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Spray and Sub-surface Effluent  

Irrigation as a Treatment Strategy 
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Providing further effluent 
treatment while eliminating 

surface water discharges 
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WHY CONSIDER IRRIGATION? 

1. Anticipation of future regulations 

2. Additional treatment of effluent 

3. Cost considerations 
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Regulatory Challenges to 

Surface Water Discharge 

1. Increasing regulation  

a. Phosphorus 

b. Ammonium 

c. Pharmaceuticals 

d. TMDL designations, room for 

growth 
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WHY CONSIDER IRRIGATION? 

1. Anticipation of future regulations 

2. Additional treatment of effluent 

3. Cost considerations 
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Soil microbes  

108 per g soil 

Soil - Plant - Atmosphere Interactions 

Soil Cycles of: 

Carbon 

Nitrogen 

Phosphorus 

Heat 

Cation Exchange 

Capacity 

Plant uptake 
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Additional Treatment of Effluent 

Via Irrigation 

 Filtering  physical & electrochemical 

 Plant uptake of nutrients 

 Microbe nutrient uptake & sequestration 

 Microbial degradation  nitrate, VOCs, Pharms 
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Like any WWTF process, 

irrigation requires management 

1. Nutrient Loading 

2. Hydraulic Loading 
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1. Nutrient Loading:  

a. crop uptake 

b. soil processes (sequestration & breakdown) 

2. Hydraulic Loading 

    a.  evapotranspiration  (May-mid October) 

    b.  soil drainage 

 

Effluent Irrigation Management 
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Groundwater Discharge via 

Hybrid Tree Plantations 

Hydraulics 

 Plant Evapotranspiration (ET) 

 Storage, a function of soil texture and structure     

 Drainage, a function of soil texture and structure 
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Why hybrid trees? 

1.  High evapotranspiration (ET) rates 

2.  Earlier start than most agronomic crops 

3.  High nutrient requirements 

4.  Enhanced microbial activity in rhizosphere* 

5.  Specifically planted for effluent treatment 

6.  Easily expanded in the future 

7.  Perennial with 25 – 50+ year lifespan 
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Crop Pros/Cons 

1.  Corn and alfalfa can uptake 200 lbs N/acre 

2.  Corn only has high evapotranspiration (ET) rates ‘       

‘      late June - August 

3.  Irrigation of corn and alfalfa in a wet year may           

‘       promote disease, especially fungal infections 

4. Maximization of crop yield may not be in line with 

effluent irrigation requirements 

5. Better economic return than trees, but requires 

greater acreage and frequent site tillage/planting 
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Hybrid Poplar or Willow Trees 

1. High evapotranspiration (ET) rates May - September 

2.  High nutrient uptake and sequestration 

3. Poplar and willows are phreatophytes,  

 “water loving plants”, water is typically limiting factor to their growth 

4.  Tree plantations established to treat effluent 
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Example: Woodburn, OR 
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Northern Alberta, Canada 

s
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Willow cuttings 
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3rd year willow plantation 
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Limiting Factors                         

Tree Plantation Outfalls 

Available land with  

 Sufficient offsets 

 Suitable soils 

Nutrient loading 
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Limiting Factors as per NR 206 

Hydraulic Loading 

Up to 10,000 gal/ac/day 

 DNR recommends 2,000 – 7,000 gal/ac/day 

Crop not required to ET all water
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Limiting Factors  

Nutrient Loading  (primarily N) 

Must be at an agronomic rate    

 Hybrid poplar in WI can 

 uptake/denitrify/sequester  

 275+ lbs N/ac/year 
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Plantation Management 

Control of grasses/weeds first 3 growing seasons 

Irrigation System O&M 

Forest Management Plan 

Product outlet(s) 

 Willow: biomass (Domtar plant, Rothschild) 

 Poplar: biomass, pulp, lumber 
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WHY CONSIDER IRRIGATION? 

1. Anticipation of future regulations 

2. Additional treatment of effluent 

3. Cost considerations 
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Cost  

Planting (farm field)*   $ 2,000/ac 

Irrigation (spray)    $ 4,000/ac 

Irrigation (in ground) $ 10,000/ac 

Holding Pond     $ 70,000/ac 

Deer Fencing           $ 8/foot 
 

* Land clearings costs can be more than the cost of agricultural land 
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Costs example  

A 50,000 gallon/day lagoon treatment 

system with a fill and draw discharge 

regime (has holding pond with 7 month volume) 

 

25 MG annual design discharge using 

spray irrigation 
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Costs example  

25 acres of land required (@ 1 MG/ac/year) 

Land 40 ac @ $5,000/ac   $ 200,000 

Plant/irrigate 25 ac @ $6,000/ac  $ 150,000 

5,000 ft of fencing @ $8/ft   $   40,000 

Pump, filter, controls, electrical  $ 200,000 

Monitoring wells    $   15,000 

PM/Mobe/Insurance    $   50,000 

10% Contingency    $   42,000 

Engineering     $ 100,000 

      $ 797,000 

If sufficient suitable land already owned  $ 597,000 
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With proper design and maintenance, sub-surface 

drip systems can be operated year ‘round.   
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Five Soil Forming Factors 

1. Parent Material 

2. Climate 

3. Relief/Topography/Aspect 

4. Biota  Plants, animals, microbes 

5. Time 
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Subsurface Drip Irrigation  

1. 12 inch depth with good ground cover, in most 

cases, is sufficient to prevent freezing 

2. Drainage of laterals between dosings critical 

3. Loading based on soil texture and structure 

(think septic systems).  Plants  help to maintain 

and improve soil structure & drainage 

4. Reduces acreage required 

5. Reduces storage volume requirements 
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Year ‘round drip system, North American 

Wetland Engineers (NAWE) 
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Subsurface example  

A 30,000 gallon/day recirculating sand filter needs to 

expand to 50,000 gallon/day and wishes to forego surface 

water phosphorus regulations.  The Sanitary District owns 

20 acres of land with suitable soils (sandy loam with 

moderate subangular blocky structure). 

 

25 MG annual design discharge using in ground drip 

irrigation 

 

10 acres of drip at 50,000 gpd = 0.076 gal/ft2/day 
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Costs example  

Land       $            0 

Plant/irrigate 15 ac @ $12,000/ac*  $ 180,000 

5,000 ft of fencing @ $8/ft   $   40,000 

Pump, filter, controls, electrical  $ 200,000 

Monitoring wells    $   15,000 

PM/Mobe/Insurance    $   50,000 

10% Contingency    $   62,000 

Engineering     $ 100,000 

      $ 637,000 

 

* Alternate 5 acre pond @ $350,000, plus additional 15 acres for spray irrigation @ $90,000 
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Challenges to Tree WW Effluent 

Plantations 

1. Sufficient land with proper offsets 

2. Suitable soils 

3. Plantation O&M first 3 growing seasons 

4. Irrigation system O&M  

5.  4 years to fully establish plantation 
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BENEFITS  

1. Lower capital costs than mechanical 

plant 

2. 25 – 50+ year lifespan 

3. Easily expandable 

4. Future surface water standards irrelevant 

5. Additional treatment of effluent  
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BENEFITS  

6. Reduced energy needs 

7. Carbon sequestration 

8. Can be combined with other technologies 

9. May provide TMDL “margin” for growth  


