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Presenter
Presentation Notes
Appreciate the opportunity to provide an update.  Many of you have heard presentations from Jill Jonas or others on our project so I’ll move quickly through the initial slides and focus on what is new and what we are doing now.




Presenter
Presentation Notes
As Bucky Badger is indicating, Wisconsin is number 1 in number of public water systems. More than 11,400.  The blue spots on the map are several of our large population centers with municipal water systems using surface water – but the vast majority depend on groundwater as do the users of more than 800,000 private wells in Wisconsin.


®)
NITRATE IN WISCONSIN GROUNDWATER


Presenter
Presentation Notes
Used nitrate monitoring data from non-municipal public water systems across the state to find areas of need – also use this in work with CWA programs, you can see it in WI’s Nutrient Reduction Strategy.
Darker blue indicates 4 or more public water systems with nitrate of 5mg/l during the last 5 years (yellow dots are municipal systems with nitrate at 5 mg/l)
Nitrate is WI’s most pervasive contaminant – 13% of PWS have exceeded 5; in some local sampling programs more than a third of all wells have exceeded 10
WI Dept of Health Services considers nitrate a chronic as well as acute contaminant
PWS nitrate data used as first-cut in selecting location for nitrate project


NSIN NITRATE PROJEC



Presenter
Presentation Notes
Wisconsin nitrate project is voluntary demonstration project on subwatershed and wellhead protection scale
From subwatersheds with largest numbers of PWS>5, identified overlap with schools/daycare, impaired waters, dischargers subject to our new P standard

A technical advisory group helped identify counties likely interested to collaborate, availability of advanced groundwater models, and suitable hydrogeologic conditions (fast moving, shallow groundwater, relatively uniform soils)
From among our many choices, we have selected water systems and subwatersheds in Rock (as shown) and Sauk Counties.  



COSTS OF COMPLIANCE

- Municipal System Capital Outlays exceed $34M

System Name Population Type of Treatment Total Capital Cost Cost per person

Ambherst 958 New well $ 477,834 $ 499
Arlington, Village of 522 Possible new well $ 650,000 $ 1,245
Cambria 785 Deepen well (2005) $ 50,000 $ 64
Chippewa Falls 12925 New well, treatment $ 2,540,761 $ 197
Clinton, Village of 1876 New Well $ 575,970 $ 307
Crivitz Utilities 1,039 New Well $ 377,000 $ 363
Dalton, Village of 300 Well reconstruction $ 35,000 $ 117
Embarrass 399 None $ 39,662 $ 99
Fitchburg 20501 Inactive well, will be abandone $ 1,009,000 $ 49
Fontana 1852 New Well $ 1,200,000 $ 648
Footville, Village of 788 Well Reconstruction $ 133,597 $ 170
Friesland, Village of 298 None $ - $ =
Janesville Water Utility 59,498 Blending $ 9,000,000 $ 151
Mattoon 387 New Well in 1997 $ 950,000 $ 2,455
Morrisonville 400 New Well $ 279,000 $ 698
Oconomowoc 12382 New well $ 416,197 $ 34
Orfordville 1272 New Well, New liner $ 273,561 $ 215
Plover 10786 $ 4,000,000 $ 371
Rome 2656 New Well, Blending $ 926,700 $ 349
Sauk City 3,109 New Well $ 304,000 $ 98
Strum Waterworks 1100 Inactive well $ - $ =
Valders 948 Well Reconstruction $ 34,000 $ 36
Waunakee 9536 Well Reconstruction $ 69,694 $ 7
Waupaca 5,676 Blending $ - 3 -
Whiting 1740 Anionic exchange, blending $ 669,999 $ 385



Presenter
Presentation Notes
Per capita expenses greater for smaller systems
2012 Survey of Municipal Systems: 48 Systems spent > $35M
Up from 2004 survey which tallied $24M
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COSTS OF COMPLIANCE

- Small System Treatment Cost Example:

Bonnet Prairie Lutheran Church - Point of
Use Nitrate Treatment

Treatment type: lon Exchange Unit

Installation cost: $400.

Rental of treatment unit: $620/yr
Salt: $300/yr

Sampling: $100/yr

1 year cost approximately: $1,100
5 year cost approximate $5,500

10 year cost approximately $11,000

Alternative:

Replacement Well: Startup costs estimated
at $11,000

Data Provided by Sandy Heimke
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Presentation Notes
- Small system (TN system) example


OF NITRATE

Icultural Sources Predominate...

(Shaw, 1994)
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Presentation Notes
Septic loading can be significant locally (16-20 lbs/yr)


(Saad, 2008) “5 yr recharge date intervals”

USGS Land Use Study (NAWQA)


Presenter
Presentation Notes
USGS land use study with monitoring wells adjacent to fields in corn/alfalfa rotation.  Concentrations of nitrate in samples from USGS land-use study wells plotted by groundwater recharge date, boxplots of nitrate grouped by 5-yr
groundwater recharge date intervals and historical fertilizer use in Wisconsin. The number of samples for each boxplot is shown at the top
of the figure. The dashed line is a least squares smooth fit of nitrate concentrations.
- “Apparent groundwater age” using CFC and tritium environmental tracers.


ER GOES TO CORN
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be lost
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Presentation Notes
- Losses can be greater if producer applies extra as “insurance” to potentially have extra yield or to compensate for anticipated losses from heavy precipitation




Presenter
Presentation Notes
- Taken from an Iowa led science assessment on available practices to reduce N loading
- Standard deviations are high, suggesting work still needing in establishing “reliability” and practicability


Achieving Safe Drinking Water Nitrate Levels

Geographic Areas / Subwatershed Selection Process
Part 1 - Preliminary Pilot Study Area Candidate List
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2007-2011 Public Water System Nitrate Data
Non-Community Wells

Top 40 Subwatersheds
As Geographic Areas of Concern
Using PWS Nitrate as Ground Water Impact Indication
Criteria: 7 or more NN or TN systems per HUC12
With NOs-N 25 mg/L
"Approaching Unsafe DW Levels"
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Knowiedge, Infrastructure, Tools, Pariners -Examples: Goal-Develop metrics for ambient GW NOz Goal: Create tools to manage and reduce N impacts

- Previous studies & existing monitoring networks Goal:Robust techniques to quantify GW quality changes  Goal: Adaptable to changing crop and land use pattems

- Existing GW flow models & well capture delineations Goal:integrate disparate GW guality indicator data: Goal: Develop comprehensive economic decision tools

- Existing Non-Point Source BMP implementations - Spatial/ temporally distributed and episodic well data sets Supporting Data and Analysis:

- Project Management capabilities unigue to region - Municipal wells treating or blending - Nutrient loading data (Organic / Chemical / Land Spread)

- Agricultural interests documenting nutrient efficient practices - Costs for treatment / well replacement - Spatial and temporal distribution of N loading

- Large proportion of cultivated lands implementing NMPs - Per capita costs - Water inputs (e.g. regicnal precipitation data, imigation)

Hydrogeologic factors that may promote project utility: - Populations exposed to elevated levels - Percolation and Mitrate Leaching Index tool development

- Most representative susceptible settings for State - Surface water impacts from baseflow N concentrations - Quantify influence of soils, surficial deposits and bedrock

- Less complexity / Well behaved / Easier to model pathways - Well depth progression - Agronomic productivity, profitability and efficiency index

- GW Velocity / Shallow Flow / Fewer High Cap Wells - Critical GW NO: factors for wisconsin (regression model)
- Define programmatic efforts required to sustain progress
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Presentation Notes
Project targeting example:


Figure 1.3. Area contributing recharge and zone of contribution for a single discharging well n a simplifiad hypothetical ground-water
systam.

Land 0T Lon,

EXPLANATION

Model computed areas contributing recharge and
volumes containing flowpaths that discharge to well 11

Ground-water flowpaths that discharge to well 11, dashed
where flow is not dlong face of block diagram

Other ground-water flowpaths
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Presentation Notes
Simple vs. complex  delineations of “areas contributing recharge” to a public supply well.  Affected by geology and well construction.
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Presentation Notes
A Sauk County demonstration area example
Yellow lines outline the wellhead contributing zone for the target municipal well and nearby public water systems – fast moving, simple hydrogeology
Municipal well is at 8 mg/l; non-muni systems range from 6 to 20 mg/l
We are designing monitoring and modeling to determine the level of nitrogen leaching loss that will maintain nitrate less than 10 mg/l.  
County partner staff will work with farmers, crop consultants and UW experts to design and implement cropping systems with the best chance of continued productive agriculture AND groundwater quality that keeps drinking water safe.  


Phase 1
» Statewide assessment for need and likely success
» Select site with volunteer landowners & wellhead contributing area

% Lay out demonstration and control fields in relation to groundwater flow

*

Design & test methods to measure nutrient loading to groundwater

» EStimate & measure nitrate loading from current practices

*¢ Document agricultural input costs and crop yields

% Set efficiency & groundwater quality goals for the demonstration fields

¢ Design practices to achieve nitrogen efficiency goal



Presenter
Presentation Notes
- Items in Red have been developed or are planned by WDNR and Partners
- Key areas of collaboration with Partners: The U.S. Geological Survey (USGS) is planning several projects in Wisconsin that offer the opportunity to collaborate with WIN. These efforts include (1) the collection of water samples from public-supply wells that will be analyzed for a comprehensive suite of analytes, (2) determining the geochemical condition and mixture of groundwater-ages in these water samples,  (3) evaluating uncertainty associated with estimates from existing groundwater flow models of areas contributing water to supply wells, and (4) quantifying temporal variability in groundwater quality through continuous monitoring of field parameters and NO3 concentrations at selected wells. The purpose of this Statement of Planned Work is to briefly describe the work the USGS is planning, and to discuss how these projects may advance the objectives of WIN.



IPAL WELLS

1991 12/14/1996 06/06/2002 11/27/2007 05/19/2013

Compliance Sample Date
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Project scoping consideration was to identify trending wells.


IPAL WELLS

1991 12/14/1996 06/06/2002 11/27/2007 05/19/2013

Compliance Sample Date



Presenter
Presentation Notes
Second example of a nitrate trending well in Sauk County
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Presentation Notes
Existing Public wells of concern and existing modeled “zone of capture” shown in Cyan.
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of concern.
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Presentation Notes
Slide depicts steady state and stochastic modeling results.  Variables include hydraulic conductivity and influence of nearby high capacity wells.
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CALCULATING THE N Loss GOALS

(plan view)

(profile view)

Nitrate

Mass

Clean

water

Measure or
estimate sources of
nitrate, especially
“recently
recharged water”

Determine
expected water
quality at well,
accounting for
dilution with clean
water:
Concentration at
well = Total Mass of
Nitrate / Pumping
Rate

Work out equitable
reductions for the
distribution of
nitrate sources
within wellhead
protection area
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Presentation Notes
General strategy for setting efficiency goals for agricultural nitrate sources involves starts with an assessment of the spatial and temporal origin of the water captured by the well
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2D projection of
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Presentation Notes
The Nitrate Demonstration Project will be implemented at the field scale at one or more sites in Sauk and Rock Counties, focusing on agricultural sources located in wellhead protection areas. The project aims to clarify system inputs and outputs in a manner that promotes and demonstrates the positive environmental impact of judicious nitrogen management and innovation in practices to reduce nitrogen losses. By providing accurate monitoring capability and tools that yield feedback for decision support, we can better serve and facilitate the work of stakeholders as they work to meet the challenge of adapting soil-crop and nitrogen management systems to protect groundwater quality and enhance farm profitability. 
 
Phase 1 of the project involves the design, testing and implementation of the mechanisms to provide accurate accounting of agricultural system inputs, prediction of nutrient losses, and the measurement of nutrient mass loading to groundwater.  Phase 1 will also involve identification of areas contributing recharge to drinking water wells of concern and the setting of loss targets designed to provide safe water at those wells. Phase 2 of the project involves the design and implementation of soil-crop systems and nitrogen management systems that, when summed, will measurably reduce nitrate mass discharge from the demonstration fields. The objective is continuous improvement until the loss targets are met. The costs and benefits of successful practice implementation will be assessed, including any offset in crop yields. Additional project details relating to Phase 1 are contained in the document: "Scope of Work and Request for Proposals for Monitoring & Modeling Plan Elements (Draft version 6/5/13)" 


Line tracer
injection

(typ)
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Conceptualized monitoring strategy using multi-level wells in transects oriented perpendicular to groundwater flow field: Linear monitoring well transects will be designed to capture mass flux data at specified control planes, shown here located at the downgradient field edges for several cultivated zones.  Conservative tracers might be injected simultaneously at upgradient and downgradient edges of respective field zones at the start of a growing season (coincident with first fertilizer application). Tracer signal peaks measured at vertical sampling intervals will provide both timing cues and vertical delineation cues to help with the assignment of measured mass flux to specific fields zones and to periods of recharge. 


PILOT PROJECT STEPS

1) Develop N loss goal to meet SDWA standard at specific public wells
2) Design nutrient management system to achieve N loss

3) Measure actual groundwater, crop yield, and cost effects

4) Adapt as needed to achieve groundwater, crop yield and cost goals
5) Make the method practical for use at unmonitored sites
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Presentation Notes
At the conceptual level, it’s clear that the more efficient the application of nitrogen, the safer nitrate levels in groundwater and the more productive farming.  Lots of traditional plot studies confirm that.   Principles incorporated into NRCS 590 Standard.  If we want an investment partnership strategy (water systems and ag producers work together to avoid or reduce treatment costs while maintaining or increasing ag production), we need more certainty than that.

A different level of demonstration is needed today for several reasons:  (1) social reasons, e.g., to have certainty about the groundwater quality result, e.g., farmers gain confidence that their effort will produce a result, community gains confidence that their water supply will be protected; (2) technical reasons, e.g., to calibrate hydrogeologic model and reduce uncertainty about where and what practices to apply to achieve groundwater and farm production goals; (3) lots of new ag technology, e.g., precision ag, high efficiency corn hybrids; (4) economic reasons, e.g., to put an economic value on the land management effort in the same way that we understand the cost of a treatment system, to be able to compare the options.  
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This slide helps demonstrate a case for proactivity in the community
Data suggests that a high loading or mass of nitrate may presently be entrained in the groundwater flow system that feeds the municipal well
An investigation of the magnitude of this mass may be possible
An advantage may be anticipation of timing and magnitude of nitrate concentration spikes at the municipal well
This may allow planning of response actions (possibly proactive vs. reactive)
Lack of all systems participating in trend together is suggestive of spatial and temporal variability in nitrate loading and transport
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Possible approach to begin defining the nitrate mass profile in the groundwater flow system captured by the municipal well
Nitrate at Rte 60 might take between 5-10 years to reach the municipal well
If the contaminant mass profile was sufficiently understood, appropriate response actions could be planned


®
Chloride example - serving as a fortuitous

groundwater tracer

(Masarik -UW-SP)
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The chloride appears to have taken approximately one year to reach the well (600 to 800 ft total travel time).  


®
Phase 2

* Implement crop and nitrogen management systems designed to meet
nitrate goal

00

)

Monitor nitrate in groundwater

00

)

Document agricultural input costs and yield

00

Document cost of drinking water supply compliance alternatives

00

)

Make groundwater modeling, practice design & economic analysis
tools practical & accessible

¢ Adapt crop and nitrogen management systems



Presenter
Presentation Notes
At this point in the project:
 Counties are recruiting agricultural partners
 Monitoring design is undergoing expert review by staff from agencies, universities and ultimately by other interested parties so that we can maintain the fullest possible agreement about the end result of the demonstration. 
The nutrient management plan and economic analysis will undergo the same kind of expert review in phase 2
Reaching out to state ag groups for their involvement
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    Barriers:  (1) Technical – monitoring and modeling techniques, e.g. model connection between saturated and unsaturated zones; how much impact of preferential flow paths? We seek scientific consensus about a transparent “picture” from land surface to well. USGS
(2) Landowner participation - fear of future regulation or liability; no one wants to be singled out – or make everyone have to ; fear more data.  Groundwater seems different - one of our candidate landowners leads the local watershed group and has adopted practices benefiting surface water.  Reluctant to work on groundwater.  Now, seeking right combination of trust relationships to make approach; right size group.

Wellhead protection areas, esp. with fast moving groundwater, involve a smaller number of potential cooperators.  

Bright spots – new agricultural technology; cost savings potential; interest among agency and university, local governments; 


=
NS 1O OUR COLLABOURATORS

Sauk & Rock Counties
U.S. Environmental Protection Agency Region V
U.S. Geological Survey
Source Water Collaborative
Wisconsin Rural Water Association
Natural Resources Conservation Service
Wisconsin Water Association
Wisconsin Land and Water Conservation Association
Wisconsin Geologic and Natural History Survey
Wisconsin Department of Agriculture, Trade & Consumer Protection

Wisconsin Department of Health Services

University of Wisconsin - Madison and Stevens Point

PLEASE JOIN US.
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Partners involved give us confidence that we can make progress  
Especially appreciate contributions of USGS and the Source Water Collaborative
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Brian Austin

Brian.austin@wisconsin.gov

Mary Ellen Vollbrecht
Mary.vollbrecht@wisconsin.gov

Bureau of Drinking Water & Groundwater
Wisconsin Department of Natural Resources
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