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Natural Treatment Systems

‘Aquifer Recharge and Recovery (ARR)

Soil aquifer treatment (SAT)

Wastewater treatment plant (WWTP) -
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Specific Advantages of Natural Systems

¢ Natural and Sustainable Treatment
¢ A Multi-Objective (=Contaminant) Process
¢ Removal of Turbidity and Suspended Solids

¢ Removal of Biodegradable Organics
¢ Bulk Organic Matter
¢ Trace Organic Compounds

¢ Removal of Microorganisms

¢ Removal of Nutrients (to varying degrees)
¢ Low Investment and Operation Cost

¢ Ancillary benefits
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Bank Filtration (BF), Infiltration (ARR) and Soil

Aquifer Treatment (SAT)

® To the
’.i waterworks
—
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Bank filtration Infittration
River bank filtration (RBF) Aquifer Recharge and Recovery (ARR)
Lake bank filtration (LBF) Soil Aquifer Treatment (SAT)

(Source: Kuehn, 2003) 6




Limitations of RBF/LBF and SAT/ARR

# Only Limited Barrier for Certain Contaminants

& Same is true for Granular Activated Carbon, Advanced
Oxidation and Membranes

& Proven Barrier for Microbes

¢ No Reliable Transfer of Experiences to Other
Locations
¢ Need for Pilot and/or Demonstration Scale Testing
< Soil Column Experiments = Scale-Up?

¢ Possible Release of Fe and/or Mn at Some Sites
¢ Need for subsequent oxidation (post-treatment)
# Also, Possible Release of Arsenic (As) and Fluoride sF')

Main Types of WSP

Facultative
pond




Main Types of CW

¢ Based on water flow characteristics
+ surface flow (visible water surface)
+ subsurface flow (water below soil surface)

¢ Based on plant species characteristics
+ Floating, submerged or emergent plants

CATTAIL BULRUSH

WATER SUBMERGED DUCK- /
HYACINTH PLANTS WEED / [
- i _
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Limitations of CW and WSP

¢ Space requirement
& Hybrid and tertiary treatment wetlands
¢ Aerated wetlands and lagoons
¢ Wastewater Storage and Treatment Reservoirs
< High-rate algal ponds

¢ Lack of good models for design and operation
# Currently only rules of thumb, first-order equations
¢ Need for mechanistic models (2D/3D)

¢ Uncertainty about carbon balance
+ No consumption of fossil fuels
¢ Anaerobic conditions = emission of N,O and CH,
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Ecohydrological techniques

Vegetation provides a0 aesthotic isiand caver
s woll as habitat and food for a variety of wiiife
inclusding waterfowl, songbirds, lurlies and frogs

Internal fiotation - -

Bx wehich : ada / Mult-layer biomesh isiand matrix provides structural .
pireigntisespumgar prmeripel cne Sengt. fuge s area fo henefcl micoba Controlled flooding area

substrate for beneficial MiCObe ColoNZAloON i s, MBI YOOI T ot VA e

Floating islands
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Paradigm 1. wastewater as a resource

Traditional perspective: A Linear Approach

intake

Wastewater Disposal

Reservoir GW Basin
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) Water ww
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‘ Dam ‘ \Water
Trans.
Residuals Distr. Collection Residuals

outfall

River
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Paradigm 1. wastewater as a resource

Reservoir

River

IUWC: A Cyclic Approach — water and nutrients

Irrigation
Water

Distribution Collection

Natural Systems:

» Ecohydrology (EH)

* River (RBF) and Lake (LBF) Bank Filtration
» Soil Aquifer Treatment (SAT)/Aquifer Recharge and Recovery (ARR)
* Constructed wetland (CW) and Waste Stabilization Ponds (WSP)




Paradigm 1. wastewater as a resource

Nutrients
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Paradigm 1. wastewater as a resource

IUWC: A Cyclic Approach — water and nutrients

Reservoir

Irrigation
Water

Distribution Collection

River Elimination in Developed Countries:
* Advanced DWTP
* Advanced WWTP
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Paradigm 1. wastewater as a resource

IUWC: A Cyclic Approach — water and nutrients

Reservoir

Irrigation
Water

Distribution Collection
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River
i Wastewater !
Reclamation/Reuse ! 17
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Paradigm 1. wastewater as a resource

IUWC: A Cyclic Approach — water and nutrients

Reservoir

e} Irrigation
Water
Os
Water Primary Treatment
and/or CW & WSP
Trans.
g Distribution Collection
River Possible Elimination in Developing Countries:
» Conventional DWTP
» Secondary Treatment @ Conventional WWTP

18




Paradigm 2: water quality according to use

\'K-\_;J\ « Treated grey water

NN
. \
rainfall \\\\ Reuse of “second quality” water
: <> Cascading use of water
t1ap water
l grey water

Case Polderdrift (NL)
* Potable water
e Rain water

polishing
pond

rainwate
storage

r

«— return flow

50-60% water savings 19

Paradigm 3: decentralization

GEWOONBOOT: autarctic houseboat as the Dutch answer to climate change?
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Paradigm 4: diversity in solutions

712,834 birds spotted (2 yr)
132 species, 39 families
29 Red List species

A
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What Should be done to Promote

Natural Treatment Systems?

¢ Development of Design Guidelines, Nomographs,
Software, Decision Support Systems for Application

¢ Including, and Officially Recognizing Natural-System
Technologies for Water and Wastewater Treatment

¢ Information Dissemination: Making Design Engineers,
Planners and Educators aware of the Potentials of
Natural-System Technologies (training and capacity
building; demonstration projects)

¢ Networking among professionals involved in Natural-
system Technologies (at regional and national level)
for information sharing and collaborative research ,,
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Next presentations

Setup of an In-stream Treatment Facility for Urban Creek
Revitalization - Belo Horizonte, Brazil

Marcos von Sperling (UFMG)

Mobility of Viruses in an Urban Sandstone Aquifer
Fernander Aller (University of Birmingham)

Alternative Hybrid UF-SAT or SAT-NF Treatments to Upgrade
Effluent Quality

Avi Aharoni (Mekorot Water)

Bank Filtration as a Robust and Effective Barrier for Bulk Organic
Matter and Organic Micropollutant Elimination

Andrew Maeng (UNESCO-IHE)
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Concluding remarks

¢ Natural Treatment Systems are cost effective and
environment friendly technologies that can reduce
stresses on water resources

¢ Thereis an enormous potential for application of natural
systems for treatment of water and wastewater in
developing countries

¢ Natural Treatment Systems should be considered
as alternatives to conventional water and wastewater
treatment technologies

¢ Natural Treatment Systems need to be adapted to suit

the local conditions and requirements
27
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