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Tile: Michigan

- 2.3 million acres
Agricultural

subsurface drainage

- 29% total

cropland is tiled

1992 data
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Why subsurface (tile) drainage?

Near Willmar, MN: Photo taken on June 15, 2016 Photo taken on September 2, 2016




Great Lakes Algal Bloom Status?

« NASA Worldview



https://worldview.earthdata.nasa.gov/?p=geographic&l=VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor,Reference_Labels(hidden),Reference_Features(hidden),Coastlines(hidden)&t=2016-08-04&v=-85.02320820312501,40.8139751953125,-80.80445820312501,42.9299419921875

What can we do?

- Wetland

- Two-stage ditch

- Cover crop

- 4R approach (fertilizer: right place, right time, right rate, right form)
- Drainage Water Recycling

- Saturated buffer

- Drainage water management (Controlled drainage)

- Denitrification Bed (Woodchip bioreactor)



Drainage Water Management

- Main purpose is to reduce nutrient delivery to surface water




Research

- Initiated in 2007

- Four-year applied project
- Sevensites
- (2008-2011)
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Water Management Zone

- Hardin-NW site (OhIO) Free Drainage

Controlled Drainage

Drain Layout
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PercentYield Increase
Water management Zone
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Controlled Drainage

- Found reduced flow (40% to 100%)

« Reduce nutrient loss
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Why would DWM be of interest?

- No land is taken out of production
- Low maintenance and requires management

 Reduces nutrient runoff (nitrate load reduction 15% to
75%0)

- Improves crop yield with proper management and timely
rainfall



Any Questions So Far?

- Drainage Water Management



Denitrifying Bioreactors

1. Denitrification Wall
2. Streambed Bioreactor
3. Denitrification Bed (woodchip bioreactor)
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Fig. 1. Design sketch of Avon streambed bioreactor (adapted from Robertson and Merkley, 2009).
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What's a Denitrification Bed?
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Side View: Woodchip Bioreactor
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Non-Darcy flow through woodchips
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Ghane et al. (2014) data:
Darcy’s Law Flow Overestimation

— Weir flow
o Darcy prediction
----- Forchheimer prediction
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Galaxy of woodchip bioreactors

Forchheimer




H s Denitrification Bed Madel v2.0 Beta - Excel

HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW Ehsan Ghane ~ H
X67 d Jr v
A B - | Ei.,D - - E - | Fi || _H | | J K L | M N o O —P A
1 | Denitrification Bed (Woodchip Bioreactor) Model v.2.0 Beta Not for distribution Instructions: This worksheet can be used to optimize the design ‘
2 | Ehsan Ghane, Ph.D., The Ohio State U, and U of Minnesta parameters (i.e., length, width, and slope).
5 “ Woodchip Media Propertie R Il ‘Field Propertie T First, type all input values and then adjust the length and wid'th.vTryto_ |
o i 5 : obtain outflow nitrate concentration between 5 to 10 mg N/L, total
Sl Intrinsic permesbility, ky (cm’) 0000056818 Drainage area (ac) 67:8] nitrate load reduction (bed+bypass flow) of at least 5%, and treatment
5 | |wconstant( s?/cm?) 0.83| | Drainage coefficient, DC (in/d) 0.5| of at least 15% drainage system capacity. These targets are expected to
6 | Effective porosity or drainable porosity, n, 0.45 achieve the minimum target of 45% annual load reduction suggested in
i T —— the Gulf Hypoxia Action Plan 2008.
< |I ER COH DI SR It is suggested that the design parameters be determined for mid-
s | | Nitrate Removal (Michaelis-Menten and Arrhenius Equations] Input Control structure size (in) 10| spring when the outlet elevation of the tile is raised after planting, crop
9 | | Maximum nitrate removal rate, Vs, (mg-N/Lh) 7.1/ |Inlet height of stoplogs (ft) Three (7"+5")=3 ft establishment and spring field operations.
10 ‘ Michaelis-Menten constant, K,, (mg-N/L) 7.2| Outlet height of stoplogs (ft) 7" (bottom stoplog only) Note 1: if you get a “Compile error: Can't find project or library”, load
i1 J Temperature coefficient, 6 1.103| |Inflow nitrate concentration, C; (mg N/L) 15| the Solver add-in. Then, re-open the Excel Worksheet.
12 | e . - B Bed inflow (tile water) temperature, (°F) 55| Note 2: Clicking on the description in some boxes will give further ;
13 Denitr rt Input - FE_ et T S A 1
14 B Denitrification bed depth (ft) With bottom slope S

Weep hole on bottom stoplog? Yes

15 Denitrification bed length, L (ft)

16 B Denitrification bed width, w (ft) Weep hole diameter (in)

17 8 slope, S (ft/ft) Weep hole distance from bottom (in)

18 PO P e T . R

20 & Drainage system capacity (cfs)

21§ Bypass flow from the inlet structure (cfs)

22 P Hydraulic gradient, i (ft/ft) Flow depth above inlet stoplog crest (ft)

23 \ Bed outflow temperature, T (°F) Flow dpth above utlet stoplog crest (ft)

24 B Outflow dynamic visosity, p (g/cm-s) " Vol A AP S
25 Hydraulic conductivity at outflow temperature, k (ft/s) i -
26 Analytical solution to Forchheimer's Equation=0 0.0 | Weep hole flow rate (cfs)

27 B Bed flow rate that makes Forchheimer's Equation equal to zero 0.153  Portion of bed flow through weep hole (%)
28 § ,' Denitrification bed flow rate, Q (cfs) 0 t"-\ ‘) ""' N L O

29 B Actual hydraulic retention time, AHRT (h) .68 :

30 P L 0N, TR P8 SR

31
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Results

Woodchip Bioreactor: Waterman site in Ohio
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Why would a Woodchip Bioreactor be of interest?

- Little or no land is taken out of production

« Low maintenance

- Long life (15-20 years)

Compatible with controlled drainage

- Remove nitrate
- herbicide (atrazine), pesticides, and pathogens?
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Environmental Solutions

' PhosphoReduc
filter

Woodchip
Bioreactor

Subsurface Drainage
Nutrient Transport












Soluble reactive P concentration (mg/L)

Results

Phosphorus Removal with the P-filter
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Take Homes

- Long-term crop yield benefit and nutrient reduction from controlled
drainage

- Denitrification bed (woodchip bioreactor) is effective in nitrate
removal

« Each should be used in combination with other conservation
practices
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More Questions?
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