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Presentation outline

= OWTS Expert Panel charge and membership
= Baseline loadings from on-site systems

= BMP definitions and qualifying conditions
Proprietary and non-proprietary technologies

Exsitu (pretreatment) and insitu (soll treatment)
technologies

= Research and management recommendations
= WERF project, case studies and decision tool



OWTS Panel Charge

= |nitially convened in January 2012

= Review available science on the nitrogen removal
performance of treatment practices

= Provide concise definitions and percent reductions
for nitrogen load reduction practices

= Provide a definition for each treatment practice and
gualifying conditions

= Only address treatment technologies, not soill
“attenuation”
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Baseline Load — Current
Model

= 4 kg TN/person/year at edge-of-drainfield
Assumed flow of 75 gpcpd

TN concentration of 39 mg/L

= 60 percent attenuation between drainfield and edge-of-
stream

" Three BMPs

Conne)ction to central sewer (100 percent reduction from on-site
sector

50 percent denitrification system (50 percent reduction)

Routine septic tank pump-out (5 percent reduction)



Baseline Load
Recommendations

= 5 kg TN/person/year in raw wastewater and STE

Assumed flow of 60 gpcpd

TN concentration of 60 mg/L in septic tank effluent (STE)
= 4 kg TN/person/year at edge-of-drainfield
20 percent reduction in drainfield, average

= No attenuation recommendation



Baseline Load
Recommendations

Edge-of-
Drainfield

Drainfield

4.0 kg TN/person/year

Septic Tank
Effluent

Additional attenuation
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to edge-of-stream
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Source: Joubert et al. (2005)



Systems with BMPs

= Exsitu BMP

BMP efficiency assessed at end of process prior to soil
Reduction based on baseline effluent TN of 5 kg/person/year

" |Insitu BMP

Reduction based on baseline edge-of-drainfield TN of 4
kg/person/year

= Combined Insitu and Exsitu BMPs

Reduction based on baseline edge-of-drainfield TN of 4
kg/person/year

Assume consistent TN reduction across the soll treatment
system, regardless of exsitu effluent characteristics



Best Management
Practices

Exsitu (or pretreatment) system components

= NSF Standard 40 Class | secondary systems

= |ntermittent (single-pass) media filters

= Constructed wetlands (vegetated submerged beds)

= Recirculating media filters (RMFs)

= Anne Arundel County Integrated Fixed-Film Activated Sludge (IFAS)
= Proprietary ex situ treatment systems

Insitu (soil treatment) system components

= Shallow-placed, pressure-dosed dispersal
= Elevated sand mounds
= Permeable reactive barriers



Residential System with
BMP

Edge-of-
Drainfield

Drainfield

<4 0 kg TN/person/year

Ex Situ

Effluent - '
Additional attenuation

—

to edge-of-stream

5.0 kg TN/person/year Ex Situ
(60 mg/l @ 60 gpcd) System

In Situ System

<5.0 kg TN/person/year




System with Exsitu BMP

Ireatment Lint Edge-of-Drainfield
TN load £4.0
Tank / Drain field kg/per/year
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Source: Joubert et al. (2005)




Best Management
Practices

= Proprietary BMPs
Developed, marketed, and constructed by a manufacturer
Manufacturer responsibility for design, installation, management
Standardized design and construction and little variability

Recommend two-step credit assignment protocol: provisional testing
(e.g., NSF Standard 245) followed by third-party field testing

TN reduction credit of 50 percent, unless managed according to min.
EPA Level 3
= Nonproprietary BMPs

Designed on case-by-case basis for each site using nonspecific and
readily available materials and mechanical equipment

Local design and material variations common
Two-step protocol for new systems goes through WWTWG



Exsitu BMP Summary

Ex Situ
Best Management Reduction
Practice Qualifying Conditions Credit!
Septic tank (baseline N/A 0
practice)
NSF 40 Class | e Certified as Class | under NSF International Standard 40 or 20%
Equivalent Secondary equivalent (e.g., CAN/BNQ 3680-600, CEN Standard
Systems 12566-3)
e Design, installation, and operation in accordance with
manufacturer recommendations and state or local
regulation
Intermittent media filters | ¢ Timer-based flow equalization with 12—24 doses/day 20%
e 2’ depth media ES = 0.5-1.0 mm; UC < 4.0; < 0.5% passing
#200 sieve

e HLR < 2 gpd/sf

e OLR =5 1b BOD/1000 sf

e Uniform, pressurized distribution < 6 sf/orifice

Constructed wetlands e 2’ depth media ES = 40-80 mm inlet/outlet; ES = 20—-30 20%
mm treatment zone

e OLR =1.2 Ib BODs/1000 sf-day; SA = 54 sf/PE

e Length = 50 ft

e QOutlet structure for variable flooding depth

e 6” top layer of planting media




Exsitu BMPs
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Exsitu BMP Summary

systems

e Technology-specific
e Percent removal based on qualifying third-party testing

Ex Situ
Best Management Reduction
Practice Qualifying Conditions Credit*
RMF e Timer-based flow equalization with 24—48 doses/d 50%
e 2’ depth media
e Sand media: ES = 1.0-5.0 mm; UC < 2.5; < 0.5% passing
#200 sieve; HLR < 5 gpd/sf; OLR < 5 Ib BOD/1000 sf
e Gravel media: ES = 5.0-20 mm; UC < 2.5; < 0.5% passing
#200 sieve; HLR < 15 gpd/sf; OLR < 15 Ib BOD/1000 sf
e Uniform, pressurized distribution < 6 sf/orifice
e Device capable of recirculating 3-5 times forward flow back
to anoxic zone
Anne Arundel County e 2-day HRT anoxic chamber 50%
IFAS e 1-day HRT aerobic chamber with = 600 sf surface area
fixed-film media
e Aeration device capable of maintaining 3.0 mg/L DO
e Device capable of recirculating = 3 times forward flow back
to anoxic zone
e Alarm for aeration device fault
Proprietary treatment o NSF Standard 245 certification 2 50%




Exsitu BMPs

Distribution media, 12°
Treatment media, 24°

Drainage media, min. 12°
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Exsitu BMPs



Insitu BMP Summary

In Situ
Best Management Reduction
Practice Qualifying Conditions Credit*
Conventional system | N/A 20%
(baseline practice)
Shallow-placed, e Drip or LPD within 12” of grade in A or A/B horizon 50%
pressure-dosed e Credit not provided for sand or loamy sand soils
dispersal :
¢ Lines placed on contour
e Drip requires: prefiltration system, automatic flush cycle, flow
equalization, air release valves
e LPD requires: working pressure head of 2-5’, dosing volume
of 7-10 times distribution system piping, lateral flushing
provisions, max flow variation of 10% for each lateral
Elevated sand e Installation within intact A or A/B horizon 50%
mounds e Credit not provided for sand or loamy sand surface soils
under mound
e Scarify surface of soil under mound
e Uniform, pressurized distribution < 6 sf/orifice
e 1-2’ layer of sand: ASTM C33; < 20% by weight > 2 mm; D10
=0.15t0 0.3 mMm; UC =41t06
e Max. top of sand ALR = 1 gpd/sf for STE, 2 gpd/sf for
secondary
e 6—12” loamy surface layer
Permeable reactive e Site-specific Case-by-
barriers case




Insitu BMPs

Lateral Turn-Up and Cap

with Protective Sleeve LPP Lateral with 3- or 4-inch Perforated
with Threaded Plug Geotextile Recommended Orifice Pipe Sleeve
Fabric Orientation
N
i Elbow (typ.)
Gravel Trench
Supply Manifold

Compacted Earthen Dam




Combined Exsitu and

Insitu BMPs
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In Situ Practice
Ex Situ Practice

Conventional
Baseline

Shallow, Pressure
Dosed

Elevated Mound

Septic tank baseline

4.0 kg/plyr (0%)

2.5 kg/plyr (38%)

2.5 kg/plyr (38%)

NSF 40 Class | Secondary Systems

3.2 kg/plyr (20%)

2.0 kg/plyr (50%)

2.0 kg/plyr (50%)

Intermittent Media Filter

3.2 kg/plyr (20%)

2.0 kg/plyr (50%)

2.0 kg/plyr (50%)

Vegetated Submerged Bed

3.2 kg/plyr (20%)

2.0 kg/plyr (50%)

2.0 kg/plyr (50%)

Anne Arundel Co. IFAS

2.0 kg/plyr (50%)

1.25 kg/plyr (69%)

1.25 kg/plyr (69%)

Recirculating Media Filter

2.0 kg/plyr (50%)

1.25 kg/plyr (69%)

1.25 kg/plyr (69%)




Research and Management &
Recommendations

= Alkalinity control
* Critical for effective nitrification (50 mg/L recommended in final effluent)

 R&D for simple, inexpensive alkalinity control would help optimize TN
removal and could justify higher credits in future

= BMP sampling

* Not recommended to be mandatory for verification

* Widespread BMP implementation offers opportunity for data collection
= Data sharing and reciprocity

« EPA-OWM offered to facilitate

= Variable baseline and BMP performance by soll type

e Consider including soil type as predictor of TN reduction performance

» Defer to future attenuation expert panel



Attenuation

= Measured Nutrient Loads in Falls Lake Watershed
Catchments Compared to Septic System Generated
Loads (NCDENR 2010)

Septic-Generated Measured Load in Percent tSeptic
Nutrients Stream Load Delivered
to Stream
Basin Stream TN . TP . TN . TP . TN TP
Order* | (Ib/d/mi°) | (Ib/d/mi°) | (Ib/d/mi") | (Ib/d/mi) (%) (%)
Rhodes Creek unk. - - 0.57 0.012 - -
Seven-Mile Creek 4™ 30.4 3.9 0.139 0.0068 0.46 0.18
Cabin Branch g 30.2 3.86 0.57 0.0178 1.89 0.46
Crooked Creek 2" 27.0 3.45 1.53 0.0286 5.67 0.83
Beaverdam Creek unk. 3.83 0.42 0.20 0.024 5.1 5.7
New Light Creek unk. 4.68 0.60 0.37 0.033 8.0 5.4
Honeycut Creek unk. 15.5 1.99 0.33 0.025 2.2 1.3
Cedar Creek unk. 29.7 3.81 0.66 0.039 2.2 1.0
AVERAGE 20.2 2.6 0.55 0.023 3.6 2.1




Distributed systems

= |nfrastructure planning, design, management using
systems at various scales, based on community context

For stormwater: low-impact design, BMPs

For wastewater: onsite to cluster to centralized
Centralized oversight generally preferred

Part of a green-to-gray built/natural infrastructure strategy

Individual  Small Small
Systems  Clusters G m WWTPs POTWs




"Distributed”
Systems

Centralized system -
offsite disposal

Cluster septic svstem -

offsite dispersal

Cluster septic system -

onsite dispersal

Individual septic

system -
onsite dispersal




Pay as you grow

Capaci

Install centralized
capacity

/

° Wastewater flow

B Leadtime of centralized capacity
Idle centralized capacity
B Overbuilt capacity
w———  Capacity of centralized WWTP

Install decentralized = == = Capacity of decentralized WWTPs
capacity

> Time

Figure 8-1: Flow Versus Capacity for Centralized and Decentralized Wastewater Systems. WWTP
stands for Wastewater Treatment Plant.



Efficiency

o]
Treatment close to the source and/or \
reuse requires less energy =

Urban reuse retrofits are more feasible

Traditional Centralized

Smart, clean and green technology Sewer Extension

Wastewater
Treatment Plant

Smart
— Remote monitoring of multiple systems

— Responsive to user feedback

Clean cwm oS e g mT |
— Resource recovery within facilities ' - O R
m e R
— Match water quality to intended reuse R
Green Distributed Management
Approach

— Efficient/passive ecological treatment
— Landscape/facility integration
— Relatively infiltration-resistant

Centralized
Wastewater
Treatment Plant




Wastewater utility
energy use

National Association of Clean Water Agencies (NACWA)

Survey of Energy Use
47 Respondents used 2.1 billion kWh of electricity

In-plant pumping

Other 38%
11%
Effluent rguse Aeration
pumping 26%
25%

T. Jones, “Water-Wastewater Committee: Program Opportunities in the Municipal Sector: Priorities for 2006,” presentation to CEE
June Program Meeting, June 14, 2006, Boston, MA. Available online at http://www.ceel.org/cee/mtg/6-06_ppt/jones.pdf.



Power demands of
decentralized systems

FIGURE 3
Average Monthly Reported Power Usage Costs Per Gallon of Reported Average Daily Flow.
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I @ Avg. Monthly Power Usage Costs per Avg. Daily Gallon Flow l
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$0.4000 A

so3000 { | Attached growth treatment/drip
irrigation systems

$0.2000

$0.1000
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IS {F‘V ;,'é‘&_‘_:b' System Description WERF 04DEC9 Analysis of Existing Community-Sized
'.\-." Decentralized Wastewater Treatment Systems
<t Decentralized Systems



Electrical energy demand for
5,000 gpd decentralized reuse
systems

System Type Reuses Power Units
Conventional Gravity Septic Aquifer Recharge 00 KWH/MG
System

Pumped / Pressurized Drainfield Aquifer Recharge 200.0 KWh/MG
System

ey Collseion i Irrigation 520.0 KWh/MG
Recirculating Filter

G_r qwty (?ollectlon 5 RI Ermel B Unrestricted 580.0 KWh/MG
Disinfection

Pressure Sewer to RF and UV Unrestricted 780.0 KWh/MG
California WWTPs (CEC, 2005) Not Specified 1,500 to 5,800 |kWh/MG




When to Consider Distributed
Systems in Urban and Suburban
Areas

= Water Environment Research Foundation (WERF) funded
research project

|dentify examples of distributed infrastructure approaches in areas
where traditional approach would be centralized

Study critical path details and decision processes for how these
projects were planned and implemented

Set forth information using case studies, tools and other
communications pieces that help communities make decisions

= Products

Case studies and white papers

Excel- based MCDA decision-support tool



Distributed System
Applications

Green Buildings/Sustainable Sites
Green Building/Sustainable Sites (GB)
Battery Park City, New York City (UD

¢ Integration into buildings/landscapes

» Resource recovery and reuse

Currumbin Ecovillage, Queensland, Australia (IC)

e Education and recreation
Philip Merrill Center, Annapolis, Maryland

_idwell Friends School Washington D.C,
WnrkEIaceE Re-::xnled Water Fach:rg Egd ney. Australia lUUt
Independent Communities (IC)

_ Bethel Heights, Arkansas

Gillette Stadium, Foxborough, Massachusetts (GE)
_kake Elmo. Minnesota

Piperton, Tennessee

_ YWarren, Verment
o Weston Solar Aquatics, Weston, Massachusetts (GB)
e Managed distributed systems ~ Wickford Village Rhode |sland

e Sewer mining Utility Optimization (UQ)
LOTT Alliance, Lacey, Olympia, and Tumwater, Washington

Independent Communities

e Maintain fiscal control
e Preserve community character

e Underserved communities

Utility Optimization

e Satellite reuse

— Loudoun Water Loudoun County, Virginia (IC)
; ) Maohile Area Wate d5 Bystem, Mobile, Alab
www.werf.org/distributedwater B e e e

Sand Creek, Aurora, Colerade

e Includes decision-support tool University of North Caroling af Chapel Hill_North Carolina (GE


http://www.werf.org/distributedwater

Dockside Green,
Victoria, B.C.

= Water-centric brownfield
redevelopment

= On-site, closed-loop treatment
provides fit-for-purpose,
reclaimed water supply
Tollet flushing, landscape irrigation,

green roof watering, and natural
stream/pond

= Stream/pond complex

Provides residential access,
enhancing unit value, ecological
function and biodiversity

= On site press for sludge
dewatering to feed co-located
gasification plant

Courtesy: Dockside Green and Aqua-Tex Scientific



Bethel Heights,
Arkansas

-4 B
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Arkansas

Bethel.Heights & - Rapldly- rOWing population on
* IL individual septic systems

i ]| . City selected two cluster
H systems phased-in to meet
iIncreasing demand with growth

e Septic tank effluent pump (STEP)

* Modular geotextile packed bed
filters

e Irrigation of hay fields (shipped
out of nutrient-rich watershed)

e Park/greenway irrigation




Sydney Water -
Pennant Hills Golf Club

= Privately-driven sewer mining project

= Conveyance costs associated with centralized reuse
systems rendered satellite users uneconomic

= MBR treatment system produces 172,000 gallons of high
guality water per day

= Treated water Is used to irrigate the 22 hectares (55 acres)
of greens, tees and fairways.




Loudoun Water,
Loudoun County, VA

=" |_oudoun Water

o Water and wastewater utility for
Loudoun County, VA (DC
suburb/exurb)

e Developers construct facilities to
Loudoun Water standards at no cost to
Loudoun Water

= Management highlights

e RME Level IV (operation) for
commercial facilities

e RME Level V (ownership and
operation) for communities

e Financially self-sustaining




Wastewater Stakehold
Decision Model

ece d ed astewate aKeno e 0
pde
Step 1 — Communit : Step 2 — Work through
P y area-wide and site-scale
stakeholders set values e : )
g Onjctves mporance  Weighs technical questions
and objectives 2
1.1 Minimize Capital Costs 0
1.2 Minimize Operation and Maintenance (O&M) Costs 0
1.3 Meet Community Economic Needs 0
2.1 Improve and Protect Drinking Water Supplies 0
3 2.2 Improve and Protect Surface Water Quality 0 R Home
2.3 Assure Water Quantity 0 Dece alized astewate akeholder De 0 ode
L = . 2 : : - DI U 2| 2.4 Protect Natural Environment 0 b butes o Obje Page 1 of 10 e
® ®
2.1 Quality of Life 0 1.1 Minimize Capital Costs - _ sifs § HE-
3.2 Stabilty 0 Reducing capital costs may allow a to make the initial to start a project sooner. E3(E5 FELE i
. - may help reduce capital costs. Several components of capital ?; 2E| = ;‘! gi
3.3 Equitability 0 costs must be analyzed. £8 5 |E ]
@ HHEHEIEHEHE
$3 £
é = g2 1.1.1. Financing Costs - Can vary significantly over time and between locations and projects; requies |y ool w | o | 6 [ o | & | &
S g b - Minimize Operating Cost - Ongoing costs for running the system and inclu |careful investigation
g E z 2 such as labor, power, and cost of debt financing. This cost directly affects
29 5 3 hecause no outside subsidies are availahle to offset them 1.1.2. Planning and Design - Planning and design costs constitute a larger percentage of the total
5 8 7= i budget for smaller decgnlvaluzed wastewater systems. These costs typically are lower for large soreito | ¢ e |lelele e
1_Maximize Economic Value [ Mest Commurity Econormic Needs —What role does this project play in ec |78 52 FORCe fﬁ'ﬂ:ﬂ'yﬁﬁ?ﬁfﬁ' iy kg o e
71 Minimize Capital Cost — sustaining or enhancing the community? Does it drastically affect property v "y o Y Copenne it oy
!n!m!ze 3pita’ ,05ts - it allows for community-desired commercial business expansion? 1.1.3. Construction Inspection — Primarily related to the complexity of the wastewater treatment and
1.2 Minimize Operation and Maintenance (O&M) Costs | system of both sewers and systems requires fulltime oo | ¢ e e lele |e
1.3 Meet Community Economic Needs [ ] Optimize Environmental Benefit inspectors. The duration of the construction process for decentralized systems, however, typically is
— - [ | imuch shorter and less disruptive to existing transportation system and community.
2 Optimize Environmental Benefits
2.1 Improve and Protect Drinking Water Suppli Irprave and Protect‘_\l\fal;ter QL_lca;Ilty—Most was_tewagergrm_ects are prlm_arll e s sl s s i o
22 Improve and Protect Surface Water Qualit [ ] protecting water quality by avoiding contarnination that denigrates aguatic lj |1.14. Land - Composes a significant portion of capital costs unless the land is owned by the el elclelele|s
33 As‘;ure Water Quantity maty nravirding rlean wiater far cansorntinn. eralnninal imornvement and exnar [MUnticipality or can senve multiple purposes _I
2.4 Protect Natural Environment |
3 ;”:ﬁlloc']rl';m”?t; Objectives 1.1.5. Phasing - Dividing a project into smaller phases can reduce capital costs wremo | ¢ | ele|e|le|e
uality of Life
3.2 Stability | |
3.3_Equitability | J—
Summary Score [ ] 1.1.6. Existing Ti Plant - Small, can wemo ||| ]lelele e

The results above indicate your preference fora centralized versus decentralized approach for each of the
categories your ranked. Your overall score is shown in the final "Summary Score™ at the bottom. If you go
back and change your answers, these scores will recalculate

Step 3 — Results provide transparent basis for
informed decisions

extend the life expectancy of existing centralized treatment plants, thereby reducing capital costs.

1.1.7. Optimizing Existing Collection System -
collection systems, pump stations, and transmission mains can be reduced by using smaller-scale Mor
decentralized approaches

H

5

5
=
3
3
5
3




Wastewater Stakeholders
Decision Model Attributes

Maximize Economic Optimize Environmental Fulfill Community
Value Benefit Objectives

Minimize Capital Costs Water Quality Quality of Life
B Planning and Design m Avoidance W Health
m [and ® Removal m Outdoor Environment
B Phasing Water Quantity m Built Environment
- BT szl m Water Balance Stability
: Emstmg Collection m Sustain Flow m Dependable

inancin _ "

e Natural Environment " Resilient

Minimize Operating Costs N e m Safe
B Financing Cost e e Equitability
® Labor m Global Warming m Serves All Equally
m Power m Charges Everyone Fairly
B Byproducts
m Other
Meet Community Economic
Needs
m Availability
m Adaptability

B Externalities



Additional information

= Online training modules:

https://engineering.purdue.edu/~iwla/webinars/wastewater2010/index.html

http://water.epa.qgov/infrastructure/septic/

= www.werf.org/distributedwater

= www.werf.org/decentralizedoutreach

Victor D’Amato, PE
919-485-2070
victor.damato@tetratech.com

Guide to Research and Products from the Decentralized Water Resources Collaborative

Cities, towns, and suburbs across the United States and abroad increasingly are turning to decentralized
treatment approaches to solve their water and wastewater challenges.

Many communities have found that decentralized app offer an ] solution that provides many additional economic, social, and
environmental benefits. Fortunately, many resources are le to help quide through the entire process—from decision-making to design
and performance to system management. Much of this work is the result of a $16 million, multiyear collaborative effort by the Decentralized Water Resources
Collaborative (DWRC) and the Water Environment Research Foundation (WERF) under a grant from the U.S. Environmental Protection Agency (U.S. EPA).
This outreach web page provides resources to help you navigate the research and products from the DWRC.

Tools to Help You Navigate this Information

Az, WWERF
>

09400 10 ApReUER: 60 POANTS 1T 0.

Decentralized Water Resources:

Answors to the Most Frequently Asked Questions

Research & Preducts from the
Decentralized Water
Resources Collaborative

Decentralized Water Resources: Answers to the
Most Frequently Asked Questions

Brochure Quick Guide to the Research and Products

A four-page brochure introduces the products andA simple, graphical snapshot of every product
can be shared with others available from the DWRC, including links to tools,

A concise guide highlighting key issues and topics
reports, or other products. (PDF)

organized by category that includes links to referenced
information and resources.

Decentralized Approaches and Technologies for
Water Resources Management

Presentation

Video Centralized Agency Brochure

This shortvideo tour shows users how to quickly A brochure for centralized wastewater agencies that A presentation that anyone can use to help
access the research they need. (Click onfour  ©¥plains the opportunities decentralized systems may 8ducate key stakeholders aboutthe decentralized
arrows on the bottom ightto enlarge the video) ~ Provide and the DWRC resources that will help,  [@S0UCes andtools available from the DWRC.
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