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Executive SummaryExecutive Summary

Overdrafted Southern California groundwater basins Overdrafted Southern California groundwater basins 
require artificial replenishment to remain usable. require artificial replenishment to remain usable. 

Reclaimed (recycled) municipal wastewater has been Reclaimed (recycled) municipal wastewater has been 
successfully used for recharge for nearly 50 years.   successfully used for recharge for nearly 50 years.   

State is increasing goals for recycled water reuse to State is increasing goals for recycled water reuse to 
make up for losses in traditional supplies.make up for losses in traditional supplies.

Innovative projects to enhance recharge while Innovative projects to enhance recharge while 
protecting source waters.protecting source waters.

Case Study: Central and West Coast Basins Case Study: Central and West Coast Basins 
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Overdraft History:Overdraft History:

•• Rapid Population Growth in 1900s Rapid Population Growth in 1900s 
leads to high water demand.leads to high water demand.

•• Groundwater Pumping Double Natural Groundwater Pumping Double Natural 
Recharge.  OVERDRAFTRecharge.  OVERDRAFT

•• Water levels declined up to 10 ft/yr.  Water levels declined up to 10 ft/yr.  
Wells went dry.Wells went dry.

•• Seawater intrusion contaminated wells Seawater intrusion contaminated wells 
with salt.  Wells Abandoned.with salt.  Wells Abandoned.



BASINBASIN
OVERDRAFTOVERDRAFT
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SolutionsSolutions

1) LA County Flood Control captured storm 
water in riverbeds and off-stream spreading 
grounds since late 1930s.

2) LA County installed a 16-mile barrier of 
injection wells to halt seawater intrusion.  
First wells in early 1950s.

3) WRD formed in 1959 to provide artificial 
replenishment water (imported & recycled).

4) Court-ordered adjudications of pumping in 
1960s sets a maximum cap on extractions.
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RESULTSRESULTS



Recycled Water for RechargeRecycled Water for Recharge

Desirable Resource:  Desirable Resource:  
Imported and storm waters are getting harder to obtain.Imported and storm waters are getting harder to obtain.
Reliable.  High Quality.  Lower Cost than Imported.Reliable.  High Quality.  Lower Cost than Imported.

Spreading Grounds:Spreading Grounds:
Disinfected tertiary from local wastewater treatment plants.Disinfected tertiary from local wastewater treatment plants.
35% of total recharge.  35% of total recharge.  
Over 1.4 MAF spread since 1962.Over 1.4 MAF spread since 1962.

Seawater Barrier Injection Wells:Seawater Barrier Injection Wells:
Disinfected tertiary + MF/RO/AOP since 1995.Disinfected tertiary + MF/RO/AOP since 1995.
Currently 17,500 afy (64% of total barrier demand).Currently 17,500 afy (64% of total barrier demand).
100,000 af recycled injected to date.100,000 af recycled injected to date.
Eventually get to 100% recycled at barriers. Eventually get to 100% recycled at barriers. 
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Spreading Water Sources

Local Storm Water Runoff
avg ~ 50,000 afy.  Cost = free

Imported River Water (raw)
avg ~ 20,000 afy.  $327/af

Recycled Water
(disinfected tertiary)
avg ~ 50,000 afy
$21/af



2909Y

1590AL

1582W

1620RR

1612T

1613V

23 Drinking Water Wells within 
500 feet of Recharge Ponds



Over 500 Wells in BasinsOver 500 Wells in Basins
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Seawater Barrier Water & CostsSeawater Barrier Water & Costs

Imported Water (potable)
$706/af - $845/af

Recycled Water
(MF+RO+AOP)
$287/af - $504/af
Cost includes local, state, 

and federal subsidies



Major Recycled Water Recharge Projects in So. Cal. Major Recycled Water Recharge Projects in So. Cal. 

Project 
Amount of 
Recycled 

Water  
Acre feet/Year 

Project Start Date 

Montebello Forebay Groundwater Recharge Project 
(Spreading Basins) 50,000 1962 

West Coast Basin Barrier Project (Injection) 14,000 1994 
Chino Basin Groundwater Recharge Project (Spreading 
Basins) 21,000 Phase I 2005 

Phase II 2007 
Alamitos Barrier Project (Injection) 3,360 2005 
Dominguez Gap Barrier Project (Injection) 5,600 2006 
Orange County Groundwater Replenishment System 
Spreading Basins and Seawater Barrier Injection Wells 72,000 2008 
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Orange County Water DistrictOrange County Water District



Wastewater to Drinking Water through Wastewater to Drinking Water through 
Groundwater Recharge Via Two PathsGroundwater Recharge Via Two Paths
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Recycled Water Produced atRecycled Water Produced at 
Water Reclamation PlantsWater Reclamation Plants

To Spreading Grounds
or Source Water for
Advanced Treatment

LA County Sanitation Districts
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State is Supporting Increasing State is Supporting Increasing 
Recycled Water ReuseRecycled Water Reuse

New State Water Board Recycling Policy (2009).New State Water Board Recycling Policy (2009).
Recognizes water shortage problems in the state.
Purpose of the Policy is to focus on increasing the 
use of recycled water from municipal wastewater 
sources in a manner consistent with state and 
federal water quality laws.
Increase the use of recycled water over 2002 
levels by at least one million afy by 2020 and by 
at least two million afy by 2030.
Substitute as much recycled water for potable 
water as possible by 2030.



Permit Process for CAPermit Process for CA 
Recycled Recharge ProjectsRecycled Recharge Projects

3 3 -- 7 Year7 Year
Process Process 
(or more)(or more)



CDPH Draft Regulations CDPH Draft Regulations 
(August 2008)(August 2008)

General Requirements (water liability, source control)
Non Regulated Chemicals (pharms, PCPs)
Total Organic Carbon (TOC) requirements
Pathogenic Microorganisms
Nitrogen Compounds
Regulated Chemicals
Aquifer Travel Time Requirements
Monitoring Wells
Engineering Report 
Annual and Five Year Reports 

http://ww2.cdph.ca.gov/HealthInfo/environhealth/water/Pages/Waterrecycling. 
aspx

http://ww2.cdph.ca.gov/HealthInfo/environhealth/water/Pages/Waterrecycling.aspx
http://ww2.cdph.ca.gov/HealthInfo/environhealth/water/Pages/Waterrecycling.aspx


Control of Pathogenic Control of Pathogenic 
MicroorganismsMicroorganisms

Disinfected tertiary filtered recycled water Disinfected tertiary filtered recycled water 
Retained underground for a minimum of 6 Retained underground for a minimum of 6 
months prior to extraction for use as a drinking months prior to extraction for use as a drinking 
water supply water supply 
GRRP must demonstrate that the minimum GRRP must demonstrate that the minimum 
retention time has been met retention time has been met 
A tracer study utilizing an added tracer (e.g. A tracer study utilizing an added tracer (e.g. 
sulfur hexafluoride sulfur hexafluoride –– but recently banned GHG) but recently banned GHG) 

prior to the end of the third month of operation prior to the end of the third month of operation 
(including prior to initial operation), (including prior to initial operation), 
under hydraulic conditions representative of normal under hydraulic conditions representative of normal 
operations. operations. 
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Changes in Total Organic Carbon (TOC) Changes in Total Organic Carbon (TOC) 
1999 1999 –– 2008 Full Scale Operations2008 Full Scale Operations

TOC in Montebello Forebay Spreading Basins, 1999-2008
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What about What about PPCPPPCP’’ss??????
Headlines from Recent AP articlesHeadlines from Recent AP articles

PPCP = Pharmaceuticals and Personal Care Products



OccurrenceOccurrence

U.S. Geological Survey (USGS),  2001 U.S. Geological Survey (USGS),  2001 ––
National survey of streams.National survey of streams.

USGS,  2002 USGS,  2002 –– National survey of National survey of 
groundwatergroundwater

USGS, Groundwater Ambient Monitoring USGS, Groundwater Ambient Monitoring 
Assessment (GAMA) Study, 2007 Assessment (GAMA) Study, 2007 ––
statewide study to investigate presence of statewide study to investigate presence of 
PPCPPPCP’’ss in local basins.in local basins.



USGS, 2001USGS, 2001

• 95 of 139 streams 
sampled had PPCPs 
(68%).

• 5 new analytical 
methods 

• 7 of 15 groups found in 
over 60 percent of 
samples.

• 3 of 15 groups made up 
80% of concentration 
(detergents plasticizers



Locations of Municipal Discharges in Colorado Locations of Municipal Discharges in Colorado 
River and State Water Project WatershedsRiver and State Water Project Watersheds

City of San Diego estimated that 9 – 17% of base 
flows of imported water are of wastewater origin. 



Advanced Oxidation and Membranes most effective treatment 
th d

Ref. 1, Snyder





Drewes, Ref. 2

Soil Aquifer 
Treatment (SAT) is 
effectively removing 
most PPCP’s 
(>90%).





Only Some of the ResearchOnly Some of the Research……
1.1. Snyder, Snyder, etaletal, , ““Removal of Removal of EDCsEDCs and Pharmaceuticals in Drinking and Pharmaceuticals in Drinking 

and Reuse Treatment Processesand Reuse Treatment Processes””, 2007, AWWARF Report No. , 2007, AWWARF Report No. 
91188.91188.

2.2. DrewesDrewes, et al, , et al, ““Development of Indicators and Surrogates for Development of Indicators and Surrogates for 
chemical Contaminant Removal during Wastewater Treatment and chemical Contaminant Removal during Wastewater Treatment and 
ReclamationReclamation””, 2007, , 2007, WateReuseWateReuse Foundation Draft Final Project Foundation Draft Final Project 
Report 03Report 03--014.014.

3.3. CossCoss, Ron, , Ron, etaletal, , ““Reservoir Augmentation in the Arid Southwest Reservoir Augmentation in the Arid Southwest –– 
Is it a viable option?Is it a viable option?””, , WateReuseWateReuse Association California Section Association California Section 
2007 Conference Proceeding, May 2007. 2007 Conference Proceeding, May 2007. 

4.4. KolpinKolpin, Dana W., , Dana W., etaletal, , ““Pharmaceuticals, Hormones, and Other Pharmaceuticals, Hormones, and Other 
Organic Wastewater Contaminants in U.S. Streams, 1999Organic Wastewater Contaminants in U.S. Streams, 1999--2000: A 2000: A 
National Reconnaissance, Environmental Science and Technology, National Reconnaissance, Environmental Science and Technology, 
2002, 36, 12022002, 36, 1202--1211.1211.

5.5. Barnes, K.K., Barnes, K.K., KolpinKolpin, D.W., Furlong, E.T., , D.W., Furlong, E.T., ZauggZaugg, S.D., Meyer, M.T., , S.D., Meyer, M.T., 
Barber, L.B., and Barber, L.B., and FocazioFocazio, M.J., 2005, , M.J., 2005, ““Studies examine Studies examine 
contaminantscontaminants----Pharmaceuticals, hormones and other organic Pharmaceuticals, hormones and other organic 
wastewater contaminants in ground water resources,wastewater contaminants in ground water resources,””: National : National 
Driller Magazine, v. 26, no. 3, p. 38Driller Magazine, v. 26, no. 3, p. 38--39. 39. 

6.6. http://http://epa.gov/ppcp/faq.htmlepa.gov/ppcp/faq.html -- EPA website, Frequent Questions, EPA website, Frequent Questions, 
PPCPPPCP’’ss

http://epa.gov/ppcp/faq.html
http://epa.gov/ppcp/faq.html


Results of PPCP StudiesResults of PPCP Studies
PPCPPPCP’’ss are present in extremely low levels at are present in extremely low levels at ngng/L /L 
range in waterways receiving wastewater effluent range in waterways receiving wastewater effluent 
and nonand non--point surface runoff. point surface runoff. 

Reverse Osmosis and Advanced Oxidation Reverse Osmosis and Advanced Oxidation 
combined are the most effective treatment combined are the most effective treatment 
methods, however they are expensive, create methods, however they are expensive, create 
waste (brine), and produce a sterile water that waste (brine), and produce a sterile water that 
does not promote SAT. does not promote SAT. 

Soil Aquifer Treatment (SAT) is very effective at Soil Aquifer Treatment (SAT) is very effective at 
removing many removing many PPCPsPPCPs, is sustainable and natural, , is sustainable and natural, 
but needs organic carbon to be effective.but needs organic carbon to be effective.

Human health effects at these levels not identified.Human health effects at these levels not identified.



SummarySummary
Recycled water has proven to be a safe and 
effective resource for indirect potable reuse 
via groundwater recharge for decades.

State of California is promoting increased 
recycled reuse to makeup for water losses 
from traditional sources.

Extensive control and monitoring measures 
in place to ensure protection of source 
waters, environment, and human health. 

Emerging issues come up that require Emerging issues come up that require 
thorough research and scientific analysis to thorough research and scientific analysis to 
separate fact from fiction.  separate fact from fiction.  

Questions?  Contact Ted Johnson:  tjohnson@wrd.org
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