THANK YOU FOR JOINING US

WateReuse Orange County
Chapter Meeting

WILL BEGIN SHORTLY



Age n d a » Networking & Social Session —11:30 AM

» Call to order — 12:00 PM
» Welcome: Hannah Ford, Chapter Vice President

» Presentations

— OC(\JI\{:[I):( F(R86D Piloting Experience with Three Enhanced-Recovery RO Technologies: CCRO, FO-RO,
an -

* Han Gu, Scientist, OCWD R&D Department
— DPR Public Outreach
* Sara Katz, Founder and CEO, Katz & Associates

» Standing Items
— Regulatory Updates: DDW/OCHCA

— Legislative and Regulatory Matters:
e Alicia Harasty, OCWD
* Claire Johnson, OCWD

— Potential Funding for Projects
» Conferences/Webcasts
» 2024 WateReuse California Conference Update
» Other Announcements/Discussion Items
» Roundtable: What’s Going On - All
» Adjournment



Have a question?

We will get to your questions after each presenter.



OCWD R&D Piloting Experience with Three

Enhanced-Recovery RO Technologies:
CCRO, FO-RO, and FR-RO

Orange County Chapter of WateReuse California

Han Gu, Ph.D.
Scientist/Process Specialist
Orange County Water District

February 15, 2024




Outline

= Utilization of high-recovery Reverse Osmosis (RO) for potable reuse
= Flow-reversal RO (FR-RO) pilot study

= Summary of Closed-Circuit RO (CCRO) and Forward Osmosis RO
(FO-RO) pilot studies

= Pros/Cons of three technologies piloted and cost comparison



Utilization of High-recovery RO for Potable Reuse

Conventional RO removes dissolved solids, macro-
molecules, and pathogens, but recovery is limited

RO generates large volumes of concentrated waste
stream, making concentrate management a challenge

Economically feasible high-recovery RO technologies,
such as CCRO, FO-RO and FR-RO, may make potable
reuse a more viable option

Singapore PUB implemented FR-RO at full-scale (2.8
mgd) in NEWater plant from 2017-~22 (Recovery
increased from 75% to 90%)

Santa Monica recently began first municipal FR-RO
performance testing at full-scale facility

CCRO pilot tested at PUB (2012-17), PDMWD (2016-17)
and LACSD (2015-18), recovery range from 90-96%



Advanced Water Purification Facility (AWPF) at OCWD'’s
Groundwater Replenishment System (GWRS)

GWRS is the largest potable reuse facility in the world,

producing up to 130 MGD of high purity water (after
final expansion in 2023)

23 MGD
OC San
~174 MGD 153 MGD
Microfiltration/ 3 stage RO 85% recovery
Ultrdfiltration

4
130 MGD



Benefit of Increasing the RO Recovery for GWRS

Increasing RO recovery would increase the overall GWRS production and lower

the volume of reject water (currently discharged to ocean outfall)

Main drivers for enhancing RO

recovery:

1. Water increasingly valuable as
cost of other sources increases

2. Water conservation reducing
source volume

3. Environmental stewardship

RO permeate (MGD)

RO concentrate (MGD)
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Flow-reversal RO (FR-RO) Process Description

= Key features:

Feed side flow reversal
(FR)

Block rotation (BR)

Proprietary FR/BR
triggering system
(based on crystallization
induction time estimate)

Signs of
scaling

Oversaturated

Undersaturated

Undersaturated

Clean
membrane

Oversaturated

Induction time: the time for a supersaturated solution to

reach the onset of nucleation




OCWD FR-RO Pilot Study — Overview

Pilot study was conducted between 2021 to 2023 [ R-RO pilot deployed in the OCWD AWPF RO building

in collaboration with Chart/AdEdge and ROTEC
Phase 1 (treating AWPF RO feedwater)

> Simulate full scale retrofit of a
conventional primary RO with FR

Phase 2 (treating AWPF RO concentrate)
» Simulate RO brine concentrator

Phase 3 (treating AWPF final expansion RO
feedwater)

» Arepeat of Phase 1 to confirm
performance on FE feedwater Single pass three stage RO system

30 gpm feed flow in 3 stage RO mode
15 gpm feed flow in 1 stage RO concentrator mode
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FR-RO Pilot Study: Summary of Findings

= Achieved ~89-90% stable
recovery treating GWRS ROF
No additional chemical needed

Re-confirmed after GWRS FE
startup

= Membrane cleaning approach
was optimized: 3-mo between
chemical cleanings (CIPs)

GWRS RO CIP interval is 6-12
months

= Treating RO concentrate directly

with FR-RO was not sustainable
3-month steady-state trial showing stable specific flux at 90%

recovery. Block rotation and flow reversal every 40 min (1st and 3™
stage); 2"d stage flow reversal every 10 hr,
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CCRO System Process Description

Step 1: Closed-Circuit Mode

Single stage, semi-batch
RO system, use complete
concentrate recycling to
achieve high recovery

Cross flow velocity can be adjusted independent of the overall recovery and

permeate flux. All three are independently controlled set-points
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CCRO System Process Description

Step 2: Plug Flow (Purge) Mode

The pressurized CCRO concentrate is purged from the membrane array into the Desali e
side conduit, which displaces the fresh feed to the front of the membrane array @ Dupontbrend
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CCRO System Process Description

Step 3: Side-Conduit Refill Mode

The side conduit is isolated, depressurized and flushed with fresh feed
under low-pressure for the next sequence

Concentrate flushing
efficacy is key to
maintain membrane
performance

Desali ’

a DuPant brand
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CCRO Pilot Testing at OCWD GWRS

Dupont ReFlex Max CCRO Pilot at AWPF RO Building (2017-2019)

Desalitech?

a DuPant brand
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OCWD CCRO Pilot Study — Overview

Pilot study was conducted between 2017 to 2019 in
collaboration with Dupont/Desalitech and Jacobs

* Phase 1 (CCRO treating AWPF MF effluent)

» Simulate full scale CCRO (as primary RO)
» Filling side conduit with MF effluent (ROF)

* Phase 2 (CCRO treating AWPF RO concentrate)

> Simulate RO brine concentrator (4t stage
RO)

» Filling side conduit with AWPF ROC or ROF



CCRO pilot study: Summary of Findings

= Achieved ~92% stable recovery treating
GWRS AWPF MFE

= Achieved ~91% overall recovery
treating RO concentrate (pilot was
operated as a “fourth stage” RO)

= Flush side conduit with ROF extended 0 |
the interva| between ClPS by more than 12:00 AM 1:12 AM 2:24 AM 3:36 AM 4:48 AM 6:00 AM 712 AM 8:24 AM §:36 AM

two-fold

= The pilot operated in adaptive variable
recovery mode to cope with fluctuating
feed water quality

= Membrane chemical cleaning was
optimized: ~2-mo between CIPs

Gu et al. Desalination, Vol 518, 2021, 115300
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(Forward Osmosis) FO-RO Pilot Process Description

2) Concentrate to drain

0.65 gpm
. 6) Draw blowdown to drain
AWPF RO concentrate 0.008 gpm
1) Feedin | £ 3) Diluted Draw
1 gpm | 1.4 gpm
1 RO 5) Final Permeatei
0.30 gpm

4) Regenerated Drav&
1.1 gpm

Hybrid membrane system, one pass, double barriers, draw
solution (NaCl) required to separate permeate

The salt concentration in the draw solution is retained within the closed-loop

Flat-sheet FO
membrane

PFO-100
membrane
module (14 m?)
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(Forward Osmosis) FO-RO Pilot Testing (2018-2019)

1-gpm FO-RO Pilot at OCWD GWRS AWPF RO Building FO-RO Pilot (Back)

RO Elements
Dupont SW30-2540

Draw Solution
FO Modules Make-up Tank
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FO-RO pilot study: Summary of Findings

 Pilot treated AWPF RO concentrate directly

* The system piloted at OCWD for about 18 months

 FO-RO system operated between 30-35% recovery
(89.5-90.3% overall recovery)

 FO CIP frequency: every 3-4 weeks

RO CIP frequency: every ~6 mo.

Operational Challenges

» Organic fouling and silica (silts/clay) scaling of the FO membrane
» FO membrane delamination due to rapid spikes in draw overpressure
» High draw solution usage

20



Relative Pros/Cons of Three High Recovery RO Technology

Test Pilot configuration and max
Technology Pros Cons ]
Duration recovery
Able to retrofit an existing RO | Concentrator mode was
CIP interval: ~3-mo unsuccessful 2021- Primary RO mode at 89-90%
FR-RO .
Salt and organic rejection Recovery reduced 2023 overall recovery
similar to conventional RO | during FR/BR transition
Concentrator mode
Work well in both primary RO| requires ROF for SC Primary RO mode at ~¥92% overall
CCRO and concentrator mode flushing 2017- recovery, or RO concentrator
Variable cycle recovery mode,| Permeate quality vary 2019 (fourth stage) at ~91% overall
adaptive to feed EC with time (cyclic recovery
behavior)
: . CIP interval: 3-4 weeks.
Internal salt retention min. FO membrane inteerit
concentrate reject salinity . : 8MY 1 2018- RO concentrator at 89.5-90%
FO-RO . . issues. High draw
Better organic and virus : . 2019 overall recovery
. solution usage. High
rejection than CCRO
permeate TDS
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Preliminary Cost Evaluation for Full-Scale CCRO and FO-RO

Gu et al. Water Reuse (2023) 13 (3): 305-318.

1200 { O10-mgd FO-RO plant 10-mgd CCRO plant 682
E20-mgd FO-RO plant ®20-mgd CCRO plant N
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3
(&)
= 800 -
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400 - = 389 407 370

200 4

0
Capital Unit Cost ($/AF) O&M Unit Cost ($/AF) Combined Unit Cost of “New” Water

($/AF)
 CCRO system is expected to have lower annual operation and maintenance (O&M) cost but higher capital
cost than the FO-RO system (FO-RO system exhibit the reverse trend)

« Assuming a 30-year loan period at a fixed annual interest rate of 5%, the unit cost of new water produced
by the CCRO system is slightly lower than FO-RO system
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Preliminary Full-Scale FR-RO Retrofit Cost Estimate

400 -

300 A

I
621 O New conventional RO unit (5.0 MGD) (85%) 637 Combined Cost

B FR-RO retrofit for producing additional
permeate (0.28 MGD) (90%)

B Melded rate (5.28 mgd) (90%)

118
90

99

115

B

Capital Unit Cost ($/AF)

OCWD site specific cost number ‘

The melded rate new RO unit +

retrofit capital cost

189

O&M Unit Cost ($/AF)

T

Combined Unit Cost of Water ($/AF)

The O&M cost is higher due to more frequent
cleanings and higher electrical power consumption
(due to membrane fouling)
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Conclusions

CCRO pilot achieved slightly higher recovery than the FR-RO
pilot in primary mode and higher recovery than the FO-RO pilot
treatment in concentrator mode

Based on a 10 and 20 mgd cost estimate, the unit cost of

additional water produced by the CCRO system is similar to the
FO-RO system

The unit cost of additional permeate from full-scale FR retrofit is
lower than that of CCRO and FO-RO system

All pilots produced high quality permeate that could be blended
with the existing primary RO permeate to increase overall
production
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Thank you!
Questions?

hgqu@ocwd.com
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Standing ltems

»Legislative and Regulatory Updates
—DDW
—OCHCA
—Claire Johnson, OCWD
—Alicia Harasty, OCWD

» Potential Funding for Projects



WateReuse California
Announces New Managing
Director Brenley McKenna




Regulatory Updates

» Making Conservation a California Way of Life Regulation

—Draft regulation released August 2023

—A Recycled Water stakeholder working group is seeking consensus on:

* “Temporary provision” for negative impacts to wastewater collection,
treatment, and reuse systems due to indoor water use standards should not
be temporary

* Special Landscape Areas should not be treated as a variance
* Method for calculating bonus incentive for Direct Potable Reuse

—Revised draft anticipated late February, followed by Board Workshop in March



Regulatory Updates Continued

»Direct Potable Reuse Regulations adopted at Dec. 19 State Board meeting

—California DPR Regulations Make International News The adoption of Direct
Potable Reuse regulations made the news in a big way! Hundreds of print, digital,
and TV outlets covered the story, starting conversations about potable reuse
around the world. A few highlights included coverage by New York Times,
Washington Post, CNN, Reuters, Associated Press, Univision, and CalMatters.

—Jennifer West told CalMatters and other publications that the regulations “really
herald a new era for water reuse in California. Communities across California will
be able to benefit from this new, safe, resilient supply.”

» Mid-summer likely earliest date regulations will be enforceable


https://www.nytimes.com/2023/12/19/us/california-wastewater-drinking-water.html
https://www.washingtonpost.com/climate-solutions/2023/12/20/california-drinking-water-wastewater-sewage/
https://www.cnn.com/2023/12/20/us/wastewater-california-regulations-board/index.html
https://www.reuters.com/business/environment/california-approves-rules-converting-sewage-waste-drinking-water-2023-12-20/
https://apnews.com/article/california-recycled-wastewater-drought-8b476dc83652af43c6aad52070b9d992
https://www.youtube.com/watch?v=WUoPcOMLOd4
https://calmatters.org/environment/2023/12/california-rules-turn-sewage-into-drinking-water/

2024 WateReuse California Conference

»September 15-17, 2024
—Hyatt Regency, Garden Grove

» Call for abstracts anticipated to
open early April

»Early Bird registration will open
mid-April




State Budget

»The Gov’s budget reduces funding for water recycling and
groundwater cleanup (S174.4 M reduction & delay of $100 M)

» WateReuse is advocating to get water recycling funding back into the
budget and in any potential Climate Bond

» The State Board responded to the Gov’s budget by announcing the
need to adjust the S15 M max grant amount for CW-SRF down to
accommodate pending projects (WateReuse is advocating for a S5 M
max)



Standing Item

» Potential Funding for Projects (see handout)



















































Upcoming Conferences, Webcasts & Meetings

2024 WateReuse Symposium | March 10 - 13| Denver

2024 WateReuse Arizona Symposium | July 28 - 30| Flagstaff

2024 WateReuse California Conference | September 15 - 17| Garden Grove

2024 Industrial & Commercial Water Reuse Conference | November 19 - 21| Indian Wells

Upcoming OC Chapter Meetings:
* April—TBD e June-—-TBD e August—TBD

See www.watereuse.orq to register and for more information



http://www.watereuse.org/

2024 WateReuse California Conference Update

»September 15-17

»Garden Grove: Hyatt Regency Orange County

» Initial Planning is confirmed for Wednesday, 2/21
»Site visit to Hyatt to be scheduled

Interested in helping?

Contact
Scott Lynch: SLynch@JCSD.US
Kraig Erickson: kerickson@woodardcurran.com
Hannah Ford: hford@etwd.com



mailto:SLynch@JCSD.US
mailto:kerickson@woodardcurran.com
mailto:hford@etwd.com

» Other Announcements

» Meeting hosts for 2024

» Email Kraig Erickson: kerickson@woodardcurran.com

> Discussion ltems

» Roundtable: What's going on?


mailto:kerickson@woodardcurran.com

THANK YOU

Meeting Adjourned
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