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S E S S I O N  G OA L S

o Describe current knowledge of advanced 

wastewater treatment technologies

o Share findings from ongoing research on 

enhanced innovative/alternative septic systems

o Share lessons learned: holistic wastewater 

management at the community scale

o Case studies

o Managing decentralized infrastructure

o Financial implications
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A DVA N C E D  S E P T I C  
S Y S T E M S

Definitions & Current Knowledge



E VO L U T I O N  O F  WA S T E WAT E R  
T R E AT M E N T

5



H U M A N - G E N E R AT E D  
WA S T E WAT E R  I S  R I C H  I N …

Nutrients (Nitrogen & Phosphorus)

Pathogens

Organic materials

Other contaminants



CONVENT IONAL  SYSTEMS 
ARE  NOT  DES IGNED TO 

REMOVE N ITROGEN

Nitrogen may change forms via chemical conversions, 
but most remains dissolved in water



N O T  R E M OV I N G  N I T RO G E N  I S  A N  
I S S U E …
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C O N V E N T I O N A L  S E P T I C  S Y S T E M S  
A R E  P O O R  C H O I C E S  I N  …

• Marine ecosystems

• Drinking water sources

Nitrogen-

sensitive areas

• Too many wastewater inputs

• Not enough dilution from clean 

rain/groundwater recharge

Densely 

populated areas

• Shallow depth to ledge / water

• Horizontal setbacks

Sites with many 

constraints
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A DVA N C E D  ( I / A )  WA S T E WAT E R  
T R E AT M E N T

I/A System: 

19mg/L N standard 

Less impact on 

water resources
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P E R F O R M A N C E  O F  I / A  
S Y S T E M S

o Currently approved technologies capable of 

emitting ≤19 mg/L Total N

o Actual performance in RI & MA variable

o Long-term performance depends on:

o Technology selected

o Design & Installation

o Use / Flow

o Level of system maintenance & monitoring

o Even with variable performance, I/A systems 

significantly reduce N loading to nearby 

waters
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… W H E N  1 9 M G / L  T O TA L
 N  I S  S T I L L  T O O  M U C H …

o Coastal communities often densely developed
o N loading can be significant

o OWTS recharge groundwater aquifers

o Groundwater discharged to local surface and coastal waters

o Ground and coastal surface waters affected by too much N
o Human health impacts

o Impaired ecosystem health

o Better treatment = less loading of pollutants to sensitive waters

o Target: <10 mg/L total N
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E N H A N C E D  I / A  ( E I A )  WA S T E WAT E R  
T R E AT M E N T

Enhanced I/A System: 

<10mg/L N standard 

Even less impact 

on water resources
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E I A  T E C H N O L O G I E S  O N  
T H E  H O R I Z O N

o Neighborhood-level demonstration pilot 

project in MA: Dr. Laura Erban

o Holistic wastewater management at the 

community level – implementation case 

studies in MA: Scott Horsley

o Managing Septic Systems as Infrastructure: 

David Iorio Izzo & Brian Baumgaertel

o Financial implications of upgrading existing 

septic systems to EIAs in MA: Bruce Walton

Q&A 

opportunities 

after each 

section + at 

end of session
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E N H A N C E D  I & A  S Y S T E M S

Laura Erban

USEPA
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Environmental Protection Agency. The EPA does not endorse any commercial products, services, or enterprises.
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Nutrients and co-pollutants in onsite wastewater can overload water resources

More than 30 Cape Cod watersheds have 

Total Maximum Daily Loads (TMDLs) for nitrogen. 

Source: Twichell et al., 2019. EPA/600/R-19/107 
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Cape Cod communities are pursuing multiple means of load reduction

• TMDLs call for >50% reduction in nitrogen (N) loading from septic systems Cape-wide.

• Sewer expansion and complementary approaches for recurring and legacy pollution. 

• Clean Water Act Section 208 Plan Update Technologies Matrix identifies many interventions, 

including enhanced decentralized or onsite wastewater treatment.

USGS Buzzards Bay Coalition NYTimes Town of Mashpee Cape Cod Commission, 201518



Improving wastewater treatment takes time

• Innovative/Alternative (I/A) septic systems in Massachusetts have historically sought to meet 

a performance goal of 19 mg/L total nitrogen (TN) in effluent. 

• New regulations (2023) set a more stringent goal for best available nitrogen reducing 

technologies of 10 mg/L TN 

• 50 installations and 3 years of monitoring are required for 

    general use approval.

• Few high-performing options (EIA) are available to users.

Sampling by MASSTC                                 photo: L. Erban 19



Enhancing onsite wastewater treatment

conventional septic system alternatives

• separate waste streams                                        

(urine diversion, composting toilets, tight tanks)

• add treatment stage(s) for mixed effluent

* Note that the diagram is simplified and not to scale!

(with high NO3
-)
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Enhancing onsite wastewater treatment of nitrogen

alternative septic system

Septic systems designed for nitrogen removal:

      A)   add a treatment unit after the septic tank and 

            before soil treatment area (a.k.a. leach field)

               OR

      B)   modify the soil treatment area

                        (in general terms)

        

* Note that the diagram is simplified and not to scale!

N2 gas
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Enhancing onsite wastewater treatment of nitrogen

alternative septic systems

B

tank soil treatment area

* Note that the diagram is simplified and not to scale!

wastewater 

flowpath

A

treatment unit before STA

tank soil treatment area

wastewater 

flowpath
modify STA

• Designs with a lignocellulosic carbon source                             

can provide a high degree of N removal.

• Two designs (proprietary and non-proprietary) use         

woodchips in this demonstration effort.

NiTROE® treatment unit 
by KleanTu LLC

modified STA 
by MASSTC

A B
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watershed screening

onsite wastewater treatment system
• Indicates multiple sampling depths at site

General direction of groundwater flow

well network EIA septic systems (n = 14)

Demonstration setup

Partners

http://pubs.usgs.gov/sir/2004/5296/04-5296_confluence_park/usgs_logo.gif

Three Bays

Shubael 
Pond
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Monthly samples for more than 2 years

Continuous flow metering

Order of magnitude reduction in TN

Effluent samples:

    83% < 10 mg/L

    50% < 3 mg/L

Performance monitoring: nitrogen concentration

Partners

homeowners

Preliminary Information-Subject to Revision. Not for citation.

TN = 10 mg/L
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Reliability of individual systems

Reliability calculated as in Oakley et al., 2010. 

Preliminary Information-Subject to Revision. Not for citation.

• Varies by household, technology, 

     system adjustments.

• High performance requires good design, 

    use, and maintenance.

• Monitoring and maintenance costs scale 

     with number of systems.

• How might we implement cluster systems 

and/or responsible management entities 

(RME)?

10

data through 2023-12

effluent
TN 

(mg/L)

reliability
(%)
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Overall: N concentration and load reductions exceed 90%

as of 2023-12 (11 to 25 months of sample data) 

Labels are median values for the group of systems (n=12)

Partners

homeowners

Preliminary Information-Subject to Revision. Not for citation.

concentration load

Load estimates based on mean daily flow, mean 

monthly concentrations for systems with flow 

meters and a least one calendar year of data. 

Boxes depict spread in 

estimates across systems.

Median total nitrogen (TN) 

reduction:*

concentration:  95%

load:               95%

* values are sensitive to samples 

  included and method of estimation

90.9

4.4

15.8

0.74
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P reductions are lower      (note: systems were not designed for this purpose)

as of 2023-12 (11 to 25 months of sample data) 

Labels are median values for the group of systems (n=12)

Partners

homeowners

Preliminary Information-Subject to Revision. Not for citation.

concentration load

Load estimates based on mean daily flow, mean 

monthly concentrations for systems with flow 

meters and a least one calendar year of data. 

Boxes depict spread in 

estimates across systems.

Median total phosphorus (TP) 

reduction:*

concentration:  41%

load:               31%

* values are sensitive to samples 

  included and method of estimation

9.8

5.8

1.6

1.1
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EIA septic system performance: beyond nutrients
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EIA septic systems in context

• One of many solutions

• Total mass of pollutants

• Values and perceptions of people

• Limitations and co-benefits

Adapted Technologies Matrix from Cape Cod Area Wide Water Quality Management (“208”) Plan Update (2015)
Wetland restoration site. Photo: K. Canfield

legacy wastewater pollution

❖ Policy
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Summary and directions

• Significant reduction of onsite wastewater N loads is possible

• Incentives are limited

• Consequences of the status quo are indirect and remote

• Design and (redesign) for resilience

• Center equity: who pays, who benefits?

“…once groundwater becomes contaminated, 
it can be extremely difficult and costly to remedy.”

USGS Buzzards Bay Coalition NYTimes Town of Mashpee
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Questions?

erban.laura@epa.gov

Laura Erban, PhD
Office of Research and Development
Center for Environmental Measurement and Modeling, Atlantic Coastal Environmental Sciences Division 31



C A S E  S T U D I E S :  E I A S  A S  
I N F R A S T RU C T U R E

Scott Horsley

Water Resources Consultant



Wellfleet Targeted Watershed Management Plan (TWMP) Update
Scott Horsley, Water Resources Consultant
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95 Lawrence Road Affordable Housing Project

Option A – Neighborhood System Option B – Municipal Buildings
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Wellfleet Targeted Watershed Management Plan - Cost/Sensitivity Analysis
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Wellfleet Targeted Watershed Plan Costs ($ M)

Sewer Collection 
& Treatment

95 Lawrence Road 
Affordable 
Housing WWTF

I&A Septics
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Lake Tashmoo Targeted 
Watershed Management Plan 

(TWMP)
Town of Tisbury

Scott Horsley

Water Resources Consultant
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Nitrogen Reduction Strategy (2043)
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Core Sewer Area
B2 Zoning District
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Cluster Wastewater Treatment System – Lake Street Park

Note:   Conceptual Plan
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Enhanced Innovative & Alternative (EIA) Septic Systems
Actual (As-Built) Costs

(including engineering design fees)
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Tisbury Health Regulations
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Q U E S T I O N S ?
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B R E A K
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