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Presenter
Presentation Notes
Hello I’m Melissa Hubert an Environmental Planner with the DNREC Division of Watershed Stewardship Drainage Program as well as a 2nd year Master’s student in the Water Science and Policy Program at the University of Delaware. Dr. Amy Shober is my advisor at the University and my research focus has dealt with studying Tax Ditches and their management throughout Delaware to determine their effects on nutrient loadings to downstream water bodies. I have specifically looked into potential Phosphorus transport from ditch systems and their management due to the historical over application of P to Delaware soils and it’s threat to local water quality.    


Overtime ditch systems accumulate sediment that hinders their functionality and require excavation to restore. This study was conducted to provide a better understanding of ditch bottom sediment properties and potential impacts of major maintenance on nutrient losses. 




• Engineered system to 
remove excess water
– Ditches
– Channelized streams
– Tile drains

• Required for land use 
in many areas 
– Poorly drained soils
– High water tables 

Artificial Drainage in Delaware
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Presenter
Presentation Notes
Artificial drainage is an engineered system designed to remove excess water from the soil surface and subsoil and can be achieved in a variety of ways including through open public and private ditches, channelized streams, and tile drains. Being part of the Atlantic Coastal Plains, Delaware is characterized by flat topography and poorly to well drained soils with high water table. As a result artificial drainage is necessary for use of the land in many areas because excess water can make use of machinery, construction, animal agriculture, or crop production impossible, particularly in Sussex County.

Add image of flooding from work photos maybe before and after pics.



• 1951 Drainage Law
• Governmental subdivision of 

the state
• Formed through Superior 

Court
• Powers related to 

maintenance of drainage
• Managed by elected 

landowners

Tax Ditch 101
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234 Tax Ditch Organizations responsible for maintaining 2,000 miles of 
channel providing benefit to >100,000 people.

Presenter
Presentation Notes
While there is a long history dating back to 1793 of constructing artificial drainage throughout DE because of its needs, the Delaware General Assembly enacted the Drainage Law in 1951 to establish, finance, and maintain drainage organizations or tax ditches. Tax ditches are formed through a legal process in Superior Court and are governmental subdivisions of the state. Tax ditches are watershed based organizations that levy taxes from property owners within the watershed to be able to perform major and minor maintenance activities to maintain drainage throughout the system. These organizations are overseen by elected ditch managers and a secretary/treasurer who are all landowners within the watershed. During the formation of tax ditches, rights of way are established for dedicated maintenance. Currently there are 228 Tax Ditch organizations in DE which manage over 2,000 miles of channel and provide benefit to over 100,000 people. 



Drainage and prevention of flooding of lands and drainage and the prevention of flooding of lands and the management of water for resource conservation shall be considered a public benefit and conducive to the public health, safety and welfare.



• Conduits for nutrient and 
sediment pollution
– Eutrophication of Chesapeake 

and Delaware Inland Bays
• Accumulation of vegetation 

and sediment requires 
maintenance

• Impacts from current 
maintenance practices on 
water quality are unknown

Concerns with Artificial Drainage
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Presenter
Presentation Notes
While ditches provide benefit to those in the surrounding area including farmers and residents alike there are some concerns associated with artificial drainage:

Ditches can serve as direct conduits for nutrient and sediment losses by connecting edge of fields with a channel of water draining to downstream waterbodies.  This increases the risk of N and P transport from fertilizers and other adjacent management practices to downstream waters which when in excess can lead to eutrophication or algae blooms. This is a major concern on the Delmarva Peninsula since these ditches drain to the sensitive estuaries of the Chesapeake and Delaware Bays. 

2) We know that the ability of a ditch to effectively drain fields decreases over time due to sedimentation and the growth of vegetation within the ditch channels. In order to restore drainage functionality maintenance is required however maintenance activities may contribute to the release of previously stored nutrients by disturbing what appears to be a functioning wetland.  

3) Overall physical and chemical properties of ditch bottom sediments have not been extensively studied and the impact of ditch maintenance on water quality are unknown which is the focus of my research.  



• Deteriorated pipe 
replacements and clearing

• Beaver dam removal
• Annual mowing
• Weed wiper bar

– Control woody vegetation
– Maintain clear Rights-of-Way

Minor Maintenance Activities

5

Presenter
Presentation Notes
Minor tax ditch maintenance activities include spot treatments to replace deteriorated pipes, clear pipe blockages, and remove beaver dams as the need arises because these problems can greatly effect drainage functionality. In addition, annual mowing or the weed wiper bar is used to control woody vegetation within the ditch channel and at the top of banks within the Tax Ditch ROW to maintain ditch flow and access for future maintenance respectively. 



Major Maintenance
Tax Ditch Dip Out
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• Dredging of ditch
– Performed as needed

(15-20 years)
• Spoils placed on 

adjacent field and
spread

• Variable timing 
between steps
– Difficult to know

nutrient loss from spoil and amended soils

Presenter
Presentation Notes
The major maintenance activity implemented to restore ditch functionality throughout Delaware Tax Ditches is the Dip Out. It is only performed every 15-20 years on an as needed basis usually between September and March when crops are not in the field. A hydraulic excavator is used to remove the accumulated sediment from the ditch channel to original engineered specifications. The excavated sediments are called spoil and are piled in the ROW to dry. Most of the time the ROW is an agriculture field and once the piles have dried out, a bulldozer is used to thinly spread (2-6 inches) the spoil across the field for the farmer to later incorporate before planting. Sometimes farmers will pay to have the spoils hauled away from the site because they do not like the consistency or texture of the spoils and feel the plants do not grow well in spoil amended areas. The time between the steps of this process are highly variably amongst sites and as a result it is hard to know for certain the nutrient loss potential from the spoil piles prior to incorporation as well as from the spoil amended areas which is a focus of my research.       



• Characterize adjacent field and spoils for 
potential loss prior to incorporation

• Determine potential P loss from spoil amended 
areas

Goal: Determine method to predict P loss from 
amended areas
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Research Objectives



• 7 of 15 tax-ditches 
scheduled for dip-out 
in 2013-2014 were 
selected

• Only portion of ditch
maintained at a time
– Segments ranged

from 1.25-3.6 km 
(≈ 0.75-2.25 mile)

• Land use in proximity to dip-out was mainly 
agricultural or forested 
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Study Site Selection

Presenter
Presentation Notes
For this research we selected 7 ditches scheduled for dip out last year. All of the ditches studied were in Sussex County, Delaware except for one located in Kent County, Delaware. Generally, dip outs occur over a long stretch of the tax ditch but not the entire network due to costs. For my study sites the dip outs ranged from  about 0.75 – 2.25 miles depending on the ditch and the surrounding landuse was agricultural and forested.    

Update picture.



Soil Sampling
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• Collected soils from adjacent fields prior to dip
• Collected representative spoil samples from 

piles placed on sampled fields 

Site 4A Site 4B

Presenter
Presentation Notes
Then we went out in the field and collected soils from the adjacent fields within the ROW prior to maintenance as this is where the spoil piles are to be placed. Following the dip out we went back out into the field and collected representative spoil samples by sampling the spoil piles located on the fields previously sampled as these are the materials to be spread across that field. 



• Characterize field and spoil for 
potential loss prior to 
incorporation

• Simulate chisel plowing of field 
and corresponding spoil 
– Mix at 3 different ratios

• (1S:7F, 3S:5F, and 7S:1F)

– Determine and maintain field 
capacity of field-spoil mixtures

– Collect and characterize 
subsamples at 2 time intervals 
(2 and 30 days)
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Laboratory Analysis

Presenter
Presentation Notes
Following preparation of the samples I completed chemical and physical characterization of the field and spoil samples collected to determine potential P losses prior to incorporation. Then to determine the potential P loss from spoil amended areas an incubation study was conducted. 
Field soils were mixed with their corresponding spoil samples to simulate the incorporation process. Field and spoils were mixed at 3 different ratios to represent thin, medium, and thick spreading depth of the spoil piles across the adjacent fields. To ensure constant conditions, field capacity of the representative field and spoil samples were determined and maintained for field soil-spoil mixtures throughout the duration of the experiment. Field only and spoil only cups were also included in the experiment as controls. The incubation cups were subsampled after 2 and 30 days of the experiment and analyzed for water soluble P or the P likely to be transported during runoff events and Mehlich 3 P which is used to determine P saturation of the soils.



Characterization of Field and Spoil

11*Numbers above are M3-PSR values
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Presenter
Presentation Notes
Field soils were also > than spoil sample concentrations. All but 2 field soils were already above the agronomic needs for P. Nearly half of the spoils were above the ag need threshold but no spoil exhibited PSR values indicative of environmental risk but most were very close. 


In general, a PSR 0.23, P losses through leaching will most likely occur. Depending on site conditions i.e. the likelihood of surface run-off, rapid drainage (e.g. lack of plant cover) and vicinity to waterways, a range of 0.10 to 0.15 M3-PSR may already indicate a risk of P losses. Considering this, it is important to integrate any form of soil P testing with other site risk assessments to avoid P effects on water quality. This is especially important for water reuse schemes effluent and manure use. 



Characterization of Field and Spoil
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Presenter
Presentation Notes
Spoils always exhibited WEP concentrations less than field.  Only 4 below threshold for water quality impacts of 0.2 mg kg and these were vey close.
Purpose: To show how much less WEP is in Spoil than Field Soils and can note that concentrations of WEP decrease with time when maintained at Field Capacity.
0.2 mg/kg is environmental risk



Amended Field Soils- 2 Day Results
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Incorporation decreases Mehlich 3 P
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Presenter
Presentation Notes
Incorporation decreases mehlich 3 concentrations even after just 2 days of incorporation however not all increase in incorporation were stat. sig.



Amended Field Soils- 30 Day Results
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Presenter
Presentation Notes
Needs to be m3p result graph




Amended Field Soils- 2 Day Results
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Incorporation decreases Water Extractable P
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Presentation Notes
Needs to be m3p result graph




Amended Field Soils- 30 Day Results
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Presentation Notes
Consistently less at later depth



Incubation Conclusions

• Incorporation reduces potential risk of P loss 
from amended areas
– More effective at reducing WEP than M3-P
– Difference not always significant so need to 

determine optimum spreading depth
• Next steps:

– Investigate properties of field and spoil samples to 
determine effective spreading depth for ditch sites 

• Regression analysis

– Provide recommendation
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Presenter
Presentation Notes
The spoils or accumulated sediment may be the result of the redistribution of sediments within the ditch channel instead of erosion from the adjacent fields.  This is probable as the soil test P concentrations of the spoil were much lower than the fields.  

Incorporation of these materials may reduce the risk of P loss since the results after 48 hours of incorporation indicated that the amended areas exhibited less P than the corresponding fields originally. 

Next steps to more fully characterize these sediments before and after dip and complete incubation soil tests on future time intervals.

From these results I will provide a recommendation that improves the current maintenance. Potential solutions may be to limit the time between the steps in the dip out process (excavate, spread, incorporate) or to change how frequently dips are performed or the prioritization of ditch dip out (currently based on timing of last dip) 



Research Objectives and Goal

• Characterize ditch bottom sediments to 
determine potential release of P to overlying 
waters

• Quantify P removal from maintenance

Overall Goal: To provide a recommendation that 
improves current management  
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Presenter
Presentation Notes
The objectives of my research are to characterize ditch bottom sediments prior to maintenance to determine their potential to release P to overlying waters under normal conditions. I will use this information to help quantify the amount of P removed by the maintenance dipout. And I plan to able to predict potential P loss from spoil amended areas following maintenance. Ultimately I will use all of the tests completed to provide any recommendations that may improve the dip out to help reduce potential P losses.  
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Ditch Core Sediment Sampling

Collect intact sediment core samples within each ditch 
0-5, 5-15, 15+ cm

Presenter
Presentation Notes
I added some to this. Add some details about how long the dip out covered. (7 out of 10 in Sussex County 7 out of 15 total from both counties not sure if this is a complete list just going off the google earth that Shawn created that we toured for options… let me know what you think I should do about that…) 

We selected 7 ditches scheduled for dip out last year.  The scheduled dip out occurs over quite a long stretch of the ditch but not the entire network.  For my study sites the dip out ranged from  about 1.25km to over 3.5km depending on location. I collected core samples from within the ditch as evenly spaced throughout the stretch of ditch being dipped as possible to obtain a representative samples of what was happening in the ditch. 

Give some idea �of the scope, size, �length of dipout area]




Characterization of Core Samples
• Characterize P in sediments

– Water soluble P (WSP), Mehlich 
3 P (M3-P), EPA3050-P

– Soil texture and sequential P 
fractionation

• Quantify P removal during 
maintenance 
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Presenter
Presentation Notes
I edited to cover all the things you are doing with these. You can say the things in italics you have yet to complete after compositing.

Found stratification of P in cores with concentrations decrease with depth which indicates an accumulation of P in top sediments
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Ditch Core Sediments:
Mehlich 3 P 
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• Generally Mehlich 3-P 
decreased with core 
sediment depth and 
following maintenance

• 5-15cm sediments at 
times possessed 
greatest concentrations
• Those sediments 

possessed 0-5cm 
sediments in excess 
of agronomic needs

Presenter
Presentation Notes
In general Mehlich 3 P concentrations decreased with depth at each site however, there were a handful of sites where the 5-15 cm sediments possessed the greatest P concentrations. The ditch segments with the highest P concentrations within the 5-15cm sediments generally possessed 0-5 cm sediments that were in excess of the agronomic crop needs for P which may suggest that when top core sediments are enriched in P, P leaching to depths below may be possible. It was rare but 16% of the 15+ cm core sediments collected exhibited P concentrations that were considered excessive.
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Ditch Core Sediments:
Water Extractable P (WEP)

Presenter
Presentation Notes
WEP decreases over time and with core sediment depth. This suggests an enrichment of Wep in the top 5 cm




23

Ditch Core Sediments:
Mehlich 3 Phosphorus Saturation Ratio
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Ditch Core Conclusions

• Enrichment of P in top 0-5cm sediments
– Excessive levels observed 
– M3 PSR below environmental risk threshold but it is 

important to note that channel conditions are 
different than field

• Next steps:
– Calculate total P removed from maintenance 

activity
– Provide recommendation
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Presenter
Presentation Notes
The spoils or accumulated sediment may be the result of the redistribution of sediments within the ditch channel instead of erosion from the adjacent fields.  This is probable as the soil test P concentrations of the spoil were much lower than the fields.  

Incorporation of these materials may reduce the risk of P loss since the results after 48 hours of incorporation indicated that the amended areas exhibited less P than the corresponding fields originally. 

Next steps to more fully characterize these sediments before and after dip and complete incubation soil tests on future time intervals.

From these results I will provide a recommendation that improves the current maintenance. Potential solutions may be to limit the time between the steps in the dip out process (excavate, spread, incorporate) or to change how frequently dips are performed or the prioritization of ditch dip out (currently based on timing of last dip) 



Thank you for your time 
and attention.

Questions or Comments?
25
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