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NATURAL WATER TREATMENT SYSTEMS
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SOIL AQUIFER TREATMENT
• “Engineered” natural treatment system

• Infiltration of wastewater effluent or stormwater through the vadose 
(unsaturated) zone to recharge the underlying aquifer

• Vadose and saturated zone treatment

• Long-term storage of renovated water: aquifer storage & recovery 

• Robust, multi-contaminant removal and sustainable treatment
- Removal of organics (DOC & trace organics/micropollutants)
- Removal of microorganisms (bacteria, viruses, protozoa)
- Removal of nitrogen (Ammonia + Nitrate)
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WHY SAT ?
• Alleviate water shortages; WWTP effluent as a water resource

• Augment existing sources; replenish diminishing GW; 
maintain environmental flows 

• Eliminate additional treatment: alternative to tertiary treatment:
- Reclaimed/recycled (waste)water 
- Storm water
- Surface water

• Salt water intrusion barrier 

• Potential worldwide application: depends on site conditions    
(effluent quality, geology, soils, hydrology, etc..)
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PURIFICATION PROCESS DURING INFILTRATION 

Source: 
(Preuß and 
Schulte-Ebbert, 2000)

http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=An%20external%20file%20that%20holds%20a%20picture%2C%20illustration%2C%20etc.%0AObject%20name%20is%20JZUSB09-0221-fig01.jpg%20%5BObject%20name%20is%20JZUSB09-0221-fig01.jpg%5D&p=PMC3&id=2266879_JZUSB09-0221-fig01.jpg
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ENGINEERED METHODS OF GROUNDWATER RECHARGE 



COMPARISON OF THREE MAJOR ARTIFICIAL 
RECHARGE AND RECOVERY SYSTEMS 

(Adapted from: USEPA, 2004) 
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SOIL AQUIFER TREATMENT
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SAT IN INDIRECT POTABLE REUSE

- Environmental 

and 
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Barrier



SAT FOR WATER RECLAMATION
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DESIGN COMPONENTS FOR SAT SYSTEM 

• Pre-treatment requirements  ( depends on degree of wastewater treatment)
• Infiltration (hydraulic loading) rate
• Land requirement (taking into account wet/dry cycle)
• Number of wells (production capacity per well) ; Spacing between the wells
• Distance of the wells from infiltration pond or injection well
• Pumping rate (affects groundwater flow and velocity)
• Share of native groundwater in reclaimed water (%)
• Water quality obtained from the SAT system
• Post-treatment requirements (if any)
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FACTORS AFFECTING PERFORMANCE OF 
SAT SYSTEM 

• Site Specific Conditions
• Source water quality
• Geology and Soils
• Geohydrology 

• Alluvial, Unconfined or Confined Aquifer 
• Unsaturated Zone Depth (depth to water table)
• Aquifer Depth (depth from water table to bedrock)
• Permeability (Conductivity)

• Travel Distance /Travel Time
• Well Placement, spacing between the wells, pumping rate
• Permeability
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DOC REMOVAL BY SAT FOR DIFFERENT INFLUENTS



TSS & DOC REMOVALS WITH DIFFERENT PRE-
TREATMENT OF PRIMARY EFFLUENT
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TYPICAL REMOVAL EFFICIENCY OF SAT SYSTEM



REMOVAL OF OMPS IN SECONDARY EFFLUENT 
DURING SOIL PASSAGE 
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Source: (Sharma et al, 2011)



REMOVAL OF OMPS IN SECONDARY EFFLUENT 
DURING SOIL PASSAGE  AFTER OZONATION

(Depth  = 5 m,  
HLR = 1.25 

m/day)

Source: (Sharma et al, 2011)
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REMOVAL OF PHACS IN CW, SAT & HYBRID SYSTEM
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HYDRAULIC LOADING & OPERATION
• Infiltration basins in SAT systems are intermittently flooded 

to provide regular drying periods, for restoration of infiltration rates 
and for aeration of the soil. 

• Flooding schedules typically vary from 8 hours dry-16 hours 
flooding to 2 weeks dry-2 weeks flooding. 

• SAT systems, therefore, should have a number of basins so 
that some basins can be flooded while others are drying. 

• Annual infiltration amounts or "hydraulic loading rates“  typically 
vary from 15 m/year to 100 m/year, depending on soil, climate, 
quality of sewage effluent, and frequency of  basin cleaning. 



EXAMPLE: SAT SYSTEM IN SHAFDAN (ISRAEL)



SWEETWATER RECHARGE FACILITIES, TUSCON (USA)



STORMWATER REUSE SYSTEM - CITY OF SALISBURY 
(AUSTRALIA)

Source: Rinck-Pfeiffer (2010)



WATER RECLAMATION SYSTEM, WULPEN/TORREELE (BELGIUM)



ATLANTIS WATER RESOURCE MANAGEMENT SYSTEM - AWRMS 
(SOUTH AFRICA) 



PERSPECTIVES ON DIFFERENT SAT SYSTEMS 
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Guidelines for design, operation and maintenance of SAT (and hybrid SAT) systems
MEKOROT (Israel) and IHE Delft (The Netherlands. EU SWITCH project.
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