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Presenter
Presentation Notes
Good afternoon and thank you for attending our webinar.

This webinar topic was your suggestion in response to the NRCS Science & Technology solicitation for webinar topics, and we hope you will find this awareness webinar useful.

I now like to introduce my co-presenters, two outstanding NRCS State Conservation Engineers: Dr. Ruth Book from Illinois and Mr. Bruce Atherton from Ohio.

Our webinar today focuses on denitrifying bioreactors.  Before we get into the main topic, let’s refresh thoughts as to what the problem is and how denitrifying bioreactors offer a solution.  

NEXT
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Problem – Water Quality
(Eutrophication & Hypoxia)

Source:  Eutrophication Süžeeskeem Poolt sloehr - StoryboardThat

Presenter
Presentation Notes
The problem is downstream water quality degradation (i.e., eutrophication and hypoxia) via too much agro-chemicals (like nitrate and P) leaving fields and other entities upstream. 

Our interest today is on nitrate, a major agro-chemical that moves easily with water, for instance through tile drainage systems and into local streams. 

Excess nitrate can negatively impact downstream water bodies and can lead to local and regional environmental challenges such as the Hypoxia at the Gulf of Mexico.

One way to minimize nitrate (and P) loss is to effectively manage the amount of fertilizer applied to a crop by actively following a nutrient management plan.  On-farm and site-specific nutrient management should always be our main message and core approach.

However, even with sound and active fertilizer management, nitrate (and P) can be lost, especially when excess soil water is drained via underground tiles.  So what else can we do?

There is no single solution or practice that remedies the issue of nitrates leaving the field.  We need a suit of practices specifically tailored to field conditions and producer management practice.

One solution is attempts to remove some nitrate out of the drainage outflow before it leaves the field and that is the purpose of denitrifying bioreactors.

Denitrifying bioreactors are structures containing a carbon source, installed at the edge of fields to reduce the concentration of nitrate nitrogen in subsurface agricultural drainage outflow via denitrification.

A denitrifying bioreactor is one of several edge-of-field practices that may be used to help reduce excessive nitrate concentration in water from tile drainage leaving crop land. 


So what are other practices that can help?


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiqiYz9sdLUAhVBFT4KHTYrB3kQjhwIBQ&url=http://www.storyboardthat.com/et/storyboards/sloehr/eutrophication&psig=AFQjCNHNHDkju-yOwWb_WLx0hiWi0v1KLA&ust=1498252393065598
http://www.storyboardthat.com/et/storyboards/sloehr/eutrophication
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Reduce Nitrate in Root Zone
1. Improve N Management
2. Incorporate Winter Cover Crop
3. Increase Perennials in the Cropping 

System

Reduce Nitrate Delivery to 
Field’s Edge
4. Implement Drainage Water Management 

(Controlled drainage)
5. Reduce Drainage Intensity
6. Recycle Drainage Water

Remove Nitrate at Field Edge or 
Downstream
7. Bioreactors
8. Wetlands
9. Alternative Open-ditch
10.Saturated Buffers

Presenter
Presentation Notes
I always found the Ten Ways publication by the Univ. of Illinois Extension as one of a few good starting sources to better understand various on-farm and edge of farm practices in use today that collectively offer reduced nitrate loading of streams.

We have uploaded this document at the webinar website (i.e., conservation webinar.net) for your easy download and reading pleasure.
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Agenda
 Introduction …………………………………………………… Hamid

 Basics of Denitrifying Bioreactors ………………………….. Ruth

 NRCS Conservation Practice Standard 605………………. Bruce

 Bioreactors in Practice ………………………………………. Ruth

Presenter
Presentation Notes
Okay, our agenda!  Our agenda for today is as follows:

I already covered a few introductory slides.  

Ruth will follow discussing the basics of denitrifying bioreactors, followed by Bruce covering the relatively new NRCS CPS Denitrifying Bioreactor (code 605).  Ruth will then wrap up the webinar by sharing with us elements of bioreactors in practice and field experiences.

What would you gain from this webinar?  The expectation is not for you to become an expert on bioreactors by watching the webinar.  This is an awareness presentation, with a little bit of the “next steps”…how to plan and design the practice.  We hope viewers will have a better idea of where to go for answers after seeing the webinar.

Please note that what we are offering today is not based on an exhaustive literature search but a collection of some of our limited experiences gained during the past few years.

My suggestion to those who seek more in-depth knowledge of the subject topic is to contact the many superb faculty and extension experts at various universities and USDA-ARS facilities as well as NRCS specialists in the Midwest and Corn belt states.
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Information Resources

Presenter
Presentation Notes
Most active cooperative Extension faculty have wealth of general and locally-applicable information on bioreactors and as far as I know many of them have on-going field trials so attending their field days is highly recommended.
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Agenda
 Introduction …………………………………………………… Hamid

 Basics of Denitrifying Bioreactors ………………………….. Ruth

 NRCS Conservation Practice Standard 605………………. Bruce

 Bioreactors in Practice ………………………………………. Ruth

Presenter
Presentation Notes
Now I’ll turn it over to Ruth, who will give us some basics about the denitrifying bioreactor.  What are they?  Where did they come from? What is their purpose? How effective can they be? And how do their costs compare to other methods?
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Drainage is needed for economical crop 
production in many agricultural fields.

Tile drainage water is a primary source of 
nitrate to surface water 

Problem Statement

Presenter
Presentation Notes
Although there seems to be a conflict between needing to drain fields for crop production and the need to reduce nitrates entering surface water, there are actually ways to accomplish both.  We will be talking about some of those ways today.
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Conservation Drainage Practices

 Drainage Water Management

 Denitrifying Bioreactors

 Saturated Buffers

Constructed Wetlands

Two-Stage Ditches

Nutrient Management

Cover Crops

Presenter
Presentation Notes
This presentation focuses on just one of many edge-of-field conservation drainage practices that we have in our toolbox.  But let’s not lose sight of the fact that these tools work best when combined with other conservation practices.  Nutrient management and cover crops are two big ones!  In Illinois, for example, we have some great partners working on a project to show how well the denitrifying bioreactor works when paired with cover crops.
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Denitrifying Bioreactor

 Organisms “eat” the carbon in the 
wood chips and “breathe” the 
nitrate from the water

 Let natural denitrifying bacteria 
“clean” the tile water

Works on steeper ground

Presenter
Presentation Notes
Here is a picture of a Denitrifying Bioreactor adjacent to a crop field in east central Illinois.  It doesn’t look like much, above ground.  All of the action is below.  Those wood chips provide a substrate and carbon source for the denitrifying bacteria that do the work for us.  The essentially “eat” the carbon in the wood chips and “breathe” the nitrate from the water!

The bioreactor is unlike drainage water management (which requires a flat landscape – typically 1% average slope or less – to be economically feasible) because it does its work by sending tile water through a chamber of wood chips rather than relying on raising the water table over a large land area.  In fact, it is BETTER for the bioreactor to be situated lower on the landscape than the crop field, so the O&M does not need to include management of the water table (it can be a set-it-and-forget-it type of system.)  So, more sloping topography is actually preferable for the bioreactor.





Natural Resources Conservation Service Helping People Help the Land

Bioreactor Contents

 A hole in the ground (at the end of a tile line)

 Plastic lining to prevent seepage before treatment

 Wood chips (need a good supply!)

 An upstream (diversion) structure to bypass high 
flow and control inlet elevation in bioreactor

 Distribution manifold plumbing

 A downstream (capacity) structure to control 
treatment level and allow drain down of the 
bioreactor

Presenter
Presentation Notes
So…let’s explore some basics about the Denitrifying Bioreactor.  What does it entail?  Here’s what’s “in the box”… 

A note about the wood chips.  Remember I mentioned that what they do is provide a substrate and carbon source for the denitrifying bacteria.  It is actually possible to use other carbon sources than wood chips to accomplish this goal.  

According to Dr. Laura Christianson at the University of Illinois, 
“So far, wood chips have proven to be the most practical bioreactor fill. Research at the lab scale has also analyzed the idea of using farm residues such as corn cobs instead. In laboratory studies, such agricultural residues consistently provide much higher nitrate removal rates than wood chips. However, they need to be replaced more frequently than wood chips, which have an estimated design life of 10 years in a bioreactor.” 

Because the research we have seen to date shows a preference for wood chips, we commonly use wood chips in NRCS bioreactors.


http://openclipart.org/people/ceba/box.svg
http://openclipart.org/people/ceba/box.svg
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Capacity
Control
Structure

5’ Soil 
Backfill

Woodchips

Trench bottom at 
the tile invert

Length/width dependent on 
design

Diversion
Structure

Perforated
distribution manifold

Bioreactor Schematic

Overflow 
drainage water

Courtesy: Dr. Richard Cooke, University of Illinois

Presenter
Presentation Notes
Here’s a schematic of what’s happening in the bioreactor.  You can see the hole in the ground filled with wood chips.  At the upstream end of the bioreactor, we route flow from an existing subsurface drain into a control box – call this the Diversion Structure.  Most of the flow in the drain is sent via a distribution manifold through the wood chips, where the denitrifying happens, and gets collected on the other end.  The Capacity Structure at the downstream end allows us to control the hydraulic gradient across the bioreactor, and hydraulic residence time.  

Notice also that in periods of high drain flow, the excess water is allowed to overflow the boards in the diversion structure.  That way, we make sure that the drain can continue to function.

At this time, let me acknowledge Dr. Richard Cooke at the University of Illinois.  I consider him to be the “father” of the denitrifying bioreactor!   He’s been doing work in this area for at least 15 years.  Also joining the University of Illinois in the last few years is Dr. Laura Christianson, who has also done significant work in the field, both in Iowa and now in Illinois.
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Solid  pipe

Solid pipe

Perforated pipePerforated pipe

Plastic Liner

Bioreactor Plan View

Courtesy: Dr. Richard Cooke, University of Illinois

Presenter
Presentation Notes
This schematic illustrates another option for plumbing the bioreactor.  Here, we use a single structure with multiple sets of flashboards and multiple ports.  This has the advantage of putting all of the controls in one location, and can potentially save cost.  Note that with this configuration, the center set of flash boards is essentially the diversion structure.  The disadvantage of this configuration is that if water quality monitoring is taking place, it will be difficult to keep the bypass water separate from the treated water during periods of high drain flow.
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Bioreactor Performance
 Bioreactors are designed to treat a reasonable percentage of the water 

coming from the subsurface drain system.

 Example: treat 15% of the capacity of the subsurface drainage system.

Average daily drain flow

Presenter
Presentation Notes
Bioreactors are designed to treat a reasonable percentage of the water coming from the subsurface drain system.  Because this practice is still quite new to NRCS, we have several different options to size the capacity of the bioreactor.  One of those options is to treat 15% of the capacity of the subsurface drainage system.  Now, on the surface of things this doesn’t sound like very much.  But remember, the drainage system doesn’t flow full most of the time.  Let’s talk about that.

For this example, we’re showing a DRAINMOD result for Illinois’ state soil and typical drainage characteristics for the state.  In this simulation, the maximum value in the 45 year simulation period was just over 0.9 cm/day, so we’ll call that the capacity of the drainage system.  Take 15% of that to get the requirement for the bioreactor to handle: that would be about 0.14 cm/day, which also happens to be very close to the average daily drain flow for the site. Looking at the model results, approximately 27% of the days in the modeled period would have flows higher than the design threshold.  

So, our hypothetical bioreactor would be treating ALL of the drainage flow 73% of the time, and PART of the drainage flow the rest of the time.  The shaded area under the curve represents the drainage flow that would be treated in this example – about 50% of the total flow.

What we haven’t mentioned yet is the performance of the bioreactor itself – ie, how much of the nitrate is removed from the water that does pass through the bioreactor?  That depends on the design – things like bioreactor volume, surface area, contributing drainage area, and hydraulic retention time.  The removal efficiency can range from 30% to 85%.  We try for at least 50%.  So, if our example is designed for a 50% efficiency, then we’d be removing 50% of 50% of the total nitrates in the tile water, or about 25% overall.

We’ll be going into more detail about the design process soon.
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Bioreactor Cost Efficiency

Source: Illinois Nutrient Loss Reduction Strategy

Presenter
Presentation Notes
The cost comparisons by practice in the table on this slide are taken from the Illinois Nutrient Loss Reduction Strategy.  Our partners at the University of Illinois have analyzed the performance and cost of various conservation practices that could be used to reduce the loss of nitrogen to streams.

Three edge-of-field practices are included in this analysis, bioreactors being one of them.  Take a look at the data.  The bioreactor is estimated to cost about $17 per acre treated.  That’s a large up front cost, but this is actually one of the lower cost practices that was evaluated - $2.20 per pound of nitrate-nitrogen removed over the 10 year lifespan of the practice.

So, you ask, what will it cost to build a bioreactor on my site?  As you might imagine, costs will vary depending a lot of site specific factors.  However, a reasonable ballpark number would be about $17,000.
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Agenda
 Introduction

 Basics of Denitrifying Bioreactors

 NRCS Conservation Practice Standard 605

 Bioreactors in Practice

Presenter
Presentation Notes
Now that you know a little about what a denitrifying bioreactor is and what it might be useful for, let’s turn it over to Bruce for some information about the relatively new NRCS Conservation Practice Standard.  He’ll give us some highlights from the standard – important things that you’ll need to know when planning and designing the practice. Bruce is probably the first NRCS engineer to develop expertise with this practice, developing the interim conservation practice standard through his work with partners in Iowa.  
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NRCS Standard: Denitrifying Bioreactor

Presenter
Presentation Notes
The Conservation Practice Standard for the denitrifying bioreactor (Code 605) was published nationally in September 2015. 

Prior to then, Iowa, Illinois and a few other states used the Interim Practice Standard for the Denitrifying Bioreactor, Code 747. This interim standard was authorized for use in Iowa in September 2009. NRCS Interim standards are valid for three years during which time the practice is evaluated. 
The final national standard was developed from the results obtained by monitoring installations and transmitted by the final report in September 2013.

Each NRCS practice standard defines the practice and the purpose of the practice. Here we see that the purpose is reducing the nitrate nitrogen levels in subsurface drainage flow. Surface runoff generally has low nitrate levels, so bioreactors should not be installed in systems with surface intakes. Surface water can carry sediment and debris that may adversely affect the bioreactor.
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Design Guidance and Tools
 Each State Conservation Engineer determines process for that State.

 For reference:

 Illinois FOTG, Section IV – Conservation Practice Guidance
Design spreadsheet
Standard drawings

https://www.nrcs.usda.gov/wps/portal/nrcs/main/il/technical/engineering/

https://www.nrcs.usda.gov/wps/portal/nrcs/main/il/technical/engineering/
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Bioreactor Design
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Designing a Bioreactor
 L:W ratio 4:1 or greater, or use special design for distribution pipe

 Be able to drain in 48 hours during no-flow periods (avoid stagnant water)

 Protect from surface flows (might flush out established biofilm)
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Carbon Source
Wood chips are widely used as the carbon source

Have structure and will last a while
Acceptable hydraulic conductivity
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Carbon Source
Bioreactors require a lot of wood chips. Here is a 100 cu. yd. truck load.
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Carbon Source
 Good wood chips for a denitrifying bioreactor
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Design Capacity
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Design Criteria in 605 Standard
Criterion 1 – Treat peak flow from a 10-year, 24-hour drain flow event

This criterion is used for other standards such as the grassed waterway

Determine this event from:

 Analysis of long term flow data

 Analysis of output from a drainage model – DRAINMOD
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Design Criteria in 605 Standard
Criterion 2 – Treat at least 15 percent of the peak flow from the drainage 
system. 

Determine 15% of the peak flow:

 Based on capacity of tile main

 Based on the area drained and the drainage coefficient

 Analysis of long term flow data

 Analysis of output from a drainage model - DRAINMOD
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Drainage System Capacity – Option 1
 Mainline configuration

 Tile size and diameter
 Tile grade

𝑄𝑄 =
1.486
𝑛𝑛

𝐴𝐴 𝑅𝑅
2
3𝑆𝑆

1
2

 Tends to be conservative
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Drainage System Capacity – Option 2
 Drainage Coefficient method 

With tile map – determine drained acres same as with DWM
 Find the drain spacing for the soil type and estimated depth, from the Illinois 

Drainage Guide, and divide in half (½S)

 Delineate drained acres by drawing a line around the tile system, ½S on each side 
of the tile.

 Then multiply drainage coefficient times drained acres (with units conversions)
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Design Criteria in 605 Standard
Criterion 3 – Treat at least 60 percent of the long-term average annual flow 
from the drainage system using locally proven criteria (e.g., drainage 
coefficient). 

 Analysis of long term flow data

 Analysis of output from a drainage model - DRAINMOD
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Graph 
showing 
peak flow 
rates from 
two Iowa 
denitrifying 
bioreactors 
compared 
to NRCS 
design 
criterion
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Designing a Bioreactor
 Hydraulic retention time

At least 3 hours

𝑯𝑯𝑯𝑯𝑯𝑯 = 𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽
𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹

= (𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳)(𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾)(𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫)(𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷)
𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹
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Designing a Bioreactor
 Reduce annual load of Nitrate-Nitrogen by at least 30%
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Operation and Maintenance
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Operation and Maintenance
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Agenda
 Introduction

 Basics of Denitrifying Bioreactors

 NRCS Conservation Practice Standard 605

 Bioreactors in Practice
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Planning Considerations
Legal description or other way to locate site

County and project (client) name

Aerial map with property boundaries and location of proposed practice.

Is the proposed site currently in permanent vegetation? What is growing there now, and how far does it extend from the receiving 
channel? (photographs could help)

Tile map (preferred), or at minimum tile diameter, depth and grade at the location where the bioreactor is proposed

Any surface intakes in the drainage system?

Topographic map of site (LiDAR 2’ contours, if available)

Watershed delineation (surface area that drains to the tile outlet location), with acres of the different soils summarized

Information about elevations of the proposed bioreactor site relative to adjacent crop fields; also crops grown (including cover crops)

Information about the receiving channel (ditch or stream) – particularly elevation of baseflow, and whether it appears to flood out regularly 
(photographs could help).

Preference of the client – should we plan to leave the top open (so more wood chips can be added later, if needed) or should we plan for the 
bioreactor to be covered with soil and revegetated?

Preference of the client – will s/he be willing to adjust the level of the stoplogs periodically? If so, how about doing drainage water 
management along with the bioreactor?

Will this installation be used for monitoring/research?

Information about any program that the land might be under (ie, CRP status). Note that even if a site isn’t eligible for CRP, it may be for 
EQIP. This new CRP special project just gives us more options for funding.
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Installing a Bioreactor



Natural Resources Conservation Service Helping People Help the Land

Challenges
 Getting enough wood chips

 Keeping surface water out
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Testing your wood chips…

•Hydraulic Conductivity (cm/sec)
•Drainable Porosity (%)

The 
“Chipometer”

Courtesy: Dr. Richard Cooke, University of Illinois
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Screening your wood chips?

Courtesy: Mark Dittrich, MN Dep’t of Agriculture
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Q & A: When to replace wood chips?
 Typically 10 years

 No known test at this 
time

 Settlement allowance 
(about a foot)



Natural Resources Conservation Service Helping People Help the Land

Q & A: Soil cover vs open top?
 Tradeoffs:

Soil cover 
 excludes surface water (good for sites adjacent to grassed waterways)
 protects from burrowing animals

Open top 
 means smaller footprint (less compaction  better hydraulic conductivity through 

wood chips)
 helps if it’s a demonstration site
 allows for easier replenishment of wood chips if needed



Natural Resources Conservation Service Helping People Help the Land

Trench bottom at the
tile invert level

Drain Bioreactor During Low Flow

Drain the capacity valve

…to prevent stagnant conditions which 
lead to methyl mercury
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Q & A: New or existing drainage systems?
 Both!

 Existing is more typical.

We can provide technical assistance 
and perhaps even financial 
assistance on a bioreactor associated 
with a new drainage system.
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Q & A: Soil types to avoid?
 Not that we’ve found.

 Line the bioreactor chamber with plastic for separation.

 Clear plastic helps the contractor ensure proper overlap at splices.
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Q & A: Can you do DWM with the bioreactor?

 Yes!

 Suites of practices are highly recommended.

 If the site is relatively flat, some measure of DWM will likely be required.

 May be able to hold back water and nutrients for crop production.
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Q & A: What setback from outlet ditch?
 No rule (perhaps 20-30 ft would be a good guideline)

 Avoid bank stability problems
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Ongoing Research

 Enhanced Nitrate removal with 
iron upstream of wood chips

 Soluble Phosphorus 
(orthophosphate) removal with 
iron downstream of wood chips
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Hamid Farahani, Ph.D. – Hamid.Farahani@gnb.usda.gov

Ruth Book, Ph.D., P.E. – Ruth.Book@il.usda.gov

Bruce Atherton, P.E. – Bruce.Atherton@oh.usda.gov
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Equal Opportunity
The U.S. Department of Agriculture (USDA) prohibits discrimination against its customers. If you believe you experienced 
discrimination when obtaining services from USDA, participating in a USDA program, or participating in a program that receives 
financial assistance from USDA, you may file a complaint with USDA. Information about how to file a discrimination complaint is 
available from the Office of the Assistant Secretary for Civil Rights.

USDA prohibits discrimination in all its programs and activities on the basis of race, color, national origin, age, disability, and 
where applicable, sex (including gender identity and expression), marital status, familial status, parental status, religion, sexual 
orientation, political beliefs, genetic information, reprisal, or because all or part of an individual’s income is derived from any public 
assistance program. (Not all prohibited bases apply to all programs.)

To file a complaint of discrimination, complete, sign and mail a program discrimination complaint form, available at any USDA
office location or online at www.ascr.usda.gov, or write to:

USDA
Office of the Assistant Secretary for Civil Rights

1400 Independence Avenue, S.W.
Washington, D.C. 20250-9410

Or call toll free at (866) 632-9992 (voice) to obtain additional information, the appropriate office or to request documents. 
Individuals who are deaf, hard of hearing or have speech disabilities may contact USDA through the Federal Relay service at 
(800) 877-8339 or (800) 845-6136 (in Spanish). USDA is an equal opportunity provider, employer and lender.

Persons with disabilities who require alternative means for communication of program information (e.g., Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice and TDD).
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