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Presentation Outline  

ÅEvolving paradigms for wastewater 

Å20th Century investments in centralized infrastructure 

ÅActivities and events inspiring a 21st Century paradigm 

ÅOnsite and decentralized systems ï a modern view 

ÅTodayôs technologies, tools, and applications 

ÅFuture vision 

ÅCSM program in onsite and decentralized systems 

ÅResearch and education 

ÅExample research theme: Trace Organic Chemicals 

ÅExample educational theme: ESGN460 - Onsite Water Reclamation 

& Reuse 
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Evolving Paradigms  

ÅMajor U.S. investments were made during the 20th 

Century to build infrastructure for wastewater treatment 

ÅAs the 20th Century was coming to a close in the USA: 
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ÅCentralized wastewater systems 

(CWS) were dominant in urban 

and suburban areas 

ü Serving nearly 80% of the 

nationôs population 

ü About 20,000 systems 

 

ÅDecentralized wastewater systems (DWS), 

including onsite systems, were widely 

used in rural areas and small towns 

ü Serving about 20% of the nationôs 

population 

ü About 25,000,000 systems 

 



ÅDuring much of the 20th Century, DWS were viewed as 

temporary, for use only until sewerage and centralized 

infrastructure was available ï why? 

ÅEarly DWS were implemented for disposal of wastewaters 

ÅLand-based disposal was common since it was cheap 

ÅSystems often included cesspools, seepage pits, leach fields 

ÅSystems were often poorly designed and installed 

ÅSystems were not operated and maintained 

ÅWith increased wastewater generation and long-term usage, 

system failures occurred ï both hydraulic and treatment failures 

ÅFailures reinforced the view that the approaches and 

technologies for DWS were inherently flawed and centralization 

was the preferred solution 
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ÅBut during the 1990ôs there was growing interest to use 
DWS to help provide sustainable solutions by: 

ÅReducing the use of drinking water to flush toilets and transport 

waste to remote treatment plants 

ÅPreventing pollutant discharges from large centralized systems  

ÅSanitary sewer overflows (SSOs)  

ÅCombined sewer overflows (CSOs) 

ÅLeaking sewers 

ÅRecharging water near the point of water extraction and avoiding 

water export and depletion of local water resources 

ÅEnabling recovery and reuse of water, organic matter, and 

nutrients (N, P, K) 

ÅLowering consumption of energy and chemicals, and reducing 

the release of greenhouse gases 
5 



ÅAs we moved into the 21st Century, a series of activities 

and events helped inspire a new paradigm 

Å1997 - 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:   

ñAdequately managed decentralized wastewater systems are a cost-

effective and long-term option for meeting public health and water 

quality goals.ò  

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

USEPA identified 5 major barriers to overcome: 

VMisinformation and limited knowledge about onsite systems 

VLegislative and regulatory constraints 

VLack of system management 

VExisting engineering practices 

VRestricted access to funding 
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Å1997 - U.S. Congress with U.S. EPA, initiated the National 

Decentralized Water Resources Capacity Development Project 

(NDWRCDP) http://www.ndwrcdp.org/ 

ÅAn initial $8.2M in funding supported projects to overcome the 

barriers identified in the 1997 USEPA report   

ÅAdditional funding was provided in subsequent phases 

Å2000ôs ï U.S. Congress provides $15.6M for projects in 6 areas 

to demonstrate decentralized technologies and management 

Å2003 - USEPA published a new ñOnsite Systems Design 

Manualò and an ñOnsite Systems Management Handbookò 

Å2003 - NDWRCDP sponsored workshops focused on ñSoft Path 

Integrated Water Resource Managementò  

Å2007 - The ñBaltimore Charter for Sustainable Water Systemsò 

was signed by individuals from countries worldwide  

 http://www.ndwrcdp.org/documents/Balto_Charter.pdf  
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Å2008-2009 - U.S. National Academy of Engineering panel reviews 
and special reports emphasized the need for sustainable water 
and wastewater infrastructureé 

    éincluding onsite & decentralized systems 

   

Technologies for Clean Water 

 

Vol. 38, No. 3, Fall 2008. 72 pages. 

 

Free PDF can be downloaded from: 

http://www.nae.edu/TheBridge 
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Å2009 - The Decentralized Water Resources Collaborative 

(DWRC) emerged 

ÅPreviously known as the National Decentralized Water Resources 

Capacity Development Project (NDWRCDP) 

ÅDWRC supports research and educational initiatives focused 

on decentralized wastewater and stormwater 

ÅDWRC is a cooperative effort managed by the Water Environment 

Research Foundation (WERF) and funded by the U.S. EPA 
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www.werf.org/AM/Template.cfm?

Section=Decentralized_Systems 



Å2010-2011 - DWRC research and products dissemination 

ÅSeptic tanks and onsite systems, Neighborhood and cluster systems, 

Watershed scale solutions, plus Urban applications, Stormwater 

ÅTechnical reports, modeling tools and decision aids 

ÅWebsite, FAQ guide, Product matrix guide, Videos 
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www.decentralizedwater.org/ 

 



Å2011 ï National Science Foundation sponsors a major 

Engineering Research Center on water 

ÅNSF ERC on ñReinventing the Nationôs Urban Water Infrastructureò 

ÅThe ReNUWIt ERC was launched in August 2011 

ÅIt has a broad array of research and educational thrusts 

ÅOnsite and decentralized system technologies and 

approaches are one facet of ReNUWIt 
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www.urbanwatererc.org/ 

 



ÅDWS technologies have evolved to include: 

ÅSource modification 

ÅUltra low flow fixtures  

ÅSource separation systems 

ÅTank-based treatment units 

ÅAnaerobic bioreactors 

ÅRecirculating biofilters 

ÅMembrane bioreactors 

ÅUV disinfection units 

ÅNatural system treatment units 

ÅSubsurface soil infiltration 

ÅLandscape drip dispersal 

ÅVegetated subsurface wetlands 

ÅEffluent sewers 

ÅSensors and SCADA systems  12 

DWS ~  A Modern View  



ÅDWS system selection and design now 

benefits from a growing array of 

models and other decision aids 

ÅDecision diagrams  

ÅUnit operations and system selection 

ÅTreatment efficiency predictions  

ÅProcess models 

ÅAnalytical models of unit operations for 

system design 

ÅNumerical models for system performance 

under complex conditions 

ÅWatershed models 

ÅLink DWS with the environment and other 

sources of pollutants ..... 
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There is a 50% probability 

of 70% nitrogen removal 

at 60-cm depth 

There is an increase in nutrient 

loading to the river if DWS are 

converted to CWS 



ÅDWS applications can serve 

a wide variety of development 

types 

ÅSingle homes, businesses, and 

establishments in rural areas 

ÅNeighborhood and commercial 

developments in small towns 

and suburban areas  

ÅBuildings and higher density 

developments in larger cities 

ÅThe following applications 

illustrate the range of 

possibilitiesé 

Individual 

sources 

Development 

clusters 

Higher 

density 

development 
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ÅIndividual homes and small businesses in rural areas 

Untreated  Septic tank w/ Subsurface infiltration trenches w/ 

Wastewater effluent screen groundwater recharge 
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Septic tank w/ biofilter and recycle Shallow subsurface drip dispersal 

w/ turf irrigation 

Č Č 

Č 



ÅClusters 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 
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Septic tank   STEG or  Subsurface    Drip dispersal 

effluent  STEP sewers wetland   network for turf 

      irrigation 

         

   

Č 

Č Č Č 

Č Č 



ÅApartment buildings in neighborhoods and urban areas 

Blackwater ï Faeces and urine transported via ultra low flush vacuum 

toilets connected to a composting bioreactor for generation of 

agricultural fertilizer 

Greywater ï Collection and onsite treatment using a biofilter and 

subsurface flow wetland with effluent use for irrigation 

Pretreatment 

Biofilter (PBF) 

Horizontal 

subsurface flow  

constructed  

wetland 

Å 33 apartments  

Å 100 persons 

Å Area ḙ 1 m2/person 

Source: Jenssen 2005 

Source 

separation 



ÅHigh rise buildings in highly urbanized settings and cities 
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Untreated  Membrane Ultraviolet light /   Reuse for toilet flushing,  

wastewater BioReactor Ozone disinfection turf irrigation, cooling tower

        

Č Č Č 



ÅWhile DWS technologies and approaches present a 

range of options and offer great potentialé 

ÅThey have not yet been fully integrated into water & sanitation 

infrastructure engineering practice in the U.S.  -  Why? 

ÅA vision for the future? 

ÅDuring infrastructure planning and design,  

ÅDWS approaches will be universally and equitably considered 

across all scales of development for both new and retrofit 

applications 

ÅAny automatic predisposition toward more centralized infrastructure 

will have vanished 

ÅDWS infrastructure will encompass well-understood, robust and 

reliable devices and technologies 
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ÅThe ability to fully realize the potential benefits of DWS 

will continue to depend on: 

ÅResearch and development ï fostering understanding,  

technology advancement and innovations 

ÅEducation ï including mainline university curriculum as well as 

continuing education options - appropriate for designers, 

installers, O&M providers, regulators, et al.  

ÅAndé 
ÅPublic willingness to pay for value-added system attributes 

ÅFlexible, science-based regulatory programs and management and 

financing options 

ÅA viable market for technology providers, system designers, 

installers, et al. to operate profitable businesses 

ÅCreative, open-minded thinking by all involved 
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DWS ~ Res. and Edu. at CSM  

ÅIn 1998, the Small Flows Program was initiated at CSM 

to help advance the science and engineering of DWS 

ÅTeam of more than 20 faculty, staff and students 

ÅResearch themes:  

ÅSource characterization and manipulation 

ÅPerformance dynamics in treatment units and systems 

ÅPollutant transport and fate in soil and natural systems 

ÅModeling and decision support 

ÅEducational themes: 

ÅModules in undergraduate and graduate courses 

ÅFull course development 

ÅIn 2007, the Advanced Water Technology Center was 

established, with one of its thrusts on DWS 

ÅIn 2011, the NSF ERC on Urban Water was launched 
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ÅTo support research and education, the Mines Park Test 

Site was established on the CSM campus in 1998  

ÅOver the past decade it has grown in size and function 

 

Natural 

systems test 

area 

Advanced 

technology test 

facility 

Apartment housing 
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ÅExample research theme: Trace organic chemicals 

ÅObjectives 

ÅCharacterize consumer product chemicals in onsite wastewaters 

ÅDetermine removals in different unit operations and systems  

ÅIntegrate the findings and assess the implications 

ÅScope of work 

ÅMethods development for wastewater effluents 

ÅField monitoring of operating onsite systems in Colorado, USA 

ÅField research at the CSM Mines Park Test Site 

ÅLaboratory experiments at CSM 

ÅCSM collaboration with U.S. Geological Survey 
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ÅSeptic tanks - 

ÅSorption, anaerobic biotransformation 

ÅBiofilters - 

ÅSorption, volatilization, aerobic 

biotransformation 

ÅConstructed wetlands - 

ÅSorption, aerobic or anaerobic 

biotransformation, plant uptake 
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ÅWater use 

130 L/day (vac. home) to 13,500 L/day (restaurant) 

ÅOccupants or visitors per day 

2 (single-family home) to 1,100 (conv. store) 

Also up to 40 animals (veterinary kennel) 

Residence (n=16) 

Human Institution (n=3) 

Retail Stores (n=3) Veterinary Hospital (n=3) 

Food Establishment (n=3) 

Convenience Store (n=2) 

ÅMonitoring different sources and treatment unit performance 

Effluent Influent 


