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Agenda 

• AWT, AWPF or FAT 
• Public Perception Issues 
• Case Studies 
• Control of Pathogenic Microorganisms  
• Surface Water Augmentation Challenges 
• Pathway to DPR 
 

Presenter
Presentation Notes
FAT, what is it, how effective is it? Public perceptions, case studies which focus on past and present, SWA which is about present and future



AWT References 

• West Basin Municipal Water District 
• Orange County Water District 
• Water Replenishment District (WRD) 
• City of Los Angeles (Terminal Island)  
• City of Los Angeles (Donald C. Tillman) 
• City of San Diego (Water Purification) 
• Rancho California Water District 



Full Advanced Treatment (FAT) 
Configuration 

MF 

Microfiltration 

Surface Water 
Augmentation 

WRF 

Reverse 
Osmosis  

RO AOP 

Peroxide  

H2O2 
UV or 
Ozone 

  

Brine Groundwater 
Recharge 

WTP 
Direct Potable Reuse Engineered 

Storage 



Why get FAT? 

• Reduce Reliance on Imported water  
 Develop New Source 

• Sea Water Intrusion and Augment GW Supplies  (Past and Present) 
• Augment Surface Water Supplies (Future) 

 Salt Management Strategy 
• Industrial Use or Irrigation supplies 

• Reduce environmental impacts from a WW discharge 
• Pathway to DPR 

Presenter
Presentation Notes
The drivers for FAT are primarily to reduce reliance on imported waters by developing a new source for GW or SWA. Another goal may be to address a salt management strategy for industral or Irrigation supplies. And a secondary benefit is to reduce a WW discharge and ultimately provides a benefit to the environment. FAT is also likely the pathway to DPR at least initially because of the multiple barriers that it provides. But recently the discussion has focused on the need for an env. Buffer. In early IPR projects the water was not of the highest quality and the environmental buffer provides some in-situ treatment. However, when water is treated to a high level of purity, placement into an environmental system may not result in improved water quality, and can instead expose the purified water to potential environmental contaminants. Thus DPR is now receiving a lot of attention.  The key issues for DPR are proven performance, reliabilty and extensive monitoring, real time feedback and blending.




Chemical MF RO UV / AOP Ozone / AOP 
Atrazine Poor  Excellent Mod To High Excellent 
Carbamazepine  Poor Excellent Excellent Excellent 
DEET Poor Excellent Moderate Excellent 
1,4 Dioxane Poor  Poor Mod To High Mod to High 
Nitrosomines Poor Mod Mod to High Moderate 
Estrone Poor Excellent Excellent Excellent 
Gemfibrozil Poor Excellent Excellent Excellent 
Meprobamate  Poor Excellent Fair to Mod Excellent 
Sulfamethoxazole  Poor Excellent Excellent Excellent 
TCEP Poor Excellent Poor Fair to Moderate 

How Effective is FAT? 

Removal of Organic Chemicals in AWT Processes 

Presenter
Presentation Notes
If the process has RO there is a very effective barrier for CECs, leaving really two targets for the AOP process. 



Public Perceptions on Water Reuse 

7 SFPUC Brown Bag Seminar – 2011/05/18 

Presenter
Presentation Notes
This is the Watershed for many agencies in California with the WW dischargers plotted in tributaries feeding water to the Colorado River and State Water Project. There are over 400 WW discharges into the water supplies so unplanned defacto water reuse is already a component of our water supply which everybody here already knows. What is interesting however, is that many polls and opinion articles on IPR show that the public is aware that reuse is part of our water portfolio. 



Be Prepared for Emerging Issues 

• What will be the target issues in the future? 
New emerging contaminants 
 Tritium 
 
 

 
 Lithium 

 
• As IPR Programs evolve - more stringent protection and 

public education of the sewer shed  

Presenter
Presentation Notes
Even with a more educated public on water, there will continue to be emerging issues that an IPR sponsoring agency will need to be prepared for. Improvements in analytical equipment increase our ability to detect chemicals at very low levels and we are approaching the parts per quadrillion range. One fairly recent emerging issue is Tritium. 

Tritium is a naturally occurring radioactive isotope of hydrogen and is a low energy beta omitter. Lithium is prescribed as an antidepressant and in SD we had a univ professor who expressed much concern about turning the public into walking zombies. Interesting that Japan Water Ministry is considering Lithium as the next Fluoride as suicide rates are much lower where water supplies have naturally occurring lithium concentrations.

The take away point though is that IPR sponsoring agencies need to implement stringent source control programs and public awareness and protection of the entire watershed. No used motor oil down the drain. Do what the teenagers do and pour in the yard of the neighbor you don’t like.



Bio-cremation may pose Public Concerns 

• Not legal in California  
• Process 

 Potassium Hydroxide 
 Heat, pressure and time 

• Waste Stream to sewer 
• Public Outreach challenge 
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Presenter
Presentation Notes
Here is a controversial issue across the country. It is permitted in a few states and was permitted in New Hampshire and then rescinded. Not currently legal in California and in my opinion we need to rally to defeat pending legislation. The process uses PH, heat, pressure and time and creates a waste stream. If there ever is a need for ZLD this is it. Can you imagine the public outrage or outreach nightmare where IPR is implemented? Aunt Edna can be piped back to your house after the memorial service? We simply can’t let this be an issue that confronts us. Do everything you can to fight this legislation!



Considerations and Case Studies 



FAT Considerations 

• Biological Treatment Impacts 
 Diurnal variability 
 Plan to address off-spec water 

• Nitrification  
 Improves FAT performance 
 Lower production of NDMA 
 Necessary for SWA/DPR 

• How FAT recycle flows impact 
biological operations? 
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Presenter
Presentation Notes
Considerations for FAT feed water should focus on making WRF operations as stable as possible. Need to plan for addressing diurnal variations in WQ as it could impact flux rates and plant capacity. Nitrification improves AWT performance and reduces formation potential of NDMA. Consider recycle flows could impact the biological process.



Influent 
Turbidity 

50 % Peak 
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Case Study A: Feed Water Quality 

• Consider feed water quality changes, diurnal effects and 
biological process upsets 
 Operations Impacts 

• Flux decline 
• Increased fouling 
• Increased CIP 
• Capacity 

 Potential Impacts for SWA 
• Nutrients 
• California Toxics Rule 

Presenter
Presentation Notes
Feed water quality and stable biological operation is important for FAT. Important to note that for many facilities WQ changes over time. The graph provides an example of a facility that experienced a change in influent water turbidity  where the average TU changed over 10 years by 30% but the peak increased by almost 80%. This impacted the flux, increased fouling and CIP freq. and also reduced the capacity. This is very important for SWA where there are very tight limits on nutrients.  What you test today may not be the WQ 10 years from now. Want to emphasize two points: 1) Need a robust design with flexibility to address WQ changes over time and 2) the important role that the WRF plays in FAT performance.



 Case Study B: Chemicals Create Challenges 

 Chlorine 
• DBPs (SWA) 
• NDMA 

 AOP 
• Formaldehyde 
• Bromate 

 Ammonia 
• Impacts to SWA/DPR  

 Polymers 
 SWA: CTR 
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Presenter
Presentation Notes
Chemical addition creates challenges. Chlorine and Ammonia for biocontrol of MF and RO will create DBPs and NDMA. Looking at the graph we can see that as soon as chlorine is added we see a spike in NDMA. As the water goes through the AWT you can see that the notification level of 10 is still achieved. Off to right is the goal for NDMA to meet the CTR for SWA. AOP can create formaldehyde, bromate. Ammonia added for biocontrol adds nitrogen back into the system creating a challenge for meeting nitrogen limits for SWA. Polymers can add DMA, used as a stabilizer particularly the Mannich type that may be used for foam control. So the point is that chemicals work for and against us so understanding the ambient levels of compounds the chemicals used and formation potential is important in meeting WQ targets for IPR.



Case Study C: pH Stabilization  

• Lime  
 Operators don’t like it 
 Requires a lot of attention 
 O&M challenges 
 Difficult to meet GW injection criteria w/o  

 pH 
 LSI 

• More flexibility on alternative strategies with SWA/DPR 
 Caustic   
 Caustic and Blend with other sources  
 Calcium Chloride 

Presenter
Presentation Notes
pH Stabilization strategies typically consider Lime. Operators don’t like it. Most of the operators only want to talk about lime use when it is added to their drink of choice, squeezed on exotic food or made into a pie. Lime is messy and requires a lot of attention for O&M. However, it is difficult to meet GW criteria w/o it, keeping a balance of pH and LSI.  There may be more flexibility for SWA however where you can add caustic, use calcium chloride or blend with other sources. 



Control of Pathogenic Microorganisms 
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Comparison of GWR with SWA/DPR 

Secondary/
Tertiary 

Treatment 

Reservoir 
or 

Engineered 
storage 

Water Treatment 
Plant 

Secondary/
Tertiary 

Treatment 
MF Aquifer 

Retention 
GWR 

Application 

Surface 
Water 

Augmentation 
or DPR 

FAT 

RO AOP 

MF 

FAT 

RO AOP 

Potable 
Water 

Potable 
Water 

Presenter
Presentation Notes
Let’s look at the comparison of GWR to SWA treatment schematics. With GWR, the water goes into the GW reservoir and then can be served for public consumption. With SWA, the water goes to the reservoir and then a WTP where there are three more barriers, a chemical barrier, a filtration barrier and a disinfection barrier and then it is ready for public consumption. One could argue that this is a more robust treatment scenario.



Pathogen Log Removal – GWR 6 months 
retention time 

  Organism 
Log 

Reduction 
Required 

Log 
Reduction 
Obtained Tertiary 

Treatment  

  
Membra

ne 
Filtratio

n 

  
Reverse 
Osmosis 

   
    

     
  

  Crypto 10 16   4     6     6 
  

Giardia 10 14   2     6     6 
  

  Viruses 12 12   0     6     6 
  

        

                        

Biological 
and 

Tertiary  
Treatment 

Membrane 
Filtration 

Reverse 
Osmosis 

UV 
Disinfection 

Advanced 
Oxidation 

Aquifer 
Retention 

1. No credits taken for biological or tertiary treatment 
2. No credits taken for reverse osmosis 
3. No credits shown for peroxide addition or AOP 
4. Ozone can be used instead of UV  but credits for Crypto inactivation need to be validated. 

Likely need a contactor. 

Presenter
Presentation Notes
To meet the new regulations for Log Reductions and 6 month retention time, you can easily meet the requirements even w/o any credits from the biological process and no need for tertiary filtration. For non FAT projects one would need to obtain the 4/4/6 log reduction values from the biological, filtration and disinfection trains to achieve these goals.



Pathogen Log Removal – GWR with less 
than 6 months retention 

  Organism 
Log 

Reduction 
Required 

Log 
Reduction 
Obtained Tertiary 

Treatment  

  
Membra

ne 
Filtratio

n 

  
Reverse 
Osmosis 

   
    

     
  

  Crypto 10 15 2   4   1   6       2 
  

Giardia 10 13 2   2   1   6       2 
  

  Viruses 12 12 1   2a   1   6       2 
  

        

                        

Biological 
and 

Tertiary  
Treatment 

Membrane 
Filtration 

Reverse 
Osmosis 

UV 
Disinfection 

Advanced 
Oxidation 

Aquifer 
Retention 

a. Removal is a result from chlorine used as a biocide 
b. Other credits proposed are conservative estimates based on literature research 

Presenter
Presentation Notes
To meet the same goals for a lower GW retention time, you need to pick up credits elsewhere. In this example, you could pick up credits from the biological treatment especially if you have tertiary filtration or from the chlorine added as a biocide to protect the membranes from organic growth. Or you could pick up the credits from RO with an approved online integrity system such as TRASAR. Credits proposed are conservative estimates from literature research.



Potential Pathogen Log Removal - SWA 

  Organism 
Log 

Reduction 
Required 

Log 
Reduction 
Obtained 

                        
    

  Crypto 10 15 2   4   1   6       2   2 
  

  Giardia 10 14 2   2   1   6       2   3 
  

  Viruses 12 14 1   2   1   6       2   4 
  

        

                            

Tertiary 

Treatment 
Membrane 
Filtration 

Reverse 
Osmosis 

Advanced 
Oxidation 

UV 

Disinfection 

Water 
Treatment

Plant 
Reservoir 

a. Log removal credits shown do not take credit from the Reservoir or any post treatment chlorination, 
which should probably be avoided 

Presenter
Presentation Notes
For SWA augmentation projects meeting the goals is much easier as you pick up credits from the WTP. One can receive credits for inactivation in the reservoir but it is not really needed and monitoring for compliance here can create some challenges. One doesn’t need to seek removal credits from RO or chlorine as a membrane biocide but it is pretty clear that one can achieve these goals from a SWA project.



Potential Pathogen Log Removal - DPR 

  Organism 
Log 

Reduction 
Required 

Log 
Reduction 
Obtained 

                        
    

  Crypto 10 15 2   4   1   6         2 
  

  Giardia 10 14 2   2   1   6         3 
  

  Viruses 12 16a 1   2   1   6    2     4 
  

        

                            

Tertiary 

Treatment 
Membrane 
Filtration 

Reverse 
Osmosis 

Post 
Treatment 

Chlor. 

UV 

Disinfection 

Water 
Treatment

Plant 

Reservoir or 
Eng Storage 

a. Probably would have post treatment chlorination with this configuration 

Presenter
Presentation Notes
For DPR projects meeting the goals is very similar to SWA and you would probably have a post treatment chlorination step with this configuration. Again, don’t need to seek removal credits from RO or chlorine as a membrane biocide but it is pretty clear that one can achieve these goals with a DPR project.



Surface Water Augmentation 
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Surface Water Augmentation Challenges 

• Currently regulated by NPDES permit 
 Goals for nutrients 

• Uphold natural N/P ratio  
• Limits established on interpretation of Basin Plan objectives 

 California Toxics Rule (CTR) 
• NDMA – 0.69 ppt 
• DBPs – individual DBPs are 500 times < total THMs in imported water 
• A mixing zone raises questions when the receiving water has higher 

concentrations 

• Is the best water quality sent to the reservoir 
 When does FAT water become a supply vs a discharge? 
 Why are we treating it as an inferior supply? 

Presenter
Presentation Notes
Let’s review potential SWA Challenges. SWA is currently regulated by the State Water Quality Control Board and governed by the RWQCB. There are goals for nutrients that involve upholding the natural N:P ratio and the limits are established by the interpretation of the Basin Plan objectives. The CTR establishes low levels for many constituents and two parameters could pose a challenge, NDMA and individual DBPs. The CTR goal for NDMA is 0.69 ppt and the goal for BDCM is many times lower than for DW. FAT product water from one of the facilities has BDCM which 500 times lower than imported raw water which is sent to the reservoir. While a mixing zone strategy is allowed within the CTR, the receiving water has a much higher concentration so the FAT water is actually diluting the reservoir water. 




Potential Metrics for Reservoir or 
Engineered Storage or DPR 

• Dilution 
 For San Vicente project > 200:1 
 Ability to take the reservoir/FAT off-line 

• Response Retention Time - Engineered Storage 
 Subject to monitoring frequency and assessment that enables timely 

intervention 
 Online Monitoring 

• Goal is to develop indicators of process performance that are very sensitive and 
provide real time feedback 

• Seeking two analytical parameters for each barrier that have a routine verification 
to address redundancy and reliability 
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Presenter
Presentation Notes
Potential Metrics for the reservoir is under development. A strategy that was developed for one project involved dilution and response time. Here is the rationale. Engineered storage to address the period between critical quality measurements, Time to evaluate the measurement, Time to make a decision and the Time to implement an effective response that prevents public exposure to a hazard.
Online monitoring is used to provide an automated feedback that the water meets the specified goals. If the process goals are not met then the system is automatically shutdown. 
For online monitoring, there is a goal for redundancy so we are not relying on a single parameter, needs to be reliable and sensitive to minor changes in WQ and has to be a reliable indicator of process performance. Another reliability feature is to have frequent validation of the online monitoring equipment.



Compound 

Turbidity 

Total Organic Carbon 

Electrical Conductivity 

Coliforms (Total & Fecal) 

UV Transmittance 

Power Draw & Intensity 

Tertiary  
Filter  

Effluent 
MF RO UV 

pH 
Buffer 

Product 

Acid & Antiscalant Chlorine H2O2 

Continuous Daily Twice Weekly Weekly Quarterly 

Online Monitoring 

Presenter
Presentation Notes
This is a typical on-line monitoring scenario for an FAT facility. Not showing WRP goals which could include turbidity, conductivity and combined ammonia. For MF there is turbidity and “daily pressure decay tests” which isn’t online.  Some international facilities use conductivity or particle counts for MF. We don’t have another but probably don’t need one as RO is the barrier for CECs. RO has TOC and EC which are both sensitive to WQ changes able to detect something immediately. But we may be able to use sulphate?? For UV we really don’t have appropriate on-line surrogates so work is needed here. While transmittance is helpful it really indicates RO performance. PD and intensity doesn’t really tell us if the sleeves are fouled. May be able to use chloramines.




Look at FAT Product Water Differently 

• Inferior Source Water? 
 GW - Diluent Water 
 SWA - Dilution 

scenarios  
• FAT is actually diluting 

other supplies 
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Presenter
Presentation Notes
I want to go back to one of the biggest challenges and it involves our perception of FAT product water. Is it really inferior?

FAT water is currently held to a much higher std than imported water going to same reservoir. Why? Cause it is considered a discharge of WW origin. This is the best source water available to the water treatment plant so why are we treating it as an inferior supply. 

While I support the CWA and reducing impacts to the environment, compliance with absolute values particularly the CTR can result in additional processes and cost a lot more money. When you consider the cost/benefit ratio, I think that money could be better spent on improving the quality of life within our communities. Wouldn’t you rather spend the money on improving sidewalks, or community facilities like youth recreation facilities to keep them involved in sports and hopefully out of trouble?




Pathway for DPR 

• Public Acceptance 
• Risk Management  Strategies – focus on acute risks 

 Define, assess risk and health based targets - Multiple barriers to minimize the 
chance of a complete failure of treatment 

 Preventative measures  including dilution 
 Continuously verify performance and failure response readiness 

• Alternative treatment strategies must provide same level of 
protection 
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Presenter
Presentation Notes
DPR may be the most difficult category of water reuse applications for the community to accept. The distinction that natural water is pure and better is no longer valid. Implementation of DPR will require confidence and reliance on the technology to always provide water that is safe to consume. RM that focuses on acute risks - Define, assess risk. Develop preventative measures commensurate with  the level of risk. Continuously verify treatment performance, and failure response readiness. 
Provide sufficient barriers with infallible monitoring and failsafe response to a problem




Conclusion 

gbradshaw@rmcwater.com 
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