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Design Model User Interface



Three Sites in Iowa

Northeast Research 
Farm - NERF (Nashua)
Installed April 2009
14.2 ha drainage area
36.6 x 4.6 x 1.0 m



Greene Co.
Installed Aug. 2008
19 ha drainage area
15.2 x 7.6 x 1.1 m 

Hamilton Co.
Installed June 2009

20.2 ha drainage area
30.5 x 3.7 x 0.9 m  

Three Sites in Iowa



Mean annual total 
load reduction

12%-14% 27%-33% 49%-57%

Load removed 
(kg N/ha)

2.5-5.1 0.8-15.5 0.6-8.1

Percent of water 
treated

91%-99% 51%-68% 73%-87%

Removal Rate 
(g N/m3/dy)

0.86-1.56 0.41-7.76 0.42-5.02



NERF Bioreactor Design Evaluation

Tracer Residence Time: 3.5 hrs
Theoretical Retention Time: 6.3 hrs
Effective Volume (e): 0.55
Hydraulic Efficiency (λ):0.40

Effective plug flow, but ineffective 
utilization of flow volume



What do bioreactors cost?

Amortized Drainage BMP Costs 
over 50 years: 

Installation, Maintenance, Replacement

Range: $78.80/ac to $237.00/ac
Average: $152.07/ac

4% real discount rate
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Do the woodchips matter?

“Good” Chips
Better uniformity and 
consistent piece size

“Bad” Chips



Area D Coeffici Tile Dia 
(in)

Slope 
(%)

cfs 
Mannings

cfs D  
coefficient

Notes

SERF 27 0.75 12 0.74 2.66 0.85 coefficient calculated from flow data, single wall 
tile; slope from Reid (Google maps)

Hamilton 38.25 0.5 8 0.5 0.74 0.80 "very small slope", single wall tile





Darcy’s Equation: 
Flow Through Porous Media

• Q: Volumetric Flow Rate (m3/sec)
• K: Hydraulic Conductivity (cm/sec):

– 0.35‐1.6 cm/sec for sawdust to 61 mm chips (Cameron & Schipper 2010) 
– Hardwood chips commonly used in Iowa bioreactors = 9.5 cm/sec 
– Can change over time

• i: Hydraulic Gradient (m/m), head drop divided by the bioreactor length
• A: Cross‐sectional Area (m2)

What % of the peak flow rate do 
these bioreactor dimensions 

allow?

h1
h2

Length

Width

Flow depth



Retention Time Equation

• τ: Retention Time 
• V: Bioreactor Volume (m3)

– Depth of the bioreactor is set by the tile depth, but use 
average flow depth for volume.  

• ρ: Porosity,  range for woodchips: 0.63‐0.86 
– Packing density, moisture content, chip size, and chip age

• Q: Flow rate (m3/sec), Calculated from Darcy’s equation
• Is a function of Length:

What retention time do these 
bioreactor dimensions allow?



Temperature and Dissolved Oxygen



Chapter 4: Nitrite and Sulfate



Bioreactor Monitoring
• Inflow and outflow 

– Nitrate‐N
– Flow rate

• Well sampling
– Temperature 
– Dissolved oxygen
– Oxidation reduction 
potential (ORP)

– Nitrate‐N
– Flow depth (continuous)

• Tracer testing



Bioreactor 
Internal 
Performance



Bioreactor Water Depths

Retention time: 
7.5-9.6 hours

Retention time:
>40 hours



Bioreactor Internal Performance: 
Tracer Testing



Bioreactor Internal Performance: 
Hydrograph Progression



Chapter 4: Bioreactor Load Reduction

Water Year Bio. In 
(kg N/ha)

Bio. Out 
(kg N/ha)

Mean Bio. 
Reduction %‡ 

Removal Rate 
(g/m3/dy) 

Pekin

2004-2005 5.0 2.8 43.7 1.07
2005-2006 1.2 0.7 43.5 0.75
2006-2007 33.6 21.1 37.4 3.78
2007-2008 14.8 8.4 43.8 2.53
2008-2009 7.1 5.0 29.1 0.57
2009-2010 7.4 5.8 22.0 0.67
2010-2011 2.0 0.5 74.0 0.38

NERF
2009-2010 34.7 29.7 14.6 1.56
2010-2011¶ 21.4 18.9 11.7 0.86

Greene Co.
2008-2009# 20.2 6.5 68.0 7.76
2009-2010 33.6 18.1 46.0 6.69

2010-2011†† 1.6 0.8 50.4 0.41
Hamilton 
Co.  

2009-2010 10.8 2.6 75.7 5.02
2010-2011‡‡ 0.8 0.2 73.9 0.42



Chapter 4: Total Load Reduction

Water Year Total In 
(kg N/ha)

Total Out (kg 
N/ha)

Mean Total 
Reduction %‡

Pekin

2004-2005

NA§§

2005-2006
2006-2007
2007-2008
2008-2009
2009-2010
2010-2011

NERF
2009-2010 37.3 32.2 13.6
2010-2011¶ 21.9 19.4 11.5

Greene Co.

2008-2009# 41.4 27.6 33.3
2009-2010 50.1 34.6 30.9

2010-2011†† 2.9 2.1 27.3

Hamilton Co.  
2009-2010 14.4 6.3 56.6

2010-2011‡‡ 1.2 0.6 48.6






