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Evolving Paradigms ¥

AI\/Iajor U.S. investments were made during the 20t
Century to build infrastructure for wastewater treatment

AAS the 20" Century was coming to a close in the USA:

A Centralized wastewater systems A Decentralized wastewater systems (DWS),

(CWS) were dominant in urban including onsite systems, were widely
and suburban areas used in rural areas and small towns
Serving nearly 80% of the Serving about 20% ofthen at i on o

nationds popul at i poapulation
About 20,000 systems About 25,000,000 systems
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ADuring much of the 20t Century, DWS were viewed as
temporary, for use only until sewerage and centralized
Infrastructure was available T why?

A Early DWS were implemented for disposal of wastewaters

ALand—based disposal was common since it was cheap
ASystems often included cesspools, seepage pits, leach fields
ASystems were often poorly designed and installed

ASystems were not operated and maintained

AWith Increased wastewater generation and long-term usage,
system failures occurred i both hydraulic and treatment failures

AFaiIures reinforced the view that the approaches and
technologies for DWS were inherently flawed and centralization
was the preferred solution
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ABut during the 19900s there
DWS to help provide sustainable solutions by:

AReducing the use of drinking water to flush toilets and transport
waste to remote treatment plants

APreventing pollutant discharges from large centralized systems
ASanitary sewer overflows (SSOs)
ACombined sewer overflows (CSOs)

ALeaking sewers

ARecharging water near the point of water extraction and avoiding
water export and depletion of local water resources

AEnainng recovery and reuse of water, organic matter, and
nutrients (N, P, K)

ALowering consumption of energy and chemicals, and reducing
the release of greenhouse gases
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AAS we moved into the 215t Century, a series of activities
and events helped inspire a new paradigm

A1997 - The U.S. Environmental Protection Agency prepared a
report to the U.S. Congress on the appropriate use of onsite and
decentralized systems and concluded that:

NAdequately managed decentralized
effective and long-term option for meeting public health and water
gual ity goal s. o

www.epa.gov/iowm/mtb/decent/response/index.htm

USEPA identified 5 major barriers to overcome:

V Misinformation and limited knowledge about onsite systems
V Legislative and regulatory constraints

V Lack of system management

V Existing engineering practices

V Restricted access to funding
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A1997 - U.S. Congress with U.S. EPA, initiated the National
Decentralized Water Resources Capacity Development Project
(NDWRCDP) http://www.ndwrcdp.org/

AAn initial $8.2M in funding supported projects to overcome the
barriers identified in the 1997 USEPA report

AAdditional funding was provided in subsequent phases

AZ 0 0 O &Ws. Congress provides $15.6M for projects in 6 areas
to demonstrate decentralized technologies and management

A2003-USEPA published a new nNnOnsit
Manual 6 and an nAnOnsite Systems

A2003-NDWRCDP sponsored workshops
|l ntegrated Water Resource Manag

A2007 -Thein Ba | t Charterfar Sustainable WaterSy st e ms G
was signed by individuals from countries worldwide
http://www.ndwrcdp.org/documents/Balto_Charter.pdf



”

A2008-2009 - U.S. National Academy of Engineering panel reviews
and special reports emphasized the need for sustainable water
and wastewater infrastructurete

éincluding onsi tsystelds dec

Sustainable Critical Infrastructure Systems: A
Framework for Meeting 21st Century Imperatives

Toward Sustainable Critical Infrastructure Systems:
Framing the Challenges Workshop Committee; National
Research Councill

ISBN: 0-309-13793-4, 82 pages, 7 x 10, (2009)
This free PDF was downloaded from:
http://www.nap.edu/catalog/12638.html

Technologies for Clean Water
Vol. 38, No. 3, Fall 2008. 72 pages.

Free PDF can be downloaded from:
http://www.nae.edu/TheBridge




”

A2009 - The Decentralized Water Resources Collaborative
(DWRC) emerged

APrevioust known as the National Decentralized Water Resources
Capacity Development Project (NDWRCDP)

A DWRC supports research and educational initiatives focused
on decentralized wastewater and stormwater

ADWRC IS a cooperative effort managed by the Water Environment
Research Foundation (WERF) and funded by the U.S. EPA

\ W E RF © Leam about @ Search Research @ Review ® Register for

Water Environment Research Foundation WERF Publications & Tools, Open RFPs Events

Collaboration. Innovation. Results,

RCH RESEARCH & KNOWLEDGE AREAS GET INVOLVE
NS ST gy T SR

e

~ www.werf.org/AM/Template.cfm?
Section=Decentralized Systems

N N

L4 PYS e
e  Search Research & Knowledge Areas  Decentralized Systems (. (Prnter Frenay]

Our Objective -

WEREF will improve the capacity of public and private agencies to respond to the increasing complexities of, and expanding | §

need for, decentralized wastewater and stormwater systems, as part of an integrated water management approach. WERF will

achieve this primarily through support of research and development projects that help communities, engineers, regulators, and T

others address critical knowledge and information gaps in decentralized systems. bseecrt e RS 9
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A2010-2011 - DWRC research and products dissemination

ASeptic tanks and onsite systems, Neighborhood and cluster systems,
Watershed scale solutions, plus Urban applications, Stormwater

A Technical reports, modeling tools and decision aids
A Website, FAQ guide, Product matrix guide, Videos

ABOUT STRATEGIC THINKING RESEARCH PROJECTS NEWS AND RESOURCES

Decentralized
Water Resources

< Collaborative www.decentralizedwater.org/

apartment building in New

York City has its own

wastewater plant in the

basement and collects
stormwater from the roof.

The treated wastewater and §
stormwater is used in the .
building for tollet flushing, .
irrigation and cooling. With 4o
this system, the Solaire has
reduced water use by 48

percent and wastewater
discharge by 58 percent

The Decentralized

Collaborative is researching A
when to consider (2
distributed systems in an

urban and suburban context.
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Keeping it Local Featured Projects: Register for Updates
s . . " » Influent Constituent Characteristics of N .
Individual and neighborhood wastewater treatment the Modern Waste Stream from Single First Name:

systems. Rain gardens and green roofs. Water-efficient Sources 10

| onnliancac and Ianderanina Thaca ara avamnlac af | _Last Name:
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AZOll I National Science Foundation sponsors a major
Engineering Research Center on water

ANSF ERC on fAReinventing the Natio
A The ReNUWIt ERC was launched in August 2011
A It has a broad array of research and educational thrusts

A Onsite and decentralized system technologies and
approaches are one facet of ReNUWIt

ReNUWIE: The Urban Water ERC _—

WELCOME PEOPLE RESEARCH EDUCATION INDUSTRY BLOG CONTACT

Welcome

Welcome to the Engineering Research Center (ERC) for Re-inventing the Nation’s
Urban Water Infrastructure (ReNUWIt). We are an interdisciplinary, multi-
institution research center whose goal is to change the ways in which we manage
urban water. Our vision is of safe, sustainable urban water infrastructures enabled

by technological advances in natural and engineered systems, and informed by a

o st e of IGatR D ond framanoria, wwWw.urbanwatererc.o rg /
Our research team integrates the efforts of researchers trained in fields including
environmental engineering, ecology, city planning, economics and law to develop
innovative approaches to address the problems facing urban water systems.
Working in close partnership with utilities, water service providers, equipment

manufacturers and international research partners we convert great ideas into
practical and sustainable solutions.

e MINES
the Nation's Urban r gl UC Berkeley Colorado New Mexico
o School of Mines State University

Water Infrastructure = °



DWS ~ A Modern View Vi

ADWS technologies have evolved to include:

ASource modification
AUItra low flow fixtures
Source separation systems

ATank—based treatment units
AAnaerobic bioreactors
ARecircuIating biofilters

Membrane bioreactors
AUV disinfection units

A Natural system treatment units
ASubsurface soil infiltration
ALandscape drip dispersal

Vegetated subsurface wetlands

A Effluent sewers
ASensors and SCADA systems




ADWS system selection and design now

benefits from a growing array of
models and other decision aids

—30cm —60cm 120 cm

ADecision diagrams
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AUnit operations and system selection
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ATreatment efficiency predictions
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A Process models
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AAnalyticaI models of unit operations for °
system design

ANumerical models for system performance
under complex conditions

AWatershed models

ALink DWS with the environment and other
sources of pollutants .....
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ADWS applications can serve
a wide variety of development

types

ASingIe homes, businesses, and
establishments in rural areas

ANeighborhood and commercial
developments in small towns

and suburban areas Development
clusters

ABuiIdings and higher density
developments in larger cities

AThe following applications
llustrate the range of
possibilitiescte

Higher
density
development



Alndividual homes and small businesses in rural areas

Untreated & Septic tank w/ & Subsurface infiltration trenches w/
groundwater recharge

Wastewater effluent screen

Shallow subsurface drip dispersal
w/ turf irrigation

R TR
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ACIusters of homes and businesses as well as larger
developments in rural areas and small towns

Untreated Septic tank & Packed bed & Ultraviolet & Stream discharge
wastewater  w/ effluent biofilter light or turf irrigation

screen disinfection

Septic tank & STEG or v Subsurface X Drip dispersal
effluent STEP sewers wetland network for turf
irrigation
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AApartment buildings in neighborhoods and urban areas

Blackwater 1 Faeces and urine transported via ultra low flush vacuum
toilets connected to a composting bioreactor for generation of

Source _ N
agricultural fertilizer

separation
9 Greywater i Collection and onsite treatment using a biofilter and
subsurface flow wetland with effluent use for |rr|gat|on

\ 4
\ W
[
B A RN
3
. X

Pretreatment \ \\ A

’ éfrlter (PBF) \ \
,. : A
' A

constr“u cted
wetland
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AHigh rise buildings in highly urbanized settings and cities

Untreated e Membrane e Ultraviolet light / e Reuse for toilet flushing,
wastewater BioReactor Ozone disinfection turf irrigation, cooling tower

NYC Water Recycled Flush Water - 9,000 GPD

51,500 i EI >

Total Wastewater - 59,000 GPD

Discharge to NYC

34,000 GPD

Tramsfer to treatment

Up to 25,000 g B
> |

Y

Membrane
Backwash

Membrane Bio Reactor

Treated Water — Up to 25,000 GPD

Optional Blue Dye

'ﬁ d ’
Reservoir To Irrigation - O to 6,000 GPD
Cooling Tower - Up - 0- 11,500 18

UV/0Ozone Disinfection
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AWhiIe DWS technologies and approaches present a
range of options and offer

AThey have not yet been fully integrated into water & sanitation
Infrastructure engineering practice in the U.S. - Why?

AA vision for the future?

ADuring Infrastructure planning and design,

ADWS approaches will be universally and equitably considered
across all scales of development for both new and retrofit
applications

AAny automatic predisposition toward more centralized infrastructure
will have vanished

ADWS infrastructure will encompass well-understood, robust and
reliable devices and technologies

19
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AThe ability to fully realize the potential benefits of DWS
will continue to depend on:

AResearch and development i fostering understanding,
technology advancement and innovations

AEducation I including mainline university curriculum as well as
continuing education options - appropriate for designers,
Installers, O&M providers, regulators, et al.

AAndé

APuinc willingness to pay for value-added system attributes

AFIexibIe, science-based regulatory programs and management and
financing options

AA viable market for technology providers, system designers,
installers, et al. to operate profitable businesses

ACreative, open-minded thinking by all involved

20



DWS ~ Res. and Edu. at CSM

Aln 1998, the Small Flows Program was initiated at CSM

to help advance the science and engineering of DWS

ATeam of more than 20 faculty, staff and students
AResearch themes:
A Source characterization and manipulation
A Performance dynamics in treatment units and systems
A Pollutant transport and fate in soil and natural systems

A Modeling and decision support

AEducational themes:
A Modules in undergraduate and graduate courses
A Full course development

A In 2007, the Advanced Water Technology Center was
established, with one of its thrusts on DWS

Aln 2011, the NSF ERC on Urban Water was launched

21
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ATO support research and education, the Mines Park Test
Site was established on the CSM campus in 1998

AOver the past decade it has grown in size and function

Apartment housing

> ="y
e

Colorado School of Minés"' Mines Park
Golden; Colorado USA i Test Site

N
Natural — ~ Advanced
systems test = technology test
g facility
area

22
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AExampIe research theme: Trace organic chemicals

AObjectives
ACharacterize consumer product chemicals in onsite wastewaters
ADetermine removals in different unit operations and systems
Alntegrate the findings and assess the implications

AScope of work
AMethods development for wastewater effluents
Field monitoring of operating onsite systems in Colorado, USA
AFieId research at the CSM Mines Park Test Site
ALaboratory experiments at CSM

ACSM collaboration with U.S. Geological Survey
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AMonitoring different sources and treatment unit performance

Residence (n=16)

Convenience Store (n=2) ASeptic tanks -
= A Sorption, anaerobic biotransformation

ABiofiIters -

A Sorption, volatilization, aerobic
biotransformation

Human Institution n=3)  Foog Establishment (n=3)

AConstructed wetlands -

A Sorption, aerobic or anaerobic

biotransformation, plant uptake
Influent Effluent

\ /

AWater use
130 L/day (vac. home) to 13,500 L/day (restaurant)
AOccupants or visitors per day
2 (single-family home) to 1,100 (conv. store)
Also up to 40 animals (veterinary kennel)



