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Why Pursue
Local Water 
Supplies

2

 Climate Change Adaptation
 Local Sustainability
Water Supply Certainty
 Cost Control



California Has 
Deep Roots in 
Potable Reuse

 Montebello Forebay project began operating 
in 1962 and is a joint project between the 
Water Replenishment District of Southern 
California and Los Angeles County Sanitation 
Districts
 Replenishes groundwater basin with more 

than 150 ML/d
 Utilizes infrastructure that was primarily 

designed for storm water management and 
captures recycled water in dry seasons
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Groundwater Injection Requires Advance Treatment



Advent of Integrated Membrane Systems in Late 90s



Indirect Potable Reuse - Surface Water Augmentation



Direct Potable Reuse – Coming Soon!
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Pathogen Risk, Treatment and Drinking Water

Drinking Water

Is it safe?



Pathogen Risk and Treatment

Drinking Water

10-4 infections per person 
per year

Risk Threshold
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Wastewater

Virus Giardia Crypto



10-4 infections per person 
per year
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Wastewater

Virus Giardia Crypto

How much treatment is required?



California Indirect Potable Reuse (IPR) 
Requirements for Pathogen Reduction

Treated 
Wastewater

Virus Giardia Cryptosporidium

Drinking Water

10-log12-log 10-log

 3 treatment barriers with 
at least 1-log for each 
pathogen
 No single barrier can be 

credited with more than 6-
log
Groundwater basin can 

serve as one of these 
treatment barriers



Where does 12/10/10 come from?

10-4 infections per person per year
Risk Threshold

Treated 
Wastewater

Virus Giardia Cryptosporidium

Drinking Water

10-log12-log 10-log



Where does 12-log Virus come from?
Wastewater

Virus

Drinking Water

2.2x10-7 MPN/L
Dose-Response: Dose-response functions tell us the tolerable level in drinking waterBeta-Poisson Model

for Rotavirus1

1 Regli et al, 1991



Where does 12-log Virus come from?
Wastewater

Virus

Drinking Water

2.2x10-7 MPN/L
Dose-Response: Beta-Poisson Model

for Rotavirus1
Dose-response functions tell us the tolerable level in drinking water

105 MPN/L enterovirus
This is the maximum concentration observed in raw wastewater

1 Regli et al, 1991



Where does 12-log Virus come from?
Wastewater

Virus

Drinking Water

2.2x10-7 MPN/L
Dose-Response: Dose-response functions tell us the tolerable level in drinking water

105 MPN/L enterovirus

log10
105

2.2𝑥𝑥𝑥𝑥−7
= 12

Beta-Poisson Model
for Rotavirus1

1 Regli et al, 1991

This is the maximum concentration observed in raw wastewater



Where does 10-log Giardia come from?
Wastewater

Drinking Water

6.8x10-6 cysts/L
Dose-Response:

105 cysts/L

log10
105

6.8𝑥𝑥𝑥𝑥−6
= 10

Exponential Model
for Giardia1

1 Regli et al, 1991

Giardia

Dose-response function

This is the maximum concentration observed in raw wastewater



Where does 10-log Crypto come from?
Wastewater

Drinking Water

3.0x10-5 oocysts/L
Dose-Response:

105 oocysts/L

log10
105

3.𝑥𝑥𝑥𝑥𝑥−5
= 10

Exponential Model
for Cryptosporidium1

1 Messner et al, 2001

Dose-response function

Cryptosporidium

This is the maximum concentration observed in raw wastewater



Where does 10-log Crypto come from?
Wastewater

Drinking Water

3.0x10-5 oocysts/L
Dose-Response:

105 oocysts/L

Exponential Model
for Cryptosporidium1

1 Messner et al, 2001

Based on a literature review, CA 
regulators found that the maximum 
concentration in wastewater was 

actually…
Cryptosporidium

104 oocysts/L

…but they also changed their 
assumption about the dose-response 

function such that the “safe” 
concentration in drinking water 

was…

1.7x10-6 oocysts/L
Exponential Model

for Cryptosporidium2

2 US EPA, 2005

log10
104

1.7𝑥𝑥𝑥𝑥−6
= 10



Assumptions for 12/10/10

Pathogen Reference 
Pathogen Dose-Response Tolerable Drinking 

Water Density
Max. Concentration 

in Wastewater
Resulting Log 

Reduction

Virus Enterovirus
Beta-Poisson for 

Rotavirus 
(Regli et al, 1991)

2.2x10-7 MPN/L 105 MPN/L 12

Giardia Giardia Exponential
(Regli et al, 1991) 6.8x10-6 cysts/L 105 cysts/L 10

Cryptosporidium Cryptosporidium

Exponential 
(Messner et al, 2001) 3.0x10-5 oocysts/L 105 oocysts/L

10
Exponential 

(USEPA, 2005) 1.7x10-6 oocysts/L 104 oocysts/L



California Direct Potable Reuse (DPR) 
Requirements for Pathogen Reduction

Virus Giardia Cryptosporidium

Drinking Water

10-log16-log 11-log

Wastewater
 4 processes providing at least 

1-log for each pathogen

 3 mechanisms for each
pathogen including:
 UV disinfection
 Physical separation
 Chemical disinfection



Where does 16-log Virus come from?
Wastewater

Virus

Drinking Water

3.3x10-7 virus/L
Dose-Response: Hypergeometric Model 

for norovirus1

109 GC/L norovirus

1 Teunis et al, 2008

log10
109

3.3𝑥𝑥𝑥𝑥−7
= 16

Dose-response function

This is the maximum concentration observed in raw wastewater

Shift from 
enterovirus to 

norovirus!



Where does 10-log Giardia come from?
Wastewater

Drinking Water

6.8x10-6 cysts/L
Dose-Response:

105 cysts/L

log10
105

6.8𝑥𝑥𝑥𝑥−6
= 10

Exponential Model
for Giardia1

1 Regli et al, 1991

Giardia

Dose-response function

This is the same as 
before!

This is the maximum concentration observed in raw wastewater



Where does 11-log Crypto come from?
Wastewater

Drinking Water

1.4x10-7 oocysts/L
Dose-Response:

104 oocysts/L

log10
104

1.4𝑥𝑥𝑥𝑥−7
= 11

Beta-Poisson Model
for Cryptosporidium1

1 Messner and Berger, 2016

Dose-response function

Cryptosporidium

This is the maximum concentration observed in raw wastewater



Assumptions for 16/10/11

Pathogen Reference 
Pathogen Dose-Response Tolerable Drinking 

Water Density

Max. 
Concentration in 

Wastewater

Resulting Log 
Reduction

Virus Norovirus Hypergeometric for Norovirus
(Teunis et al, 2008) 3.3x10-7 virus/L 109 GC/L 16

Giardia Giardia Exponential
(Regli et al, 1991) 6.8x10-6 cysts/L 105 cysts/L 10

Cryptosporidium Cryptosporidium Beta-Poisson 
(Messner and Berger, 2016) 1.4x10-7 oocysts/L 104 oocysts/L 11



California requires redundant treatment
 “For the treatment train to reliably provide microbiologically safe drinking 

water, the treatment train must be designed to include extra log reduction 
capacity beyond the required log reductions.”
 California DDW, LRV Derivation 

(https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/direct_potable_reuse/lrvderivation.pdf)

 California regulators want to ensure that if an undetected failure occurs, the 
water produced is still protective of public health.



Why is redundancy important?

16/10/11 No redundancy = no safety net



Redundancy provides buffer against failures

20/14/15 Minimum Design Goal

16/10/11 Minimum Operational Requirement

4-log redundancy



Basis for 20/14/15

Pathogen Reference 
Pathogen Dose-Response Tolerable Drinking 

Water Density

Max. 
Concentration in 

Wastewater

Resulting Log 
Reduction

Virus Norovirus Hypergeometric for Norovirus
(Teunis et al, 2008) 3.3x10-7 virus/L 109 GC/L 16

Giardia Giardia Exponential
(Regli et al, 1991) 6.8x10-6 cysts/L 105 cysts/L 10

Cryptosporidium Cryptosporidium Beta-Poisson 
(Messner and Berger, 2016) 1.4x10-7 oocysts/L 104 oocysts/L 11

Public Health Criteria:

Redundancy Criteria:

+4-log redundancy to protect against failure



DPR Research Informed CA DPR Log Reductions

Figure credit: Water Research Foundation



DPR-1 and DPR-2 Research

Wastewater

Drinking Water Can we meet our 
risk goals?

DPR-2: Raw Wastewater 
Pathogen Monitoring

DPR-1: Pathogen 
Treatment and Risk 

How much 
treatment is 

needed?

What concentration of 
pathogens are we 

starting with?



DPRisk: QMRA Tool DPRisk: Guidance Document

Also: User Input Files for 3 Case Studies

DPR-1: DPRisk Tool and Guidance Document



Source: 
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/direct_potable_reuse.html

Source: https://www.waterrf.org/research/projects/tools-evaluate-
quantitative-microbial-risk-and-plant-performancereliability

 Developed in R using the R Shiny web-based platform (Dr. Seto at UW)
Quantitative Microbial Risk Assessment (QMRA)
 Probabilistic Assessment of Treatment Train Performance (PATTP)

California State Water Board: Water Research Foundation:

DPRisk Tool

https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/direct_potable_reuse.html
https://www.waterrf.org/research/projects/tools-evaluate-quantitative-microbial-risk-and-plant-performancereliability
https://www.waterrf.org/research/projects/tools-evaluate-quantitative-microbial-risk-and-plant-performancereliability


DPRisk Inputs: Risk Assessment
Raw WW Pathogen Concentration

Dose Response

Exposure

Adapted from Dan Gerrity



DPRisk Inputs: Treatment Train Performance
Treatment Train Performance Failures

Adapted from Dan Gerrity

Magnitude

Global vs. 
Process-Specific

Duration

Frequency



DPRisk Outputs

Model the performance of treatment trains in 
terms of pathogen log reduction reliability

Quantitative Microbial Risk AssessmentProbabilistic Assessment of Treatment Train 
Performance

Understand microbial risk with and without failures



Why is this helpful?
 Allows different States and countries to develop their own log reduction 

requirements based on inputs that are agreed upon with the scientific 
community performing the work

 DPRisk allows you to perform QMRA with your own data!

 How to get high-quality pathogen data in treated wastewater?



DPR-2: Quality Assurance Project Plan sets 
bar for quality

• SOPs optimized to minimize non-detects
– 94% detection rate for all culture and microscopy assays 

• Extensive QA/QC requirements
– Matrix spikes provide ability to correct for recovery

• Effective in wastewater from 5 different facilities
• Reproducible across 3 different labs



Extensive new dataset from 14-month 
campaign

Five facilities

24 samples

120 Samples of Pathogens & Indicators

• Enterovirus (culture)
• Enterovirus (PCR)
• Adenovirus (culture)
• Adenovirus (PCR)
• Norovirus (PCR)
• SARS-CoV-2 (PCR)

• Giardia

• Crypto



DPR-2 Results are available – Open Access!



Conclusions
 California has a long history successfully implementing potable reuse through 

groundwater recharge
 Projects are under construction that make use of the new indirect potable reuse 

regulations for reservoirs and will be online in 2025
 Different log reduction requirements were developed for DPR vs IPR:
 Reference pathogens (enterovirus vs. norovirus)
 Dose-response functions (exponential vs. beta-poisson)
 Redundancy

 California WRF DPR research projects DPR-1 and DPR-2 are valuable tools for 
performing QMRA and pathogen monitoring campaigns



Thank you for listening!

shanet@trusselltech.com
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