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Presentation Outline

Background regarding SE MN, nitrates
Sources, link to land use, pollutant transport
Planning: goals, tools, prioritization, strategies

 Minnesota’s Nutrient Reduction Strategy

Optional: SE MN Lysimeter Network

* Expectations and a means of measuring change



Background

e Southeast Minnesota
* Nitrate Concerns
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Minnesota Karst Lands

Covered Karst. Arcas underdain by
- carbonato bedrock bul with more
than 100 ft. of sediment covor,
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of sediment cover,
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Source: E. Calvin Alexander, University of Minnesota The landscape of southeast Minnesota is defined by

coldwater trout streams and karst topography, which is
characterized by integrated drainage and largely shaped by
the dissolving action of water on limestone (MPCA).



Emphasize: movement through soils

Southeastern Minnesota’s porous geology

GREATER MINNESOTA

In most of the state, water cycles gradually
through layers of topsoil, glacial gravel and sand,
and permeable stone, greatly slowing the rate at
which pollutants seep down into aquifers.

Surface water

Glacial sand
RS . and gravel
Confining—
stone layer & Permeablé stoné

' L G—iAquers
Ground-water rechargeratesin .~
Greater Minnesota can be measured

in weeks, years or decades.

Sources: Minnesota Geological Survey, U.S. Geological Survey

THE DRIFTLESS AREA OF MINNESOTA

In the southeastern corner of the state, the

geology is different. Because there were no

glacial deposits of sand and gravel, water

seeps quickly from topsoil through the @ The
fractured stone below, allowing contaminants driftless
to reach streams and shallow aquifers rapidly. area
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MARK BOSWELL « Star Tribune

Credit: Mark Boswell (printed in Star Tribune, January 30, 2011)

Used with permission of the Star Tribune.



Photo: Jeff Green, MN DNR

Rare or absent dendritic drainage features
--> due to very rapid infiltration

Figure from MPCA web page, 2011
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Southeast Minnesota

y
In bedrock-dominated, karst settings, the underlying aquifer readily takes
on the character of the land above. That character Is expressed in the
baseflow of the associated trout streams. [f the land is rich in nitrogen,

the aquifer will be rich in nitrogen, and so will the trout stream.



Bottom Dissolved Oxygen Contours
SEAMAP Summer Groundfish Survey
June 14 - July 16,2006 NOAA Ship Oregon Il

Louisiana
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Nitrate pollution is a multi-faceted concern:
Loading of excess nutrients

*Drinking water
«Aguatic life stressor
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e Minnesota's voluntary guidelines on reducing
farm runoff aren't working fast enocugh, critics say.

By JOSEPHINE MARCOTTY
marcotty(@startribune.com

LEWISTON, MINN.

ere in the heart of
southeast Minnesota
farm country, every-

one knows you don't drink
the water.

“It's just not safe,” Lin-
da Liebfried said one recent
afternoon as she watched
over a couple of toddlers,

tion: agriculture,
Water continues on A10 >

Unless farm runoff is vastly
reduced — and soon — environ-
mentalists say the state may nev-
er reclaim its heritage as the land
of sky-blue waters,

“There are no mechanisms to
curtail the huge loading of pol-
lution, nutrients and sediment
from agricultural runoff” said
Whitnev Clark. executive direc-

the state’s land mass devoted to
crops, the vast amount of chem-
ical runoff that comes from ag-
riculture is a major factor. Un-
less agriculture moves faster,
they say, the $80 million ayear in
clean-water funds that will flow
from the 2008 Legacy Amend-
ment water could be wasted.

Because time is running out.

Earlier this month Deborah
Swackhamer, a University of
Minnesota water quality expert,
presented the Legislature with a
150-page, 25-year planto cleanup
the state’s waters. One of the pri-
mary recommendations: new
laws that would require farmers
to adhere to limits on pollution
because the voluntary guidelines
they are expected to follow now
are not working fast enough.



Nitrate Impairment and Unimpairment

NO3 Monitoring Wells
Lower Mississippi River Basin
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Sources & Transport



Nitrate Sources

Septic System %ﬁ
3

Atmosphere Fertilized Crop ¥
Fertilized Lawn e Animal Waste .

&% " Groundwater Flow

- Portage County WI website



Cropland Groundwater

Travel time to
streams

— from minutes to
centuries

30% of statewide
Nitrogen (N)
Lower Mississippi
— 58% of all N

Minnesota River
— 16%of all N

Uncertainties with
groundwater N
estimates

Groundwater
discharge to streams

Groundwater

R
Precipitation

Leaching

Volatilization
Emissions

Dry deposition
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Baseflow
VS
Stormflow

Root River Project
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Stream Nitrate vs Land Use



Nitrite+Nitrate-N FWMC (mg/Il)

Row crops over tile, sand & bedrock
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Legend

e Designated Trout Steams
Row Crops from2009 NASS
Cropland Data Layer

B con

- Soybeans

Average Baseflow Nitrate-N Concentrations (mg/l)
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Figure 1. Percent Row Crop vs. Baseflow Nitrate-N Concentration
in Trout Stream Watersheds of SE MN ; n = 100
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For detailed methods, etc. see poster. Note: these are nearly all rural watersheds.




Planning & Tools

* Goals, tools, prioritization, strategies

 Minnesota’s Nutrient Reduction Strategy



Nutrient Reduction Strategies
In The Driftless Area

N LN
¥ i
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« Know that/why they exist
« Over of MN Strategy

« Examples of use
 Quick notes on WI, IL, 1A
« Overview: you look further

. Many slides from D. Wall & W. Anderson
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How we developed a state-level
nutrient reduction strategy for MN

. Goals - What are the needed levels of reductions?
. Sources - What sources should we focus on?

. Priority areas - What parts of the state are most
critical for reductions?

. BMPs - What level of BMP adoption is needed?

. Stepping up — What changes will increase BMP
adoption?

. Research - What new/improved BMPs are needed to
ensure long term goals achieved?



Why we need a strategy

to Lake Winnipe
4_ peg

Red|River;

to Lake
Superior

to Gulf
of Mexico

National Eutrophication

— Gulf of Mexico Task Force
e 45% Reductionin N &P

e 12 states developing
strategies

International Eutrophication
— Lake Winnipeg
 >10% Reductionin N & P

* Goals currently being
revised



Nitrogen sources to surface waters:
differences between basins

Point Sources
Atmospheric 3%

Other NPS 3%

Minnesota River

Cropland
Groundwater
18%

Cropland Tile
Drainage
67%

Point Sources
5% « e . .
Atmospheric Lower Mississippi

OtherNPS 2%
2%

Forest
2%

Crop Runoff
9%

Cropland
- Groundwater
Cropland Tile 57%
I ETET{C
pEV
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Southern Minnesota high priority
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Local Prioritization

* Challenging
* Not driven by topography

e Models and GIS aren’t
enough

J

s 4
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This doesn’t help prioritize for N reduction This isn’t a primary tool for N reduction



Prioritizing N Reduction in SE MIN*

Human health: Nitrogen Fertilizer
Row Crop Acres DWSMA Mngmnt Plan
vulnerability Priority TWPs
Aquatic lite: N Volunteer Well
stressor and

Monitoring

impairment Network Points

watersheds

State directive:
*Not “official” approach Areas of fastest

groundwater
Just some group thinking response (from MGS)

Significant
Recreation Value
Areas (e.g. state parks)



Nitrate Prioritization
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Nonpoint Source Strategies

Phosphorus BMPs Acres Cropland Nitrogen BMPs Acres

1. Crop residue increases | 7 million 1. Rate & timing optimized | 11 million

2. Banding & soil P mgmt | 2 million 2. Drainage water retention | 1 million
& management

3. Living vegetative cover | 1 million . : -
& Ves 3. Living vegetative cover 1 million




Statewide % N reduction to surface waters
If BMPs used on all land suitable for the BMPs

Riparian corn to grass
Marg. corn to perennials
Cover crop (average)
Cover crop (successful)
Extended rotations
Wetlands

Bioreactors

Controlled drainage
Nitrification inhibitor
Fert. timing & rate

Reduced fert. Rates

7

11

30

10 15 20 25 30
% N reduction to surface waters

35



Nitrogen reduction potential and costs
vary by watershed

Vegetation changes
M Tile drainage BMPs

m Fertilizer mgmt
optimized

Root River watershed LeSueur River
watershed

Generally agree with locally-conceived scenarios. Reductions
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-I.\.lvlisgi‘ssippi River progress and goals

Nitrogen Reduction from baseline load
0% 20% 45%

Baseline Period 2014 2025 2040
(1980-1996)

Progress strategy focus Goal enabled by future research

0% 33% 45%
Phosphorus Reduction from baseline load



http://www.pca.state.mn.us/nutrientreduction

Research recommendations

- Cover crop establishment and genetics
- Markets and technologies for perennials
- Fertilizer use efficiency
- Precision and split applications
- Remote sensing tools
- Further research on tile drainage treatment
- BMPs with multiple benefits
- Watershed NBMP tool for N/P/sed

Goals Sources Priority areas BMPs Stepping UPp  Research
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Could cover lysimeter network

Thank you




Expectations

When might we see change?

Depends on where we look:

On the land
Under the root zone
In the springs and trout streams

Stone ET1 (unique well ID #695883) Nitrate Concentrations
USGS Data (2003-2006, n = 9) and MPCA D

(2003-200 ) ata (2006-2010,n = 7)



Mississippi River Lake Pepin

Geologic controls on groundwater and surface water flow
in southeastern Minnesota and its impact on nitrate
concentrations in streams

Watershed Restoration and Protection Strategy Report

March 2015

Anthony C. Runkel, Julia R. Steenberg, Robert G. Tipping, Andrew J. Retzler

Minnesota Geological Survey OpenFile Report 14-02
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Given that the primary transport mechanism for loading nitrate to the trout streams of the MRLP
watershed is “ag groundwater” (i.e., leaching loss from agricultural lands to groundwater, which
comprises the majority of trout stream base flow; see Figure 7), it follows that the response time of
nitrate concentrations to changes in land use practices will likely vary in different hydrogeological

settings (MGS 2013). Studies outside of southeastern Minnesota have concluded that some

hydrogeological systems function in a manner whereby changes in base flow nitrate concentrations lag

changes in land use practices by decades (e.g., Tesoriero et al. 2013). _

*Geographic source: cultivated acres.
MRLP

Watershed * There are many complicating agronomic variables (e.g., soils, manure and fertilizer management).

* While phosphorus is typically bound to soil and transported via runoff, nitrates are water
Nitrogen soluble.
Summary oMain transport mechanism: leaching to groundwater, subsequent discharge to trout streams.

Lag time between land surface and point of measure in trout stream can be significant.




Southeastern Minnesota Soil
Water Monitoring Network

Collaborative effort between MPCA, Fillmore SWCD, MN
Dept. of Ag, and Winona State University

Toby Dogwiler
Director, Southeastern Minnesota Water Resources Center
Professor, Department of Geoscience

§.) SOUTHEASTERN MINNESOTA
1)) Water Resources Center

WINONA STATE UNIVERSITY

Kuehner 5/18/11
Bernau 6/6/11
Dogwiler 8/31/11



Southeastern Minnesota Soil Water
Monitoring Network

* Purpose: develop a long-term network of soil
water nitrate monitoring over a variety of
representative land use cover types and
nutrient management practices.

* Information will be used for demonstration
and educational purposes.

“Nitrate-N concentrations in the soil water at 5’ (below the root zone) provide a good basis upon
which to compare the environmental risks associated with various N management systems.”

— Randall et al



Network Details

~50 lysimeters installed at ~17 different sites (WSU:
42 lysimeters at 14 sites)

Installed in April —July 2011
May install additional sites

Variety of representative...

— Row-crop, Pasture, Hay, Alfalfa, CRP, Prairie, Golf
Course, Yard
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Nitrate Concentration (mg/L)
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Continuous corn with variable application rates OMA70
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In Closing

Many variables
Not a quick fix

Goals
There has been a good amount of study

— And so we have good information

Strategies

Technical work and plans support funding ideas
— Consideration: clean water SS competitive
— Consideration: leadership, FLC, SWCDs, others
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