
Purdue's Two-Stage Ditch:  
What we've learned so far about  

what to plant and impacts on nutrients 

• Ditch Design and 
Construction                      
Jane Frankenberger, Agricultural 
Engineer 

• Water Quality Impacts  
Laura Bowling, Watershed 
Hydrologist 

• Vegetation Establishment             
Andi Hodaj, Graduate Research 
Assistant 



Why establish and monitor a two-stage ditch? 
Research, Education, and Extension 

 



Our site includes a 
dentrifying bioreactor 
upstream, and a two-

stage ditch downstream, 
so we can examine the 

effects of these practices 
as a system 



The Purdue Two-Stage Ditch Site 

Throckmorton Purdue 
Agricultural Center 

• The ditch was 
unstable 

• downstream 
neighbors had 
complained about 
flooding 

• access is good for 
research, education 
and extension. 

 

TPAC, 8 miles 
south of 
Lafayette 



The first step: Assessment 

• Done by two seniors in Agricultural and Biological 
Engineering as their Senior Design project.  

• Ten cross sections were surveyed  

 



Hard work 
assessing the ditch 

 



Soils cores were taken to assess the 
potential for spoil to be used 

 



Bench height was selected based on  
(1) existing bench height, and  

(2) regional curves developed in Ohio 

Result was 
consistent between 
methods, 1.6 feet 



Bench width was selected based on   
(1) regional curves developed in Ohio, and  

(2) a “rule of thumb” that bench width is 3 to 5 
times the width of the channel at bench height.  

Result was 
9.75 feet 



Resulting cross-sections were calculated 
using the Ohio DNR Spreadsheet 
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Additional Cross Sections 

 



These were combined into a ditch profile diagram 
 used in construction 
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Cross Section 1

0+67

Cross Section 2

1+86

Cross Section 3
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Cross Section 4

3+39

Cross Section 5
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Cross Section 6
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Cross Section 7
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Cross Section 10
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Start (South Waterway)

0+00
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Key:

Magenta: centerline of ditch

Blue: best fit centerlines

Black: Start of bench

Green: End of bench

Bench width 9.75 ft 

Ditch side slope 2:1 

Channel side slope 1:1 

Length of Ditch 663 ft 

Average Excavation Depth 3.8 ft 

Channel Depth 1.6 ft 



 



Ditch stability analysis:  
Would channel stabilization measures be necessary? 

• Used the NRCS Engineering Field Handbook 2 (EFH2) 
method to estimate 10-year peak flow, found 355 cfs. 

• Calculated average channel profile for two sections 
(0.3% and 0.5%). 

• Used Manning’s Equation (for the complex 
geometry) to estimate that velocity of 10-year peak 
discharge would be 5.0 ft/s and 6.1 ft/s. 

• Since this exceeds allowable velocity for the soil type, 
added erosion blankets to the design.  



Designed transition from and to the 
two-stage reach for stability 



Final estimate of work to be done 

 



We appreciate the support we 
received in designing the ditch 

• Dr. Jon Witter and the team at The Ohio State University 

• NRCS Area Engineer Jeff Cannaday 

• Dr. Bernie Engel, PE 

• Steve Hawkins, Purdue Agricultural Research Program  



Investigating and Obtaining 
Appropriate Permits 

• Ditch was not a county regulated drain. But we 
checked with County Surveyor to discuss any 
requirements.  

• Clean Water Act Section 404 permit not needed, 
because excavation stayed out of the channel and 
sediment was not allowed to fall into the channel. 

• IDNR Construction in a Floodway Permit required.  



 

We appreciate the advice of  
• Kent Wamsley, The Nature Conservancy,  
• Staff at IDNR Division of Water 



All neighboring 
landowners 
had to be 
notified in 

person or by 
certified mail. 



Division  

 

Because there were stumps in the 
floodway from an earlier research 
project, mitigation was required.  



 Mitigation areas 

We planted native trees in neighboring 
areas of the farm 



 Success! 



Constructing the Ditch 
• Educational Field Day with the Indiana 

Land Improvement Contractors 
Association 
– About 20 contractors worked on the site 

– About 80 people viewed the construction.  

• Funding for constructing and monitoring 
the two-stage ditch provided by 
– Wabash River Enhancement Corporation, 

through an IDEM 319 grant 

– Purdue Research Foundation and the Estate 
of Mary Rice 

– NRCS Conservation Innovation Grant 



Seeding the banks and applying 
erosion blankets 

 


