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Objectives of Water TreatmentObjectives of Water Treatment

To produce water safe for human consumptionTo produce water safe for human consumption

To produce a water that is appealing to the To produce a water that is appealing to the 
consumerconsumer

To produce a water at a ‘reasonable’ cost to the To produce a water at a ‘reasonable’ cost to the 
consumerconsumer



Small System ConcernsSmall System Concerns

Limited Financial and Technical Limited Financial and Technical 
ResourcesResources

Economy of ScaleEconomy of Scale



MAJOR COMPONENTS OF A MAJOR COMPONENTS OF A 
DRINKING WATER DRINKING WATER 

TREATMENT SYSTEMTREATMENT SYSTEM

Source Water 
Collection/ 
Protection

Filtration 
Treatment

Distribution/
Storage

Pretreatment Disinfection



Viable Water Treatment Options for Viable Water Treatment Options for 
Small SystemsSmall Systems

Packaged Coagulation Treatment Packaged Coagulation Treatment 
SystemsSystems
Pressure Filtration SystemsPressure Filtration Systems
–– Granular MediaGranular Media

Ceramic MediaCeramic Media
Diatomaceous Earth/PrecoatDiatomaceous Earth/Precoat

–– MembranesMembranes
Biological Filtration SystemsBiological Filtration Systems
–– Riverbank FiltrationRiverbank Filtration
–– Slow Sand FiltrationSlow Sand Filtration



Slow Sand Filtration (SSF)Slow Sand Filtration (SSF)
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Filter drain & 
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Adjustable 
weir

Overflow weir
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Control 
valve

Effluent flow 
control structure



Characteristic Features of a Characteristic Features of a 
Conventional Slow Sand FilterConventional Slow Sand Filter

Slow rate of filtrationSlow rate of filtration
Lack of chemical pretreatmentLack of chemical pretreatment
Reliance on bioactivity especially at the Reliance on bioactivity especially at the 
waterwater--media interface (schmutzdecke)media interface (schmutzdecke)
Small effective size(dSmall effective size(d1010)) and large and large 
uniformity coefficient (duniformity coefficient (d6060/d/d1010) of sand) of sand
No filter media fluidizationNo filter media fluidization
Relative long filter run timeRelative long filter run time











Comparison of RBF and SSF Comparison of RBF and SSF 

ParameterParameter Removal by Removal by 
RBFRBF

(Partinoudi, 2004)(Partinoudi, 2004)

Removal by Removal by 
SSFSSF

(Partinoudi, 2004)(Partinoudi, 2004)

Removal by Removal by 
SSF SSF 

(based on literature)(based on literature)

DOCDOC 4141--85%85% 1313--19%19% 88--25%25%

Total ColiformsTotal Coliforms >1>1--1.6 logs*1.6 logs* >1.8>1.8--2.2 logs2.2 logs >1>1--2 logs*2 logs*

E.coliE.coli >0.3>0.3--0.8 logs*0.8 logs* >1.8logs>1.8logs >3>3--4 logs*4 logs*

Aerobic sporesAerobic spores >1.9>1.9--3.5 logs*3.5 logs* >2.1>2.1--2.3logs*2.3logs* >2 logs>2 logs
TurbidityTurbidity 7777--99%99% 7575--90%90% 6060-->90%>90%
* Reduced to detection limit



Ripening

Source: Collins et al (1989)
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Average Respiration, ug C/gdw/hr 
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Source: Page (1997)



The SchmutzdeckeThe Schmutzdecke

German: “Schmutz” = dirt; “Decke” = coveringGerman: “Schmutz” = dirt; “Decke” = covering
Definition: “a layer of material, both deposited Definition: “a layer of material, both deposited 
and synthesized, on the top of the filter bed and synthesized, on the top of the filter bed 
that causes headloss disproportionate to its that causes headloss disproportionate to its 
thickness” (AWWARF 1991)thickness” (AWWARF 1991)
2 Regions2 Regions
–– Biomat (slime)Biomat (slime)
–– Biologically active mediaBiologically active media



Source: Page (1997)











Engineering Design Variables Engineering Design Variables 
Evaluated by a Pilot SSF StudyEvaluated by a Pilot SSF Study

Filter media sourceFilter media source
Filter media size & uniformityFilter media size & uniformity
Hydraulic loading rate (EBCT)Hydraulic loading rate (EBCT)
Raw water sourceRaw water source
PrePre--clarification needsclarification needs
Algal control needsAlgal control needs
Need for filter coveringNeed for filter covering
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Figure 2. Schematic of Typical Pilot Slow Sand Filter Used in the Winthrop, ME 
Pilot Study







Limitations of Slow Sand FiltersLimitations of Slow Sand Filters

Relatively long filter downtimesRelatively long filter downtimes
Limited to relatively high quality source Limited to relatively high quality source 
waterswaters
Relatively poor removals of organic Relatively poor removals of organic 
precursorsprecursors



PROVEN MODIFICATIONS TO ENHANCE PROVEN MODIFICATIONS TO ENHANCE 
SLOW SAND FILTER PERFORMANCESLOW SAND FILTER PERFORMANCE

CONCERNCONCERN
++ Increase raw water Increase raw water 

applicabilityapplicability

++ Minimize filter Minimize filter 
downtimes and downtimes and 
ripening periodsripening periods

++ Improve organic Improve organic 
precursor removalprecursor removal

MODIFICATIONMODIFICATION
++ Roughing filters,Roughing filters,
++ Microstrainers, RBFMicrostrainers, RBF

++ Filter harrowingFilter harrowing

++ PreozonationPreozonation
++ Granular media Granular media 

amendmentsamendments



PRETREATMENT OPTIONSPRETREATMENT OPTIONS

RiverBank FiltrationRiverBank Filtration
RiverBed FiltrationRiverBed Filtration

Plain SedimentationPlain Sedimentation
Tilted Plate SedimentationTilted Plate Sedimentation

Dynamic Bed FiltrationDynamic Bed Filtration
Roughing FiltrationRoughing Filtration



Typical Layout of a RBF WellTypical Layout of a RBF Well

Cedar Rapids, IA Louisville, KY



ROUGHING FILTERSROUGHING FILTERS





































““NEWNEW”” Modifications to SSFModifications to SSF

Development of “packaged” SSF systemsDevelopment of “packaged” SSF systems
Utilize an anionic resin “mat/quilt” on top of Utilize an anionic resin “mat/quilt” on top of 
filter mediafilter media
Use iron additions (<0.1ppm) to enhance Use iron additions (<0.1ppm) to enhance 
NOM adsorption by aged (ironNOM adsorption by aged (iron--coated) coated) 
sand mediasand media
Understanding Operational enhancements Understanding Operational enhancements 
of SSFof SSF



Construction Costs ComparisonConstruction Costs Comparison
(Montel, 2002)(Montel, 2002)

Membrane Filtration

Slow Sand Filtration

Ceramic Media Filtration
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Selected “MultiSelected “Multi--stage” stage” 
Prefabricated Treatment SystemPrefabricated Treatment System

Slow 
Sand 

Filtration

Limestone 
Bed 

Contactor

Preozonation Upflow 
Roughing 
Filtration







SPLITTER
BOX

ROUGHING 
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NORTH HAVEN, ME  FILTER PIPE GALLERY



Microbial Removal Microbial Removal 
ProcessesProcesses

•• Physical / ChemicalPhysical / Chemical
–– StrainingStraining
–– Adsorption (Transport and Attachment)Adsorption (Transport and Attachment)

•• BiologicalBiological
–– PredationPredation
–– Inactivation / Death due to presence of Inactivation / Death due to presence of 

exotoxins released by antagonistic organismsexotoxins released by antagonistic organisms
–– Biologically mediated adsorption?Biologically mediated adsorption?



ObjectivesObjectives

1.1. Rank various media characteristics and Rank various media characteristics and 
operational conditions for operational conditions for E. coli E. coli removalremoval

2.2. Determine whether the extracellular Determine whether the extracellular 
polymeric excretions (EPS) of a biofilm polymeric excretions (EPS) of a biofilm 
enhance the enhance the ““stickinessstickiness”” of filter mediaof filter media

3.3. Assess the effect of a sudden removal of Assess the effect of a sudden removal of 
the schmutzdecke and a filterthe schmutzdecke and a filter’’s ability to s ability to 
recover recover 

4.4. Estimate the potential influence of Estimate the potential influence of 
protistan predatorsprotistan predators



Interface Removal Interface Removal 
SimulationSimulation

Objectives:

•Determine the removal efficiency after 
cleaning or scouring the schmutzdecke.

•Determine ability of schmutzdecke to 
recover from cleaning or scouring under 
various conditions

•Temperature
•Ripening Time
•Depth of Scour



Drawing: Jim McMahon



Screening Experiment Screening Experiment 
DesignDesign



Challenge After 2 weeks Challenge After 2 weeks 
Ripening in SeriesRipening in Series

Challenge After 2 weeks Challenge After 2 weeks 
Ripening in ParallelRipening in Parallel

Log Removal Log Removal 
ofof

Biomass, Biomass, 
Top 2.5 cmTop 2.5 cm

Log Log 
Removal ofRemoval of

Biomass, Biomass, 
Top 2.5 Top 2.5 

cmcm
Total Total 

ColiformsColiforms
(nmol PO4 (nmol PO4 

/ gdw)/ gdw)
Total Total 

ColiformsColiforms
(nmol PO4 (nmol PO4 

/ gdw)/ gdw)
Col A (0 Col A (0 –– 22.5 22.5 
cm)cm) 1.31.3 3636±±22 1.61.6 4242±±44
Col B (22.5 Col B (22.5 –– 45 45 
cm)cm) 0.80.8 1414±±77 1.61.6 2929±±22
Col C (45 Col C (45 –– 67.5 67.5 
cm)cm) 0.20.2 99±±11 1.41.4 3131±±22
Col D (67.5 Col D (67.5 –– 90 90 
cm)cm) 0.30.3 1111±±44 1.61.6 3939±±22
Full Train (90 cm Full Train (90 cm 
total) total) 2.12.1



Biomass (as Phospholipids), nmol PO4 / gdw and

CO2 Respiration, mg as Carbon / gdw sand / h
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Protistan AbundanceProtistan Abundance
•• Flagellates CountedFlagellates Counted::

•• 6 6 ±± 2 x 102 x 1066 per cmper cm22 in top 5mm in top 5mm 
•• Potential Potential E. coliE. coli Uptake RateUptake Rate::

•• 5 5 ±± 2 x 102 x 1066 per cmper cm22 / hour/ hour
•• Actual Removal RateActual Removal Rate::

•• 1.3 x 101.3 x 102 2 bacteria / cmbacteria / cm22 / hour/ hour

•• 4 orders of magnitude4 orders of magnitude differencedifference

Assumptions
• The E. coli used to spike the influent water 

are the only bacteria being consumed by 
flagellates.

• All flagellates are feeding continuously.
• Flagellates occupy the schmutzdecke 

uniformly in space.



Protistan AbundanceProtistan Abundance
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SUMMARYSUMMARY

SSF is the oldest “engineered” DWT SSF is the oldest “engineered” DWT 
process (in the USA and elsewhere)process (in the USA and elsewhere)
SSF has the longest design life than any SSF has the longest design life than any 
other “engineered” DWT processother “engineered” DWT process
SSF removals dependent on bioactivitySSF removals dependent on bioactivity
SSF is one of the easiest and most SSF is one of the easiest and most 
inexpensive DWT process for O & Minexpensive DWT process for O & M
Proven modifications enhances SSF ability Proven modifications enhances SSF ability 
to stay viable well into the 21to stay viable well into the 21stst centurycentury


