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1. INTRODUCTION 

• What is the difference between direct and 

indirect potable reuse?

• What is the purpose of the framework 

document?

• What is the scope of the framework 

document?

• What is the organization of the framework 

document?



1. PURPOSE OF FRAMEWORK DOCUMENT

To provide an overview of DPR and to 

provide a framework for assessing the topics 

and issues that need to be addressed in the 

development of future DPR Guidelines.



2. WHAT IS DIRECT POTABLE REUSE? 

• What is DPR?

• What is IPR?

• What is needed to consider treated 

wastewater as a new water source?

• What DPR projects are available?

• What does DPR cost?

• What are the energy implications

• How does DPR compare to other sources of 

water



2. OVERVIEW: DIRECT POTABLE REUSE

Big Spring, Texas

Windhoek, NamibiaDPR with finished water

DPR with purified water



2. OVERVIEW INDIRECT POTABLE REUSE

Typical injection well - OCWD

San Vicente reservoir, San Diego, CA



WHAT DOES DPR COST?

Note: $/103 gal x 325.89 = $/AF



DPR ENERGY IMPLICATIONS 

Note: kWh/103 gal x 325.89 = kWh/AF



3. KEY COMPONENTS OF A
SUCCESSFUL/SUSTAINABLE DPR PROGRAM

• What are important regulatory considerations? 

• What are important technical considerations? 

• What are important public outreach considerations? 

• What are important regulatory considerations? 

• What are technical, operational, and management 

barriers?

• What are the benefits of implementing DPR? 



3. KEY COMPONENTS OF A DPR PROGRAM: 

TECHNICAL, REGULATORY, AND PUBLIC OUTREACH



3. TECHNICAL, OPERATIONAL, AND 

MANAGEMENT BARRIERS



4. PUBLIC HEALTH PROTECTION 

• What is public health protection?

• What are the results of health assessments?

• What are the applicable water quality and 

treatment regulations?

• What are log-reduction values and how do they 

apply to DPR?

• What regulations would apply to a new third water 

source?



4. LOG-REDUCTION VALUES FOR DPR



5. SOURCE CONTROL PROGRAMS 

• What is the importance of source control program 

for potable reuse

• What are the Federal Pretreatment Standards

• What is the legal framework for a source control 

program

• What are the principal elements of a source control 

program

• What are realistic source control program 

expectations



5. ELEMENTS OF A SOURCE CONTROL PROGRAM



6. WASTEWATER TREATMENT 

• What constitutes wastewater treatment

• What are the differences between secondary 

treatment processes

• What are the issues related to the use of 

conventional wastewater treatment in direct 

potable reuse applications

• What are the benefits of using a higher quality 

effluent in a potable reuse treatment train



6. DIFFERENCES BETWEEN SECONDARY 
WASTEWATER TREATMENT PROCESSES 



6.  DIFFERENCES BETWEEN SECONDARY 
WASTEWATER TREATMENT PROCESSES 



6.  DIFFERENCES IN EFFLUENT QUALITY BETWEEN

ACCEPTED SECONDARY TREATMENT PROCESSES



6. DESIGN OF BIOLOGICAL TREATMENT 

PROCESS FOR ALTERNATIVE END POINT



6.  MEASURES TO IMPROVE PERFORMANCE AND

ENHANCE RELIABILITY OF EXISTING WWTPs



6. Alternative Technologies for Enhanced Primary 

Treatment: Cloth Screen (250-300 μm)



6. ALTERNATIVE TECHNOLOGIES FOR ENHANCED PRIMARY 

TREATMENT: CLOTH DISK FILTER (5-10 μm)

Fiber thickness = 0.007 mm

Depth filter L/D = 400 to 800

Cloth filter L/D = 425 to 725

Vacuum

suction head



6. Alternative Technologies for Enhanced Primary 

Treatment: Charged Bubble Flotation

• 1/5th the size of conventional 

clarifiers

• Nanoparticles can be added 

to charged bubble for removal 

of specific constituents



Charged Bubble Flotation for Algal Pond Effluent Reuse

Effluent turbidity 

typically, <1 NTU
Thickened algae ~4-5%

Algae dewatered on straw bed

Flotation tank

Chemical mixing tankDewatering tank

Dewatered sludge being

prepared for composting

Compressible medium

effluent filtration

Pasteurization for

disinfection

Lagoon feed water



OTHER ISSUES THAT IMPACT
WASTEWTER TREATMENT

CLIMATE CHANGE AND

DECREASING PER CAPITA FLOWRATES



Impact of Climate Change on Rainfall 

Intensity and Operation of WWTPs



Impact of Decreasing Flowrates on

Operation of Collection Systems and WWTPs



Impact of Water Conservation and Drought:
Solids Deposition, H2S Formation, and 

Downstream Corrosion due to Reduced Flows 



Alternative Collection Systems for 
Source Separated Resource Streams



Impacts of Water Conservation on Treatment Plant 

Capacity (Approximately 30 Percent Excess Tankage 

Available, but not Distributed Uniformly)



Impact of Chaos Theory on Achieving

Low Effluent Constituent Concentrations



7. ADVANCED WATER TREATMENT 

• What are the objectives of advanced water 
treatment?

• What are typical examples of treatment trains for 
advanced water treatment?

• What are the performance levels for advanced 
treatment processes, including determination of 
pathogen log reduction credit?

• What is the reliability of various treatment trains 
based on redundancy, robustness, and resilience?

• What happens to the flows when AWT plant must be 
taken off-line?

• What is use of engineered storage buffers (ESB)?



7. TYPICAL TREATMENT TRAINS FOR 
ADVANCED WATER TREATMENT



TECHNOLOGIES FOR THE 

INDIRECT AND DIRECT POTABLE REUSE

Adapted from OCWD



Microfiltration, Cartridge Filters, Reverse Osmosis, and Advanced 

Treatment (UV) Technologies at OCWD



7.  DIFFERENCES IN EFFLUENT QUALITY BETWEEN

ADVANCED WATER TREATMENT PROCESSES



7.  PATHOGEN REMOVAL VALUES FOR TREATMENT TRAINS



7. RELIABILITY OF VARIOUS TREATMENT TRAINS 



7. USE OF ENGINEERED STORAGE BUFFERS (ESB) 



8. PURIFIED AND FINISHED WATER MANAGEMENT 

• What potential water quality impacts can result from 

blending purified water with other raw water sources

• What microbial log reduction credits for can be 

achieved with water treatment

• What potential water quality impacts can result from 

blending finished water with other drinking water in 

the distribution system

• What are appropriate responses to deviations from 

performance specifications



8. FINISHED WATER MANAGEMENT



8. BLENDING WITH PURIFIED AND FINISHED WATER 

• Blending purified water, treated with and 

without RO, with other source waters before 

water treatment

• Microbial log reduction credits for water 

treatment

• Blending finished water, treated with and 

without RO, with other drinking water in the 

distribution system



8. POTENTIAL WATER QUALITY IMPACTS OF BLENDING

PURIFIED WATER WITH SURFACE WATER

• Organic material and nutrients

• Inorganics

• Trace level constituents (e.g., CECs, TOrCs)

• Disinfection stability and DBPs

• Temperature

• Aesthetics

• Pathogens



9. MONITORING AND INSTRUMENTATION REQUIREMENTS 

• What are the strategies for process control 
and monitoring?

• What pathogen credits are allocated for 
various treatment processes?

• What are the strategies for MCLs, 
Secondary MCLs, and CECs?

• What constitutes start-up/documentation of 
baseline performance?

• What are the elements of long-term 
performance monitoring?



9. LONG-TERM ONLINE AND CALIBRATION MONITORING



10. RESIDUALS MANAGEMENT 

• What types of residuals are produced from 
an AWT facility producing purified or finished 
water?

• What management options are available for 
non RO concentrate residuals?

• What management options are available for 
RO concentrate?

• Regulatory concerns with the management 
of AWT residuals?

• What does residuals management cost?



10. MANAGEMENT OPTIONS FOR RO CONCENTRATE

1. Surface water discharge
2. Discharge to wastewater collection system
3. Deep-well injection
4. Evaporation ponds(without and with greenhouse)
5. Land application
6. Zero liquid discharge (ZLD)
7. RO concentrate discharged through existing 

wastewater effluent ocean outfall
8. RO concentrate discharged through separate ocean 

outfall



10. MANAGEMENT COSTS FOR RO CONCENTRATE



11. FACILITY OPERATION 

• What is the importance of facility operation with 
respect to the production of purified of finished 
water?

• Why is facility startup and commissioning 
important?

• What are operator requirements for DPR 
facilities?

• What are the requirements for an effective 
facility management program?

• What is an operation plan and how is it 
developed?



11. OPERATOR REQUIREMENTS FOR 

DPR FACILITIES

• Production of purified water in an AWT facility not certified as 
a drinking water plant

Licensed wastewater operators, but licensed drinking 
water operators are recommended.  

• Production of finished water in an AWT facility permitted as a 
drinking water plant

Licensed wastewater and drinking water operators. 
Licensed drinking water operators are required by law 
for a finished water AWT facility. 

• Production of purified or finished water in an AWT facility 

Perhaps a new category of certification “Advanced 
Treatment Technologies Operator” which encompasses 
water quality,  water treatment, and wastewater 
treatment technologies should be established.



12. PUBLIC OUTREACH 

• What constitutes public outreach?

• What are the challenges associated with 

DPR outreach?

• What is involved in the development of a 

communication plan?

• What examples of potable reuse outreach 

programs are available?



13. FUTURE DEVELOPMENTS

• What are future regulatory needs?

• What are future technology needs?

• What are future public outreach needs?
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A MODEST PROPOSAL FOR WATEREUSE

Use the frame document as the vehicle to 

access all of the WateReuse DPR reports 

online.

For example: IPR regulations have been 

adopted in a few states such as California 

http://www.waterboards.ca.gov/drinking/docu

ments/lawbook/RWregulations 201406.pdf, 

Virginia 

http//law.lis.virgina.gov/admincode/title9/agen

cy25/chapter 740.

http://www.waterboards.ca.gov/drinking/documents/lawbook/RWregulations

