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01 Intro to Potable Reuse
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Let’s Acknowledge an Important Reality: 
De Facto (unplanned) potable reuse has occurred since the beginning of time.

http://nas-sites.org/waterreuse/files/2012/09/trinity.jpg

Example: 
Trinity River (Texas)

From AWWA Potable Reuse 101
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Major Change Drivers in our Nations Water Systems:

1. Water Supply Scarcity 2. Discharge Avoidance (Nutrients)

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
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The Obvious Solution to both Problems: Water Reuse

1. Water Supply Scarcity 2. Discharge Avoidance (Nutrients)
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“Indirect Potable Reuse” signals Intention to Reuse

From AWWA Potable Reuse 101

Groundwater 
Supply Wells
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“Direct Potable Reuse” Intensifies the Cycle

From AWWA Potable Reuse 101
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Clean Water Act

• Protects receiving environment

• Minimal focus on downstream 
use as drinking water supply

• Uses different parameters to 
define water quality, e.g.:

 BOD

 TSS

 Bacteria

State-Level 
Potable Reuse 

Regulation

Safe Drinking Water Act

• Protects public health

• Assumes source water quality 
without wastewater influence

• Uses different parameters to 
define water quality, e.g.:

 TOC

 Turbidity

 Virus, Crypto & Giardia

There is a Gap in Federal Regulation
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Regulatory Uncertainty now Managed by TCEQ Guidance:
WateReuse Texas wins Advocacy Award!
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14See also: https://www.youtube.com/watch?v=6psFbRrMAJg

ALL U.S.

+ Case Studies



02 PFAS Illustrates De Facto Reuse Risk
Or: Why you should consider Advanced Treatment
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Trinity River Sampled
for PFAS and 
sucralose
for WRF 5082

Nearly 15 million people, >4% of US population
rely on the Trinity as a drinking water supply.
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Sucralose is a wastewater effluent tracer

• Non-toxic

• Highly persistent in wastewater 
treatment and the environment

• High concentrations in 
wastewater effluent (≥50,000 ng/L)

• Consistent concentration among WWTPs
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Measured PFAS correlated strongly with sucralose in the river, 
Ergo: Most PFAS in Trinity is wastewater-derived



C A R O L L O /    1 9

u
p

d
a
te

fo
o

te
r0

3
2
3
.p

p
tx

/1
9

u
p

d
a
te

fo
o

te
r0

3
2
3
.p

p
tx

/1
9

Many more rivers in the US with this issue

Graph from Rice and Westerhoff, 2015. Environ. Sci. Technol. 49, 982−989 DOI:10.1021/es5048057 
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Impact of Effluent PFAS on Surface Waters Across the US 

EXAMPLE 
Drinking water intake with: 

» Median WW effluent PFOA upstream and

» 50% de facto reuse

» PFOA ≈ 4 ng/L proposed MCL

Data from: Schaefer et al. 2022. Occurrence of PFAS Compounds in U.S. Wastewater Treatment 
Plants (WRF 5031); analysis completed as part of WRF 5082 (Steinle-Darling et al, in press).

REMEMBER:
WWTPs are not the original source of PFAS



03 Advanced Treatment Alternatives
for Potable Reuse



C A R O L L O /    2 2

Membrane-Based Advanced Treatment

Graphics credit: WRF 4833 Series Fact Sheet on Membrane-Based Advanced Treatment (Steinle-Darling et al, 2023) 

RO AOP

MF / UF
for RO 
preteatment

GAC

Chlorine
Disinfection

Core MBAT Processes:

TDS and CECs
Reduction

Polishing 
(NDMA e.g.)

Supporting Process: Supporting Processes:

Biofilters

Ozone
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MBAT Examples in Potable Reuse 

Graphics credits: Modified from WRF 4833 (Steinle-Darling et al, 2023)

Groundwater Recharge 
The Orange County Water 

District in California has 
been operating its 

Groundwater 
Replenishment System 

since 2008 and was 
recently expanded to 

130 mgd. 

Surface Water Augmentation
The Hamby Water Reclamation 
Facility in Texas advanced-
treats water with RO and
ozone/BAC before being 
discharged to Lake Fort 
Phantom Hill, the City’s of 
Abilene’s drinking water 
supply. 

Direct Potable Reuse
In 2013, the Colorado 
River Municipal Water 

District in Texas started 
operating the first DPR 
facility in the U.S. Their 
Raw Water Production 

Facility uses an RBAT 
approach consisting of 

MF, RO, and UVAOP.

Coming soon! 
Direct Potable Reuse
The Metropolitan Water 
District of Southern California 
and the Sanitation Districts of 
LA County operate an MBR, 
RO, and UVAOP demo project 
to support a future 150 mgd
Regional Recycled Water 
Advanced Purification Center.
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Carbon-Based Advanced Treatment

Graphics credit: WRF 4833 Series Fact Sheet on Carbon-Based Advanced Treatment (Steinle-Darling et al, 2023) 

BACOzone GAC

Coagulation, Flocculation, 
and Sedimentation 

address high influent TOC

MF / UF
for protozoa 
removal

UV 
Disinfection

Chlorine
Disinfection

Core CBAT Processes:

Disinfection &
AOP with EfOM

TOC and CECs
Reduction

Polishing 
(PFAS e.g.)

Supporting Process: Supporting Processes:
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CBAT Examples in Potable Reuse

Graphics credits: Modified from WRF 4833 (Steinle-Darling et al, 2023) for Gwinnett, pureALTA) Parkhill Smith and Cooper web site (El Paso), HRSD (SWIFT virtual tour) 

Groundwater Recharge 
El Paso’s 12 mgd Fred 

Hervey WWTP has been  
recharging groundwater 
with CBAT purified water 

since 1985

Coming soon! 
More CBAT for Recharge 
HRSD’s SWIFT program will 
ultimately produce 120 
mgd of purified water to 
supplement the Potomac 
Aquifer and protect the 
Chesapeake Bay.

Surface Water Augmentation
The 60 mgd F. Wayne Hill Water 
Resources Center in Gwinnett 
County, GA has been purifying 
wastewater with the CBAT 
approach for introduction into 
Lake Lanier since 2010.

Coming soon!
Direct Potable Reuse

In 2017, the City of 
Altamonte Springs, FL 

implemented pureALTA, 
an award-winning direct 

potable reuse (DPR) 
demonstration facility 

using the CBAT approach.
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WRF 4833: Selecting the Right Treatment Approach

Steinle-Darling (Carollo) PI, Co-PIs from Hazen, Southern Nevada Water Authority and Metropolitan Water District of Southern California

• Examines treatment holistically: WW  AWTP
• Assesses common combinations, weaknesses, and mitigations
• Evaluates cost trade-offs between improving WWTP vs. AWTP
• Provides detailed research report AND accessible guidance



04 Case Studies



El Paso, TX
Membrane-Based Advanced Treatment for Direct-to-Distribution DPR
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El Paso Water relies on a diverse water supply portfolio to 
meet demands

Groundwater Surface Water Desalination

Non-Potable Reuse Indirect Potable Reuse Conservation
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A new direct-to-distribution potable reuse 
treatment facility provides a sustainable supply

AWPF

Chemical Storage

and GAC ContactorsFinished 

Water Storage

High 

Service 

Pump 

Station

Process

Building
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AWPF provides multiple treatment barriers



Hampton Roads Sanitation District, VA:
Full-Scale Carbon-Based Advanced Treatment for IPR
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Remember this slide?

1. Water Supply Scarcity 2. Discharge Avoidance (Nutrients)
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HRSD SWIFT: Project Drivers

Graphic courtesy of Germano Salazar-Benitez, HRSD
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Courtesy of Hampton Roads Sanitation District web site: https://www.hrsd.com/swift/Advanced-Water-Treatment-Process

“Advanced Tertiary”HRSD Treatment Approach for IPR

Direction 
of Flow

“Advanced Purification”
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Two Major Drivers for HRSD SWIFT Program

1. Reduce nutrient discharges

» “Advanced tertiary” 
achieves this

2. Augment water supplies 

» Requires additional 
purification

Together, the treatment train provides robust removal of:

» Nutrients that could affect surface water quality

» Pharmaceuticals, personal care products, and other CECs

» Organics that form disinfection byproducts in drinking water

» Pathogens like virus, Cryptosporidium and Giardia



05 Public Education and 
Outreach
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C A R O L L O    |   3 8

“The Ways of Water” 

Provides Context about 
Potable Reuse without 
Stigmatizing Language

https://youtu.be/RwrYFJEJSQ0
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Post-Animation Survey Results Show that Customers are Supportive of Potable Reuse

55%

29%

9%
6%

0%

10%

20%

30%

40%

50%

60%

Very Supportive Moderately

Supportive

Only Slightly

Supportive

Not Supportive At

All

How supportive are you of highly purified used water being delivered into groundwater, mixed with other 

qualities of water, and then disinfected or treated again before it is consumed? (Ventura, CA)

84% Support
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Public Tours of Pilot/Demo Facilities Help Educate 
Fl

o
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C A R O L L O    |   4 1

Tackling Perception, One 
Beer at a Time

• First beer brewed from 
reclaimed water

• By Clean Water Services 
near Portland, OR

• Treatment design 
support provided by 
Carollo

“Quality not History”“Quality not History”

“The World’s Most 

Sustainable Beer”

“The World’s Most 

Sustainable Beer”
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Potable Reuse: 
The Future is Now
?
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00 Extra Slides



00 Continuing Innovation is 
Critical to Progress



XBAT: Remove Salt without RO? 
A New Treatment Paradigm
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Carollo’s Demo Projects Solidify CBAT approach for DPR

2018: 

PureAlta, FL 

Pilot Demo

Online 2022 & 2023: 

South Jordan, UT DPR Demo – 10 gpm

Clay County, FL – 20 gpm IPR Demo

Polk County, FL – 10 gpm

Permanent DPR Demo

Demonstration

2015: 

Dripping

Springs, TX

CBAT DPR

Feasibility

Study

2021: 

Colorado 

Springs, 

DPR 

Mobile 

Trailer 

Fallbrook, CA  PR Pilot

Optimization

Optimization

2023 -

XBAT Pilots
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CBAT Advantages

1. No RO concentrate produced!

2. Lower energy consumption vs. RO

3. Destruction of CECs

4. PFAS sequestration built-in (GAC)

Also: MF/RO pre-treatment benefits!
If salt is not an issue, 
let’s not make it one! 
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CBAT Challenges

1. Does not remove salt!

2. Other inorganic constituents:

» nitrate not removed

» bromide + ozone  bromate

3. Perceived track record vs. RO
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XBAT: A New Paradigm for CBAT?
(Ion eXchange Based Advanced Treatment)

XBAT Pre-Treatment

BAC/GAC

1. Suspended Ion Exchange (SIX)
• Reduces TOC
• Exchanges anions

(NO3
-, Br-, e.g.)

2. Regeneration with Bicarbonate
• Avoids addition of Cl- / TDS
• Less corrosive (lower CSMR)
• Waste (<1%) more benign

3. Softening
• Precipitates hardness
• Reduces total TDS

 Reduces O3 dose.

 Avoids bromate.Reduces TDS, nitrate, TOC, bromide.

Typical CBAT Train:
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XBAT: A New Paradigm for CBAT?
(Ion eXchange Based Advanced Treatment)

1. Suspended Ion Exchange (SIX)
• Reduces TOC
• Exchanges anions

(NO3
-, Br-, e.g.)

2. Regeneration with Bicarbonate
• Avoids addition of Cl- / TDS
• Less corrosive (lower CSMR)
• Waste (<1%) more benign

3. Softening
• Precipitates hardness
• Reduces TDS

USBR “Pitch to Pilot” 
with pellet softening 
recently wrapped up. 

Bench testing results



00 Extra Case Studies



Big Spring, TX
Membrane-Based Advanced Treatment for DPR
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First to DPR in the US: 
Raw Water Production Facility in Big Spring, TX

Microfiltration Reverse Osmosis UV Advanced Oxidation
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Summary of TWDB Study Findings

Showed successful removal of:

»Pathogens

»Pharmaceuticals

»PFAS

»Disinfection byproducts

»Primary contaminants (MCLs)

»Many surrogates

Also documented:

»DPR monitoring &

»RO integrity monitoring
approaches



Altamonte Springs, FL
First Carbon-Based Advanced Treatment Demo for DPR
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Goal: Prove that Advanced Treatment can 
meet water quality goals without RO
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Designing Advanced Treatment for Water 
Quality Success without RO

Ozone BAC UF GAC UV(AOP)



C A R O L L O /    5 9

u
p

d
a
te

fo
o

te
r0

3
2
3
.p

p
tx

/5
9

u
p

d
a
te

fo
o

te
r0

3
2
3
.p

p
tx

/5
9

Fluorescence Images Show Decreasing “Fingerprint”

Secondary Filtered 
Effluent

Ozone Effluent Biofiltration 
Effluent

Ultrafiltration 
Effluent

GAC Effluent
UV AOP 
Effluent
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Both O3/BAF and GAC Needed to Meet Florida IPR 
Requirements for TOC



C A R O L L O /    6 1

u
p

d
a
te

fo
o

te
r0

3
2
3
.p

p
tx

/6
1

u
p

d
a
te

fo
o

te
r0

3
2
3
.p

p
tx

/6
1

Anxiolytic: Treats 
tension, anxiety, 
nervousness

Sums to 98% removal

CECs & PFAS are removed through a combination 
of Ozone, BAF, and GAC
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PFOS

CECs & PFAS are removed through a combination 
of Ozone, BAF, and GAC

Proposed MCL = 4 ng/L Proposed MCL = 4 ng/L
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Estrogen like chemicals

Bioassays indicate bioactivity of hormones & drugs is 
eliminated through treatment

Progesterone like chemicals
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We’ve Demonstrated Everything RO Does! (Except Desalinate)

1. Pathogen removal: 
Meet goals with margin of safety 
from ~5-log to >6-log

2. TOC removal:
Meets Florida 
Regulations!

3. CECs (and more!): 
Removed!

92%

8%

Not Detected

Detected

pureALTA
Finished Water
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I did promise you it was “International-Award Winning”

65See https://www.altamonte.org/754/pureALTA for details.

2017
WateReuse

“Innovative Project
of the Year”

Award

2018 
International Water 
Association 
Innovation Awards 
Silver 



City of South Jordan, UT
More Carbon-Based Advanced Treatment for DPR
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Groundwater – the only potential local supply – is contaminated by mine tailings

South Jordan City – Alternative Water Supplies?



C A R O L L O /    6 8

u
p

d
a
te

fo
o

te
r0

3
2
3
.p

p
tx

/6
8

u
p

d
a
te

fo
o

te
r0

3
2
3
.p

p
tx

/6
8

Pure SoJo Treatment Approach: 
Ozone/BAF

Ultrafiltration GAC Contactors UV

Cl2
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Pure SoJo Demo has been operating since April 2022
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The system is fully automated, including remote SCADA
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Pure SoJo Demo is generating quite some interest!!

• Visit from Governor in 2022

• Grand Award for 2024 ACEC 

» Utah Engineering Excellence Award

» National Engineering Excellence 
Award May 2024 in Washington D.C.



Full-Scale IPR/DPR Projects
(And a few cool demo projects and studies at the end)

Selections from “The Carollo Maps”
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The design was completed in 2023 and a construction manager-at-risk 
(CMAR) was selected. Construction is expected to begin mid-2024. 
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Carollo provided construction management and engineering services 
during construction.

The 130 MGD facility provides enough water 

to serve 1 million people annually.
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Carollo is now overseeing construction, which is expected to be complete in 
2025.
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Governor’s Visit!

Carollo is now supporting the City in obtaining a permit from the Utah Division of 
Drinking water to allow the City to serve water for tasting as part of facility tours in 
preparation for a future full-scale facility. 

DPR
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