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• Population Pressure 

 

• Climate Change 

 

• Infrastructure Gap 

 

• Less Imported Water 

 

• New Awareness of Water Contaminants 

California water stress  
June 24, 2014 
 

Exceptional  
 
Extreme 
 
Severe 
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Integrated Systems Research 

SF Bay Area 

CO Front Range 

CO Front Range 

Tailored Water Test Bed 

Water Reuse & 
Ecosystem Benefits 

Urban Systems and Institutions  

Efficient Engineered  
Systems 

Natural Water 

Infrastructure Systems 

Regional scale Local scale 
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Recycled water “purple pipe” system 
 

Bischel et al., ES&T, 46: 180, 2012 
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•High cost of central 
distribution system 
•$1-3 million/mile 
•Water is too salty 
•Pumping water 

back up hill 
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Energy 
recovery 
regions 

Ocean, Lake, 
River 

 
Decentralized  
water-energy 
recovery systems 
 
Hybrid systems 
with new satellite 
& central facilities 
 
 

Centralized 
resource recovery  

Re-thinking the system 

Stanford! 
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Converting waste into resource 

Codiga Resource Recovery Center, Stanford University Delta Sci. Prog., July 1, 2014 6 



Energy opportunity: 
wastewater as a resource 

0.3 kWh/m3 

1.7 kWh/m3 

NH3 

Organics 

There is 3-4 times more energy in 

wastewater than is needed to treat it. 

Conventional 

Treatment 

0.45 - 0.66 kWh/m3 

Anaerobic Digestion 

Combustion 

Gasification 

Pyrolysis 
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Question 

• Can we treat municipal wastewater 
100% anaerobically to achieve net 
energy production while meeting 
effluent quality standards, and at 
lower cost than by conventional 
aerobic treatment ? 
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Anaerobic fluidized bed membrane bioreactor 

(capture CH4) 

 

Game changing idea—energy 
positive water reclamation! 
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Kim et al., Environ. Sci. & Technology, 45:576 (2011) 

Pilot demonstration of energy from nitrogen 

(ammonia to nitrous oxide) 

Sherson et al., Energy & Environ. Sci., 6:241 (2013) 

Water reuse 
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Korea Pilot Trace Organics Removals 
Bill Mitch & David Sedlak 

Trace Organics SAF-MBR Aerobic Treatment 

Disinfection 
   Byproducts 

47-78% 
reduction 

  2 reduced 12 -56%   
2 increased 
 38 to 100% 

Pharmaceuticals 96% 
average 

reduction 

69% 
average 

  reduction 

Pharmaceutical 
Transformation 
Products 

     96-100% 
     reduction 

  

produced or 
 increased 
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“Slaking a Region’s Thirst While Cleaning Its Beaches” 

New York Times, April 8, 2013 

Sun Valley District, Los Angeles  

Los Angeles River  

Stormwater in Mediterranean climates: 
Flooding, lost water, polluted beaches 
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Stormwater capture & use 

• Sonoma County: Developing management priorities 

• Chino Basin: Integrated aquifer recharge system 

• Los Angeles: Stormwater reuse at different scales: 
– Decentralized 

• Individual household – Rain barrels and cisterns 

• Neighborhood – Elmer Avenue example 

– Centralized 
• Sub-regional – Rory M. Shaw Wetlands Park 

• Regional – Pacoima Spreading Grounds 

• Stormwater capture network projection 

– Stormwater capture network projections 
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Sonoma County: developing 
stormwater management priorities 

• Two main objectives: flood 
hazard reduction & groundwater 
recharge 

• Systems-level view:  
integrated land use planning and 
public acceptance.    

• Muliti-benefit projects: 
community benefits, maintain 
open space, ecosystem functions 
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Chino Basin goal:  
  no additional water imports 

• Recharge water – three 
integrated  sources 

• Stormwater  
– 15,000-25,000 AFY 
– $30-50/AF 

• Recycled water  
– 10,000 AFY  
– $95/AF 

• Imported water  
– 40,000-50,000 AFY  
– $560/AF 

Martha Davis, IEUA Delta Sci. Prog., July 1, 2014 16 



Los Angles: projected water supplies 

Charts do not reflect 100,000 AF of existing conservation 

2007 – 2011 Average 

Total: 603,616 AFY 

2034 – 35   

Total: 711,000 AFY 

Much less  
Imported water  
from No. Calif. ! 

New ! 
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• The cities are planning regional infiltration basins 
to collect runoff to recharge aquifers.     

 (Gary Hildebrand, Asst. Dep. Dir., LA County Dept. of Public Works) 

Los Angeles Times 
May 5, 2014 
 
Los Angeles River 
near Long Beach 
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Los Angeles: Stormwater reuse at 
different scales 

• Decentralized systems 

– Individual household – Rain barrels and cisterns 

– Neighborhood – Elmer Avenue example 

• Centralized systems 

– Sub-regional – Rory M. Shaw Wetlands Park 

– Regional – Pacoima Spreading Grounds 

• Stormwater capture network projections 
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Neighborhood scale – Elmer Avenue 

• Two block, 40 acre project 

• Collaboration among 
NGOs, utilities, and 
residents 

• Residents maintain both 
private property and 
right-of-way features. 

• Costs: $2.5 million 
(capital), $12,000/year 
(O&M) 

• Infiltration of 16 AFY 
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Regional scale – Rory M. Shaw 
Wetlands Park 

• Convert 45-acre gravel pit into facility for stormwater retention, 
treatment, groundwater recharge, habitat & recreation. 

• Costs: $46 mill ($28 mill for land), $240,000/year (O&M) 

• Volume recharge: 900 AFY 
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Sun Valley District 
Los Angeles 
  Today: 

45 acre pit 
Future: 

Stormwater 
collection, 

treatment & 
recharge. 

 
45 acre 

treatment 
wetland and 

park 

Salvage yards & industrial drainage  
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Mega-regional scale – Pacoima 
Spreading Grounds 

• Twelve basins, first 
used in 1932 

• Area: 169 acres 
• Current capacities:  

– Intake: 600 CFS 
– Storage: 440 AF 
– Percolation: 65 

CFS 

• Annual recharge: 
6,500 AFY 
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Pacoima spreading grounds upgrades 
• Reconfigure and deepen basins, 

increasing: 

– Storage capacity from 530 to 
1,200 AFY 

– Recharge volume from 6,500 
to as much as 17,000 AFY 

• Replace intake channel: open 
space for recreation or habitat  

• Estimated cost: $28.1 million 

• Plans to connect to recycled 

water 
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Comparison of project costs 

Project name Volume of water 
recharged (AFY) 

Capital cost Annual O&M 
costs 

Amortized annual 
capital cost (over 50 
years) 

O&M cost 
per volume 
recharge 

Elmer Avenue 16 $2.5 million $12,000 $3,125/ AF $750/ AF 

Rory M. Shaw 
Wetlands Park 

900 $46 million $240,000 $1,020/ AF $270/ AF 

Pacoima Spreading 
Ground Upgrades 

10,500 $28.1 million Unknown $54/ AF Unknown 
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Acre-feet captured per year 

Project economies of scale 

Source: Southern California Water Committee, 2013 
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Cost comparison of water supplies 

Source: LADWP 2010 Urban Water Management Plan and Water Resources Division 

Larger 
systems 
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Capture potential under different 
scenarios for Los Angeles 

Preliminary Results – Subject to change (Rafael Villegas) 
Data source: (Los Angeles Department of Water and Power, 2014) 
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Urban stormwater chemicals 

Smart Urban 
 Water Grids 

Energy Positive  
Systems 

Urban-use biocides 
diuron, triazines, 

chlorophenoxyacetic acids, 
pyrethroids, fipronil 
 

Vehicle-related compounds 
 PAHs, benzothiazoles & 

alkylphenols (rubber 
additives), benzotriazoles 
(anti-freeze) 

29 

Benzotriazole Mercaptobenzothiazole 
Fluoranthene Diuron 
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Stormwater: 
 capture, treatment & recharge  

Delta Sci. Prog., July 1, 2014 

Pretreatment 

Capture & 

storage pond  

Iron-enhanced 

filtration 

Biofilter 

Geomedia 

Groundwater recharge 

Stormwater   

Solids settling  
& removal 

Photolysis:  
organics, pathogens 

Phosphorus, 
metals removal 

Denitrification 

Trace organics  
removal 



Geographic & other factors 

• Soil type 

• Precipitation 

• Water rights 

• Land availability 

• Existing stormwater 
infrastructure 

• Combined stormwater 
& water recycle? 
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The future of urban water 

• Locally-sourced water 
• Decentralized systems 

& water reclamation 
• Stormwater use 
• Wastewater treatment 

with energy recovery 
• (In)direct potable reuse 
• Integration of natural & 

engineered processes 
• Systems-level solutions 

& social acceptance 
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