frequency, Bulletin #17B, U.S. Water Resources
Council, Sept. 1981. The Weibull plotting position method, described in this reference, was
implemented to assign an exceedence probability (the probability of the flow being greater than or
equal to a value) to every annual flow record in the time series. The probabilities were then plotted
on semi-log paper to fit a trend line to the data. Different statistical equations were analyzed to
determine which equation best describes the data. The frequency curves were then based on the

best-fit equation, typically a Pearson Type III distribution.

From the frequency curves developed for the 1979-2002 water year period, runoff values from the

90 (dry year), 50 (average year) and 10 (wet year) percent probability were determined. The

90 percent value means that, on average, 90 percent of the years will have runoff exceeding this
value. The 50 percent value shows the runoff amount that would be exceeded during one-half of the
years, on average. The 10 percent value is the flow which would be exceeded during only 10 percent
of the years. The 90 and 10 percent probabilities were the respective probabilities selected to
represent low and high flow conditions, because they do not represent extreme events; rather they
represent typical dry and wet periods for the basins (a 1 in 10 chance of occurring on any given year),

respectively.
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21.2.4 Precipitation Frequency Curves
Frequency curves were also developed for the basin-wide precipitation data. The data were
summarized by water year and the same methodology used to develop the flow — frequency curves

was utilized for the precipitation data.

21.25 Runoff Maps

The centroid (or center of the watershed) for each of the 30 USGS gaged watersheds was determined.
The resulting X and Y coordinates of the centroid (in UTM Coordinates) were determined and were
assigned the runoff values for the watershed. A table was constructed with the UTM coordinates and
runoff values. This table was imported into Surfer Software and interpolated using the Kriging
routine to create three state-wide 1 kilometer x 1 kilometer grids representing the dry, average and
wet condition runoff values. The resulting Surfer grid files were imported into ArcView Spatial
Analyst extension and were overlain with the boundaries of the major basins to provide an estimation
of the wet, average and dry condition flow volumes based on the 10, 50 and 90 percentile

frequencies, respectively.

It is important to note that, in general, the year in which the 10" percentile wet year flow volume
occurred does not necessarily coincide with the year in which the 10" percentile wet year
precipitation amount was observed. River discharge is not only a function of precipitation, but is
affected by a number of hydrologic conditions such as drought and floods occurring in preceding
years. For example, if the preceding year was much dryer than normal, much of the current year’s
rainfall (even though above average) may be used in refilling lake and wetland basins and
replenishing soil moisture. The intensity of rainfall is another factor in the generation of runoff. For
a given amount of precipitation, more of it will run off if the precipitation occurs during a heavy
thunderstorms rather than rain falling during a gentle day-long shower. Therefore, there may be
below-normal flow in years where precipitation is above-average. In this study it was assumed that
the 10™ percentile flow does occur in the same year that the 10" percentile rainfall occurs. The same
assumption was made for the 50" and 90™ percentile years. This simplifying assumption had to be

made to facilitate a direct comparison between the three flow scenarios examined.

2.2 Phosphorus Sources to POTWs and Minnesota Surface Waters
As discussed in Section 1.2, the requirement to study the concept of lowering phosphorus in the
wastewater stream and the effect on water quality mandated that this assessment inventory the
sources and amounts of phosphorus entering three different sizes and categories of POTWs, along

with the sources and amounts of phosphorus entering Minnesota surface waters for each major basin
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and for the entire state of Minnesota from point- and nonpoint-sources. Section 2.2.1 presents the
methodology used to inventory the sources and amounts of phosphorus entering POTWs, by size and
category, as well as estimate the amount of phosphorus entering surface waters from point sources.
Section 2.2.2 provides the methodology used to assess the sources and amount of phosphorus
entering surface waters from nonpoint sources. Section 2.2.3 presents the methodology used to
determine the bioavailability of the point and nonpoint sources that have evaluated for this analysis.
Section 2.2.4 discusses the methodology used for an assessment of effluent total phosphorus

reduction efforts by wastewater treatment plants.

2.2.1 Point Sources of Phosphorus

This section provides a discussion regarding determination of point sources of phosphorus to
Minnesota watersheds and the sources of phosphorus discharged to Minnesota publicly owned
treatment works (POTWs). A detailed discussion about the assessment of this source category is
contained in Appendix B. For the purposes of this analysis, point sources of phosphorus include
domestic (public and private) and industrial facilities that discharge treated wastewater to surface
water through distinct discharge points and are regulated under state and federal pollution permit
programs. Wastewater is generated by a number of sources and falls into two general categories:
Domestic/Residential wastewater and Industrial and Commercial wastewater. Wastewater from these
two sources is discharged to one of three categories of wastewater treatment facilities (WWTFs);
POTWs, privately owned wastewater treatment systems for domestic sources, and industrial
wastewater treatment systems. Land disposal of wastewater does not discharge to surface waters and

was not considered as part of this analysis.

POTWs include wastewater treatment facilities owned and operated by public entities (cities and
sanitary districts usually). These facilities treat varying proportions of domestic wastewater and
commercial/industrial wastewater. For the purposes of this study, POTWs have been subdivided into

the following additional categories:

1. Size (based on Average Wet Weather Design flow)
a. Small — less than 0.2 million gallons per day (mgd)
b. Medium - from 0.2 mgd to 1.0 mgd
c. Large — greater than 1.0 mgd

2. Waste Treated (% by flow volume treated)

a. POTWs that serve mainly households and residences - less than 20 %
industrial or commercial contributions
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b. POTWs that have some commercial or industrial contribution — between 20%
and 50% industrial or commercial contributions

c. POTWs that are dominated by a variety of commercial and industrial
contributions — greater than 50% industrial or commercial contributions

Privately owned wastewater treatment systems include those designated for treatment of domestic
sources and that are privately owned and operated. This category of facility is generally small and
serves a limited number of residences. Mobile home parks, resorts, and small communities are

examples of privately owned wastewater treatment facilities.

Wastewater generated as a byproduct of an industrial or commercial process can either be discharged
to a POTW for treatment or it can be treated (if needed) on site and discharged to a surface water
under its own NPDES permit. In most cases, wastewater discharged from an industrial wastewater

facility is from an industrial process. This category also includes noncontact cooling water.

2.2.1.1 Data Sources for Wastewater Treatment Facilities
Identification of the point sources of phosphorus and load estimates was accomplished with existing
data and literature information. No direct monitoring of waste streams was undertaken for this

portion of the study. The following sources of existing data were utilized:

e Minnesota Pollution Control Agency’s Delta Database
e MNPRO Database

e Metropolitan Council Environmental Services

e Minnesota Department of Health (MDH)

e Individual contact with Minnesota Communities

The MPCA maintains a database of information required by NPDES permit holders and the
monitoring data required by the permit, referred to as the Delta database. Data from the years 2001,
2002 and the first half of 2003 were used in this analysis. The Delta database contained data for
more than 1,300 separate permits, many with multiple discharge points called stations, and all
available flow and phosphorus data contained therein was used for this study. Since many permits do
not include limits and/or monitoring requirements for phosphorus, there was no phosphorus data
available for some permits. As a result, it was necessary to extrapolate phosphorus data from other
permit information (e.g. permit application data and basin average phosphorus for similar facilities,

etc.). Discussions with MPCA staff provided a list of the water sources for most of the noncontact
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cooling water dischargers in the state. Information on noncontact cooling water additives was also

provided by MPCA staff.

The Minnesota Department of Trade and Economic Development maintains a database (MNPRO)
that contains information regarding community profiles for each city in Minnesota. The MNPRO

database was used to obtain the following information:

1. A complete listing of Minnesota communities

2. Information on the type of wastewater treatment system a community utilizes for wastewater
treatment

3. Population of the community

4. A list of businesses and industries in each community, the NAICS code and number of
employees for each business.

All population data obtained from the MNPRO database were from 2001 estimates. The other data
obtained from the MNPRO database were provided by the communities and there may be some

variation regarding the dates this information was reported.

The Metropolitan Council Environmental Services (MCES) owns and operates the eight Twin Cities
Metropolitan Area wastewater treatment facilities. The Industrial Waste & Pollution Prevention
(IWPP) Section, located within MCES's Environmental Planning and Evaluation Department,
regulates and monitors industrial discharges to the sewer system to ensure compliance with local and
federal regulations. IWPP Section staff issue Industrial Discharge Permits to industrial users of the
Metropolitan Disposal System. For each MCES industrial permit holder, MCES provided the

following information:

1. Name and location of permit holder
SIC code number for each permit holder (was converted to NAICS code number)

Flow and phosphorus estimates (phosphorus data were not available for all permit holders)

Ll

Employee counts

The Minnesota Department of Health (MDH), the agency that regulates the quality of drinking water
supplies in Minnesota, provided a list of communities that supplement their water supply with
continuous phosphate additions (for corrosion control and iron and manganese sequestration) from
2001 to 2003. The MDH list provided the water treatment facility’s annual flowrate for all 360 of the

systems that add phosphorus. In addition, they provided the residual phosphorus concentrations for
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the 120 systems that are required to add phosphorus for corrosion control. These data were used to

calculate the total phosphorus contribution to the POTWs from the municipal water supplies.

A number of Minnesota communities were contacted to obtain data or to verify information
regarding their wastewater treatment facilities. The types of information provided by these

communities included:

¢ Industrial Phosphorus Data. Fourteen out-state (non-metro) communities with industrial
phosphorus monitoring programs were contacted and provided data on influent loadings from
industrial and commercial dischargers to their wastewater treatment facilities.

® Population Data. Many communities were contacted to determine the population served by
the wastewater treatment facility.

¢ Industrial Discharge Information. Many communities and industries were contacted to verify
the type and volume of wastewater discharge from an industrial source.

The following literature sources were reviewed to obtain information on the sources and amounts of

phosphorus discharged to wastewater treatment facilities:

e Chemical Economics Handbook — Industrial Phosphates - The handbook provides detailed
information on the mass of phosphorus consumed annually in the United States for major
commercial, nonagricultural phosphate chemical products. The report provided historical data
for the years 1984 through 2000 and forecasted data for the year 2005 for the following major
commercial products:

= Detergent builders

=  Water supply chemicals

* Food and beverages

= Dentifrices (oral hygiene products)

e Metcalf and Eddy, Inc. (1991) discusses the components that make up wastewater as well as
typical wastewater flowrates and characteristics.

® A number of studies were conducted in the late-1970s and early-1980s that analyzed
residential wastewater. These studies segregated wastewater from toilets (human wastes),
garbage disposals, dishwashing water, food soils, baths and showers, laundry discharges, and
automatic dishwasher detergent, and provided typical flowrates and pollutant characteristics
(including phosphorus) for each of these sources. These studies found the following to
contribute phosphorus to residential wastewater:

= Human wastes
= Garbage disposals
= Dishwashing water
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* Food soils
= Laundry discharges (completed prior to the ban on phosphorus in laundry detergent)
= And automatic dishwasher detergent

The data were provided in terms of daily per capita use rates. It was assumed that no major
changes had occurred in the estimates for human waste, garbage disposal waste, and food
soils and these data were used to estimate source amounts discharged to wastewater treatment
facilities.

e Ligman, Hutzler and Boyle (1974) characterized the types of wastewater generated in a
domestic household. They surveyed a total of 50 rural and urban households to determine the
various sources and amounts of wastewater generated from the bathroom, the kitchen and the
laundry and determined that there was no statistical difference in wastewater pollutant loads
for each household.

e Siegrist, Witt, and Boyle (1976) characterized waste flows from individual rural households.
They found that on average human waste contains approximately 1.6 grams of phosphorus
per person per day.

* Boyle, Siegrist and Saw (1982) focused on treatment of graywater, but also provided a
summary of the characterization of wastewater from households.

e Strauss (2000) provided information on the nutrient concentration in human waste and
determined that humans excrete in the order of 2 grams of phosphorus per day.

221.2 Approach for Determining Phosphorus Discharged to POTWs

In addition to determining the point source loading of phosphorus to surface waters in each basin
from each of the three types of treatment facilities (POTWs, privately owned treatment facilities, and
industrial wastewater treatment systems), the other objective was to identify the sources and estimate
the amount of phosphorus discharged to POTWs. Although not required by the legislation (see
Section 1.2), the sources of phosphorus and an estimate of the amount discharged into privately
owned treatment works was also completed. Finally, the major types of industrial discharge
categories were also identified for the industrial wastewater treatment systems. Phosphorus loading
to each type of treatment facility was categorized into the primary sources that were considered

important (described below).
The following individual and/or categorical sources of phosphorus were evaluated for each POTW:

e Commercial/industrial process wastewater sources (including noncontact cooling water)

¢ Finished water supply and water treatment chemicals (such as polyphosphate compounds or
orthophosphate compounds used for corrosion control purposes)
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e Industrial and institutional automatic dishwasher detergent (ADWD)
e Residential automatic dishwasher detergent

¢ Dentifrices

e Groundwater intrusion into sanitary sewers

¢ Food soils and garbage disposal wastes (food soils include waste food and beverages poured
down the sink, and food washed down the drain as a result of dish rinsing and washing)

e Ingested Human wastes

The following individual and/or categorical sources of phosphorus were evaluated for each privately

owned treatment facility:

e Residential automatic dishwasher detergent
¢ Food soils and garbage disposal wastes

e Human wastes

It was assumed that these systems were small and that no industries would be discharging to a
privately owned treatment facility and that the communities served by these systems would not be on
a public water supply. Therefore, the commercial/industrial process wastewater sources, finished
water supply and water treatment chemicals sources, industrial and institutional automatic
dishwasher detergent and groundwater intrusion into the sanitary sewers sources were assumed not to

contribute to these facilities.

Because much of the information gathered during the literature search for the various components of
the influent wastewater was based on per capita values, it was necessary to accurately determine the
population served for each of the POTWs and privately owned wastewater treatment facilities. The
population served for each facility was not readily available for all of the permitted facilities.

Therefore, the following stepwise approach was taken:

1. When available, the population served by a treatment facility as listed in the Delta database
was used, unless comments from individual wastewater treatment plant operators required a
modification to the estimates.

2. If population data were not available from the Delta database, the population of the
community corresponding to the permit was assumed to equal the population served by the
WWTF, which was obtained from the MNPRO database.

3. Communities and the populations served by individual sewage treatment systems (ISTS, [see
Appendix H]) were compared to the communities having an NPDES permit as listed in the
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Delta database. If a community had both a NPDES permit to discharge to a surface water and
was also listed has being served by an ISTS, the difference of the City’s population and the
ISTS population was used as the population served by the treatment facility. If no
information was available, the permit holder was contacted to verify the population served by
each system.

4. The complete listing of communities within the state of Minnesota as contained in the
MNPRO database were compared to both the NPDES list and the unsewered communities list
to verify that all communities within the state were counted. Any unaccounted community
with a population greater than 1,000 was contacted to determine their disposition wastewater
treatment.

5. Communities with a population of less than 1,000 persons that did not have an NPDES
permit and were not listed in the ISTS or unsewered community databases were assumed to
be served by ISTS.

A wide variety of commercial and industrial operations discharge wastewater into POTWs under
terms of wastewater discharge permits. Industrial process discharge monitoring data from MCES
were collected for the eight MCES facilities. In addition to the MCES data, commercial and
industrial process monitoring data were collected from the cities of Luverne, Melrose, Moorhead, St.
Cloud, Winona, Faribault, Glencoe, New Ulm, Owatonna, Plainview-Elgin, Rochester, Zumbrota,
Mankato and Marshall. In addition to the industrial monitoring data, the NAICS code number and
number of employees were also obtained. Using this information, the estimated phosphorus load per
employee was calculated for the various NAICS code numbers. This information was used to
estimate the industrial/commercial process wastewater component of the POTW phosphorus loads.
The quantities of phosphorus discharged to the sewer system by commercial and industrial operations
for which data were obtained was estimated by extrapolating discharge data to an annual total. The
data obtained for the various NAICS code industries were used to estimate the Industrial and
Commercial wastewater components of the POTW phosphorus loads where no data were available.
An average phosphorus load per employee was then calculated for each NAICS code number. The
MCES industrial information received had employee count available for most of the facilities
permitted. In addition, MNPRO listed the employee count for all the industries in their database.
Employee count was used as the method of adjusting the phosphorus load for the variation of
industry sizes within a NAICS code number (four to six digit matches). If there was no match found

at the four-digit level, then no estimate of the phosphorus contribution was made.

Phosphorus-based chemicals are sometimes used for corrosion control and metal sequestration
purposes in water supply systems. The Minnesota Department of Health provided a list of

community water supplies and the average residual phosphorus concentration in the water supply for
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the systems that are required to monitor their phosphate additions for the years 2001 through mid-
year 2003. The average residual phosphorus concentration from this data was used for each of the
communities that were known to add phosphorus, but for which there was no concentration data
available. Literature values (Metcalf and Eddy, 1991) indicate that, on average, 70 percent of the
water supplied from a water treatment facility is discharged back into a wastewater treatment facility.
The phosphorus contribution from municipal water supplies to a POTW was calculated by estimating
the annual phosphorus mass used in treatment of the water supply from the MDH data and assuming

70 percent of it is discharged to the POTW.

To estimate the residential ADWD detergent component of the WWTF phosphorus loads, the 2000
data on annual phosphate utilization for ADWD detergent formulation in the United States from the
SRI publication Chemical Economics Handbook - Industrial Phosphates (SRI, 2002) was used, along
with the estimated U.S. population for 2000, to estimate a per capita ADWD detergent usage of 0.085
kilograms per capita per year (kg/p-yr). This use rate was applied to the population served by each of
the POTWs and privately owned treatment facilities to estimate the ADWD detergent components of
the phosphorus loads.

Commercial and institutional ADWD detergents are used in restaurants, cafeterias, hotels, hospitals
and other institutions, etc. These facilities are not considered as part of the commercial and
industrial process wastewater phosphorus contribution as discussed previously. To estimate the
commercial and institutional ADWD detergent component of the influent POTW phosphorus loads,
2000 data on annual phosphate utilization for commercial and institutional ADWD detergent
formulation from SRI (2002) was used, along with the estimated U.S. population for 2000, to
estimate a per capita commercial and institutional ADWD detergent usage of 0.04 kg/p-yr. This per
capita use rate was applied to the population served by each of the POTWs to estimate the

commercial and industrial ADWD detergent components of the phosphorus loads.

Other consumer products such as scouring cleaners (Comet® and Ajax®) and home cleaners (Spic &
Span® and Lime Away®) no longer contain phosphorus. Therefore, it was assumed that there was no
phosphorus contribution from these products. Commercial and institutional cleaners may use
phosphate-based cleaners, but it was assumed that discharge of this source would be accounted for in

the industrial and commercial process wastewater component and was not categorized separately.

Several sources were reviewed to determine the phosphorus loading to WWTFs from garbage
disposals and from food soils (Siegrist, 1976 and Boyle et al, 1982). For the purposes of this report,

food soils are defined as waste beverages and food washed down the sink and food washed down the
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sink through dish rinsing and dish washing. The most recent per capita discharge rate of
0.1895 kgP/p-yr was applied to the populations served by each of the WWTFs to determine the

phosphorus loading from this source.

Dentifrices are substances such as toothpaste and denture cleaners. Using 2000 data on annual
phosphate consumed from dentifrices (from SRI, 2002) and the estimated U.S. population for 2000,

the estimated per capita phosphorus contribution from dentifrices was 0.0115 kg/p-yr.

An attempt was made to determine the phosphorus loading from car and truck washes, but there was
not enough data available to determine either the amount of flow or the number of car washes
discharging to Minnesota POTWs. In addition, since it has become common for car washes to

recycle or reuse wash water, no phosphorus load estimate for this source was made in this report.

Measurable effects from inflow and infiltration (I & I) at WWTFs will depend on the age of the
sewer system piping, the total length of the sewer system piping and the joint construction of the
sewer pipes. An average infiltration rate was obtained from data provided by MCES, based on
average annual I & I flow estimates for their eight wastewater treatment facilities. These facilities
vary in size and age and were considered to be representative of the systems throughout the state.
The average I & I rate was approximately 10 percent of the total influent annually for the eight Twin
Cities Metropolitan Area wastewater treatment facilities operated by MCES. The phosphorus
concentration in I & I was estimated from phosphorus concentration data provided by the MPCA for
each of the aquifers throughout the state. An average phosphorus concentration of 0.035 mg/L was

assumed to be representative of the shallow groundwater throughout the state.

Human waste-derived phosphorus was separated from the total phosphorus load to each of the
POTWs and privately owned treatment systems by difference, subtracting all other estimated
phosphorus contributions from the total phosphorus inflows. This value was converted to a per
capita value and then used to validate the computations for each WWTF by comparing it to literature
values for blackwater (ingested human waste). Literature values ranged from 1.2 grams of

phosphorus per capita per day (g/p-d) (Siegrist, 1978) to 2 g/p-d (Strauss, 2000).

2.21.3 Approach for Determining Phosphorus Loading to Surface Waters

Data on all municipal, private and industrial and commercial dischargers were obtained from the
MPCA Delta database. As a first step, the stations for each permit were reviewed to verify that a
valid discharge to a surface water was occurring for each station in each permit. As a result of this

review, the following stations were deleted for this study:
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1. Stations that represented land application of wastewater,
2. Stations that strictly represented a stormwater runoff discharge,

3. Permits that had no influent and effluent flow data. It was assumed that if there was no
data for either the influent or the effluent stations, that there had been no discharge from
that facility.

The NPDES discharges were separated into the following categories as part of the review process:

1. Domestic vs. industrial flow was verified. In a few cases, the Delta database designation was
modified. For example, prisons and schools were changed from an industrial source to a
domestic source

2. Noncontact cooling water sources were noted, and

3. Mine pit dewatering sources were noted

Next, the influent and effluent flowrates for the NPDES surface water permits and stations were
reviewed. If only influent flow data were available from the Delta database, the effluent flow was
assumed to be equal to the influent flow. Similarly, if only effluent flowrates were available from
Delta, the influent flowrates were assumed to be equal to the effluent flowrates. Pond systems
presented a challenge in that they discharge intermittently and, when they do, the flowrate is
relatively high. For many pond systems there was no discharge information available because they
had not discharged during the period of record. In other instances the average annual effluent flow
from a pond system greatly exceeded the annual average influent flow, so the average annual effluent
flowrate was assumed to be equal to the measured influent flowrates for pond systems. For industrial
wastewater treatment systems, only effluent flow data were required for this analysis. Following
flowrate database development all flowrate data were then validated. The average flowrate and
standard deviation was calculated for each permit station. Permits with high standard deviations

were manually reviewed to spot the general trend in discharge rates and correct obvious errors.

The approach used to determine the phosphorus loading from each of the three types of facilities to
the basin is very similar and is described below. Phosphorus loads were determined by multiplying
the influent and effluent flowrates by the influent and effluent phosphorus concentrations,
respectively. Phosphorus concentration data was obtained from the Delta database. Since many
permits do not include limits and/or monitoring requirements for phosphorus, there were no effluent
phosphorus data available for these permits. In addition, many facilities that have an effluent
phosphorus limit monitor only the effluent phosphorus and do not monitor the influent phosphorus

concentrations. In these cases, it was necessary to estimate phosphorus concentrations from other
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sources. The annual influent and effluent phosphorus loads for each wastewater treatment facility
and the effluent phosphorus loads for the industrial sources for which data were available were
estimated as the products of the average phosphorus concentrations and flowrates extrapolated over
the monitoring period. Missing POTW and privately owned treatment facility phosphorus
concentrations were estimated by assuming the calculated basin average phosphorus concentration
(as described in the previous paragraph) for similar facility types. In a limited number of cases calls

were made to the permittee to verify phosphorus effluent concentrations.

The various types of industries discharging phosphorus from industrial wastewater treatment systems
were identified. For each industrial wastewater discharger, their North American Industry
Classification System (NAICS) code number was identified. This NAICS code allowed the data to
be sorted by industry type. Effluent phosphorus concentrations for industrial wastewater treatment
systems that did not have monitoring data were estimated from phosphorus data for industries with
like NAICS codes. Noncontact cooling water dischargers were identified through review of the
NPDES permit data. When available, the amount of phosphorus in these discharges was calculated
from data contained in the Delta database. For each noncontact cooling water discharge, the source
of the water was identified as were additions of phosphorus-based corrosion control chemicals. In
calculating the phosphorus loads associated with noncontact cooling water, reported data on
discharge volumes and phosphorus concentration were used whenever they were available.

However, when the phosphorus concentration of noncontact cooling water was not specified in the
permit data, the source of the cooling water was determined and any information on phosphorus
additives was investigated with the MPCA. If the source of the cooling water was the municipal
water supply and no phosphorus was added, it was assumed that the phosphorus concentration
discharged was equivalent to the municipal water supply value. If the source of the cooling water
was an on-site well, the phosphorus concentration was assumed to be equal to the groundwater
phosphorus concentration. Finally, if the source of the cooling water was the same body of water
that received the effluent and no phosphorus was added for water treatment, it was assumed that there

was no additional phosphorus load to the surface water.

2.2.2 Nonpoint Sources of Phosphorus

This section provides a discussion regarding determination of nonpoint sources of phosphorus to
Minnesota watersheds. For the purposes of this analysis, nonpoint sources of phosphorus include
diffuse runoff associated with rainfall and snowmelt events as well as atmospheric fallout and

discharge from distinct discharge points that are not individually regulated under state and federal
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pollution permit programs. Detailed discussions about the assessment of these source categories are

contained in Appendices C through J.

2.2.21 Agricultural Runoff

Runoff from agricultural lands contributes phosphorus to surface waters primarily through rainfall
and snowmelt runoff from pasture and cropland, as well as direct runoff from open feedlots. The
complex nature of the source and transport factors that determine how much phosphorus might be
associated with runoff from agricultural lands required that separate approaches be used to estimate
phosphorus loadings to surface waters from cropland and pasture runoff, which is described in
Section 2.2.2.1.1, and direct runoff from open feedlots, discussed in Section 2.2.2.1.2. Each section
provides a general discussion about how the phosphorus contribution to surface waters from each
source of agricultural runoff was quantified. More detailed discussions about the methodology used

for each analysis is included in Appendices C and D.

2.2.2.1.1 Cropland and Pasture

A combination of transport and source factors directly influence phosphorus (P) movement from
cropland and pasture to surface waters (Sharpley et al., 1993). The USDA developed a P Index that
integrates both transport and source factors to identify areas vulnerable to P export (Lemunyon and
Gilbert, 1993). Transport factors include the mechanisms by which P is delivered to surface waters,
such as erosion and runoff. Source factors represent the amount of P available for transport,
including soil test P and P applied (rate and method) in fertilizer and organic forms. The objectives
of this analysis were to assess phosphorus loadings to Minnesota’s ten major drainage basins from
agricultural runoff and erosion, under various flow conditions, and evaluate the uncertainty of this
assessment. This section discusses how the phosphorus contribution to surface waters from cropland
and pasture runoff was quantified. A more detailed discussion about the methodology used for this

analysis is included in Appendix C.

This analysis was accomplished by using and extending a regional phosphorus index approach
published by Birr and Mulla (2001). Phosphorus index values were estimated for Minnesota
watersheds and agroecoregions based on phosphorus transport and source factors such as erosion
during dry, average and wet years, streamflow during dry, average and wet years, contributing
distance from surface waterbodies during dry, average and wet years, soil test phosphorus, and rate
and method of land applied phosphorus from fertilizer and manure. Phosphorus index values were
compared with field data on phosphorus loss from four sites over five years to estimate phosphorus
export conditions. Phosphorus export coefficients were multiplied by the cropland contributing area

within 100 m of surface water bodies to obtain phosphorus loadings from the edge of this

P:\23\62\853\Report\Final\Final Report.doc 24



contributing area. It should be noted that throughout most of Minnesota, we believe that the risks of
phosphorus transport to surface waters are greatest in the contributing corridor within about 100 m
from surface waterbodies. Due to topographic variations along surface waterbodies, in some areas
phosphorus contributions from overland runoff and erosion may occur from as far away as several
hundreds of meters. In contrast, where berms are present along waterbodies it may be unlikely for a
significant amount of surface runoff or erosion to enter surface water. Thus, the 100 m contributing
corridor should be viewed as a regional average for contributions of P to surface waters from runoff

and erosion on adjacent cropland.

Several alternative agricultural management scenarios were investigated and compared to a baseline
scenario involving an average climatic year and existing rates of adoption of conservation tillage and
existing rates of phosphorus fertilizer applications. The first alternative management was a scenario
in which moldboard plowing is used on all row cropland. This is a worst case scenario for erosion,
and exemplifies phosphorus losses typical of an era that existed twenty or more years ago. This
scenario allows us to evaluate the extent of progress in controlling phosphorus losses over the last
twenty years due to improvements in tillage management. The last scenario involves decreasing or
increasing the area of cropland within 100 m of surface waterbodies. Decreases in area of cropland
could correspond to land retirement programs such as those promoted in the Conservation Reserve
and Conservation Reserve Enhancement Programs. Increases in cropland area would correspond to
putting grass or forest riparian areas into production, alternatively this could be viewed as increasing
the distance for cropland areas (now assumed to be 100 m) that contribute phosphorus to surface

waters.

The following sections provide an overview of the modified phosphorus index, developed at the
regional scale by Birr and Mulla (2001), and an approach for revising and utilizing the modified
phosphorus index to estimate phosphorus loadings from agricultural sources to each of the ten major

drainage basins in Minnesota during low, high and average flow conditions.

Birr and Mulla (2001) developed a modified version of the P Index, originally developed jointly by
the USDA (ARS, CSREES, and NRCS), to prioritize phosphorus loss vulnerability at the regional
scale from 60 watersheds located within Minnesota. This modified (regional) version of the P Index
uses readily available data associated with the transport and sources of P. Transport factors include
the mechanisms by which P is delivered to surface waters, such as erosion and runoff. Source factors

represent the amount of P available for transport, including soil test P and P applied (rate and
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method) in fertilizer and organic forms. The following discussion describes how each of the

transport and source factors were initially determined by Birr and Mulla (2001):

e Soil erosion potential was calculated using the Universal Soil Loss Equation (USLE) as
outlined by Wischmeier and Smith (1978). The Minnesota state soil geographic database
(STATSGO) was used to supply many of the variables needed to calculate erosion potentials
for each of the watersheds (USDA, 1991). Erosion potential was calculated for each soil type
within a STATSGO map unit. Rainfall runoff factors (R) for each county were based on
values provided by Wischmeier and Smith (1978). The STATSGO database provided a soil
erodibility factor (K) for each soil type within a STATSGO map unit. The slope-steepness
factor (S) represents an average of the high and low slope values given for each soil type
within a STATSGO map unit. The slope-length factor (L) was assumed to be 46 m. A
1:250,000 scale landuse/landcover coverage developed by the USGS in the late 1970s and
early 1980s was used to determine erosion potentials spatially coincident with cropland and
pastureland (USEPA, 1994). An erosion potential value for all cropland and pastureland
within a watershed was determined using the percent of each STATSGO map unit covering a
watershed. The landuse coverage did not differentiate spatially between cropland and
pastureland; however, Census of Agriculture data indicate that pastureland represents about
11% of this classification category in Minnesota (National Agricultural Statistics Service,
1999). Differences in potential erosion for the two land uses were accounted for in the
determination of the C factor based on the proportion of hay reported for a particular county.
Cropping management factors (C) were adapted from values provided by the USDA (1975)
and Wischmeier and Smith (1978) for corn, wheat, soybean, hay, sugar beet, potato, oat, and
barley. The C factors were calculated for each county based on the area of each harvested
crop covering the county. Watershed values for the C factors were weighted based on the
proportion of the watershed that was covered by the county. The C factor calculations include
crop rotation effects but not the variation in tillage effects. The conservation practice factor
(P) was assumed to be 1, because it could not be accurately quantified at the regional scale.
The overall erosion potential value for each watershed represents the product of the area-

weighted C factor and the variables R, K, and LS for each watershed (A = RKLSCP).

e Average annual runoff values for each watershed were derived from the average annual
discharge monitored from 1951 to 1985 for 327 stations distributed throughout Minnesota
(Lorenz et al., 1997).
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e The area of cropland and pastureland within 91.4 m of drainage ditches and perennial streams
(the primary contributing corridor) was determined using hydrography coverages developed
by the Minnesota Department of Transportation (1999) and the USGS (1999). The USGS
landuse/landcover coverage (USEPA, 1994) was used to determine the percentage of

cropland and pastureland within the 91.4 m proximity to watercourses for each watershed.

e Mean soil test P levels for each county represented a 5-yr database consisting of 22,421 Bray-
1 extractable P (Brown, 1998) samples analyzed by the University of Minnesota’s soil testing
laboratory. Soil test P levels for each watershed were based on the area of the watershed

covered by each county.

e Data for P-fertilizer sales by county were obtained from the Minnesota Department of
Agriculture (1997). Fertilizer P values for watersheds were based on a summation of area-
weighted county-based values intersecting the watersheds. The total area of fertilized land
within each watershed was determined using the same procedure based on reported county
values (National Agricultural Statistics Service, 1999). The aggregated fertilizer P value was
divided by the aggregated reported fertilized land for each watershed to determine fertilizer P

application rates.

e The P content of livestock manure was calculated based on the total number of cattle, swine,
broilers, and turkeys reported within each county (Midwest Planning Service, 1985; Schmitt,
1999; National Agricultural Statistics Service, 1999). The total amount of manure P was
derived for each watershed based on the summation of area-weighted county values
intersecting the watersheds. The reported total cropland area was also determined using the
same procedure (National Agricultural Statistics Service, 1999). The aggregated total P
content of manure was normalized by the aggregated total cropland area for each watershed

to determine organic P application rates.

e For the modified P Index, each site characteristic is assigned a weighting factor based upon
the premise that site characteristics have a varying impact on P loss to runoff. Each site
characteristic has an associated P loss rating value (very low, low, medium, high, and very
high) using a base of 2 to reflect the higher potential for P loss associated with higher rating
values. The P Index rating is the summation of the product of the rating value and
corresponding weighting value for each site characteristic. Because P application method
could not be accurately depicted at the regional scale, the highest organic and fertilizer P

application method rating values were used to represent a worst-case scenario. Categories
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corresponding to the rating values were derived by segregating the distribution of statewide
values for each site characteristic into five classes using the quantile classification method

available in ArcView software (ESRI, 2000).

This section provides an approach for revising and utilizing the modified (regional) phosphorus index
(from Birr and Mulla, 2001) to estimate phosphorus loadings from agricultural sources to each of the
ten major drainage basins in Minnesota during low, high and average flow conditions. The following
adjustments to the modified phosphorus index computations and supplementary tasks were used to

improve and update the analysis of phosphorus loading:

e The MPCA has developed and updated a feedlot inventory and manure management database
(with an associated GIS coverage), based on registered feedlot data obtained from each of the
counties. The total amount of manure P was derived for each agroecoregion and watershed
based on the summation of area-weighted township values intersecting the agroecoregions or
watersheds. The aggregated total P content of manure can then be normalized by the
aggregated total cropland area for each agroecoregion or watershed to determine and revise

the organic P application rates.

e Phosphorus fertilizer sales data by county for the most current crop year (2002) were
obtained from the Minnesota Department of Agriculture and used to update this part of the
modified phosphorus index computations based on a summation of area-weighted county-

based values intersecting the agroecoregions or watersheds.

® GIS coverages for runoff volumes in each agroecoregion or watershed under average, high
and low flow conditions were developed to evaluate how phosphorus export from agricultural
lands would be expected to change with varying climate conditions. Runoff volumes were
estimated as described in Sections 2.1 and presented in Section 3.1. In addition, rainfall
runoff erosivity (R values) was estimated for the USLE for dry, average and wet years
corresponding to the low, average and high flow conditions. These estimates were based on
an algorithm developed for monthly precipitation data by Renard and Freimund (1994). The
modified phosphorus index values and total phosphorus export were then computed for each
of the agroecoregions or watersheds under high and low flow conditions, using the

corresponding values for runoff volume and rainfall runoff erosivity.

e Based on farm survey data collected by the Minnesota Department of Agriculture,

phosphorus application methods are generally much better than those assumed by Birr and

P:\23\62\853\Report\Final\Final Report.doc 28



Mulla (2001). A majority of farmers apply their phosphorus fertilizer with the planter or
using incorporation before crop planting. In view of this, a statewide medium loss potential
was applied for method of fertilizer P application method, corresponding to fertilizer applied
before the crop and incorporated immediately. An initial scenario involving a medium loss
potential for the method of manure application was developed for the entire state.
Subsequently, a second scenario was developed assuming variability in the loss potential
associated with method of manure application. Manure P application methods vary primarily
in response to the type of animal species. Manure from beef, dairy, and poultry is high in
solids, while manure from hogs is high in liquid. Beef operations tend to be small in scope,
have a tendency towards inadequate manure storage facilities, and manure from these
operations tends to be hauled on a daily basis. Beef operations also tend to involve cattle
wading in streams. Dairy operations tend to have adequate manure storage facilities, and
manure is applied followed by a tillage operation to incorporate manure. Poultry operations
tend to have adequate manure storage facilities, and the manure is incorporated using tillage
following land application. Hog operations tend to have adequate storage facilities, and the
manure is land applied using injection. In terms of the phosphorus index, this means that
beef operations tend to have a very high phosphorus loss potential, dairy and poultry
operations tend to have a medium loss potential, while hog operations tend to have a low loss
potential. The geographic variability in phosphorus loss potential associated with these
variations in method of manure application was evaluated using the number of animal units
of different species from the MPCA feedlot inventory database. The effect of this variability
and/or uncertainty in method of manure application was estimated using the modified

phosphorus index.

e Birr and Mulla (2001) states that spatial trends in soil erosion potential observed throughout
Minnesota are potentially influenced by both the underlying assumptions used in the
methodology and the exclusion of factors that control soil erosion. A lack of detailed
information pertaining to the spatial variation in C and P factors may have caused the spatial
distribution of erosion potential values to vary more gradually across the region than is
realistic. The spatial variation in the C factor of the USLE was estimated by accounting for
the effects of crop rotations, the effects of conservation tillage on crop residue levels, and the
effects of existing acreage of land in Conservation Reserve Program (CRP). Typically the C
factor for land in CRP is 0.001 or so, while row cropland has a C factor varying from 0.05 to
0.4 depending on the rotation and the amount of crop residue present. Three scenarios were

evaluated to account for the influence of tillage methods on crop residue levels remaining
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after planting. These were a scenario involving conventional tillage with no residue left
(worst C scenario), and a scenario involving conservation tillage leaving more than 50% of
the soil covered by crop residue (best C scenario). This is not typical of existing crop
rotations or tillage management systems in Minnesota, nor is it a goal of existing watershed
restoration or conservation programs to achieve this high level of crop residue cover. Also
estimated was a scenario for average crop residue cover (average C scenario) based on county
tillage transect data for the percent of fields with conservation tillage (30% residue cover). In
the average C scenario, we developed a weighted C factor based on the relative area of
cropland in conservation tillage versus moldboard plowing. Data for the C factors of various
crop rotations with varying levels of crop residue were estimated using tables provided by the
USDA-NRCS. Thus, using information on crop rotations, crop residue levels, and acreage of
land in CRP, we developed scenarios for both soil erosion by water and the modified
phosphorus index involving the C factor of the USLE. Variability in the P factor of the
USLE was estimated using the Local Government Annual Reporting System (LARS)
database of conservation practices provided by the Board on Soil and Water Resources
(BWSR). This database was edited to estimate the area of supporting conservation practices
affecting the P factor implemented from 1997-present in Minnesota counties. These practices
include terracing, contour strip cropping, filter strips, sediment basins, and restored wetlands.
Each practice was assigned a typical P factor. Since supporting conservation practices have
typically been implemented for the last 50 years, we assumed that the area where these
practices were implemented was 10 times greater than the area determined using the LARS
database. A county average P factor was then determined using the area weighted P factors
for land with supporting practices and the land without supporting practices (P=1). The
variability and/or uncertainty associated with conservation practices, such as conservation
tillage, contour stripcropping, terracing, and other supporting practices was then estimated

for agroecoregions and watersheds using the modified phosphorus index.

Two different approaches were tested for converting phosphorus index values to edge of field
phosphorus losses to surface waters. The first method attempted to estimate phosphorus losses from
the edge of field based on monitoring data for phosphorus loads in 53 Minnesota streams and rivers.
This method did not successfully produce meaningful results. The second method estimated
phosphorus losses from the edge of cropland fields based on export coefficients which were derived
from the phosphorus index values. This is the method used for final estimates of basin wide
phosphorus loadings to surface waters from the edge of cropland fields. The following discussion

provides details about each methodology:
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e Existing data for phosphorus loads measured by watershed water quality monitoring was
summarized for 53 ditches, streams and rivers throughout Minnesota. The data was separated
according to flow conditions into phosphorus loads for dry, average and wet years. Estimates
for phosphorus losses discharged to surface waters in the same watersheds from non-
agricultural rural, streambank erosion, and point sources of phosphorus were also obtained.
The monitored phosphorus loads were adjusted by subtracting the losses from non-
agricultural rural and point sources of phosphorus, and by subtracting half of the phosphorus
losses from streambank erosion. Only half of the streambank erosion losses were subtracted
because much of the sediment from streambank erosion is transported as bedload, which is
not measured in most water quality monitoring studies. The remaining phosphorus loadings
were then divided by the area of cropland within 91 m of streams and ditches to provide an
estimate of the potential phosphorus losses from the edge of cropland fields. The resulting
adjusted phosphorus yields were not very consistent with expected results, and were not
deemed meaningful. Many of the adjusted phosphorus yields were negative in dry years
because the point source loadings were larger than the monitored phosphorus loadings in the
watershed. This could be due to phosphorus uptake by algae or plants. In wet years the
adjusted phosphorus yields exhibited a huge range, from nearly zero to several hundreds of
kg P/ha. This was most likely the result of several factors. The first factor is that the
phosphorus monitoring load data were collected using a variety of methods, ranging from
grab samples to automated water quality sampling. The second is that the monitored loads
were collected over different lengths of time, ranging from a single season to multiple years.
The third factor is that the adjusted phosphorus losses were not corrected to account for
contributions of phosphorus from ISTS, atmospheric deposition, or urban runoff. This led to
unrealistically high adjusted phosphorus loads during average and wet years. The fourth
factor is that the phosphorus delivery ratio from each non-agricultural source should be
varied by source and by flow regime when adjusting the monitored loads. For example, the
delivery ratio for streambank erosion (assumed to be 0.5) would vary with flow regime. As a
result, this approach for estimating edge of field phosphorus losses from agricultural sources

was not used.

e Birr et al. (2002) found that there is a strong linear correlation (r* =0.82) between a version of
the modified phosphorus index values (from Birr and Mulla, 2001) and the pathway (or field
scale) phosphorus index values. The modified phosphorus index values are typically thirteen
times higher than the pathway phosphorus index values. Similarly, there is a strong linear

correlation between the estimated pathway phosphorus index values and the observed
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phosphorus export (expressed in kg/ha/yr) at the field scale. The pathway phosphorus index
values are typically five times higher than the total phosphorus export, at the field scale
(Mulla, 2003). This suggests that we can estimate phosphorus losses from the edge of
cropland fields by dividing the phosphorus index results by a factor of approximately 65.
This gives an estimate of the losses of total phosphorus to surface waters from cropland and
pastureland in units of kg/ha/yr, which represents the phosphorus export coefficient for
agricultural land. Since the version of the modified phosphorus index used in this study is
slightly different from the one used by Birr et al. (2002), we decided to develop a relationship
between the phosphorus index and the phosphorus export coefficient using phosphorus loss
data compiled from University of Minnesota research at four sites in or near Minnesota. The
sites are located near Morris, Minnesota (Ginting et al., 1998), Lancaster, Wisconsin
(Munyankusi, 1999), and two sites in Scott County, Minnesota (Hansen et al., 2001). These
sites involved measurements of total phosphorus losses from the edge of agricultural fields
(typically a corn and soybean rotation) ranging in area from 0.5 to 1.6 ha. Data from these
sites were collected between 1996 and 2000. Two of these years experienced average
climatic conditions, two were a little wetter than average, and one was a little drier than
average. Fields were treated using a range of tillage and manure management methods. The
tillage treatments included moldboard plowing, chisel plowing, ridge tillage, and no-tillage.
Manure treatments included no manure, heavy rates of manure, and variations in timing of
manure application. Total phosphorus losses from the fourteen individual treatments at these
four sites ranged from 0.1 to 2.3 kg/ha/yr, with an average of 0.68 kg/ha/yr in total
phosphorus loss from the edge of field. The counties where these four research sites are
located have a range of tillage practices, with the percent of farmland having at least 30%
crop residue cover ranging from about 47% in Scott and Stevens counties to about 64% of
cropland with at least 30% residue cover in Houston county, the nearest county in Minnesota
to Lancaster, Wisconsin. The phosphorus index values for an average climatic year and the
existing residue cover adoption rates indicated above are 24, 32, and 43 in the Chippewa,
Root and Lower Minnesota watersheds, respectively. If we take the P Index values for each
watershed and divide them by the average phosphorus losses for the study sites in that
watershed, the resulting conversion factor (or divisor) is 78. If on the other hand, we take the
average phosphorus index value for these three regions of 33 and divide this by the average
phosphorus loss from the edge of field in these experiments at four sites (0.68 kg/ha), we
obtain 48.5 as the conversion factor between the phosphorus index and the phosphorus losses

from the edge of field. This conversion factor is somewhat lower than both the conversion
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factor of 65 initially obtained using the relationship between the matrix and pathway versions
of the phosphorus index, and the conversion factor of 78 obtained by averaging the divisors
obtained for each watershed. Taking the divisor of 48.5 as the most realistic estimate for the
conversion factor, and rounding this conversion factor up to 50 for significant digits, we then
divided all the phosphorus index values for each watershed and agroecoregion in Minnesota
by 50 to obtain phosphorus export coefficients. The resulting phosphorus export coefficients
for an average year are 0.43 kg/ha/yr for major watersheds and 0.44 kg/ha/yr for
agroecoregions. For wet years the export coefficients are 0.65 kg/ha/yr for watersheds and
0.68 kg/ha/yr for agroecoregions. For dry years the export coefficients are 0.21 kg/ha/yr for
watersheds and 0.22 kg/ha/yr for agroecoregions. According to Heiskary and Wilson (1994),
recommended phosphorus export coefficients for Minnesota agricultural lands are 0.2, 0.4, or
0.6 kg/ha/yr for low, mid, and high export risk conditions. Hence, our statewide average
export coefficients for low, mid, and high export risk conditions (0.21, 0.43, and 0.65

kg/ha/yr) compare favorably with those recommended by Heiskary and Wilson (1994).

The procedure for estimating basin wide loads of phosphorus exported from the edge of agricultural
fields is to multiply the export coefficients described above by the area of cropland within a distance
of 100 m of surface water bodies (perennial and intermittent streams, ditches, wetlands, and lakes).
On average, about 32% of all cropland lies within this distance of surface water bodies statewide,
with a range of from 21 to 52% in major river basins. This procedure accounts for the variability in
risk of phosphorus loss from the edge of field due to climatic effects as well as the variability in soil,
management and hydrologic factors. Variability in the phosphorus index values across the state are
translated into variability in phosphorus losses from the edge of field using the export coefficient.
On top of this, we added another 10% to the phosphorus loadings to account for contributions from
cropland farther than 100 m from surface waterbodies. This is consistent with results from research
conducted by Sharpley et al. (1994), Daniel et al. (1994) and Gburek et al. (2000), who concluded (in
SERA-17, 2004) that only 10% of the phosphorus loadings to surface waters from overland transport
on agricultural lands arise from outside the primary contributing corridor (100 m or farther from
surface water bodies). The added 10% does not include additional phosphorus contributions that
arise from surface tile inlets or subsurface tile drains. As previously discussed, we believe that the
risks of phosphorus transport to surface waters are greatest in the contributing corridor within about
100 m from surface waterbodies. Due to topographic variations along surface waterbodies, in some
areas phosphorus contributions from overland runoff and erosion may occur from as far away as
several hundreds of meters. In contrast, where berms are present along waterbodies it may be

unlikely for a significant amount of surface runoff or erosion to enter surface water. Thus, the 100 m
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contributing corridor should be viewed as a regional average for contributions of P to surface waters

from runoff and erosion on adjacent cropland.

As mentioned above, the current methods of estimation do not consider the influence that surface tile
intakes farther than 100 m may have on phosphorus loadings. To include the effects of surface tile
intakes we would need to know the number of tile intakes per unit area, the area of cropland
contributing to tile intake flow, and the phosphorus export coefficients for surface tile intakes. These
data are not available for Minnesota in enough detail to be confident about their representativeness.
Since depressional areas around tile inlets generally trap 60-80% of the sediment and phosphorus
flowing to the inlets, the phosphorus export coefficient for surface tile intakes is smaller than that for
direct overland flow to surface waters (Ginting et al., 2000). Ginting et al. (2000) studied
phosphorus loads carried by surface tile intakes in two small catchments located in the Watonwan
watershed of the Minnesota River basin. They found that, over a three year period with slightly
below precipitation amounts, phosphorus loads carried by surface tile intakes averaged 0.099 kg/ha
annually, with measured concentrations of phosphorus in surface tile intakes as high as 4 mg/L. This
loading (0.099 kg/ha) is significantly smaller than the amounts of phosphorus transported by surface
runoff and erosion in the same region (0.68 kg/ha). There were three surface tile intakes studied by
Ginting et al. (2000), and the average phosphorus load transported by each tile intake annually was
2.82 kg/yr. Surveys of surface tile intake density in 32 small watersheds within the Minnesota River
basin (MPCA, 1994) show that there is one surface tile intake for every 23 to 1210 acres in the
watershed. The average is one surface tile intake for every 100 or so watershed acres (the acreage
that actually contributes to surface tile intake P loads is smaller than this, but few data exist to know
what the contributing acreage actually is). If we assume that there is one surface tile intake for every
100 acres within the poorly drained soils of the Minnesota River basin, we estimate that there are
roughly 33,333 surface tile intakes in the basin. Assuming a phosphorus load of 2.8 kg/yr for each
tile intake, the total phosphorus loading from surface tile intakes to surface water bodies in the
Minnesota River basin would result in 94,000 kg per year. This is approximately 18% of the
phosphorus loading from cropland within 100 m of surface waters in the Minnesota River basin

during an average year (517,862 kg/yr).

Similarly, the current methods do not consider the influence of subsurface tile drainage on
phosphorus export to surface waters. Randall et al. (2000) studied losses of phosphorus in subsurface
drainage in a four year manure and fertilizer study on a Webster clay loam typical of the poorly
drained soils in the Minnesota River basin. According to Randall et al. (2000), on average over half

of the drainage flows carry non-detectable amounts of phosphorus. The remainder of drainage flows
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have a concentration of total phosphorus averaging about 0.03 mg/L (with maximum observed
concentrations of about 0.12 mg/L), for an average annual loss of 0.027 kg P/ha. If this rate is
applied to the area of cropland in the Minnesota River basin having tile drainage, it gives a
phosphorus loading of about 30,000 kg/yr, which is quite small (6% of total) compared to the
phosphorus loading from cropland within 100 m of surface waters during an average year (517,862
kg/yr). Subsurface drainage phosphorus loads from other major basins would be much smaller, because
tile drainage is of limited extent in basins other than the Minnesota River basin. The plains of the Cedar,
Lower Mississippi and the southern watersheds in the Upper Mississippi River basins have similar
geomorphology, precipitation and land uses that would also control drainage practices, but no attempt was
made to quantify the phosphorus loads from subsurface drainage in these basins as part of this analysis.
The phosphorus loadings from subsurface tile drains collected by Randall et al. (2000) are the only data
published in peer reviewed journals from Minnesota studies. Other studies of phosphorus losses in
Minnesota subsurface tile drainage include those conducted by Alexander and Magdalene (1998) from
1995 to 1997 at the Rollings East Tile (RET) site, and by the Minnesota Department of Agriculture from
1998 to 2001 at the Red Top farm, both of which are located in the Minnesota River basin. The study by
Alexander and Magdalene (1998) does not estimate phosphorus loadings from subsurface tile drainage,
instead, it reports only the concentrations of phosphorus measured. The concentrations of phosphorus
measured in subsurface tile drainage by Alexander and Magdalene (1998) are very comparable in seven
out of ten storms they monitored to the concentrations measured by Randall et al. (2000) over a four year
period. In two other storms monitored by Alexander and Magdalene (1998), the phosphorus
concentrations ranged between 0.42 and 1.5 mg/L, much higher than those measured by Randall et al.
(2000). At the Red Top farm study, based on 9 field years of water quality monitoring data for average
climatic years, the annual average phosphorus loading from subsurface tile drains was 0.11 kg/ha. These
larger field drainage systems were constructed of concrete tiles which differ from the smaller plot based
plastic drain tiles studied by Randall et al. (2000). Based on this comparison, we conclude that more
research is needed to accurately define the mean and range in phosphorus loading from subsurface
drainage tiles in the Minnesota River basin. Not enough research data are available to reliably estimate
the phosphorus loadings from surface tile intakes or subsurface tile drains to surface waters in the
Minnesota River basin during dry or wet climatic years. As a first approximation, we can scale the
phosphorus loadings from tile drains so that they have the same relative ratio as the phosphorus index
based loadings for the Minnesota River basin in dry, average and wet years (262,851; 517,862; and
759,749 kg/yr, respectively). This gives phosphorus loadings from subsurface tile drains of 15,227 kg/yr
during dry years and 44,013 kg/yr during wet years. Using the same approach, phosphorus loadings from
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surface tile inlets during dry and wet years would be 47,711 and 137,906 kg/yr, respectively. As

previously discussed, this approach substantially overestimates the phosphorus loadings in dry years.

2.2.2.1.2 Feedlot Runoff

The primary way that feedlots contribute phosphorus to surface waters, apart from land application of
manure, is through open lot runoff during precipitation and snowmelt events. Overall, a small
fraction of the total manure phosphorus generated at feedlots enters waters during precipitation and
snowmelt events. Many feedlots do not have an open lot because they keep animals inside the barn
most or all of the time, while many of those with outdoor open lots collect runoff in impoundments
or treat the runoff as it passes through downslope vegetation. Yet many feedlots still maintain open
lots. This section discusses how the phosphorus contribution to surface waters from feedlot runoff
was quantified. A more detailed discussion about the methodology used for this analysis is included

in Appendix D.

Most of this manure phosphorus (P) generated will be applied to cropland. However, a fraction of
the manure P can be lost in feedlot runoff during precipitation or snowmelt events. Most feedlots
with open lot runoff are from smaller beef, dairy and swine feedlots, with much fewer instances of
non-compliance observed for moderate and large sized feedlots (Mulla et al., 2001). Phosphorus
runoff loading from open lot feedlots can be estimated with a feedlot evaluation model developed in
Minnesota (Young et al., 1982). The (FLEval) model was developed to estimate pollutant loadings at
the feedlot edge and to account for any contaminant retention/treatment that occurs in downslope
vegetation and cropland. The Board of Water and Soil Resources developed an equation to estimate
annual loadings and annual runoff from the FLEval model predictions. The model predicted that
between 0.1 and 1.1 percent of phosphorus generated at feedlots with inadequate runoff controls will

enter surface waters.

The following discussion summarizes the steps taken to develop estimates of P loading to surface

waters from open lot runoff:

e Step 1. Determine the number of beef, dairy and swine animal units found at all feedlots
with open lots (excluding feedlots with 1000 or more animal units).

Step 2. Multiply the results in step 1 by the annual manure P generated by each type of
livestock. This provides P generated by livestock in all open lots.

Step 3. Multiply the results in step 2 by the estimated percentage of open lot feedlots that
contribute phosphorus during certain storm events. This provides P generated by livestock at
feedlots that contribute P to waters.
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Step 4. Multiply the results in step 3 by the typical fraction of P that is lost to surface waters
during low, average and high flow years. This provides the estimated P loading to surface
waters from open lots.

A more detailed discussion of the results of each of the above steps is included in Appendix D. The

results of each of the calculations for the 4 steps is shown and discussed in Section 3.3.2.2.

2222 Atmospheric Deposition

Phosphorus in the atmosphere can be derived from a number of sources, including natural sources
such as pollen, soil (from wind erosion) and forest fires, as well as anthropogenic sources such as
fertilizer application and oil and coal combustion. Agricultural activities (pre-planting field
preparations, harvesting) can increase the amount of soil-derived phosphorus in the atmosphere.
Phosphorus can also be released into the atmosphere in vapor form from various materials (sewage
sludge, landfills) by microbial reduction processes. The atmosphere contributes phosphorus and
phosphorus-containing material to terrestrial and aquatic ecosystems by wet (precipitation in various
forms such as rain, sleet or snow) and dry (very small particles) deposition. This section provides a
general discussion about the methodology used to quantify the amount of phosphorus entering
surface waters from this source category. A more detailed discussion of the methodology used for
this analysis is included in Appendix E. The results of the phosphorus loading computations for this

source are discussed in Section 3.3.3.

A literature review indicated that limited data are available from Minnesota sources to estimate
phosphorus deposition to the surface waters. The previous best source of information for
precipitation input (wet deposition) of phosphorus to Minnesota watersheds is Verry and Timmons
(1977). No data on dry deposition of phosphorus in Minnesota was identified. The following
sources of data were considered to be the best available for providing estimates of atmospheric

phosphorus inputs to Minnesota’s surface waters.

MPCA:

1. Nutrient (including phosphorus) and metal concentrations in precipitation from a special
study conducted from August 1999 to September 2001 at four monitoring sites in
Minnesota

2. PMI10 air concentrations determined from particulate filters and elemental speciation of
the PM10 mass by X-ray Fluorescence (XRF) analysis for the 30 sites included in the
Statewide Air Toxics Monitoring Study (1996-2001).

P:\23\62\853\Report\Final\Final Report.doc 37



National Atmospheric Deposition Program (NADP):

1. Annual volume weighted calcium concentrations in precipitation for the period of record
from NADP sites located in, and adjacent to, Minnesota.

2. Monthly volume weighted calcium concentrations for four sites (Fernberg, Marcell,
Camp Ripley, Lamberton) for use in establishing the relationship between phosphorus
and calcium in precipitation for NADP sites.

Minnesota Department of Natural Resources, State Climatology Office: Annual normal

precipitation amount for each river basin basis was obtained from the State Climatology Office.

The phosphorus concentrations from the special study, along with NADP calcium data, were used to
derive the relationship between phosphorus and calcium in precipitation for the four NADP
monitoring sites. The relationship between phosphorus and calcium in precipitation at these four

NADP sites was then applied to the entire state.

Data files for PM 10 air concentrations and elemental speciation of the PM10 mass by XRF analysis
were obtained from the MPCA for the 30 sites included in the Statewide Air Toxics Monitoring
Study (1996-2001). The two key parameters to be obtained from the particulate filters were calcium
and phosphorus concentrations. Calcium concentrations were typically available for each sampling
period. However, upon review of the individual site data files, phosphorus concentrations were not
available, so an alternative method for deriving phosphorus concentrations for the particle filters was
employed for this analysis. This alternative method assumes that the relationship between
phosphorus and calcium in precipitation is transferable to the particulate filter data (i.e., the same
material being washed out in the precipitation is the same material being dry deposited and collected
on the particulate filters). The critical assumptions and the details of calculating phosphorus air

concentrations from the particulate filter data is further described in Appendix E.

2.2.2.2.1 Dry Deposition

The following steps were taken to estimate the areal phosphorus deposition rate from dry fallout:

1. Establishing the relationship between phosphorus and calcium on particle filters.

a. The relationship of phosphorus and calcium on the particle filters is assumed to be
the same as the relationship of phosphorus and calcium in precipitation; the soil dust
being washed out in precipitation is the same dust being dry deposited and collected
on the PM10 filters.

b. The best source of phosphorus and calcium in precipitation data is the special study
conducted by the St. Croix Watershed Research Station. The total phosphorus and
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calcium concentrations (hereafter denoted as total [P]) and total [Ca] in precipitation
data) were determined from August 1991 — September 2001 at 4 sites: Fernberg
(Ely), Marcell, Camp Ripley, Lamberton; referred to as “reference sites”.

c. The relationship on a sample-by-sample basis (milligrams per square meter; mg/m?)
between total [P] and total [Ca] in precipitation at the 4 reference sites was
established through regression analysis:

y =0.0289x  (through zero) (R* = 0.42)

Where: y = Total phosphorus in micrograms per square meter (ug/m?)

x = Total calcium in ug/m’.

2. Extrapolating the relationship of [P] and [Ca] from precipitation to the particulate filters.

a. Since the regression equation for [P] and [Ca] in precipitation goes through zero, this
regression equation can be applied to data from other media under the assumption
that the ratio is the same (i.e., particulate filter data) without having to convert units.
Essentially forcing the regression equation through zero creates a ratio of [P] to [Ca]
that can be applied to other data.

b. In this regard, the regression equation from above can be modified as follows for
application to the particle filter data.

y =0.0289x  (through zero) (R*=0.42)

Where: y = Total phosphorus in micrograms per square meter cubic meter (ug/m’)

x = Total calcium in ug/m’.

3. Estimating [P] in air at the MPCA’s air monitoring locations.

a. The regression equation from 2.b. was then used to estimate [P] in ambient air at the
MPCA air monitoring sites. Annual [Ca] concentrations in micrograms per cubic
meter were calculated for each monitoring site based on the individual sample [Ca]
concentrations. The annual average [Ca] in air is then used in the regression
equation to derive an estimate of annual average [P] in air.

4. Calculating dry phosphorus deposition
a. Monitoring sites locations were mapped with respect to basin boundaries:
Cedar River: Albert Lea
Des Moines River: Pipestone
Lake Superior: Virginia (2 sites), Duluth (2), Silver Bay, Hibbing

Minnesota River: North Mankato, Brandon Township, Granite Falls, Willmar,
Swift County
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Mississippi (Upper) St. Paul (3), Minneapolis (3), Bemidji, Elk River, Fort
Ripley, Alexandria, Hutchinson, St. Cloud, St. Michael,
Grand Rapids, Little Falls

Mississippi (Lower): Rochester, Goodhue County, Apple Valley, Winona
Missouri River: Pipestone

Rainy River: Warroad, International Falls

Red River: Fergus Falls, Moorhead, Perham

St. Croix River: West Lakeland, Pine County (Sandstone)

b. Calculation components for phosphorus deposition in a basin:

= Estimated phosphorus air concentration; if more than one site assigned to a
basin then the average phosphorus in air concentration used in the deposition
calculation.

= The estimated phosphorus air concentration (or the average phosphorus air
concentration if more than one site is in a basin) is to be split into two size
fractions based on MPCA collocated PM10 and PM2.5 samplers (average
from 5 sites):

42% fine fraction (< 2.5 microns)

58% coarse fraction

= A deposition velocity for each particle size fraction was estimated based on
the information from Meyers (2003):

Fine fraction deposition velocity = 0.5 centimeters per second (cm/s);

Coarse fraction deposition velocity = 3 cm/s.

= The coarse and fine particle deposition is summed together to provide a
“total” particle deposition estimate.

= Conversion factors: convert seconds to years, cm to meters, and pg/m’
to kg/ha.

The reader should note that for the dry deposition estimate, no adjustments were made in the
estimation of dry deposition in a dry or a wet year; data are not available at this time to derive
estimates of dry deposition during different precipitation regimes. The dry deposition rates were
applied to area estimates of surface waters (open water + wetland as designated in USGS NLCD GIS

coverage) in each basin.
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2.2.2.2.2 Wet Deposition

The following steps were taken to estimate the areal phosphorus deposition rate from wet deposition:

1. Establishing the relationship between phosphorus and calcium in precipitation.

a. NADP routinely analyzes rain samples for pH, alkalinity, major cations (including
calcium and potassium) and major anions (including sulfate, nitrate). Since calcium
concentrations are available for all samples that were analyzed, and calcium is a signature
for soil contributions, the relationship between phosphorus and calcium would need to be
established. The use of NADP data also provides some consistency in the data used for
estimating wet phosphorus deposition.

b. The best source of phosphorus in precipitation data is the special study conducted by the
St. Croix Watershed Research Station. The total phosphorus concentrations (hereafter
denoted as total [P]) in precipitation data) determined from August 1991 — September
2001 at 4 sites: Fernberg (Ely), Marcell, Camp Ripley, Lamberton; referred to as
“reference sites”. The special study also provided measurements on total [Ca] in
precipitation.

c. An initial analysis identified that the total [Ca] from the special study was approximately
two times greater than the [Ca] reported by NADP for the same time period. The NADP
does not acidify samples; therefore the NADP reports dissolved [Ca]. To compensate for
NADP reporting dissolved [Ca], and to provide the best estimate of [P] in precipitation
from the auxiliary (NADP) sites, it was determined that the relationship between [P] and
[Ca] in precipitation should be determined by using the total [P] concentrations from the
special study conducted by the St. Croix Watershed Research Station and the dissolved
[Ca] reported by NADP for these same “reference” sites.

d. The volume-weighted relationship on a sample-by-sample basis between total [P] in
precipitation and dissolved [Ca] in precipitation from NADP at these same reference sites
(collocated sampling occurred) was established by MPCA staff (Dr. Ed Swain, 2003)
through regression analysis:

y =0.0671x -0.4586 (R*=0.47)
Where: y = Total phosphorus in micrograms per liter (ug/L)
x = NADP calcium (dissolved) in pg/L.

2. Extrapolating the relationship of [P] and [Ca] in precipitation to other locations.

a. The regression analysis based on total [P] and dissolved [Ca] concentrations for the
reference sites was then used to estimate [P] in precipitation at other NADP monitoring
sites (referred to as “auxiliary sites”). Annual volume-weighted [Ca] in precipitation data
(annual volume weighted average) were obtained for the auxiliary sites from NADP and
the regression equation from above was then used to estimate total [P] in precipitation for
each auxiliary site.
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b. The auxiliary monitoring sites will supplement the information from the reference sites in
calculating wet phosphorus deposition to specific basins.

3. Calculating wet phosphorus deposition

a. Monitoring sites locations were mapped with respect to basin boundaries and assignments
to watershed made based on site locations:

Cedar River: Lamberton

Des Moines River: Lamberton

Lake Superior: Hovland, Wolf Ridge, Fond du Lac
Minnesota River: Lamberton

Mississippi (Upper): Marcell, Camp Ripley, Cedar Creek
Mississippi (Lower): Wildcat Mountain

Missouri River: Lamberton

Rainy River: Voyageurs Nat. Park, Marcell, Fernberg
Red River: Icelandic State Park

St. Croix River: Grindstone Lake, Cedar Creek

b. Calculation components for phosphorus deposition in a basin:
o Annual average precipitation for the basin (obtained from State Climatology Office)

o [P] in precipitation (annual, volume weighted average; measured at one of the
reference sites or estimated for one of the auxiliary sites; if more than one site
assigned to a basin then the average [P] in precipitation used in the deposition
calculation)

o Area estimate (hectares or acres) of open surface water (surface water + wetland as
designated in GIS) in a basin.

2.2.2.3 Deicing Agents

The use of deicing chemicals has increased in the U.S. since the 1940s and 1950s to provide “bare
pavement” for safe and efficient winter transportation. As more and more transportation agencies
adopted the “bare pavement” policy, the use of salt, salt and sand mixtures, liquid brines and
alternative deicers increased with the need to maintain this standard for pavement conditions during
inclement weather. Other road agencies in Minnesota such as cities, townships and counties use
deicing agents to maintain a similar standard for pavement conditions during inclement weather. The
search for alternatives to salt for road deicing has been prompted primarily due to the infrastructure
corrosion concerns and the impacts of chloride on water quality and vegetation. Recently, some
limited research has documented water quality concerns related to phosphorus and other chemicals

present in deicing agents, as well as the alternative compounds. This section provides a general
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discussion about the methodology used to quantify the amount of phosphorus entering surface waters
from this source category. A more detailed discussion of the methodology used for this analysis is
included in Appendix F. The results of the phosphorus loading computations for this source are

discussed in Section 3.3.4.

Review of the existing scientific literature with regard to deicing agents as a phosphorus source was
concerned with three major areas; 1) usage patterns of deicing agents in Minnesota and other states
with regard to road types and road management agency, 2) the phosphorus content of deicing agents

— salt, sand, and deicing alternatives, and 3) the impact of weather patterns on usage levels.

Phosphorus loading computations were primarily based upon the MnDOT data sources as this was
the most detailed data set and extended over the longest time period. Loading calculations for
TCMA counties were obtained from published data and other road types were extrapolated using the
MnDOT data trends, applications rates and deicing mixtures. The MnDOT database was the most
comprehensive and most useful in determining application rates across the range of conditions for
wet, dry and average years. The applications rates for each MnDOT District, and thus for each basin,
is based upon the use of statewide averages based upon their relationship to snowfall amounts over a
winter. Application rates for salt and sand were then adjusted to account for the wet, dry and average
conditions based upon the ratios derived from the 1971 — 2003 time period and the relationship
between the years of detailed information provided in the Salt Solutions Report and MnDOT’s Work
Management System Reports (SRF Consulting Group, 1998; MnDOT, 2003). The use of brine for
deicing has increased in recent years, but the period of record for its application is limited and thus
2002 rates were used in the calculations as insufficient data was available to attempt to adjust for

year-to-year variability in its application rate.

MnDOT’s road classes (service levels) were used to further define the application assumptions for
the mix ratios of deicers used on the three road types maintained by MnDOT. Based upon an
examination of the 2003 — 02 deicer usage report the total salt plus sand application, in tons per lane

mile, was modified for the three types of roads maintained by MnDOT (MnDOT, 2003).

01 - Interstate Trunk Highway — uses a 100% salt assumption (assuming "super commuter"

service level)

02 - U.S. Trunk Highway — uses a 70% salt assumption (assuming "urban commuter” service

level)

P:\23\62\853\Report\Final\Final Report.doc 43



03 - Minnesota Trunk Highway — uses a 50% salt assumption (assuming "rural commuter"

service level)

County and local road agency specific data was less readily available for use in this analysis, except
for the TCMA counties. An analysis was undertaken using the 1994 — 1997 data available for the
TCMA to develop usage rates for the County State Aid Highway (CSAH) system. The TCMA deicer
usage rates were summarized based upon average conditions (1994 — 95) for both salt and sand usage
on a lane mile basis. The 1995 — 1997 period was used for calculation of the wet year conditions.
The dry year conditions were used based upon the 90" percentile summary statistics. These usage
numbers were applied to all CSAH miles across the state as they were viewed as the more heavily
traveled and thus more highly maintained roads in both the TCMA and out-state areas. Deicer usage
rates for other county highways and local roads were developed based upon an even smaller database
of actual usage rates. As such, the usage rates for the “rural” counties in the TCMA - Scott, Carver
and Chisago counties — were used to develop usage rates for other roads included in this analysis. An
analysis was undertaken using the 1994 — 1997 data available for these TCMA in manner consistent

with the CSAH analysis described above.

As the concern over and documentation of the environmental impacts of deicing agents has
increased, a number of authors and agencies have attempted to document the concentrations of other
elements or compounds of concern that are introduced into the environment through road deicing.
This analysis summarized and utilized the phosphorus concentrations from these analyses of the

various deicers.

As a review of existing literature was undertaken it became obvious that the application rates and
mixtures of deicers used are strongly predicated by weather conditions. An examination of the
MnDOT records indicated that the number of “events” per season appeared to be the driving factor in
the quantities of material applied. The high variability in the number of events between regions of
the state in any given year, as well the year-to-year variability in the number of events precluded the
use of events in this analysis. The MnDOT application guidelines provided some insight into how
the variations in weather patterns impacted usage levels by counties and local units of government.
Based upon an assessment of the snow data and usage levels provided by MnDOT for the period of
1971 to 2003 the amount of winter snow was used as a surrogate for the number of events. The
winter snow fall amount at MSP Airport was used to define average, dry (low snowfall — 90"

percentile) and wet (10th percentile) conditions.
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2.2.24 Streambank Erosion

The stability of stream channels is a complex issue that is highly influenced by the dynamics of
natural and anthropogenic disturbances. The banks of unstable streams typically undergo erosion,
both in the form of particle detachment from hydrodynamic drag and mass failure following erosion
of the bank toe. The phosphorus attached to eroded streambank material is immediately delivered to
the receiving water where it may ultimately become available for biologic uptake, re-deposited
downstream, or transported with the flow out of the system. This section provides a general
discussion about the methodology used to quantify the amount of phosphorus entering surface waters
from streambank erosion. A more detailed discussion of the methodology used for this analysis is
included in Appendix G. The results of the phosphorus loading computations for this source are

discussed in Section 3.3.5.

Simon and Hupp (1986) developed a six-stage, semi-quantitative model of channel evolution in
disturbed channels, for bed-level trends, that qualitatively recognizes bank slope development. The
third and fourth stages represent stream degradation, characterized by the lowering of the channel
bed and basal erosion, with a subsequent increase in bank heights and slopes, leading to mass-

wasting from slab, pop-out and deep-seated rotational failure.

Several researchers have determined that the stream sediment load is proportional to stream
discharge (Lane, 1955; Glysson, 1987; Tornes, 1986; Kuhnle and Simon, 2000; Syvitski et al., 2000).
Instantaneous flow and sediment transport data are used to develop sediment-transport rating curves,
which are typically based on logarithmic regression relationships. A steep regressed slope to the
rating relationship indicates both high sediment availability and high transport capacity. The slope of
the suspended-sediment rating relationship varies (Simon, 1989a; Simon et al., 2003), depending
upon the stage of channel evolution. Simon (1989a) determined that the highest slope of the
suspended-sediment rating relationship corresponds to the stream stages (III and IV) that are
undergoing the highest degree of degradation. Migration of knickpoints (or vertical step-changes in
bed surface elevation) up tributary streams during Stage III, and bank failures by mass wasting
during Stage IV, both serve to significantly increase sediment yield (Simon, 1989a). For re-
stabilized streams (Stage V1), the slope of the suspended-sediment rating relation is approximately

1.5, as opposed to 1.0 for “natural” streams (Stage I).

The approach used to assess this source of phosphorus utilized the data and techniques from the
available literature to estimate total phosphorus loadings to the surface waters within each of the ten

major basins in Minnesota. The literature search and review of available monitoring data involved a
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compilation of streambank erosion studies completed within Minnesota, along with an evaluation of
the literature pertaining to sediment yield from Minnesota watersheds, to define the contribution of
streambank erosion to the total phosphorus budget. Wherever possible, streambank erosion studies
completed for Minnesota streams were used to determine the phosphorus load under low, average
and high flow conditions for the respective basins. Sediment yield literature specific to the various
regions of the state was consulted to develop an approach and assist with the assessment of the

remaining unstudied watersheds.

Five published studies were found that specifically addressed streambank erosion for streams that
originate in Minnesota. Wherever possible, average annual streambank sediment erosion, average
annual erosion per stream mile, slope of suspended sediment rating relation, sediment erosion as a
percentage of observed downstream suspended solids loading, and EPA Level III Ecoregion were
expressed for each stream studied. Most of the estimates of streambank sediment erosion were the
result of stream channel surveys (including aerial photos) to evaluate streambank retreat (or
migration) and eroding bank area to determine the average annual volume of material eroded. One

study (Sekely et al., 2002) also produced a probability plot of annual streambank erosion rates.

In addition to the streambank sediment erosion studies, two regional studies have been completed
involving sediment yield data for Minnesota watersheds (Tornes, 1986; Simon et al., 2003). Tornes
(1986) analyzed the average annual sediment yield data for 33 USGS gaging stations, in or adjacent
to Minnesota, while Simon et al. (2003) determined sediment yield, on the basis of the 1.5-year
recurrence interval flow rate, for each of the EPA Level III Ecoregions. Tornes (1986) determined
the average annual sediment yield for each of the gaging stations by developing sediment-transport
curves for each of the stations and applying the relationships to flow-duration curves to calculate and
sum the sediment loadings at each interval. Simon et al. (2003) determined sediment yield quartiles,
minimum, and maximum Yyields, on the basis of the 1.5-year recurrence interval (or effective

discharge) flow rate, for each of the EPA Level III Ecoregions.

The approach for determining phosphorus loading from streambank erosion generally involved the

following steps:
¢ Convert published streambank erosion estimates into average annual sediment yield

e Using the published sediment-transport curves from Tornes (1986), determine the relationship
between average annual sediment yield and the slope of the sediment-transport curve segment

containing the 1.5-year recurrence interval flow rate, as a surrogate for the effective discharge

P:\23\62\853\Report\Final\Final Report.doc 46



e Apply average annual sediment yields from published streambank erosion estimates and
Tornes (1986) to respective watershed units in GIS and determine average annual area-

weighted monitored sediment yield for each of the EPA Level III Ecoregions in Minnesota

e Compare average annual monitored sediment yield for each of the EPA Level III Ecoregions
in Minnesota to the effective discharge rate sediment yields published by Simon et al. (2003)

for the same ecoregions and make adjustments, if necessary

® Apply average annual sediment yield for each of the EPA Level III Ecoregions to the
unmonitored portions of the state and estimate streambank sediment erosion component based
on difference between average annual sediment yield for ecoregion and estimated annual
sediment yield for stable (Stage VI) stream, with slope of suspended sediment rating relation

equal to 1.5 (per Simon, 1989a)

¢ Estimate annual streambank sediment erosion for all watersheds under low and high flow
conditions, based on the probability plot relationship (taken from Sekely et al., 2002) of

annual streambank erosion rates

e Combine the streambank erosion sediment loadings associated with each watershed with the
average soil test phosphorus concentration (based on 16 surface samples collected from Blue
Earth River escarpments, as described in Sekely et al., 2002) to calculate the total phosphorus
load associated with sediment loading estimated from streambank erosion in each basin for

each flow condition

2.2.2.5 Individual Sewage Treatment Systems/Unsewered Communities

“Undersewered” areas are communities or residential areas which have a crude sewage collection system
with little or no treatment component and/or have individual systems which are non-conforming.
Individual sewage treatment system (ISTS) refers to a sewage treatment and disposal system located on a
property, using subsurface soil treatment and disposal for an individual home or establishment. MPCA
(2002a) states that most undersewered communities and many failing septic systems outside of
undersewered areas have relatively direct connections to surface waters through tiles lines and road
ditches, resulting in a very high delivery potential. “Failing” ISTS are specifically defined as systems
that are failing to protect groundwater from contamination, while those systems which discharge
partially treated sewage to the ground surface, road ditches, tile lines, and directly into streams,
rivers and lakes are considered an imminent threat to public health and safety (ITPHS). This section

provides a general discussion about the methodology used to quantify the amount of phosphorus
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entering surface waters from the ISTS/unsewered communities source category. A more detailed
discussion of the methodology used for this analysis is included in Appendix H. The results of the

phosphorus loading computations for this source are discussed in Section 3.3.6.

The conventional ISTS consists primarily of a septic tank and a soil absorption field. Septic tanks remove
most settleable and floatable material and function as an anaerobic bioreactor that promotes partial
digestion of retained organic matter (EPA, 2002). Septic tank effluent, which contains significant
concentrations of pathogens and nutrients, has traditionally been discharged to soil, sand, or other media
absorption fields for further treatment through biological processes, adsorption, filtration, and infiltration
into underlying soils which are suitable for treatment and disposal. Phosphorus is present in significant
concentrations in most wastewaters treated by ISTS. Monitoring below ISTS systems has shown that the
amount of phosphorus leached to groundwater below an operating ISTS depends on several factors: the
characteristics of the soil, the thickness of the unsaturated zone through which the wastewater percolates,
the applied loading rate, and the age of the system (EPA, 2002). The amount of phosphorus in ground
water varies from background concentrations to concentrations comparable to that of septic tank effluent.
Phosphorus export to surface waters from ISTS and unsewered communities is dependent on the

following factors:

e Phosphorus content of waste load

e Population served by ISTS or unsewered communities

e Compliance of treatment systems with performance standards

e Characteristics of soil absorption field, groundwater conditions and proximity to surface waters

Data pertaining to the phosphorus content of the untreated waste load from unsewered communities

was addressed in the Point Sources Technical Memorandum (Appendix B), prepared for this project.
For the purposes of this analysis, the phosphorus contained in untreated sewage discharge from non-
conforming ISTS or unsewered communities consists of the following sources, with the

corresponding per capita loadings of phosphorus (see Appendices B and H):
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Source Phosphorus Load (kg/cap/yr)

Automatic dishwasher detergent 0.1250
Dentifrices 0.0115
Food soils and garbage disposal wastes 0.1895
Ingested Human wastes 0.5585
Total 0.8845

Dentifrices include toothpaste and other dental care products. Food soils include waste food and
beverages poured down the sink, and food washed down the drain as a result of dish rinsing and
washing. The total per capita phosphorus load of 0.8845 kg/yr (1.946 Ibs/cap/yr), was assumed to

apply to the population served by ISTS or unsewered communities throughout the state.

The number of people served by ISTS was estimated from a variety of data sources. Two of the data
sources were spreadsheets provided by the Minnesota Pollution Control Agency, another was the
1990 Census (United States Census Bureau, 1990), and the last was estimated based on the POTW
population served from the Point Sources Technical Memorandum (Appendix B). This last method
using the difference between the 2000 Census (United States Census Bureau, 2000) population and
the POTW population served were used in the study to estimate phosphorus loadings from ISTS.
This data showed good consistency with the other data available for ISTS in Minnesota. By using

the third method, a total accounting of domestic waste disposal is provided in this study.

The MPCA developed a spreadsheet, updated in September, 2003, providing a list of unsewered
communities within Minnesota (MPCA, 2003). The major basin for each of these communities was
estimated by assigning an approximate geographic location based on a city, township, lake/county, or

township-range-section location (whichever provided the most detailed location).

The Minnesota River basin had a significant number of households served by sewage treatment
systems that involved direct discharge to a tile drain line (Tetra Tech, 2002). The majority of these
systems, referred to as direct-to-tile ISTS, include a septic tank with no other treatment. Assuming
that most of the direct-to-tile ISTS are located in rural areas with tile lines, Tetra Tech (2002)

extracted data from the Minnesota River Assessment Project, or MRAP (MPCA, 1994), to develop a
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relationship between the number of direct-to-tile ISTS and cropland. The ISTS densities and
cropland were then mapped by minor watersheds across the Minnesota River basin. The geographic
trend in density was assumed to be consistent with the MRAP designations for three nutrient source
regions, and the average density of direct-to-tile ISTS per 10,000 acres of cropland was determined
for each source region. For this analysis, the assumptions about direct-to-tile ISTS density per
10,000 acres of cropland for each source region were retained for the Minnesota River basin. Since
no assessments of direct-to-tile ISTS had been published for any other basins in Minnesota, several
of the minor watersheds in surrounding basins were assumed to have direct-to-tile ISTS densities
comparable to the three Source Regions, based on knowledge of the presence of drain tiles, cropland
and their proximity to the MRAP study areas. The amount of cropland and area of each Source
Region was determined and multiplied to determine the total number of direct-to-tile systems for
each basin. The population served by direct-to-tile ISTS was estimated by multiplying the number of

systems by the average household size for each basin.

The MPCA maintained a spreadsheet with the number of ISTS by local units of governments (LUG)
with ISTS ordinances in 2002 (MPCA, 2002). Included in the spreadsheet was the LUG name and
type (e.g. city, township or county). An estimate of the number of full time and seasonal residences
served by ISTS was included in the spreadsheet. There was also an estimate of the number of
systems failing to protect groundwater and an estimate for the number of systems which are
considered an ITPHS. The population served was estimated by multiplying the number of full time
residences by the population per household values (for the 2000 census) for the LUG’s respective

county.

Based on the availability of data and the potential for variation in phosphorus export from
undersewered communities and the various types of conforming and nonconforming ISTS,

phosphorus loadings were estimated for each of the following source categories:

e Unsewered communities

e Direct-to-tile ISTS

¢ Conforming and nonconforming seasonal ISTS

® Remaining conforming and nonconforming ISTS

The populations associated with unsewered communities and direct-to-tile ISTS in each basin were

assumed to receive treatment from septic tanks before discharging to surface waters. The number of
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seasonal residences had also been estimated in the MPCA ISTS LUG spreadsheet (MPCA, 2002).
Since no data was available for the population served by seasonal ISTS, a household size of 2.1 was
assumed and applied to the number of seasonal residences in each basin. No literature was found, so
it was assumed that seasonal residences are occupied for four months each year. It was further
assumed that, since seasonal residences are typically located in close proximity to surface waters,
nonconforming ISTS (both failing and ITPHS) would contribute all of the 43 percent of phosphorus
passing through a septic tank to surface waters. Conforming seasonal ISTS were assumed to remove
80 percent of the total phosphorus loading, due to treatment from the septic tank and soil absorption

field, before discharging to surface waters in each basin.

Since most of the permanent residences are not typically located as close in proximity to surface
waters as seasonal residences, it was assumed that both fully conforming and failing ISTS would
provide higher phosphorus attenuation for permanent residences than what was assumed for seasonal
residences. Conforming ISTS were assumed to remove 90 percent of the overall total phosphorus
loading, while failing ISTS were assumed to remove 70 percent of the overall total phosphorus
loading, before discharging to surface waters in each basin. The nonconforming ISTS, considered an
ITPHS, were assumed to be contributing all of the 43 percent of phosphorus passing through a septic

tank to surface waters.

2.2.2.6 Non-Agricultural Rural Runoff

Section 2.2.2.1 discusses the methods used to estimate the phosphorus loadings associated runoff
from agricultural lands, while Section 2.2.2.7 describes the methodology used to quantify the amount
of phosphorus in runoff from urban land cover types. This section provides a general discussion
about the methodology used to quantify the amount of phosphorus entering surface waters in runoff
from unincorporated areas that are not considered agricultural land cover types (referred to as non-
agricultural rural). The major natural land cover types included in the non-agricultural rural land use
group are forests (coniferous, deciduous and mixed), grasslands and shrublands. Rural residential
areas, transportation infrastructure, and other typically urban land uses such as residential and
commercial developed areas outside the boundaries of incorporated urban areas are also included in
this assessment. A more detailed discussion of the methodology used for this analysis is included in
Appendix I. The results of the phosphorus loading computations for this source are discussed in

Section 3.3.7.

Within some of the major basins of Minnesota, forests and grasslands still cover up to 60% of the

watershed area. The hydrologic cycling of annual precipitation in natural vegetation moves most of
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the water to infiltration and thus promotes stable stream base flows and reduces surface runoff. In
natural plant communities, much of the phosphorus pool is retained within the plant community and
the soil profile, with plant biomass creation, senescence and subsequent decomposition processes
cycling nutrients back into the soil profile. The high soil infiltration rates in these plant communities
lead to low surface runoff rates and little soil loss via erosion, and thus low rates of nutrient export to
surface waters. In most cases the surface runoff rates are less than 10% of the annual precipitation
for these plant communities and phosphorus export rates are below 0.169 kilograms of phosphorus

per hectare per year (0.151 pounds per acre per year).

The scientific literature was reviewed to determine the hydrologic regimes, nutrient cycling
mechanisms and phosphorus loading factors for each of the land cover types included in the Non-
Agricultural Rural Runoff category. The hydrologic and nutrient export relationships examined for
the rural land cover types are generally discussed in this section, while the hydrologic and nutrient
export relationships for rural residential and commercial/industrial/transportation land cover types

are discussed in Section 2.2.2.7.

Interception of rainfall occurs at multiple levels within the forest — tree canopy, tree and shrub layer
stems, shrub canopy, herbaceous layer and ground litter — to reduce overland flows (Brooks, et al,
2003; Verry 1976). Other authors have reported little or no overland flow from intact deciduous or
coniferous forests due to interception (Binkley, 2001; Knighton and Steigler, 1980; Metcalfe and
Butle, 1999; Verry, 1969).

While a fair amount of literature exists on forest hydrology and nutrients, comparable literature for
shrublands and grasslands is much less extensive. Many authors suggest that runoff rates and
nutrient exports form these communities are low, however the supporting evidence is limited. Brye,
et al. (2000) and Brye, et al. (2002) evaluated the water and phosphorus budgets of a restored prairie
near Madison WI. The authors reported that rainfall interception by plant residue was a significant
component of the annual water budget (nearly 70%). Higher soil storage and ET rates led to lower
soil drainage and runoff volumes. Runoff volumes were 11% to 18% of the water budget, with a
mean of 14.5% for the test plots. Snowmelt was responsible for nearly all of the runoff volumes.
Timmons and Holt (1977) reported that phosphorus losses from grasslands to be in a range of 0.100
kg P/ha/yr to 0.250 kg P/ha/yr, with a phosphorus concentration in runoff of 0.200 mg P/L. Using
the water budget data from Brye, et al (2000) and Brye, et al (2002) and phosphorus concentration
data from Timmons and Holt (1977), an export loading rate of 0.169 kg P/ha/yr for ecoregion VIII

was calculated. Using the water budget information from Winter and Carr (1980), Winter, et al,
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(2001), Winter, Rosenberry (1995 and 1998) and Shjeflo (1968) and concentration data from USACE
(2001), a phosphorus export of 0.060 kg P/ha/yr was calculated for ecoregion VI. Data from Olness,
et al (1988) and Menzel, et al (1978) provided an export rate 0.175 kg P/ha/yr for grassland pasture.

A search of the literature provided no reported shrubland phosphorus export rates (Holechek, et al,
1977; Dodds, et al, 1996: Burke, et al, 1990). Most shrublands are composed of a herbaceous layer
of grasses and forbs with a sparse over story of trees and/or low shrubs. MN DNR (1993) and Leach
and Givnish (1999) suggest that many of the hydrologic and ecologic attributes of forest and prairie
communities are present in shrublands. Low runoff rates, high annual evapotranspiration and limited
nutrient losses of the two shrubland community components provide a basis to conclude that
shrublands are intermediate with regard to phosphorus export. Based upon these assumptions, the
nutrient export rate for shrubland was determined from the average of the grassland and deciduous

forest communities. The calculated value used for this assessment is 0.129 kg P/ha/yr.

This investigation of phosphorus loadings from non-agricultural rural land uses draws upon
ecoregion-based loading and export rates for phosphorus in Minnesota. The use of ecoregions allows
the similarities in underlying ecological conditions to be aggregated across basin boundaries and
state boundaries to develop accurate estimates of loadings. Ecoregions are defined as regions of
relative homogeneity in ecological systems, such that geographic characteristics such as soils,
vegetation, climate, geology, and land cover are relatively similar within the bounds of each
ecoregion (Omernik, 2000). The US EPA has developed generalized “nutrient Ecoregions” that are
aggregations of the Level III Ecoregions (EPA 2000d, EPA 2000e). Within Minnesota there are
three EPA Level III Aggregate Ecoregions (shown in Figure 2, Appendix I). As the number of
phosphorus export studies completed in Minnesota is relatively small, the use of export rates from
the larger Level III aggregate regions provides a wider data set that can be extrapolated across the

basins (MPCA, 2003).

The Corn Belt and Northern Great Plains — Aggregate Ecoregion VI — is comprised of rolling plains
and flat lake beds, dominated by extensive, highly productive cropland (EPA, 2000a). Nutrient-rich
soils significantly influence surface and subsurface water quality and high concentrations of nitrate
and phosphorus cause water quality problems in many basins. The Mostly Glaciated Dairy Region —
Aggregate Ecoregion VII — is dominated by forests, dairy operations, and livestock farming (EPA,
2000b). This ecoregion was mostly glaciated and includes flat lake plains, rolling till plains,
hummocky stagnation moraines, hills, and low mountains. The Nutrient Poor Largely Glaciated

Upper Midwest and Northeast — Aggregate Ecoregion VIII — is characterized by extensive forests,
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nutrient-poor soils, a short growing season, limited cropland, and many marshes, swamps, lakes, and

streams.

An assessment was completed on the literature values for phosphorus export rates to examine any
differences between the three aggregate level ecoregions. The literature data was statistically
summarized, where available, and the ecoregion mean value was determined for each plant

community. These values were used for the phosphorus load calculations.

For the purposes of defining and quantifying the phosphorus loads to Minnesota basins, the non-
agricultural rural land uses within these three Aggregate Ecoregions were classified and enumerated
using the USGS National Land Cover Data (NLCD). The National Land Cover Data Set for the
Conterminous United States is derived from the Landsat thematic mapper data system (Vogelmann,
2001). The NLCD cover classes included in the non-agricultural rural category include the

following:

¢ Unincorporated Urban Areas
o Low intensity residential (outside incorporated urban areas)
o High intensity residential (outside incorporated urban areas)
o Commercial/Industrial/Transportation (outside incorporated urban areas)
¢ Deciduous Forest
+ Evergreen Forest
¢ Mixed Forest
¢ Shrubland
¢ Grasslands/Herbaceous
¢ Urban / Recreational Grasses
¢ Other
o Quarries/Strip Mines/Gravel Pits
o Transitional
The development of nutrient loading estimates in the absence of direct monitoring has generally been
completed by applying areal based nutrient export rates to the watershed area to calculate the annual
nutrient mass (Beaulac and Reckhow, 1982: Reckhow, et al, 1980; Panuska and Lillie, 1995; Clesceri, et
al, 1986a; Clesceri, et al, 1986b; McFarland and Hauck, 2001). Phosphorus export coefficients assume
100% of the land transports phosphorus that will reach surface waters. The phosphorus export coefficient

is part of the total phosphorus loading equation:
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i=1

L is total phosphorus loading from land (in kilograms per year), m is number of land use types, c;
is the phosphorus export coefficient for land use i (in kilograms per hectare per year), and A; is

area of land use i (in hectares).

Over large watershed areas, the phosphorus export is not proportional to watershed area and some
attenuation of phosphorus occurs, especially in natural vegetation that have low runoff rates. Recently,
authors who have examined the nutrient export issue on landscape level scales (large watersheds and
higher order streams) have raised concerns over the applicability of export coefficients across large
watershed areas (Birr and Mulla, 2001; Cammermeyer, et al, 1999; Johnson and gage, 1997; Jones, et al,
2001; Mattson and Isaac, 1999; McFarland and Hauck, 1998; Richards, et al, 2001; Sharpley, et al, 1993;
Soranno, et al, 1996; Worrall and Burt, 1999). The underlying issue related to this concern is that not all
areas in a large watershed contribute nutrients and sediment equally. Novotny and Chester (1989)
showed that the sediment delivery rate decreases with increasing watershed size. They report that in
humid regions only a portion of a watershed contributes to surface runoff; they called these contributory
areas of a watershed the “hydrologically active areas”. Soranno, et al. (1996) and Cammermeyer, et al,
(1999) suggest two adjustments to account for the attenuation by including a transmission coefficient (7)

that represents the proportion of phosphorus transported down slope along the path of overland flow and a
phosphorus flux coefficient (f; ), that represents the phosphorus production and transport that reaches a

surface water body. While this equation applies more strictly to watershed modeling with GIS software,
the underlying premises apply directly to the loading assessment methodology used here. The authors

suggest that the phosphorus loading equation can be modified:

L= fea o1

il -l

T is the transmission coefficient (O<7<1) representing the proportion of phosphorus transported,
f,- is the phosphorus flux coefficient, n is the number of pixels, and p is the pixel distance of

overland flow.

Soranno, et al (1996) reported that the greatest contribution of loadings was derived from land uses
within the riparian corridor, a corridor that varies in width depending upon topography and runoff

conditions. Based upon modeling of monitored watersheds they found that the total annual rainfall
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affected the phosphorus loading by creating variability as to the effective contributory area. In most
cases, the transmission coefficient is determined through GIS modeling of the watershed area. The
GIS-based development of transmission coefficients for use in this assessment was beyond the scope
of the project. In the absence of a calculated 7, an estimate of the contributory area of a watershed
based upon land use and the application of a basin runoff factors were chosen for the load
calculations. The basin runoff factor accounts for the differences in effective flow length and thus
runoff volumes between the three precipitation scenarios (Soranno et al, 1996; Cammermeyer, et al,

1999; Barr Engineering, 2003b). The phosphorus loading estimation methodology used in this
assessment assumes that ¢; will be equal to f; through the use of calculated loadings from the 100

meter contributory areas only.

The phenomenon of contributory area and variability in nutrient mass over a range of flow scenarios
is a central question to the estimation of large basin loads. The literature was reviewed for a
consensus on the size of this contributory area and the impact of hydrologic conditions upon the size
and export estimation. Novotny and Chester (1989) calibrated and verified hydrologic models for a
number of Milwaukee area basins and found that sediment delivery ratios ranged from 0.01 for
pervious areas and 1.0 for completely storm-sewered urban areas. Johnson, et al (1997) found that
landscape factors within the 100 meter ecotone adjacent to streams were sufficient predictors of
stream water chemistry. Tufford, et al, (1998) reported that the land within 150 meters of streams
was a better predictor of nutrient concentrations. Many authors have suggested that riparian land
cover within 100 meters can mediate upslope impacts on water quality (Schmitt, et al, 1999; Cole et

al, 1997, Castelle, et al, 1994; Roth, et al, 1996; Osborne and Kovacic, 1993).

Based upon the literature review conclusion that the 100 meter riparian zone has the greatest
influence on water chemistry, we have chosen to estimate phosphorus loads from the 100 meter zone
of land use immediately adjacent to perennial streams, lakes and wetlands in all of the basins. It
should be noted that throughout most of Minnesota, it is believed that the risks of phosphorus
transport to surface waters are greatest in the contributing corridor within about 100 m from surface
waterbodies. Due to topographic variations along surface waterbodies, in some areas phosphorus
contributions from overland runoff and erosion may occur from as far away as several hundreds of
meters. In contrast, where berms are present along waterbodies it may be unlikely for a significant
amount of surface runoff or erosion to enter surface water. Thus, the 100 m contributing corridor
should be viewed as a regional average for contributions of phosphorus to surface waters from runoff

and erosion on adjacent lands.
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The NLCD land use coverage for the non-agricultural rural was determined using ArcView to create
land cover quantities for all lands within 100 meters of all surface waters (as defined in Section
1.4.1). This 100 meter wide area was used for the calculation of the effective contributory area for

each land cover types for each basin.

The phosphorus load for each land use was calculated by multiplying the phosphorus export
coefficient by the 100 m contributory area and basin runoff factor for each land use category. The
basin runoff factor is based upon the percent differences between runoff in the wet and dry
precipitation scenarios compared to the average conditions for each basin. This information was
generated from the calculation of runoff volumes as part of the basin hydrology (discussed in
Sections 2.1 and 3.1). Use of the basin runoff factor and contributory watershed area for loading

calculations, allowed for the following adjustment of the loadings based upon the annual runoff:

Basin natural area load (kg) = Export rate (kg/ha/yr) * Contributory area (ha) * Basin runoff factor

2.2.2.7 Urban Runoff

The conversion of land areas to urban land uses leads to changes in watershed hydrology and
pollutant load rates. The areal increase in impervious surfaces in urban areas over undeveloped rural
and natural land uses leads to greater surface water runoff volumes. The increased runoff coupled
with human activities increases the types of pollutants and delivery rate of these pollutants to surface
waters. Impermeable surfaces shed water as surface runoff, lowering the infiltration and
evapotranspiration components of the hydrologic cycle. Surface runoff is generally directed to storm
sewers and other conveyance systems to rapidly move the large volumes to receiving waters and
prevent flooding. This section provides a general discussion about the methodology used to quantify
the amount of phosphorus entering surface waters from urban runoff. A more detailed discussion of
the methodology used for this analysis is included in Appendix J. The results of the phosphorus

loading computations for this source are discussed in Section 3.3.8.

The methodology used for this analysis involved review of the literature to document urban runoff
quality in Minnesota, determining the extent of each urban land cover type present within each basin,
and calculating the variation of the estimated phosphorus loadings under each flow condition. It was
apparent from the literature review that the quality and quantity of the data available was insufficient
for the use of quantifying basin-specific data for this assessment. The need to quantify phosphorus

loadings across basins with regard to three different hydrologic conditions (low, average and high
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flow conditions) required that a method be developed to model phosphorus loadings with regard to
land use and hydrologic conditions. The scientific literature was thus reviewed to determine the
hydrologic regimes, nutrient cycling mechanisms and phosphorus loading factors for each of the

urban land cover categories.

In an attempt to determine the range of phosphorus concentrations in urban runoff, the summary data
was reviewed and the site specific data from previous or ongoing monitoring studies was examined.
The available monitoring data included a combination of flow-weighted mean or event mean
concentrations, expressed as median, geometric or arithmetic means. The inconsistency in data
reporting limited the use of many of the data sets found during the literature review process.
Schwartz and Naiman (1999) suggest using the mean concentration as the representative
concentration introduces significant bias into the annual load estimates and report that the use of
flow-weighted mean concentration (FWMC) provides an unbiased estimate of annual load. Data
collected in the literature review, chosen for inclusion in the database, had to meet the following

criteria:

e Phosphorus data was collected for the duration of individual storm events and was

reported as Event Mean Concentration (EMC)

e Numerous samples had to be collected at the same monitoring location throughout a

given year

® Land use was either reported in adequate detail or land use could be determined using

ArcView with delineated watersheds and USGS National Land Cover Data (NLCD)

e A large fraction of the runoff generated from a monitored watershed was not routed

through storm water treatment BMPs such as detention ponds

Precipitation data was also gathered from the rain gage nearest to the chosen monitoring sites.
Driver and Tasker (1990) found that, in developing linear regression equations for the estimation of
storm water loads, the total storm rainfall and total contributory drainage area were the most
significant factors, while impervious area, land-use and mean annual climatic characteristics were
also significant. The high level of correlation between land use type and effective impervious area
has also been noted by many investigators (Schueler, 1987; Driver and Tasker, 1990; Beaulac and
Rechkow, 1982). Likewise nutrient loadings increase with increasing impervious surface area, most

likely due to the ease of washoff and transport in curb and gutter systems and on other hard surfaces
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(Brezonik, et al, 2002; Schueler, 1994). Higher impervious percentage watersheds yield lower
phosphorus concentrations, but the larger volume of water leads to the higher phosphorus loading
rates (Bannerman, et al, 1992; Swenson, 1998; Beaulac and Rechkow, 1982). McFarland and Hauck
(2001) suggest that use of multiple regression analysis using measured flows and water quality data
for heterogeneous land uses allows the estimation of loads that represent average conditions
accurately. For this assessment, an evaluation was completed for the monitoring data collected at the
same location for multiple years and under different hydrologic conditions. This data showed that
the concentration of phosphorus in stormwater at the same site is often higher during dry years
compared to an average year, and is lower during a wet year compared to an average year. From the
available studies that had multiple years of monitoring data, a ratio was developed by dividing the
concentration of total phosphorus in runoff for a wet year by the average year, and by dividing the
concentration of total phosphorus in runoff for a dry year by the average year. Overall, the wet to
average ratio was 0.8 and the dry to average ratio was 1.18. To quantify the relationship between
annual precipitation, land use (the four urban NLCD land uses: low intensity residential, high
intensity residential, commercial-industrial-transportation, and urban recreational grasses),
impervious percentage, and the annual flow-weighted total phosphorus concentration, single variable
and multivariate linear regressions were performed, based on estimated impervious percentages for
each land cover type. There was a significant relationship between annual flow-weighted mean total

phosphorus concentration, impervious percentage, and annual precipitation.

Export coefficients are commonly reported according to land use and are developed during a given
year under a particular hydrologic condition (Beaulac and Reckhow, 1982: Reckhow, et al, 1980;
Panuska and Lillie, 1995; Clesceri, et al, 1986a; Clesceri, et al, 1986b; McFarland and Hauck, 2001).
In some cases the export coefficient is adjusted to reflect a normal climatic year. The most common
approach to estimating loads is based upon Schueler’s (1987) regression of rainfall runoff volume
and percentage imperviousness of a watershed combined with a flow-weighted mean concentration.
The equation is widely used for loading estimates and is used in this assessment to determine runoff

coefficient based upon impervious percentage:
Runoff coefficient (Ry) = 0.05 + 0.009 (Impervious Percentage)

The pollutant load is calculated by multiplying runoff volume with the pollutant concentration to
obtain a mass load. For the purposes of defining and quantifying the phosphorus loads to Minnesota
basins, the land uses within incorporated areas were classified and enumerated using the USGS

National Land Cover Data (NLCD). The National Land Cover Data Set for the Conterminous United
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States is derived from the Landsat thematic mapper data system (Vogelmann, 2001). The NLDC

cover classes included in the land uses within incorporated areas assessed are:

*

Urban Developed Areas
o Low intensity residential
o High intensity residential
o Commercial/Industrial/Transportation
¢ Deciduous Forest
¢ Evergreen Forest
+ Mixed Forest
¢ Shrubland
¢ Grasslands/Herbaceous
¢ Urban / Recreational Grasses
¢ Agricultural lands
o Pasture/Hay
o Row Crops
o Small Grains
¢ Other
o Quarries/Strip Mines/Gravel Pits
o Transitional (new development)
The percent imperviousness applied to each of these urban land uses and then used in calculation of

the runoff coefficient for this assessment are as follows:

Land cover class Percent impervious
Low intensity residential 32%
High intensity residential 42%
Commercial/Industrial/Transportation 57%
Urban / Recreational Grasses 32%
Transitional 57%

(adapted from Zielinski, 2002 and analysis of TCMA GIS coverage)

For this assessment, all of the developed urban uses are assumed to have storm water conveyance
systems in place — minimally drainage ditches and conveyance channels up to full curb and gutter
with piping. The number of acres for each of the four developed urban land uses was determined for
the incorporated areas in each of the ten basins. To calculate the expected concentration of total

phosphorus in urban runoff for each basin, the average percent imperious area for the four developed
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urban land uses (high and low intensity residential, commercial/industrial/transportation and
urban/recreational grasses) in each basin and the annual precipitation for the dry, average, and wet

year were used as inputs to the regression model.

Phosphorus loading from the four developed urban land uses in each basin was then calculated

according to the following equation:
Basin load = Concentration * Contributory area * Runoff coefficient * Annual Rainfall Depth

where: concentration is based upon the concentration regression equations developed for urban

runoff in each of the basins,
contributory area is equal to the total area for each land use class,
runoff coefficient = 0.05 + 0.009 * impervious percentage,

annual rainfall depth is the annual precipitation for the loading flow condition scenario by

basin.

The phosphorus load for each of the other non-agricultural land uses within incorporated areas were
calculated by multiplying the phosphorus export coefficient by the contributory area and basin runoff
factor, as described in Section 2.2.2.6. Phosphorus loads from agricultural land uses within
incorporated areas were calculated using the same methodology as for the remaining agricultural

areas statewide, as described in Section 2.2.2.1.

2.2.3 Bioavailability of Phosphorus by Source

The purpose of this section is to provide a discussion about the bioavailable fraction of phosphorus
from individual point and nonpoint sources of phosphorus. A more detailed discussion of the
methodology and results of this analysis are included in Appendix K. The results of the bioavailable
phosphorus determinations for each source category are also presented in Section 3.2. This
discussion is based on a review of the available literature and the results of POTW-specific and

basin-specific sampling and analysis. This section is intended to:
e Provide an introduction to the forms of phosphorus in the aquatic environment

e Describe the results of the literature review for each category of point and nonpoint sources
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e Present the results of POTW-specific and basin-specific sampling and analysis for

bioavailable phosphorus

e Compare and summarize estimates of bioavailable phosphorus fraction for each source type

2.2.31 Forms of Phosphorus in the Aquatic Environment

In general, bioavailable phosphorus is defined as the portion of the total phosphorus in surface waters
that is available for plant growth. Excess bioavailable phosphorus in freshwater systems can result in
accelerated plant growth. Phosphorus is the principal nutrient causing excessive growth of algae and

other aquatic plants in Minnesota’s surface waters.

Phosphorus exists in water in either a dissolved phase or a particulate phase. Dissolved phosphorus in
natural waters is usually found in the form of phosphates (PO,”). Dissolved phosphates exist in three
forms: inorganic (commonly referred to as orthophosphate or soluble reactive phosphorus- SRP),
inorganic polyphosphate (or metaphosphate) and organically bound phosphate. Particulate
phosphorus contains phosphorus sorbed to inorganic (mineral) and organic particles, including
phosphorus contained within algae. Dissolved inorganic phosphate (orthophosphate) is the form
required by plants for growth. The analytical procedure for measuring total phosphorus, which
includes a sulfuric acid extraction, accounts for all forms of phosphorus, both dissolved and

particulate, including phosphorus contained in algae.

Orthophosphates are immediately available in the aquatic environment for algal uptake. Natural
processes produce orthophosphates, but major man-influenced sources include: partially treated and
untreated sewage; runoff from agricultural sites; and application of some lawn fertilizers.
Orthophosphate concentrations in a water body vary widely over short periods of time as plants take
it up and release it. Polyphosphates are used for treating boiler waters and in detergents. Also,
polyphosphates are used in drinking water treatment in many municipalities. In water,
polyphosphates are unstable and will eventually convert to orthophosphate and become available for

plant uptake.

Organic phosphates (particulate and dissolved) are bound or tied up in plant or animal tissue, waste
solids, or associated with other organic matter. Organic phosphates are formed primarily by
biological processes. They are contributed to sewage by body waste and food residues, and also may
be formed from orthophosphates in biological treatment processes or by receiving water biota. After
decomposition, the organic form can be converted to orthophosphate as a result of microbially-

induced mineralization of phosphorus-containing organic matter.
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Not all forms of phosphorus are utilized to the same degree or at the same rate by plants and
microbial communities. Association of phosphorus with particulate or organic matter reduces
bioavailability; such forms of phosphorus are immediately unavailable for uptake by algae. While a
significant amount of phosphorus can enter water bodies in an immediately unavailable form, there is
the potential for this unavailable phosphorus to undergo physical or chemical cycling processes that
may convert it (all or partially) to the readily bioavailable form of phosphorus, orthophosphate. For
example, the decomposition of organic matter by microbial activities can result in mineralization of
phosphorus to orthophosphate. Desorption or dissolution of particle-associated phosphate represents

another mechanism of conversion from unavailable to bioavailable forms.

DePinto et al. (1986) characterized phosphorus into three forms: orthophosphate — immediately
bioavailable for algal uptake; external ultimately-available phosphorus — not immediately available
but ultimately converted to orthophosphate at a specific rate; and external refractory phosphorus —
not available while in the water column. Total bioavailable phosphorus is then comprised of
orthophosphate and the external ultimately-available phosphorus. It is indeed the bioavailable
phosphorus that affects the algal production in the aquatic environment in combination with other

nutrients (e.g. nitrogen and silicon), light, and temperature.

Different sources provide water bodies with a variety of the forms of phosphorus described above, in
variable proportions. Phosphorus in lakes and streams comes from both point and nonpoint sources.
Point sources are typically publicly-owned wastewater treatment plants (POTWs) and permitted
industrial discharges. Phosphorus discharged from wastewater treatment plants may come into the
plant from a variety of sources. Nonpoint sources are typically polluted runoff from cities and
farmland, erosion and sedimentation, atmospheric deposition, direct input by animals and wildlife,

and natural decomposition of rocks and minerals.

A comprehensive literature search and review was conducted to compile available information on the
bioavailable phosphorus fractions of individual point and nonpoint sources of phosphorus to surface

waters. The results of this literature review are presented in the following discussion.

2.2.3.2 Bioavailable Phosphorus in POTW Effluent

The bioavailable phosphorus fraction in POTW effluent is generally assumed to be high compared to
that of other sources to surface waters (Lee et al., 1980). Young et al. (1982) sampled the effluent
from four municipal treatment plants in the vicinity of the Great Lakes during the summer of 1979

for bioavailable phosphorus. They conducted bioassays where measurement of phosphorus taken up
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by Scenedesmus sp. provided the measure of bioavailable phosphorus fraction. They developed a

series of relationships among different forms of phosphorus.

On average, 82% of the dissolved phosphorus was bioavailable in the short term (less than 30 days
from sample collection). Orthophosphate was a major component of the dissolved phosphorus (69%
on average). Moreover, the regression coefficient relating bioavailable dissolved phosphorus to

orthophosphate was unity, indicating that the orthophosphate fraction was totally available.

For particulate phosphorus, they found that the bioavailable particulate phosphorus correlated closely
with the total particulate phosphorus fractions. On average (with the samples taken from the effluent
of the four wastewater treatment plants), 55% of the total particulate phosphorus was bioavailable in

the short term (again, less than 30 days).

The ultimately bioavailable dissolved phosphorus (became bioavailable after 30 days) represented
approximately 99 percent of the total dissolved phosphorus. The ultimately bioavailable particulate

phosphorus was approximately 63 percent of the total particulate phosphorus.

Data from the wastewater treatment plants indicated that 83% of the total wastewater phosphorus in

those effluent samples was ultimately available.

In addition to the information gathered from the literature review, effluent from eight Minnesota
POTWs was sampled between October 13 and October 17, 2003. The samples were analyzed for total
phosphorus and orthophosphate. The ultimately bioavailable particulate phosphorus was estimated
using the relationship developed by Young et al. (1982) described above. The results of this analysis
are presented in Table 2-2. The bioavailable phosphorus fraction in these samples ranged from 75-
96%, with an average of 85.5%, which is typical for POTW effluents based on the results of the
literature review. Measured particulate phosphorus concentrations also are consistent with expected
range based on the literature. Chemical and biological phosphorus removal is implemented at all of
these POTWs with the exception of Albert Lea and Wilmar. Albert Lea and Wilmar also have
industrial discharges to the POTW that contain high phosphorus levels.
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Table 2-2 Estimated Bioavailable Phosphorus (BAP) Fractions of Samples Collected from
the Final Effluent of Eight Minnesota POTWs

Ultimately
Bioavailable | Particulate Total
TSS Total P | Orthophosphate | Particulate | Particulate P BAP BAP
City (mg/L) | (mg/L) (mg/L) P (mg/L) (mg/L) fraction fraction

Albert Lea <5.0 5.32 4.31 1.01 0.65 0.64 0.93
Alexandria <5.0 0.187 0.102 0.085 0.07 0.78 0.90
St. Cloud <5.0 0.250 0.068 0.182 0.13 0.70 0.78
Fergus <5.0 0.166 0.019 0.147 0.11 0.72 075
Falls
Mankato 11 2.04 1.57 0.47 0.31 0.66 0.92
MCES- <5.0 0.293 0.130 0.163 0.12 0.71
Metro 084
Rochester 13 0.948 0.286 0.662 0.43 0.65 0.76
Wilmar 10 7.24 6.41 0.83 0.54 0.65 0.96
223.3 Bioavailable Phosphorus in Runoff

The transfer of phosphorus from terrestrial to aquatic systems in runoff can occur in dissolved and
particulate forms. Phosphorus loading from nonpoint sources depends on a large number of factors,
such as geology and hydrology of the region, land use, and population density. For example, sandy
soils have less retention of phosphorus than clays and high slope and high runoff lead to lower
retention. Caraco (1995) found that population density was related to orthophosphate export from
watersheds and predicted 47% of the variation in orthophosphate export in the dataset from 32 large
rivers. Other variations could be related to the geochemical factors that alter orthophosphate in rivers
or could be due to variability in human behaviors that lead to variable phosphorus export. For
example, human agricultural practices, soil composition, diets, detergent use, and extent of sewer
services and sewage treatment can vary greatly between different areas. Phosphorus loss from land
not only affects the surface runoff, but also gets transferred in subsurface flow (Gaynor and Findley,

1995; Lennox et al., 1997; Haygarth et al., 1998; and Withers et al., 1999).

It has been shown that the orthophosphate concentration in surface runoff is related to the soil
phosphorus concentration in the topsoil (McDowell and Sharpley, 2001). For example, Pote et al.

(1996) found that that the orthophosphate concentration in surface runoff was linearly related to
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phosphorus extracted by Mehlich-3 (r* of 0.72), Bray-I (r* of 0.75), Olsen (r* of 0.72), distilled water
(r* of 0.82), iron oxide paper (r* of 0.82), acidified ammonium oxalate (r* of 0.85), and phosphorus

sorption saturation (r? of 0.77).

Surface runoff from grassland, forest land or nonerosive soils carries little sediment and is generally
dominated by dissolved phosphorus, although phosphorus transport attached to colloidal material
also may be important where land is overstocked (Haygarth and Jarvis, 1997; Simrad et al., 2000).
Sharpley et al. (1995) also reported that runoff from grass and forestland carries little sediments, and

is therefore, generally dominated by orthophosphate.

As reported by Sharpley et al. (1995), the discharge of organic and inorganic phosphorus in runoff
from several Atlantic Coastal Plain watersheds was related to soil phosphorus composition. The high
organic phosphorus content of forest soils (331 mg/kg; 70% of total phosphorus) contributed 51% of
total phosphorus loss in runoff (0.31 kg/ha/y) as particulate organic phosphorus and 10% as dissolved
organic phosphorus. For agricultural soils of lower organic phosphorus content (161 mg/kg, 25% of
total phosphorus), only 32% of total phosphorus loss in runoff (2.41 kg/ha/y) was particulate organic
phosphorus and 1% was dissolved organic phosphorus (Vaithiyanathan and Correll, 1992). Similarly,
from 16 to 38% of phosphorus in runoff from Polish meadows and cultivated fields and as much as
70% of lake water phosphorus was bound to organic compounds (Szpakowska and Zyczynska-
Baloniak, 1989). These losses varied seasonally, with both inorganic and organic phosphorus

concentrations in canal and lake water decreasing during summer months (Ryszkowski et al., 1989).

Estimates for urban runoff particulates, tributary particulates and lake sediments in the lower Great
Lakes basins by bioassay methods have reported an average of 30% bioavailable phosphorus (Cowen

and Lee, 1976; Williams et al., 1980).

2.2.3.4 Bioavailable Phosphorus in Agricultural Runoff

The sources of phosphorus from agricultural land can include soil phosphorus, manure or fertilizer
applications. Those sources of phosphorus emanate from a number of source areas within the
landscape and their amount, form, and timing are very variable as a result of short-term and often
unpredictable changes in hydrological conditions and farming practices, including crop rotation, the
application of fertilizers and manures, or the movement of animals from one field to another (Lennox
et al., 1997). Phosphorus may be transported to a water body from agricultural lands by leaching,
runoff or erosion. The loss of phosphorus in surface runoff from agricultural lands occurs as
particulate and dissolved forms (Haygarth and Sharpley, 2000). Particulate phosphorus includes

phosphorus associated with soil particles and large molecular-weight or organic matter eroded during
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flow events and constitute the major proportion of phosphorus transported from most cultivated lands
(60-90%, Pietilainen and Rekolainen, 1991). Several studies have reported that the loss of dissolved
phosphorus in surface runoff from agricultural land depends on the phosphorus content of surface
soil (STP- soil test P concentration), but that the relationship varies with soil type, tillage, and crop
management (Pote ef al., 1996; Sharpley et al., 1996). Moreover, it will depend on the topography
and soil hydrology.

James et al. (2002) used fractionation procedures and phosphorus adsorption-desorption assays to
delineate bioavailable forms and refractory or unavailable forms of phosphorus in the runoff of the
Redwood River basin, an agriculturally-dominated tributary of the Minnesota River. Over several
storm periods monitored in 1999, 75% of the phosphorus load originating from the watershed was in
bioavailable forms while only 25% was in refractory forms. Bioavailable particulate forms included
phosphorus loosely bound to suspended sediments (19%), phosphorus bound to iron (11%), and
bioavailable particulate organic phosphorus (14%). After runoff discharges to receiving waters, the
former two forms of bioavailable particulate phosphorus can be transformed to dissolved forms that
are available to biota for uptake via eH and pH reactions and kinetic processes, while the latter form
can be mineralized via decomposition processes. Bioavailable dissolved forms included

orthophosphate and dissolved organic phosphorus.

Several studies have suggested that agricultural management may influence the bioavailability of
phosphorus transported in runoff (McDowell and McGregor, 1980; Wendt and Corey, 1980).
Concentration and amounts of bioavailable phosphorus in runoff from corn (Zeamays L.) were lower
from no till compared to conventionally tilled plots under simulated rainfall (Andraski et al., 1985;
Mueller et al., 1984). Bioavailable phosphorus in these studies was measured by resin extraction of
unfiltered runoff, and thus includes dissolved phosphorus plus phosphorus desorbed from sediment
(Huettl et al., 1979). However, Andraski et al. (1985) calculated that bioavailable phosphorus

averaged 20% of total phosphorus and was not affected by tillage treatment.

Sharpley ef al. (1992) assessed the impact of agricultural practices on phosphorus bioavailability in
runoff by determining dissolved phosphorus, bioavailable particulate phosphorus, and

particulate phosphorus in runoff from 20 watersheds (in the Southern Plains region of Oklahoma and
Texas) unfertilized and fertilized, grassed and cropped watersheds over a 5-yr period. Although
bioavailable phosphorus and bioavailable particulate phosphorus losses in runoff were reduced by
agricultural practices minimizing runoff and erosion, the proportion of phosphorus transported in

bioavailable forms increased. Both total phosphorus (14-88% as bioavailable phosphorus) and
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particulate phosphorus (9-69% as bioavailable particulate phosphorus) bioavailability varied
appreciably with agricultural practices. Thus, bioavailable phosphorus is a dynamic function of
physical and chemical processes controlling both dissolved phosphorus and bioavailable particulate
phosphorus transport. Dissolved phosphorus transport depends on desorption-dissolution reactions
controlling phosphorus release from soil, fertilizer reaction products, vegetative cover, and decaying
plant residues. Bioavailable particulate phosphorus is a function of physical processes controlling
soil loss and particle-size enrichment and chemical properties of the eroded soil material governing
phosphorus sorption availability. The authors also found that the percent bioavailability of particulate
phosphorus transported in runoff from each of these watersheds decreased with an increase in
sediment concentration of runoff averaged for each watershed. They found a linear regression
relationship between particulate phosphorus availability and logarithm of sediment concentration

(with r* =0.84):
Particulate Phosphorus Bioavailabilty (%) = 82 — 15 log sediment conc. (g /L)

This relationship may be attributed to an increased transport of silt- and sand-sized (>2 wm) particles,
of lower phosphorus content than finer clay-sized (<2 um) particles, as sediment concentration of
runoff increases. Further, particulate phosphorus bioavailability may decrease with an increase in
size of eroded soil particles, which contain less sorbed phosphorus and more primary mineral
phosphorus (i.e., apatite) of lower availability compared with finer clay-sized particles (Dorich et al.,

1984; Sharpley et al., 1981; Syers et al., 1973).

O’Connor et al., (2002) compared phosphorus bioavailability of biosolids, manures and fertilizer.
They found that phosphorus bioavailability was greater for phosphorus-fertilizer than manures and
biosolids. However, if biological phosphorus removal is implemented in the treatment process,

phosphorus in biosolids tends to be as bioavailable (74% to 132%) as fertilizer phosphorus.

A study conducted by Ekholm and Krogerus (2003), with samples from different sources, concluded
that phosphorus in agricultural runoff appeared to be more bioavailable to algae (31%) than

phosphorus in forest runoff (16%).

2235 Bioavailable Phosphorus in Atmospheric Deposition
For Lake Michigan, Murphy and Doskey (1975) reported a 30-fold greater total phosphorus
concentration in rainfall than in lake water. Since 25-50% of the total phosphorus in rainfall is

soluble, it is directly available to organisms in the lake (Murphy and Doskey 1975; Peters 1977).
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The bioavailability of dry deposition or the particulate fraction of wet deposition can be characterized

by the bioavailability of phosphorus in the soils in the region.

Increases in the atmospheric deposition of phosphorus may result from annual climatic changes
(Sharpley et al. 1995). For example, the input of phosphorus in rainfall to an Oklahoma watershed in
1981 (208 g/ha/yr) was much greater than that in either 1982 (49 g/ha/yr) or 1983 (41 g/ha/yr)
(Sharpley et al. 1985). This increase was attributed to the low annual rainfall in 1980 (642 mm, 105
mm below average). The drier soil was more susceptible to wind erosion and the airborne material

increased the phosphorus content of subsequent rainfall and dry deposition.

2.2.3.6 Comparison of Phosphorus Bioavailability from Different Sources

Many forms of particulate matter in the waters of the State of Minnesota contain a certain amount of
bioavailable phosphorus, the actual rate and extent of release of the bioavailable component depends
on the physical and chemical characteristics of the material. It also depends on the biological
characteristics as well as the population of the microorganisms in the suspended material mineralizes
the organic detritus material. Young ef al. (1995) have compared the relative bioavailability of
particulate phosphorus from various sources to the Great Lakes by comparing the bioavailable
phosphorus in particulate matter from point sources (wastewater suspended solids), and nonpoint
sources (suspended solids and bottom sediments from tributaries, lake bottom sediments, and eroding
bluff solids from the region). A wastewater treatment plant at Ely, Minnesota was also sampled and it
showed the highest rate of release of bioavailable particulate phosphorus (0.27 grams released/gram
particulate phosphorus/day, or 0.27/day) among the point and nonpoint sources sampled in that study
(Young and DePinto, 1982). The release rate did appear to decline in magnitude as treatment of
wastewater progressed from the raw influent — biologically treated effluent — final effluent (i.e.,
0.30 /day — 0.27 /day — 0.20 /day). Young and DePinto (1982) summarized the results on relative

bioavailability of particulate phosphorus for the point and nonpoint sources (Table 2-3).

Ekholm and Krogerus (2003) analyzed 172 samples (during 1990-2000) representing phosphorus in
point and nonpoint sources and in lacustrine matter. The bioavailability of phosphorus expressed as

the proportion of potentially bioavailable phosphorus ranged from 3.3 to 89% (Table 2-4).
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Table 2-3

to the Lower Great Lakes (Young and DePinto 1982)

Relative Bioavailability of Particulate Phosphorus from Various Sources

Source Bioavailable Percentage Release Rate (1/day)
Wastewater ( < 80%) < 80% <04
Bottom sediments (< 50%) <50% <02
Tributary suspended sediment <40% <0.1
Eroding bluff ~0 ~0
Table 2-4 Proportion of Bioavailable Phosphorus in Total Phosphorus by Different
sources (Ekholm and Krogerus 2003)
Bioavailable P (% of Tot-P)
Source Mean Min.-Max.
Wastewater effluent from rural population 89 74-98
Biologically treated urban wastewater effluent 83 61-103
Dairy house wastewater 69 27-93
Biologically and chemically treated wastewater 36 0-67
effluent
Field runoff 31 15-50
Industrial wastewater effluent 30 4-89
Fish fodder and feces 29 9-72
Large Rivers water 20 3-45
Agricultural rivers 20 12-30
Field surface soils 19 6.8-24
Forest runoff 16 0-55
Lake settling matter 79 1.6-21
Lake bottom sediments 33 0.1-11

2.2.3.7

Summary of Literature Review

The above review covers as much research and data from phosphorus bioavailability studies as could

be found in the available time and resources. There is a desire to estimate the fraction of phosphorus

in each potential source category identified by the MPCA as contributing phosphorus to Minnesota

waters. However, the bioavailability of some of these individual source categories has not been

studied; therefore, we were not able to find directly applicable estimates for bioavailable fractions in
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the literature. The general categories for which data are available include: municipal wastewater

treatment plants, agricultural, forest and urban runoff, and atmospheric deposition.

While the dissolved phosphorus from any of these sources can generally be assumed to be 100%
bioavailable, the particulate phosphorus associated with these various source categories in general

exhibit a wide range of bioavailability.

For point sources, the fraction of total phosphorus in the discharge that is bioavailable is not only
governed by the sources of phosphorus to the treatment plant influent (e.g., human wastes, household
cleaners, groundwater infiltration, etc.) but it will be dependent on the treatment train being
employed within the plant. Data are generally available for wastewater treatment plant influent and
effluent, however not for all individual phosphorus source categories. Knowing, however, that
household cleaners and detergents are amended with polyphosphates, it is reasonable to assume that
virtually 100% of these categories will ultimately become available by hydrolysis to
orthophosphates.

For nonpoint sources, the input of total phosphorus and bioavailable phosphorus will be strongly
dependent on the land use from which the phosphorus load is derived (e.g., agricultural runoff will be
different from forestland runoff). Furthermore, agricultural practices can affect bioavailable
phosphorus appreciably. Another determinant is the surficial geology within the watershed. We have
seen, for example, that phosphorus associated with calcareous minerals like apatite is much less
bioavailable than phosphorus adsorbed to iron-oxide minerals. In general, the particulate phosphorus
in non-point sources derived from land runoff tends to be less bioavailable than point source

particulate phosphorus.

Bioavailable phosphorus fractions for each of the specific source categories of interest were
estimated by combining the results of the literature review with best professional judgment to specify
a most likely value for a number of the remaining phosphorus source categories. A range was also
estimated in an attempt to cover the potential range site-specific determinations might show. These
estimates are presented in Table 2-5. These estimates of bioavailable fraction should be used with
care, understanding the uncertainty inherent in each estimate. Nevertheless, they can be used to
assess relative contributions of bioavailable phosphorus from the source categories to assist in
planning additional data collection or targeting specific sources for control. As evident from the
literature review, wide ranges of bioavailable fractions were noted for runoff sources, while

estimation techniques for the bioavailable fraction from POTW effluent were better quantified.
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Table 2-5 Estimates of Bioavailable Phosphorus Fractions for Specific Source Categories
Fraction of | Fraction of | Fraction of | Fraction of | Estimate of
PP that is PP that is | DP that is | TP that is | TP that is
Bioavailable | Bioavailable | Bioavailable | Particulate |Bioavailable
Phosphorus Sources (Range) (Most Likely)|(Most Likely) |(Most Likely)|(Most Likely)
Automatic Dishwasher Detergent NA NA 1.0 0.0 1.0
Dentifrices (toothpastes) 0-01 0.05 NA 1.0 0.05
Other Hqusehold Cleaners or Non- NA NA 10 0.0 10
ingested Sources
Food Soils/Garbage Disposal
Wastes 0.7-0.9 0.8 1.0 0.9 0.8
Phosphorus
Sources to Human Waste Products 0.7-0.9 0.8 1.0 0.3 0.94
POTWs
Raw/Finished Water Supply 0.4-0.6 0.5 1.0 0.1 0.95
Point Sources Groundwater Intrusion (I&]) 0.2-0.5 0.3 1.0 0.5 0.65
Process Water 0.2-1.0 0.7 1.0 0.1 0.97
Noncontact Cooling Water 0.4-0.8 0.6 1.0 0.3 0.88
Car Washes 0.2-0.8 0.5 1.0 0.3 0.85
POTW Effluent 0.6-0.8 0.7 1.0 0.5 0.855
Privately Owned Wastgwater Treatment Systems for 06-09 08 10 0.3 0.94
Domestic Use (effluent)
Commercial/Industrial Wastewater Treatment 02-08 06 10 03 0.88
Systems (effluent)
Non-Point Individual Sewage Treatment Systems 0.6-0.9 0.8 1.0 0.2 0.96
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Fraction of | Fraction of | Fraction of | Fraction of | Estimate of
PP that is PP that is | DP that is | TP that is | TP that is
Bioavailable |Bioavailable | Bioavailable | Particulate |Bioavailable
Phosphorus Sources (Range) (Most Likely)|(Most Likely) |(Most Likely) |(Most Likely)
Sources
Mar:r:pégpﬁgfmre 0.5-0.7 0.6 1.0 0.5 0.80
Agricultural Runoff 9
Crop Land Runoff 0.2-0.7 0.4 1.0 0.7 0.58
Turfed Surfaces 0.2-0.7 0.4 1.0 0.7 0.58
Urban Runoff IMDervi
pervious 0.10-0.5 0.2 1.0 0.5 0.60
Surfaces
Forested Land 0.2-0.5 0.3 1.0 0.8 0.44
Roadway and Sidewalk Deicing salt 0.2-0.8 0.6 1.0 0.2 0.92
Chemicals sand 0.1-03 0.2 1.0 0.8 0.36
Stream Bank Erosion 0.1 -0.5 0.3 1.0 0.8 0.44
Dry 0.05-04 0.2 NA 1.0 0.2
Atmospheric Deposition

Wet 0.05-0.4 0.2 1.0 0.6 0.5
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2.2.4 Assessment of Effluent Total Phosphorus Reduction Efforts by POTWs
This section provides a general discussion about the methodology used to assess the effluent total
phosphorus reduction efforts of POTWs. A more detailed discussion of the methodology used for

this analysis is included in Appendix L. The results of this assessment are discussed in Section 3.5.

This discussion is intended to provide the Minnesota Pollution Control Agency (MPCA) with
information on current practices of cities to reduce the phosphorus concentration in their wastewater
treatment plant (WWTP) effluent through such approaches as reduction in the influent phosphorus
loading, chemical phosphorus precipitation, and enhanced biological phosphorus removal (EBPR).
Information was collected from six Minnesota cities and two Oregon cities on their programs to
reduce their effluent phosphorus loading. A small sampling of Minnesota cities was used due to the
limited number of cities that had data available on phosphorus reduction and its costs. The two
Oregon cities were included because of their ability to meet a very stringent effluent phosphorus
limit of 0.07 mg/L. Where available, costs for the specific phosphorus reduction efforts are provided.
Finally, conclusions are drawn on the effectiveness of effluent phosphorus reduction efforts based on

the data provided.

As mentioned above, three approaches were used either separately or in combination by the
communities surveyed to reduce their effluent phosphorus concentrations: source reduction, chemical
precipitation, and EBPR. Source reduction efforts varied significantly between cities in the survey.
The simplest approach was a public education campaign to promote reductions in the use of
household products with high concentrations of phosphorus. The more aggressive cities implemented
fees based on the phosphorus content of the sewered discharge for their significant industrial users
(SIU). Pretreatment was also required in one city if a SIU exceeded a pre-defined phosphorus loading

threshold.

Chemical phosphorus precipitation is the use of metal salts to promote the precipitation of metal
phosphates. Iron or aluminum are the most commonly used metals. The metal salt can be added at
many different points in the WWTP treatment train. The most common point of application is
immediately prior to secondary clarification. The chemical used and point of application are
identified for each plant surveyed. The equipment required for chemical precipitation is minimal with
systems adding metal salts prior to secondary clarification needing only a bulk storage tank and a
chemical dosing pump. The largest cost for chemical precipitation phosphorus treatment is
operations, which includes chemical cost and the cost of additional sludge disposal. The chemical

costs are provided for all WWTPs surveyed using chemical precipitation.
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EBPR is achieved in the activated sludge system by promoting the growth of bacteria that can hyper-
accumulate phosphorus. This is achieved by creating an initial anaerobic zone in the activated sludge
system followed by the traditional aerobic zone. In addition, low molecular weight organic acids
must be present in the anaerobic zone to achieve EBPR. These acids can be produced in the sewer
system, in the primary clarifier, or in a separate sludge fermenter. EBPR can be implemented using a
wide range of approaches. The simplest approach can be to adjust air flow within the activated sludge
basins to create the anaerobic zone. The more sophisticated approaches can require separate
anaerobic basins and separate sludge digestion tanks. Phosphorus is ultimately removed from the
EBPR system when the bacteria, which have hyper-accumulated phosphorus, are wasted from the

activated sludge system.

It should be noted that WWTPs that have not implemented phosphorus treatment (i.e., either
chemical phosphorus precipitation or EBPR) will likely see a reduction in the effluent phosphorus
concentration proportional to the reduction in influent phosphorus concentration. WWTPs using
chemical precipitation to meet effluent phosphorus limits will not likely experience a reduction in
effluent phosphorus concentration if the influent phosphorus concentration is reduced because
chemical precipitation will continue to be required to meet the effluent phosphorus limit. A reduction
in influent phosphorus (soluble) concentration will reduce the amount of chemical required to
achieve the effluent phosphorus limit, which will ultimately result in a reduction in chemical cost for
phosphorus treatment. However, if the influent phosphorus was not soluble, which is precipitated
chemically, but was particulate phosphorus, which is precipitated by flocculation, there may not be a
direct reduction in chemical costs. Finally, WWTPs using EBPR will not likely experience a
reduction in effluent phosphorus concentration if the influent phosphorus concentration is reduced
because of the limits of this technology. The cost for operating EBPR will not be affected by the

reductions in the influent phosphorus concentration.
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3.0 Results and Discussion

3.1 Basin Hydrology

This section presents the results of statistical analyses done on the historical rainfall and runoff
volumes to develop frequency curves and runoff maps that represent low, average and high flow
conditions within each basin. The variability of basin hydrology is important since the phosphorus
load estimates for each flow condition are based on the annual runoff volumes that have been
determined from recent water year flow data. A more detailed discussion about the results of the

assessment for the basin hydrology is included in Appendix A.

3.1.1 Frequency Curves

The runoff and precipitation frequency curves for each of the watersheds are shown in Appendix A.
The curves show that for gages in the south and west portions of the state, the period of 1979-2002
flows were consistently above the long-term period of record. The frequency curves for much of
Northeast Minnesota, particularly the Rainy River, the North Shore of Lake Superior, and St. Croix
River basins did not show this trend. The curves indicate that there is a general trend of decreasing
runoff from east to west. The Lake Superior basin has the highest runoff rate in the state, with the
Baptism River watershed having the highest values within that basin (average annual runoff of

15.3 inches). The Red River of the North basin had the least runoff, with the Buffalo River
watershed experiencing 2.8 inches of runoff in an average year, which is the lowest of the Minnesota
gages used in this analysis. Decreasing runoff from east to west also occurs in southern Minnesota,
but the trend is less dramatic than in the north. The Root River watershed in extreme southeast
Minnesota has nearly 11 inches of runoff for the period of 1979-2002, while the Rock River in
southwest Minnesota and northwest Iowa has average annual runoff of 5.6 inches. Increases in

runoff are more dramatic moving south in the state, as flows approach high flow conditions.

3.1.2 Runoff Maps

As discussed in Section 2.1.2.5, the runoff frequency curves were used to develop maps showing the
statewide runoff values. The maps showing the estimated runoff volumes during low (dry), average
and high flow (wet) conditions are shown in Figures 3-1, 3-2, and 3-3, respectively. The runoff
mapping confirms what the frequency curves indicated: there is a general trend of decreasing runoff
from east to west, but the trend is less dramatic in the south, compared to the northern part of the

state for each flow condition. Also, comparing the runoff volume gradients in the east and west
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Figure 3-1 Annual Runoff, Low Flow Conditions
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Figure 3-2

Annual Runoff, Average Flow Conditions
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Figure 3-3

Annual Runoff, High Flow Conditions
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extremes of the state, shows that the gradient increases significantly from low to average flow, and

from average to high flow, conditions.

Table 3-1 shows the 10 basinwide average values developed from these maps for the wet (high flow),
average and dry (low flow) conditions. Table 3-1 also provides a summary of basin wide average
precipitation for the wet, average and dry years based on the frequency determinations. Also shown
in Table 3-1 is the runoff percentage calculated using the ratio of runoff to rainfall. This runoff
percentage is significantly lower (less than 9 percent) for the Des Moines, Minnesota, Missouri, and
Red River basins, compared to the remaining basins under low flow conditions. With the exception
of the Upper Mississippi River (approximately 16 percent), the runoff percentage in the remaining
basins exceeds 20 percent under low flow conditions. Comparing the runoff percentages from low
flow to average and high flow conditions, the percentages increase more significantly (to between 21
and 37 percent) for the Des Moines, Minnesota, Missouri, and Red River basins, than they do for the
remaining basins (between 30 and 48 percent). The runoff percentages under high flow conditions,
with the possible exception of the Red River basin (21 percent), indicate that a large percentage of
the rainfall volumes (between 30 and 48 percent) would be measured as runoff at a downstream
gaging location. However, it should be noted that some portion of the runoff volumes shown in
Table 3-1 does not represent runoff from land surfaces, and are actually entering surface waters from

groundwater or other subsurface flow paths.

Table 3-1 Basinwide Runoff and Precipitation

Dry Conditions Average Conditions Wet Conditions
Rasin Rainfall | Runoff | Percent | Rainfall | Runoff | Percent | Rainfall| Runoff | Percent
iinches) | (inches) | Runoff J {inches) | (inches) | Runoff | (inches) | (inches)| Runcff

Cedar River 275 560 204% 32, 03 et 413 [75]  42.4%
DesMuaines River 22 1.4 f.4% 2810 571 203%) 368 [34] 26.4%
Lake Superior 235 701 30.8% 20.] 124 27 35 67  47.7%
Lower Mississippi 271 7.1 26.5% 33 103 30.9% 308 [56]  301%
Minnesota River 22, 1.9 8.7% 28.] 3h [9.0%) 348 112  32.2%
Missouri River 211 L0 46%) 272 33 [9.3%] 356 28] 36.0%
Rainy River 224 48] 214% 262 Y] i R [14] 35.6%
Red River (86 [.] 5.7% 233 14 47 289 Al 211%
St. Croix River 237 56 237% 6 97 AT 376 [43]  36.1%
Upper Mississippi River 22 36 |5.8% 28] 6O 4% 343 [04] 30.5%
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3.2 Estimated Basin Total Phosphorus Amounts Contributed to
POTWs and Surface Waters (by Source)

This section is intended to present the results of the total phosphorus loading estimates to surface

waters in each basin by source category. The following sections provide a detailed discussion of the
results of the phosphorus loading estimates for each source category, including assessments of which
major basins are specifically influenced by each source category. The phosphorus loading estimates

are also further described in Appendices B through J.

3.2.1 Point Sources

3.2.11 Sources and Amounts of Phosphorus Discharged to POTWs

The sources of phosphorus to POTWs and to privately owned treatment facilities were identified and
quantified by the methods described in Section 2.2.1.2. The total phosphorus load discharged to
POTWs in each basin is presented in Table 3-2. The annual amount of total phosphorus discharged
into POTWs in Minnesota is estimated to be 4,468,000 kg/yr. Table 3-2 shows that 53 percent
(2,384,900 kg/yr) of the total phosphorus load discharged to POTWs originated from the Upper
Mississippi River basin, which includes a majority of the loading to POTWs in the Twin Cities
Metropolitan Area. The influent load to the Metro plant represents 75 percent (1,794,400 kg/yr) of
the total phosphorus load discharged to POTWs in the Upper Mississippi River basin.

Table 3-2  Total Phosphorus Load Discharged to POTWs

ota

_ (kg'yr)
Basin

Ceadar Rivar 105,200
Des Maoines River 48,200
Lake Superior 227,000
Lower Mississippi River 501,900
Minnasota River 452,200
Missouri River 26,400
Rainy River 20,100
Red River 150,600
St. Croix River 53,500
Upper Mississippi River 2,384,900
Total 4,468,000
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As part of this study, the influent phosphorus discharged into POTWs and publicly owned treatment
facilities was separated into its major constituent sources. Figure 3-4A and 3-4B illustrates the
contributions of various phosphorus sources to the influent phosphorus loads for the POTWs and
privately owned treatment facilities. Both figures show that human waste, followed by commercial
and industrial process wastewater, is the largest contributor of phosphorus to POTWs and privately
owned treatment facilities in most of the basins. The influent phosphorus load discharged to POTWs
and privately owned treatment facilities is also broken down by source category for the entire state in
Table 3-3 and 34, respectively. Table 3-3 shows that human waste represents approximately

42 percent of the phosphorus load to POTWs in the state, while commercial and industrial process
wastewater represents approximately 27 percent of the influent phosphorus load. Table 3-4 shows
that human waste represents approximately 60 percent of the influent phosphorus load to the
privately owned treatment facilities throughout the state. Comparing Table 3-3 to Table 3-4 reveals
that the total influent phosphorus load to POTWs is approximately 500 times higher than the influent

load to privately owned treatment facilities throughout the state.

The human waste component of the influent phosphorus loading to POTWs and privately owned
treatment facilities is the single largest influent source in all ten basins. The human waste component
comprises between approximately 36 percent and 69 percent on a basin basis and averages

approximately 42 percent statewide of the total influent phosphorus loading.

Next to human wastes, a variety of industrial and commercial dischargers constitute the next highest
contribution of phosphorus in influent to POTW wastewater. The commercial and industrial
dischargers comprised between 5 percent and 35 percent, on a basin basis, and approximately

27 percent of the total phosphorus loads entering POTWs, statewide. The POTWs in the Minnesota
River basin receive an average of 35 percent of the influent phosphorus load from commercial and
industrial process wastewater sources. This is the only basin in which the commercial and industrial

process wastewater contribution approaches the human waste contribution.
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Figure 3-4A  Average Influent Phosphorus Loading to POTWs & Privately Owned Treatment Facilities by Basin; less than 250,000
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Figure 3-4B  Average Influent Phosphorus Loading to POTWs & Privately Owned Treatment Facilities by Basin; greater than
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Table 3-3  Estimated Statewide Phosphorus Loadings to POTWs

E'h::usphurus
Load
(kg'yr) % of Total
INFLUEMT
Domestic W astewater 2,988,392 BE.8%
Fesidential Automatic Dishwasher
Detergents 324,411 7.3%
Food Soils/ Garbage Disposal
Waste 722873 18.2%
Dentifrices 43 894 1.0%
Hurman W aste 1,895,195 42.4%
Commercial & Industrial Process Wastewater 1,188,229 26.5%
Commercial & Institutional Automatic
Dishwasher Detergent 151,815 3.4%
Water Treatment Chemicals 140,188 31%
Inflow & Infiltration 3,333 0.1%
Taotal 4, 467,958 10:0.08%
EFFLUEMNT
Taotal 1,735,868 10:0.0%

Table 3-4 Estimated Statewide Phosphorus Loadings to Private WWTP

FPhosphorus
Load
(ka'yr % of Total
INFLUENT
Damastic W astewatar 7,804 97.6%
Residential Automatic Dishwasher
Detergents 855 10.7%
Food Seoils / Garbage Disposal
Wasta 2,19 25.2%
Dentifrices 118 1.5%
Human Wasta 4,813 80.29%
Water Treatment Chamicals 193 2.4%
Total 7,947 100.0%
EFFLLENT
Total 3,456 100.08
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The commercial and industrial process wastewater dischargers to POTWs were grouped by four digit
NAICS code for each of the basins. The industries that contributed less than 1 percent of the
industrial/commercial process wastewater phosphorus load were grouped in the “Other” category.
The data suggests that food product processing is the largest contributor of commercial/industrial
phosphorus discharged to POTWs. Animal slaughtering and processing (NAICS #3116) was the
largest phosphorus contributor, estimated to discharge 168,000 kg/yr. Fruit and vegetable preserving
and specialty food manufacturing (NAICS #3114) contributes 132,000 kg/yr, followed by grain and
oilseed manufacturing (NAICS #3112) and dairy product manufacturing (NAICS # 3115), at

127,000 kg/yr and 45,000 kg/yr, respectively.

The information obtained regarding food soils and garbage disposal wastes suggests that this source
category contributes a moderate amount of phosphorus to untreated wastewater. For the ten
Minnesota basins, these amounts range from 8.8 percent to 18.4 percent and averages approximately
16 percent statewide of influent phosphorus totals. The total phosphorus load to POTWs and
privately owned treatment facilities from food soils and garbage disposal wastes was estimated to be

725,000 kg/yr.

The residential use of ADWD detergents contributes a relatively smaller amount of phosphorus. For
the Minnesota basins, these amounts range from 4.0 to 8.2 percent, and averaged 7.3 percent
statewide, of influent total phosphorus discharging into POTWs and privately owned treatment

facilities.

Dentifrices contribute a relatively small amount of phosphorus to the influent wastewater stream for
each of the basins. These amounts range from 0.5 percent to 1.1 percent (1.0 percent statewide
average) of the total influent phosphorus discharged into POTWs and privately owned treatment

facilities.

The commercial and institutional use of ADWD detergents contributes a relatively small amount of
phosphorus to untreated wastewater. For the ten Minnesota basins, these amounts ranged from
1.9 percent to 3.7 percent, while it was 3.4 percent of all sources for the statewide total influent

phosphorus.

A variety of phosphorus-based chemicals are added to municipal water supplies to inhibit and control
scale and corrosion, soften water and control pH. The municipal water treatment chemicals
phosphorus contribution to POTWs ranged from 1.7 percent to 5.7 percent in each of the basins, and

3.1 percent statewide, of the total influent phosphorus.
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The results of this study indicate that inflow and infiltration contribute a negligible amount of
phosphorus to POTW influent. The inflow and infiltration contribution was approximately

0.1 percent of the total influent phosphorus load discharged into POTWs.

Subtracting the human waste component from the total POTW phosphorus influent yields the
estimated total non-ingested phosphorus load discharged to POTWs. Table 3-5 presents the non-
ingested phosphorus loadings to POTWs, by source category, for each basin and throughout the state.
The total non-ingested phosphorus load to POTWs is approximately 2,572,900 kg/yr, which is
approximately 58 percent of the total influent phosphorus load to POTWs. Commercial and
industrial process wastewater represents approximately 46 percent of the total non-ingested
phosphorus load. At 28 percent, food soils represent the next largest category of non-ingested
phosphorus loading to POTWs. The combined residential ADWD detergent and commercial and
institutional ADWD detergent categories represent approximately 18.5 percent of the non-ingested

phosphorus loading to POTWs.

3.2.1.2 Phosphorus Loading to Surface Waters

The point source effluent phosphorus loads to each of the ten Minnesota basins and the state were
computed using the methods described in Section 2.2.1.3. The estimated point source phosphorus
loads to each of the ten Minnesota basins, along with the corresponding flow weighted mean
concentrations on an average annual basis, are presented in Table 3-6. The estimated annual
phosphorus load to waters of the state is 2,124,000 kg/yr, with a flow weighted mean effluent
concentration of 0.6 mg/L. Fifty-six percent of the total point source effluent phosphorus load for
the state is being discharged in the Upper Mississippi River basin. Table 3-6 also shows that the
flow-weighted mean effluent phosphorus concentrations vary between 0.04 and 5.4 mg/L for the

basins.
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Table 3-5 Non-Ingested Phosphorus Loadings to POTWs

Commercial
Food Soils / and Commercial
Garbage Industrial and Water
Residential  Disposal Process  Institutional Treatment Inflow and
ADWD Waste Dentifrices Wastewater ADWD Chemicals Infiliration Total
(kgyr} (kg'yr) (kg'yr} (kg/yr} (kg'yr) (kg/yr) (ka'yr) (kag'yr}
Basin
Cedar River 4,200 9,300 600 18,000 2,000 3,800 70 38,000
Des Maoines River 2,400 5,300 300 E.600 1,100 2,80 30 18,300
Lake Superior 156,400 34,300 2,100 38,200 7,200 3,900 310 101,400
Lower Mississippi River 32,000 71,452 4,300 132,900 15,000 13,900 320 269,900
Minnesota River 63,100 140,700 8,500 333,200 29,500 31,500 610 607,100
Missauri River 1,400 3,200 200 7,500 700 1,000 20 14,000
Rainy River 1,300 2,500 200 1,000 00 700 20 £.300
Red River 11,200 24,900 1,500 28,000 5,200 7200 120 78,700
St Croix Riwver 4,300 9.600 600 B.800 2,000 3,100 50 28,500
Upper Mississippi River 183,200 434 700 25,600 612,000 88,600 71,800 1,790 1,410,700
Total 324,500 723,000 43,900 1,186,200 151,900 140,100 3,300 2,572,900
Percent of Mon-Ingested
Phosphorus Load to POTWs 12.6% 28.1% 1.7% 46.1% 5.9% 5.4% 0.1%
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Table 3-6 Total Point Source Phosphorus Loads to Surface Waters for Each Basin and the

State
Point Source Flow Weighted
Effluent Mean Effluent
Phosphorus Phosphorus
Load Concentration
(kg/yr) (mg/L)
Basin
Cedar River 56,800 2.5
Des Moines River 55,500 5.4
Lake Superior 34,800 0.04
Lower Mississippi River 267,400 0.5
Minnesota River 371.700 0.6
Missouri River 13,200 3.3
Rainy River 44,300 0.6
Red River 78,100 0.8
St. Croix River 22,100 1.3
Upper Mississippi River” 1,180,100 0.9
State Total 2,124,000 0.6

Table 3-7 summarizes the estimated point source phosphorus loads for the three categories of
treatment facilities; POTWs, privately owned wastewater treatment systems for domestic sources,
and industrial wastewater treatment systems for each basin and the state. POTWs discharge an
estimated 1,735,800 kg/yr of phosphorus or approximately 82 percent of the total point source
phosphorus load statewide. In the Rainy River and Des Moines River basins, POTWs accounted for
only an estimated 9.3 percent and 27 percent of the respective total point source phosphorus loading
to each basin. Whereas, POTWs in the Lake Superior, St. Croix River, Missouri River, Upper
Mississippi River, and Cedar River Basins accounted for between 91 and 99 percent of the total point

source phosphorus loads.

P:\23\62\853\Report\Final\Final Report.doc 89



Table 3-7 Point Source Phosphorus Loads by Facility Type

Private WWT Commercial
POTW Flow Systems Flow Commercial and Industrial
Publicly Weighted Weighted and Flow Weighted
Owned Mean Effluent Private WWT Mean Effluent Industrial Mean Effluent
Treatment Phosphorus Systems for Phosphorus WWT Phosphorus
Works Concentration Domestic Concentration Systems  Concentration
(kg/yr) (mg/L) Use (kg/iyr) (mg/L) (kg/yr) (mg/L)
Basin
Cedar River 56,400 3.65 0 N 390 0.25
Des Moines River 15,100 2.04 0 MNA 40,440 10.61
Lake Superior 31,800 0.48 40 0.41 2,570 0.004
Lower Mississippi River 184,000 2.71 270 2.50 83,120 0.34
Minnesota River 237,800 1.84 840 3.73 133,060 0.30
Missouri River 12,400 3.49 20 1.18 750 2.03
Rainy River 4,100 1.06 10 1.06 40,160 0.57
Red River 64,300 262 30 3.00 13.810 0.37
St. Croix River 20,400 2.04 300 1.95 1,360 0.21
Upper Mississippi River 1,108,500 254 1,960 3.50 68,650 0.35
State Total 1,735,800 2.47 3.470 2.96 384,710 0.28

MA - Not Applicable

The data used for this study is from the years 2001, 2002 and the first half of 2003. During that time
period some POTWs have implemented phosphorus removal and others will begin to implement
removal in the future. The largest impact is probably phosphorus removal at the MCES’ Metro plant,
which is required to implement phosphorus removal to meet a 1 mg/L permit limit, which becomes
effective December 31, 2005. MCES intends to be meeting the 1 mg/L limit during 2004 (as an
annual average), since treatment facilities improvements have been completed. The Metro plant
discharges to the Upper Mississippi River basin and had an average phosphorus effluent
concentration for the study period of 3.0 mg/L at an average annual phosphorus load to the basin of
approximately 870,000 kg/y. A reduction in the phosphorus concentration to 1 mg/L. would result in
a reduction of an estimated 581,044 kg of phosphorus per year. Because this one facility accounts
for approximately 74 percent of the phosphorus load to the Upper Mississippi River basin and an
estimated 40 percent statewide, phosphorus removal at this one facility will have a significant impact
on the relative phosphorus loads in this basin and the state. Additional but smaller load reductions

should be expected as more phosphorus effluent limits are implemented.
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The phosphorus removal efficiency in POTWs and privately owned treatment facilities was estimated
based on the estimated influent and effluent loads. Table 3-8 shows that the estimated average
phosphorus removal is 61 percent in POTWs, and 57 percent for the private facilities, throughout the
state. The phosphorus removal efficiencies for all of the POTWs in each basin range from 46 to

86 percent, while the efficiencies for private facilities in each basin are between 47 and 92 percent.

By state rule all NPDES permitted discharges in the Lake Superior basin have 1 mg/L effluent limits.

Table 3-8 Phosphorus Removal in POTWs and Privately Owned Treatment Facilities

POTW Private

Basin Influent Load ] Effluent Load | Percent Removal | Influent Load | Efluent Load] Percent Removal
(kaglyr) (kayr) (%) (kalyr) (kgiyr) (%)

Cedar River Basin 105,200 56,400 46% 0 0
Des Moines River 46,200 15,100 67% 0 0
Lake Superior 227,000 31,800 B6% 500 40 92%
Lower Mississippi River 501,900 184,000 63% 800 300 63%
Minnesota River 852,200 237.800 75% 1,500 800 7%
Missouri River 26,400 12,400 53% 100 20 80%
Rainy River 20,100 4,100 B0% 30 10 G7%
Red River 150,600 64,300 57% 0 0
St. Croix River 53,500 20,400 B2% 800 300 B3%
Upper Mississippl River 2,384,900 1,109,500 53% 4.300 2.000 53%
State-wide 4,468,000] 1,735,800 61% 8,030 3,470} 57%

The estimated point source effluent phosphorus load to each basin was categorized by POTW size
and category, for each of the influent phosphorus source components. The number of facilities is

given in parentheses for each of the following sizes and categories:

1. Size (based on Average Wet Weather Design flow)
a. Small — less than 0.2 mgd (316 facilities)
b. Medium - from 0.2 mgd to 1.0 mgd (149 facilities)
c. Large — greater than 1.0 mgd (68 facilities)

2. Waste Treated (% by flow volume treated)

a. POTWs that serve mainly households and residences - less than 20 %
industrial or commercial contributions (128 facilities)

b. POTWs that have some commercial or industrial contribution — between 20%
and 50% industrial or commercial contributions (207 facilities)

c. POTWs that are dominated by a variety of commercial and industrial
contributions — greater than 50% industrial or commercial contributions (198
facilities)

P:\23\62\853\Report\Final\Final Report.doc 91



Approximately 88 percent of the phosphorus load discharged statewide from POTWs is from large
POTWs (i.e., >1.0 mgd), while 8.5 percent of the point source phosphorus load is from POTWs
categorized as medium (i.e., 0.2 to 1.0 mgd) and only 3.5 percent is from small POTWs (i.e.,

<0.2 mgd). Within the large category, POTWs that have some commercial or industrial contribution
(between 20% and 50% industrial or commercial contributions) contribute the majority (72 percent)
of the phosphorus load from this category to the basins. The following size categories of POTWs

were ranked from high to low, based on their phosphorus load discharged statewide:

1. Large POTWs that have some commercial or industrial contribution — between 20% and 50%
industrial or commercial contributions (1,100,000 kg/yr)

2. Large POTWs that are dominated by a variety of commercial and industrial contributions —
greater than 50% industrial or commercial contributions (347,000 kg/yr)

3. Large POTWs that serve mainly households and residences - less than 20 % industrial or
commercial contributions (83,000 kg/yr)

4. Medium POTWs that are dominated by a variety of commercial and industrial contributions —
greater than 50% industrial or commercial contributions (68,000 kg/yr)

5. Medium POTWs that have some commercial or industrial contribution — between 20% and
50% industrial or commercial contributions (65,000 kg/yr)

6. Small POTWs that are dominated by a variety of commercial and industrial contributions —
greater than 50% industrial or commercial contributions (23,000 kg/yr)

7. Small POTWs that have some commercial or industrial contribution — between 20% and 50%
industrial or commercial contributions (22,000 kg/yr)

8. Small POTWs that serve mainly households and residences - less than 20 % industrial or
commercial contributions (14,000 kg/yr)

9. Medium POTWs that serve mainly households and residences - less than 20 % industrial or
commercial contributions (14,000 kg/yr)

Privately owned treatment facilities, for domestic use, account for less than half of a percent of the
total point source phosphorus load to Minnesota surface waters. This amounts to approximately

10,000 kg/yr of phosphorus to all surface waters in the state.

Commercial and industrial wastewater systems, discharging directly to surface waters, make up the
remaining point source phosphorus percentage of approximately 18 percent. They discharge an
estimated 385,000 kg/yr to Minnesota surface waters. This study did not attempt to determine each
of the major commercial and industrial phosphorus contributors. Noncontact cooling water is a
subcategory of point source commercial and industrial wastewater. It is estimated that noncontact

cooling water contributes approximately 14,000 kg/yr, or approximately 0.7 percent, of the total
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phosphorus load to surface waters in the state. In eight of the ten basins, noncontact cooling water
accounted for less than one-half of a percent of the total phosphorus load. In the Red River basin, it
accounted for 4.5 percent (3,500 kg/yr), and in the Minnesota River basin, it accounted for

approximately 1.2 percent (4,500 kg/yr), of the total phosphorus load to the basin.

For this study, it was assumed that the influent components of the POTW’s and privately owned
treatment facility’s phosphorus loads were represented in the treatment plant effluent in the same
proportions as in the influent. It is understood that that this may not be the case, that phosphorus
from the various sources may not have the same treatability. However, due to the various types of
treatment and their variable removal rates, it was not in the scope of this study to estimate the
individual removal rates for each type of treatment system, for each source of phosphorus. The
commercial and industrial wastewater contributions were separated into those facilities discharging
directly to surface waters under their own NPDES permit (Commercial & Industrial Wastewater
Systems) and those discharging their wastewater to a POTW for treatment (described in

Section 3.3.1.1 as Commercial and Industrial Process Wastewater).

3.2.2 Agricultural Runoff

3.2.21 Cropland and Pasture Runoff

As discussed in Section 2.2.2.1.1, phosphorus index values were calculated and compared with field
data on phosphorus loss from four sites over five years to estimate phosphorus export conditions for
each flow condition, by basin and for the entire state. The following discussion presents the results
of the scenarios completed for this analysis to evaluate the impacts of rainfall/runoff conditions, crop

residue cover and management practices on the estimated phosphorus risk indices:

e Average Hydrologic Runoff Volume, Average Rainfall Runoff Erosivity, Poor Crop Residue
Cover Management Conditions—This scenario was based on long-term average stream flows,
average rainfall erosivity, and no crop residue cover due to moldboard plow tillage methods. It is
a worst case scenario for tillage methods, but the effects of supporting conservation practices
such as contour strip cropping, terracing, and filter strips are here considered. From a practical
standpoint, most areas of Minnesota use tillage systems that leave more crop residue than
assumed in this scenario, so the phosphorus risks are overestimated in this scenario. As a rough
guideline to identify impaired surface waters, Birr and Mulla (2001) suggested that values of the
phosphorus index should not exceed 32 in Minnesota watersheds, except in the Red River of the
North Basin, where a critical level of 25 should not be exceeded. There are seventeen watersheds

in south central Minnesota with a phosphorus index value greater than 32, these include the
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Lower Minnesota, Winnebago, Upper Cedar, Hawk Creek-Yellow Medicine, Blue Earth, Lac Qui
Parle, Cannon, Rush-Vermillion, Middle Minnesota, South Fork of the Crow, Cottonwood, and
Watonwan watersheds. Watersheds such as the Le Sueur, Redwood, Chippewa, Watonwan and
South Fork of the Crow also have high phosphorus index scores (ranging from 30-31). It is well
known that the Minnesota River basin generates the largest phosphorus losses of any major river
basin in Minnesota. Thus, it is not surprising that nine of the twelve major watersheds in the
Minnesota River basin have a phosphorus index value that exceeds 30. Watersheds in the

northern half of Minnesota generally have phosphorus index values less than 21.

® Average Hydrologic Runoff Volume, Average Rainfall Runoff Erosivity, Average Crop Residue

Cover Management Conditions—This scenario is similar to the previous one, except that erosion
and phosphorus index values are based on the average crop residue levels as reported in tillage
transect surveys. Thirteen watersheds have phosphorus index values that exceed 32, including
the Lower Minnesota, Blue Earth, Shell-Rock, Cannon, Rush-Vermillion, Middle Minnesota,
South Fork of the Crow, and Watonwan watersheds. These are primarily in the Minnesota River
basin and Lower Mississippi River basin. Not as many watersheds have phosphorus index values
exceeding 32 in this scenario as in the previous scenario, due to greater crop residue cover in this

scenario.

e Average Hydrologic Runoff Volume, Average Rainfall Runoff Erosivity, Best Crop Residue
Cover Management Conditions—This scenario was the same as the previous scenario, except that
we assumed that conservation tillage leaving 50% of the soil covered by crop residue was
practiced on row cropland. From a practical standpoint, most areas of Minnesota use tillage
systems that leave less crop residue than assumed in this scenario, so the phosphorus risks are
underestimated in this scenario. In general, the increase in crop residue cover produces lower
phosphorus index scores in this scenario in comparison with the previous scenario involving
average residue cover. Phosphorus index values exceed a score of 32 with this scenario for the
Lower Minnesota, Winnebago, Cannon, Rush-Vermillion, and La Crosse-Pine watersheds.

Then next highest scores occur primarily in the Minnesota River basin and in southeastern
Minnesota, including the Coon-Yellow, Buffalo-Whitewater, Shell-Rock, Root, Hawk Creek-
Yellow Medicine, Zumbro, Blue Earth, and Lac Qui Parle watersheds. Most of the northern half

of Minnesota shows low risks for phosphorus transport in this scenario.

® Dry Hydrologic Runoff Volume, Dry Rainfall Runoff Erosivity, Best Crop Residue Cover

Management Conditions, Cropland Contributing Corridor Based on Perennial Streams and
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Ditches—In this scenario, the hydrologic runoff and rainfall runoff erosivity values were typical
of dry years. Crop residue cover was based on widespread adoption of conservation tillage. One
caveat is that the percent of cropland within 91.4 m of perennial streams and ditches may be
unrealistic for this scenario. In dry years the cropland that contributes eroded sediment and
runoff to surface waters may be considerably less in area than the cropland that contributes in
average years. Thus, the phosphorus index values in this scenario may be overestimated.
Phosphorus index values for this scenario are always smaller than those for the scenario based on
an average climatic year. The maximum phosphorus index value for watersheds in the dry year
scenario is about 29, whereas the maximum value for an average year is about 41. No watersheds
exceed the critical phosphorus index value of 32 in this scenario, and none are in the next highest
category ranging from 31 to 34 either. Only one watershed, the Lower Minnesota watershed has
a phosphorus index score between 27 and 30. Only a handful of watersheds have phosphorus

index scores ranging from 22-26, while a majority have scores below 21.

¢ Dry Hydrologic Runoff Volume, Dry Rainfall Runoff Erosivity, Best Crop Residue Cover
Management Conditions, Cropland Contributing Corridor Based on Perennial Streams Only—
This scenario is the same as the previous, except that the cropland contributing corridor is
reduced in area by assuming that only croplands near perennial streams contribute to phosphorus
losses in dry years. This is reasonable, since most ditches flow only sporadically during dry
years. No watersheds or agroecoregions have phosphorus index values that exceed 25 or 27,
respectively, in this scenario. Only two small watersheds have phosphorus index scores greater
than 21, the La Crosse-Pine and Rush-Vermillion watersheds of southeastern Minnesota. This
scenario is probably a more accurate representation of the risks of phosphorus transport to surface
waters in dry years than the scenario that was based on a contributing corridor around both

perennial streams and ditches.

e Wet Hydrologic Runoff Volume, Wet Rainfall Runoff Erosivity, Best Crop Residue Cover
Management Conditions, Cropland Contributing Corridor Based on Perennial Streams and
Ditches—This scenario indicates the risk of phosphorus transport to surface waters from
agricultural land during wet years. It is based on runoff volumes and rainfall runoff erosivity
values for wet years, on widespread adoption of conservation tillage, and on a cropland
contributing corridor 91.4 m wide around perennial streams and ditches. Comparing this scenario
with that for an average climatic year, it is evident that the risks of phosphorus loss have
increased by a large amount (phosphorus index scores as high as 43) in a significant number of

watersheds and agroecoregions. In the wet year scenario there are 24 watersheds with a
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phosphorus index score exceeding 32, whereas there were only 5 in the average year scenario.
The watersheds exceeding the critical score in wet years are spread across south central and
central Minnesota, as well as the Red River of the North basin. It is interesting to note that many
of the watersheds in southeastern Minnesota are still below this critical threshold in wet years.
This is primarily because of their relatively smaller percent area of cropland within 91.4 m of
perennial streams and ditches. As will be shown in the next scenario, if the effects of intermittent
streams are considered, the risk of phosphorus transport is considerably increased in southeastern

Minnesota.

e Wet Hydrologic Runoff Volume, Wet Rainfall Runoff Erosivity, Best Crop Residue Cover
Management Conditions, Cropland Contributing Corridor Based on All Streams and Ditches—
This scenario differs from the previous one in that the effects on phosphorus transport of cropland
near intermittent streams, which flow during wet years, was considered. The risks of phosphorus
transport to surface waters are considerably increased all across Minnesota in comparison to the
scenario for wet years which does not consider intermittent streams. Most of the southern two
thirds of Minnesota watersheds and agroecoregions exceed the critical phosphorus index score of
32 in this scenario. Only the watersheds and agroecoregions in the far northeastern portion of
Minnesota are relatively unaffected by including the effects of intermittent streams on phosphorus
transport. This scenario is probably a more accurate representation of the risks of phosphorus
transport to surface waters in wet years than the scenario based on a contributing corridor around

only perennial streams and ditches.

® Average Hydrologic Runoff Volume, Average Rainfall Runoff Erosivity, Average Crop Residue
Cover Management Conditions, Reduced Phosphorus Fertilizer, Cropland Contributing Corridor
Around Perennial Streams and Ditches—This scenario illustrates the reductions in risk of
phosphorus transport to surface waters (based on a contributing corridor around perennial streams
and ditches only) due to reductions in rate of application of phosphorus fertilizer. These
reductions were only made in watersheds or agroecoregions that had both high soil test
phosphorus levels and high rates of phosphorus fertilizer application. More specifically the
reductions were made where STP was greater than 32 ppm and fertilizer P application rates
exceeded 27 kg/ha or where STP was greater than 39 ppm regardless of fertilizer P application
rates. In both these cases, the rate of phosphorus fertilizer application was reduced to 5 kg/ha.
These reductions reduce the risk of phosphorus transport in about one third of watersheds and
agroecoregions, namely those units where the soil is generally capable of supplying P for crop

production with little or no phosphorus fertilizer application. The phosphorus index values in the
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Middle Minnesota, Cottonwood, Lower Minnesota, Rush-Vermillion and Cannon watersheds are
reduced significantly in this scenario in comparison to their phosphorus index values for the
scenario (scores decrease from generally above 32 to generally below 27), thus bringing them
below the critical threshold. Large reductions in phosphorus index values also occur in the Le

Sueur watershed.

® Average Hydrologic Runoff Volume, Average Rainfall Runoff Erosivity, Average Crop Residue
Cover Management Conditions, Variable Manure Application Method—This scenario involves
consideration of the variations in manure application method arising from differences in animal
species and manure storage facilities. The baseline scenario assumes that manure is applied and
incorporated immediately just before planting a crop. This is most likely an overly optimistic
scenario for most manure applications in the state. The phosphorus index values are more
realistic for Minnesota watersheds and agroecoregions based on consideration of differences
across regions in manure application methods. Phosphorus index scores increase in this scenario
relative to the baseline scenario that assumes relatively good methods of manure application. The
increases are particularly noteworthy in northern Minnesota, where beef cattle operations are
relatively abundant relative to other types of animal production. Beef cattle operations tend to be
small, and many lack adequate manure storage facilities. This results in frequent hauling and
land application of manure, generally without incorporation, including application of manure
during the winter to frozen or snow covered cropland. Small increases in phosphorus index
scores also occur in portions of the Red River of the North basin, in areas with relatively
abundant beef cattle. These small increases bring the phosphorus index scores close to the critical
threshold value of 25 in that region. Phosphorus index scores are relatively unaffected in
southern Minnesota in regions where hog production dominates, because hog producers tend to
have adequate manure storage and inject their manure rather than spreading it on the soil surface

where it is very susceptible to losses by erosion and runoff.

Agricultural phosphorus export coefficients show considerable variation across basins and across
climatic conditions (Figure 3-5). Export coefficients (kg/ha) during average climatic conditions vary
from 0.54 kg/ha for the Minnesota River basin, 0.4 kg/ha for the Red River basin, 0.39 kg/ha for the
Upper Mississippi River basin, and 0.66 kg/ha for the Lower Mississippi River basin. During wet
years, the export coefficients are increased to 0.81 kg/ha for the Minnesota River, to 0.54 kg/ha for
the Red River, to 0.69 kg/ha for the Upper Mississippi River, and to 0.80 kg/ha for the Lower
Mississippi River basin. The export coefficients decrease during dry years to 0.28, 0.13, 0.22, and
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0.36 kg/ha for the Minnesota, Red, Upper Mississippi, and Lower Mississippi River basins,

respectively.

Phosphorus export coefficients for river basins with relatively sparse agricultural cropland are
smaller than the coefficients for river basins with intensive agricultural land use. For example,
during average climatic years, the phosphorus export coefficients for the Lake Superior, Rainy, and

St. Croix River basins are only 0.24, 0.23 and 0.38 kg/ha, respectively.

Phosphorus loads exported to surface waters from agricultural lands under dry, average and wet
climatic conditions are shown in Table 3-9 and Figure 3-6 (based on an analysis of phosphorus index
values and export coefficients for major watersheds). Under average climatic conditions, the
phosphorus loads are greatest for the Minnesota River basin (517,862 kg/yr), followed by the Red
River (384,695 kg/yr), the Upper Mississippi (359,681 kg/yr) and the Lower Mississippi (232,581
kg/yr) River basins. All of the other basins have phosphorus loads that are considerably smaller than

the loads in these four basins.

As expected, phosphorus loads exported from agricultural lands to surface waters are considerably
greater during wet years than average years. Under wet climatic conditions, the phosphorus loads
exported in the Minnesota, Red, Upper Mississippi, and Lower Mississippi River basins are 759,749,
545,247, 652,266, and 282,780 kg/yr, respectively. In dry years the phosphorus loads exported are
262,851, 131,311, 200,865, and 116,810 kg/yr, respectively, for these same basins.

Phosphorus loads from agricultural lands are much smaller for the Rainy, Lake Superior and St.
Croix River basins than the basins with larger proportions of agricultural cropland (the Minnesota,
Red, Upper and Lower Mississippi River basins). For example, during years with average climatic
conditions, phosphorus loads exported from agricultural land to surface waters are only 13,112,
20,713, 59,931 kg/yr for the Lake Superior, Rainy and St. Croix River basins, respectively. Similar

comparisons can be made for wet and dry climatic years.
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Figure 3-5 Cropland and pasture runoff P export coefficients (kg/ha) for major drainage
basins in dry, average, and wet climatic years.

Export coefficients are derived from major watershed based phosphorus index values. These do not
include contributions from surface tile inlets or subsurface tile drains.
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Table 3-9 Phosphorus Loadings (kg/yr) to Minnesota Surface Waters from
Agricultural Cropland by Major Drainage Basin Based on an Analysis of Phosphorus
Index Values in Major Watersheds.

Phosphorus Loads* Exported from Agricultural Land (kg/yr)

Basin Dry Year Average Year Wet Year
St. Croix River 27857 59931 110046
Upper Mississippi 200865 359681 652266
Lower Mississippi 116810 232581 282780
Red River 131311 384695 545247
Rainy River 8988 20713 36072
Lake Superior 7617 13112 22528
Minnesota River 262851 517862 759749
Missouri River 36055 58758 109222
Cedar River 13722 33270 42444
Des Moines River 24670 37743 73149

*These loads are computed by multiplying the phosphorus export coefficients for each major
watershed by the area of cropland within the contributing corridor for the same major watershed, and
then summing over all major watersheds with the river basin. An additional 11.1% load is then
added to account for phosphorus contributions by overland flow from outside the contributing
corridor, excluding the contributions from surface tile inlets and subsurface tile drains.
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Figure 3-6 Cropland and pasture runoff phosphorus loads (kg/yr) exported to surface
waters in major drainage basins of Minnesota under dry, average and wet
climatic conditions

These results are based on phosphorus export coefficients derived from major watershed based
phosphorus index values. These do not include contributions from surface tile inlets or subsurface
tile drains.

The method of estimation used here does not consider the influence that subsurface tile drains and
surface tile intakes farther than 100 m may have on phosphorus loadings. As discussed in Section
2.2.2.1.1, the total phosphorus loading from surface tile intakes to surface water bodies in the
Minnesota River basin would result in 94,000 kg per year, while the phosphorus loading from
subsurface tile drainage is estimated to be 30,000 kg/yr. The combined loading of 124,000 kg/yr is

approximately 24 percent of the Minnesota River basin phosphorus loading from cropland within 100
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m of surface waters during an average year (517,862 kg/yr). As previously discussed, not enough
research data are available to reliably estimate the phosphorus loadings from surface tile intakes or
subsurface tile drains to surface waters in the Minnesota River basin during dry or wet climatic years. As
a first approximation, scaling the phosphorus loadings from tile drains so that they have the same relative
ratio as the phosphorus index based loadings for the Minnesota River basin in dry, average and wet years
(262,851; 517,862; and 759,749 kg/yr, respectively) results in estimated phosphorus loadings from
subsurface tile drains of 15,227 kg/yr during dry years and 44,013 kg/yr during wet years. Using the
same approach, phosphorus loadings from surface tile inlets in the Minnesota River basin during dry and
wet years would be 47,711 and 137,906 kg/yr, respectively. As mentioned previously, the phosphorus

loadings in dry years are expected to be overestimates.

In summary, the risk of phosphorus transport to surface waters depends on many factors. These
include factors affecting soil erosion by water (conservation tillage, landscape steepness, climate),
soil test phosphorus levels, rate of application of phosphorus from fertilizer or manure, and method
of application of manure. Extensive databases for Minnesota watersheds and agroecoregions were
developed to explore the variation in risks of phosphorus transport to surface waters in response to
these factors. The results show that phosphorus losses are more sensitive to climatic variability than
any other factor. The fraction of cropland near streams and ditches also has a large impact on
phosphorus losses, during both wet and dry years. Watersheds and agroecoregions in Minnesota
exhibit a considerable amount of variation in the risks of phosphorus loss. In general, the watersheds
and agroecoregions with the greatest potential for phosphorus loss are located in the Lower
Mississippi and Minnesota River basins. This is because of a combination of high rates of erosion,
high rates of phosphorus application from fertilizer or manure, and a high percentage of cropland
near streams and ditches. From a basin wide perspective, however, the greatest phosphorus loads are
exported from agricultural lands to surface waters in the Minnesota River basin, followed by the Red
River, Upper Mississippi, and Lower Mississippi River basins. Basins with relatively small areas of
agricultural land use, such as the Lake Superior, Rainy and St. Croix River basins have significantly
smaller phosphorus loads exported from agricultural lands to surface waters than basins with
significant amounts of agricultural land use. Analysis shows that farmers have made progress in
controlling phosphorus losses from agricultural cropland over the last twenty years or more due to
accelerated adoption of conservation tillage. Additional progress can be made through continued
adoption of best management practices, including reductions in the amount of phosphorus fertilizer
applied to cropland when soil phosphorus levels are sufficient for crop production. Improved

methods of manure application are also important in northern drainage basins for reductions in
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phosphorus loads to surface waters. Land retirement programs can be effective at reducing

phosphorus loads to surface waters if cropland near surface waters is targeted for retirement.

3.2.2.2 Feedlot Runoff

The results of each of the four steps (discussed in Section 2.2.2.1.2) taken to estimate the phosphorus
loadings from noncompliant open feedlots are presented in Table 3-10, along with the results of the
phosphorus loading computations for runoff from noncompliant open feedlots during low, average
and high flow conditions within each of the major basins of the state. Table 3-10 shows that the
Lower Mississippi River produces the most phosphorus in feedlot runoff, with similar loadings
estimated for the Upper Mississippi and Minnesota River basins. These three basins combined
account for 88, 81, and 78 percent of the total statewide phosphorus loadings from feedlot runoff
under low, average and high flow conditions, respectively. On a statewide basis, the total
phosphorus loading during an average year is twice as high as the loading during a low flow year,
while the high flow loading estimate is approximately 1.7 times higher than the estimate for average
flow conditions. Table 3-10 shows that dairy in the Upper Mississippi River produces the largest
amount of manure phosphorus generated from all open lots, followed by beef in the Minnesota River

basin.

Due to uncertainties, variability and unaccounted sources (further described in Appendix D), the
feedlot runoff loading results could be significantly higher or lower in some basins than the results
show. It should be noted that even though feedlots are a small fraction of total P loading from a basin-
wide perspective, some feedlots have been shown to contribute relatively high percentages of P loading to

individual lakes and localized water resources.
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Table 3-10 Estimated Annual Phosphorus Loadings for Outdoor Open Lot Feedlot Runoff to Surface Waters

P Produced| Dpen Lot Manure P Accumed Open Manure P Produced Fraction of PP Generated Entering

per Animal Animal Produced from | Lots Contribating | from P Contribating Surface Waters Ffrom Hos-Compliant Estimated TP from Feedlot

Major Basin | Animal Umik Umik=s All Open Loks P to Waters Feedlots Lots by Flow Condition [From FLEYAL) Bunoff by Flow Condition

Ib=dyr Al b= fraction Ibz Plyr fraction fraction Frackion ka Pilyr ka Plyr ka Plyr

Lo A r g Hi-Lh |- Arerage Hi-ah
Cedar Eeef 33.5 6,503 228,102 0.35 T3,5636 000356 00062 0.0z 130 225 406
Diairy 47.8 2,523 120,556 0.35 42,310 00033 0.0057 0.0z 63 103 136
Hags 26.6 8,753 253,553 0.35 80,556 00033 0.0057 0.0z 136 235 420
Basin Total 330 563 1,022
Dez Meines | Beef 355 45,633 1623407 0.35 10,232 00003 00035 00055 233 a3 2,153
Diairy 47.8 3,945 155,571 0.35 66,000 0.0003 0.0053 0.0077 24 a3 231
Hogs 26.6 45,122 1,250,045 0.35 445,016 0.0003 0.0053 0.0077 163 671 1,565
Bacin Total 413 1,701 3,994
Lake Zuperior | Beef 335 3,074 02,373 0.35 36,047 0.005 0.003 o007 2 131 175
Diairy 47.8 5,203 153,103 0,35 33556 0.0045 00,0073 00037 03 177 236
Hogs 26.6 az 2,447 0.35 &5T 0.0045 0.0073 0.0037 2 3 4
Bacin Total 133 311 a14
Lawer Eeef 335 238,216 1,980,236 0.35 2,733,053 0.0045 0.00E65 0.0033 5701 5,235 12,543
Diairy 47.8 200,040 3,561,312 0.35 3,546,663 00041 0.0053 0003 6,224 5,956 13,662
Hogz 26.6 3,30 2,103,407 0,35 135,292 00041 0.0053 0,003 1,373 1,976 3,014
Basin Total 13,238 13,167 23,213
Minnesata Ewef 33.5 355,573 12,012,337 0.35 4,204,553 o.ooi2 0.00356 0.00™ 2,285 6,565 13,540
Diairy 47.8 156,450 T.575,544 0.35 2,651,370 0.0oM 0.0053 0.0064 1,323 3,963 T.637
Hags 26.6 271,561 225,523 0.35 2,528,253 0.0oM 0.0033 0.0064 1,261 5,154 T,333
Basin Total 4,873 14,613 28 576
Mizzouri Eeef 355 152,673 4,444 747 0.35 1,555,661 00005 00053 0,005 423 2,323 5645
Diairy 47.8 21,213 1,501,065 0.35 455,574 0.0005 0.003 o.oarz2 103 620 1457
Hogs 26.6 &1,553 2,170,267 0.35 753,534 0.0005 0.003 o.oarz2 172 1,054 2,431
Bacin Total 633 3,982 3,613
Fainy Beef 335 5,933 301,266 0.35 105,443 0.003 0,005 0.0075 143 233 353
Diairy 47.8 1665 3,730 0,35 27,905 0.0027 0.0045 0,006 34 5T 1)
Hogs 26.6 116 5,086 0.35 1.0&0 0.0027 0.0045 0.00635 1 2 3
Bacin Total 173 238 448
Red Eeef 335 142,575 4, TE3,563 0.35 1,663,547 0.0006 0.ooz2 0.0033 454 1,666 2,953
Diairy 47.8 54,556 2,623,551 0.35 915,243 0.000% 0.002 0.0036 205 533 1,433
Hogz 26.6 3,740 253,054 0,35 0673 0.0005 0.002 0.0035 21 &2 145
Basin Total 683 2 581 4, 601
Sk, Croix Ewef 33.5 25,9585 aT0,933 0.35 339,543 00036 00062 0.0031 555 356 1,403
Diairy 47.8 36,362 1,735,104 0.35 EB05, 5336 00033 0.0056 0.0052 a 1,545 2,263
Hags 26.6 1,744 45,330 0.35 16,237 00033 0.0056 0.0052 24 41 &0
Basin Total 1,490 2,542 F, 726
Upper Eecef 335 256,555 5,535,533 0.35 5,005,453 00023 00044 0.0066 3,133 6,004 3,006
Diairy 47.8 331,607 13,715,515 0.35 6,551,555 o.ooz1 0.004 0.006 6,241 N,557 17,530
Hags 26.6 535,454 1421576 0.35 437,657 o.oo21 0.004 0,006 474 03 1,354
Bacin Total 3 853 15 734 28,131
SEtatewide Total F2 017 64 564 109 804

— = =
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3.2.3 Atmospheric Deposition

As identified in Table 3-11, the estimate of atmospheric phosphorus deposition for each basin is
based on the area identified as “water” or “wetland” in the GIS database. Estimates of average wet
phosphorus deposition (average precipitation) range from ~ 0.069 kg ha™ yr' in the Rainy River to
0.212 kg ha' yr'in the Cedar River basin (see Table 3-11). When factoring in dry/wet years,
Table 3-11 shows that the range in potential wet phosphorus deposition is from approximately
0.059 kg ha' yr'' in the Rainy River basin (dry year) to 0.273 kg ha™' yr' in the Cedar River basin
(wet year). The estimates of average phosphorus wet deposition (average precipitation) for the
respective basins, ranges from approximately 2,100 kg/yr for the Cedar River to approximately

155,850 kg/yr for the Upper Mississippi.

Estimates of average dry phosphorus deposition (assuming average precipitation year) range from
approximately 0.028 kg ha™' yr'' in the St. Croix River basin to approximately 0.241 kg ha™ yr'' in the
Cedar River basin (Table 3-11). Estimates of average “total” (wet + dry) phosphorus deposition
range from ~ 0.102 kg ha™' yr'' in the Rainy River basin (dry year) to 0.513 kg ha™' yr'' in the Cedar
River basin (wet year) (Table 3-11). The largest phosphorus loading of approximately 299,044 kg/yr
is found in the Upper Mississippi basin. As noted in Table 3-11, dry deposition could only be
estimated for an “average” year due to the lack of available data for estimating deposition during a
wet or dry year. Therefore, total (wet + dry) estimates for the dry, average, and wet years for each
basin in Table 3-11 use the same dry deposition value, which adds some uncertainty to the deposition

estimates (further discussed in Appendix E).
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Table 3-11

Estimated Total Phosphorus Deposition to Minnesota Basins

Waters and Wetland Basin Loading Estimate
Dry Year |Average Year Wet Year % of Dry Year Average Year Wet Year
Low Average High Total Total Total Total Total Total Total

Precipitation | Precipitation | Precipitation Dry (wet+dry) (wet+dry) (wet+dry) Basin Waters | Basin (wet+dry) (wet+dry) (wet+dry)
Phosphorus | Phosphorus | Phosphorus | Phosphorus | Phosphorus | Phosphorus | Phosphorus | and Wetland | Land | Phosphorus Phosphorus Phosphorus

Basin Deposition Deposition Deposition | Deposition | Deposition Deposition Deposition Area Area Deposition Deposition Deposition

Ml Ml 1 [2] [3a] [3b] 3[c] [41 [5]1 [6a] [6b] [6c]
(kgha'yr') | (kgha'yr") | (kgha'yr") | (kgha'yr")| (kgha'yr') | (kgha'yr") | (kgha'yr" (hectares) (kalyr) (kalyr) (kglyr)
Cedar River 0.1815 0.2118 0.2725 0.2408 0.4223 0.4526 0.5133 9,924 | 3.7 4,191 4,492 5,095
Des Moines River 0.1452 0.1848 0.2428 0.0686 0.2138 0.2534 0.3114 21,761 5.5 4,652 5,514 6,777
Lake Superior 0.0765 0.0873 0.1053 0.0447 0.1212 0.1320 0.1501 531,000 | 33.3 64,382 70,118 79,677
Minnesota River 0.1458 0.1854 0.2296 0.0761 0.2219 0.2615 0.3057 300,462 | 7.8 66,672 78,567 91,850
Mississippi, Lower [7] 0.1253 0.1545 0.1847 0.0925 0.2177 0.2470 0.2771 82,740 | 5.1 18,016 20,435 22,930
Mississippi, Upper [8] 0.0809 0.1006 0.1228 0.0703 0.1512 0.1709 0.1931 1,548,735 | 29.7 234,154 264,658 299,044
Missouri River 0.1392 0.1795 0.2349 0.0686 0.2079 0.2481 0.3035 12,016 | 2.6 2,497 2,981 3,647
Rainy River 0.0590 0.0690 0.0846 0.0431 0.1021 0.1121 0.1277 1,525,718 | 52.4 155,792 171,065 194,778
Red River 0.0778 0.0975 0.1209 0.1102 0.1880 0.2077 0.2311 1,092,132 [ 23.8 205,367 226,843 252,432
St. Croix River 0.0938 0.1211 0.1488 0.0280 0.1218 0.1491 0.1768 275,251 | 30.1 33,518 41,032 48,655
State Wide Totals 5,399,738 789,241 885,704 1,004,885
Note:

[1] The phosphorus deposition rates from dry, average and wet precipitation volumes. Dry, average and wet year precipitation volume data based on the 1979-2002 period (using water years 10/1-9/30).
The dry period is defined as the 10th percentile frequency value, the average is the 50th percentile and the wet is the 90th percentile. Derived by the MDNR (2003).
[2] Includes coarse and fine dry deposition. Calculations assumed to be for an "average" precipitation year.
There is insufficient information to estimate deposition for a dry or wet year; therefore, dry deposition is only estimated for what is assumed to be an "average" year.

3a] Total deposition = low precipitation phosphorus deposition + dry deposition
3b] Total deposition = average precipitation deposition + dry deposition
3c] Total deposition = high precipitation phosphorus deposition + dry deposition
4] Basin area is that part of the basin within the state's borders designated as "Water" or "Wetland" in the GIS database. Surface water included open water, woody wetlands and emergent herbaceous wetlands

as defined by the USGS National Landcover database (~1992). This is a landsat based raster data set developed by the USGS with a minimum mapping unit of 30 meters.
5] The percentage of the total land area within a river basin that is designated as water or wetland surface water.
6a] The total phosphorus deposition rate to the basin water or wetland surface waters. The low precipitation deposition rate + dry depositon rate was used to calculate this total.

6b] The total phosphorus deposition rate to the basin water or wetland surface waters. The average precipitation deposition rate + dry depositon rate was used to calculate this total.

7] Lower Mississippi is that part of the Mississippi downstream of where the St.Croix River merges with the Mississippi.

[
[
[
[6¢] The total phosphorus deposition rate to the basin water or wetland surface waters. The high precipitation deposition rate + dry depositon rate was used to calculate this total.
[
[

8] Upper Mississippi is that part of the Mississippi upstream of where the St.Croix River merges with the Mississippi.
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3.2.4 Deicing Agents

The phosphorus loadings for each basin were computed using the deicing agents application rates and
concentrations for the lane miles in each basin, as discussed in Section 2.2.2.3. Each basin
calculation was completed using the application rates for the respective MnDOT Districts that
encompass the basin; whenever the basin includes TCMA counties, those state highway lane miles
were calculated using the higher Metro District rates for each county. Table 3-12 presents the
phosphorus loading results for each of the basins under the three loading scenarios and a summary
for the state-wide total phosphorus loading to surface waters from deicing agents under the same

three scenarios.

Table 3-12 Major Basin and Statewide Total Phosphorus Loadings from Deicers for Each
Snowfall Scenario

Basin Snowfall Tons of Tons of | Gallons of | P from P from P from Total P,
Scenario Salt Sand Brine Salt,kg | Sand, kg | Brine, kg kg
Dry Year 37,525 55,343 59,431 170 1893 0.03 2,063
St. Croix River Avg Year 47,143 88,364 59,431 213 3022 0.03 3,236
Wet Year 57,862 124,331 59,431 262 4252 0.03 4,514
Dry Year 214,976 376,477 521,969 973 12876 0.26 13,849
Upper
Mississippi Ri Avg Year 279,640 600,253 521,969 1266 20529 0.26 21,795
ississippi River
Wet Year 350,167 835,955 521,969 1585 28590 0.26 30,176
Dry Year 88,034 132,454 268,117 399 4530 0.13 4,929
Mi Lower Avg Year | 110,716 | 213,189 | 268,117 501 7291 0.13 7,793
ississippi River
Wet Year 136,270 302,924 268,117 617 10360 0.13 10,977
Dry Year 112,554 240,506 135,874 510 8226 0.07 8,735
Red River Avg Year 156,495 374,579 135,874 708 12811 0.07 13,519
Wet Year 204,893 546,846 135,874 928 18703 0.07 19,630
Dry Year 32,576 57,318 160,864 147 1960 0.08 2,108
Rainy River Avg Year 41,389 95,993 160,864 187 3283 0.08 3,470
Wet Year 51,190 138,824 160,864 232 4748 0.08 4,980
Lake Superior Dry Year 37,625 60,767 91,289 170 2078 0.04 2,249
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Basin Snowfall Tons of Tons of | Gallons of | P from P from P from Total P,
Scenario Salt Sand Brine Salt, kg | Sand, kg | Brine, kg kg
Avg Year 47,155 98,765 91,289 216 3378 0.04 3,594
Wet Year 59,068 140,577 91,289 267 4808 0.04 5,075
Dry Year 16,903 32,231 25,586 77 1102 0.01 1,179
Missouri River Avg Year 23,002 49,589 25,586 104 1696 0.01 1,800
Wet Year 29,845 68,392 25,586 135 2339 0.01 2,474
Dry Year 141,111 285,517 251,770 639 9765 0.12 10,404
Minnesota River Avg Year 193,267 | 446,062 251,770 875 15256 0.12 16,131
Wet Year 251,497 | 589,445 251,770 1138 20160 0.12 21,298
Dry Year 15,504 21,514 43,379 70 736 0.02 806
Cedar River Avg Year 19,503 33,493 43,379 88 1145 0.02 1,234
Wet Year 24,042 46,803 43,379 109 1601 0.02 1,710
Dry Year 13,370 27,606 18,403 61 944 0.01 1,005
De;%‘e’irnes Avg Year | 18573 | 42,620 18,403 84 1458 0.01 1,542
Wet Year 24,447 59,097 18,403 111 2021 0.01 2,132
Dry Year 710,178 | 1,289,734 | 1,576,683 3,215 44,110 0.77 47,326
Statewide Totals Avg Year 937,483 | 2,042,906 | 1,576,683 4,244 69,869 0.77 74,114
Wet Year | 1,189,280 | 2,853,194 | 1,576,683 5,384 97,582 0.77 102,966

Table 3-12 shows that the estimated phosphorus loadings associated with heavy snowfall years are

approximately twice as high as the loadings associated with low snowfall years, in each basin, with

the average years generally falling directly between each of the other snowfall scenarios. In

descending order, the three basins experiencing the largest total phosphorus loadings to surface

waters, in each snowfall scenario, are the Upper Mississippi, Minnesota and Red River basins. The

Upper Mississippi River basin accounts for nearly 30% of the total phosphorus loadings, statewide.

3.2.5 Streambank Erosion

The phosphorus loadings for each basin were computed using the approach and methodology

discussed in Section 2.2.2.4. Table 3-13 presents the results of the phosphorus loading computations
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and assessments for each flow condition, by basin and for the entire state. Table 3-14 compares the
phosphorus yield associated with streambank erosion for each flow condition, by basin and the entire
state. Table 3-13 shows that the estimated streambank erosion total phosphorus loadings under low
flow conditions are approximately an order of magnitude lower than average flow conditions, while
the streambank erosion estimates under high flow conditions are about a half an order of magnitude

higher than average flow conditions.

Table 3-13 Summary of Total Phosphorus Loading Estimates (kg/yr) for Streambank Erosion

Basin Low Flow Conditions Awverage Flow Conditions High Flow Conditions
Cedar River 140 12,200 50 600
Des Maoines River 130 7,350 47 800
Lake Superior 4,730 35,100 207,000
Lower Mississippi 45 400 322000 1,280,000
Minnesaota River 9910 200,000 900,000
Missouri River 1,440 16,100 71,500
Rainy River u] 52 700 318,000
Red River of the Marth u] g .840 14F,000
St. Croix River 20 16500 93,000
Upper Mississippi 430 79,900 A7 800
Statewide Totals B2 300 760,000 3,606,000

Table 3-14 Summary of Estimated Total Phosphorus Yield (kg/km?/yr) from Streambank
Erosion for Average Flow Conditions

Basin Average Flow Conditions
Cedar River 46
Des Maoines River 1.9
Lake Superiar 22
Lower Mississippi 197
Minnesota River 5.2
Missour River 35
Rainy River 1.8
Red River of the Morth 0.2
5t Croix River 1.7
Upper Mississippi 1.5
Statewide Totals 3.4

The relative difference between the estimated phosphorus loadings for each basin (from Table 3-14)
corresponds well with the variation of observed sediment yields throughout the State, although
sediment yield and streambank erosion loadings would not necessarily be expected to vary the same
if other sources of phosphorus and sediment measured in the yield vary significantly. Based on the

estimated yield from each basin, the Lower Mississippi River basin loadings are significantly higher
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than any other basin, followed by the Minnesota and Cedar River basins. This corresponds well with
the portion of the State with significant loess deposits, and corresponds with the findings of other
researchers (Tornes, 1986; Simon and Rinaldi, 2000; Simon et al., 2003). For each flow condition,
the Lower Mississippi River basin streambank erosion estimates from Table 3-13 account for more
than a third of the total loading estimated for the State. Under the low flow condition, the Lower
Mississippi River basin streambank erosion estimates accounts for more than 70 percent of the total

loading estimated for the State.

3.2.6 Individual Sewage Treatment Systems/Unsewered Communities

As discussed in Section 2.2.2.5, population served by Individual Sewage Treatment System (ISTS) or
undersewered communities, compliance of treatment systems with performance standards, groundwater
conditions, and characteristics of soil absorption field and proximity to surface waters are important
factors in determining phosphorus export. The MPCA ISTS LUG spreadsheet provided estimates of
the number of full time and seasonal residences served by ISTS, along with the number of failing
systems and an estimate for the number of systems which are an ITPHS (Imminent Threat to Public
Health and Safety). The population data used for both ISTS and undersewered communities are
included in Table 3-15. Table 3-15 also shows the number of residential systems in each basin. The
Upper Mississippi River basin accounts for almost one-quarter of the population served by ISTS and
more than 60 percent of the unsewered areas population. The Minnesota, Lower Mississippi, Red
and St. Croix River basins serve ISTS populations of between 110,000 and 160,000, while the
Minnesota and St. Croix River basins have unsewered area populations between 25,000 and 33,000.
The remaining basins represent small fractions of the statewide populations served by ISTS and

undersewered communities.

Table 3-15 shows the percentages of failing systems and systems which discharge partially treated
sewage (or are considered an ITPHS), estimated for each of the basins and the state. These estimates
show that the Des Moines River basin has the highest percentage (41%) of ISTS systems considered
an ITPHS, followed by the Minnesota and Missouri River basins with 29 and 22 percent,
respectively. The St. Croix, Lake Superior, Rainy and Upper Mississippi River basin estimates for
percentages of ISTS considered an ITPHS were all less than 8 percent. Table 3-15 shows that the
Rainy River basin had the highest (43%), while the St. Croix basin had the lowest (11%), percentages
of failing ISTS systems. All of the other basins had estimated percentages of failing ISTS systems
between 24 and 35 percent. The high percentage for the Rainy River basin may be partially due to the

presence of high water tables relative to the other basins.
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Table 3-15 presents the results of the phosphorus loading computations done for the assessment of
ISTS and undersewered communities. The last five columns of Table 3-15 show the estimated total
phosphorus loadings to surface waters from undersewered communities, direct-to-tile ISTS, all
seasonal ISTS, the remaining ISTS, and the total load in each basin (and the state) from all four
source categories. On a statewide basis, Table 3-15 shows that more than half of the phosphorus load
from undersewered communities/ISTS is coming from permanent ISTS, while approximately 35
percent of the total load originates from undersewered communities. Undersewered communities
represent a large percentage of the total load to the St. Croix and Upper Mississippi River basins (56
and 53 percent, respectively). Undersewered communities represent less than 27 percent of the total
phosphorus load for the remaining basins. Direct-to-tile ISTS represents 20, 16 and 11 percent of the
total phosphorus load in the Cedar Minnesota, and Des Moines River basins, respectively; but less
than 8 percent for the remaining basins. The estimated seasonal ISTS contributions are 16 and 18
percent of the total phosphorus loads in the Rainy River and Lake Superior basins, respectively, and
less than 7 percent for the remaining basins. The remaining ISTS contributions (from both
conforming and nonconforming systems) accounts for more than 40 percent of the total phosphorus
load from ISTS/undersewered communities in all of the basins. The highest total phosphorus

contribution from the remaining ISTS category is 87 percent in the Missouri River basin.
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Table 3-15 Estimated Annual Phosphorus Loadings for ISTS and Unsewered Communities

Ertimmatsd P Luad Fruducsd [kgl

Ertimmatsd F Luad Dirchargsd tm Surfacs Watarr [kg)

ISTS
Pupulatinn Tutal Farcant Unrawmarsd | vy Pup. | Dirsct-tm-] Dirack- Darsck- Darsct—tm-
kyx Raridantial | Fartially | Farcant firs ar FET Tils tm-Tils |Remaining | Ssarmnalj Unrausrsd em-Tils Ssarmnal | Ramaining | Unrsuasrsd Tils Ssarmunal | Ramaining
Hajur Barin Daffarancs Srxrtamr Traatsd Failing |Fupulatios | Hmwrasbhuld Srrtamr Pup_ ISTS Pap- PFuap. Arsar Srrtamr 1I5TS ISTS firsar Srrtamr I5TS 1ISTS Tmtal
Ciodar Fiiver 'I-T.554 4 500 15.7-3 Gid 6 =33 A2 E'H- 2 016 15,553 ] | 264 1,754 1] 15 565 114 TET 1] =333 =111
Dier Mainer Fiver 5,515 5420 41.1% 23.5% 1,025 1.25 413 L6 5254 131_' 303 174 56 4 547 a1 204 20 1,516 1,330
Lake Superior 59,413 16 000 5.5% S5o.0% G5d2 4.50 u] u] 53,077 16,365 S0G o 4 525 S5d 565 130 1] 1,415 5 50T 5,051
Lower Mirricrippi 145 466 1002 10.6% 26.5% 1272 4.75 450 2 13T 150,057 1ETE] 35T 1,551 4154 115 041 4 2ET 513 141 21,707 26,5943
Mirrwroka Fiver 155 25T 57,100 29.4% S2.5% 25,572 2.55 T,533 15,547 115555 10,457 22 555 16 671 5,077 100,450 3,541 165 1,056 26, 5TT 44 442
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3.2.7 Non-Agricultural Rural Runoff

As described in Section 2.2.2.6, the ecoregion-based phosphorus export rates and contributory areas
for each land cover type within each basin were utilized, along with the basin runoff factors, to
calculate the results of the phosphorus loadings for each basin and the state. The phosphorus loading
results are shown in Table 3-16. The highest total phosphorus loadings are estimated for the Rainy
River, Upper Mississippi River and Lake Superior basins, which combined, represent approximately
75 percent of the non-agricultural rural total phosphorus loadings for each flow condition. For each
land cover type the estimated total phosphorus loadings for the high flow condition are typically one-
and-one-half to two-and-one-half times as high as the low flow loadings for each basin, with the
average flow condition loadings typically mid-way between the high and low flow condition
loadings. Table 3-16 shows that deciduous forest represents approximately 45, 50 and 55 percent of
the statewide non-agricultural rural total phosphorus loadings under low, average and high flow
conditions, respectively. The evergreen forest and commercial/industrial/transportation land cover
types each represent approximately 13 percent of the statewide non-agricultural rural total
phosphorus loadings under average flow conditions with the commercial/industrial/transportation

percentage being higher (19%) under low flow and lower (10%) under high flow conditions.
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Table 3-16 Estimated Annual Phosphorus Loadings for Non-Agricultural Rural Land Cover Types

. . . Commercial/ Urban/
Basin HS)::;ZIE? Ll(;:siltrllzf:t]is;:y H;{gehsilt:et;?;llt Y Industrial{ Bare l::()l;l;/Sand/ Transitional |Deciduous Forest| E\:;fel'seten Mixed Forest | Shrubland gle‘::;\l:::js/ Recreational Total Kg P
Transportation Grasses
Dry Year 69.8 8.2 1263.7 2.7 0.0 291.1 0.0 1.9 0.0 0.0 28.3 1,666
Cedar River Avg Year 73.9 8.7 1338.2 2.9 0.0 510.7 0.0 33 0.0 0.0 30.0 1,968
Wet Year 75.7 8.9 1369.6 2.9 0.0 914.2 0.0 5.9 0.0 0.0 30.7 2,408
Dry Year 35.8 1.1 1020.1 0.0 0.0 117.5 2.7 3.0 0.1 0.0 98.3 1,279
Des Moines River Avg Year 41.5 1.3 1183.0 0.0 0.1 469.9 10.6 12.0 0.4 0.0 114.0 1,833
Wet Year 46.7 1.5 1332.3 0.0 0.3 1108.9 25.1 28.4 0.8 0.0 128.4 2,673
Dry Year 178.4 93.3 4546.1 92.9 559.1 23219.3 7883.2 10799.0 264.2 177.0 181.0 47,993
Lake Superior Avg Year 190.7 99.7 4859.4 99.3 887.4 36856.1 12513.1 17141.2 419.4 281.0 193.5 73,541
Wet Year 204.1 106.7 5201.1 106.3 1198.0 49755.7 16892.7 23140.7 566.2 379.3 207.1 97,758
Lower Mississippi Dry Year 214.9 53.6 4496.0 16.3 1.2 4944.9 63.7 348.5 0.3 35.7 313.9 10,489
River Avg Year 238.6 59.6 4991.9 18.1 1.8 7064.2 91.1 497.8 0.4 51.0 348.6 13,363
Wet Year 252.5 63.0 5284.0 19.2 2.7 10667.0 137.5 751.7 0.6 77.0 369.0 17,624
Dry Year 539.2 61.4 5962.3 0.3 2.3 3772.9 93.5 197.0 64.2 0.0 1603.9 12,297
Minnesota River Avg Year 627.1 71.4 6934.2 0.4 6.7 11096.9 274.9 579.3 188.8 0.0 1865.3 21,645
Wet Year 695.7 79.2 7693.0 0.4 13.4 22193.8 549.9 1158.6 3717.6 0.0 2069.5 34,831
Dry Year 39.6 0.7 1412.6 0.0 0.0 48.7 0.2 0.9 0.0 0.1 51.2 1,554
Missouri River Avg Year 46.6 0.9 1662.6 0.0 0.0 270.5 0.9 5.1 0.1 0.6 60.3 2,047
Wet Year 53.0 1.0 1890.4 0.0 0.1 659.9 2.3 12.5 0.2 1.4 68.5 2,689
Dry Year 226.2 422 6770.8 189.7 1394.9 27232.8 15260.7 17633.1 2445.7 25.1 199.9 71,421
Rainy River Avg Year 248.5 46.4 7436.2 208.3 2324.8 45388.0 25434.5 29388.4 4076.2 41.8 219.6 114,813
Wet Year 273.7 51.1 8191.5 229.5 33244 64904.8 36371.4 42025.4 5829.0 59.8 241.9 161,503
Red River of the Dry Year 310.8 41.4 5839.0 122.5 167.6 7806.5 343.6 357.4 396.2 0.1 849.9 16,235
North Avg Year 362.5 48.2 6810.6 142.8 540.7 25182.4 1108.4 1153.0 1278.0 0.4 991.3 37,618
Wet Year 410.0 54.6 7702.9 161.5 962.4 44824.6 1973.0 2052.4 2274.8 0.7 1121.1 61,538
Dry Year 252.4 71.7 2257.9 0.0 83.9 9777.1 515.1 810.9 61.3 343 734.8 14,599
St. Croix River Avg Year 293.4 83.3 2624.8 0.0 144.6 16857.1 888.1 1398.2 105.7 59.1 854.2 23,308
Wet Year 320.0 90.9 2863.2 0.0 212.6 24779.9 1305.6 2055.3 155.4 86.8 931.7 32,801
. Dry Year 2780.6 573.4 11562.3 30.5 695.5 27379.7 52219 5762.3 1309.9 1.3 3386.8 58,704
Upper Mississippi
River Avg Year 3181.9 656.2 13231.0 34.9 1337.4 52653.3 10042.2 11081.4 2519.1 24 3875.6 98,615
Wet Year 3509.1 723.6 14591.4 38.5 2032.9 80033.1 15264.1 16843.8 3829.0 3.7 4274.1 141,143
Hydrology Low Intensity High Intensity ¢ N ial/ Bare Rock/Sand/ . . Evergreen . Grasslands/ Urba.n/
Scenario Residential Residential Industrlal{ Clay Transitional |Deciduous Forest| Forest Mixed Forest | Shrubland Herbaceous Recreational Total Kg P
Transportation Grasses
Dry Year 4,648 947 45,131 455 2,904 104,591 29,385 35,914 4,542 274 7,448 236,238
Statewide Totals Avg Year 5,305 1,076 51,072 507 5,244 196,349 50,364 61,260 8,588 436 8,552 388,751
Wet Year 5,840 1,181 56,120 558 7,747 299,842 72,522 88,075 13,034 609 9,442 554,968
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3.2.8 Urban Runoff

As described in Section 2.2.2.7, the phosphorus concentrations, runoff coefficients and contributory
areas for each urban land cover type within each basin were utilized, along with the annual rainfall
amounts for each flow condition, to calculate the results of the phosphorus loadings for each basin
and the state. The phosphorus loading results are shown in Table 3-17. The highest total phosphorus
loadings are estimated for the Upper Mississippi River basin, which represents approximately 50
percent of the total phosphorus loadings from incorporated areas for each flow condition. The
Minnesota River basin represents approximately 20 percent, while no other basin represents more
than 10 percent of the total phosphorus loadings from incorporated areas for each flow condition.
For each land cover type the estimated total phosphorus loadings for the high flow condition are
typically one-and-one-half times as high as the low flow loadings for each basin, with the average
flow condition loadings typically mid-way between the high and low flow condition loadings. Low
intensity residential land cover represents between 26 and 30 percent of the statewide total
phosphorus loadings from incorporated areas under the various flow conditions. The
commercial/industrial/transportation and high intensity residential land cover types represent
approximately 20 percent and 15 percent, respectively, of the statewide total phosphorus loadings
from incorporated areas under the various flow conditions. Agricultural runoff represents
approximately 12, 20 and 25 percent of the statewide total phosphorus loadings from incorporated

areas under low, average and high flow conditions, respectively.
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Table 3-17 Estimated Annual Phosphorus Loadings for Incorporated Urban Areas

. . . Commercial/ Bare . Urban/ Agricultl‘lral
Basin Hy drolo.gy Low .Inten.sny High I nter}snty Industrial/ Rock/Sand/ Transitional Deciduous Evergreen Mixed Forest Shrubland Grassltands/ Recreational Lands in Total Kg P
Scenario Residential Residential . Forest Forest Herbaceous Incorporated
Transportation Clay Grasses Areas
Dry Year 738.7 1,251.5 1,827.8 0.0 0.0 46.2 0.0 0.2 0.0 0.0 262.1 413 4,539
Cedar River Avg Year 782.3 1,325.3 1,935.6 0.0 0.0 53.9 0.0 0.3 0.0 0.0 271.5 1,002 5,377
Wet Year 800.6 1,356.4 1,981.0 0.0 0.0 69.4 0.0 0.3 0.0 0.0 284.0 1,278 5,770
Dry Year 1,097.6 245.8 992.7 0.0 0.0 18.8 0.3 0.2 0.0 0.0 460.6 351 3,167
Des Moines River Avg Year 1,272.8 285.0 1,151.1 0.0 0.0 239 0.4 0.3 0.0 0.0 534.1 537 3,805
Wet Year 1,433.5 321.0 1,296.4 0.0 0.0 315 0.6 0.4 0.0 0.0 601.6 1,042 4,727
Dry Year 3,598.6 2,472.8 5,495.7 320.0 516.4 5,794.7 896.9 1,309.8 83.7 64.3 1,355.6 1,060 22,969
Lake Superior Avg Year 3,846.7 2,643.3 5,874.5 342.1 552.0 6,6013.3 1,023.6 1,494.8 95.5 73.4 1,449.0 1,824 25,832
Wet Year 4,117.2 2,829.2 6,287.6 366.1 590.8 7,966.8 1,233.2 1,800.7 115.0 88.5 1,550.9 3,134 30,080
Lower Mississippi Dry Year 9,032.4 4,987.8 7,823.2 0.4 181.1 983.8 21.8 83.5 0.2 50.9 4,967.4 5,291 33,423
River Avg Year 10,028.5 5,537.9 8,685.9 0.4 201.1 1,212.7 26.9 103.0 0.2 62.7 5,515.2 10,535 41,909
Wet Year 10,615.5 5,862.0 9,194.3 0.5 212.8 1,449.9 32.2 123.1 0.2 74.9 5,838.0 12,809 46,212
Dry Year 24,4779 8,625.8 14,846.9 11.6 205.0 1,135.2 38.8 449 5.7 0.8 8,057.5 5,723 63,173
Minnesota River Avg Year 28,467.9 10,031.9 17,267.0 13.5 238.4 1,445.1 49.4 57.2 72 1.1 9,371.0 11,275 78,225
Wet Year 31,583.3 11,129.8 19,156.6 15.0 264.5 1,786.3 61.0 70.7 8.9 1.3 10,396.5 16,541 91,015
Dry Year 913.6 223.8 707.4 1.8 0.0 14.2 0.0 0.2 0.0 1.2 389.7 614 2,866
Missouri River Avg Year 1,075.3 263.4 832.6 2.1 0.0 18.3 0.0 0.2 0.0 1.6 458.7 1,000 3,652
Wet Year 1,222.7 299.5 946.7 2.3 0.0 24.0 0.0 0.3 0.0 2.0 521.5 1,859 4,878
Dry Year 800.7 370.1 948.4 122.1 191.4 913.8 226.2 355.9 23.0 23 227.1 218 4,399
Rainy River Avg Year 879.4 406.5 1,041.6 134.1 210.2 1,066.6 264.1 4154 26.8 2.7 249.5 502 5,199
Wet Year 968.7 447.8 1,147.4 147.7 231.6 1,305.2 323.1 508.3 32.8 3.3 274.8 874 6,265
. Dry Year 3,978.4 2,141.3 4,231.8 0.0 132 177.9 8.7 5.4 0.4 0.0 1,561.0 1,229 13,347
Red River of the
North Avg Year 4,640.4 2,497.6 4,936.0 0.0 15.4 223.0 10.9 6.8 0.5 0.0 1,820.7 3,599 17,750
Wet Year 5,248.4 2,824.8 5,582.7 0.0 17.5 277.1 13.5 8.5 0.7 0.0 2,059.3 5,101 21,133
Dry Year 2,888.4 718.1 2,076.0 0.0 22.8 735.7 109.4 117.1 0.3 16.4 1,631.9 3,397 11,713
St. Croix River Avg Year 3,357.8 834.7 2,413.3 0.0 26.6 951.3 141.5 151.4 0.3 21.2 1,897.1 7,309 17,104
Wet Year 3,662.7 910.5 2,632.5 0.0 29.0 1,168.2 173.7 185.9 0.4 26.1 2,069.3 13,421 24,279
Upper Mississippi Dry Year 53,550.4 32,497.7 31,620.6 389 1,173.4 4,982.4 628.5 814.1 104.1 473 17,099.9 21,243 163,800
River Avg Year 61,278.5 37,187.6 36,183.9 445 1,342.7 6,190.1 780.9 1,011.4 129.3 58.8 19,567.7 38,038 201,813
Wet Year 67,579.4 41,011.4 39,904.5 49.1 1,480.8 7,560.0 953.7 1,235.2 157.9 71.8 21,579.7 68,981 250,565
) Agricultural
Hydrolo.gy Low Fl.lten.sity High .l?ten.silty C;::Zumsi:ic;?/l/ Bare Rock/Sand/ Transitional Deciduous Evergreen Mixed Forest Shrubland Grasslands/ Regl;:?tlil:)/nal Lands in Total Kg P
Scenario R ial R ial Transportati Clay Forest Forest Herbaceous G Incorporated
portation rasses
Areas
Dry Year 101,077 53,535 70,570 495 2,303 14,803 1,931 2,731 217 183 36,013 39,539 323,397
Statewide Totals Avg Year 115,630 61,013 80,321 537 2,586 17,798 2,298 3,241 260 221 41,140 75,621 400,667
Wet Year 127,232 66,992 88,130 581 2,827 21,638 2,791 3,933 316 268 45,176 125,040 484,924

P:\23\62\853\Urban Runoff\draft report\tables\table 3-17.xls



3.3 Summary of Phosphorus Loadings by Basin
3.3.1 Phosphorus Loadings by Source Category

This assessment found that, under average flow conditions, the point source total phosphorus

contribution represents 31 percent, while nonpoint sources of total phosphorus represent 69 percent
of the loadings to surface waters, statewide (see Figure 3-7). The point source phosphorus loadings to
surface waters are broken down in proportion to the influent phosphorus loadings (inflows) to
wastewater treatment plants (WW'TPs) in the state from each wastewater source category. This
assumes that the proportion of the phosphorus load from each source category in the wastewater
influent remains the same in the wastewater effluent (or treated discharge) from each treatment
facility. Figure 3-7 shows for average flow conditions the major phosphorus nonpoint sources to

surface waters are as follows:

e cropland and pasture runoff (26%)

e atmospheric deposition (13%)

e commercial/industrial process water (12%)

e streambank erosion (11%)

¢ human waste products (11%)
All of the remaining source category contributions are below 6 percent. The combination of
residential and commercial automatic dishwasher detergent (ADWD) represents approximately 3

percent of the total phosphorus contributions to surface waters in the state, during an average year.

Under average flow conditions, the relative magnitude of the total phosphorus loadings from the sum
of all source categories in the Upper Mississippi River basin is significantly higher than the
remaining basins, with the second highest phosphorus loadings occurring in the Minnesota River
basin (see Figure 3-8a). The Lower Mississippi and Red River basin total phosphorus loadings are

approximately one-third less than the Minnesota River basin loadings.

Figure 3-8a illustrates the relative magnitudes of each of the phosphorus source category loadings
estimated for each basin under average flow conditions, while Figure 3-8b shows the same
information normalized to the basin area, as another way to compare the phosphorus loadings from
basin to basin. Figures 3-8a and 3-8b show that, relative to the other phosphorus source categories in
each basin, agricultural runoff is a significant source of phosphorus in all but the Lake Superior and
Rainy River basins. Human waste products are a significant source of phosphorus in the Upper

Mississippi River basin, along with commercial/industrial process water and food soils.
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Figure 3-7
Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Statewide
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Figure 3-8a Total Phosphorus Loads to Minnesota Surface Waters - By Major Drainage Basin: Average Flow Conditions
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Areal Phosphorus Yield (kg/ka/yr)

Figure 3-8b Watershed Total Phosphorus Yields to Minnesota Surface Waters - By Major Drainage Basin: Average Flow Conditions
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It should be noted that the data used for this study to assess point source loadings are from the years
2001, 2002 and the first half of 2003. Since that time period, phosphorus removal was implemented
at the MCES’ Metro WWTP. Because this one facility accounted for approximately 74 percent of the
point source phosphorus load to the Upper Mississippi River basin and an estimated 40 percent
statewide, continued phosphorus removal at this one facility will have a significant impact on the

future relative phosphorus loads in this basin and the state.

Figures 3-8a and 3-8b also show that atmospheric deposition comprises significant percentages of the

annual phosphorus loads as follows:

e Upper Mississippi River basin (11%) e St. Croix River basin (20%)
e Red River basin (29%) e Rainy River basin (34%)

This reflects the large amount of surface water and the relatively low amounts of other sources in

these basins.

Streambank erosion is a significant source of phosphorus in the Lower Mississippi River basin (34%)
and, to a lesser degree, in the Minnesota River basin (14%). Commercial/industrial process water is
an important source of phosphorus in the Lower Mississippi (13%), Minnesota (15%), Des Moines
(38%), and the Rainy River (10%) basins. Non-agricultural rural runoff sources of phosphorus are
important in the Rainy River (27%) and Lake Superior (28%) basins. Finally, human waste products

are a significant source of phosphorus in the Upper Mississippi (20%) and Cedar River (32%) basins.

3.3.2 Phosphorus Source Category Loadings by Flow Condition

Both total and bioavailable phosphorus source estimates vary significantly under each flow
condition. This is the result of changes in the nonpoint source loading from different flow conditions.
Point source loads remain constant for the three flow conditions. Total amount and relative source
contributions are summarized in Table 3-18 which indicates that point sources of phosphorus are

more bioavailable than nonpoint sources.
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Table 3-18 Statewide phosphorus contributions of point and nonpoint sources by flow

condition
Flow Condition
Low Average High
(Dry) (Wet)
Total Phosphorus
Point Source (kg/yr) 2,123,930 2,123,930 2,123,930
(45%) (31%) (19%)
Nonpoint Source (kg/yr) 2,638,067 4,659,704 8,932,735
(55%) (69%) (81%)
Total 4,761,997 6,783,634 11,056,665
Bioavaiable I-D’hosphorus
Point Source (kg/yr) 1,975,757 1,975,757 1,975,757
(57%) (44%) (30%)
Nonpoint Source (kg/yr) 1,472,784 2,559,026 4,648,570
(43%) (56%) (70%)
Total 3,448,542 4,534,783 6,624,327

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 WWTP would shift the point source contribution to approximately 37

percent of the total load and the nonpoint source contribution to 63 percent. Under low flow

conditions, the bioavailable point source phosphorus contribution represents 57 percent of the

statewide loadings to surface waters (see Table 3-18). The expected load reduction of approximately
496,800 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTP would shift the

point source contribution to approximately 50 percent of the total bioavailable phosphorus load.

Under average flow conditions (see Table 3-18), 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 nonpoint source phosphorus loadings nearly double from low to average flow

conditions.

Under high flow conditions (see Table 3-18), 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. Table 3-18 shows a 3.3-fold increase in nonpoint source
phosphorus loadings from low to high flow conditions and a near two-fold increase from average to

high flow conditions.
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Table 3-19 presents the contributions of each source category to the total and bioavailable
phosphorus loadings to surface waters in each basin and the state, by flow condition. The importance
of the total and bioavailable phosphorus contributions from each source category varies significantly
by basin, and somewhat by flow condition. Human waste products represent a significant portion of
the total and bioavailable phosphorus loadings in the Upper Mississippi and Cedar River basins under
each flow condition, and on a statewide basis, for the low and to a lesser extent average flow
conditions. During low flow conditions, human waste products contribute between 10 and 20 percent
of the bioavailable phosphorus loadings in the Lake Superior and St. Croix, Lower Mississippi, Red,
Missouri, and Minnesota River basins. Commercial/industrial process water represents a significant
portion of the total and bioavailable phosphorus loadings in the Upper Mississippi, Lower
Mississippi, Minnesota, and Des Moines River basins under each flow condition, and on a statewide
basis, for the low and to a lesser extent average flow conditions. Phosphorus contributions from

ISTS/unsewered communities are of relative importance in the St. Croix River basin.

Cropland and pasture runoff represents significant total and bioavailable phosphorus loadings in the
St. Croix, Lower Mississippi, Red, Missouri, Minnesota, Cedar and Des Moines River basins, and on
a statewide basis, under all flow conditions. The phosphorus contribution from cropland and pasture
runoff is also significant in the Upper Mississippi River basin for the average and high flow
conditions. Atmospheric deposition represents a significant portion of the phosphorus loadings in the
Lake Superior, St. Croix, Red, and Rainy River basins for each flow condition. Non-agricultural
rural runoff contributes a significant portion of the phosphorus loadings in the Lake Superior and
Rainy River basins for each flow condition. It should be noted, based on the analyses used in this
study, that the typical rate of total phosphorus export from each acre of non-agricultural land is
approximately four times lower than the corresponding load from each acre of contributing
agricultural land (cropland and pasture). Finally, Table 3-19 shows that streambank erosion is an
important source of phosphorus under high flow conditions for all of the basins, and is fairly
significant in the Lake Superior, Lower Mississippi, Rainy and Missouri River basins under average
flow conditions. Streambank erosion can also contribute somewhat significant amounts of total

phosphorus statewide and to the Minnesota and Cedar River basins under average flow conditions.
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Table 3-19 Major Source Category Contributions of Total and Bioavailable Phosphorus to Each Basin and the State, by Flow Condition

IBasin St. Croix River Upper Mississippi River || Lower Mississippi River Red River Rainy River Lake Superior Missouri River Minnesota River Cedar River Des Moines River Statewide
IFIow Condition Low Average High Low Average High Low Average High Low Average High Low Average High Low Average High Low Average High Low Average High Low Average High Low Average High Low Average Hi
Isou.-ce Category wl|ep|Te|er|Te|erTe|Br| TP|BP|TP|BP TP |BP| TP|BRP|TP|BP|TP|BP|TP|BP|TP|BP|TP|BP|TP|BP|TP|BP||TP|BP|TP|BP|TP|BP|TP|BP|TP|BP|TP|BP|TP|BP|TP|BP|TP|BP|TP|BP|TP|BP| TP |BP|TP|BP|TP|[BP| TP |BP| TP |BP | TP [ BP | TP
IPoInt Sources

IResidentiaI ADWD

ICommerciaI ADWD

IFood Soils/ Garbage Disposal Waste ‘?

IDentifrices
[ KIK2KIK2 L2 ® [

IHuman Waste Products

IRaw/Finished Water Supply
Groundwater Intrusion (1&!) ‘ - - - - - - ?

ICommercial/Industrial Process Water ‘“TTW‘ ‘ il
Noncontact Cooling Water I l l I | | l l l
NonPoint Sources

IISTSIUnsewered Communities - ‘
Cropland and Pasture Runoff [ [ ] LI L BT L L] R3] e K2l

|
B
i
&
&
[

|Agricultural Tile Drainage

[IFeedlots

|Atmospheric Deposition l-l ‘ TTTT ‘ ‘ - - - - - - - - T ‘

lUrban Runoff
L K3 LI L L] R

INon-AgicuItural Rural Runoff
IRoadway and Sidewalk Deicers
[Stream Bank Erosion - ‘ @ ‘ ‘

KEY: TP -- Total Phosphorus
BP -- Bioavailable Phosphorus

|
h
b
|
b
|
B
|

ADWD -- Automatic Dishwashing Detergent
- Source category represents more than 20% of the total basin phosphorus loading.

- Source category represents between 10% and 20% of the total basin phosphorus loading.
- Source category represents less than 10% of the total basin phosphorus loading.
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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.

3.4.11 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

Water
* Dentifrices

Waste

Point Source:
1,975,757 kg/yr,
57%

» Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process

* Food Soils/Garbage Disposal

» Groundwater Intrusion (I&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Statewide
Dry, Low Flow Water Year

o

Expected Load Reduction (496,793 kg P/yr)
Associated with a 1 mg P/L Effluent Discharge
Limit at the MCES Metro WWTF
(Effective 12/31/05)

Estimated Bioavailable P Contributions to Minnesota Surface Waters

Nonpoint Source:
1,472,784 kg/yr,
43%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source

Nonpoint Source

Bioavailable P Contributions

Bioavailable P Contributions

791,203 kglyr,

0.6%

Commercial/ Food Soils/ 137,959 kglyr,
Industrial Garbage 9.4%
Process Water: Disposal

52,999 kglyr,
2.7%

Non-Agricultural
Rural Runoff:

Waste: 230,547 Urban Runoff:

40.0% kglyr, 11.7% 166,082 kg/yr,
11.3%
Dentifrices: 875
kalyr, <0.1%
Groundwater Atmospheric
Intrusion (1&l): Deposition:
830 kgl/yr, Human Waste 286,132 kglyr,
<0.1% Products: 19.4%
- 697,118 kg/yr, Feedlots:
Raw/Finished
25,614 kalyr,
Water Supply: 35.8% T

1.7%

Agricultural Tile
Drainage
(subsurface
flows and
surface tile

. . Roadway and
ies;ndenil_al Commercial Sidewya|k
o L:]omah!c Automatic Deicing
55 tWHS ':Q Dishwasher Chemicals: Stream Bank
Noncontact etergent: Detergent: 43,540 kglyr Erosion: 27,412 -
Cooling Water: 129,287 kghyr/ g cor o Kglyr, 1.9% Individual
12,564 kglyr, 6.5% 3.1% o Sonase
Treatment

Systems (ISTS)
/ Unsewered
Communities:
243,712 kglyr,

16.5%

Cropland and
Pasture Runoff:
504,764 Kg/yr,

34.3%

(Based on data from NPDES/SDS Permit Discharge

inlets): <87,570
kalyr, 2.6%

Monitoring Reports, 2001 through mid-2003.)

P:\23\62\853\SAS Spreadsheets\OverallTPBudgetsRevised-colon.xls

2/19/2004
10:43 AM



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
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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.

P:\23\62\853\Report\Final\Final Report.doc 131



Figure 3-13
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Figure 3-14
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3.4.2 St. Croix River Basin

3.4.21 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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Figure 3-16
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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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Figure 3-17
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Figure 3-18
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Figure 3-19
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St. Croix River Basin
Wet, High Flow Water Year

Point Source:
22,096 kg/yr,
6%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
« Dentifrices
* Food Soils/Garbage Disposal
Waste
» Groundwater Intrusion (I&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Nonpoint Source:
344,154 kg/yr,
94%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Residential
Automatic
Dishwashing
Commercial/ Detergent:
Industrial 1,650 kg/yr,
Process Water: 7.5% Commercial
3,813 kglyr, Automatic
17.3% Dishwasher

Detergent: 740
kalyr, 3.4%

Groundwater
Intrusion (1&l): Food Soils/
18 kglyr, <0.1% Garbage
Disposal
Waste: 3,678

kglyr, 16.6%
Raw/Finished
Water Supply:

988 kg/yr, 4.5%

Dentifrices: 22

ka/yr, 1.0%

Human Waste
Products:
10,986 kg/yr,
49.7%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual
Sewage
Treatment
Systems (ISTS)
/ Unsewered
Communities:
22,132 kglyr,

Stream Bank 6.4%

Erosion: 98,000
kgl/yr, 28.5%

Roadway and

Sidewalk Cropland and

- Pasture Runoff:
Deicing

123,467 kglyr,
Chenmicals: 35 go/g v
4,514 kglyr, A
1.3%

Non-Agricultural
Rural Runoff:
32,801 kg/yr,

9.5%

Feedlots: 3,726
katyr, 1.1%
Atmospheric

Urban Runoff: Deposition:
10,858 kglyr, 48,655 kg/yr,
3.2% 14.1%

P:\23\62\853\SAS Spreadsheets\OverallTPBudgetsRevised-colon.xls

2/19/2004
10:44 AM



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

3.4.31 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
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Figure 3-21
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Figure 3-22
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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
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» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Process Water:
342,050 kg/yr,
29.0%

Groundwater
Intrusion (1&l):
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<0.1%

Raw/Finished

Water Supply:

33,276 kglyr,
2.8%

Point Source
Total Phosphorus Contributions

Human Waste
Products:
457,561 kglyr,

Non-Agricultural
Rural Runoff:
98,615 kg/yr,

8.5%

Food Soils/
Garbage
Disposal

Waste: 198,763
kglyr, 16.8%
Urban Runoff:
163,775 kalyr,

Dentifrices: 14.2%

12,065 kglyr,
1.0%

Atmospheric
Deposition:
264,658 kg/yr,

Nonpoint Source
Total Phosphorus Contributions

Residential
Automatic Commercial Roadway and Individual
Dishwashing Automatic Sidewalk Sewage
Nolncontact Detergent: Dishwasher Deicing Treatment
Cooling Water: 89,173 kg/yr, Detergent: Chemicals: Stream Bank Systems (ISTS)
4,779 l:g/yr, 7.6% 41,636 kglyr, 21,795 kglyr, Erosion: 79,900 / Unsewered
. 0.4% 3.5% o kalyr, 6.9% Communities:
Commercial/ 7 1.9% 110.972 ka/yr
Industrial ’9 6% o
.6%

Cropland and
Pasture Runoff:
397,719 kg/yr,
34.4%

Feedlots:
18,794 kglyr,
1.6%

38.8%

22.9%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)
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Figure 3-24

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Upper Mississippi River Basin
Average Flow Water Year

Point Source:
1,088,681 kg/yr,
62%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
* Dentifrices
» Food Soils/Garbage Disposal
Waste
+ Groundwater Intrusion (1&I)
* Residential Automatic
Dishwasher Detergent

Nonpoint Source:
660,342 kg/yr,
38%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

* Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk

* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Expected Load Reduction (496,793 kg P/yr)
Associated with a 1 mg P/L Effluent
Discharge Limit at the MCES Metro WWTF
(Effective 12/31/05)

Deicing Chemicals
+ Stream Bank Erosion
* Urban Runoff

Point Source
Bioavailable P Contributions

Residential

Automatic Commercial

Dishwashing Automatic

Noncontact Detergent: Dishwasher

Cooling Water: 89,173 kglyr, Detergent:
4,2(())541:;;/yr, 8.2% 41,636 kg/yr,

. ‘o Y
Commercial/ e
Industrial

Process Water:

331,789 kglyr, Food Soils/
30.5% Garbage
Disposal
Waste: 159,010
kglyr, 14.6%
Groundwater
Intrusion (1) Dentifrices: 603
St%ﬁgogr kglyr, <0.1%
Raw/Finished
Water Supply:
31,613 kgiyr, Human Waste
29% Products:
430,107 kglyr,
39.5%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Bioavailable P Contributions

Roadway and
Sidewalk Individual
Deicing Sewage
Chemicals: Treatment
20,052 kglyr, Systems (ISTS)
3.0% / Unsewered
Communities:
106,533 kgl/yr,
16.1%

Stream Bank
Erosion: 35,156
kalyr, 5.3%

Non-Agricultural
Rural Runoff:
57,476 kglyr,

8.7%

Urban Runoff:
95,728 kglyr,
14.5%

Cropland and
Pasture Runoff:
230,677 kglyr,

34.9%

Atmospheric

Deposition: Feedlots:
99,686 kg/yr, 15,035 kglyr,
15.1% 2.3%
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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

Point Source:
1,180,141 kg/yr,
37%
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Water
* Dentifrices
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Monitoring Reports, 2001 through mid-2003.)
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Figure 3-26

Estimated Bioavailable P Contributions to Minnesota Surface Waters

Point Source:
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Limit at the MCES Metro WWTF
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Dlar age Non-Agricultural
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Treatment
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3.4.4 Lower Mississippi River Basin

3.4.41 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

Point Source:
267,259 kg/yr,
50%
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Dishwasher Detergent

» Commercial/Industrial Process
Water
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* Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I&I)
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« Cropland and Pasture Runoff
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» Urban Runoff

Point Source
Total Phosphorus Contributions

Residential
Automatic Commercial
Dishwashing Automatic
Detergent: Dishwasher
12,685 kglyr, Detergent:
4.7% 5,919 kalyr,
Noncontact 22%
Cooling Water: Food Soils/
1,129 kg/yr, Garbage
0.4% Disposal

Waste: 28,287
kglyr, 10.6%

Dentifrices:
Commercial/ 1,717 kglyr,
Industrial 0.6%

Process Water:
125,097 kglyr,
46.8%
Human Waste
Products:
86,588 kg/yr,
32.4%

Groundwater -
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120 kglyr, Water Supply:
<0.1% 5,717 kalyr,
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Non-Agricultural
Rural Runoff:
10,489 kglyr,

3.9%

Urban Runoff:
28,132 kglyr,

Cropland and
Pasture Runoff:
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Figure 3-28

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Lower Mississippi River Basin
Dry, Low Flow Water Year

Point Source:
250,559 kg/yr,
61%
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16.0%

Chemicals: \ grosion: 20,020
4.534kglyr,\ anr 12.4%
2.8%
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Figure 3-29

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Lower Mississippi River Basin
Average Flow Water Year

Point Source:
267,259 kg/yr,
28%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
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Waste
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Deicing Chemicals
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* Urban Runoff

Point Source
Total Phosphorus Contributions
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Dishwasher
Detergent:
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Dishwashing
Noncontact Detergent:
Cooling Water:_ 12 g5 kg/yr, Food Soils/
1,129 kg/yr, 4.7% Garbage
0.4%
Disposal

Waste: 28,287
kalyr, 10.6%

Commercial/ Dentifrices:
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Process Water: 0.6%
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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.

3.44.3 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
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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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1,129 kg/yr, g;rba::
0.4%
Disposal

Waste: 28,287
kglyr, 10.6%

Dentifrices:
1,717 kglyr,
0.6%

Commercial/
Industrial
Process Water:
125,097 kglyr,
46.8%

Human Waste

Groundwater Products:
Intrusion (1&l): Raw/Finished 86,588 kglyr,
120 kglyr, Water Supply: 32.4%
<0.1% 5,717 kglyr,

21%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual Cropland and
Sewage Pasture Runoff:
Treatment 295,588 kg/yr, Feedlots:
Systems (ISTS) 17.2% 29,219 kglyr,
/ Unsewered 1.7%
Communities:
26,949 kglyr, Atmospheric
1.6% Deposition:
22,930 kglyr,
1.3%

Urban Runoff:
33,403 kg/yr,
1.9%

Non-Agricultural
Rural Runoff:
17,624 kglyr,

1.0%

Stream Bank Roadway and

Erosion: Sidewalk
1,280,000 kg/yr, Deicing
74.6% Chemicals:
10,977 kglyr,
0.6%
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Figure 3-32

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Lower Mississippi River Basin
Wet, High Flow Water Year

Point Source:
250,559 kg/yr,
23%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

* Dentifrices

» Food Soils/Garbage Disposal
Waste

+ Groundwater Intrusion (1&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Nonpoint Source:
833,044 kg/yr,
77%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

* Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

* Urban Runoff

Point Source
Bioavailable P Contributions

Residential
Automatic !
. ) Commercial
Dishwashing .
i Automatic
Detergent: Dishwasher
12,685 kg/yr, .
519 Detergent:
) 5,919 kglyr,
2.4%

Noncontact
Cooling Water:
994 kg/yr, 0.4%

Food Soils/
Garbage
Disposal

Waste: 22,629

kalyr, 9.0%

Dentifrices: 86

Commercial/ kalyr, <0.1%

Industrial
Process Water:
121,344 kg/yr,
48.4%

Human Waste

Products:
Groundwater Raw/Finished 81 ’:;92355/9/3"’
Intrusion (1&l): Water Supply: 7o
78 kglyr, <0.1% 5,432 kglyr,
2.2%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Bioavailable P Contributions

Individual
Sewage Cropland and
Treatment Pasture Runoff:

171,441 kglyr,
20.6%

Systems (ISTS)
/ Unsewered
Communities:
25,871 kglyr,

3.1%

Feedlots:

Atmospheric

Deposition:

9,170 kglyr,
1.1%

Urban Runoff:
19,560 kglyr,
2.3%
Stream Bank

Erosion: Non-Agricultural
563,200 kg/yr, Rural Runoff:
67.6%

10,328 kg/yr,
1.2%

Roadway and
Sidewalk
Deicing
Chemicals:
10,099 kglyr,
1.2%
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3.4.5 Red River Basin

3.4.5.1 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

Point Source:
78,154 kg/yr,
16%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

« Dentifrices

* Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Red River Basin
Dry, Low Flow Water Year

Nonpoint Source:
398,560 kg/yr,
84%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Residential

X Commercial

Automatic Automatic

Dishwashing Dishwasher

Noncontact Detergent: Detergent:
Cooling Water: 4,842 kglyr, 2961 kalyr
3,517 kglyr, 6.2% 201 KT,

2.9%

4.5%
Food Soils/
Commercial/ Garbage
Industrial Disposal

Process Water:
23,845 kglyr,
30.5%

Waste: 10,820
kalyr, 13.8%

Dentifrices: 657
Groundwater kalyr, 0.8%
Intrusion (1&l):

50 kg/yr, <0.1%

Human Waste
Products:

Raw/Finished 28,712 kglyr,
Water Supply: 36.7%
3,452 kglyr,
4.4%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Roadway and

Sidewalk Individual
Deicing Sewage
Chemicals: Treatment
Non-Agricultural 8’7?2’525/9/ v Systems (ISTS)
Rural Runoff: e / Unsewered
16,235 kglyr, Communities:
41% 22,882 kg/yr,
5.7%

Urban Runoff:

12,118 kg/yr, Cropland and

3.0% Pasture Runoff:
132,539 kg/yr,
33.3%
Atmospheric
Deposition: Feedlots: 683
205,367 kg/yr, kglyr, 0.2%
51.5%
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Figure 3-34

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Red River Basin
Dry, Low Flow Water Year

Point Source:

72,316 kg/yr,
28% Nonpoint Source:
- Commercial Automatic 190’67424"/1,(9/“’

Dishwasher Detergent

» Commercial/Industrial Process
Water

« Dentifrices

* Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I&I)

* Residential Automatic
Dishwasher Detergent

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk

* Human Waste Products Deicing Chemicals
» Noncontact Cooling Water » Stream Bank Erosion
» Raw/Finished Water Supply » Urban Runoff
Point Source Nonpoint Source
Bioavailable P Contributions Bioavailable P Contributions

Residential Roadway and

it o
Dishwashing X o Individual
Noncontact Detergent: %I:T::a::ir BC g;gm:a/ls. Sewage
Cooling Water: 4,842 kglyr, 2064 i y . . ’ og yn Treatment
3,095 kg/yr, 6.7% ¥ oQ yr, Non-Agricultural 4.2% Systems (ISTS)
4.3% 3.1% Rural Runoff:
/ Unsewered
9,537 kglyr, c o
Food Soils/ 5.0% ommunities:
Garbage 21,967 kglyr,
Commercial/ Disposal 11.5%
Industrial Waste: 8,656 Urban Runoff:

Process Water: ka/yr, 12.0%

23,129 kglyr, 7,113 kglyr,
32.0% 3.7%
Dentifrices: 33
kglyr, <0.1%
Cropland and
Groundwater Atmospheric Pasture Runoff:
Intrusion (I&l): Deposition: 76,873 kglyr,
33 kg/yr, <0.1% 66,571 kglyr, 40.3%
Human Waste 34.9%
Products:
26,989 kglyr,
Raw/Finished 37.3% Feedlots: 547
Water Supply: kglyr, 0.3%
3,279 kalyr,
4.5%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)
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Figure 3-35

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Red River Basin
Average Flow Water Year

Point Source:
78,154 kg/yr,
10%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
* Dentifrices
» Food Soils/Garbage Disposal
Waste
+ Groundwater Intrusion (1&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Nonpoint Source:
714,730 kg/yr,
90%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

+ Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

* Urban Runoff

Point Source
Total Phosphorus Contributions

Commercial
Residential Automatic
Automatic Dishwasher
Dishwashing Detergent:
Detergent: 2,261 kglyr,
Noncontact 4,842 kglyr, 2.9%
Cooling Water: 6.2%

3,517 kalyr,
4.5%
» Food Soils/
C?mmerf:lla I/ Garbage
ndustrial Disposal

Process Water:

Waste: 10,820
23,845 kglyr,

kglyr, 13.8%

30.5%
Dentifrices: 657
kg/yr, 0.8%
Groundwater
Intrusion (I&l):

50 kg/yr, <0.1% Human Waste

Raw/Finished Products:
Water Supply: 28,712 kglyr,
3,452 kglyr, 36.7%
4.4%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Roadway and
Sidewalk
Deicing
Chemicals:
13,519 kglyr, Stream Bank

Non-Agricultural 1.9% Erosion: 8,840 Individual
Rural Runoff: kalyr, 1.2% Sewage
) Treatment

37,618 kglyr,

5.3% Systems (ISTS)

/ Unsewered

Urban Runoff: Communities:
14,151 kglyr, 22,882 kglyr,
3.2%

2.0%

Atmospheric Cropland and
Deposition: Pasture Runoff:
226,843 kalyr, 388,294 kglyr,
31.7%

54.3%

Feedlots: 2,581
kglyr, 0.4%
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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

Point Source:

72,316 kg/yr,
16% Nonpoint Source:
» Commercial Automatic 373,148 kalyr,
Dishwasher Detergent 84%

» Commercial/Industrial Process
Water

* Dentifrices

» Food Soils/Garbage Disposal
Waste

+ Groundwater Intrusion (1&I)

* Residential Automatic
Dishwasher Detergent

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

+ Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk

* Human Waste Products Deicing Chemicals
» Noncontact Cooling Water + Stream Bank Erosion
» Raw/Finished Water Supply » Urban Runoff
Point Source Nonpoint Source
Bioavailable P Contributions Bioavailable P Contributions
Roadway and
Commercial Sldgvyalk
Residential Automatic CEEIC'I”%
Automatic Dish h emicals:
g e gy, S sae
Detergent: 2,261 kglyr, Non-Agricultural e kalyr, 1.0% Individual
Noncontact 4,842 kglyr, 3.1% Rural Runoff: Sewage
Cooling Water: 6.7%

21,963 kg/yr, Treatment

3,02531:5;/yr, 5.9% Systems (ISTS)
- Food Solls/ / Unsewered
) Garbage Urban Runoff: Communities:
Commercial/ Disposal 8,307 kglyr, 21,967 kg/yr,
Industrial Waste: 8.656 2.09% 5.9%
Process Water: kalyr 12’0%
23,129 kglyr, T
32.0%
Dentifrices: 33 ’;g‘::::z:c
o :
kglyr, <0.1% 77,309 kglyr,
20.7%
Ii\atrrzl;;dnw(i‘;el)r' Human Waste roplara ane
y Feedlots: 2,065 Pasture Runoff:
33 kglyr, <0.1% Products: Kalyr. 0.6% 295.210 kg/yr
Raw/Finished 26,989 kglyr, oyn 2% Pyl
4%
Water Supply: 37.3%
3,279 kglyr,
4.5%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)
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Figure 3-37

Point Source:
78,154 kg/yr,
7%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
« Dentifrices
* Food Soils/Garbage Disposal
Waste
» Groundwater Intrusion (I&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Red River Basin
Wet, High Flow Water Year

Nonpoint Source:
1,073,464 kg/yr,
93%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Residential
Automatic
Dishwashing Commercial
Detergent: Automatic
4,842 kg/yr, Dishwasher
6.2% Detergent:
2,261 kglyr,
Noncontact 2.9%
Cooling Water:
8517 kalyr, Food Soils/
4.5% Garbage
Disposal
Waste: 10,820
Commercial/ kglyr, 13.8%
Industrial

Process Water:
23,845 kglyr,
30.5%

Dentifrices: 657
kg/yr, 0.8%

Groundwater
Intrusion (I1&l):
50 kglyr, <0.1%

Human Waste
Products:

Raw/Finished 28,712 kglyr
Water Supply: '6.7%
3,452 kglyr,
4.4%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual
Sewage
Treatment

Stream Bank Systems (ISTS)

Roadway and

Sidewalk Erosion: / Unsewered
Deicing 146,000 kg/yr, Communities:
Chemicals: 13.6% 22,882 kglyr,

19,630 kg/yr, 21%

1.8%

Non-Agricultural
Rural Runoff:
61,538 kg/yr,

5.7%

Urban Runoff:

16,032 kg/yr, Cropland and

1.5% Pasture Runoff:
550,348 kg/yr,
Atmospheric 51.3%
Deposition:
252,432 kglyr,
23.5% Feedlots: 4,601

kalyr, 0.4%
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Figure 3-38

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Red River Basin
Wet, High Flow Water Year

Point Source:

72,316 kg/yr, Nonpoint Source:
1% 562,522 kg/yr,
» Commercial Automatic 89%

Dishwasher Detergent

» Commercial/Industrial Process
Water

* Dentifrices

» Food Soils/Garbage Disposal
Waste

+ Groundwater Intrusion (1&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

* Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

* Urban Runoff

Point Source Nonpoint Source
Bioavailable P Contributions Bioavailable P Contributions
F;esmem!a' Individual
o L:oma:!c c ol Sewage
Detorgent.  Automaic i Treatment
: idewal
4,842 kglyr, Dishwasher Deicing Stream Bank S/ys'jems (ISTS)
o : . Erosion: 64,240 nsewered
6.7% Detergent: Chemicals: R c itiag
2,261 kglyr 18,060 kgiyr Kalyr, 11.4% ommunities:
Noncontact mdo, ’ ' 21,967 kglyr,
. 3.1% 3.2% o
Cooling Water: . 3.9%
Food Soils/
3,095 kalyr,
Garbage
4.3% N
Disposal .
) Waste: 8,656 Non-AgncuItur-aI
Commerf:lal/ kglyr, 12.0% Rural Runoff:
Industrial 35,859 kg/yr,
Process Water: 6.4%

Dentifrices: 33
kglyr, <0.1%

23,129 kg/yr,
32.0% Urban Runoff:
9,411 kalyr,
1.7%
Groundwater

X Atmospheric
Intrusion (1&l):

Cropland and

K " Deposition: Pasture Runoff:
33 kglyr, <0.1% 90,103 kg/yr, 319,202 kglyr,
Human Waste 16.0%  Feedlots: 3,680 56.7%
Products: kglyr, 0.7%
Raw/Finished 26‘2393‘;9/ v
Water Supply: e
3,279 kglyr,
4.5%
(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)
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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

Point Source:
44,238 kg/yr,
15%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
« Dentifrices
* Food Soils/Garbage Disposal
Waste
» Groundwater Intrusion (I&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Rainy River Basin
Dry, Low Flow Water Year

Nonpoint Source:
251,736 kg/yr,
85%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Food Soils/
Commercial Garbage
Automatic Disposal
Dishwasher Waste: 542
Residential Detergent: 117 kglyr, 1.2%
Automatic  Kg/yr, 0.3%
Dishwashing
Detergent: 250
kg/yr, 0.6%

Dentifrices: 34
kalyr, <0.1%

Human Waste
Products: 2,727
kal/yr, 6.2%

Noncontact
Cooling Water:
11 kalyr, <0.1%

Raw/Finished
Water Supply:
172 kglyr, 0.4%

Groundwater
Intrusion (I1&l): 3
kglyr, <0.1%

Commercial/
Industrial
Process Water:
40,382 kglyr,
91.3%

(Based on data from NPDES/SDS Permit Discharge

Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual
Sewage
Roadway and Treatment
Sidewalk Systems (ISTS)
Deicing / Unsewered
Chemicals: Communities: Cropland and
2,108 kg/yr, 8,851 kg/yr, Pasture Runoff:
0.8% 3.5% 9,205 kglyr,

3.7%

Feedlots:

Non-Agricultural 179kglyr,

Rural Runoff: <0.1%
71,421 kglyr,
28.4%
Urban Runoff:
4,181 kglyr,
1.7%
Atmospheric
Deposition:
155,792 kglyr,
61.9%
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Figure 3-40

Point Source:
42,711 kg/yr,
27%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

« Dentifrices

* Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Rainy River Basin
Dry, Low Flow Water Year

Nonpoint Source:
118,111 kg/yr,
73%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Bioavailable P Contributions

Food Soils/
Commercial Garbage
Automatic Disposal Dentifrices: 2
Dishwasher Waste: 434

kalyr, <0.1%

Residential Detergent: 117
kalyr, 0.3%

kglyr, 1.0%

Automatic
Dishwashing
Detergent: 250
kglyr, 0.6%

Human Waste
Products: 2,563
kglyr, 6.0%

Raw/Finished
Water Supply:
164 kg/yr, 0.4%

Noncontact
Cooling Water:
9 kalyr, <0.1%

Groundwater
Intrusion (1&l): 2
kalyr, <0.1%

Commercial/
Industrial
Process Water:
39,171 kglyr,
91.7%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Bioavailable P Contributions

Individual
Sewage
Treatment

Roadway and
Systems (ISTS)

Sidewalk
Deicing / Unsewered
Chemicals: Csozlgﬂéusi;iesi
E T,
1,999 kg, 7 20/9 y Cropland and
1.6% 2% ]
Pasture Runoff:
5,339 kglyr,
4.5%

Non-Agricultural
Rural Runoff:
41,577 kglyr,

35.2%

Feedlots: 143
kglyr, 0.1%

Urban Runoff: Atmospheric

2,448 kglyr, Deposition:
21% 58,167 kalyr,

49.2%
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Figure 3-41

Point Source:
44,238 kg/yr,
10%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

* Dentifrices

» Food Soils/Garbage Disposal
Waste

+ Groundwater Intrusion (1&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Rainy River Basin
Average Flow Water Year

Nonpoint Source:
377,109 kg/yr,
90%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

* Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

* Urban Runoff

Point Source
Total Phosphorus Contributions

Commercial Food Soils/
Automatic Garbage
Dishwasher Disposal
Detergent: 117 Waste: 542 Dentifrices: 34

Residential kglyr, 1.2% kg/yr, <0.1%
Automatic
Dishwashing
Detergent: 250

kalyr, 0.6%

kglyr, 0.3%

Human Waste
Products: 2,727
kal/yr, 6.2%

Raw/Finished
Water Supply:
172 kglyr, 0.4%

Noncontact
Cooling Water:
11 kglyr, <0.1%

Groundwater
Intrusion (1&1): 3
kglyr, <0.1%

Commercial/
Industrial
Process Water:
40,382 kglyr,
91.3%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual
Sewage
Treatment
Systems (ISTS)
/ Unsewered
Communities:
8,851 kglyr,
2.3%

Cropland and
Pasture Runoff:
21,215 kglyr,
5.6%

Stream Bank
Erosion: 52,700
kglyr, 14.0%
Roadway and

Feedlots:

Sld(_evyalk 298kglyr.
Deicing o
Chemicals: <0.1%
3,470 kalyr,
0.9%

Non-Agricultural
Rural Runoff:
114,813 kglyr,

30.4% Atmospheric

Deposition:
171,065 kg/yr,
45.4%

Urban Runoff:
4,697 kglyr,
1.2%
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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

Point Source:
42,711 kg/yr,
19%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
* Dentifrices
» Food Soils/Garbage Disposal
Waste
+ Groundwater Intrusion (1&I)
* Residential Automatic
Dishwasher Detergent

Nonpoint Source:
182,742 kg/yr,
81%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

+ Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk

* Human Waste Products Deicing Chemicals
» Noncontact Cooling Water + Stream Bank Erosion
» Raw/Finished Water Supply » Urban Runoff
Point Source Nonpoint Source
Bioavailable P Gantributions Bioavailable P Contributions
Commercial Garbage
Automatic Disposal Dentifrices: 2 Individual
Dishwasher Waste: 434 kg/yr, <0.1% Sewage
Detergent: 117 | Kg/yr, 1.0% Treatment

Residential kg/yr, 0.3% Systems (ISTS)

Automatic / Unsewered
i i Communities:
DDItShwaihlggo Human Waste Stream Bank 8,496 kglyr Cropland and
eke/rgeg éo/ Products: 2,563 Erosion: 23,188 ! 4.6% ! Pasture Runoff:
iy, 0.5% kglyr, 6.0% kg 12.7% ' 12,305 kolyr,
Roadway and 6.7%
Sidewalk
Noncontact Raw/Finished Cr?:r:r::iiz;gs‘
Cooling Water: Water Supply: : ‘
9 kglyr, <0.1% 164 kg/yr, 0.4% 3,193 kg/yr, Feedlots: 239
oy 1.7% kalyr, 0.1%

Groundwater
Intrusion (1&l): 2
kglyr, <0.1%
Non-Agricultural

Rural Runoff: Atmospheric

66,768 kg/yr, Deposition:

36.5% 65,804 kalyr,
36.0%

Commercial/
Industrial
Process Water:
39,171 kglyr,
91.7%

Urban Runoff:
2,750 kglyr,
1.5%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)
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Figure 3-43

Point Source:
44,238 kg/yr,
6%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
« Dentifrices
* Food Soils/Garbage Disposal
Waste
» Groundwater Intrusion (I&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Rainy River Basin
Wet, High Flow Water Year

Nonpoint Source:
730,895 kg/yr,
94%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Food Soils/
Garbage
Commercial Disposal
Automatic :Iz/is:ei 52‘:/2 Dentifrices: 34
Residential Dishwasher a/yr, 1.2% kalyr, <01%
Automatic Detergent: : 17
Dishwashing kg/yr, 0.3%

Human Waste
Products: 2,727|
kglyr, 6.2%

Detergent: 250
kglyr, 0.6%

Noncontact
Cooling Water:
11 kglyr, <0.1%

Raw/Finished
Water Supply:
172 kglyr, 0.4%

Groundwater
Intrusion (1&l): 3
kalyr, <0.1%

Commercial/
Industrial
Process Water:
40,382 kglyr,
91.3%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual
Sewage
Treatment
Systems (ISTS)
/ Unsewered
Communities:
8,851 kglyr,
1.2%

Cropland and
Pasture Runoff:
36,946 kglyr,
5.1%

Feedlots:

<0.1%
Atmospheric
Deposition:
Stream_ Bank 194,778 kglyr,
Erosion: 26.6%
318,000 ka/yr, .
43.5%

Urban Runoff:
5,391 kalyr,

Roadway and 0.7%

Sidewalk
Deicing Non-Agricultural
Chemicals: Rural Runoff:
4,980 kglyr, 161,503 kg/yr,
0.7% 22.1%
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Figure 3-44

Point Source:
42,711 kg/yr,
11%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

« Dentifrices

* Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Rainy River Basin
Wet, High Flow Water Year

Nonpoint Source:
349,473 kg/yr,
89%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Bioavailable P Contributions

Food Soils/
Garbage
Commercial Disposal
Automatic Waste: 434 Dentifrices: 2
Residential Dishwasher kglyr, 1.0% kglyr, <0.1%
Automatic Detergent: : 17
Dishwashing kglyr, 0.3% Human Waste

Detergent: 250
kglyr, 0.6%

Products: 2,563
kglyr, 6.0%

Noncontact
Cooling Water: Raw/Finished
9 kg/yr, <0.1% Water Supply:

164 kglyr, 0.4%

Groundwater
Intrusion (I1&l): 2
kalyr, <0.1%

Commercial/
Industrial
Process Water:
39,171 kglyr,
91.7%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Bioavailable P Contributions

Individual
Sewage
Treatment
Systems (ISTS)
/ Unsewered
Communities:
8,496 kglyr,

2.4%

Cropland and
Pasture Runoff:
21,429 kglyr,
6.1%

Feedlots: 358
kglyr, 0.1%

Stream Bank

Erosion: Atmospheric
139,920 kg/yr, Deposition:
40.0% 77,661 kalyr,

22.2%

3,155 kglyr,
o
Roadway and 0.9%
Sidewalk
Deicing
Chemicals: Non-Agricultural
4,581 kglyr, Rural Runoff:
1.3% 93,873 kg/yr,

26.9%

Urban Runoff:
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3.4.7 Lake Superior Basin

3.4.71 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

Point Source:
34,782 kg/yr,
18%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
« Dentifrices
* Food Soils/Garbage Disposal
Waste
» Groundwater Intrusion (I&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Lake Superior Basin
Dry, Low Flow Water Year

Nonpoint Source:
158,183 kg/yr,
82%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

N Residential
loncontact !
Cooling Water: Automatio Commercial
Commercial/ 35 ka/yr. 0.1% Dishwashing !
Industrial o B Detergent: Automatic
Process Water: 2,290 kg/yr, Dishwasher

Detergent:
1,069 kg/yr,
3.1%

7,691 kglyr, 6.6%

22.1%

Groundwater

r Food Soils/

Intrusion (1&I): Garbage

43 kglyr, 0.1% Disposal
Waste: 5,105

kalyr, 14.7%

Dentifrices: 310
kglyr, 0.9%

Raw/Finished
Water Supply:
603 kg/yr, 1.7%

Human Waste
Products:
17,637 kaglyr,
50.7%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual
Sewage
Treatment
Systems (ISTS)
/ Unsewered

Stream Bank
Erosion: 4,730
kglyr, 3.0%

Roadway and C;g\;:u; |;|es: Cropland and
Sidewalk : 5 10/9 ve Pasture Runoff:
Deicing e 8,676 kg/yr,
Chemicals: 5.5%

2,249 kglyr,
1.4% Feedlots: 193

kg/yr, 0.1%

Non-Agricultural
Rural Runoff:
47,993 kglyr,

30.3%

Atmospheric
Deposition:
64,382 kglyr,

Urban Runoff: 40.7%

21,909 kg/yr,
13.9%
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Figure 3-46

Point Source:
32,129 kg/yr,
28%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

« Dentifrices

* Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Lake Superior Basin
Dry, Low Flow Water Year

Nonpoint Source:
82,894 kg/yr,
72%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Bioavailable P Contributions

Noncontact Residential
Cooling Water: {\utomat!c .
Commerciall 31 kgiyr, <0.1% Dishwashing Commerc_lal
Industrial Detergent: Automatic
Process Water: 2,290 kg/yr, Dishwasher
7,460 kglyr, 71% Detergent:
23.2% 1,069 kg/yr,
3.3%

Food Soils/
Grou@water Garbage
Intrusion (I&l): Disposal
28 kg/yr, <0.1% Waste: 4,084

kalyr, 12.7%

Dentifrices: 15
kalyr, <0.1%
Raw/Finished
Water Supply:

573 kglyr, 1.8%

Human Waste
Products:
16,579 kglyr,
51.6%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Bioavailable P Contributions

Individual
Sewage
Treatment
Systems (ISTS)
/ Unsewered

Stream Bank
Erosion: 2,081
kalyr, 2.5%

Roadway and Communities:
Sidewalk 7,729 kglyr,
Deicing 9.3% Cropland and

Pasture Runoff:

Chemicals:
2,069 kg/yr, 5,0(;215;;/yr,
2.5% A%

Feedlots: 154
kalyr, 0.2%
Non-Agricultural
Rural Runoff:
27,935 kglyr,
33.7%

Atmospheric

Deposition:

25,085 kg/yr,
30.2%

Urban Runoff:
12,828 kglyr,
15.5%
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Figure 3-47

Point Source:
34,782 kg/yr,
13%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
* Dentifrices
» Food Soils/Garbage Disposal
Waste
+ Groundwater Intrusion (1&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Lake Superior Basin
Average Flow Water Year

Nonpoint Source:
229,660 kg/yr,
87%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

* Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

* Urban Runoff

Point Source
Total Phosphorus Contributions

Residential
Automatic
Dishwashing
Detergent:
2,290 kglyr,
6.6%

Noncontact
Cooling Water:
35 kg/yr, 0.1%

Commercial
Automatic

Commercial/ Dishwasher
Industrial Detergent:
Process Water: 1,069 kg/yr,
7,691 kglyr, 3.1%
22.1%
Food Soils/
Groundwater (;grbagel
Intrusion (1&l): Isposa
Waste: 5,105

43 kglyr, 0.1%
aa ; kglyr, 14.7%

Raw/Finished
Water Supply:
603 kg/yr, 1.7%

Dentifrices: 310
kglyr, 0.9%

Human Waste
Products:
17,637 kglyr,
50.7%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual
Sewage
Treatment
Systems (ISTS)
/ Unsewered
Communities:
8,051 kglyr,
3.5%

Cropland and
Pasture Runoff:
14,936 kglyr,

Roadway and _Stream Bank
Sidewalk Erosion: 35,100

kalyr, 15.3%

Deicing
Chemicals: 6.5%
3,594 kglyr,
1.6% Feedlots: 311

kalyr, 0.1%

Atmospheric

Deposition:

70,118 kg/yr,
30.5%

Non-Agricultural
Rural Runoff:
73,541 kglyr,

32.0%

Urban Runoff:
24,008 kg/yr,
10.5%
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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

Point Source:
32,129 kg/yr,
21%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

* Dentifrices

» Food Soils/Garbage Disposal
Waste

+ Groundwater Intrusion (1&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Lake Superior Basin
Average Flow Water Year

Nonpoint Source:
120,141 kg/yr,
79%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

+ Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

* Urban Runoff

Point Source
Bioavailable P Contributions

Residential

Automatic

Dishwashing

Noncontact Detergent:
Cooling Water: | 2,290 kg/yr, ~ Commercial
31 kglyr, <0.1% 71% Automatic

Dishwasher

Commercial/

Industrial Detergent:
Process Water: 1,069 kg/yr,

7,460 kglyr, 3.3%

23.2%
Food Soils/

Garbage

Groundwater Disposal
Intrusion (1&l): Waste: 4,084

28 kg/yr, <0.1% kalyr, 12.7%

Dentifrices: 15
Raw/Finished ka/yr, <0.1%
Water Supply:

573 kglyr, 1.8%

Human Waste
Products:
16,579 kg/yr,
51.6%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Bioavailable P Contributions

Individual
Sewage
Treatment
Systems (ISTS)

Roadway and / Unsewered

Sidewalk Stream Bank Communities:

Deicing  Erosion: 15,444 7,729 Eg/y" Cropland and
Chemicals: kglyr, 12.9% 64% Pasture Runoff:
3,307 kglyr, 8,663 kg/yr,

2.8% 7.2%

Feedlots: 249
kglyr, 0.2%

Atmospheric
Deposition:
27,933 kglyr,
23.3%

Non-Agricultural
Rural Runoff:
42,762 kglyr,

35.6%

Urban Runoff:
14,055 kglyr,
11.7%
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Figure 3-49

Point Source:
34,782 kg/yr,
7%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
« Dentifrices
* Food Soils/Garbage Disposal
Waste
» Groundwater Intrusion (I&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Lake Superior Basin
Wet, High Flow Water Year

Nonpoint Source:
450,585 kg/yr,
93%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Residential
Automatic
Dishwashing
Commercial/ 2D:;?)r?<:7;r Commerqal
Industrial Noncontact 6.6% Automa:|c
Process Water: Cooling Water: 6.6% Dishwasher
7,691 kg/yr, 35 kglyr, 0.1% : Detergent:
22.1% 0.1% 1,069 kgyr,
22.1% 3.1%
3.1%
Groundwater
Intrusion (1&I): Food Soils/
43 kg/yr, 0.1% Garbage
0.1% Disposal
Waste: 5,105
kalyr, 14.7%
14.7%
Raw/Finished
Water Supply:
603 kg/yr, 1.7%

1.7%
Dentifrices: 310

kalyr, 0.9%
0.9%

Human Waste
Products:
17,637 kglyr,
50.7%
50.7%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual Cropland and
Sewage Pasture Runoff:
Treatment 25,662 kg/yr,
Systems (ISTS) 5.7%

/ Unsewered
Communities:
8,051 kalyr,
1.8%

Feedlots:

Atmospheric
Deposition:
Stream Bank 79,677 kglyr,
Erosion: 17.7%
207,000 kg/yr,
45.9%

Urban Runoff:
26,946 kglyr,
6.0%

Roadway and Non-Agricultural

Slil)i?giv:glk Rural Runoff:
Chemicals: 97,;51)875/9/yr,
5,075 kg/yr, 7%

1.1%
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Figure 3-50

Point Source:
32,129 kg/yr,
13%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

« Dentifrices

* Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Lake Superior Basin
Wet, High Flow Water Year

Nonpoint Source:
223,993 kg/yr,
87%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Bioavailable P Contributions

Residential
Automatic
Dishwashing
Detergent: Commercial
Commercial/
Industrial Noncontact 2’2301 l:/g/yr, Automatic
Process Water: Cooling Wate:: 71% Dishwasher
7,460 kglyr 31 kglyr, <0.1% Detergent:
’ ’ o
23.2% 0.1% 1,069 l:g/yr,
23.2% 3.3%
3.3%
Groundwater Food Soils/
Intrusion (I&l): Garbage
28 kg/yr, <0.1% Disposal
0.1% Waste: 4,084
kalyr, 12.7%
12.7%
Raw/Finished
Water Supply:
573 kg/yr, 1.8% Dentifrices: 15
1.8% kglyr, <0.1%

0.0%

Human Waste
Products:
16,579 kglyr,
51.6%

51.6%
(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Bioavailable P Contributions

Individual
Sewage Cropland and
Treatment Pasture Runoff:
Systems (ISTS) 14,884 kglyr,
/ Unsewered 6.6%

Communities:
7,729 kglyr,
3.5% Feedlots: 332

kalyr, 0.1%

Stream Bank
Erosion: 91,080
kal/yr, 40.7%

Atmospheric
Deposition:

14.6%
Urban Runoff:

15,768 kglyr,
7.0%

Roadway and

Sidewalk
Eem'mg| ) Non-Agricultural
f eml;:a/s. Rural Runoff:
,669 kg/yr, 56,818 kglyr,
21%

25.4%

32,713 kglyr,
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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

Point Source:
13,122 kg/yr,
21%
» Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
* Dentifrices
* Food Soils/Garbage Disposal
Waste
» Groundwater Intrusion (I&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Nonpoint Source:
50,068 kg/yr,
79%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Residential
Automatic Commercial
Dishwashing Automatic
Detergent: 762 Dishwasher

kgl/yr, 5.8% Detergent: 356
kalyr, 2.7%

Food Soils/

Commercial/
Industrial

Process Water: Garbage
4,042 kglyr, Disposal
30.8% Waste: 1,689

kalyr, 12.9%
Groundwater
Intrusion (1&l): 9
kglyr, <0.1%
Dentifrices: 103
kglyr, 0.8%

Raw/Finished

Water Supply:
531 kglyr, 4.0% Human Waste
Products: 5,630

kalyr, 42.9%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Roadway and

Sidewalk
Deicing
Non-Agricultural Chemicals:
Rural Runoff: 179K, giream Bank

1,554 kgiyr, 24% Erosion: 1,440 Individual
3.1% Kglyr, 2.9% Sowage
Urban Runoff: Treatment
2252 kalyr, Systems (ISTS)
4.5% / Unsewered
Communities:
Atmospheric 3,778 kglyr,
Deposition: 7.5%
2,497 kglyr,
5.0%

Feedlots: 699
kalyr, 1.4%

Cropland and

Pasture Runoff:

36,669 kg/yr,
73.2%
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Figure 3-52

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Missouri River Basin
Dry, Low Flow Water Year

Point Source:
12,198 kg/yr,
29%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

« Dentifrices

* Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Nonpoint Source:
30,424 kg/yr,
1%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Bioavailable P Contributions

Residential
Automatic Commercial
Dishwashing Automatic

Detergent: 762
kalyr, 6.2%

Dishwasher
Detergent: 356
kalyr, 2.9%

Commercial/ _

Industrial Food Soils/
Process Water: G_arbage
3,921 kg/yr, Disposal

32.1% Waste: 1,351

katyr, 11.1%

Groundwater
Intrusion (1&l): 6
kglyr, <0.1%

Dentifrices: 5
kg/yr, <0.1%

Raw/Finished
Water Supply:
505 kg/yr, 4.1%

Human Waste
Products: 5,292
kal/yr, 43.4%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Bioavailable P Contributions

Roadway and
Sidewalk
Deicing
Chemicals:
1,085 kg/yr,

Non-Agricultural
3.6%

Rural Runoff:
930 kg/yr, 3.1%
Urban Runoff:

Stream Bank
Erosion: 634
kglyr, 2.1% Individual
Sewage

1,320 kgiyr, Treatment
4.3% Systems (ISTS)
/ Unsewered
Atmospheric Communities:
Deposition: 3,627 kglyr,
1,001 kg/yr, 11.9%
3.3%

Feedlots: 559
kalyr, 1.8%

Cropland and

Pasture Runoff:

21,268 kglyr,
69.9%
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Figure 3-53

Point Source:
13,122 kg/yr,
12%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
+ Dentifrices
* Food Soils/Garbage Disposal
Waste
» Groundwater Intrusion (I&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Missouri River Basin
Average Flow Water Year

Nonpoint Source:
93,099 kg/yr,
88%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Residential .
. Commercial
Automatic X
Dishwashing Automatic
Dishwasher

Detergent: 762

kglyr, 5.8% Detergent: 356

kalyr, 2.7%

Commercial/ Food Soils/
Industrial Garbage
Process Water: Disposal
4,042 kglyr, Waste: 1,689
30.8% kglyr, 12.9%

Dentifrices: 10:
kglyr, 0.8%

Groundwater
Intrusion (1&): 9
kglyr, <0.1%

Raw/Finished
Water Supply:

531 kglyr, 4.0%
Human Waste

Products: 5,630
kalyr, 42.9%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Roadway and Individual
Sidewalk Sewage
Deicing Treatment
Chemicals: Systems (ISTS)
1,800 kg/yr, / Unsewered
1.9% Stream Bank  Communities:
Erosion: 16,100 3,778 kg/yr,
kalyr, 17.3% 4.1%

Non-Agricultural
Rural Runoff:
2,047 kglyr,
2.2%

Urban Runoff:
2,652 kglyr,
2.8%

Atmospheric
Deposition:
2,981 kglyr,

3.2%

Cropland and
Pasture Runoff:
59,758 kglyr,
64.2%

Feedlots: 3,982
kglyr, 4.3%
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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

Point Source:
12,198 kg/yr,
18%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
* Dentifrices
» Food Soils/Garbage Disposal
Waste
+ Groundwater Intrusion (1&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Nonpoint Source:
54,231 kg/yr,
82%

» Atmospheric Deposition
« Feedlots

Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

* Urban Runoff

+ Cropland and Pasture Runoff

+ Individual Sewage Treatment

Point Source
Bioavailable P Contributions

Residential
Automatic  Gommercial
Dishwashing  Aytomatic

Detergent: 762 pishwasher

kg/yr, 6.2%| Detergent: 356

ka/yr, 2.9%

Food Soils/
Garbage
Disposal

Waste: 1,351

kalyr, 11.1%

Commercial/
Industrial

Process Water:

3,921 kglyr,
32.1%

Dentifrices: 5
kg/yr, <0.1%

Groundwater
Intrusion (1&1): 6
kg/yr, <0.1%

Raw/Finished
Water Supply:

505 kg/yr, 4.1% Human Waste

Products: 5,292
kalyr, 43.4%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Non-Agricultural
Rural Runoff:

Feedlots: 3,186

Nonpoint Source
Bioavailable P Contributions

Roadway and

Sidewalk
Deicing
Chemicals: Individual
1,656 kg/yr, Sewage
3.1% Treatment

Systems (ISTS)

/ Unsewered
Stream Bank Communities:

Erosion: 7,084 3,627 kglyr,

o
1,221 kghyr, kglyr, 13.1% 6.7%

2.3%

Urban Runoff:
1,555 kglyr,
2.9%
Atmospheric
Deposition:
1,243 kglyr,
2.3%

Cropland and
Pasture Runoff:
34,660 kg/yr,

kalyr, 5.9% 63.9%
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Figure 3-55

Point Source:
13,122 kg/yr,
6%
» Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
* Dentifrices
» Food Soils/Garbage Disposal
Waste
+ Groundwater Intrusion (1&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Missouri River Basin
Wet, High Flow Water Year

Nonpoint Source:
207,901 kg/yr,
94%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

* Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Residential
{\utomat!c Commercial
Dishwashing Automatic

Detergent: 762 Dishwasher

C?nrgumset:;zlal/ kolyr, 8% Detergent: 356
Process Water: kalyr, 2.7%
4,042 kglyr, Food Soils/
30.8% Garbage
Disposal
Waste: 1,689

kalyr, 12.9%

Groundwater
Intrusion (1&l): 9
kalyr, <0.1%
Dentifrices: 103
kalyr, 0.8%

Raw/Finished
Water Supply:
531 kglyr, 4.0%

Human Waste
Products: 5,630

kalyr, 42.9%
(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual
Sewage
Treatment
Systems (ISTS)
/ Unsewered
Communities:
3,778 kglyr,

Stream Bank 18%

Erosion: 71,600
kglyr, 34.4%

Roadway and
Sidewalk
Deicing
Chemicals:
2,474 kglyr,

1.2% Cropland and

Pasture Runoff:
111,080 kg/yr,

53.4%
Non-Agricultural

Rural Runoff:
2,689 kglyr,
1.3%

Urban Runoff:

3,019 kglyr, Feedlots: 9,613
1.5% Atmospheric  kglyr, 4.6%
Deposition:
3,647 kglyr,
1.8%
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Figure 3-56

Point Source:
12,198 kg/yr,
10%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

« Dentifrices

* Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Missouri River Basin
Wet, High Flow Water Year

Nonpoint Source:
114,468 kg/yr,
90%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source

Residential
Automatic
Dishwashing
Detergent: 762
Commercial/ kglyr, 6.2%
Industrial
Process Water:
3,921 kalyr,
32.1%

Groundwater
Intrusion (1&l): 6
kglyr, <0.1%

Raw/Finished
Water Supply:
505 kg/yr, 4.1%

Bioavailable P Contributions

Commercial Stream

Nonpoint Source
Bioavailable P Contributions

Individual
Sewage
Treatment
Systems (ISTS)

/ Unsewered
Bank

8 Communities:
Automatic Roadway angrosion: 31,504 3,627 kglyr
Dishwasher Sidewalk  kg/yr, 27.5% ' 3.2% '
Detergent: 356 Deicing ’
kalyr, 2.9% Chemicals:
Food Soils/ 2,276 kglyr,
2.0%

Garbage
Disposal
Waste: 1,351

Non-Agricultural
katyr, 11.1%

Rural Runoff:
1,598 kglyr,
1.4%

Dentifrices: 5
kg/yr, <0.1% Urban Runoff:
1,770 kglyr,
1.5%
Atmospheric
Deposition:
1,576 kglyr,
1.4%

Human Waste
Products: 5,292
kalyr, 43.4%

Cropland and
Pasture Runoff:
64,427 kglyr,
56.3%

Feedlots: 7,690
kalyr, 6.7%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)
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3.4.9 Minnesota River Basin

3.4.91 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

Point Source:
371,745 kg/yr,
1%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

* Dentifrices

» Food Soils/Garbage Disposal
Waste

+ Groundwater Intrusion (1&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Nonpoint Source:
537,559 kg/yr,
59%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

* Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

* Urban Runoff

Point Source
Total Phosphorus Contributions

Commercial/
Industrial
Process Water:
216,650 kg/yr,
58.3%

Groundwater
Intrusion (1&l):
153 kg/yr,

<0.1% Noncontact
Cooling Water:
4,503 kglyr,
Raw/Finished 1.2%
Water Supply:
8,407 kglyr,
2.3%

Residential
Automatic

Dishwashing
Human Waste Detergent:
Products: 14,813 kglyr,
85,290 kg/yr, 4.0%
22.9% Dentifrices: Food Soils/ Commercial

2,004 kg/yr, Garbage Automatic

0.5% Disposal Dishwasher
Waste: 33,006 Detergent:
kalyr, 8.9% 6,919 kg/yr,

1.9%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Roadway and

Sidewalk
Deicing
Chemicals:
10,404 kglyr, Stream Bank Individual
Non-Agricultural 1.9% Erosion: 9,910 Sewage
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2.3% / Unsewered
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Urban Runoff: 8.3%
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Atmospheric
Deposition:
66,672 kglyr,
12.4%
Cropland and
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Agricultural Tile
Drainage
(subsurface
flows and
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Figure 3-58

Point Source:
350,609 kg/yr,
52%
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Dishwasher Detergent

» Commercial/Industrial Process
Water

* Dentifrices

» Food Soils/Garbage Disposal
Waste

+ Groundwater Intrusion (1&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Minnesota River Basin
Dry, Low Flow Water Year

Nonpoint Source:
321,187 kg/yr,
48%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

+ Individual Sewage Treatment
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» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

» Urban Runoff

Point Source
Bioavailable P Contributions

Commercial/
Industrial
Process Water:
210,151 kg/yr,
59.9%

Groundwater
Intrusion (I&l):
99 kg/yr, <0.1% Noncontact
Cooling Water:
3,963 kaglyr,
1.1%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Raw/Finished
Water Supply:
7,987 kglyr,
2.3% ) .
Residential
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Dishwashing
Detergent:
Human Waste 14,813 kalyr,
Products: 4.0%
80’12;.39‘;3/“ Food Soils/ Commercial
Dentifrices: 100 gif:sg:l D/_\urt]oma:c
9 ishwasher
KoY <01%  \yaste: 26,405 Detergent:
kglyr, 7.5% 6,919 kg/yr,
2.0%

Nonpoint Source
Bioavailable P Contributions

Roadway and

Sidewalk Stream Bank

Deicing Erosion: 4,360 Individual
Chemicals: kalyr, 1.4% Sewage
9,572 kglyr, Treatment

3.0% Systems (ISTS)

/ Unsewered

Non-Agricultural
Rural Runoff:

7,251 kglyr, Communities:
2.3% 42,664 kglyr,
13.3%

Urban Runoff:
33,620 kg/yr,
10.5%

Atmospheric
Deposition:
26,478 kglyr,
8.2%

Feedlots: 3,898

kglyr, 1.2% Cropland and

Pasture Runoff:
155,773 kglyr,
48.5%

Agricultural Tile
Drainage
(subsurface
flows and
surface tile
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kalyr, 11.7%
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Figure 3-59

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Minnesota River Basin
Average Flow Water Year

Point Source:
371,745 kg/yr,
25%

« Commercial Automatic
Dishwasher Detergent

» Commercial/Industrial Process
Water

+ Dentifrices

* Food Soils/Garbage Disposal
Waste

» Groundwater Intrusion (I&I)

* Residential Automatic
Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Nonpoint Source:
1,095,489 kg/yr,
75%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Commercial/
Industrial
Process Water:
216,650 kg/yr,
58.3%

Groundwater
Intrusion (I&l):
153 kglyr,
<0.1%

Noncontact
Cooling Water:
Raw/Finished 4,503 kglyr,
Water Supply: 1.2%

8,407 kglyr,

2.3%
Residential
Automatic
Dishwashing
Human Waste Detergent:
Products: 14,813 kg/yr,
85,290 kglyr, 4.0%
22.9% ’
Dentifrices: i
entifrices Food Soils/ Commerc_lal
2,004 kglyr, Garbage Automatic
0.5% arbag Dishwasher
Disposal Detergent:
Waste: 33,006 oo ig o
o i s
kalyr, 8.9% 1.9%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Roadway and

Sidewalk
Deicing
Chemicals:  giream Bank Individual
16,131 kg/yr, Erosion: Sewage
1.5% 200,000 kg/yr, Treatment

Systems (ISTS)
/ Unsewered

18.3%
Non-Agricultural

Rural Runoff: Communities:
21,645 kglyr, 44,442 kglyr,
2.0% 4.1%

Urban Runoff:
66,950 kg/yr,

6.1%
Cropland and
Pasture Runoff:
Atmospheric 529,137 kglyr,
Deposition: 48.3%
78,567 kglyr,
7.2%
Feedlots:
14,619 kglyr,
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Drainage
(subsurface
flows and
surface tile
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kglyr, 11.3%
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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

Point Source:
350,609 kg/yr,
36%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
* Dentifrices
» Food Soils/Garbage Disposal
Waste
+ Groundwater Intrusion (1&I)
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» Atmospheric Deposition

+ Cropland and Pasture Runoff
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Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
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+ Stream Bank Erosion

* Urban Runoff

Point Source
Bioavailable P Contributions

Commercial/
Industrial
Process Water:
210,151 kg/yr,
59.9%

Groundwater
Intrusion (1&l):
99 kglyr, <0.1%

Noncontact
Cooling Water:
Raw/Finished 3,963 kg/yr,
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2.3%
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Human Waste Automatic
Products: Dishwashing
80,173 kalyr, Detergent:
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Automatic
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glyr, <0.1% Garbage Dishwasher
Disposal Detergent:
Waste: 26,405 6,919 kg/yr,
kglyr, 7.5% 2.0%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Bioavailable P Contributions
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Sidewalk
Deicing
Chemicals:
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2.4% L
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Rural Runoff: Treatment
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12,693 kglyr, 9 %

2.0%
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/ Unsewered
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Atmospheric
Deposition:
32,426 kglyr,
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Pasture Runoff:
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(subsurface
flows and
surface tile
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kalyr, 11.9%
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Figure 3-61

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Minnesota River Basin
Wet, High Flow Water Year

Point Source:
371,745 kg/yr,
15%
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Dishwasher Detergent
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Waste

+ Groundwater Intrusion (1&I)
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» Noncontact Cooling Water
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Nonpoint Source:
2,153,680 kg/yr,
85%

» Atmospheric Deposition
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» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
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+ Stream Bank Erosion

* Urban Runoff

Point Source
Total Phosphorus Contributions
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Industrial
Process Water:
216,650 Kg/yr,
58.3%

Groundwater
Intrusion (1&l):
153 kg/yr,

<0.1%
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Water Supply: Cooling Water:
8,407 kalyr, 4,503 kglyr,
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Human Waste Automatic
Products: Dishwashing
85,290 kg/yr, 1Eest1e(;gken/t
22.9% » ] alyr,
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2,004 kglyr,
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Disposal Dishwasher
Waste: 33,006  Detergent:
kalyr, 8.9% 6,919 kg/yr,

(Based on data from NPDES/SDS Permit Diécharge
Monitoring Reports, 2001 through mid-2003.)
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Individual
Sewage
Treatment
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/ Unsewered
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Pasture Runoff:
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36.0%
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Sidewalk Drainage
Deicing (subsurface
Chemicals: flows an.d
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Figure 3-62

Estimated Bioavailable P Contributions to Minnesota Surface Waters
Minnesota River Basin
Wet, High Flow Water Year

Point Source:
350,609 kg/yr,
23%
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Dishwasher Detergent

» Commercial/Industrial Process
Water

* Dentifrices

» Food Soils/Garbage Disposal
Waste

+ Groundwater Intrusion (1&I)
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Dishwasher Detergent

* Human Waste Products

» Noncontact Cooling Water

» Raw/Finished Water Supply

Nonpoint Source:
1,142,526 kg/yr,
77%

» Atmospheric Deposition

+ Cropland and Pasture Runoff

« Feedlots

* Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

+ Stream Bank Erosion

* Urban Runoff

Point Source
Bioavailable P Contributions

Commercial/
Industrial
Process Water:
210,151 kg/yr,
59.9%

Groundwater
Intrusion (1&l):
99 kglyr, <0.1%

Noncontact
Cooling Water:
Raw/Finished 3,963 kg/yr,
Water Supply: 11%
7,987 kglyr,
2.3% Residential
Automatic
Dishwashing
Human Waste Detergent:
Products: 14,813 kg/yr,
80,173 kg/yr, 4.2%

22.9% Commercial

Dentifrices: 100 /Food Soils/ Automatic

kglyr, <0.1% ~ Garbage Dishwasher
Disposal Detergent:
Waste: 26,405 6.919 kg/y;

kalyr, 7.5% 2.0%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Bioavailable P Contributions

Individual
Sewage
Treatment
Systems (ISTS)
/ Unsewered
Communities:
Stream Bank 42,664 kglyr,
Erosion: 3.7%
396,000 Kg/yr,
34.7%

Cropland and
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Deicing 39.4%
Chemicals:
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Rural Runoff: Drainage
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3.8% Atmospheric
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39,067 kglyr,
3.4%
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Pasture Runoff:
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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

Point Source:
56,813 kg/yr,
66%
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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

Point Source:
56,813 kg/yr,
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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
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Figure 3-67
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Figure 3-68
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3.4.11 Des Moines River Basin

3.4.111 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
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Figure 3-70
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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
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Figure 3-73

Point Source:
55,580 kg/yr,
28%
« Commercial Automatic
Dishwasher Detergent
» Commercial/Industrial Process
Water
« Dentifrices
* Food Soils/Garbage Disposal
Waste
» Groundwater Intrusion (I&I)
* Residential Automatic
Dishwasher Detergent
* Human Waste Products
» Noncontact Cooling Water
» Raw/Finished Water Supply

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
Des Moines River Basin
Wet, High Flow Water Year

Nonpoint Source:
143,282 kg/yr,
72%

» Atmospheric Deposition

« Cropland and Pasture Runoff

« Feedlots

« Individual Sewage Treatment
Systems (ISTS)/Unsewered
Communities

» Non-Agriculture Rural Runoff

» Roadway and Sidewalk
Deicing Chemicals

« Stream Bank Erosion

» Urban Runoff

Point Source
Total Phosphorus Contributions

Food Soils/
Garbage
Commercial Disposal
Automatic Waste: 1,614
Dishwasher kalyr, 2.9% Dentifrices: 98

Detergent: 338 kg/yr, 0.2%

kglyr, 0.6%

Residential
Automatic Human Waste
Dishwashing Products: 7,614

Detergent: 724 kalyr, 13.7%

kalyr, 1.3%

Raw/Finished
Water Supply:
709 kglyr, 1.3%

Groundwater
Intrusion (1&l): 9
kglyr, <0.1%

Commercial/
Industrial
Process Water:
44,473 kglyr,
80.0%

(Based on data from NPDES/SDS Permit Discharge
Monitoring Reports, 2001 through mid-2003.)

Nonpoint Source
Total Phosphorus Contributions

Individual
Sewage
Treatment
Systems (ISTS)
/ Unsewered
Communities:
1,930 kg/yr,
1.3%

Stream Bank
Erosion: 47,900
kalyr, 33.4%

Roadway and

Sidewalk

Deic.ing Cropland and
Chemicals: Pasture Runoff:
2,132 kglyr,

74,191 kglyr,

1.5% 51.8%

Non-Agricultural
Rural Runoff:
2,673 kglyr,
1.9%

Urban Runoff:
3,685 kglyr,
2.6%

Feedlots: 3,994

Atmospheric kglyr, 2.8%

Deposition:
6,777 kalyr,
4.7%

P:\23\62\853\SAS Spreadsheets\OverallTPBudgetsRevised-colon.xls

2/19/2004
10:44 AM



Figure 3-74
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Des Moines River Basin
Wet, High Flow Water Year
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3.5 Comparison of Total Phosphorus Loadings from All Sources
With Monitored Loadings in Minnesota and Upper Mississippi
River Basins

The estimates of phosphorus loadings to surface waters, with the best estimates for each flow
condition presented in Sections 3.2 through 3.4, were independently determined for each source
category. This section is intended to provide a comparison between the total phosphorus loadings
from all sources with the major basins that have no upstream basins and their watershed area
primarily within Minnesota as a way of validating that the combined estimates for all of the source
categories are appropriate. Also the published phosphorus loading estimates were compared with the
basin loading estimates in Appendix K, completed for this study. The following discussion provides
a review of monitored loads compared to loads to surface waters for the Upper Mississippi River and

Minnesota Basins.

Phosphorus loads were given in the National Water-Quality Assessment Program (NWQAP) report
(USGS, 2002) for the Minnesota River at Jordan and the Mississippi River at Anoka for water years
1997 and 1998 which were assumed to represent wet and average years, respectively. Loads were
converted to metric tons per year and prorated to the basin total with the basin gaged area multiplier
(total Minnesota basin area divided by monitored basin area; 0.992 in the Minnesota River, 1.052 in
the Mississippi River). The values were compared to the water year loads listed in Appendix K as

follows:

Upper Mississippi River Total Phosphorus Loads, metric tons/yr.

1997 1998
NWQAP (USGS, 2003) 1,010 662
Appendix K 1,273 997 (average of average flow year)

Minnesota River Total Phosphorus Loads, metric tons/yr.

1997 1998
NWQAP (USGS, 2003) 2,686 1,252
Appendix K 2,275 1,254 (average of average flow year)

The following discussion presents total estimated phosphorus loads to surface waters from all of the
sources evaluated in this study for the Mississippi and Minnesota River basins. Significant
downstream point source loading estimates have been subtracted from those loads so values can be

compared to the loads at the basin monitoring location.
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Load to Surface Waters
Outlet Monitored Load

Load to Surface Waters
Outlet Monitored Load

units metric tons/yr.

Upper Mississippi River Basin
Dry Average Wet
1,082 1,446 2,280
508 997 1,545

Minnesota River Basin

Dry Average Wet
795 1,291 2,290
475 1,291 2,290

Comparing the USGS monitored loads to the sum of the source loadings, from this study, indicates

that there is general agreement in both of the major basins. Some of the differences may be the result

of water year versus calendar year and calculation method differences. The sum of the total

phosphorus source loadings to surface waters in the Upper Mississippi River basin is significantly

higher than the monitored load for the basin. This is likely because a significant portion of the

phosphorus is retained or taken up by the lakes, wetlands and rivers present in the Upper Mississippi

River basin’s aquatic system. Unlike the Upper Mississippi River basin, the sum of the total

phosphorus source loadings to surface waters in the Minnesota River basin is approximately the same

as the monitored load for the basin. This may be due to any or all of the following factors:

e There is considerably less phosphorus retention available in the Minnesota River basin aquatic

system, compared to the Upper Mississippi River basin

e Variability and differences associated with the load estimation methods and difference

between water and calendar year comparisons

e Degree to which monitored loads are representative of each flow condition

e Residence time and amount of phosphorus present in aquatic system prior to monitored water

year
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3.6 Effluent Total Phosphorus Reduction Efforts by Wastewater
Treatment Plants

As discussed in Section 2.2.4, several WWTPs were contacted regarding phosphorus treatment
methods at their plant. The WWTPs were asked to identify the total flow into the plant, unit
operations at the plant, phosphorus treatment method, influent and effluent phosphorus
concentrations, estimated costs for phosphorus treatment, and methods used for limiting phosphorus
input to the WWTPs. The WWTPs ranged in size (0.7 to 24 million gallons per day), treatment
methods (chemical and/or biological phosphorus removal), and phosphorus discharge requirements
(0.07 mg/L to 2.41 mg/L). All of the WWTPs surveyed were activated sludge plants. This section
summarizes the findings of the WWTP surveys, for a more detailed description of each WWTP see
Appendix L. Phosphorus removal performance data for each of the WWTPs surveyed are presented
in Table 3-20. Average wet weather design flow (AWWDF) and additional information regarding
significant industrial users (SIUs) are included in Table 3-20 and Appendix L, respectively. Pond
systems were not evaluated for this study, but it should be noted that pond systems are capable of

removing phosphorus by batch chemical treatment prior to controlled discharges.

Four of the eight WWTPs used chemical treatment only for phosphorus removal. The chemicals used
were either alum or ferric chloride. The WWTPs are described below in order from the lowest total
phosphorus discharge requirement (0.3 mg/L, Bemidji, MN) to the highest (2.41 mg/L, Mankato,
MN):

e The Bemidji WWTP is the first WWTP discharge into the Mississippi River, just upstream of
Lake Bemidji. A phosphorus effluent limit of 0.3 mg/L total phosphorus or less is required as
part of the NPDES permit. To meet the NPDES requirements, the WWTP uses alum for
phosphorus precipitation and polymer for suspended solids precipitation. The alum and
polymer are added after the activated sludge aeration basin but before the secondary clarifier.
The average total phosphorus concentration entering the plant is 7 mg/L and the average total
phosphorus concentration discharging from the plant is 0.15 mg/L. Bemidji does not have
any significant industrial users, so the phosphorus entering the plant is primarily from
domestic sources. This system has an average flow of 1.15 MGD. Costs for phosphorus
removal were based solely on alum costs. A treatment cost of $3.25 per pound of total
phosphorus removed was calculated using the average influent and effluent total phosphorus

concentrations, the average flow, and alum costs for a year.
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e The St. Croix Valley WWTP discharges into the St. Croix River/Lake St. Croix at Oak Park
Heights, Minnesota and is one of the WWTPs operated by the Metropolitan Council. A
phosphorus effluent limit of 0.8 mg/L total phosphorus or less is required as part of the
NPDES permit. To reach the NPDES requirements, the WWTP uses alum for phosphorus
precipitation. The alum is added at the inlet to the primary clarifier. The average total
phosphorus concentration entering the plant is 4.8 mg/L and the average total phosphorus
concentration discharging from the plant is 0.45 mg/L. This system has an average flow of
3.4 MGD. Costs for phosphorus removal were based solely on alum costs. A treatment cost
of $0.96 per pound of total phosphorus removed was calculated using the average influent

and effluent total phosphorus concentrations, the average flow, and alum costs for a year.

e The Rochester WWTP discharges into the Zumbro River upstream of Lake Zumbro. A
phosphorus effluent limit of 1 mg/L total phosphorus or less is required as part of the NPDES
permit. To reach the NPDES requirements, the WWTP uses ferric chloride and alum for
phosphorus precipitation and polymer for suspended solids precipitation. The ferric chloride
is added to the primary clarifier and alum and polymer are added to the secondary clarifier.
The average total phosphorus concentration entering the plant is 7.5 mg/L and the average
total phosphorus concentration discharging from the plant is 0.7 mg/L. Rochester has several
significant industrial users that discharge to the WWTP. Daily maximum and monthly
average total phosphorus limits are set for significant industrial users to limit the phosphorus
discharged to the WWTP by industry. This system has an average flow of 14 MGD. A
treatment cost of $1.76 per pound of phosphorus removed was given by the Rochester
Environmental Coordinator. Since no further description of the treatment costs was given, it

was assumed that treatment costs were based solely on chemical costs.

e The Mankato WWTP discharges to the Minnesota River at Mankato. A phosphorus discharge
cap of 20,000 kg/yr (2.41 mg/L at 6 MGD) of total phosphorus is required as part of the
NPDES permit, with a phosphorus discharge goal of 15,700 kg/yr (1.89 mg/L at 6 MGD). To
achieve the NPDES effluent limits, the WWTP uses ferric chloride for phosphorus
precipitation and polymer for suspended solids precipitation. The ferric chloride is added at
the influent of the WWTP and is settled out in the primary clarifier. Polymer is added to the
secondary clarifier for solids precipitation. The average total phosphorus concentration
entering the plant is 8.0 mg/L and the average total phosphorus concentration discharging
from the plant is 1.88 mg/L. This system has an average flow of 6 MGD. Mankato has
several significant industrial users (SIUs) that discharge to the WWTP. SIUs are allowed to
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discharge 1 kg/day of total phosphorus, which is averaged on an annual basis, at no charge.
Any discharge above this loading is charged a fee. The fee is based on the treatment costs and
phosphorus treatment efficiency for the year and includes chemical costs, biosolids disposal,
maintenance, utilities, and lab analysis. Capital costs are not included. The treatment cost is
approximately $1.70 per pound of phosphorus removed ($3.75 per kg). In comparison, the
cost for phosphorus removal using chemical costs alone was $0.70 per pound of phosphorus
removed. The all-inclusive costs are 2.3 times greater than the chemical only costs. This was
the only facility in the survey that provided more inclusive costs for chemical phosphorus

removal.

Four of the eight WWTPs used enhanced biological phosphorus removal (EBPR). In addition to

EBPR, three of the four plants surveyed also use chemical treatment to meet total phosphorus

discharge requirements below 1 mg/L.. The WWTPs are described in order from the lowest total

phosphorus discharge requirement (0.07 mg/L, Durham and Rock Creek WWTPs, Oregon) to the

greatest (monitoring only, St. Cloud). Listed below is a brief description of the WWTPs that used

The Rock Creek and Durham WWTPs are located just west of Portland, Oregon in the
Tualatin Watershed and have one of the lowest phosphorus discharge requirements in the
United States of approximately 0.07 mg/L total phosphorus. The average flow for the
Durham WWTP is approximately 20 MGD and the Rock Creek WWTP is 24 MGD. The
average total phosphorus influent concentration is 7 mg/L for both plants. Each WWTP has a
mass-based monthly median total phosphorus discharge of 9 1b/day (0.07 mg/L total
phosphorus based on the average flow rate for each plant) during the summer (May —
October). The Rock Creek and Durham WWTPs use EBPR and two-point alum addition to
meet the stringent 0.07 mg/L total phosphorus discharge requirement. Pilot testing and full
scale system modifications were required to reach the high level of phosphorus removal
achieved by these plants. Alum is added to the primary clarifier prior to EBPR, total
phosphorus concentrations after alum treatment in the primary clarifier and EBPR are
approximately 0.5 mg/L. After the first alum treatment and EBPR, alum is added to the
secondary clarifier; the effluent from the secondary clarifier is then filtered for an average
total phosphorus effluent concentration of 0.05 mg/L. Prior to implementing EBPR, the
Durham facility only used chemical treatment (alum) for phosphorus removal. Significant
cost savings were observed once enhanced biological phosphorus removal was implemented

at the Durham facility (i.e., the chemical costs for alum were cut by one third). Chemical
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costs for the facility are now approximately $0.47 per pound of total phosphorus removed.
The pilot test and plant modifications to achieve EBPR at the Durham facility cost
approximately $900,000. Because of the public awareness of phosphorus discharge into this

sensitive watershed, industries have voluntarily reduced phosphorus discharges.

= The Ely WWTP discharges into Shagawa Lake. The NPDES discharge requirement is 0.3
mg/L total phosphorus. EBPR and chemical addition of alum are used to meet the NPDES
discharge requirements. The average annual flow into the WWTP is approximately 0.7 MGD.
Lime had originally been used at the Ely plant for chemical precipitation, but because of the
high cost associated with lime treatment, the plant switched to alum. When EBPR does not
meet the discharge requirement alum is added to the mixing zone of the secondary clarifier.
The secondary clarifier effluent is then passed through sand filters; the final total phosphorus
average effluent discharge concentration is 0.2 mg/L. For short periods of time, the WWTP
has been able to achieve 0.05 mg/L total phosphorus discharge concentrations. It was
estimated by the WWTP superintendent that the costs associated with phosphorus removal
are approximately 25% of the annual operating budget. Therefore, the estimated cost for
phosphorus treatment is approximately $20 per pound of phosphorus removed. This WWTP
does not have any significant industrial users discharging to the WWTP; therefore, the
phosphorus source is primarily from domestic dischargers. Phosphorus influent to the plant
was significantly reduced in the early 1980’s by educating the public on limiting the use of
phosphorus in detergents. As estimated by the WWTP superintendent, the total phosphorus
influent to the WWTP was reduced from 12 to 15 mg/L prior to public education to

approximately 5 mg/L after public education.

=  The St. Cloud WWTP uses EBPR for phosphorus removal. The discharge from this WWTP is
into the Mississippi River at St. Cloud. This WWTP was not initially designed for EBPR. In
1996 the City of St. Cloud modified the existing wastewater treatment plant to improve
energy efficiency by replacing the coarse air diffusers in the aeration basin with fine air
diffusers. In addition to the energy efficiency improvements, the WWTP was modified for
EBPR by installing an anaerobic zone in the first pass of each aeration tank. The average
flow into the WWTP in 2002 was 10.6 MGD and the average total phosphorus influent in
2002 was 5.0 mg/L; after EBPR the average effluent total phosphorus is 0.93 mg/L. The St.
Cloud WWTP NPDES discharge permit requires monitoring of effluent total phosphorus and
development and implementation of a phosphorus management plan. The City of St. Cloud

implemented a Phosphorus Management Plan (PMP) in 2001, with a primary goal of limiting
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the amount of phosphorus coming into the facility by means of pollution prevention and
public outreach. The goal of the pollution prevention program is to assist non-domestic
nutrient contributors (NDNC) in developing phosphorus reduction strategies that will reduce
the amount of phosphorus that enters the wastewater collection system and eliminate
phosphorus slug loads. The city works with industrial users to keep phosphorus discharges to
the WWTP below 6 mg/L. This method is effective at reducing spike loads and the average
influent phosphorus concentrations. Comparing the 95% confidence limits of the average
influent phosphorus concentrations prior to implementation of the PMP (7.72 mg/L + 1.22
mg/L, 2000) to the 95% confidence limits of the average influent phosphorus concentrations
after implementation of the PMP (5.03 mg/L + 0.14 mg/L, 2002), there has been a significant
reduction and less variability in the average phosphorus influent concentration. The lowering
and stabilization of the influent total phosphorus concentration is also credited in decreasing
the average total phosphorus effluent concentration from 2.01 mg/L in 2000 to 0.93 mg/L in
2002.

The following discussion summarizes the conclusions of the aforementioned survey done to evaluate

phosphorus reduction efforts by wastewater treatment plants:

e The cities implementing source reduction programs all achieved significant reduction in
phosphorus loading on their WWTPs using a variety of methods: public outreach, phosphorus
bans, surcharges for phosphorus treatment, and maximum limits on SIU phosphorus

discharges.

e The St. Cloud WWTP showed that a reduction in influent phosphorus loading and

phosphorus slug loads lead to a reduction in effluent phosphorus concentration.
e Chemical treatment is capable of reaching the lowest phosphorus effluent concentrations.

e The cost per unit of total phosphorus removed varied from $0.96 to $20.00 per pound of total
phosphorus removed. Some of this variation appears to be the result of various cost
calculation techniques. The cost of treating phosphorus chemically appeared to show an

economy of scale.

o The cost for chemical treatment was lower for those WWTPs that used a combination of

EBPR and chemical treatment.
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e EBPR alone is generally effective at achieving 0.5 mg/L to 1 mg/L effluent phosphorus
concentrations. Chemical addition is necessary to achieve effluent phosphorus concentrations
less than 0.5 mg/L. One of the best available bio/chemical treatment facilities (Durham
WWTP, OR) was able to achieve an average effluent phosphorus concentration of 0.05 mg/L.
To reach this low effluent concentration, significant pilot testing was required and

phosphorus removal efficiency was dependent upon wastewater characteristics.

® Once the initial capital improvements are made there are no additional costs associated with

phosphorus removal using EBPR.

¢ In some cases EBPR can be implemented with simple process modifications (e.g., St Cloud
aeration modifications) that achieve reductions in effluent phosphorus concentrations. St
Cloud was able to achieve an effluent phosphorus concentration of 0.93 mg/L with this

approach.

It should also be noted that the data used for this study is from the years 2001, 2002 and the first half
of 2003. During that time period many POTWs (Blue Lake, Seneca and quite a few other cities)

have implemented phosphorus removal or will begin to implement it in the future.

As population growth occurs, and POTW flows increase, if effluent concentrations remain constant

there will be corresponding increases in total phosphorus loadings.
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Table 3-20 Wastewater Treatment Plant Phosphorus Removal Summary

Average WWDF | Average Flow | TP Influent Average Total Phosphorus
Treatment Plant Traatment Method (MGD) (MGD) (/L) TP Effluent (ma/L) Traeatmeant Cost MPDES Requiremeant
Ely
EEPR and alum aftar
activated sludge and before
sacondary clarifierwhan
nacessary and sand filtration 3 0.7 5 0.2 $20/1b All inclusive 0.3 mg/L
Bamidji Alum & polymer after
activated sludge and before
sacondary clarifier 2.5 115 7 0.15 $3.250b TP Chemical only 0.3 mg/L
at. Croix Valley
Alum in primary clarfier inlat 5.8 3.4 4.8 0.45 $0.96/o TP Chemical only  ]0.8 mg/L
Manrato 0,000 kg'yr (cap) = 2.41
Femic chlorde at influent and mg/L TP at & MGD and
pobymer at bl filier for 51.70/b TP all inclusive 15,700 kglyr (goal) = 1.83
sludge dewatering 11.25 6 a 1.88 0.7 41lb Chemical only mg/L at & MGD
St. Cloud EEFR 26 10.6 5.03 0.93 MA KD
Ho chester
Famic chloride in primary;
alum & polymer in secondary 19.1 14 75 0.7 $1.76/lb TP Chamicalonly |1 mag/L
- AL
P#é:;"? :SUIE:TTP o g Ib/day monthly r"ledim
' Alum in primary, EEPR, alum = approx. 0.07 mg/L at
in tertiary, and filtration & 20 7 0.05 50,4710 TP Chemical only  Jocument flow
:'q;iﬁ;n:rrigqu- g Ib/day monthly madian
SRR Alum in primary, EEPR, alum = approx. 0.07 mg/L at
in tertiary, and filtration M, 24 7 0.05 $0.47/b TP Chemical only  Joumrent flow

Kay:

EBPR = Enhanced Biclogical Phosphorus Removal

MA = Mot Available

MGD = Million Gallons par Day
TP = Total Phosphorus
MD = Mat Determinad
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4.0 Recommendations

4.1 Recommendations for Lowering Phosphorus and Associated
Water Quality Benefits

This section provides recommendations for lowering phosphorus loadings to surface waters from
each source category, along with general discussions about the associated water quality benefits,

where appropriate.
4.1.1 Point Sources

The recommendations for lowering the phosphorus export are presented in two parts. The first part
discusses recommendations for lowering phosphorus amounts discharged to POTWs and the second
part discusses recommendations for lowering the point source phosphorus amounts discharged to

basins and statewide. A more detailed discussion is included in Appendix B.
41.11 Phosphorus Loading to POTWs

The results of this study are intended to assist the MPCA in complying with MN Laws 2003, Chap.
128 Art. 1, Sec. 122., as follows:

The state goal for reducing phosphorus from non-ingested sources entering municipal wastewater
treatment systems is at least a 50 percent reduction developed by the commissioner under section
166, and a reasonable estimate of the amount of phosphorus from non-ingested sources entering

municipal wastewater treatment systems in calendar year 2003.

For purposes of complying with this legislation, this study has estimated that the current non-
ingested phosphorus load entering POTWs is 2,573,000 kg/yr. A 50 percent reduction would require
decreasing the phosphorus discharged to POTWs by least 1,286,000 kg/yr. The applicability of
reduction tactics for each of the non-ingested sources entering POTWs are discussed in descending

rank order, by component, below:

e Next to human wastes, a variety of industrial and commercial dischargers contribute the most
phosphorus to POTW influent streams. The contribution of phosphorus from these
commercial and industrial sources accounts for approximately 46 percent of the non-ingested
phosphorus load discharged into POTWs. Total removal of phosphorus from commercial and

industrial wastewater is not expected to be feasible. In most cases, reduction would have to
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come from resource/product substitution, waste minimization through recycling and reuse,
improvements in technology, and through pretreatment of wastewater prior to discharge to the
POTW. Reducing the commercial and industrial phosphorus contribution to POTWs by one
half would reduce the total non-ingested phosphorus discharged to POTWs by almost 23
percent. Excise taxes and/or effluent strength charges may be useful in reducing this influent

source of phosphorus.

¢ Food soils and garbage disposal wastes account for approximately 28 percent (725,000 kg/yr)
of the non-ingested phosphorus discharged to POTWs. This is a substantial amount, but it is
unlikely amenable to direct modification (e.g. product modification), or prohibiting discharge
of food wastes into the sewer systems. Approximately 25 percent of the phosphorus from this
source is discharged into the sewer system as garbage disposal waste. Garbage disposal waste
could be sent elsewhere (trash, compost, etc.) but it would be more difficult to manage the
phosphorus from dish rinsing and dish washing. Short of inducing the food product industries
to reduce their use of phosphates or eliminating garbage disposals and discharge of food
wastes down the drain, relatively little appears possible for reducing this phosphorus load to
POTWs. Public education may be the best option to reduce discharge of food wastes down

the drain.

e Residential ADWD detergent contributes approximately 7.3 percent or 326,000 kg/yr to the
total influent phosphorus load discharged into POTWs and almost 13 percent of the non-
ingested phosphorus load. Eliminating all phosphorus from residential ADWD detergents
would reduce the non-ingested phosphorus load discharged to POTWs by almost 13 percent.
Although there has been a slight decline in the consumption of phosphorus for residential
ADWD detergents, SRI states that it is unlikely that detergents with much lower phosphorus
contents will be available in the near future. Currently, at least one brand of ADWD does not
contain phosphorus; the phosphorus content of other brands varies significantly. Advertising
and prominent content labeling would help reduce this source by aiding consumers in
choosing low phosphorus products. Public education about the use of ADWD based on hardness

and the availability of no- and low-phosphorus content products should be encouraged.

e Commercial and institutional ADWD detergent contributes a statewide average of
approximately 6 percent (152,000 kg/yr) of the influent non-ingested phosphorus load
discharged into POTWs. Public education about the use of ADWD based on hardness and the

availability of no- and low-phosphorus content products should be encouraged.
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e The influent phosphorus loads to POTWs from water supply chemicals were estimated to
average approximately 5.5 percent of the non-ingested phosphorus load to POTWs statewide.
Use of phosphorus for sequestration of metals typically is an aesthetics issue. On the other
hand, corrosion control of lead and copper is a human health issue and is required by law for
those communities that do not pass the state corrosion tests. One option would be to substitute

alternative water treatment chemicals in place of those with phosphorus.

e Dentifrices account for less than two percent of the total non-ingested phosphorus load to
POTWs. Because the phosphorus load from this source is so minimal, it does not warrant

major steps to reduce phosphorus discharges from toothpastes and denture cleaners.

e The results of this study indicate that inflow and infiltration contribute a negligible amount of
phosphorus to POTW influent. There are reasons to limit inflow and infiltration into sewer
systems, such as to prevent hydraulic overloading of treatment facilities, but the reduction of

influent phosphorus is not one of them.

Given that food soils would be very difficult to reduce, and that dentifrices and I & I contribute so
little to the influent phosphorus load discharged to POTWs, it is recommended that reduction efforts
focus on residential ADWD, commercial and industrial process wastewater, commercial and
institutional ADWD, and water treatment chemicals. A summary of the phosphorus load discharged

to POTWs and the reduction potential is presented in Table 4-1.

Table 4-1 Reduction Potential for Phosphorus Loads to POTW

Summary Portion of Total Load to
POTW
Total Phosphorus Load Discharged 4,468,000 kg/yr
to POTWs
Human Waste 1,900,000 kg/yr 43
Non-ingested Waste 2,573,000 kg/yr 57
% Reduction to Non- Cumulative Reduction to
Phosphorus Source Ingested Phosphorus Non-Ingested Phosphorus
Load (%) Load (%)
Residential ADWD reduced to O 13 13
Commercial ADWD reduced to 0 6 19
Commercial and Industrial reduced 23 42
by one half
Total Reduction 42
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If residential and commercial/institutional ADWD and water treatment chemicals were eliminated
completely, the required commercial and industrial process wastewater reduction is estimated to be
more than 64 percent. Given that it will be difficult to completely eliminate commercial/institutional
ADWD and water treatment chemicals and reduce the commercial and industrial process wastewater
loading by more than 64 percent, a 50 percent reduction in the total non-ingested phosphorus

contribution to POTWSs appears to be an ambitious goal.
41.1.2 Phosphorus Loading to Surface Waters

Phosphorus effluent from POTWs represents, on average, more than 80 percent of the total point
source loads to waters of the state. The largest source of phosphorus is from large (> 1.0 mgd)
POTWs and phosphorus reduction efforts should begin at these facilities. As discussed previously,
many POTWs have implemented phosphorus removal and others will begin to implement it in the
near future. The lowest effluent limits to date have been 1 mg/L with two exceptions, the Bemidji

and Ely WWTPs are treating to levels at or below 0.3 mg/L.

Privately owned wastewater treatment systems account for less than 0.5 percent of the total point
source phosphorus discharged to the basins and increased phosphorus removal at these facilities will

not have a large impact on the statewide point source phosphorus load.

Commercial and industrial dischargers to the basins constitute approximately 18 percent of the point
source phosphorus load. It was not within the scope of this study to categorize the phosphorus
loading data by NAICS code number or to determine which industries are the largest contributors.
However, it is recommended that industrial dischargers that make major contributions to the

phosphorus loadings be evaluated in further detail.
4.1.2 Cropland and Pasture Runoff

Four alternative agricultural management scenarios were investigated and compared to a baseline
scenario involving an average climatic year and existing rates of adoption of conservation tillage and

existing rates of phosphorus fertilizer applications.

The potential future impacts of improved phosphorus fertilizer management can be quite significant.
Reductions in phosphorus fertilizer usage could occur if University of Minnesota recommendations were
followed more consistently. For instance, phosphorus fertilizer and manure is spread on significant areas
of land in the Minnesota River basin even if soil test phosphorus levels exceed the threshold set by the

University above which crops do not respond to additional fertilizer. This is because recommendations
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made by the fertilizer industry are often based on the concept of fertilizing at a rate equivalent to crop
removal, if soil test phosphorus levels are above 21 ppm. Excess applications in the past were considered
cheap forms of insurance for crop yield needs and since even high soil phosphorus levels were wrongly
perceived not to be released from soils the environmental impact was considered minimal. In the
Minnesota River basin, reductions in the rate of phosphorus fertilizer and manure application could
potentially reduce phosphorus losses to surface waters by about 81,000 kg/yr as compared to existing
conditions, for a 16% reduction. Comparable levels of reduction could occur with improved phosphorus

fertilizer management in the Red River, and the Upper and Lower Mississippi River basins.

The potential impact of improved manure application methods is significant in the Red River basin.
Phosphorus loads to surface waters reduction estimates are about 75,000 kg/yr, for a 20% reduction
in the Red River basin. Reductions are estimated to be much smaller in other basins with significant
phosphorus loads from agricultural land. Improved manure application methods are estimated to
reduce phosphorus loads to surface waters by 12%, 7% and 7% in the Upper Mississippi, Lower
Mississippi, and Minnesota River basins. In general, the effects on phosphorus loads of
improvements in method of manure application are greatest for basins that have large numbers of

beef cattle, and least for basins with large numbers of hogs.

The last scenario involves decreasing or increasing the area of cropland within 100 m of surface
waterbodies. Decreases in area of cropland could correspond to land retirement programs such as
those promoted in the Conservation Reserve and Conservation Reserve Enhancement Programs.
Increases in cropland area would correspond to putting grass or forest riparian areas into production,
alternatively this could be viewed as increasing the amount for cropland areas that contribute
phosphorus to surface waters. The results from this scenario indicate that retiring land in close
proximity to surface waters would decrease the phosphorus loadings as expected. Retiring land
farther away has diminishing returns as the distance from surface waters increases. It should be
noted that throughout most of Minnesota, we believe that the risks of phosphorus transport to surface
waters are greatest in the contributing corridor within about 100 m from surface waterbodies. Due to
topographic variations along surface waterbodies, in some areas phosphorus contributions from
overland runoff and erosion may occur from as far away as several hundreds of meters. In contrast,
where berms are present along waterbodies it may be unlikely for a significant amount of surface
runoff or erosion to enter surface water. Thus, the 100 m contributing corridor should be viewed as a
regional average for contributions of P to surface waters from runoff and erosion on adjacent

cropland.
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4.1.3 Atmospheric Deposition

Soil dust is expected to be the largest source of atmospheric phosphorus. Therefore, reducing soil
dust, particularly from agricultural fields, through the application of best management practices
(shelterbelts, no till planting, use of cover crops, etc.) would seem to be a high priority. Another
potential activity on a much smaller and local scale to reduce soil dust might include the periodic
wetting of exposed soil at large construction sites during dry periods to minimize soil dust being

entrained into the air due to wind erosion.
4.1.4 Deicing Agents

Efforts currently underway, as part of MnDOT’s road weather information system (RWIS), use
timely and accurate weather and road data in deicing application decisions to optimize the use of
deicing materials. The Minnesota Legislative Auditor (1995) reported that “(M)ost counties (93
percent), cities providing their own service (91 percent), and townships providing their own service
(59 percent) rely on television or radio weather reports, including the National Weather Service
reports via telephone, for weather information.” More accurate weather information could lead to
reduced usage of deicing agents. The use of brines can also improve the effectiveness of deicing

agents and thereby reduce the overall use of deicers.

The high phosphorus content of many of the agriculturally derived alternatives to road salt is
noteworthy. In most cases the high phosphorus content for these alternatives is due to the corrosion
inhibitor portion of the mixtures. Since concern for the environmental impacts of chlorides has
increased, additional emphasis may be placed on the use of these alternatives. While this analysis
does not make any attempt to quantify what those impacts would be, a review of the literature shows
that many of these products have phosphorus concentrations 100 to 10,000 times greater than road

salt or sand.
4.1.5 Streambank Erosion

There is the potential for substantial water quality benefits associated with lowering phosphorus
export from streambank erosion; including reduced eutrophication, reduced sedimentation and
improved biological habitat within reservoirs, lakes and wetlands, along with the river systems
themselves. Careful land use planning that considers the potential adverse impacts associated with
increased runoff volumes; well-designed stream road crossings that consider the potential

hydrodynamic changes to the system; exclusion or controlled access of pastured animals and
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preservation of riparian vegetation; and rotational grazing. There are opportunities to reduce
streambank erosion in watersheds that have experienced flow volume increases from land use

changes.
4.1.6 Individual Sewage Treatment Systems/Unsewered Communities

Many of the counties are delegated to implement the Minnesota Rules (Chapter 7080) for ISTS, which
require conformance with state standards for new construction and disclosure of the state of the existing
ISTS when a property transfers ownership. Several counties require ISTS upgrades at property transfer.
Lack of knowledge is thought to be a major impediment to making more rapid progress toward goals and
objectives for ISTS and undersewered communities (MPCA, 2003b). This includes a lack of awareness
of compliance requirements, management and operational requirements, and the environmental
consequences of widespread system failure. The complexity of addressing undersewered community
issues tends to discourage county compliance activity in this area. The availability of financial assistance,
particularly low-interest loans, is thought to be an essential catalyst to accelerating fixes of
nonconforming ISTS. This and other forms of financial assistance are needed to accelerate progress with

undersewered communities (MPCA, 2003b).

Owners of ISTS that pose an “Imminent Public Health Threat,” through direct discharge to tile lines or
surface ditches or systems seeping to the ground surface should be identified through a statewide survey
to help residents determine whether their ISTS are adequately treating and disposing of sewage below
grade. Programs proposed to follow up on specific problems include homeowner education on
compliance requirements and financial assistance to owners needing new systems. Residents of
unsewered communities should be targeted to help them understand the need for wastewater treatment
and assist them through each phase of the community decision-making process, while building the
capacity of local and regional government staff to provide such assistance to other communities in the
future (MPCA, 2003b). LUG ISTS permitting and inspection programs should be targeted with MPCA
audits to determine adequacy of performance in a number of key areas, including spot checks on
conformance on new ISTS installations, level of effort on ISTS inspections and follow-through on

replacement of noncompliant systems, and dealing with problem ISTS professionals (MPCA, 2003b).

Since septic system failure is a widespread problem, a basinwide approach to addressing nonconforming
systems with potential for high delivery of pollutants to public waters, such as straight pipe discharges
and other types of ITPHS should be given priority attention. The LUGs should work with the MPCA to

develop, populate and maintain a database, similar to MPCA’s feedlot database that shows where each of

P:\23\62\853\Report\Final\Final Report.doc 230



the nonconforming systems, especially straight pipe discharges and other types of ITPHS are located.
LUG personnel should be provided with an incentive to inventory all systems within their jurisdiction,

and track system performance and maintenance.
4.1.7 Non-Agricultural Rural Runoff

The protection of natural areas is needed to insure they retain the hydrologic and ecologic functions
that keep surface runoff volumes low, nutrient export low and groundwater recharge rates high.
Many natural areas are under stress due to development pressures, invasion by exotic species and
increased nutrient loading from adjacent land uses. While the statewide percentage of land cover
represented by these natural plant communities is only 23%, they provide valuable ecologic and
hydrologic value. All land use decisions should consider the loss of these functions, and provision of

economic mechanisms that allow landowners to retain these functions.

Conservation easements, such as CREP and RIM, provide additional opportunities for reducing
phosphorus export from contributory watershed areas. The impact of these easements on phosphorus
export from converted agricultural lands is evaluated in greater detail as part of the analysis

discussed in Appendix C.
4.1.8 Urban Runoff

The design, construction and maintenance of watershed BMPs will help reduce pollutant loads to
surface waters. However, the current dependence of watershed managers and regulators upon
“NURP-type” ponds will not prevent the degradation of surface water resources due to increased
phosphorus loadings. While the NURP-style ponds can remove particulate phosphorus, they are
relatively ineffective at removing soluble phosphorus (which can comprise up to 50% of the
phosphorus in urban runoff). The phosphorus removal efficiency of ponds are also only in the 40 to
50 percent range, so that in many urban developments, the phosphorus load increase exceeds the
removal efficiency of ponds. The ponds required by regulators to mediate the increased runoff
therefore do not fully mitigate the increases in runoff loads. In essence the BMP treatment, whether
ponds or otherwise, never keeps the post-development loadings at pre-development levels once
impervious area surpasses 40 — 50% (Schueler, 1995). Another problem is that many urban planners
assume that urban turf grass is an effective infiltrator of runoff, when in reality, most urban turf
grows on highly compacted soils and can have a runoff rate of up to 45% during large storm events
(Schueler, 1996a, 1996b; Legg, et al, 1996). Urban soils need to be protected from compaction

during development/construction activities and likewise need to be actively managed to reduce
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compaction and increase infiltration over the long term. Water quality protection requires that all
urban development design use a water budget approach, where the preservation of the infiltration and
evapotranspiration components of the hydrologic cycle are primary considerations. Site planning that
reduces impervious surface area and preserves infiltration will help attain water quality protection.

Caraco, et al (1998) recommends that site design in urban areas create urban spaces that:

e Reduce impervious cover

® Spread runoff over pervious areas

e Utilize open channel drainage

e Conserve forests and natural areas

e Reduce the amount of managed turf and lawn

e Create more effective stream buffers and riparian areas
A number of stormwater management and urban best management practices manuals are available that
provide design guidance for controlling the impacts of urban runoff and promoting infiltration

(Metropolitan Council, 2001; Schueler, 1995; Brach, 1989; US EPA. 2001).

The National Pollutant Discharge Elimination System (NPDES) permit administered by the MPCA
regulates runoff from construction sites, industrial facilities and municipal separate storm sewer systems
(MS4s) to reduce the pollution and ecological damage. Phase I focused on large construction sites, 11
categories of industrial facilities, and major metropolitan MS4s. Phase II broadened the program to
include smaller construction sites, small municipalities (populations of less than 100,000) that were
exempted from Phase I regulations, industrial activity, and MS4s. At a minimum, compliance with the
stormwater pollution prevention planning requirements of this permit program is critical to minimize the

phosphorus loadings associated with urban runoff.

4.2 Recommendations for Reducing Uncertainty and Error Terms
in Future Refinements

This section provides recommendations for reducing uncertainty and error in the estimated
phosphorus loadings to surface waters from each source category, as part of any future refinements

that may be made to this analysis.
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4.2.1 Point Sources

The variability and uncertainty associated with the point source data sources has been discussed
throughout this report. The following paragraphs provide a discussion of the variability and
uncertainty associated with each data source and recommendations for future refinements. A more

detailed discussion is included in Appendix B.

Each station under each permit in the Delta database is coded to list the type of discharge: surface
water, land application, spray irrigation, internal waste stream, etc. Because this information is
submitted by permitees for entry into Delta by MPCA staff, there may be some error due to

interpretation and it is possible that some discharge stations may have been miscategorized.

There are several areas of uncertainty associated with the influent and effluent phosphorus loading
estimates. These estimates are based on the flow data discussed above and the average annual
phosphorus concentration. In many cases, phosphorus concentration data was limited to a few data
points or not available at all. It was necessary to estimate the phosphorus concentration for many of
the permitees. In addition, there was some variability among the phosphorus data for a permit when it
was available. This identified a need for good laboratory analysis of phosphorus and reporting of
quality assurance data. The study used annual average flowrates multiplied by the average annual
phosphorus concentration to estimate the annual phosphorus load. The load could also have been
calculated on a daily basis or monthly basis and then the average annual load calculated, resulting in

different values.

Many of the influent phosphorus sources are based on per capita values and there is some uncertainty
associated with the available population data. Approximately 230 of the 576 POTW and privately
owned treatment facilities had population data listed in the Delta database. An attempt was made to
validate some of the data, but due to the number of permits, it was not possible to verify all of the

population data received.

Data was collected on commercial and industrial dischargers to the MCES system and several out-
state POTWs. However, not all of these facilities had phosphorus monitoring data. The phosphorus
data that was available was often based on a limited number of sampling events and there was some
variability between industries with similar NAICS code numbers. For the unmonitored facilities,
most of the commercial and industrial process wastewater phosphorus values were estimates based

on the data set collected from industrial dischargers to the MCES system and to the other
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communities that monitored for phosphorus. Given the limited data set, there is likely a high level of

uncertainty associated with the estimates for this source.

The information on the phosphorus contribution from water supply chemicals in municipal water
treatment was based on information from the MDH. While the information received is likely valid, it
was not complete. Phosphorus concentrations were provided for only 120 of the 360 facilities noted
as adding phosphorus. The phosphorus residual in the remaining 240 water treatment facilities was

based on an estimate using the average phosphorus concentration in the other 120 communities.

The phosphorus loading from residential ADWD detergents has some uncertainty associated with it
due mainly to the population estimates. While the annual consumption of phosphorus in ADWD
detergents reported (SRI, 2002) is likely an accurate number, the loading to the Minnesota basins was
estimated based on a per capita value calculated from this national total. Because this estimate also
relied on population data, there is some additional uncertainty associated with it due to the
uncertainty in the population data discussed in a previous paragraph. The uncertainties associated
with commercial and institutional ADWD detergents are similar to those discussed for the residential

ADWD detergents.

The per capita value used to determine the food soils and garbage disposal waste contribution to the
influent phosphorus loading to POTWs and privately owned treatment facilities was based on the
average of three values obtained from studies conducted in the 1970s and 1980s, but they were in
fairly good agreement. These data are more than 20 to 30 years old, which may introduce some
uncertainty, since there has been a significant increase in the use of phosphorus in the food and
beverage market. It follows then that there may be more phosphorus in the food disposed of down the
drain. What is unknown is the trend in the amount of food and beverages disposed of down the drain.
Also, because the food soils and garbage disposal wastes were based on per capita values, the

loadings discharged to the treatment facilities are also based on the population served.

The method used to determine the dentifrice contribution to the influent phosphorus load to treatment
facilities was based on a per capita value calculated from annual consumption in the U.S. This
method assumes that Minnesota’s dentifrice use is equivalent to that as the U.S. as a whole and

because this is a per capita value and there is some uncertainty due to the population data.

The inflow and infiltration flow values were obtained from MCES and are estimates based on a few

data points for each of their facilities. However, because the groundwater phosphorus concentration

P:\23\62\853\Report\Final\Final Report.doc 234



is quite low, even large variability in the flow values will not have a large impact on the total

phosphorus to the POTWs from this source.

The phosphorus loading from human waste was calculated by difference. That is, all other estimated
sources of phosphorus were subtracted from the total influent phosphorus load for each facility. This
method of estimating the human waste phosphorus contribution leaves some uncertainty since it is
based on all of the other source estimates. Therefore, the phosphorus contribution from human waste
obtained by difference was compared to literature values. Literature values for phosphorus in human
waste ranged from 1.6 g/p-d (Siegrist et al., 1976) to 2 g/p-d (Strauss, 2000). The statewide flow

weighted average for phosphorus in human waste was 1.53 g/p-d.

The following recommendations are made to improve the estimates of phosphorus point source

loading to the basins in Minnesota:

1. Since the commercial and industrial loadings are a significant portion of the
phosphorus load, additional monitoring of industrial effluent discharged to POTWs

would improve the precision of estimates presented in this component.

2. It was not within the scope of this study to present or discuss the phosphorus
contribution from individual industrial contributors of phosphorus to POTWs. It is
recommended that this study be expanded to determine the specific industries that

constitute the major phosphorus contributors.

3. This study assumed that the influent components of the POTW’s and privately owned
treatment plant’s phosphorus from various sources were in the effluent in the same
proportions as in the influent. A study on the percentage removal for the various
sources at the different type of treatment plants would provide a more accurate

estimate of the source of phosphorus loads to the waters of the state.

4. Many of the phosphorus sources discharge to POTWs were based on per capita
estimates. Improving the population served data for each of the POTWs would

improve the accuracy of these estimates.

5. Phosphorus data were not available for all permits. Increased phosphorus monitoring
(both influent and effluent) would improve loading estimates. Good laboratory
analysis of phosphorus and good quality assurance procedures would insure more

accurate load calculations.
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6. Calculation of phosphorus loads on a monthly basis and then totaled rather than on an

annual basis would improve the estimates.
4.2.2 Agricultural Runoff
4.2.2.1 Cropland and Pasture Runoff

There are many possible sources of uncertainty in the estimated phosphorus loadings. These can be
divided into errors in input data, errors in converting phosphorus index values to phosphorus export
coefficients, errors in estimating the proportion of cropland that contributes to phosphorus loadings,
and errors due to a lack of consideration for impacts of surface and subsurface drainage, wind erosion
or snowmelt runoff on phosphorus loadings. The primary sources of errors in input data include
those due to spatial variations in farm management practices at scales smaller than watersheds or
agroecoregions, errors in estimating slope length for erosion calculations, and errors due to out of
date landuse information (all cropland estimates in the contributing corridor around surface water
bodies are based on 1992 landuse data). Appendix C provides a more detailed discussion about

uncertainties in these phosphorus loading estimates.

The assumption made about the contributing corridor represents a source of uncertainty. In most of
Minnesota, it its believed that the risks of phosphorus transport to surface waters are greatest in the
contributing corridor within about 100 m from surface waterbodies. This is consistent with research
results from across the country, and with recommendations of the primary group of soil scientists
conducting research on phosphorus transport to surface waters (the SERA-17 group). Due to
topographic variations along surface waterbodies, in some areas phosphorus contributions from
overland runoff and erosion may occur from as far away as several hundreds of meters. In contrast,
where berms are present along waterbodies it may be unlikely for significant surface runoff or
erosion to enter surface water. Thus, the 100 m contributing corridor should be viewed as a regional
average for contributions of P to surface waters from runoff and erosion on adjacent cropland. Errors
can also arise from improperly estimating the area of cropland within 100 m of surface water bodies.
Also, the area of cropland within 100 m of surface water bodies was not varied when computing

basin scale phosphorus loadings for dry, average, and wet years.

Our primary method of estimation does not consider the influence that surface tile intakes farther
than 100 m may have on phosphorus loadings. To include the effects of surface tile intakes we
would need to know the number of tile intakes per unit area, the area of cropland contributing to tile

intake flow, and the phosphorus export coefficients for surface tile intakes. These data are not
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available for Minnesota in enough detail to be confident about their representativeness. Similarly, our
primary method does not consider the influence of subsurface tile drainage on phosphorus export to
surface waters. Surface and subsurface tile drainage load was estimated in the Minnesota River basin,
but as concluded in Appendix B, more research is needed to accurately define the mean and range in
phosphorus loading from subsurface drainage tiles. Other than the Minnesota River basin, subsurface
drainage phosphorus loads were not estimated. The load from other basins would be much smaller,
because tile drainage is of limited extent in basins other than the Minnesota River basin. In addition, not
enough research data are available to reliably estimate the phosphorus loadings from surface tile intakes
or subsurface tile drains to surface waters in the Minnesota River basin during dry or wet climatic years.

As described above, this approach could substantially overestimate the phosphorus loadings in dry years.

Finally, we do not explicitly account for the effects of wind erosion or snowmelt runoff on
phosphorus loadings to surface waters. Wind erosion may be particularly important in the Red River
basin. It is not expected that wind erosion estimates, which represents a portion of the atmospheric
deposition loadings completed for this study, would adequately account for “low level” wind blown
soil deposited in drainageways. Snowmelt erosion is indirectly accounted for in the regional
phosphorus index through the runoff factor, as well as in the method of manure application factor, so

this error may not be large.

This study provides a broad overview of the impacts of agricultural lands on phosphorus loadings to
surface waters. There are many detailed questions remaining that should be studied in further detail.

Some of these are listed below:

® Comparison of watershed based phosphorus loadings with agroecoregion based phosphorus

loadings at the scale of major watersheds

® Development of phosphorus delivery ratios for agricultural as well as non-agricultural sources of
phosphorus as a function of area of contributing watershed, area of lake and wetland storage in

the watershed, and landscape characteristics

® Investigation of the impacts that farm scale variability has on estimated phosphorus loadings

within watersheds

® Further study of the distance from surface waters within which the majority of phosphorus losses

from cropland to surface waters originate
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® Further investigation of the variable source area concept as applied to phosphorus transport

during dry, average and wet climatic years

® Further investigation of the contribution of surface tile intakes and subsurface drainage to

phosphorus loads

® Study of the impact that wind erosion has on phosphorus loading to surface waters
4.2.2.2 Feedlot Runoff

There are several possible sources of uncertainty in the estimated phosphorus loadings from feedlot
runoff. These sources of uncertainty are discussed in more detail in Appendix D. In addition, not all
potential avenues of phosphorus transport to waters from feedlots were included in this analysis.

This analysis did not include runoff from:

e Manure application sites (i.e. from spreading onto cropland) and pastures. This is handled in

the report under the category agricultural runoff;

e Silage leachate runoff, which has high concentrations of phosphorus, but relatively low

volumes;

e Milkhouse wastewater discharges;

e Open lots that are not included in the MPCA feedlots data base, including those feedlots that
have not yet registered or those feedlots that are too small to require registration (i.e. under
50 animal units outside of shoreland). This would include many small farms with horses and

livestock.

e Feedlots that do not have open lots; incidental runoff from total confinement operations is

considered negligible.

e Poultry facilities and field stockpiles associated with poultry operations. Most poultry are
raised in total confinement, and the relatively small number raised outside or the runoff from

poultry manure stockpiles was considered negligible for basin-wide analysis.

Runoff from pasturing animals, including animals with direct access to surface waters.

The following areas of uncertainty and variability exist in this analysis:
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¢  Uncertainties about animal units at open lots - The data base used to obtain the
information is incomplete. While 29,122 feedlots exist in the data base, incomplete
information is available from several counties, and also many smaller feedlots were not
required to register. It is possible that the actual number of all feedlots could be several
thousand more than indicated in the data base. Additionally, information about the presence
of open lots at 11,574 was not available. Since the missing feedlots are mostly small lots, the
added phosphorus loading would not be expected to be more than 25% greater than our

current estimates.

¢ Uncertainties about manure P generation — The amount of phosphorus generated by each
animal type was provided from average values based on research in the Midwest. The actual
P generated is increasingly being reduced through dietary measures. However, this source of

variability and uncertainty is considered to be relatively minor.

¢ Uncertainties about the fraction of feedlots that contribute P to surface waters — Areas
with steeper slopes and a more pronounced drainage system will have a higher percentage of
open lots with runoff problems. Unpublished county-specific information used to develop
the statewide average (MDA, 2003), indicates that the percentage of open lots that may
contribute runoff P to surface waters varies significantly from the statewide average for
several basins, but this variability was not accounted for in the analysis. Due to a lack of
basin-specific information, it was decided to use the 35 percent figure statewide. It is likely
that some phosphorus is delivered to waters from feedlots that are in compliance with state
feedlots rules. No feedlot runoff was accounted for from feedlots that were considered to be
in compliance with state feedlot rules. Also, it was assumed that all of the animals in feedlots
with open lots contribute manure to the open lot. We did not have information that would
allow us to differentiate which animals used the open lot and which were kept in total

confinement.

¢  Uncertainties about phosphorus delivery — The FLEval model used to estimate the fraction
of phosphorus delivery to waters is currently being upgraded by the University of Minnesota
to improve estimates of annual phosphorus loading. Several assumptions were made for the
FLEval modeling exercise that affected the estimated loading. The P loading results could be
either half as much or twice as much as the study results, depending on modeling
assumptions about the feedlot size (square feet per animal unit), the effect of downslope

vegetation and cropland, and other model inputs. Another uncertainty is the effect that
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holding animals in the barns or pastures will have on reducing the fraction of P delivery to
waters. Where animals are held in barns or pasture for a long enough time during the day so
that less than 100 percent of the feedlot area has manure on the surface, then the phosphorus
loadings would be reduced. In the model we assumed that each animal unit contributed to
200 square feet of feedlot surface that was covered with 100 percent manure. Both of these
assumptions are variable and affect the modeling results, causing an overestimate of P

loading for this part of the loading calculation.

Based on the primary uncertainties in this analysis we see that some are expected to result in
overestimates of phosphorus loading from feedlots and others contributed to underestimates of

phosphorus loadings from feedlots, as summarized below:

1. Incomplete feedlot data base, resulting in underestimates by roughly 10 to 25 percent;

2. Not including milkhouse wastewater, silage leachate and spills, resulting in

underestimates of P loading by roughly 5 to 20 percent;

3. Not including P from feedlots in compliance with feedlot runoff regulations, resulting in

underestimates of roughly 1 to 10 percent;

4. Uncertainties in percent of open lots that contribute P to surface waters, potentially

resulting in the Lower Mississippi basin underestimates by as much as 100 percent and

overestimates in the Missouri, Des Moines basins by roughly 100 percent, with other basins

being closer to statewide averages.

5. Uncertainties about FLEval modeling of annual loading, with unknown effects; and

6. Uncertainties about how much time the livestock at feedlots with open lots spent in the

barn or on pasture, resulting in overestimates of roughly 10 to 30 percent.
Future refinements can be made when the MPCA data base is improved to more clearly indicate
whether an open lot exists at each feedlot and when better basin-specific information can be provided
about how many feedlots are out of compliance with state feedlot runoff rules and regulations.
Additionally, the results can be refined after the FLEval model upgrades are completed by the
University of Minnesota and when better information is available about average downslope buffer
conditions at non-compliant feedlots. Also, future analyses should incorporate estimates of how
livestock time in barns or pastures may reduce the overall fraction of manure P that is delivered to

waters.
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4.2.3 Atmospheric Deposition

The following recommendations are made to minimize uncertainty and improve the estimates of

atmospheric (wet and dry) phosphorus deposition:

1. Additional one to two years of monitoring for [P] and [Ca] in precipitation to improve the

ability to extrapolate the findings from the research sites to other locations in the state

2. Additional sites should be included in the wet deposition monitoring network, particularly in
southwest and western Minnesota, to identify significant regional differences in the [P] and

[Ca] relationship, and further improve the ability to extrapolate the findings to other locations

3. Assess the variability in annual dry deposition in relation to changes in annual precipitation
to determine the significance of this project assuming dry deposition is constant for low,

average, and high precipitation years

4. Determine the phosphorus deposition rate of the collected PM10 filters and verify the

assumption that the [P] to [Ca] ratio in dry depositon is the same as that in precipitation

5. Additional particulate monitoring (TSP, P, PM10) in other areas of the state should be
conducted, with a particular emphasis on rural areas, to determine whether extrapolation of

the particulate filter data to larger regions or river basins is appropriate

6. A source apportionment study, using chemical mass balance or similar approach, for
phosphorus should be conducted to determine if sources other than soil are significant, or

could be significant, for phosphorus deposition
4.2.4 Deicing Agents

All of the loading estimates prepared for phosphorus from deicing agents were based upon
information reported by road maintenance agencies whenever possible (see Appendix F for more
discussion). MnDOT and other agencies readily acknowledge that better record keeping is needed
and better measurements are needed to document the actual usage numbers. While MnDOT data is
of relatively high quality, the near absence of local road agency data for use in this analysis creates
concern for the accuracy of the final numbers beyond those for state maintained roads, given the
amount of variability that currently exists due to year-to-year weather patterns and the resulting

deicer usage patterns. To further evaluate the uncertainty, the actual MnDOT usage data was
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confined to the 1996 — 2003 time period, as it includes MnDOT operations since the start of
implementation for the Salt Solutions study recommendations and most accurately represents current

deicer use trends for the state highway system (Vasek, 2003).

A state-wide sum of salt and sand usage for MnDOT maintained roads and the reported state-wide
deicer use data from MnDOT allowed for an analysis of the loading estimate uncertainty against
actual application information. The estimation methods were assessed against actual MnDOT usage
levels and the results were summarized for the wet, average and dry years based upon a comparison
to actual application quantities for similar years. The usage estimation for sand and salt usage, and
thus the phosphorus load estimates from MnDOT uses for the three scenarios were reasonable given
the limitations of the data (4+/- 22%). The MnDOT salt usage estimate for the “average” year, i.e., for
those years of data upon which the other scenario estimates were constructed has a smaller error than
for the sand and brine. The error for Brine is about 30%, but the phosphorus loading due to brine is
less than 0.001% of the total phosphorus load and thus is insignificant. Without further data for other

road agencies the accuracy of the other estimates can only be assumed to be similar.

Much of the phosphorus content analysis for these deicing agents has been collected from widespread
sources having differing and sometime poorly documented analysis methods. The limited number of
studies and the ongoing citation of a few early studies by current investigators suggest that more
analytical studies on deicing agents and phosphorus should be completed. The summary statistics for
the data on salt and sand gleaned from the literature highlight the relative lack of data on the subject
and the variability of concentrations. A data set that is confined to deicing agents used in Minnesota

would provide a more accurate estimate of the loads.
4.2.5 Streambank Erosion

The variability and uncertainty of the phosphorus loading computations done for this analysis can be

attributed to each of the following sources of error (described in more detail in Appendix G):

e The natural variability associated with the published streambank erosion and sediment yield
data

¢ The uncertainty that is introduced in this analysis as a result of extrapolating the monitored
sediment yield data to the unmonitored areas for each ecoregion

e The variation in sediment yield within each ecoregion
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e The assumptions that the Simon and Hupp (1986) model of channel evolution applied to
Minnesota streams and the slope of the suspended-sediment rating relationship could be used
to characterize stable versus unstable streams, based on data published in Simon (1989a)

e The standard error in the regression between the slope of the suspended-sediment rating
relationship and the sediment yield

e The assumption that the probability plot of Blue Earth River streambank erosion rates from
Sekely et al. (2002) could be utilized to estimate the variation of streambank erosion during
low and high flow conditions for the remaining streams in the state

e The variation in the total phosphorus concentration of the sediment eroding from streambank

escarpments throughout the state

Many areas of the State have not been adequately sampled for definition of sediment-transport
characteristics. Only a few or no sediment samples (with corresponding discharges) have been
collected from most of the streams in northern and central Minnesota, with almost no samples present
for the Northern Minnesota Wetlands Ecoregion (Tornes, 1986; Simon et al., 2003). Some rivers in
west-central Minnesota, parts of the Red River of the North, the Rock River, and the Pomme de Terre
River drain areas underlain by clayey or loess soils may have sediment yields that are similar to those
in the southeast part of the State (Tornes, 1986). In addition, no sediment-transport curves or erosion
assessments have been published for streams in the St. Croix River basin. The current lack of
sediment-transport data and erosion assessments throughout the state make it difficult to adequately
ascertain the impacts of streambank erosion, especially as it pertains to impaired biota. Collecting
more data for streambank erosion assessments can be used to further refine this analysis, reduce the
current level of uncertainty, and improve the understanding of the linkage between sediment and

phosphorus loadings with biological impairments.

The MPCA should install continuous flow monitoring equipment, and begin developing stage-
discharge-sediment transport curves, as a means of assessing erosion within some of the existing
State milestone monitoring watersheds, that are not currently being monitored by the USGS.
Additional streambank erosion assessments should be done in conjunction with stream water quality
and biological monitoring, and channel evolution stage determinations, to develop and refine
empirical models and provide a better understanding of the impacts of streambank erosion throughout
the State. One such assessment, recently completed by the MPCA, was done to evaluate the
relationship between suspended sediment transport, stream classification and fish index of biological
integrity (IBI) scores (Magner et al., 2003). All of these assessments should also be done to evaluate

streambank erosion during low and high flow conditions and address the variability and uncertainty
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associated with the estimates presented here. Also, more total phosphorus data should be collected
from eroding streambanks across the state to further evaluate how much of the phosphorus loading is
entering the streams from upland sources versus fluvial processes. Additionally, the connection of
streambank erosion with land use changes causing hydromodifications needs to be better

documented.
4.2.6 Individual Sewage Treatment Systems/Unsewered Communities

The primary sources (and estimated magnitudes) of variability and uncertainty in the total

phosphorus loading computations done for this assessment (see Appendix H) include:

e Percentage of phosphorus attenuation in soil absorption field for permanent and seasonal
residences—(these percentages are likely to vary by 50 percent or more, depending on the
proximity to surface water, soils and water table characteristics, etc.; if the all of the
conforming systems from the remaining ISTS category removed 100% of the P load produced,
the 140,510 kg total P load discharged to surface waters would be reduced by approximately
30%)

e Portion of undersewered communities receiving various levels of treatment, more or less than
septic tank removals (as assumed)—(these percentages are likely to vary by 50 percent or
more, as some of the undersewered communities may be receiving good treatment with soil

absorption, while others may not even receive treatment from septic tanks)

e Population of undersewered communities—(population figures may vary significantly within
each basin depending on each counties ability to determine, report or verify and update the

presence and population of undersewered communities)

e Population served and portion of direct-to-tile ISTS receiving various levels of treatment,
more or less than septic tank removals (as assumed)—(these values are likely to vary by 100
percent or more, as the number of systems and population served are extrapolated from a
small subset of areas studied in the MRAP which may or may not have already been counted
with the ITPHS percentages, and some of the direct-to-tile ISTS may not even receive

treatment from septic tanks)

e Population served and per capita P loadings for permanent versus seasonal residences—(the

current P loading estimates assume that all of the population served by seasonal residences
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[2.1 people per seasonal residence for 4 months each year] is in addition to all of the P
loadings generated by the current permanent residents of Minnesota, which may overestimate
the P load from permanent Minnesota residents that maintain seasonal residences, but helps to
offset both the fact that seasonal residences may be under-represented in the databases and the
fact that people from other states maintain seasonal residences; in addition, the per capita
loadings for dishwashing detergents and dentifrices are based on actual nationwide
consumption, while the per capita loadings for human waste and food soils are based on

monitoring of permanent residences)

The following refinements are recommended to reduce the error terms or uncertainty of the

phosphorus loading estimates:

¢ LUGs should work with the MPCA to develop, populate and maintain a geographic database,
similar to MPCA’s feedlot database that shows where each of the failing systems, straight pipe
discharges and other types of ITPHS are located

e LUG personnel should be trained to assess the proper functioning of each type of system and be
provided with an incentive to inventory all systems within their jurisdiction, and track system

performance and maintenance

¢ The estimates for population served by conforming and nonconforming systems, as well as
unsewered communities and direct-to-tile ISTS, should be refined, updated and linked to a

geographic database

e Additional analyses should be done to study the treatment effectiveness of conforming and
nonconforming treatment systems, throughout the state, to evaluate the variability of the

estimated phosphorus loadings to surface waters under various settings
4.2.7 Non-Agricultural Rural Runoff

The variability and uncertainty of these phosphorus loading computations and assessment is currently
difficult to assess due to the lack of monitoring data that would allow a rigorous evaluation of the
application of the concepts of contributory area and the use of the basin runoff factor (see Section

2.2.2.6 and Appendix I).

Refinement of the application of export coefficients to Minnesota watershed will require further

monitoring and research into the development and application of transmission coefficients. This
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work will require more detail investigation into the relationships that exist between phosphorus-flux
coefficients, land use export coefficients, and transmission factors and their impact on the effective
contributory area for large watersheds. As was seen in the literature review, many of the export
coefficients for natural vegetation were developed on very small sites. Larger scale studies,

comparable to the work by Sartz and others in the driftless area should be undertaken.

The width of the effective contributory area has major implications for water quality management.

Much of the research conducted on buffer systems provides some insight into contributory watershed
area functions. However, refinement of the interactions of soil type, topography and vegetative cover
on the transmission of phosphorus to surface waters needs further research. Research and monitoring
efforts on this topic should include GIS modeling efforts to help define these relationships and allow

for state-wide spatial database development.

4.2.8 Urban Runoff

In an effort to define the accuracy of the pollutant loading estimates derived from the regression
equations (see Section 2.2.2.7 and Appendix J), a comparison was completed using FLUX calculated
loads for the Minneapolis Chain of Lakes watershed. This assessment was completed on the
residential watersheds that had direct storm water flow from the 1991 monitoring stations. All of the
sites had continuous flow measurement and flow-composite runoff samples; the data was reduced to
a flow-weighted mean concentration using FLUX (MPRB, 1993; Walker, 1986). Not all of the
watersheds assessed in the Chain of Lakes project were included in the assessment, as a number of
them had upstream wetlands or large areas of natural land cover that attenuated the phosphorus

loadings.

For purposes of this loading variability and uncertainty discussion, the loading regression equation
developed for this assessment was used to calculate loads to the eight watersheds. All of the load
estimates were calculated using the 1991 monitored flow volumes. The 1991 FLUX-derived
loadings based upon FWMC concentrations were considered the baseline loadings. Annual loadings
were also estimated using the mean 1991 EMC for each specific watershed, using a national EMC for
residential watersheds of 320 ug/L (Center for Watershed Protection, 2003), and the regression
equation result of 326 ug/L.. The loads calculated with the national EMC for residential watersheds
and the regression equation were 100.6% and 102.5% of the FLUX model loadings, respectively.

The results of the regression equation are very similar to the monitored loads.
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The regression equation developed for the urban land use loads estimation explains 19% of the
variance for stormwater using precipitation and impervious percentage, which shows that there is
considerable variability in the water quality of urban runoff due to several factors. Refinement of the
load estimate for phosphorus in urban runoff will require that additional, long-term monitoring sites
be established across the state. Most of the long-term monitoring locations used for the regression
equation development were located within the Twin Cities metropolitan area or other large cities.
There were some out-state sites but most lacked multiple years of data or were quite old and

therefore were not appropriate for this assessment.
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5.0 Overall Conclusions

The results of this assessment indicate that the estimated amounts of total and bioavailable
phosphorus entering surface waters within each major basin and the state vary significantly, both by
source category and by flow condition. The phosphorus loadings associated with several point and
nonpoint source categories can be controlled to various levels, resulting in significant water quality
improvements, depending on the water resource and flow condition. The following discussion

provides some overall conclusions from this assessment:

e Because of the general nature of this analysis, it can be true that sources of phosphorus which
are deemed minor at the basin scale, may actually contribute the majority of phosphorus to
specific surface water bodies, at a localized scale. For example, point sources typically
contribute little or no phosphorus to Twin Cities Metropolitan and most outstate lakes, but can
represent a significant portion of the total phosphorus load to rivers under low flow
conditions. Because of this, there is still a need to complete individual assessments of specific

watersheds to evaluate specific loading conditions.

¢ Under average conditions, the point source total phosphorus contribution represents 31
percent of the loadings to surface waters, statewide, whereas nonpoint sources contribute 69
percent. Of these nonpoint sources, cropland and pasture runoff, atmospheric deposition,
streambank erosion, human waste products, and commercial/industrial process water each
represent between 10 and 30 percent of the total phosphorus loading. All of the remaining
source category contributions are below 6 percent. The combination of household and
commercial automatic dishwasher detergent represents approximately 3 percent of the total

phosphorus contributions to surface waters in the state, during an average year.

e Under low flow conditions, the total point source phosphorus contribution represents 45
percent, compared to 31 and 19 percent for the statewide loadings to surface waters under
average and high flow conditions, respectively. The bioavailable low flow point source
phosphorus contribution represents 57 percent of the statewide loadings, confirming that point
sources of phosphorus are more bioavailable than nonpoint sources. Comparing high flow to
average and low flow conditions, the relative statewide nonpoint source contributions of total
phosphorus increased significantly for streambank erosion, decreased somewhat for urban
runoff, and decreased significantly for atmospheric deposition and ISTS/unsewered

communities.
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e Nonpoint source phosphorus loadings nearly double from low to average flow conditions, and

again from average to high flow conditions.

e Human waste products represent a significant portion of the total and bioavailable phosphorus
loadings in the Upper Mississippi and Cedar River basins under each flow condition; and on a
statewide basis, for the low and to a lesser extent average flow conditions. During low flow
conditions, human waste products contribute between 10 and 20 percent of the bioavailable
phosphorus loadings in the Lake Superior and St. Croix, Lower Mississippi, Red, Missouri,

and Minnesota River basins.

e Commercial/industrial process water represents a significant portion of the total and
bioavailable phosphorus loadings in the Upper Mississippi, Lower Mississippi, Minnesota,
and Des Moines River basins under each flow condition, and on a statewide basis, for the low

and to a lesser extent average flow conditions.

¢ Phosphorus contributions from ISTS/unsewered communities are of relative importance in the

St. Croix River basin.

¢ Cropland and pasture runoff represents a significant portion of the total and bioavailable
phosphorus loadings in the St. Croix, Lower Mississippi, Red, Missouri, Minnesota, Cedar
and Des Moines River basins, and on a statewide basis, under all flow conditions. The
phosphorus contribution from cropland and pasture runoff is also significant in the Upper

Mississippi River basin for the average and high flow conditions.

e Atmospheric deposition represents a significant portion of the phosphorus loadings in the

Lake Superior, St. Croix, Red, and Rainy River basins for each flow condition.

® Non-agricultural rural runoff contributes a significant portion of the phosphorus loadings in
the Lake Superior and Rainy River basins for each flow condition, although the typical rate of
total phosphorus export from each acre of non-agricultural land is approximately four times

lower than the corresponding load from each acre of contributing cropland and pasture runoff.

e Streambank erosion is an important source of phosphorus under high flow conditions for all of
the basins, and is fairly significant in the Lake Superior, Lower Mississippi, Rainy and

Missouri River basins under average flow conditions. Streambank erosion can also contribute
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somewhat significant amounts of total phosphorus statewide and to the Minnesota and Cedar

River basins under average flow conditions.

e The concepts for lowering the phosphorus export from point sources address possible
reductions of phosphorus discharged to POTWs as well as phosphorus discharged to the
surface waters in each basin. Food soils would be very difficult to reduce, and dentifrices,
noncontact cooling water and I & I contribute little to the influent phosphorus load discharged
to POTWs. If residential and commercial/institutional ADWD and water treatment chemicals
were eliminated completely, commercial and industrial process wastewater would still need to
be reduced more than 64 percent to attain a 50 percent reduction in the total non-ingested
phosphorus contribution to POTWs (the goal established in MN Laws 2003, Chap. 128 Art. 1,
Sec. 122). Given the difficulties in completely eliminating phosphorus from
commercial/institutional ADWD and water treatment chemicals, and reducing the commercial
and industrial process wastewater loading by more than 64 percent, a 50 percent reduction of
non-ingested influent phosphorus appears to be an ambitious goal. In addition, a 50 percent
reduction in influent may not mean a 50 percent reduction in the effluent depending upon the type

of wastewater treatment processes used.

e A large portion of the influent phosphorus load to POTWs is from human waste products and/or is
largely uncontrollable. Continued implementation of enhanced biological phosphorus removal

(EBPR) will significantly reduce effluent phosphorus concentrations.

¢ Public education about the use of ADWD based on hardness and the availability of no- and low-

phosphorus content products should be encouraged.
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Overview and Introduction to Basin Hydrology

The objective of the Detailed Phosphorus Assessment Study is to estimate the sources of phosphorus
for the 10 major basins for three flow scenarios within the State of Minnesota. These basins are
shown in Figure 1. The flow scenarios are:

Dry year

Average year

Wet year
The estimate of phosphorus loading, especially from non-point sources, requires the estimate of
flows and rainfall that correspond to each of the three flow scenarios. The identification of three
flow conditions will allow for the comparison of point and non-point phosphorus sources during the
varied climatic and flow conditions that occur across Minnesota. The mass of phosphorus from non-
point sources is generally higher during high runoff years than for average or dry years. Therefore,
the proportion of the total phosphorus mass in the drainage system originating from point sources
(e.g. waste water treatment plants) should be lower in wet years due to greater mass originating from

non-point sources.

The Basin Hydrology portion of this study has two objectives:
The identification of dry, average and wet years conditions for each basin, including the
estimation of flow and precipitation

Selecting years that are representative of these conditions
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The methods used for each of these objectives are discussed below.

Watershed Basin Characteristics

The ten major drainage basins within Minnesota vary greatly in their characteristics. Table 1
provides a summary of some of the characteristics of each basin. As shown in the table, thereisa
significant variability of runoff and precipitation across the state. Thereis also a significant
difference in land cover between basins, particularly between the southwest and northeast parts of the
state. Each basin is described in more detail below.

Cedar River

The Cedar River basin in Minnesota consists of approximately 1000 square miles and is drained by
the Winnebago, Shell Rock and Cedar Rivers, al of which flow into the State of lowa and ultimately
to the Mississippi River. The major cities in this Basin are Albert Lea and Austin and the dominate
land useistilled agriculture. The USGS gage near Austin, on the Cedar River measures flow for 399

square miles of this Basin.

Des Moines River

The Des Moines River Basin consists of the headwater areas of both the East and West Fork of the
Des Moines River in southwest Minnesota. The Basin is about 1500 square miles, mostly made up of
row crops. The cities of Jackson and Windom are within this Basin along with the northern % of the
City of Worthington. The USGS gage at Jackson, on the West Fork of the Des Moines River,

measures flow for 1250 square miles of this Basin.

L ake Superior

The Lake Superior Basin drains about 6,150 square miles of northeast Minnesota. Approximately
3646 sgquare miles of the basin drain to the St. Louis River, which enters Lake Superior at Duluth.
The Nemadji River drains 278 square miles of Minnesota, south of Duluth before it enters Wisconsin
and ultimately reaches Lake Superior at Superior, Wisconsin. The remaining 2,226 square miles of
the Minnesota's L ake Superior Basin drains via many small streams and rivers along the North Shore
of Lake Superior. The major land cover types within this basin are forest, lakes and wetlands.
Duluth, Two Harbors, and many of the Iron Range cities are located in this Basin. The Lake

Superior Basin produces the most runoff (12.44 inches annually, on average) even though three of
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TABLE1

Basin Characteristics

Land Cover Percentages**
Area (Sq | Average Precipitation | Average Runoff Tilled Pasture/ Wetland/Open

Basin Miles)* (1979-2002) (1979-2002) Urban Forested Agricultural  Grassland Water Other

Cedar River 1,028 32.06 9.80 3.4% 3.3% 83.4% 6.2% 3.7% 0.0%
Des Moines River 1,535 27.98 5.68 1.8% 1.8% 79.9% 11.0% 5.5% 0.0%
L ake Superior 6,149 29.11 12.44 1.4% 57.1% 2.6% 3.5% 33.3% 2.1%
Lower Mississippi 6,317 33.29 10.28 2.4% 15.4% 52.2% 24.8% 5.1% 0.1%
Minnesota River 14,943 28.14 5.61 2.2% 4.6% 72.7% 12.6% 7.8% 0.1%
Missouri 1,782 27.16 5.25 1.5% 1.0% 78.9% 16.0% 2.6% 0.0%
Rainy River 11,236 26.20 8.01 0.4% 41.4% 2.0% 2.3% 52.5% 1.3%)
Red River 17,741 23.29 3.42 0.7% 12.0% 54.6% 8.8% 23.8% 0.2%
St. Croix River 3,528 30.61 9.71 1.3% 36.8% 10.8% 20.6% 30.1% 0.2%
Upper Mississippi 20,100 28.07 6.87 3.5% 29.1% 20.2% 16.7% 29.7% 0.7%
State Wide 79,202 27.39 6.83 1.9% 22.7% 38.1% 12.0% 24.7% 0.6%

*Drainage area within Minnesota
**Based on USGS National Land Cover Database (1992)
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the other basins receive more precipitation. Flow data from four USGS gage | ocations were used to

assess runoff from this area

Lower Mississippi

The Lower Mississippi consists of approximately 6,300 square miles of area draining to the
Mississippi River below the River’s confluence with the St. Croix River. The Lower Mississippi is
the only non-headwaters basin. The Upper Mississippi, Minnesota and St. Croix Basins flow into the
Mississippi River above the Lower Mississippi. Riversthat drain the Lower Mississippi Basin
include the Zumbro, Root, Cannon and Vermillion Rivers. The major land cover is agricultural,
although there are significant forest areas in the hilly bluff lands along the major river systems. The
Cities of Rochester, Winona, Owatonna, Faribault and Red Wing are in this Basin. The southern
suburbs of the Metropolitan area, including most of Lakeville are also in this Basin. ThisBasin
receives the greatest annual average precipitation. During the period of 1979-2002, the basin
received an average 33.3 inches annually. Flow data from three USGS gage locations were used to

assess direct runoff from this area.

Minnesota River

The Minnesota River Basin is composed of 16,950 square miles, of which 1,668 are in South Dakota,
5in North Dakota and 338 are in lowa. The USGS gage near Jordan measures flow from about
16,200 square miles (or 96 percent) of the Basin. The Minnesota River drains into the Mississippi
River upstream of St. Paul. Major tributaries of the Minnesota include the Pomme De Terre,
Chippewa, Lac Qui Parle, Yellow Medicine, Redwood, Cottonwood, Watonwan, Blue Earth and Le
Sueur Rivers. The vast majority of the land isin agricultural land uses. Citiesincluded in this basin
are Mankato, Redwood Falls, St. Peter, Morris, Marshall, Fairmont and the southwest suburbs of the
Twin Cities. Flow data from five USGS gage locations were use to assess runoff from this area.

Missouri River

The Missouri River Basin is composed of 1,782 square miles in extreme southwestern Minnesota.
The main rivers draining this Basin are the Little Sioux, Rock, and Pipestone. These river systems
flow into lowa and South Dakota. The only long term gaging record in this watershed is on the Rock
River near Rock Valley, lowa. Approximately 95 percent of this basin has agricultural land uses.
Cities within this basin include Pipestone, Luverne and part of Worthington.
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Rainy River

The Rainy River Basin consists of approximately 11,240 sgquare miles of areain Minnesota draining
to the Rainy River and Lake of the Woods on the Canadian border. Much of the Boundary Waters
Canoe Area Wilderness is within this Basin. A significant part of the area tributary to Rainy River
and Lake of the Woods are in Canada. Major land cover types within this basin include forest, lakes
and wetlands. Riversthat drain this basin include the Little Fork, Big Fork and Basswood Rivers.
Cities within this basin include Ely, International Falls, Warroad and Baudette. Flow data from three

USGS gage locations were used to assess runoff from this area.

Red River of the North

The Red River of the North Basin in Minnesota consists of 17,741 square miles of area. The Red
River of the North Basin receives the least amount of rainfall on average and also produces the least
runoff of the ten basins. The Red River of the North flows north along the western boundary of the
state. Approxmately one-half of the watershed areato the Red River of the North at the Canadian
border isin North Dakota.

Major river systems that flow to the Red River in Minnesota include the Bois De Sioux, Ottertail,
Buffalo, Wild Rice, Sandhill, Red Lake, Snake, Tamarac and Roseau Rivers. The land cover of the
eastern portions of the basin includes significant lake, wetland and forested areas while the western
portion is mostly tilled farm land. Citiesin the basin include Moorhead, East Grand Forks,
Crookston, Roseau, Detroit Lakes, Fergus Falls and Thief River Falls. Flow data from seven USGS

gage locations were used to assess runoff from this area.

St. Croix River

The St. Croix River Basin in Minnesota drains a 3,528 square mile area of mixed land use in the east
central part of the state. An additional 4,200 square miles of watershed to the St. Croix River isin
Wisconsin. Riversthat drain this basin include the Kettle, Snake and Sunrise Rivers. The St. Croix
watershed includes the extreme eastern portions of the Twin City area. Other citesin thisbasin
include Moose Lake, Sandstone, Hinckley, North Branch, Taylors Falls and Stillwater. Flow data
from two USGS gage locations were used to assess runoff from this area.
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Upper Mississippi River

The Upper Mississippi River Basin consists of the area tributary to the Mississippi River upstream
of the confluence of the St. Croix River, not including the area tributary to the Minnesota River.
This basin is 20,100 square miles and is a transition zone between agricultural areas to the south and
west and forest and open water/wetland areas to the north. Major river systems that are tributary to
the Upper Mississippi include the Crow, Sauk, Rum, Long Prairie, Red Eye, Crow Wing and Pine
rivers. This basin also contains the mgjority of the Minneapolis-St. Paul Metropolitan area. Other
citiesin this basin include St. Cloud, Little Falls, Brainerd, Hutchinson, Alexandria, Grand Rapids

and Bemidji. Flow data from five USGS gage locations were used to assess runoff from this area.

Available River Discharge and Precipitation Data

Precipitation and river discharge data were collected and analyzed as part of this portion of the
project.

River Discharge Data

Mean monthly discharge data were collected from the USGS for 32 gaging stations across
Minnesota and neighboring states. Figure 1 shows the location of the gages where data was
collected. The stations were selected based on their length of record and the location of the gage
within each of the ten basins. The Mississippi River near Anoka gage and Minnesota near Jordan
gage areincluded in Figure 1 but were not directly used in deriving the flow values related to the dry,
wet and average years. Measurements at these gages represent flow from nearly the entire Upper
Mississippi and Minnesota basins, respectively. Because of the large size of these basins, USGS
data from smaller watersheds within these basins were used so that regional runoff patterns could be
better estimated.

Precipitation Data

Basin-wide precipitation data were made available from the State Climatology Office of the
Minnesota Department of Natural Resources. The data consisted of monthly values calculated from
a grid-based archive of historical monthly precipitation totals for the period of 1892 —2002. These
data consisted of estimated monthly total precipitation over each watershed, in inches, for each of the
ten basins. The data were totaled by water-year (October — September) for use in this study. Data
for the period of 1979 — 2002 water years were used in this study. Table 2 provides the minimum,
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maximum and average number of precipitation gages used to develop the grids for the 1979-2002
period. Figures 2 and 3 show the distribution of precipitation gages for the months with the

minimum and maximum number, respectively, of gages used to develop the grids.

Table 2

Cedar Des L ower Minne- Mis-  Rainy Red St. Lake Upper Total
River Moines Miss- sotaRiver  souri River  River of Croix  Super Miss-

River  issippi River the River -ior i ssippi

North

15 22 83 226 22 44 142 64 56 339 1014
2 2 18 65 3 25 36 21 40 165 480
39 49 150 416 41 66 246 118 71 591 1632

Number of Precipitation Gages

Approach and Methodology for Calculation of Basin Runoff Volumes

The phosphorus load estimates in this study were determined for low, average and high flow
conditions, for each of the ten basins. A characteristic of most of the basins is that water is received
from upstream basins (such as the Lower Mississippi which receives flow from the Minnesota, St.
Croix and Upper Mississippi basins) or water flows into the basin from neighboring states or
provinces. Therefore, flow and phosphorus data measured at the “outlet” of the basin will include
both water and phosphorus originating from outside of Minnesota or from other upstream Minnesota
basins. For example, 53 percent of the watershed area of the Red River of the North (which is the
border between North Dakota and Minnesota), at the Manitoba border, isin the State of North
Dakota. The Lake Superior and Rainy River basins do not have a defined single outlet point at all,
since both discharge from lakes that share a boundary with multiple states and/or provinces. Since
this study is only concerned with phosphorus contributions from Minnesota, a methodology was

developed to estimate only Minnesota’ s contribution of water.
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Runoff from the Minnesota portions of the ten basins were cal culated using state-wide flow maps for
the three flow conditions. Each map consists of a state-wide 1 km x km grid of values representing
runoff in inches. The resulting maps are shown in Figures 4, 5 and 6. Using these grids, runoff
averages over the basins were determined. The methods used to develop these maps are described
below.

River Discharge Data

Monthly mean stream flow data were collected from the United States Geologic Survey for 27 gaging
stations in Minnesota, two in North Dakota and one in lowa for atotal of 30 gages. Annual runoff in
inches, for each gage was determined by summing the monthly mean flows for each water year
(October — September) and dividing by the contributing watershed area to arrive at runoff in inches
per year. The watershed areas were delineated using the Minnesota Department of Natural Resources
Division of Waters Watershed Basin (1995) GIS Layer. This layer was developed using data from
USGS 1:24,000 Quadrangle Maps. The percent of the area of the major basins that drain to the gages

used are summarized in Table 3.

Development of Frequency Curves
The result of these computations was a table of annual runoff values, in inches over each of the 30
watersheds. These data were used to develop two frequency curves for each of the 30 gages and
were based on these following periods of record:

1 Using all water years data were available

2. Using water years 1979 — 2002
For curve one, the time period of available flow data varied greatly. Some gages had data available
for up to 100 years and others only a dozen or so years. The second curve was devel oped to reflect
current climatic and drainage conditions. During the 1979-2002 period, a complete record of data
was available for most of the gages used. This shorter period also reflected current watershed
drainage characteristics and climatic trends. Because of these reasons, the 1979-2002 record was
used to develop the runoff maps. Table 4 provides general statistics on the gages used, including the

length of record.

The frequency curves were developed using a statistical analysis of the annual basin flows adopted
from Guidelines for Determining Flood Flow Frequency, Bulletin #17B, U.S. Water Resources
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Table 3

Gage Watershed Summary
Contributi

Major ng

Basin Water shed

Area Area Per cent of

Within Within Total

Minnesota |Minnesota [Basin
USGS Gage Major Basin (Sg. Miles)[(Sg. Miles) |Area
CEDAR RIVER NEAR AUSTIN Cedar River 1,028 399 38.8%
TOTAL CEDAR RIVER BASIN GAGES 1,028 399 38.8%
DES MOINES RIVER AT JACKSON Des Moines River 1,536 1,250 81.4%)
TOTAL OF DESMOINESRIVER BASIN GAGES 1,536 1,250 81.4%
BAPTISM RIVER NEAR BEAVER BAY Lake Superior 6,149 140 2.3%
KNIFE RIVER NEAR TWO HARBORS L ake Superior 6,149 84 1.4%
PIGEON RIVER AT MIDDLE FALLSNR GRAND PORT/ L ake Superior* 6,149 241 3.9%)
ST. LOUISRIVER AT SCANLON L ake Superior 6,149 3,430 55.8%)
TOTAL OF LAKE SUPERIOR BASIN GAGES 6,149 3,895 63.3%)
CANNON RIVER AT WELCH Lower Mississippi 6,317 1,340 21.2%)
ROOT RIVER NEAR HOUSTON Lower Mississippi 6,317 1,250 19.8%
VERMILLION RIVER NEAR EMPIRE, MN Lower Mississippi 6,317 129 2.0%
TOTAL OF LOWER MISSISSIPPI BASIN GAGES 6,317 2,719 43.0%
CHIPPEWA RIVER NEAR MILAN, MN Minnesota River 14,933 1,880 12.6%
COTTONWOOD RIVER NEAR NEW ULM, MN Minnesota River 14,933 1,300 8.7%)
LE SUEUR RIVER NEAR RAPIDAN, MN Minnesota River 14,933 1,110 7.4%
MINNESOTA RIVER NEAR LAC QUI PARLE, MN* Minnesota River 14,933 2,398 16.1%
TOTAL OF MINNESOTA RIVER BASIN GAGES 14,933 6,688 44.8%
ROCK RIVER NEAR ROCK VALLEY, IA* Missouri River 1,782 917 51.5%)
TOTAL OF MISSOURI RIVER BASIN GAGES 1,782 917 51.5%
BASSWOOD RIVER NEAR WINTON Rainy River 11,236 1,740 15.5%
BIG FORK RIVER AT BIG FALLS Rainy River 11,236 1,480 13.2%
LITTLE FORK RIVER AT LITTLEFORK Rainy River 11,236 1,680 15.0%
TOTAL OF RAINY RIVER BASIN GAGES 11,236 4,900 43.6%
BUFFALO RIVER NEAR DILWORTH Red River of the North 17,741 975 5.5%
OTTER TAIL RIVER BL ORWELL D NR FERGUS FALL {Red River of the North 17,741 1,740 9.8%
RED LAKE RIVER AT CROOKSTON Red River of the North 17,741 5,270 29.7%)
ROSEAU RIVER BELOW STATE DITCH 51 NR CARIB(Red River of the North 17,741 1,420 8.0%)
WILD RICE RIVER AT HENDRUM Red River of the North 17,741 1,560 8.8%
GOOSE RIVER AT HILLSBORO, ND** Red River of the North* 17,741 0 0.0%)
PARK RIVER AT GRAFTON, ND** Red River of the North* 17,741 0 0.0%)
TOTAL OF RED RIVER OF THE NORTH BASIN GAGES 17,741 10,965 61.8%
KETTLE RIVER BELOW SANDSTONE St. Croix River 3,528 868 24.6%
SNAKE RIVER NEAR PINE CITY St. Croix River 3,528 958 27.2%)
TOTAL OF ST. CROIX RIVER BASIN GAGES 3,528 1,826 51.8%
CROW RIVER AT ROCKFORD, MN Upper Mississippi 20,100 2,640 13.1%
CROW WING RIVER NEAR PILLAGER, MN Upper Mississippi 20,100 3,300 16.4%
LONG PRAIRIE RIVER AT LONG PRAIRIE, MN Upper Mississippi 20,100 434 2.2%
MISSISSIPPI RIVER AT GRAND RAPIDS, MN Upper Mississippi 20,100 3,370 16.8%
TOTAL OF UPPER MISSISSIPPI GAGES 20,100 9,744 48.5%

*Portion of Watershed is outside of Minnesota
**\Watershed is not in Minnesota
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Table4
USGS Gages Used in Analysis

NUMBER OF
YEARSDATA
STATION NAME STATION NUMBER AVAILABLE WATER YEARS FLOW DATA AVAILABLE

BAPTISM RIVER NEAR BEAVER BAY, MN 4014500 61 1931-1947, 1950-1993
BASSWOOD RIVER NEAR WINTON, MN 5127500 70 1932-1987,1939-2002
BIG FORK RIVER AT BIG FALLS, MN 5132000 67 1929-1979, 1983-1993, 1998-2002
BUFFALO RIVER NEAR DILWORTH, MN 5062000 71 1932-2002
CANNON RIVER AT WELCH, MN 5355200 53 1912-1913, 1932-1971, 1992-2002
CEDAR RIVER NEAR AUSTIN, MN 5457000 63 1910-1914, 1945-2002
CHIPPEWA RIVER NEAR MILAN, MN 5304500 65 1938-2002
COTTONWOOD RIVER NEAR NEW ULM, MN 5317000 68 1912-1913, 1936-1937, 1939-2002
CROW RIVER AT ROCKFORD, MN 5280000 76 1910-1911, 1913-1917, 1931,1935-2002
CROW WING RIVER NEAR PILLAGER, MN 5247500 33 1969-1986, 1988-2002
DESMOINES RIVER AT JACKSON, MN 5476000 67 1936-2002
GOOSE RIVER AT HILLSBORO, ND 5066500 69 1932, 1935-2002
KETTLE RIVER BELOW SANDSTONE, MN 53367000 35 1968-2002
KNIFE RIVER NEAR TWO HARBORS, MN 4015330 28 1975-2002
LE SUEUR RIVER NEAR RAPIDAN, MN 5320500 59 1940-1945, 1950-2002
LITTLE FORK RIVER AT LITTLEFORK, MN 5131500 79 1912-1916, 1929-2002
LONG PRAIRIE RIVER AT LONG PRAIRIE, MN 5245100 31 1972-2002
MINNESOTA RIVER NEAR JORDAN, MN 5330000 68 1935-2002
MINNESOTA RIVER NEAR LAC QUI PARLE, MN 5301000 56 1943-1994, 1999-2002
MISSISSIPPI RIVER AT GRAND RAPIDS, MN 52110000 105 1884-1888, 1901-1909, 1912-2002
MISSISSIPPI RIVER NEAR ANOKA, MN 5288500 71 1932-2002
OTTER TAIL RIVER BL ORWELL D NR FERGUSFALLS, MN 5046000 72 1931-2002
PARK RIVER AT GRAFTON, ND 5090000 71 1932-2002
PIGEON RIVER AT MIDDLE FALLSNR GRAND PORTAGE MN 4010500 79 1924-2002
RED LAKE RIVER AT CROOKSTON, MN 5079000 101 1902-2002
Rock River near Rock Valley, 1A 6483500 54 1949-2002
ROOT RIVER NEAR HOUSTON, MN 5385000 71 1910-1917,1931-1983,1991-2000
ROSEAU RIVER BELOW STATE DITCH 51 NR CARIBOU, MN 5112000 45 1921-1930, 1933, 1937, 1941-1943, 1973-2002
SNAKE RIVER NEAR PINE CITY, MN 5338500 41 1914-1917, 1952-1981, 1992-2002
ST. LOUISRIVER AT SCANLON, MN 4024000 94 1909-2002
VERMILLION RIVER NEAR EMPIRE, MN 5345000 30 1943, 1974-2002
WILD RICE RIVER AT HENDRUM, MN 5064000 58 1945-2002
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Council, Sept. 1981. The Weibull plotting position method, described in this reference, were
implemented to assign an exceedence probability (the probability of the flow being greater than or
equal to avalue) to every annual flow record in the time series. The probabilities were then plotted
on semi-log paper to fit atrend line to the data. Different statistical equations were analyzed to
determine which equation best describes the data. The frequency curves were then based on the
best-fit equation, typically a Pearson Type Il1 distribution.

Typically, frequency analysis using the methodology described above, is used for annual flood peaks
rather than total annual runoff. Another statistical technique described in Bulletin #17B isthe
development of flow duration curves to define flow conditions. This method is commonly used in
the analysis of low flow conditions. Flow duration curves are usually developed using atime step of
less than a year (in this study, a year time step was used), frequently using aone day time step. A
comparison between using flow-duration curves and frequency analysis was made and is shown in
Table 5. Theresults presented in the table show only a small difference between the values derived
from the two methods. Since flow-duration curves are usually fit by eye rather than a statistical
distribution it was decided to use the frequency analysis which would provide objectivity in the

selection of runoff values for the low, average and high runoff years.

The frequency curves for each of the watersheds are in Appendix A. The curves show that for gages
in the south and west portions of the state, the period of 1979-2002 flows were consistently above the
long-term period of record. The frequency curves for much of Northeast Minnesota, particularly the
Rainy River, the North Shore of Lake Superior, and St. Croix River basins did not show this trend.
The curves indicate that there is a general trend of decreasing runoff from east to west. Lake
Superior Basin has the highest runoff in the state of Minnesota, with the Baptism River watershed
having the highest values within that basin, with average runoff of 15.3 inches. Runoff in the Red
River of the North Basin had the least runoff, with the Buffalo River Watershed having 2.8 inches of
runoff in an average year which is lowest of the Minnesota gages used in this analysis. However, the
two watersheds in the North Dakota portions of the Red River Watershed have average runoff of less
than 2 inches. Decreasing runoff from east to west also occurs in southern Minnesota, but the trend
is less dramatic than in the north. The Root River in extreme southeast Minnesota has nearly 11
inches of runoff for the period of 1979-2002, The Rock River in southwest Minnesota and
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Table5

Comparison of Frequency and Duration Analysis on Runoff Values

Water shed

Values from Frequency Plots

Values from Duration Curves

(inches)
Average

(inches)
Average

Difference (inches)
Average

Major Basin Low Flow Flow High Flow [Low Flow Flow High Flow |Low Flow Flow High Flow
CEDAR RIVER NEAR AUSTIN Cedar River 5.8 10.2 18.2 5.2 10.3 16.7 0.6 -0.1 15
DES MOINES RIVER AT JACKSON Des Moines River 11 5.3 13.2 0.6 5.9 10.5 0.5 -0.6 2.7
BAPTISM RIVER NEAR BEAVER BAY L ake Superior 11.2 16.8 21.0 10.0 17.2 20.6 1.2 -0.4 0.4
KNIFE RIVER NEAR TWO HARBORS L ake Superior 9.0 15.3 21.5 9.0 15.8 19.7 0.0 -0.5 1.8
PIGEON RIVER AT MIDDLE FALLS NR GRAND
PORTAGE MN L ake Superior 6.8 11.0 14.8 6.5 10.9 14.3 0.3 0.1 0.5
ST. LOUISRIVER AT SCANLON L ake Superior 7.2 11.0 14.5 6.9 111 15.1 0.3 -0.1 -0.6
CANNON RIVER AT WELCH Lower Mississippi River 7.1 9.5 16.1 7.0 9.8 13.7 0.1 -0.3 24
ROOT RIVER NEAR HOUSTON Lower Mississippi River 8.3 10.9 15.0 8.8 10.5 16.5 -0.5 0.4 -1.5
VERMILLION RIVER NEAR EMPIRE, MN Lower Mississippi River 4.0 7.8 12.6 3.9 7.5 12.0 0.1 0.3 0.6
CHIPPEWA RIVER NEAR MILAN, MN Minnesota River 1.2 4.1 7.3 11 3.7 7.2 0.1 0.4 0.1
COTTONWOOD RIVER NEAR NEW ULM, MN Minnesota River 15 5.5 12.0 11 5.4 11.1 0.4 0.1 0.9
LE SUEUR RIVER NEAR RAPIDAN, MN Minnesota River 3.4 7.8 15.7 2.5 8.1 14.0 0.9 -0.3 17
MINNESOTA RIVER NEAR LAC QUI PARLE, MN [Minnesota River 0.4 3.1 6.8 0.7 2.6 7.1 -0.3 0.5 -0.3
ROCK RIVER NEAR ROCK VALLEY, IA Missouri River 1.0 5.6 13.6 1.0 5.6 12.5 0.0 0.0 11
BASSWOOD RIVER NEAR WINTON Rainy River 7.2 11.2 14.5 6.5 11.2 14.0 0.7 0.0 0.5
BIG FORK RIVER AT BIG FALLS Rainy River 4.4 7.2 10.5 4.3 6.8 10.9 0.1 0.4 -0.4
LITTLE FORK RIVER AT LITTLEFORK Rainy River 5.6 8.7 12.7 5.6 8.8 12.5 0.0 -0.1 0.2
BUFFALO RIVER NEAR DILWORTH Red River of the North 0.8 2.8 5.2 0.9 25 5.2 -0.1 0.3 0.0
GOOSE RIVER AT HILLSBORO, ND Red River of the North 0.1 1.7 3.8 0.1 1.3 3.9 0.0 0.4 -0.1
OTTER TAIL RIVER BL ORWELL D NR FERGUS HRed River of the North 1.8 3.8 5.9 18 3.9 5.9 0.0 -0.1 0.0
PARK RIVER AT GRAFTON, ND Red River of the North 0.1 1.2 2.8 0.1 11 2.7 0.0 0.1 0.1
RED LAKE RIVER AT CROOKSTON Red River of the North 11 3.9 6.7 0.7 4.1 6.6 0.4 -0.2 0.1
ROSEAU RIVER BELOW STATE DITCH 51 NR
CARIBOU, MN Red River of the North 0.8 35 6.5 0.7 35 6.4 0.1 0.0 0.1
WILD RICE RIVER AT HENDRUM Red River of the North 1.0 3.7 6.9 1.0 35 7.4 0.0 0.2 -0.5
KETTLE RIVER BELOW SANDSTONE St. Croix River 6.5 10.9 16.2 6.0 11.2 15.1 0.5 -0.3 11
SNAKE RIVER NEAR PINE CITY St. Croix River 4.6 8.3 12.3 4.3 7.5 12.3 0.3 0.8 0.0
CROW WING RIVER NEAR PILLAGER, MN Upper Mississippi River 3.4 6.1 9.1 3.3 6.0 9.0 0.1 0.1 0.1
CROW RIVER AT ROCKFORD, MN Upper Mississippi River 2.1 6.4 10.9 11 7.0 10.4 1.0 -0.6 0.5
LONG PRAIRIE RIVER AT LONG PRAIRIE, MN  [Upper Mississippi River 2.6 5.2 8.3 2.3 5.2 8.2 0.3 0.0 0.1
MISSISSIPPI RIVER AT GRAND RAPIDS, MN Upper Mississippi River 3.6 6.2 8.6 3.2 5.6 8.7 0.4 0.6 -0.1
Average 3.8 7.2 114 35 7.1 11.0 0.250 0.037 0.433
Standard Deviation 0.370 0.352 0.901
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Northwest lowa has an average runoff of 5.6 inches. Increases in runoff are more dramatic moving

south as flows approach high flow conditions.

From the frequency curves developed for the 1979-2002 water year period, runoff values from the 90
(dry year), 50 (average year) and 10 (wet year) percent probability were determined. The 90 percent
value means that, on average, 90 percent of the years will have runoff exceeding this value. The 50
percent value shows the runoff amount that would be exceeded one-half the years on average. The
10 percent value is the flow which would be exceeded only 10 percent of the years. The 90 and 10
percent probabilities were selected because they do not represent extreme events; rather they

represent typical dry and wet periods for the basins (a1 in 10 chance of occurring on any given year).

Development of Runoff Maps from Freguency Data

The centroid of the watershed for each of the 30 USGS gages was determined. The resulting X and
Y coordinates of the centroid (in UTM Coordinates) were determined and were assigned the runoff
values for the watershed. The centroid (essentially, the center of the watershed) was used rather than
the gage location since the centroid best represents the average characteristics of the watershed. The
gage is most often at an extreme point in the watershed and its location would not necessarily best
represent the watershed upstream.

A table was constructed with the UTM coordinates and ruoff values. This table was imported into
Surfer Software and interpolated using the Kriging routine to create three state-wide 1 kilometer x 1
kilometer grids representing the dry, average and wet condition runoff values. The resulting Surfer
grid files were imported into ArcView Spatial Analyst extension and were overlain with the
boundaries of the major basins. The result was an estimation of the wet, average and dry condition
flow volumes based on the 10, 50 and 90 percentile frequencies, respectively.

One of the benefits of using runoff gridsis that average runoff for smaller ungaged watersheds within
each of the larger basins could be estimated. Runoff from smaller watersheds is a necessary input for
some of the non-point source phosphorus computations. Because of the differences in rainfall and
land cover across Minnesota, runoff characteristics are likely to be different for smaller watersheds
compared to runoff recorded for the larger basin gages.

P:\23\62\853\Basin Hydrology Mass Balance\BASN Tech Memo\UpdatedMemo\Final BASN Technical Memorandum.doc



To: Marvin Hora, Doug Hall and Mark Tomasek, Minnesota Pollution Control Agency
From: Tim Anderson, Barr Engineering Co.

Subject: Final Basin Hydrology Technical Memorandum

Date: December 17, 2003

Page: 20

Precipitation Frequency Curves

Frequency curves were also developed for the basin-wide precipitation data. The data were
summarized by water year and the same methodol ogy used to develop the flow — frequency curves
were also used for the precipitation. The curves are shown in Appendix B.

Results of Flow and Precipitation Computations

Maps showing the state-wide runoff values are shown in Figures 4, 5 and 6. Table 6 shows the 10
basin-wide averages develop from these maps for the wet, average and dry conditions. The averages
were estimated by using ArcView Spatial Analyst to overlay the basin boundaries with the runoff
grids discussed in the previous section. The average of the grid (cell) values within each basin was
used as the basin-wide average for each condition. Table 6 also provides a summary of basin wide
average precipitation for the wet, average and dry years based on the frequency determinations. Also
shown in Table 6 is the percent runoff calculated using the ratio of runoff to rainfall.

Note that, in general, the year in which the 10" percentile wet year flow volume occurred will not
necessary coincide with the year in which the 10™ percentile wet year precipitation amount was
observed. River dischargeis not only afunction of precipitation, but is affected by a number of
hydrologic conditions such as drought and floods occurring in preceding years. For example, if the
preceding year was much dryer than normal, much of the current year’ s rainfall (even though above
average) may be used in refilling lake and wetland basins and replenishing soil moisture. The
intensity of rainfall is another factor in the generation of runoff. For a given amount of precipitation,
more of it will runoff if the precipitation occurs during a heavy thunderstorms rather than rain falling

during a gentle day-long shower.

Therefore, there may be below-normal flow in years where precipitation is above-average. In this
study it was assumed that the 10" percentile flow does occur in the same year that the 10 percentile
rainfall occurs. The same assumption was made for the 50 and 90th percentile years. This
simplifying assumption had to be made to facilitate a direct comparison between the three flow

scenarios examined.
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TABLE®6
Basin-Wide Runoff and Precipitation

Dry Conditions Average Conditions Wet Conditions

Basin Rainfall Runoff Percent Rainfall Runoff Percent | Rainfall | Runoff | Percent

(inches) (inches) Runoff (inches) (inches) Runoff | (inches) | (inches) | Runoff
Cedar River 275 5.6 20.4% 32.1 9.8 30.6% 41.3 175 42.4%
DesMoines River 22.0 1.4 6.4%) 28.0 5.7 20.3% 36.8 134 36.4%
L ake Superior 25.5 7.9 30.8% 29.1 12.4 42.7% 35.1 16.7 47.7%
Lower Mississippi 27.0 7.1 26.5% 33.3 10.3 30.9% 39.8 15.6 39.1%
Minnesota River 22.1 1.9 8.7% 28.1 5.6 19.9% 34.8 11.2 32.2%
Missouri River 21.1 1.0 4.6% 27.2 5.3 19.3% 35.6 12.8 36.0%
Rainy River 22.4 4.8 21.4% 26.2 8.0 30.6% 32.1 11.4 35.6%
Red River 18.6 11 5.7% 23.3 34 14.7% 28.9 6.1 21.1%
St. Croix River 23.7 5.6 23.7% 30.6 9.7 31.7% 37.6 14.3 38.1%
Upper Mississippi River 22.6 3.6 15.8% 28.1 6.9 24.5% 34.3 10.4 30.5%
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The representative years for low, average and high flows for each basin are summarized in Table 7.
The years selected typically had annual flow volumes within ¥z inch of the 90, 50 and 10" percentile
frequency values for representative gages in each Basin However, there were cases, especialy in the
Lower Mississippi basin, where the volume differences exceed the %2 inch value. These
representative years were used to select the time frame when phosphorus and TSS data collected
would best reflect the wet, average and dry flow conditions.
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TABLE 7

Representative Y ears for Low, Average and High Flow Conditions

Representative Years

Major Watershed Low Flow Average Flow High Flow

1983, 1999,
Cedar River 1988, 1989, 1990, 2002 1995, 1997, 1998 2001

1983, 1984,
Des Moines River 1988, 1989, 1990, 2000 1985, 1987, 1991, 1999 | 1994

1978, 1983,
L ake Superior 1988, 1990, 1998 1985, 1991, 1993, 1995 | 1996

1973, 1974,
Lower Mississippi River 1996, 2002 1994, 1998 1993

1986, 1997,
Minnesota River 1981, 1990, 2000 1985, 1998, 1999 2001

1983, 1984,
Missouri River 1989, 1990, 1991, 2000 1980, 1987, 1992, 1999 | 1997

1974, 1975,
Rainy River 1977, 1980, 2002 1992, 1993, 1997 1996, 2001

1997, 1998,
Red River of the North 1988, 1989, 1990, 1991 1993, 1994, 1995, 2002 | 2001

1978, 2001,
St. Croix River 1980, 1987, 1988, 1998 1994, 1995, 1999 2002

1985, 1997,
Upper Mississippi 1989, 1990, 2000 1982, 1995, 2002 2001

Flow Variability and Uncertainty

As part of the frequency analysis, the 95 percent confidence intervals for the curves were devel oped.
For example, the confidence intervals indicate that there is a 95 percent probability the 10 percent

(wet year) flow falls between the range shown on the curves (see curves in Appendix A and

Appendix B). In general, when the period of record is longer, the confidence interval becomes

narrower.
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A comparison was also made of the interpolated grid data for the three runoff conditions with actual
values for the watersheds that are entirely within the state of Minnesota. This comparison is shown
in Table 8.The last three columns represent the difference between the value from the frequency
curves and that predicted from the grid. The differencein high flows had the highest standard
deviation and also the highest absolute difference (-1.2 inches for the St. Louis River). The average
flows had the best overall match. The Big Fork River Watershed had the best fit, with nearly
identical values for all three flow conditions.

Recommendations for Future Refinements

One of the problems encountered when developing this flow analysisis that some of the USGS gages
were discontinued. The collection of current data at some locations would provide valuable flow
datafor calculation of phosphorus loadings and also more accurate estimation of annual flows.
Gages where reestablishment of continuous flow monitoring is recommended are listed below:

Baptism River near Beaver Bay
Big Fork River at Big Falls
Root River near Houston
Zumbro River at Zumbro Falls

It is also recommended that one or two smaller watersheds within the metropolitan area be
continuously gaged. Currently only the Vermillion River in the south suburbs has along-term,
unintrupted record.
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Table8

Comparison of Runoff Calculated from State-Wide Grids and Frequency Curves for Watersheds Entirely Within Minnesota (Runoff in Inches)

Values from State-Wide Runoff Values from Frequency Plots
Map (inches) (inches) Difference (inches)
X X Average Average Average
Water shed Major Basin Low Flow Flow High Flow |Low Flow Flow High Flow |Low Flow Flow High Flow
CEDAR RIVER NEAR AUSTIN Cedar River 5.9 10.0 17.7 5.8 10.2 18.2 -0.115 0.183 0.520
DES MOINES RIVER AT JACKSON Des Moines River 1.2 55 13.1 1.1 5.3 13.2 -0.131 -0.153 0.120
BAPTISM RIVER NEAR BEAVER BAY Lake Superior 10.7 16.2 20.5 11.2 16.8 21.0 0.470 0.608 0.535
KNIFE RIVER NEAR TWO HARBORS Lake Superior 9.0 15.1 21.1 9.0 15.3 21.5 -0.027 0.159 0.354
ST. LOUISRIVER AT SCANLON Lake Superior 7.3 11.6 15.7 7.2 11.0 14.5 -0.137 -0.580 -1.235
ROOT RIVER NEAR HOUSTON Lower Mississippi River 7.9 10.9 15.8 8.3 10.9 15.0 0.390 -0.028 -0.783
VERMILLION RIVER NEAR EMPIRE, MN Lower Mississippi River 4.3 8.0 13.0 4.0 7.8 12.6 -0.320 -0.219 -0.374
CHIPPEWA RIVER NEAR MILAN, MN Minnesota River 1.4 4.3 7.8 1.2 4.1 7.3 -0.191 -0.236 -0.480
COTTONWOOD RIVER NEAR NEW ULM Minnesota River 15 55 12.1 1.5 5.5 12.0 0.037 0.018 -0.110
CROW WING RIVER NEAR PILLAGER, MN Minnesota River 3.1 5.8 8.7 34 6.1 9.1 0.280 0.314 0.400
LE SUEUR RIVER NEAR RAPIDAN, MN Minnesota River 3.8 8.0 15.8 34 7.8 15.7 -0.425 -0.249 -0.103
BASSWOOD RIVER NEAR WINTON Rainy River 7.8 12.0 15.6 7.2 11.2 14.5 -0.581 -0.831 -1.098
BIG FORK RIVERAT BIG FALLS Rainy River 4.4 7.2 10.5 4.4 7.2 10.5 0.025 -0.015 -0.018
LITTLE FORK RIVERAT LITTLEFORK Rainy River 5.5 8.6 12.3 5.6 8.7 12.7 0.134 0.096 0.378
BUFFALO RIVER NEAR DILWORTH Red River of the North 0.9 3.0 5.5 0.8 2.8 52 -0.118 -0.194 -0.293
OTTER TAIL RIVER BL ORWELL D NR FERGUSFALLS Red River of the North 1.8 3.9 6.4 1.8 3.8 59 0.030 -0.148 -0.483
RED LAKE RIVER AT CROOKSTON Red River of the North 15 4.1 7.0 1.1 3.9 6.7 -0.386 -0.242 -0.287
ROSEAU RIVER BELOW STATE DITCH 51 NR CARIBOU Red River of the North 0.9 35 6.4 0.8 35 6.5 -0.120 -0.009 0.072)
\WILD RICE RIVER AT HENDRUM Red River of the North 1.1 3.6 6.5 1.0 37 6.9 -0.109 0.098 0.415)
KETTLE RIVER BELOW SANDSTONE St. Croix River 6.4 10.7 15.7 6.5 10.9 16.2 0.138 0.229 0.515
SNAKE RIVER NEAR PINE CITY St. Croix River 4.8 8.6 12.8 4.6 8.3 12.3 -0.209 -0.310 -0.486
CANNON RIVER AT WELCH Upper Mississippi River 5.8 9.1 15.5 7.1 9.5 16.1 1.294 0.446 0.572
CROW RIVER AT ROCKFORD Upper Mississippi River 2.3 6.3 10.8 2.1 6.4 10.9 -0.214 0.122 0.087|
LONG PRAIRIE RIVER AT LONG PRAIRIE Upper Mississippi River 2.4 51 8.2 2.6 5.2 8.3 0.157 0.103 0.128
MISSISSIPPI RIVER AT GRAND RAPIDS Upper Mississippi River 3.6 6.3 9.1 3.6 6.2 8.6 0.048 -0.093 -0.495
MISSISSIPPI RIVER NEAR ANOKA** Upper Mississippi River 3.5 6.8 10.4 4.4 7.0 9.9 0.862] 0.198 -0.452]
Average 4.2 7.7 121 4.2 7.7 12.0 0.030 -0.028 -0.100
Standard Deviation 0.395 0.302 0.504

**Data not used in the development of state-wide runoff maps
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Appendix A: Flow — Frequency Curves
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USGS 05457000 CEDAR RIVER NEAR AUSTIN, MN
Average Flow Frequency Analysis (1945-2002)
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USGS 05476000 DES MOINES RIVER AT JACKSON, MN
Annual Average Flow Frequency Analysis
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USGS 05476000 DES MOINES RIVER AT JACKSON, MN
Average Flow Frequency Analysis (1936-2002)
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USGS 05476000 DES MOINES RIVER AT JACKSON, MN
Average Flow Frequency Analysis (1979-2002)
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Annual Average Water Year Flow (Inches)

USGS 04010500 PIGEON RIVER AT MIDDLE FALLS NR
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Average Flow Frequency Analysis (1924-2002)

25.0

20.0 +

15.0

10.0

o
o
|

0.0

100.0%

10.0%
Probability (%)

Pearson Type Il Fit €  Weibull Plotting Position Data 95% Confidence Limits

1.0%

P:\23\62\853\Basin Hydrology Mass Balance\WatershedData\USGS\DAN_Figs\PigeonRiver_FrequencyAnalysis




Annual Average Water Year Flow (Inches)

USGS 04010500 PIGEON RIVER AT MIDDLE FALLS NR
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USGS 04010500 PIGEON RIVER AT MIDDLE FALLS NR GRAND
PORTAGE MN
5o Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 04014500 BAPTISM RIVER NR BEAVER BAY, MN
Average Flow Frequency Analysis (1979-1993)
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USGS 04014500 BAPTISM RIVER NR BEAVER BAY, MN
Average Flow Frequency Analysis (1931-1947&1950-1993)
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USGS 04014500 BAPTISM RIVER NEAR BEAVER BAY, MN
Annual Average Flow Frequency Analysis
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USGS 04015330 KNIFE RIVER NEAR TWO HARBORS, MN
Average Flow Frequency Analysis (1975-2002)
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USGS 04015330 KNIFE RIVER NEAR TWO HARBORS, MN
Average Flow Frequency Analysis (1979-2002)

35.0 1

30.0 |

25.0 |

20.0 |

15.0 -

=

o

o
|

Annual Average Water Year Flow (Inches)

o
o

0.0 -+

100.0% 10.0%
Probability (%)

Pearson Type Il Fit €  Weibull Plotting Position Data 95% Confidence Limits

1.0%

P:\23\62\853\Basin Hydrology Mass Balance\WatershedData\USGS\DAN_Figs\KnifeRiver_FrequencyAnalysis




USGS 04015330 KNIFE RIVER NEAR TWO HARBORS, MN
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 04024000 ST. LOUIS RIVER AT SCANLON, MN
Average Flow Frequency Analysis (1909-2002)

25.0

20.0

15.0

10.0

5.0

0.0

100.0%

10.0% 1.0%
Probability (%)

Pearson Type Il Fit €  Weibull Plotting Position Data 95% Confidence Limits

P:\23\62\853\Basin Hydrology Mass Balance\WatershedData\USGS\DAN_Figs\StLouisRiver_FrequencyAnalysis




USGS 04024000 ST. LOUIS RIVER AT SCANLON, MN
Average Flow Frequency Analysis (1979-2002)
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USGS 04024000 ST. LOUIS RIVER AT SCANLON, MN
Annual Average Flow Frequency Analysis
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USGS 05385000 ROOT RIVER NEAR HOUSTON, MN
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)
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Annual Average Water Year Flow (Inches)

USGS 05385000 ROOT RIVER NEAR HOUSTON, MN
Average Flow Frequency Analysis (1979-1983&1991-2000)
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USGS 05345000 VERMILLION RIVER NEAR EMPIRE, MN
Annual Average Flow Frequency Analysis
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USGS 05345000 VERMILLION RIVER NEAR EMPIRE, MN
Average Flow Frequency Analysis (1943, 1974-2002)
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Annual Average Water Year Flow (Inches)

USGS 05345000 VERMILLION RIVER NEAR EMPIRE, MN
Average Flow Frequency Analysis (1979-2002)
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USGS 05355200 CANNON RIVER AT WELCH, MN
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 05355200 CANNON RIVER AT WELCH, MN

Average Flow Frequency Analysis (1911-1912,1932-1972 & 1992-2002)
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Annual Average Water Year Flow (Inches)

USGS 05355200 CANNON RIVER AT WELCH, MN
Average Flow Frequency Analysis (1992-2002)
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USGS 05330000 MINNESOTA RIVER NEAR JORDAN, MN
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 05330000 MINNESOTA RIVER NEAR JORDAN, MN

Average Flow Frequency Analysis (1935-2002)
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USGS 05330000 MINNESOTA RIVER NEAR JORDAN, MN
Average Flow Frequency Analysis (1979-2002)
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USGS 05320500 LE SUEUR RIVER NEAR RAPIDAN, MN
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 05320500 LE SUEUR RIVER NEAR RAPIDAN, MN
Average Flow Frequency Analysis (1940-1945&1950-2002)
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Annual Average Water Year Flow (Inches)

USGS 05320500 LE SUEUR RIVER NEAR RAPIDAN, MN
Average Flow Frequency Analysis (1979-2002)
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USGS 05317000 COTTONWOOD RIVER NEAR NEW ULM, MN
Annual Average Flow Frequency Analysis
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USGS 05317000 COTTONWOOD RIVER NEAR NEW ULM, MN
Average Flow Frequency Analysis (1912-13,36-37,39-2002)
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Annual Average Water Year Flow (Inches)

USGS 05317000 COTTONWOOD RIVER NEAR NEW ULM, MN
Average Flow Frequency Analysis (1979-2002)
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USGS 05304500 CHIPPEWA RIVER NEAR MILAN, MN
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 05304500 CHIPPEWA RIVER NEAR MILAN, MN
Average Flow Frequency Analysis (1938-2002)
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Annual Average Water Year Flow (Inches)

USGS 05304500 CHIPPEWA RIVER NEAR MILAN, MN
Average Flow Frequency Analysis (1979-2002)
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USGS 05301000 MINNESOTA RIVER NEAR LAC QUI PARLE, MN
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 05301000 MINNESOTA RIVER NEAR LAC QUI
PARLE, MN
Average Flow Frequency Analysis (1943-1994&1999-2002)
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Annual Average Water Year Flow (Inches)
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USGS 06483500 Rock River near Rock Valley, IA
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 06483500 Rock River near Rock Valley, 1A
Average Flow Frequency Analysis (1949-2002)
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Annual Average Water Year Flow (Inches)

USGS 06483500 Rock River near Rock Valley, IA
Average Flow Frequency Analysis (1979-2002)
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USGS 05132000 BIG FORK RIVER AT BIG FALLS, MN
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 05132000 BIG FORK RIVER AT BIG FALLS, MN
Average Flow Frequency Analysis (1929-1979&1983-1993)
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Annual Average Water Year Flow (Inches)

USGS 05132000 BIG FORK RIVER AT BIG FALLS, MN
Average Flow Frequency Analysis (1979,1983-1993)
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USGS 05131500 LITTLE FORK RIVER AT LITTLEFORK, MN
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 05131500 LITTLE FORK RIVER AT LITTLEFORK,MN

Ave Flow Frequency Analysis (1912-1916&1929-2002)

25.0

20.0

15.0

P00t e

10.0

o
o
|

0.0
100.0%

10.0%
Probability (%)

Pearson Type Il Fit €  Weibull Plotting Position Data 95% Confidence Limits

1.0%




Annual Average Water Year Flow (Inches)

USGS 05131500 LITTLE FORK RIVER AT LITTLEFORK,MN
Average Flow Frequency Analysis (1979-2002)
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USGS 05127500 BASSWOOD RIVER NEAR WINTON, MN
Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 05127500 BASSWOOD RIVER NEAR WINTON, MN

Ave Flow Frequency Analysis (Flow1932-1937&1939-2002)
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Annual Average Water Year Flow (Inches)

USGS 05127500 BASSWOOD RIVER NEAR WINTON, MN
Average Flow Frequency Analysis (1979-2002)
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USGS 05112000 ROSEAU RIVER BELOW STATE DITCH 51 NR
CARIBOU, MN

50 Annual Average Flow Frequency Analysis
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Annual Average Water Year Flow (Inches)

USGS 05112000 ROSEAU RIVER BELOW STATE DITCH 51 NR CARIBOU,

MN
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USGS 05090000 PARK RIVER AT GRAFTON, ND
Annual Average Flow Frequency Analysis
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USGS 05079000 RED LAKE RIVER AT CROOKSTON, MN
Annual Average Flow Frequency Analysis
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USGS 05066500 GOOSE RIVER AT HILLSBORO, ND
Annual Average Flow Frequency Analysis
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USGS 05064000 WILD RICE RIVER AT HENDRUM, MN
Annual Average Flow Frequency Analysis
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USGS 05062000 BUFFALO RIVER NEAR DILWORTH, MN
Annual Average Flow Frequency Analysis
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USGS 05338500 SNAKE RIVER NEAR PINE CITY, MN
Annual Average Flow Frequency Analysis
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USGS 05336700 KETTLE RIVER BELOW SANDSTONE, MN
Annual Average Flow Frequency Analysis
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USGS 05288500 MISSISSIPPI RIVER NEAR ANOKA, MN
Annual Average Flow Frequency Analysis
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USGS 05280000 CROW RIVER AT ROCKFORD, MN
Annual Average Flow Frequency Analysis
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USGS 05247500 CROW WING RIVER NEAR PILLAGER, MN
Annual Average Flow Frequency Analysis
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USGS 05245100 LONG PRAIRIE RIVER AT LONG PRAIRIE, MN
Annual Average Flow Frequency Analysis
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USGS 05211000 MISSISSIPPI RIVER AT GRAND RAPIDS, MN
Annual Average Flow Frequency Analysis
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Appendix B: Precipitation — Frequency Curves
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BARR Technical Memorandum

To: Marvin Hora, Minnesota Pollution Control Agency
Douglas Hall, Minnesota Pollution Control Agency
Mark Tomasek, Minnesota Pollution Control Agency

From: Nick Nelson, Dan Nesler, and Teresa Perry

Subject: Detailed Assessment of Phosphorus Sources to Minnesota Watersheds — Point
Sources

Date: February 16, 2004

Project: 23/62-853 POTW 010

c: Greg Wilson
Henry Runke

The purpose of this memorandum is to provide a discussion regarding point sources of phosphorus to
Minnesota watersheds and regarding the sources of phosphorus discharged to Minnesota publicly
owned treatment works (POTWSs). This discussion is based on a review of the available literature,
monitoring data and the results of phosphorus loading computations done for each of Minnesota’s
major watershed basins as part of this study. This memorandum is intended to:
e Provide an overview and introduction to point sources as a source of phosphorus,
e Describe the results of the literature search and review of available monitoring data,
e Discuss the characteristics of each watershed basin as it pertains to point sources as a source
of phosphorus,
e Describe the assumptions made and methodology used to complete the phosphorus loading
computations and assessments for point sources as a source of phosphorus,
e Describe the methodology used to determine the various components of phosphorus loading,
e Discuss the results of the phosphorus loading computations and assessments,
e Discuss the uncertainty of the phosphorus loading computations and assessment,
e Provide recommendations for future refinements to phosphorus loading estimates and
methods for reducing error terms, and
® Provide recommendations for lowering phosphorus export from point sources.

In addition, the results of this study and the information developed as part of this study is intended to
assist the MPCA in complying with Minnesota Laws 2003, Chap. 128 Art. 1, Sec. 122

The state goal for reducing phosphorus from non-ingested sources entering municipal wastewater
treatment systems is at least a 50 percent reduction based on the timeline for reduction developed by
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the commissioner under section 166, and a reasonable estimate of the amount of phosphorus from
non-ingested sources entering municipal wastewater treatment systems in calendar year 2003.

Therefore, it is the intent of this memorandum to also:

e Estimate the current phosphorus load entering municipal wastewater treatment plants,
referred to as Publicly Owned Treatment Works (POTWs) for the remainder of this
memorandum

e Estimate the various sources of phosphorus entering POTWs.

Overview and Introduction to Point Source(s) of Phosphorus

Point sources of phosphorus to Minnesota watersheds typically include domestic (private and public)
and industrial facilities that discharge treated wastewater to surface water through distinct discharge
points and are regulated under state and federal pollution permit programs. Nonpoint sources of
phosphorus, such as stormwater runoff from various land use sources, are not covered in this
memorandum. Additionally, this memorandum does not address discharge of wastewater associated

with individual sewage treatment system (ISTS) nor does it address wastewater that is land applied.

Wastewater is generated by a number of sources and falls into two categories: Domestic/Household
wastewater and Industrial and Commercial wastewater. Wastewater from these two sources is
discharged to one of three categories of wastewater treatment facilities (WWTFs); POTWs, privately
owned wastewater treatment systems for domestic sources, and industrial wastewater treatment

systems. Each of the three categories of point sources is discussed in further detail below.

Publicly Owned Treatment Works (POTWs)

POTWs include wastewater treatment facilities owned and operated by public entities (cities and
sanitary districts) usually. These facilities treat varying proportions of domestic wastewater and
industrial wastewater. For the purposes of this study, POTWs have been subdivided into the

following additional categories:

1. Size (based on Average Wet Weather Design flow)
a. Small — less than 0.2 million gallons per day (mgd)
b. Medium — from 0.2 mgd to 1.0 mgd
c. Large — greater than 1.0 mgd
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2. Waste Treated (% by flow volume treated)
a. POTWs that serve mainly households and residences - less than 20 %
industrial or commercial contributions
b. POTWs that have some commercial or industrial contribution — between 20%
and 50% industrial or commercial contributions
c. POTWs that are dominated by a variety of commercial and industrial

contributions — greater than 50% industrial or commercial contributions

Privately Owned Wastewater Treatment Systems

Privately owned wastewater treatment systems include those designated for treatment of domestic
sources and that are privately owned and operated. This category of facility is generally small and
serves a limited number of residences. Mobile home parks, resorts, and small communities are

examples of privately owned wastewater treatment facilities.

Industrial Wastewater Treatment Systems

Wastewater generated as a byproduct of an industrial or commercial process can either be discharged
to a POTW for treatment or it can be treated (if needed) on site and discharged to a surface water
under its own NPDES permit. Although, typically there is no difference in the type of wastewater
generated, these two discharge arrangements are referred to separately in this memorandum for
clarity. Those industries discharging to a surface water under their own NPDES permit are referred to
as industrial wastewater treatment systems, while the industrial wastewater discharged to a POTW is
referred to as an industrial process wastewater. Again, this nomenclature is strictly for the purposes

of clarity when discussing industrial wastewater.

The industrial water treatment system category includes industries that discharge their treated
wastewater to a surface water under their own National Pollutant Discharge Elimination System
(NPDES) permit. In most cases, the wastewater discharged from an industrial wastewater facility is
from an industrial process. In some cases, small quantities of domestic wastewater (i.e. employee
wastewater) are also included in these discharges. It was assumed that the domestic portion of the
wastewater discharges from an industrial facility was minor in comparison to the process wastewater
discharge and no attempt was made to separate the two. This category also includes noncontact

cooling water.
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Sources of Phosphorus

In addition to identifying the point source loading of phosphorus to each basin from each of the three
types of treatment facilities (POTWs, privately owned treatment facilities, and industrial wastewater
treatment systems), the other goal of this study is to identify the sources and estimate the amount of
phosphorus discharged into POTWs. Although not required by the legislation, the sources of
phosphorus and an estimate of the amount discharged into privately owned treatment works was also
completed. Finally, the major types of industrial discharged were also identified for the industrial
wastewater treatment systems. Phosphorus loading to each was categorized into the following

sources:

POTWs
The following individual and/or categorical sources of phosphorus were researched for each POTW:
e Commercial/industrial process wastewater sources (including noncontact cooling water)
¢ Finished water supply and water treatment chemicals (such as polyphosphate compounds or
orthophosphate compounds used for corrosion control purposes)
e Industrial and institutional automatic dishwasher detergent
e Residential automatic dishwasher detergent
e Dentifrices (oral hygiene products)
® Groundwater intrusion into sanitary sewers
e Food soils and garbage disposal wastes (food soils include waste food and beverages poured
down the sink, and food washed down the drain as a result of dish rinsing and washing)
e  Other consumer cleaning products

e Human wastes

Privately Owned Treatment Facilities

The following individual and/or categorical sources of phosphorus were evaluated for each privately
owned treatment facility:

¢ Finished water supply and water treatment chemicals

e Residential automatic dishwasher detergent

e Dentifrices

¢ Food soils and garbage disposal wastes
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e Other consumer cleaning products

e Human wastes

It was assumed that the privately owned treatment systems for domestic use were small and that no
industries would be discharging to them. Therefore, the commercial/industrial process wastewater
sources, industrial and institutional automatic dishwasher detergent and groundwater intrusion into

the sanitary sewers sources were assumed not to contribute to these facilities.

Industrial Wastewater Treatment Systems

The various types of industries discharging phosphorus in their wastewater were identified. For each
industrial wastewater discharger, their North American Industry Classification System (NAICS) code
number was identified. The NAICS has replaced the U.S. Standard Industrial Classification (SIC)
system. This NAICS allowed the data to be sorted by industry type.

The study presents a discussion and the results of phosphorus loading to each of the ten Minnesota

watershed basins and for the entire state.

Results of Literature Search and Review of Available Monitoring Data

Identification of the point sources of phosphorus and load estimates was accomplished with existing
data and literature information. No direct monitoring of waste streams was undertaken for this

portion of the study.

Available Data

Minnesota Pollution Control Agency (MPCA) Database

As authorized by the Clean Water Act, the National Pollutant Discharge Elimination System
(NPDES) permit program controls water pollution by regulating point sources that discharge
pollutants into waters of the United States (US). This includes all wastewater treatment facilities. The
NPDES program requires all point source discharges to obtain a permit and follow the discharge
limits and monitoring requirements outlined in the permit. The MPCA administers the NPDES
program within the state of Minnesota. The MPCA maintains a database of information required by
NPDES permit holders and the monitoring data required by the permit. The MPCA’s database for
NPDES permit information is referred to as the Delta database. Monitoring is performed by the

permit holders and data are sent to the MPCA via hardcopy and entered into the MPCA Delta
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database by MPCA staff. Data submitted include the monthly averages, maximums and, in some

cases, minimums for the required parameters.

Delta is a relatively new database and was phased in beginning in 1998. As permits came up for
renewal, the permit information was transferred into the MPCA Delta database. Prior to this time, the
MPCA used the Environmental Protection Agency’s (EPA), Permit Compliance System (PCS)
database to track its data. All NPDES permit information was being entered into Delta by January
2001. Therefore, at a minimum, data from the years 2001, 2002 and the first half of 2003 were used
in the analysis report here. It was realized that using data from two and a half years rather than two
full years may be a source of slight error due to the potential for seasonal patterns in phosphorus
loading. However, it was decided to use two and a half years rather than two full years for several
reasons:
¢ In many cases, the data were for more than the two and a half years (predating January 1,
2001), depending on when the permit came up for renewal,
e The error introduced by the additional half year of data was believed to be minor and would
likely be industry-based only due to seasonal variations in production,
e It was believed that the two full years of data would balance out any seasonal variation due to
the partial year of data,
e The data set available was limited and using two and a half years rather just the two full years

expanded the data set.

The MPCA’s Delta data contained data for more than 1,300 separate permits, many with multiple
discharge points called stations, and all available phosphorus data contained therein was used for this

study.

The specific information provided by the MPCA Delta database is described below:
e Permit number
e Name and location of treatment facility (Latitude and longitude)
e Location of discharges to surface waters from each permit
¢ Flow monitoring data (Monthly average, total and maximum)
e Phosphorus monitoring data (Monthly average and maximum concentrations)

e Population served by POTW facilities
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Although the Delta database was our most important data source, it did not provide complete
information for each permit. Phosphorus data are submitted by permittees for Delta database entry
when effluent limits are included in permits. Since many permits do not include limits and/or
monitoring requirements for phosphorus, there was no phosphorus data available for these permits.
As a result, it was necessary to extrapolate phosphorus data from other permit information (e.g.
permit application data and basin average phosphorus for similar facilities, etc.). This process and the
assumptions are described in detail in subsequent sections of this memorandum. (Detailed

information on the data fields for the Delta database are presented in Appendix A)

MNPRO Database
The Minnesota Department of Trade and Economic Development maintains a database (MNPRO)
that contains information regarding community profiles for each city in Minnesota. The MNPRO

database was used to obtain the following information (see Appendix B):

e A complete listing of Minnesota communities

¢ Information on the type of wastewater treatment system a community discharges to

e Population of the community

e A list of businesses and industries in each community, the NAICS code and number of

employees for each business.

All population data obtained from the MNPRO database were from 2001 estimates. The other data
obtained from the MNPRO database were provided by the communities and there may be some

variation regarding the dates this information was reported.

Metropolitan Council Environmental Services

The Metropolitan Council Environmental Services (MCES) owns and operates the eight Twin Cities
Metropolitan Area wastewater treatment facilities. MCES treatment plants process 300 million
gallons of wastewater every day from 2.2 million residents in 104 communities. MCES serves 64
percent of the State’s sewered population and flow from the MCES treatment facilities represents 56
percent of the flow discharged from POTWs in the state and nine percent of the total flow discharged

from all permitted facilities (POTWs, privately owned treatment facilities and industrial facilities) to
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the waters of the state. MCES treatment plants discharge treated wastewater to four area rivers: the

Minnesota, Mississippi, St. Croix and Vermillion.

The Industrial Waste & Pollution Prevention (IWPP) Section, located within MCES's Environmental
Planning and Evaluation Department, regulates and monitors industrial discharges to the sewer
system to ensure compliance with local and federal regulations. IWPP Section staff issue Industrial
Discharge Permits to industrial users of the Metropolitan Disposal System. Currently, more than 700
permits are in effect. Each permit holder is also required to conduct self-monitoring and submit
reports to the IWPP section on a routine basis. The frequency of monitoring and the parameters
monitored vary significantly by permit. For each MCES industrial permit holder, MCES provided the

following information (See Appendix C):

e Name and location of permit holder
e SIC code number for each permit holder (was converted to NAICS code number)
¢ Flow and phosphorus estimates (phosphorus data were not available for all permit holders)

e Employe