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SESSION GOALS

o Describe current knowledge of advanced
wastewater treatment technologies
o0 Share findings from ongoing research on
enhanced innovative/alternative septic systems
0 Shae lessons learned: holistic wastewater
management at the community scale

0 Case studies
0 Managing decentralized infrastructure

o Financial implications
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HUMAN-GENERATED

WASTEWATER | S RI

Nutrients (Nitrogen & Phosphorus)
Pathogens
Organic materials

Other contaminants




CONVENTIONAL SYSTEMS
ARE NOT DESIGNED TO
REMOVE NITROGEN

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

N



NOT REI\/IOVING NITROGEN IS AN

UNIVERSITY

OF RHODE ISLAND

Groundwater



CONVENTIONAL SEPTIC SYSTEMS
ARE POOR CHOI CES | N

Nitrogen— AMarine ecosystems
sensitive areas ADrinking water sources

Den SEly AToo many wastewater inputs

ANot enough dilution from clean

popu lated areas rain/groundwater recharge

Sites with Many AShallow depth to ledge / water
constraints AHorizontal setbacks




ADVANCED (I/A) WASTEWATER
TREATMENT

Less impact on

water resources
I/A System: /

19mg/L N standard /

Pond / Stream

THE
UNIVERSITY
OF RHODE ISLAND



PERFORMANCE OF I/A
SYSTEMS

0 Currently approved technologies capable of
emi tting O19 mg/L Total N

0 Actual performance in field is variable

0 Longterm performance depends on:
o Technology selected
o Design & Installation
o Use/Flow

0 Level of system maintenance & monitoring
o Even with variable performance, I/A systems
significantly reduce N loading to nearby
waters



e WHEN 19 MG/ O
|
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N | S STI LL TOO M

0 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
0 Human health impacts
0 Impaired ecosystem health

0 Better treatment = less loading of pollutants to sensitive waters
o Target: <10 mg/L total N



ENHANCED I/A (EIA) WASTEWATER
TREATMENT

Even less impact

on water resources
Enhanced/A System: &

<10mg/L N standard /

Pond / Stream

THE

UNIVERSITY

OF RHODE ISLAND



NEED TRAINING ON ONGSITE_aisscox

allbba@url edu. .

WASTEWATER TOPI C wjt -

University of
Rhode Island

o New England Onsite
Wastewater Training
Program

o Field, Classroom and
Online Training options
yearround

0 Ask about custom
training!

Us + Wastewater Professionals + Community +

A p p r ove d T C New England Onsite Wastewater Training

Program

0 Registered Environmental e 199 he o g ot WastevtesTig P (SEONTE b
Health Specialist / =
Registered Sanitarian
(REHS/RS)

o MA Title V Soil Evaluators
(SE) and System
Inspectors (Sl)

Classroom and Field Professional Registries
Training

‘Would you like to complete training to
in the NEOWTP Inspector Registry or
I&A Service Provider Registry?


https://web.uri.edu/owt/wastewater-professionals/

EIA TECHNOLOGIES ON QA
opporuwunitues
THE HORIZON e ench

section + at
0 Neighborhood-level demonstration pilot end of sessio
project in MA: Dr. Laurdrban

0 Holistic wastewater management at the
community leveld implementation case
studies in MA: Scott Horsley

0 Managing Septic Systems as Infrastructure:
Davidlorio 1zzo & BrianBaumgaertel

o Financial implications of upgrading existing
septic systems to EIAs in MA: Bruce Walton



ENHANCED |I&A SYSTEMS:
FIELD PERFORMANCE OF
ENHANCEDEPTIC SYSTEMS
WITH WOODCHIP BIOREACTORS
TO REDUCE NITROGEN LOADING
IN BARNSTABLE, MA (CAPE

ofe]»)

LauraErban
USEPA
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Nutrients and co-pollutants in onsite wastewater can overload water resources

. - . Contents lists available at ScienceDirect
Ehe New York Times
Science of the Total Environment ;
Watershed Impairment Status (2017)
journal homepage: www.elsevier.com/locate/scitotenv ‘ |mpaired
-
A Toxic Stew on Cape Cod: Human N Three Bays (Impaired)
. . .
Pharmaceuticals, perfluorosurfactants, and other organic wastewater
Waste and Warming Water cals, perfluoros other org
compounds in public drinking water wells in a shallow sand and BARNSTATIE
Climate change is contributing to electric-green algae blooms. gravel aquifer
Massachusetts wants a cleanup of the antiquated septic systems Laurel A. Schaider ¥, Ruthann A. Rudel, Janet M. Ackerman, Sarah C. Dunagan, Julia Green Brody
feeding the mess, but it could cost billions. Sient Spring instiute, 29 CafsSree, Newiar, MA @458, USA MASHPEE
HIGHLIGHTS GRAPHICAL ABSTRACT
= We tested 20 public wells in a sand and
gravel aquifer for 92 OWCs.
« Pharmaceuticals and perfluarosurfactants Z s e
were frequently detected.
= Sepric s;srems are the primary sources - /"
of Owcs into the aqpifer‘ l e S
ceuticals ar:;s high as other U.S. source F——

waters,

* Nitrare, boron, and extent of unsewered
development correlate  with OWC
presence.

FALMOUTH

> Py

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

A TMDLs call for >50% reduction in nitrogen (N) loading from septic systems Cape -wide.
A Sewer expansion and complementary approaches for recurring and legacy pollution.

A Clean Water Act Section 208 Plan Update Technologies Matrix identifies many
interventions, including enhanced decentralized or onsite wastewater treatment.

Town of Mashpee Cape Cod Commission, 2015

USGS
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Improving wastewater treatment takes time

A 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.

A New regulations (2023) set a more stringent goal for best available nitrogen reducing
technologies of 10 mg/L TN

A 50 installations and 3 years of monitoring are required for
general use approval.

A Few high-performing, or enhanced I/A (EIA) options
are available to users.

Sampling by MASSTC photo: L. Erb
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Enhancing onsite wastewater treatment

conventional septic system alternatives

A separate waste streams
_I/\ (urine diversion, composting toilets, tight tanks)

A add treatment stage(s) for mixed effluent

septic tank soil treatment area

Agronomy for Sustainable Development (2021) 41: 56
httpsy//doi.org/10.1007/513593-021-00675-2

wastewater flowpath e ®

(with high NQ) =
Sanitized human urine (Oga) as a fertilizer auto-innovation
\v4 v from women farmers in Niger

Hannatou O. Moussa' (3 - Charles I. Nwankwo? - Ali M. Aminou? - David A. Stern” - Bettina I. G. Haussmann® -
Ludger Herrmann?

Conteol

Accepted: 29 January 2021 / Published online: 29 July 2021
©) The Author(s) 2021

* Note that the diagram is simplified and not to scale!
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Enhancing onsite wastewater treatment of nitrogen (N)

alternative septic systems

A
tank soil treatment area
l
treatment unit before STA Wwastewater
Y flowpath
B
tank soil treatment area
Val
modify STA wastewater
v flowpath

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

A Designs with a lignocellulosic carbon source

can provide a high degree of N removal.

A Two designs (proprietary and non-proprietary) use

woodchips in this demonstration effort.

NiTRO® treatment unit modified STA
byKleanTU.LC by MASSTC
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Demonstration

watershed screening

« Three Bay

Pond

setup

well network

EIA septic systems (n = 14)

S (P2
oo

I
[ Treatment

@ %
control A
B impact

other 8

e Onsite wastewater treatment system

sn ¢
NA .

@ qineswes

8
Leafiet | © 0

\ \ \ | P
Bl

puod (28anUS

Partners

Barnstable
CLEANRYATER
S/ Coalition

# Additional treatment unit
N

P

Modified leach field

A Indicates multiple sampling depths at site

General direction of groundwater flow

@ Groundwater monitoring site

Homes participating in the enhanced septic system study.

/ General direction of groundwater flow

ZUSGS

science for a changing world

SEPA
BARNSTABLE
/
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Preliminary InformationrSubject to Revision. Not for citation.

A monthly samples > 2 years

A continuous flow metering

A >90% reduction in TN

A In effluent samples (n = 375):
77% < 10 mg/L 4 Partners h
49% < 3 mg/L

TN =10 mg/L
MASSTCS
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Reliability of individual systems data through 202212
A Varies by household, technology, N (mg/l) -
system adjustments. in effluent
A High performance requires good i ' | j —
design, use, and maintenance. 10— b —
A Monitoring and maintenance costs 052 = 1% L
scale with number of systems. a3 84 2 B82 o
_ _ reliability ses 609
A How might we implement %) .
cluster systems and/or
responsible management entities (RME)? 8

A B o D E F G H | J K L M

Erban et al., J. Enviro. Manage., 2024
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Nutrient (N & P) reductions and mass loads

200. — 00 0] —— A Load estimates are based on mean daily
flow and mean monthly concentration
b ] for systems with flow meters and a least
100 = lend fd
10 — one calendar year of data.
50+ 5
N = I A Boxes depict spread in Partners
value Influent Effluent Influent Effluent eStimateS among
TN (ka/yr) TP (kg/yr)
401 —— 4 ' — systems. @?::@af&?;:
301 3- : .
A Estimates are sensitive MASSTC S
201 % 5. to aggregatl onm ethOd e Gaptc Sysem Tot Coter
107 !
1 wEPA
0_
Influent Effluent Influent Effluent homeowners

Erban et al., J. Enviro. Manage., 2024 \ J
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} frontiers ‘ Frontiers in Marine Science Original Research
23 May 2023
10.3389/fmars 20231069599

EIA septic system performance:

beyond nutrients ® crectorspomes Fa_c_tors in homeownerfs
willingness to adopt nitrogen-

Wer-Ba hen reducing innovative/alternative

National Science and Technology Center

for Disaster Reduction(NCDR), Taiwan Se pti C Syste ms

Ecological Engineering 161 (2021) 106157
Lisa Krimsky,
University of Florida, United States . 124 1 . -
Contents lists available at ScienceDirect Ming Ye, Alexie N. Rudman™, Kate K. Mulvaney~, Nathaniel H. Merrill
Florida State University, United States and Katheri ne N ) Canﬁeld 1
ECOlOglcal Englneerlng Alexie N. Rudman *Office of Research and Development, United States Environmental Protection Agency, Narragansett,

RI, United States, *Oak Ridge Institute for Science and Education, Oak Ridge Associated Universities,

& A alexie.rudman@capecod.gov
IR Oak Ridge, TN, United States
ELSEVIER journal homepage: www.elsevier.com/locate/ecoleng 14 October 2022
08 May 2023
23 May 2023
RemOVIDg 800/0—90% Of nltrOgen and Organlc Contamlnants Wlth three Journal of Environmental Management 370 (2024) 122737

distinct passive, lignocellulose-based on-site septic systems receiving
municipal and residential wastewater

Contents lists available at ScienceDirect

Journal of Environmental Management

Christopher J. Gobler ", Stuart Waugh“, Caitlin Asato *, Patricia M. Clyde“'l',

s 1
a,b a,b b . a,c = SAAN =3
Samantha C. Nyer ™", Molly Graffam ™", Bruce Brownawell ’, Arjun K. Venkatesan ™", FLSEVIER journal homepage: elsevier.com/locate/jenvman

Jennifer A. Goleski ", Roy E. Price”‘l’, Xinwei Mao ™, Frank M. Russo ™, George Heufelder ¢,
Harold W. Walker ™'

Research article
* New York State Center for Clean Water Technology, Stony Brook University, Stony Brook, NY 11794, USA

® School of Marine and Atmospheric Sciences, Storty Brook University, Stony Brook, NY 11794, USA Reducing wastewater nitrogel] loading by >90% with carbon-amended
© Department of Civil and Environmental Engineering, Stony Brook University, Stony Brook, NY 11794, USA . . . .
4 Massachusetts Alternative Septic System Test Center (MASSTC), Barnstable County Department of Health and Environment, Barnstable, MA 02630, USA Septh Systellls: A ﬁeld denlonstl’atlon mn Barllstable (Cape

Cod), Massachusetts

Laura E. Erban™', Sara K. Wigginton °, Brian Baumgaertel , Bryan Horsley ”,
Timothy D. McCobb ©, Zenas Crocker “, Scott Horsley ©, Timothy R. Gleason ®

* .S, Environmental Protection Agency, Office of Research and Development, Narragansett, Rl, USA
* Massachusetts Alternative Septic System Test Center, Sandwich, MA, USA

© U.S. Geological Survey, New England Water Science Center, Northborough, MA, USA

! Barnstable Clean Water Coalition, Osterville, MA, USA

® Horsley Consulting, Cotuit, MA, USA
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EIA septic systems in context

Site Scale Neighborhood Watershed Cape-Wide
Standard Title 5 Svst Cluster Treatment System: Conventional Fertili M ¢ o
andard Title 5 system Single or Two-stage Treatment ertiizer Managemen **
A O ne Of m any SOI Utl ons i, I/A Title 5 Systems Satellite Treatment Advanced Treatment Com p;c::er;:pc::::tSpace o3
‘ o Enhanced I/A Systems Nutrient Reducing Development oo
N g . _
A Total mass of pollutants NP © | compen o
b5 g, Packaging, ransfer of Development Rights oo
. (+4 Urine Diverting
A Values and perceptions of people Hydroponic Treatment
A H H H . Constructed wetlands Stormwater:. X
Ll m |ta_t|0 ns and cO -be neﬂts - Best Management Practices (BMPs)
K] Phytoirrigation
E Permeable Reactive Barriers (PRB)
< .
Q Phytoremediation
Y QE, Stormwater:
4 Bioretention/ Soil Media Fertigation Wells: Turf, Cranberry Bogs
Filters
Stormwater:

Constructed Wetlands
Aquaculture/shellfish Farming
Coastal Habitat Restoration
Inlet/Culvert Widening
Constructed Wetlands: Floating

legacy wastewater pollution

A

Pond and Estuary Circulators % PO“Cy
Surface Water Remediation Wetlands
Pond and Estuary Dredging

24

Restoration

Wetland restoration site. Photo: K. Canfield Adapted Technologies Matrix from Cape Cod Area Wi de
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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



CASE STUDIES: I8AAS
INFRASTRUCTURE

Scott Horsley

Water Resources Consultant



Wellfleet Targeted Watershed Management Plan (TWMP) Update
Scott Horsley, Water Resources Consultant
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Wellfleet Targeted Watershed Management PlanCost/Sensitivity Analysis

Table 8 — Comparative Costs — Wastewater Alternatives

Concentration| N load N reduction Cost
mg/liter| kg/year kg/year| percentage capital S/ kg

Title 5 system 23.6 4.73

I&A @ 5 mg/liter 5 0.90 3.83 81% S 35,000 S 457
I&A @ 8 mg/liter 8 1.44 3.29 69% S 35000 S 533
I&A @ 11 mg/liter 11 1.98 2.74 58% S 35,000 |S 638
IRA @ 19 mg/liter 19 343 1.30 28% S 35000 (S 1,344
Town-wide WW @ 3 mg/I 3 0.54 4.19 89% S 76,400 | S 912
Town-wide WW @ 5 mg/| 5 0.90 3.83 81% S 76,400 | S 998
Downtown WW @ 3 mg/I 3 0.54 4.19 89% $ 109,800 | $ 1,311
Downtown WW @ 5 mg/I 5 0.90 3.83 81% S 109,800 | S 1,435
Cluster Treatment A @ 6 mg/| 6 174 511 75% $4,703,300 | $§ 460
Cluster Treatment A @ 10 mg/| 10 290 395 58% $4,703,300 | $§ 595
Cluster Treatment B @ 6 mg/| 6 124 365 75% $2,546,210 | S 349
Cluster Treatment B @ 10 mg/I| 10 207 282 58% $2,546,210 | S 451




Wellfleet Targeted Watershed Plan Costs ($ M)

. Scenario A Scenario B

& Treatment
Collection System 59.4 $80.4
Wastewater Treatment $10.9 $32.7
Sewer Laterals $3.2 $27.5
Design $2.0 $11.3
Construction Services $5.0 $30.7
Total Municipal Centralized Infrastructure $30.5 $182.6
05 Lawrence Road [collection System $0.8 $0.8
Wastewater Treatment $0.9 $0.9
AffO rdable Leaching System $0.2 $0.2
Housi ng WWTF Design & Contingencies $0.6 $0.6
Total 95 Lawrence Capital Costs $2.5 $2.5
I&A Septics 563.0 544.9
Design $10.6 $7.5
. Total I&A Septics $73.6 $52.4
|&A Septics
TOTAL COSTS (millions) $106.6 $237.5




Lake TashmooTargeted
Watershed Management Plan
(TWMP)

Town of Tisbury

Scott Horsley
Water Resources Consultant




Tashmoo Pond Watershed
Parcel Land Use - CWMP 2023

025 0 0% 05N
I ——
Mies A @

Complled by: MVC, CLSeldel 4/25/2003

Data Source: Parcels - CAl Technologies Inc. WT FY23 & OB, Tis FY22, Watershed
Boundary -MVC 2013; Land Use - Town Assessor W1 FY23 & OB, Tis 1Y22;
Structures - MassGIS 2022; Sewered Parcels - MVC 2017, Sewer Main &
Leaching - Tighe & Bond 2017; Zoning - MVC 2020

File: fstuaries, TSH owmp 2023 w2 apix; TSH CWMP23 ParlLLjpg

*Structures are only those with a roofprint >400sq fit & it could be a howse,
fArage, barn, business, shed, etc.

Disclaimer: Data are for planning purposes only. The Martha's Vineyard
Commission is not responsible for the end-user's interpretation of the
data or subsequent analyses.
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Nitrogen Reduction Strategy (2043)

Technology/Strategy

Sewering (B2 District)
Enhanced I&A Septics
Cluster Treatment
Fertilizer Management
Stormwater Retrofits
TOTAL

Calculation Summary

16330 gals/day
838 upgrades x 171 gals/day x (26.25 - 10.0) mg/liter
9900 gals/day x (26.25 - 5.0) mg/liter
25 percent x 457 kg/year
25 percent x 715 kg/year

Reduction (kg/yr)

560
3217
291
114
179
4361

Note: Calculations include conversion factors of 3.785 liters/gallon and 1,000,000 mg/kg




[ZZ existing Sewered Property
State Road District

e Privately Funded Sewer ;

e Publicly Funded Sewer &73 i

- =« Existing Sewer 3

O connection to Existing Sewer 7,

Y .
Martha's Vineyard Hospital [
Future Workforce Housing

/

ENVIRONMENTAL State Road Sewer District
. Tsbury, Massachusetts
' PARTNERS ss023
0 20 20 850
— SE——

#161-1813.00 Ilopeacos. 0f ST WP

Core Sewer Area
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Cluster Wastewater Treatment Systerhake Street Park

Note: Conceptual Plan



