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PRBs 

• Passive Operation 

• Reaction zone emplaced in the 

groundwater 

– Zero-valent Iron 

– Carbon 

• It does not impede Groundwater flow 

 



PRB Trench 









Injection 



Key Design Considerations 



Why are PRBs Applicable to Cape 

Cod? 

• Sole Source Aquifer 

 

• Groundwater flow determines the fate of all 

contaminants 

 

• Groundwater flows ultimately to the marine waters 

(Gravity) 

 

• Groundwater flow rates are generally high   ~1 ft/d 

 

• Cape Groundwater Chemistry is predictable…..  

 

 



208 PRB Viewer 



208 Watershed MVP 

PRB Length 

Polygon of Capture 



Watershed Nitrogen Loads 

MASS 

• Conversion factors are applied to 

determine the Nitrogen Mass (Kg/d)  

 

– Wastewater 

– Fertilizers and leaching 

– Stormwater 

– Atmospheric 

 



Cross Sectional “Area” of Treatment 

 

Mass = Volume x Concentration 



Nitrogen Flux Rate 

K-  Aquifer Permeability     (Hydraulic Conductivity)               

 i-  Hydraulic Gradient       (Slope of the water table)     

A- Cross-Sectional Area        

 

    Q= KiA (gpd) x Nitrogen Concentration (mg/l) 

 

 Mass Flux (kg/d)   Conditions 
     

   Low Flow Rate, Low Concentration 
 
   Moderate Flow Rate, High Concentration 
     
  

   High Flow Rate, High Concentration 
 

                 

    Low Flow Rate, High Concentration  
  



What do we know about nitrogen 

concentrations in groundwater that 

should be targeted for treatment? 

 
  

• Public Water Supplies 

• Private Wells 

• Streams 

• Groundwater Assessments 





Measured Nitrate in Cape Cod 

Streams 

 
River Flow m3/d Nitrate Concentration 

(ppm) 

Mashpee River 26233 0.318 

Santuit River 13164 0.702 

Bournes Brook 3766 0.543 

Marstons Mills River 16000 0.480 

Herring River (Wellfleet 28323 0.076 

Quashnet River 41529 0.204 

Coonamesset River 26593 0.565 

Skunknett River 13925 1.130 

Background Nitrate concentration in pristine areas is <0.05 ppm 



Private 

Wells 



Assessing Non-point Source Nitrogen in 

Groundwater 



clay 

  

Salt water 

Fresh water 







PRB for Wastewater Nitrogen 

• 1995 – Robertson and Cherry 
• Groundwater V33  Shallow emplacements 

 

 



PRBs for Nitrogen Remediation on 

Cape Cod 

• Ashumet Valley Nitrogen Offsets Committee                  (1998) 

 

• Waquoit Bay Nitrex Wood chip PRB pilot(s)  MBL/Lombardo          
          (2005) 

 

• Mashpee CWMP 1st   Proposal for Watershed application                       
of Nitrex PRBs            Lombardo             (2008) 

                  
    

• 208 Plan Update Alternative Technologies          
                            (2013-2016) 

 

• Falmouth WQAC  PRB Study by CDM-Smith                   (2013) 

 

• 208 Monitoring Committee –Protocols      (2014) 



Implementation of 208 Plan Update 

PRBs on Cape Cod 

 
• Falmouth Hydrogeological Assessment(s)   

       Acapesket + Shorewood           
               (2014 +2015) 

• EPA Site Characterization of 5 Sites                  
         (June 2015)  

• Eastham Preliminary Site Characterization                     
 at Salt Pond              
        (June 2016) 

• Orleans 250 ft PRB Pilot at Eldridge Park              
               
              (November 2016) 



PRB Linear Foot Costs over 20 years 

@ 5% Interest 

• $4,300 Shallow PRB          -CDM Cost 

• $5,300 Deep PRB         -CDM Cost 

• $4,000     -208 Tech Matrix Cost 

• $3,440  Orleans Pilot        -AECOM 



Cost per Kilogram Removed 



Lesson Learned 

• Site specific information is imperative 

• Geology 

– Depth and stratigraphy 

• Groundwater Flow 

• Nitrogen concentrations 

• Nitrogen Reduction Costs can be 

reduced under the right conditions 

 



The End 


