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Alternative Onsite Septic Systems  
 

What do we know about their performance and 
how do we know it ? 
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Barnstable County Department of Health and Environment 
has been monitoring the performance of alternative onsite 
septic systems for the past ten years on behalf of 14 
Barnstable County Towns.  It presently tracks over 1650  I/A 
systems. 



I/A Monitoring and Compliance 
·In 2005, BCDHE created a web-based database to 

collect maintenance and sample reports for I/A 
systems for 14 towns in Barnstable County. 

·Provide the initial level of compliance on behalf of 
town Boards of Health. 

·Analyze incoming data and provide reports to the 
public to help determine efficacy of various 
technologies and I/A in general. 
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Median Total Nitrogen (mg/l) 

If 19 mg/L is considered a 50% 
ǊŜƳƻǾŀƭ ǊŀǘŜΣ ǘƘŜƴ Lκ!Ωǎ 
presently remove 50% of the 
total nitrogen ~75% of the time 

19 mg/L 



Why 19mg/l for Nitrogen? 
Assumptions:  
Å 2.9kg nitrogen per person per year 
Å 55 gallons water use per person per day  

System Influent Concentration:  
 

~38 mg/l Total Nitrogen  
 

50 Percent Removal:  
 

19 mg/l Total Nitrogen  
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Median Total Nitrogen (mg/l) 

If 30 mg/L is 
considered a 50% 
removal rate, then 
Lκ!Ωǎ ǇǊŜǎŜƴǘƭȅ 
remove 50% of the 
total nitrogen >90 % 
of the time 

30 mg/L 



What do others say ?  
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30 mg/L is 

considered a 50% 
ǊŜƳƻǾŀƭ ǊŀǘŜΦ Lκ!Ωǎ 
presently remove 
50% of the total 
nitrogen ~85 % of 
the time 

Best Available Technology 

Program data 

Data Source: 



Performance Stability  
 
The key to predicting outcomes in the TDML 
process 



Nitrogen Removal  
Single Family Systems 

432 of 539 (78%)  
meet 19 mg/l standard 
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Nitrogen Removal 
Multi-Family Systems 

56 of 79 (71%)  
meet 19 mg/l standard 
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Individual Systems 

Maryland Single Family Systems 

Best Available Technology 

Program data 



Source: Oakley, S.M., Gold, A.J. & Oczkowski, A.J. Nitrogen control through decentralized 
wastewater treatment: Process performance and alternative management strategies. Ecological 
Engineering 36, 1520ς1531 (2010). 

High variability lower stability 

Low variability higher stability 

NitrexTM ςcellulosic  
material used for 
denitrification 



Presently efforts are underway to 
determine how to use existing data 
to help assign appropriate credits 
for the use of alternative onsite 
septic systems, given the variability 
of the data.  



More Data Online! 

Interactive I/A Data  

·Drill down by  

·Town 

·Technology 

·Building Type 

·Data is updated on a 
regular basis. 

 

www.barnstablecountyhealth.org/ia-systems/information-
center/data-and-statistics 



òPassiveó removal of nitrogen  

In the onsite setting 

 

Non-proprietary means for removing nitrogen 

with minimum power consumption 



Three Strategies 
Learning from three publically funded projects 

 

1. Florida passive nitrogen removal (Florida DOH and 

partners) 

2. Horizontal reactive barrier (WBNEER) 

3. Horizontal flow woodchip bioreactor (Washington State) 

4. Hybrid  best guess design using woodchips 

(possible) 

 



Florida Passive 
Nitrogen Removal 
Project  



²Ƙŀǘ ƛǎ άtŀǎǎƛǾŜέ Κ 
 
Passive nitrogen reduction system are systems 
that reduce effluent N using reactive media for 
denitrification and a single liquid pump, if 
necessary.  

Source: Damann L. Anderson, P.E., 
Hazen and Sawyer, P.C.   

What design is most promising 
for our area?  



Layer Cake 

Nitrification  

Dispersal  

Denitrification  

Final Disposal  



Leach Trench material Nitrifying Media (sand typ.) 

Disposal structures 

Collection Drain 
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Pressure Distribution System 
άCƭƻǊƛŘŀέ 5ŜǎƛƎƴ /Ŝƭƭ 

Septic 
tank 
effluent 

Ammonium > nitrite  > nitrate  

Nitrate > nitrogen gas  

Sand  - ammonium to nitrate 

Disposal Field 



Leach Trench material Nitrifying Media (sand typ.) 

Disposal structures 

Collection Drain 

4
0

 m
il 

P
V

C
 

C
o

n
ta

in
m

e
n
t 
L

in
e

r 

Pressure Distribution System 

Reactive media 
Container for 
denitrification 
(use optional) 

άCƭƻǊƛŘŀέ 5ŜǎƛƎƴ /Ŝƭƭ 

Septic 
tank 
effluent 

Ammonium > nitrite  > nitrate  

Nitrate > nitrogen gas  

Sand  - ammonium to nitrate 

Disposal Field 



Horizontal Reactive Barrier  

Installed at a bed and breakfast in mid 90õs but 
never adequately validated  



Septic tank effluent is distributed to leachfield  

Septic tank effluent percolates through layers of sand, 
nitrifying ammonium to nitrate.  

Nitrified effluent encounters saturated cellulose media  
(wood chips, sawdust, etc) embedded in less -permeable 
layer, slowly percolating through the saturated layer ð 
denitrifying the nitrate as it does.    
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Leach Trench material 
Nitrifying Media (sand typ.) 

Reactive Layer (cellulosic material and loamy material) 

Pressure Distribution System 

Septic 

tank 

effluent 

In the mid 1990ôs the Waquoit Bay National Estuarine Reserve 

installed a horizontal permeable reactive barrier.  Unfortunately 

its performance could not be verified because of the inability to 

install and verify sampling wells. 

In June 2014 MASSTC will be installing a system 

like above and testing it for nitrogen treatment. 

NO3
-- 

NO3
-- 

NO3
-- 

NO3
-- 



NH4
+ 

NO2
-- NO3

- 

NO3
- > N2(gas) 

N2(gas) 

Sand 

Low pressure shallow-placed distribution system 



State of Washington  





Nitrified 

wastewater 

denitrified 

wastewater 

WOOD CHIPS 

(SATURATED) 



Nitrified 

wastewater 

denitrified 

wastewater 

WOOD CHIPS 

(SATURATED) 



Photo supplied by Rich Piluk, Anne Arundel County, Maryland 
  


