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Schematic of nutrient retention in a 
riparian buffer. 
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Iowa Science Assessment of Nonpoint 
Source Practices to Reduce Nitrogen 

Transport in the Mississippi River Basin 
 

“… an average nitrate-N concentration 
reduction of 91% for water actually passing 

through a buffer root zone …” 
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Question: 

• Could reconnecting tile flow to riparian 
buffers remove substantial amounts of nitrate 
before it reaches surface waters? 
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How is it working? 



3 chamber control 
box 



2nd 
chamber 

1st 
chamber 

3 chamber control box 

Tile outlet from field To stream 

Stop boards 

Outlet to buffer 

V-notch weirs 







Maass farm site 







Results for Bear Creek site 



Flow measurement 



Water and cumulative nitrate diverted through buffer in 2011 

Diverted 60% of flow from 
field tile through buffer 



Water and cumulative nitrate diverted through buffer in 2011 



Water and cumulative nitrate diverted through buffer in 2012 

Diverted 49% of flow from 
field tile through buffer 





    Distance 

from tile 

(m) 

Date - 2012 
Transect 

# 

Well 

 # 27-Mar 2-Apr 10-Apr 16-Apr 23-Apr 7-May 14-May 21-May 4-Jun 

----------------------------------------- NO3 (mg N L-1) ------------------------------------------------- 

1 01 5.7 3.8 6.9 4.6 6.1 8.4 9.7 8.4 9.8 10.6 

1 02 12.7 < 0.3 < 0.3 0.8 0.9 0.5 0.5 2.4 3.1 4.7 

1 03 18.9 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 

2 04 5.7 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 

2 05 12.9 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 

2 06 21.4 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 

3 07 6.6 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 2.7 

3 08 14.1 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 

3 09 22.9 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 

4 10 6.0 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 0.6 0.6 0.5 2.4 

4 11 14.1 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 

4 12 22.2 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 

Field 14.1 13.2 13.4 15.1 14.9 15.9 14.7 16.3 15.8 

Bear Creek 7.3 4.8 5.5 12.6 12.7 11.0 12.6 12.7 11.5 

Fate of Nitrate in Buffer 
Well Data 



Average NO3 concentration 
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Potential Impact 
 

•There are 39,060 miles of riparian buffers adjacent to 
agricultural land in Iowa. 
•Assuming nitrate removal rates found in the first year of the 
Bear Creek study 328 kg N/km/yr (1164 lbs N/mi/yr). 
•Assuming only 20% of existing buffers are suitable for saturated 
buffers. 
•We calculate that potentially 8.2 million kg N/yr (18 million lbs 
N/yr) could be removed from Iowa streams using saturated 
buffers. 
•This is equivalent to about 3.0% of the current N load in Iowa 
streams. 
•In addition, these riparian buffers would continue to serve a 
significant role in phosphorus, sediment, and pesticide removal 
and an important wildlife function. 



Placement of Saturated Buffers 

Ideal riparian buffer 

Deeply incised channel Flat landscape 

Saturated Buffer  

seepage face 



Economics  

• For Bear Creek, we installed 1000 ft of 4 in. tile at a cost of 
$2280 @ $2.28 per foot installed.  The control box was $1120 
installed.  Another $100 would typically be required for design 
work for the system.   

• Assuming a 20-yr life expectancy for the system at 4% interest 
would add about $1460.  Thus, the total cost of the 
installation will be $4960 over 20 yr or $248 per year. 

• We removed 110 kg (242 lbs) of nitrate-N the first year at Bear 
Creek. 

• Thus, the cost per kg N removed for this prototype system 
was $2.25/kg ($1.02/lbs) nitrate-N removed.   

• This cost is very competitive with estimates for other nitrate 
removal practices such as constructed wetlands ($2.91/kg) 
and fall planted cover crops ($6.77/kg). 



Summary 

•First 2 years show that diverting tile 
flow into riparian buffers can remove 
all the nitrate that is diverted into 
them 

•We diverted 55% of the flow from a 
field tile draining ~25 ac 

•The cost of the practice is 
comparable to other N removal 
practices 

•Practice shows potential of 
preventing > 18 million lbs of N from 
entering IA streams each year 

•New Interim Conservation Practice 
Standard 

 



Thank you 
 

Dan Jaynes 
515-294-8243 

dan.jaynes@ars.usda.gov 
http://www.ars.usda.gov/pandp/people/people.htm?personid=2789 
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