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We are interested in finding operators who are willing to install these technologies to test their 
function in full-scale operation.  Please contact us (below) if you are interested in hosting such a 
project, have suggestions for us, or if you want more information on system design and function. 

Contact info: hlleverenz@ucdavis.edu (530-220-3911), amking@ucdavis.edu (530-304-4598) 
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NITRATE REMOVAL 
FROM TILE DRAIN OUTFLOWS 

1. INTRODUCTION 

Tile drain water contains high concentrations of nitrate.  Regional Water Quality Control Boards 

are regulating Nitrate under a TMDL.  A number of passive treatment processes exist to reduce 

nitrate concentrations. If you have a tile drain system on your fields, this treatment may be 

easier than you think.  A description of the process and basic design elements of passive nitrate 

treatment systems are described in this guide.  Cost estimates are available in the 

accompanying pamphlet “Denitrification of tile-drain effluent:  Technology Summary” 

 

Denitrification 

Nitrate is converted to atmospheric nitrogen gas by bacteria in a process called denitrification. 

To carry out the reaction, these bacteria need a source of organic carbon. These bacteria don’t 

breathe oxygen like we do; in fact, the presence of oxygen will inhibit the denitrification reaction. 

Instead, they accomplish respiration using nitrate and exhale nitrogen gas. Nitrogen gas is 

harmless and already makes up 78% of the atmosphere.  

Anoxic Reactors 

To get them to work, you need to provide the proper environment for these bacteria, but it has to 

be anoxic, meaning there’s no oxygen. We can create an anoxic environment easily with a bed 

of submerged woodchips, which also serve as the carbon source. If we create the right 

environmental conditions and provide nitrate, denitrifying bacteria will establish spontaneously. 

We create these environmental conditions in a reactor. A reactor is a treatment basin designed 

to reduce the concentration of one or more pollutants or nutrients. The size of the reactor 

depends on the concentration of the pollutant in the drainage, the flow rate of the water to be 

treated, the desired final concentration of the pollutant, and the water temperature.  

Just to get it out of the way, the reactor will not take up a lot of land area. As shown on Figure 1, 

a typical woodchip reactor for the removal of 11 kg nitrate-N/d (i.e., 20 gal/min at 100 mg nitrate-

N/L) will be about 1 tenth of 1 percent of the land area it is designed to deal with, assuming it is 

about 4 feet deep. If you can make it deeper, it can have a smaller footprint because the reactor 

size is based on woodchip volume. One potential problem with deeper reactors is the presence 

of a high water table that may cause problems when installing the liner and other system 

components. 

Other Considerations 

Tile drains typically feed a collector pipe, which drains into a basin or tank, called a sump. The 

reactor can be located to intercept the flow from the collector pipe before or after your sump. 

Because the sump is usually drained by a pump, the simplest approach is to pipe the discharge 



 2 

from the pump to the reactor inlet. The outlet from the reactor is then piped to the drainage ditch 

or other discharge location. 

 

Figure 1:  Scale illustration of typical reactor size for a 100 ac field 

During process startup, tannins will leach from the wood chips for 2 to 3 months (depends on 

type of wood used). This results in a brown tint to the water and an increase in the dissolved 

carbon content, but should be harmless when diluted with the drainage water. Ideally, the water 

at the drainage outlet would cascade over rocks to re-oxygenate the water and oxidize a portion 

of the dissolved carbon on its way to the environment. 

2. AT-GRADE REACTOR DESIGN BASICS 

The simplest design and installation for an anoxic reactor is a 4 foot deep basin lined with a 

heavy-duty pond liner and filled with woodchips (see Figure 2). The reactor has one inflow from 

the sump and one outflow to a ditch. The inflow comes into the top of the reactor at one end, the 

outflow leaves from the bottom of the reactor at the other end but the water level is maintained 

with an adjustable standpipe. The standpipe is adjusted so that the water level in the reactor 

stays at about 0.5 ft below the surface of the woodchips. The standpipe can be lowered such 

that the basin can be drained if needed. 

Longevity is an important consideration. We expect the woodchips to last at least 10 years 

before the reactor needs to be repacked with new chips. The reason for the uncertainty is that 

the longest-running anoxic woodchip reactors in service are about 10 years old and have not 

reached the end of their useful life yet. At about $10 per yard, for a 400 cubic yard reactor, that’s 

a cost of $4000 per ten years. It would be suitable to use local materials if there is a local source 

of wood that is available. It would also be possible to reconfigure the reactor to use materials 

such as straw, sawdust, or other readily biodegradable substances that have a high reaction 

rate, including leftover field trash such as sunflower or corn stalks. 
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ANOXIC REACTOR WITH CHEMICAL FEED 

Accomplishing biological denitrification by chemical feed of a carbon source is a common practice 
in wastewater treatment.  There are many readily available and proprietary chemicals available 
that can be used as a carbon source, including methanol, molasses, acetic acid, and various 
sugars/starches.  The basic process consists of blending the carbon source with the water 
containing nitrate and retaining the mixture under anoxic conditions for enough time for the 
reaction to take place.  The addition of media and/or mixing increases the reaction rate.  Views of 
an anoxic denitrification process are shown on Fig. 1. 
 

  

 (a) (b) 

Figure 1 

Views of anoxic denitrification with chemical feed process (a) process flow diagram and (b) typical 
installation, www.aquapoint.com 

 
Process Notes 

Type: Biological 

Estimated footprint: ~ 200 ft
2
 not including process tanks. 

Estimated initial cost: $15,000 

Operation and maintenance: moderate 

 
Advantages 

· Proven technology but needs to be evaluated for specific case of tile drain systems 

· Highest removal rates in fluidized bed and mixed suspended growth systems 

· Pre-engineered systems may be purchased 

· Removal rates up to 160 g N/m
3
-h 

· Process tanks can be located below, or above ground surface 

 

Disadvantages 

· Need to replenish chemical on a regular basis. 

· Some chemicals are hazardous (e.g., methanol). 

· May need to reduce effluent carbon. 
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ANOXIC WOODCHIP REACTOR, AT-GRADE 
At-grade anoxic woodchip reactors are perhaps the easiest to construct as they do not require 
any supplemental power, chemical feed, or proprietary equipment.  Installation is similar to that of 
a lined shallow pond, with only a few additional plumbing items, such as a water level control 
structure, inlet distribution piping, and effluent collection.  In addition, the operation and 
maintenance is among the lowest of any technology.  Views of an at-grade anoxic woodchip 
reactor are presented on Fig. 2. 
 

 

 
 

 (a) (b) 

Figure 2 

Views of at-grade reactor (a) process flow diagram, Leverenz et al., 2010 and (b) full-scale 
reactor 

 

Process Notes 

Type: Biological 

Estimated footprint: ~ 4000 ft
2
  

Estimated initial cost: $20,000 

Operation and maintenance: minimal 

 

Advantages 

· Proven technology but needs to be evaluated for specific case of tile drain systems 

· Can be integrated into marginal lands near terminus of existing tile drain system 

· Use of plants as indicators of treatment performance (optional) 

· Can assume zero order kinetics and 10 g N/m
3
-d for initial sizing 

 

Disadvantages 

· May be space restrictions 

· May require pump to lift water to ground surface 

· Requires some degree of flow equalization to ensure performance 

· Need to manage flush of dissolved carbon that continues for one to two months after reactor 
startup 

· Woodchip media lifespan has not been established as longest operating systems are about 10 
yr old but have not been exhausted. 
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HYBRID CONSTRUCTED WETLAND 

A number of contructed wetlands have been built for the treatment of wastewater and stormwater, 
however, the potential for nutrient removal is limited to plant uptake, which is low typically.  The 
rate of nitrogen removal can be enhanced by application of the techniques described previously, 
i.e., chemical or solid carbon supplements.  An advantage of the plants in the system is 
supplemental nitrogen uptake, and the use of plants as a bioindicator of system performance.  
When the system is effectively removing nitrate the plants will appear yellow and frail.  Views of a 
hybrid anoxic wetland reactor are presented on Fig. 4. 
 

 

 
 (a) (b) 

Figure 4 

Views of hybrid constructed wetland process (a) process flow diagram, Leverenz et al., 2010 
and (b) field-scale application, www.uvm.edu 

 

Process Notes 

Type: Biological 

Estimated footprint: 400 (chemical feed) to 4000 ft
2
 (woodchips) 

Estimated initial cost: $20,000 

Operation and maintenance: low 

 

Advantages 

· Can work if augmented with suitable organic carbon source (liquid or solid phase) 

 

Disadvantages 

· May be space restrictions or concerns about the creation of habitat. 

· Requires pump to lift water to ground surface 
· Requires some degree of flow equalization to ensure performance. 
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