
Welcome to the August 
Edition of the 2022 
M&R Seminar Series



NOTES FOR SEMINAR ATTENDEES

• All attendees’ audio lines have been muted to minimize background noise.

• A question and answer session will follow the presentation.

• Please use the “Chat” feature to ask a question via text to “All Panelists.”

• The presentation slides will be posted on the MWRD website after the

seminar.

• This seminar has been approved by the ISPE for one PDH and approved

by the IEPA for one TCH. Certificates will only be issued to participants

who attend the entire presentation.
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directed the NSF Engineering Research Center for Re-inventing the 
Nation’s Urban Water Infrastructure (ReNUWIt) to achieve more 
sustainable solutions to urban water challenges. His area of teaching 
and research is environmental engineering and water quality with 
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of our urban water challenges. His research addresses organic 
contaminants and contaminants of emerging concern in both 
engineered and natural systems. He is a Past President of the 
Association of Environmental Engineering and Science Professors and 
past chair of the National Research Council’s Water Science and 
Technology Board. He is a member of the National Academy of 
Engineering and a Fellow of the Water Environment Federation.
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Water is in the news!

Mercury News, August 2, 2022

KPCC Public Radio, May 13, 2022

Cal Matters, Aug 11, 2022

NYTimes, 2/12/22

LA Times, 2/13/22
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We live in a semi-arid region 

Lake Oroville
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US Drought Monitor
University of Nebraska
Aug 16, 2022
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Architect of the Golden State 

“Development of our water 
resources is crucial to every segment 
of our state— I will soon present a 
water program, which is rational, 
realistic and responsive to the needs 
of all the people of the state.”

First inaugural address, Jan. 5, 1959  

Governor Edmond G. “Pat” Brown
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Hetch Hetchy & Stanford 
Bay Division Pipelines #3 & #4

Pipeline #3, 72”, competed mid-1950s Pipeline #4, 90”,  May, 1964
SFPUC Engineering Archives

Stanford
campus
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The 20th Century:
Building the Aqueduct Empire  

Luthy et al., J Env. Eng.
146(7), July 2020
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Regional Imported Water System

Image: SFPUC

∼300 km 11



Bay-Delta Plan

• Amendments adopted in 2018

• Applies to Stanislaus, 
Tuolumne & Merced Rivers

• Requires 40% unimpaired flow 
to remain in-stream during the 
months of February - June

• SFPUC expects to contribute 
51.7% of new ecological flows

Stanislaus

Tuolumne

Merced

Image: SWRCB & CalEPA
Gile, Sherris, Holmes, Fendorf, Luthy:  Stanford Sustainability Initiative
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Tuolumne River System

How will new ecological release impact 
regional water supply? 
How can Bay Area water resources be managed 
to meet human and ecological needs?

Image: SFPUC

The Bay-Delta Plan requires 
that 40% of unimpaired 
Tuolumne River flow 
reaches the lower channel

Gile, Sherris, Holmes, Fendorf, Luthy:  Stanford Sustainability Initiative 13



All-of-the-above approaches 

Efficiency

Water 
Banking

Non-potable
Reuse

Centralized & 
decentralized

Potable
Reuse

Direct & indirect

Stormwater
Harvesting

Desalination
Brackish & seawater

Luthy et al., J Env. Eng.
146(7), July 2020

14

MWRDGC
8/31/22



Bischel et al., ES&T, 46: 180, 2012

•High cost
•$2-5 million/mile
•Water is too salty
•Pumping water 
back up hill
•We can’t lay 
enough pipe.

Centralized non-potable approach (1990s)
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Decentralized, efficient non-potable reuse 

Decentralized water 

reclamation

Reuse the water at the 

place where it is 

generated & needed

Main-stream anaerobic 

treatment with methane 

capture & energy savings

Codiga Center: Stanford demonstration facility
MWRDGC
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Gas-

Sparged 

MBR

Anaerobic

Fluidized Bed 

Reactor

Air 

Stripping 

Tower

Air

UV-Disinfection

Polishing 

Carbon 

Filters

Irrigation Testbeds

Rapid Sand

Filter

Biogas

Innovative, efficient non-potable reuse 
Biogas

& combustion air

Galdi et al., 2022
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Water recycling at the Codiga 
Resource Recovery Center

Sewer Field
Galdi et al., 2022
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Innovative, efficient non-potable reuse 
Decentralized 
water reclamation Augment Stanford’s

non-potable distribution system 

Demonstration project 
planned for controlled 

application & monitoring
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Potable reuse

Valley Water District, County Water Reuse 
Master Plan,  June 2021

Direct 
Potable 
Reuse

Indirect 
Potable 
Reuse
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Indirect potable reuse

Microfiltration

Reverse osmosis 

UV & advanced oxidation 

Full advanced treatment (FAT) following 
conventional wastewater treatment 
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Indirect potable reuse from Palo Alto

• 10 mgd (11,200 AFY) (38,000 m3/d)

• 36-in, 20 mile pipeline to recharge 
ponds in Los Gatos

• $520 million capital costs 

• $2,700-3,600 AF (∼$2.60/m3)

• 60% is pipeline costs

• Future: 24 mgd with add’l from PA 
plus Sunnyvale, $240 M expansion

Valley Water District, County Water Reuse 
Master Plan,  June 2021 22
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Desalination: brackish water

10 MGD brackish water RO plant 

Alameda County Water District, CA

Antioch, CA
Brackish water desalination (new 2022)
6 mgd (23,000 m3/d)
$110M capital costs Luthy et al., J Env. Eng.

146(7), July 2020 23
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San Diego Carlsbad seawater 
desalination plant—50 mgd, $1B

Desalination: sea water

50 mgd, $1.4 B, ∼$2,800/AF 24
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Stormwater capture:
Improved dry well design, Los Angeles

Laurel Canyon Blvd, Los Angeles
Los Angeles Dept. of Water & Power 25
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Stormwater contribution to water supply 

• Urban runoff could 
contribute ~10,000 AFY 
to Los Gatos recharge

• Centralized stormwater 
capture, treatment & 
recharge offers significant 
quantities compared to 
other stormwater options

• Costs ($600-1800/AF) are 
highly dependent on 
treatment train

Method and tool development:
Bradshaw et al. 2019 ES&T, 53(6), pp. 3128
Bradshaw et al., 2019 WRR, 55(3), pp. 2446 

Advanced Water 
Purification Center

Los Gatos 
Recharge Ponds

Coyote Creek 
stream gauge

15 mi. pipeline
+230 ft elevation

Recycled Water Committee, June 23, 2021 26
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Coyote Creek sampling 

• Many compounds not detected

• A few detections at low levels:

• PFOA and PFOS

• Benzotriazole (corrosion inhibitor)

• Diuron (herbicide)

• Heavy metals

• Caffeine (wastewater indicator)

PFOA PFOS

Notification Level 5.1 ppt 6.5 ppt

Response Level 10 ppt 40 ppt

California Division of Drinking Water 27
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Stormwater contribution to water supply 

Evaluation of media for sorption of 
trace contaminants from urban runoff

Pritchard et al., 
ES&T Au, 2022
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Subsurface storage with 
favorable geology & regional 
connections

Fraint-Kern Canal

California Aqueduct

Banked water from out-
of-basin sources

Water banking

Luthy et al., J Env. Eng.
146(7), July 2020

Stanford
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Water banking
• Water stored with exchanges via CA aqueduct

Isela Medina, Staff Engineer
Semitropic Water Storage District

Today: Kern County:
water storage for 
Santa Clara County:
350,000 acre-ft
(∼400 million m3)

Future: distributed 
smaller-scale, 
Merced and Turlock
Irrigation Dist. & 
SFPUC 
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• We have quite a few challenges 
• Climate change

• Population and economic growth

• Competing needs, esp. ecosystem flows

• Older systems and institutions

• There isn’t a single issue or answer

• Work collaboratively—hopeful 
outcomes! 
• New systems and management regimes 

that diversifies our water supply portfolio 

Take-home messages

Many topics discussed today elaborated in Luthy et al., 2020 31
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Comparison between (1) historical reservoir spill and (2) reservoir spill 
requirement with the Bay-Delta Plan in effect (including water rights)

Tuolumne River System with 40% flow

Gile, 2022Gile, Sherris, Holmes, Fendorf, Luthy:  Stanford Sustainability Initiative
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Carrots, Imperial Valley, CA
Orchards &
Friant-Kern Canal, near Visalia, CA
San Joaquin Valley

Irrigated Agriculture in CA
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Atmospheric River 
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Land subsidence 

Groundwater over-drafting

Subsidence 10 miles southwest of Mendota, 

CA.  Sign reads "San Joaquin Valley California, 

BM S661, Subsidence 9M, 1925-1977" 

USGS Professional Paper 1401-A, "Ground water in the Central 

Valley, California- A summary report"

Photo by Dick Ireland, USGS, 1977
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Stormwater capture, 
West Campus 

Stormwater capture,
East Campus 

Pumped storage to Felt Lake

Stormwater capture and pumped storage
Stanford Campus Lake Water System
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Climate change & drought for CA 

Percent of area for California

U. Nebraska-USDA Drought Monitor and CA Dept. Water Resources37



NY Times, Aug 16, 2021
NY Times, Aug 16, 2022
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Sacramento Bee, Aug 17, 2022

San Jose Mercury
April 29, 2022

Cal Matters
June 22, 2022
San Jose Mercury
July 27, 2022
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SFPUC in this 2017 comment letter:  assuming a six year drought 
with 1987-1992 hydrology, a 40% unimpaired flow requirement 
would result in about 120,00 – 130,000 acre-ft per year shortage. 
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Gas-Sparged 

Membrane 

Bio-reactor

Anaerobic 

Fluidized 

Bed Reactor 
Trace Organic 

Spike

Polishing Carbon Filters

Aerobic Filter for 

Ultra-fine COD 

Biogas

UV Disinfection
Methane 

Stripping 

Tower

Air

Stanford Soil 

with Field 

Drainage

Water reuse on the Stanford campus

Stephen Galdi
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