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Nature, gives us a lot of information.



Why did we get interested?

Targets:
• Aquatic Systemq y
• Freshwater

Wabash RiverTippecanoe River

Fish Creek Freshwater Mussels



Two-Stage Ditch Design



Benefits of a Two-Stage Ditch



Nutrient and sediment removal



Increased capacity of the ditch 
system and floodwater retentionsyste a d ood ate ete t o



Helps to mitigate downstream 
flooding ood g



Improves ditch bank stability and 
reduces bank sloughingeduces ba s oug g



Improved in-stream habitat



Two Stage Site Selection Criteria

1. Is the 2-stage ditch installation accompanied by a 
conservation buffer? (20 Points)

2. Is the project's drainage area less than 7,500 acres? (20 
Points)

3. Is the depth of the ditch (top of bank to water) less than 10 
feet? (20 Points)

4 Is there significant woody vegetation that must be4. Is there significant woody vegetation that must be 
removed? (Significant means more than just a few scrubby 
trees and shrubs) (30 Points)

5 Is there adequate area for spreading the spoil on site? (205. Is there adequate area for spreading the spoil on-site? (20 
Points)

6. Is the channel to be constructed a contiguous channel of 
0 4 miles long or greater? (20 P i t )0.4 miles long or greater? (20 Points)



Two Stage Site Selection Criteria

7. Is this application part of a larger multi-landowner 
application which will result in construction of a larger 2application which will result in construction of a larger 2-
stage project? (10 Points)

8. Are the soils in the proposed bench area stable and p p
suitable for bench construction? (15 Points)

9. Is this project being considered in a legally-maintained 
d i d if th l l d i ffi i l b ddrain, and if so are the local drainage officials on-board 
with the project? (15 Points)

10. Is the project located within one mile of the ditch /stream's p j
outlet into a lake or river? (15 Points)

Total Points Available 185



2-Stage Ditch Costs

• Typical cost of 2 stage Construction• Typical cost of 2-stage Construction
– $8 - $ 12 per linear foot

• Factors that affect your cost of installation• Factors that affect your cost of installation
1. Depth of the ditch (top of bank to waterline)
2. Width of ditch channel (and benches)( )
3. Amount of natural benches already starting to form
4. Absence of adequate area to spread spoil
5. Number of tile outlets to be addressed
6. Greater velocities requiring erosion control blanket



Two-Stage Construction

$6 per linear foot $10 per linear foot

$12 per linear foot $13 per linear foot



Design and Engineering Using 
Simple ToolsS p e oo s



Breakdown of Project costs

Outlets Seed and Cost Breakdown
and 

Erosion 
Control

5%
Survey, Design 
and Inspection

Seeding
10%

Cost Breakdown

5% and Inspection
20%

Earth Work
65%



Technology Transfer



Two-Stage Ditch Locations



Sources of Funding

• Grant funds• Grant funds 
• County Assessments
• NRCS EQIP cost share• NRCS – EQIP cost-share
• State Revolving Fund

N t i t T di• Nutrient Trading



Two-Stage Ditch Resources

 www.nature.org/2stageditch
d t t h / il d t / t / t www.dnr.state.oh.us/soilandwater/water/stream

morphology/default/tabid/9188/Default.aspx

 www.vimeo.com/7901535



The Central Tillplain Ecoregion- Strategies



Effect of the two stage ditch onEffect of the two‐stage ditch on 
sediments and nutrients in Midwestern 

agricultural streams

Jennifer L. Tank,  
Robert T. Davis, Sarah S. Roley, and Ursula H. Mahl

University of Notre DameUniversity of Notre Dame



Two‐Stage Ditch Monitoring Goals

1 Does the two stage ditch reduce water turbidity sediments1. Does the two‐stage ditch reduce water turbidity, sediments, 
and phosphorus export?

2. Does the two‐stage ditch improve stream‐bottom habitat?
3. Does the two‐stage ditch increase N removal?



Two‐stage sites to capture a range of ditch 
characteristics particularly age and N loadcharacteristics, particularly age and N load



Demonstration Project in Shatto Ditch, Indiana: 
Experimental Design

Upstream 
control reach 
(600 m)

flow• Upstream control reach:
– Trapezoid design

( )
• Downstream treatment:

– Two‐stage design
• Before‐After‐Control‐Impact p

(BACI)
– 1 year of pre‐restoration data 

(2007) ( )
– Up to 4 years post‐restoration 

data (2008‐2012)

• Sampling:

Downstream 

Sampling:
– Continuous turbidity & depth 

measurements (every 30 min)
– Periodic surface water sampling treatment 

reach (600 m)

Periodic surface water sampling
– Seasonal denitrification transects 



What is the flow regime in Shatto Ditch?
Two‐Stage constructed

• Flashy discharge
• Typically low flows

g

• Typically, low flows 
in late summer, high 
flows in spring 

• Benches inundated 8 
times in year 1, and 
16 times in year 216 times in year 2

• Most inundation 
events lasted < 2 

Benches Inundated

days, but total 
inundation ranges 
from 29‐132 days.from 29 132 days. 



Benthic sediment size  on stream bottoms 
increased in older two‐stage ditchesg
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Tank, Davis et al. unpublished data



Prediction 1: Two‐stage will ↓ turbidity, 
↓ total suspended solids and ↓ total phosphorus↓ p ↓ p p

• Equipment
– HACH  Hydrolab MiniSondes:

Self‐cleaning 

y
Turbidity = water clarity

– Capacitance Meters:
Depth t ti t ti

www.hydrolab.com/sondes.asp
Turbidity SensorDepth to estimate continuous 

flow as well as frequency & 
duration of floodplain inundation 

• Linking continuous measurements 
ith di t & t i t t ) l

og

with sediment & nutrient export:

Goal: use turbidity as a proxy for TSS, which  TS
S 
(m

g 
l‐1

has been shown to correlate with TP
Turbidity (NTU) log



Two‐stage reduced water column turbidity in 4 of 5 
streams, which correlates with reduced sediment
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Turbidity correlated with water column TSS in 2 of 4 streams 
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Turbidity predicts TP across multiple agricultural streams
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Two‐stage reduced TP in 2 of 4 streams, but is site dependent
• Two‐stage decreased TP at 2 of 4 sites; TP variedTwo stage decreased TP at 2 of 4 sites; TP varied  

among sites. Farming practices do matter.
• Using paired data (TRT‐CTL) from 4 streams,  

two‐stage had significantly lower TP g g y
concentrations (paired t‐test, p=0.04)

• Paired samples suggest two‐stage could reduce 
TP export; influences SRP

USDA - 4 Sites800

Manure applied to 
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Two‐stage reduced SRP concentrations, but  site dependent
• SRP not as variable;

Shatto - Pilot Study
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Two‐stage floodplain denitrification increases with two‐stage age
1.2 14

Take home: Benches “mature” through time. Two-stage denitrification 
improves as it ages without additional stream management
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Did two‐stage decrease NO3
‐ concentration? 

Shatto - Pilot Study
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Two‐stage floodplains can reduce NO3 in tile outflows
tile drains are a source of 
highly‐concentrated NO3

‐

m
st
re
am

pilot study: NO3
‐ concentrations reduced by 6‐19% 

Take‐home: Retaining tile drain flow on benches during 

aerial schematic

p y 3 y
as water flows along floodplain

base flow may improve N removal efficacy; trials planned.

Tank, Davis et al. unpublished data



Returning to our predictions on effects of two‐stage :
1. Reduce water column turbidity, sediment and P export1. Reduce water column turbidity, sediment and P export

Yes. Turbidity was lower in properly‐constructed two‐stage 
ditches; TSS, TP, and SRP were also lower in two‐stage.

2. Increase particle size of benthic sediments
Yes. But substrate effect takes time to appear, evident in two‐

stage ditches ≥ 4 years oldstage ditches ≥ 4 years old. 
3. Increase reach‐scale N removal

Yes. Two‐stage denitrification was 2‐14x higher; but nitrate was g g ;
not lower due to very high N loading. 

Roley, S. S., J.L. Tank, M.L. Stephen, L.T. Johnson, J.J. Beaulieu and J.D, Witter. 
2012 Floodplain restoration enhances denitrification and reach scale nitrogen2012. Floodplain restoration enhances denitrification and reach-scale nitrogen 
removal in an agricultural stream. Ecological Applications. 22: 281–297.

Roley, S. S., J.L. Tank, and M.A. Williams. 2012. Hydrologic connectivity increases 
d it ifi ti i th h h i d t d fl d l i fdenitrification in the hyporheic zone and restored floodplains of an 

agricultural stream. J. Geophys. Res- Biogeosciences.. doi:10.1029/2012JG001950



Implementation best practices –
t t dit h ffi i htwo‐stage ditch efficacy improves when:

• Floodplain benches are inundated regularly.
Shatto Ditch averaged 12 inundation events per year.

• Tile water flows across floodplains for as long as possible. 
Construct so that tile outlets are not rip‐rapped.

• Floodplain benches “age” better when vegetated.p g g
 Species identity secondary, does not affect N removal.

Take‐home: The two‐stage is a self‐sustaining practice that 
potentially reduce nutrients and sediment in agriculturalpotentially reduce nutrients and sediment in agricultural 
streams and can coexist with productive agriculture. 



Two‐stage Information:
Nutrient and sediment abatement (University of Notre Dame)( y )

Jennifer Tank tank.1@nd.edu
Rob Davis rdavis10@nd.edu

Site Evaluation and channel stability (Ohio State University)
Andy Ward ward 2@osu eduAndy Ward ward.2@osu.edu
Jon Witter witter.jon@gmail.com

Implementation, outreach, and costs (The Nature Conservancy)
Carrie Vollmer‐Sanders csanders@tnc.org
Kent Wamsley kwamsley@tnc orgKent Wamsley kwamsley@tnc.org

Economic valuation (University of Minnesota)
Geoffrie Kramer kram0268@umn.edu


