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Big Picture

Conservation Drainage

• Managing water as resource

• Farm resiliency

• Compatible with water quality 
and climate change goals

Sustainable Intensification 

• Producing more food, with the 
same amount of land, with less 
environmental cost



Importance of  
Agricultural Drainage

• Increased Yields
• Better Trafficability
• Ruts
• Compaction 

• Less runoff
• Reduce Flooding/Pests



Impacts of  Agricultural 
Drainage

• Changes hydrology

• Concentrates dissolved 
nutrients and pesticides

• Reduces effectiveness of  some 
manure management practices

• Circumvents ecosystem 
services



Underground Outlet (Blind Inlet)

NRCS 620

Subsurface Drain

NRCS 606

Saturated Buffer

NRCS 604

Denitrifying Bioreactor

NRCS 605

Constructed Wetland

656

Drainage Water Management

CAP 130, NRCS 554



Drainage Water 
Management

CAP 130
NRCS 554

• Managing the timing 
and the amount of  
water discharged

• Pattern tile

• Flat topography

• WCS and/or 
additional outlet 
practice





Drainage Water 
Management

CAP 130
NRCS 554

• New Drainage 30% 
yield increase

• DWM 3 to 5% Yield 
Increase

• >30% Nitrate 
reduction

• Reduced Drainage



Drainage Water 
Management

CAP 130 
NRCS 554 



Random Tile



Underground 
Outlet (Blind Inlet)

NRCS 620

• Replaces tile riser or well

• Farmed closed 
depressions

• Filters surface water

• Reduces sediment and 
phosphorus >75%

• Does not impede 
equipment





Outlet Practices

Saturated Buffer

Denitrifying 

Bioreactor

Treatment 

Wetland



Saturated Buffer

NRCS 604

• Outlet practice

• Random or Pattern

• Inexpensive

• Buffer width >30’

• 100% Nitrate 
Concentration Reduction

• 50% nitrate load 
reduction



Saturated Buffer

NRCS 604

•
•
•
•



Saturated Buffer

NRCS 604

•
•
•
•



Saturated Buffer

NRCS 604

•
•
•
•



Denitrifying 
Bioreactor

NRCS 605

• Treats base flow

• Uses chipped wood

• Some management

• 20-60% Nitrogen 
Reduction









Treatment Wetland

NRCS 656

• Habitat and nutrient
removal

• 20-60% N and P
removal





DE WIP Goals

BMP Name Phase III WIP

2025 Goal (acres)

Progress to Date 

(% of  goal met)

Cover Crops 142,508 37%

Wetlands 54,597 11%

Drainage Mgmt. 3,317 89%

Annual Practice- No $$-

Adoption?

Long-term Structural



Projects in Delaware

• Ditch diversion bioreactor

• Blind Inlets (with slag) and Saturated Buffer











Sampling Setup
Diversion Box Outlet Box







Total Treatment

Water Year Bypass Outlet Total %

2017 23,955,591 2,849,040 26,804,631 10.63%

2018 19,699,119 1,676,368 21,375,487 7.84%

2019 34,193,417 3,157,719 37,351,136 8.45%

Average 8.98%

Discharge (CF)



Nutrients

Nitrate Ammonium Orthophosphate Nitrate Ammonium Orthophosphate

Mean 0.72 0.3 0.09 0.58 0.09 0.07

Max 3.6 4.23 0.74 0.82 0.84 0.31

Min 0 0 0.005 0 0 0.004

IN (mg/l) OUT (mg/l)

Nitrate Ammonium Orthophosphate

19.44% 70.00% 22.22%

% Reduction



Load Reduction

Load Before Load After % Reduction

3,844 3,777 1.74%

Nitrate Pounds

Load Before Load After % Reduction

1,602 1,501 6.30%

Ammonium Pounds

Load Before Load After % Reduction

481 471 2.09%

Phosphorus Pounds



Practice Considerations

1. Nitrogen Concentrations

2. Land Use

3. Drainage Intensity 

4. Ditch Riparian Area

Structure for Water Control or Denitrifying Bioreactor



Blind Inlets and Saturated Buffer



Opportunity in Delaware

• Outreach and Design Contract between USDA and Ecosystem Services 
Exchange to complete conservation drainage design and trainings

• ShoreRivers subcontractor to help with outreach and with fieldwork

• Drainage water management

• Saturated buffer

• Denitrifying bioreactors

• Blind inlets








