
Purified Recycled Water for Drinking 
in California



Concepts



Definitions  - Indirect Potable Reuse 
(IPR) via Groundwater Injection
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Groundwater Travel Time

All current IPR projects in CA are GW recharge projects
~200 mgd of total capacity

OCWD, LA, West Basin, WRD, Oceanside, Monterey, IEUA



Definitions  - Indirect Potable Reuse 
(IPR) via Reservoir Augmentation
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Dilution and Storage Time
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Definitions  - Direct Potable Reuse 
(DPR) via Raw Water Augmentation



Big Spring Texas
DPR System

Successfully Operating Since 2013
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Definitions  - Direct Potable Reuse 
(DPR) via Treated Water 
Augmentation



City of Windhoek, New Goreangab Water 
Reclamation Plant (NGWRP), Namibia

• Oldest DPR globally
• Old Goreangab WRP (1968 –

2002) 7.5 MLD.
• NGWRP (2002 – present) 21 

MLD.
• Private Management Agreement –

Financial Penalties for Quality 
Excursions.

• No guidance at inception has 
developed and changed with the 
times.

• No disease incidence linked to 
recycled water during entire 
history of operation.
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https://www.veoliawatertechnologies.com/sites/g/files/dvc2476/files/image/2018
/12/Windheock-banner.jpg (Date Accessed: 17/2/2019)

https://www.veoliawatertechnologies.com/sites/g/files/dvc2476/files/image/2018/12/Windheock-banner.jpg


// Two Types of Advanced Treatment Trains
Proven to produce safe potable quality water

MF                    RO                 UV/AOP

OZONE             BAF              UF          GAC        UV/AOP

Removes 
Pathogens

Removes
Trace

Organics
Removes 
Salinity

Requires 
Brine 

Disposal
Energy-

Intensive

   Yes Yes

Removes 
Pathogens

Removes
Trace

Organics
Removes 
Salinity

Requires 
Brine 

Disposal
Energy-

Intensive

   No No

Reverse Osmosis-Based Advanced 
Treatment

Carbon-Based Advanced Treatment



// Two Different Modes of Wastewater Treamtent
Proven to produce high quality feed water for purification

MBR

CAS          2 Clarifiers        UF

Removes 
Pathogens

Removes
Trace

Organics
Removes 

Solids

Pretreats 
Ahead of 

AWPF

   

Removes 
Pathogens

Removes
Trace

Organics
Removes 

Solids

Pretreats 
Ahead of 

AWPF

   

MBR

Conventional Activated Sludge
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CITY OF LOS ANGELES TERMINAL ISLAND 
AWPF

UVAOP MF RO

CITY OF ALTAMONTE SPRINGS (FLORIDA) 
DEMONSTRATION AWPF

UV
O3 &
BAC UF

Example Full-scale
CBAT for PRW:

• Gwinnett (GA)
• UOSA (VA)
• El Paso (TX)
• Rio Rancho (NM)

Example Full-scale
RBAT for PRW:

• LA (CA)
• OCWD (CA)
• Scottsdale (AZ)
• Big Spring (TX)



Quality



• Highest Quality Municipal Water (and lowest risk)
• Meets all Regulated Parameters, vast majority non-

detectable
• Robust barrier to emerging pollutants
• Robust barrier to pathogens

Purified Recycled Water Quality is 
Proven…Many Times Over



CECs, PPCPs, PFCs are Removed



Need



DUAL Drivers for (Potable) Reuse in the US

1. Water Supply Scarcity 2. Discharge Avoidance 
(Nutrients)
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Source https://www.globalchange.gov/browse/multimedia/water-stress-us Source: Sabo et al, 2021 at https://iopscience.iop.org/article/10.1088/2515-7620/abf296



Drought Drives PRW 
in CA



• 72,000 acre-feet per year of additional recycled water by 2030 (800,000 AFY total)
• 1,000,000 acre-feet per year of additional recycled water by 2040 (1,800,000 AFY total)



History



California has been 
doing potable water 
reuse since the 1960s

THEN NOW



The Gold Standard for 
PRW treatment, Orange 
County Water District, 
was implemented 20 
years ago



State of California Support



// California PRW Regulations
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Groundwater 
Recharge

Surface Water 
Augmentation

Draft Direct Potable 
Reuse

Pathogen 
Control

Treatment 
Train

Plans

12-log
10-log
10-log

12 to 14-log
10 to 12-log 
10 to 12-log

20-log
14-log 
15-log

Tertiary 
disinfected RO + UV/AOP Ozone/BAC + RO + UV/AOPRO + UV/AOP

• Operations Plan

• Joint Plan
• Operations Plan
• Treatment Plant and 

Distribution System 
Impacts Plan

• Joint Plan
• Water Safety Plan
• Operations Plan
• Pathogen & Chemical Control Point 

Monitoring and Response Plan
• Monitoring Plan
• Corrosion Control & Stabilization 

Plan

Virus
Giardia
Crypto



// Regulatory Context for DPR
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2016 2018
/19 202120141976



Confused? We have a Guide for that! 
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Engagement
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// A Clear Engagement Plan is Essential to a 
Successful Engagement Program
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// Transparent Information and Direct 
Engagement Leads to Public Confidence in 
PRW
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// Understanding Public Perspective 
Focuses Engagement Efforts



Using Science (and Demos!) to Foster 
Regulatory, Political, and Public Support





Why Do a Demonstration?

Regulatory Engineering Operations Public R&D



Las 
Virgenes-

Triunfo Pure 
Water 
Project



Las 
Virgenes-

Triunfo Pure 
Water 
Project



Las 
Virgenes-

Triunfo Pure 
Water 
Project



Closing PRW Jokes



37

// The YUCK Factor
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// Emerging Pollutants



Drought, Seawater 
Intrusion, and Potable 
Reuse on California’s 
Central Coast

Presenting:
Gina Dorrington
General Manager
Ventura Water



Water Supply
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2022 Current Water Supply: 17,224 acre-feet
(drought conditions)


Chart1
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		Ventura River

		Mound Basin

		Oxnard Plain Basin

		Santa Paula Basin

		Recycled



3843

1000

3500

5304

3000

577



Supply less demand

		Feb 2013 Supply Estimates														Feb 2013 Supply Estimates

		Less FY 2012 Consumption Based Demand														Less FY 2012 Consumption Based Demand

		PENDING PROJECTS ONLY														PENDING PROJECTS & GP DEVELOPMENT

		FY		Supply Range    Low and Top				FY 12 Based Demand		Low Supply Range Less Demand		Top Supply Range less Demand				FY		Supply Range    Low and Top				FY 12 Based Demand		Low Supply Range Less Demand		Top Supply Range less Demand

		12		- 0		- 0		16,489		- 0		- 0				12		- 0		- 0		16,489		- 0		- 0

		13		19,600		19,600		17,211		2,389		2,389				13		19,600		19,600		17,272		2,328		2,328

		14						17,113								14						17,113

		15		18,000		21,000		17,547		453		3,453				15		18,000		21,000		17,729		271		3,271

		16						17,738								16						17,738

		17						18,051								17						18,051

		18						18,363								18						18,363

		19						18,675								19						18,675

		20		18,000		23,500		18,385		(385)		5,115				20		18,000		23,500		18,871		(871)		4,629

		21						19,300								21						19,300

		22						19,459								22						19,459

		23						19,453								23						19,453

		24						19,459								24						19,459

		25		18,000		23,500		19,638		(1,638)		3,862				25		18,000		23,500		20,013		(2,013)		3,487

		All Units in Acre Feet Per Year														All Units in Acre Feet Per Year

		Absorption Rate:  FY 13-21 400 units; FY 22 203 units; FY 23-25 0 units														Absorption Rate:  400 units each FY

		Feb 2013 Supply Estimates														Feb 2013 Supply Estimates

		Less FY 2005-2009 Average Consumption Based Demand														Less FY 2005-2009 Average Consumption Based Demand

		PENDING PROJECTS ONLY														PENDING PROJECTS & GP DEVELOPMENT

		FY		Supply Range    Low and Top				FY 05-09 Based Demand		Low Supply Range Less Demand		Top Supply Range less Demand				FY		Supply Range    Low and Top				FY 05-09 Based Demand		Low Supply Range Less Demand		Top Supply Range less Demand

		12		- 0		- 0		19,300		- 0		- 0				12		- 0		- 0		19,300		- 0		- 0

		13		19,600		19,600		19,468		132		132				13		19,600		19,600		19,528		72		72

		14						19,925								14						19,925

		15		18,000		21,000		19,803		(1,803)		1,197				15		18,000		21,000		19,985		(1,985)		1,015

		16						20,550								16						20,550

		17						20,862								17						20,862

		18						21,174								18						21,174

		19						21,487								19						21,487

		20		18,000		23,500		20,642		(2,642)		2,858				20		18,000		23,500		21,127		(3,127)		2,373

		21						22,112								21						22,112

		22						22,270								22						22,270

		23						22,270								23						22,270

		24						22,270								24						22,270

		25		18,000		23,500		20,895		(2,895)		2,605				25		18,000		23,500		22,269		(4,269)		1,231

		All Units in Acre Feet Per Year														All Units in Acre Feet Per Year

		Absorption Rate:  FY 13-21 400 units; FY 22 203 units; FY 23-25 0 units														Absorption Rate:  400 units each FY





Supply by Source Summary

		

		Summary of Future Water Supply

		Source		Year 2022		Year 2015                 Low to High				Year 2020                Low to High				Year 2025                  Low to High

		Lake Casitas		3,843		5,000		5,000		5,000		5,000		5,000		5,000

		Ventura River		1,000		4,200		4,200		4,200		6,700		4,200		6,700

		Mound Basin		3,500		4,000		4,000		4,000		4,000		4,000		4,000

		Oxnard Plain Basin		5,304		4,100		4,100		4,100		4,100		4,100		4,100

		Santa Paula Basin		3,000		- 0		3,000		- 0		3,000		- 0		3,000

		Recycled		577		700		700		700		700		1,400		1,400

		TOTAL		17,224		18,000		21,000		18,000		23,500		18,700		24,200

		Water Type		AFY

		Recycled		700

		Ground		11,804

		Surface		4,843

		Total		17,347





Supply by Source Summary

		





MESSING WITH NUMBERS

		Feb 2013 Supply Estimates														Feb 2013 Supply Estimates

		Less FY 2012 Consumption Based Demand														Less FY 2012 Consumption Based Demand

		PENDING PROJECTS ONLY														PENDING PROJECTS & GP DEVELOPMENT

		FY		Supply Range    Low and Top				FY 12 Based Demand		Low Supply Range Less Demand		Top Supply Range less Demand				FY		Supply Range    Low and Top				FY 12 Based Demand		Low Supply Range Less Demand		Top Supply Range less Demand

		12		- 0		- 0		16,489		- 0		- 0				12		- 0		- 0		16,489		- 0		- 0

		13		18,000		19,600		17,211		789		2,389				13		19,600		19,600		17,272		2,328		2,328

		14						17,113								14						17,113

		15		16,800		23,500		17,547		(747)		5,953				15		16,800		23,500		17,729		(929)		5,771

		16						17,738								16						17,738

		17						18,051								17						18,051

		18						18,363								18						18,363

		19						18,675								19						18,675

		20		16,800		23,500		18,385		(1,585)		5,115				20		16,800		23,500		18,871		(2,071)		4,629

		21						19,300								21						19,300

		22						19,459								22						19,459

		23						19,453								23						19,453

		24						19,459								24						19,459

		25		16,800		23,500		19,638		(2,838)		3,862				25		16,800		23,500		20,013		(3,213)		3,487

		All Units in Acre Feet Per Year														All Units in Acre Feet Per Year

		Absorption Rate:  FY 13-21 400 units; FY 22 203 units; FY 23-25 0 units														Absorption Rate:  FY 13-21 400 units; FY 22 203 units; FY 23-25 0 units

		Feb 2013 Supply Estimates														Feb 2013 Supply Estimates

		Less FY 2005-2009 Average Consumption Based Demand														Less FY 2005-2009 Average Consumption Based Demand

		PENDING PROJECTS ONLY														PENDING PROJECTS & GP DEVELOPMENT

		FY		Supply Range    Low and Top				FY 05-09 Based Demand		Low Supply Range Less Demand		Top Supply Range less Demand				FY		Supply Range    Low and Top				FY 05-09 Based Demand		Low Supply Range Less Demand		Top Supply Range less Demand

		12		- 0		- 0		19,300		- 0		- 0				12		- 0		- 0		19,300		- 0		- 0

		13		19,600		19,600		19,468		132		132				13		19,600		19,600		19,528		72		72

		14						19,925								14						19,925

		15		16,800		23,500		19,803		(3,003)		3,697				15		16,800		23,500		19,985		(3,185)		3,515

		16						20,550								16						20,550

		17						20,862								17						20,862

		18						21,174								18						21,174

		19						21,487								19						21,487

		20		16,800		23,500		20,642		(3,842)		2,858				20		16,800		23,500		21,127		(4,327)		2,373

		21						22,112								21						22,112

		22						22,270								22						22,270

		23						22,270								23						22,270

		24						22,270								24						22,270

		25		16,800		23,500		20,895		(4,095)		2,605				25		16,800		23,500		22,269		(5,469)		1,231

		All Units in Acre Feet Per Year														All Units in Acre Feet Per Year

		Absorption Rate:  FY 13-21 400 units; FY 22 203 units; FY 23-25 0 units														Absorption Rate:  FY 13-21 400 units; FY 22 203 units; FY 23-25 0 units





pending projects only

		Feb 2013 Supply Estimates

		Less FY 2012 Consumption Based Demand

		PENDING PROJECTS ONLY

		FY		Supply Range    Low and Top				FY 12 Based Demand		Low Supply Range Less Demand		Top Supply Range less Demand

		12		- 0		- 0		16,489		- 0		- 0

		13		19,600		19,600		17,211		2,389		2,389

		14						17,113

		15		18,000		21,000		17,547		453		3,453

		16						17,738

		17						18,051

		18						18,363

		19						18,675

		20		18,000		23,500		18,385		(385)		5,115

		21						19,300

		22						19,459

		23						19,453

		24						19,459

		25		18,000		23,500		19,638		(1,638)		3,862

		All Units in Acre Feet Per Year

		Absorption Rate:  FY 13-21 400 units; FY 22 203 units; FY 23-25 0 units

		Feb 2013 Supply Estimates

		Less FY 2005-2009 Average Consumption Based Demand

		PENDING PROJECTS ONLY

		FY		Supply Range    Low and Top				FY 05-09 Based Demand		Low Supply Range Less Demand		Top Supply Range less Demand

		12		- 0		- 0		19,300		- 0		- 0

		13		19,600		19,600		19,468		132		132

		14						19,925

		15		18,000		21,000		19,803		(1,803)		1,197

		16						20,550

		17						20,862

		18						21,174

		19						21,487

		20		18,000		23,500		20,642		(2,642)		2,858

		21						22,112

		22						22,270

		23						22,270

		24						22,270

		25		18,000		23,500		20,895		(2,895)		2,605

		All Units in Acre Feet Per Year

		Absorption Rate:  FY 13-21 400 units; FY 22 203 units; FY 23-25 0 units







2000-2021 Water Production By Source 



Current Water Supplies are Rain 
Dependent & Vulnerable

IMPACTS & RISKS

Climate Change
Predict increased 

frequency and 
duration of 
droughts

Augment & 
Diversify 
Supply 

Portfolio

Future 
decreases 
to existing 

sources

Oxnard Basin 
allocation 

anticipated to 
decrease by 
50% by 2040

Ventura River 
litigation 

Lake Casitas 
levels



Drought Orders and Conservation

43

• Governor Newsom calls on Californians to 
voluntarily reduce water use by 15%2021

• State Water Resources Control Board 
adopts emergency regulations to 
encourage up to 20% water savings

2022

• State to set standards on indoor and 
outdoor residential water use and CII 
outdoor water use

Future

• City required to meet standards2027



Challenges of Drought and Water Supply

44

• Need to develop new water supply for 
resiliency, diversity, and projected growth

• Continue to promote and meet 
conservation levels 

• Tell residents to reduce water usage while 
justifying rate increases$

• Keep operational and maintenance pace 
with aging infrastructure



Long-Term Demand and Supply Projections
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Existing Supplies Planned Supplies Dry Year Demand



Long-Term Solutions
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EMERGENCY
intertie

IMPROVE
water quality

• Now in permitting 
and design

• Regional 
Agreements in-
progress

• Estimated Start 
of Construction: 
2024

Lawn 
Replacement 

Rebate

Free 
Efficient 
Sprinkler 
Nozzles Smart 

Irrigation 
Controller

Free Water 
Survey

50% off 
Rain 

Barrel

Washing 
Machine 
Rebate 

Program

Toilet
Rebate

Instant Hot 
Water

Recirculating 
Pump



Long-Term Solutions
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SECURE
water supply

EMERGENCY
intertie

IMPROVE
water quality

• Now in permitting 
and design

• Regional 
Agreements in-
progress

• Estimated Start 
of Construction: 
2024

State Water Interconnection Project



DROUGHT RESISTANT
Creates a drought-resistant, 

reliable water supply that isn’t 
dependent on rain

HIGH QUALITY 
Produces high-quality 

drinking water

ENVIRONMENTALLY 
PROTECTIVE

Reduces water discharge to 
the estuary, creating a natural 
environment for endangered 

species

Long-Term Solutions





Timeline
VenturaWaterPure (VWP)

2008
NPDES Permit requiring 
studies and litigation 
regarding estuary 
discharge

2011/2012
City enters Consent 
Decree with Wishtoyo 
Foundation and Heal 
the Bay

2015
VWP demonstration 
facility operations

2018
VWP Comprehensive Water 
Resources Report confirms 
diversified supplies needed to 
avoid future water shortages

2008 - 2018 2019 – 2022 2022 – 2027 2028 – 2030

2019 
Final EIR certified

Preliminary
Design Final Design Construction

2031 – 2032

Phase 1A: 3,600 AFY 
Delivered water capacity 

(2,800 AFY minimum)
Discharge to Estuary ≤ 1.9 MGD

Phase 1B: 5,400 AFY 
Delivered water capacity 

(4,000 AFY minimum)
Discharge to Estuary 0-0.5 MGD

2010-2018
Special Studies, 
Phase I through III 
Estuary Studies, and  
Scientific Reviews

2019-2023
Environmental Permitting

2022-2025
Pre-Construction 
Assessment Program 
(PCAP) for baseline 
data collection prior to 
Phase 1A

2026-2028
Monitoring & Adaptive 
Mgmt. Program (MAAMP) 
prior to Phase 1B

end of 2025
Outfall Discharge Facilities 
construction complete

Phase 1A: Diversion -
Discharge to Estuary ≤ 1.9 MGD

end of 2027
MBR and AWPF 
construction complete

Final 
Design
expansion

Construction
expansion

2029
Evaluate MAAMP 
results and proceed to 
Phase 1B



Outfall Permits - Anticipated Schedule

National Environmental Policy Act (NEPA) – conducted by USBR

2019 2020 2021 2022 2023 2024 2025

LA Regional Quality Control Board – CWA 401

CA Coastal Commission – CDP Ocean

CA State Lands Commission - Lease

US Army Corp of Engineers – Section 10/404

CA Environmental Quality Act (CEQA)

National Marine Fisheries Service (NMFS) – Biological Opinion 

United States Fish and Wildlife Service – Biological Opinion 

CA Coastal Commission – LCDP Conveyance Pipeline

State Regional Water Quality Control Board – 1211

LA Regional Water Quality Control Board – NPDES renewal – estuary and ocean discharge
51
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Potential Funding Scenario

EPA Water Infrastructure 
Finance and Innovation 
Act Loan

Clean Water State 
Revolving Fund Loan 
(CWSRF)

Other sources 
from Net Zero, 
Cash Reserves, 
Revenue Bonds

Bureau of Reclamation 
Title XVI Grants 2018 - $  2.5 M

2021 - $  1.7 M
2022 - $14.0 M

$18.2 M

Future $11.8 M

 $174 M
 Phase 1a
 Includes funding for MBR

Outfall (funding list)
 $34.8 M Loan
 $15.0 M Grant

MBR/UV (applied)
• $143.5 M


Chart1

		1st Qtr

		2nd Qtr

		3rd Qtr

		4th Qtr



Estimated Costs:

Phase 1a - $213 M
Phase 1b - $  77 M 
MBR          - $143 M

Sales

148

95

40

20



Sheet1

				Sales

		1st Qtr		148

		2nd Qtr		95

		3rd Qtr		40

		4th Qtr		20
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EMERGENCY
intertie

IMPROVE
water quality

Long-Term Demand and Supply Projections



Thank You!

5
4



CENTRAL COAST BLUE

Cal Cities -
DRAFT



Central Coast of California
San Luis Obispo County
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PAGE 58

South San Luis Obispo 
County relies on three water 

sources to meet the 
community’s diverse needs. 

However, prolonged drought 
and

changing environmental 
conditions have dramatically 

impacted these sources.
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HOW IT WORKS
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Regional Collaboration

• Competing Priorities
• Ownership Share
• Affordability
• Project Management Structure
• Joint Powers Agreement



PAGE 62

Economics

• Affordability
• Funding & Financing Strategy
• Cost Share Agreement
• Market Conditions
• Facility Operation



PAGE 63

Public Outreach

• Public Awareness
• Public Acceptance
• Rate Impacts



PAGE 64

Regulatory Landscape

• CEQA/EIR
• EIR Addendum
• Coastal Development Permit
• Federal Consultations



THANK YOU
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