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We can reduce nitrate losses by:

— Nitrogen in the atmosphere
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What are they?

How do they work?

How effective are they?

Where do they work?

Challenges and opportunities



What are they?
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Detail drawings not to scale.
Dimensions vary with drainage area.
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How do they work?



Anoxic denitrification by bacteria
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Denitrification in drained solls
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Detail drawings not to scale.
Dimensions vary with drainage area.
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Capacity:

1. Treat peak flow from a 10year, 24-hour drain flow event

2. Treat at least 15 percent of the peak flow from the
drainage system

3. Treat at least 60 percent of the longerm average
annual flow from the drainage system



Hydraulic retention time:
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Subsurface Drainage Bioreactor Design

Developed by M. Helmers & L. Christianson, ABE, lowa State University
Modified for NRCS use by B. Atherton, P.E., Agricultural Engineer
laDenitrifyingBioreactor.xls Ver 1.0

Instructions: Enter values in gray cells

Field Information:

Tile Size (in) 6
Tile Grade (%) 0.50
Manning's "n" value 0.015
Velocity in Pipe (ft/s) 1.76
Peak Flow from Tile Size (cfs) 0.345
Media Information:

Conductivity of Wood Media (ft/s) (K) 0.15
Porosity of Wood (p) 0.7
Bioreactor Inputs and Calculations:

Flow Length (ft) (L) 100
Trench Width (ft) (W) 10
Inlet Height (ft) 25
Outlet Height (ft) 0.3
Head Drop (ft) (AH) 22
Flow Depth (ft) (d) 1.4
Hydraulic Gradient (i) 0.022
Results:

Bioreactor Flow Rate (cfs) (Q) 0.045
Hydraulic Retention Time (hours) (HRT) 6.0
% of peak flow that can be passed through bioreactor 13.2

‘round Surface

/\In/et Water Control Structure (WCS)

Producer --> Designed by -->

Township/Section --> Date -->

Checked by -->

Date -->

Explanatory Notes:
Size of inflow tile; known from site
Limiting Grade of inflow tile; known from site
3"- 6" Corrugated Plastic Pipe (tubing), single wall 77 craaa
Mannings G = 9 x |

gs Gravity Driven Flow Equation = N 100
Flow rate = Velocity x Area of Tile

(Tile Size '}§
\(Conversion)-
0.012(for dual wall)OR 0.015( for non—dual walled)

Converted from 4.5 cm/s per Laura Christianson; (original value 9.5 cm/s to ft/s; value determined in Porous Media Lab, ABE-ISU)
Taken from van Driel et al., 2006

Iteratively choose to the nearest foot

Iteratively choose to the nearest foot; should be less than 25% of the flow length
Iteratively choose to the nearest 0.1 foot

Iteratively choose to the nearest 0.1 foot

Calculated based on diffference between inlet and outlet

Calculated to be in bioreactor middle (average of inlet and outlet height)

Head Drop / Flow Length

Darcy's Law for Porous Media Flow = Hyd.Conductivity x Hyd. Gradient x Flow Area = KiA = Ki(W x d)
Volume x porosity l/p Ixwxdxp . . .
HRT == Flow rate =0 = ) (conversions included); 4 hour min., should be 6 to 8 hours

Bioreactor Flow Rate / Peak Flow from Tile ; minimum 15%

This Bioreactor design is based on treating a minimum of 15% of the

Outlet WCS /\ peak flow capacity of the drainage system.
The design retention time is between 4 - 8 hours (Robertson et al.,

2000; van Driel et al., 2006).
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Diversion Flow Control
Structure (Upper) Structure (Lower)

Unsaturated




How effective are they?






ISA has had lead role in 19 bioreactors
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ACWA/SCF bioreactor examples
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Annual Nitrate-N Load, kg
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Source: lowa Nutrient Reduction Strategy



