
A Vision for  

Flagstaff’s Water Future 

Photo by CK 1 



The Wastewater and Sludge 
Recycling Treatment Conundrum 

January 29, 2015 

How to Recover Potable Water and Valuable 
By-products from Wastewaters  

Safely and Cost Effectively   

While Removing All Hazardous Pollutants in 
Water, Wastewater, and Sludge 
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Flagstaff’s Water Future 
 in face of 

Climate Change and Growing Number of 
Hazardous and Potentially Hazardous Pollutants 

in our Wastewaters, Reclaimed Water, and 
Municipal Sludge 

A Comprehensive Solution 
Advanced Wastewater and Sludge Treatment 

Contaminant  Elimination with Safe Potable Water 
and Valuable By-Product Recovery 

Enabling a Sustainable Water Supply 



The Key Issues 

• How to ensure a Safe, Reliable, Sustainable 
Supply of Fresh Water in face of: 

– Unpredictable Climate Change 

– Limited Viable Alternative Water Sources 
Available:  DPR from WW and Red Gap Ranch 

– An increasing load of synthetic & living organic 
wastewater contaminants  — (CECs), (ARBs), 
(ARGs) and others that can only be partially 
removed by conventional WWT systems 
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Need to Establish Baseline for Trace 
CEC Levels in our Water Systems 

• Comprehensive Analytical Testing of our well 
and reclaimed waters should be undertaken to:    
– establish baseline levels for all contaminants, including   

ARBs and ARGs in reclaimed water and in biofilms in  
reclaimed water system. 

• This type of testing is complicated and expensive 
due to the complex mixture of organic chemicals 
present due to: 

– the difficulty in separating them for trace ppb and ppt 
analyses 
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Routine Trace Analysis 
Testing Necessary 

• Regular Advanced Trace Contaminant Testing at 
low ppb and ppt levels is necessary  
– to determine potential health hazards and  
– for water quality monitoring in wells and reclaimed 

water,   even though current federal and state 
regulations do not require this level of testing. 

• With the adoption of Advanced OsMBR FO+RO 
WWT and sludge treatment technologies,  
– cost effective less frequent testing for contaminant 

levels would be possible due to almost complete 
elimination of all contaminants. 
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Flagstaff Fresh Water Supplies 

• Flagstaff’s Two Principal Water Supplies are high 
quality well water (Coconino Aquifer) now providing 
(75% or more) and the balance surface water from 
Lake Mary and the Inner Basin (25% or less) 

• Future Possible Water Supplies: 
– Advanced Treatment Direct Potable Water Recovery 
– Additional Local Wells if C-aquifer Levels are Safe 
– Red Gap Ranch—distant high cost C-Aquifer well 

water, a possible future insurance policy  
– Colorado River—not realistic for legal, cost, or 

available supply reasons 
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What if Serious Drought Occurs? 

• While it is believed Flagstaff will have enough 
sustainable yield from its local wells for 20+ 
years to meet projected demand  

• What options are there if climate change 
seriously impacts precipitation and aquifer 
levels? 

• The primary, long term, most cost effective 
options are:  conservation and recovery of 
potable water from our wastewater. 
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Fresh Water Availability WW 

• The Only Geographical Locations Worldwide 
that will have an unlimited supply of fresh water 
are those along ocean or inland sea coasts, or 
where there are large inland lakes or rivers, for 
– new desalination and water treatment technology 

enables production of large volumes of safe fresh 
water, albeit at a higher cost. 

• Inland, communities will have to recover as 
much fresh water from wastewaters as possible 
(75% now possible with new WWT) 

Advanced Analytical 9 



The Importance of Water 
Conservation 

• In face of declining availability of fresh water due to 
climate change, conservation is the lowest cost way 
to reduce demand and extend aquifer life.   

• Flagstaff is on record with a goal to reduce water 
demand 20% through conservation measures. 

• The City has established contingency plans to 
conserve water if serious drought appears. 

• These contingency plans need to be reviewed and 
water use priorities and conservation incentives set 
with revised, tier-based water rates for all users 
reflecting overall costs to treat and deliver. 
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The Onslaught of New Chemicals in 
Our Environment Worldwide 

• It is critical to understand the ramifications of 
the increasing impact of these manmade 
chemicals on our environment and health— 
– Most are synthetic and persistent  

• do not degrade naturally in the environment,  

• cannot be removed easily with conventional WWT and solid waste 
treatment systems, and 

• can concentrate in animal and human tissues 

– Many are hazardous to animal and human health 

– Some are creating serious antibiotic resistance 

– Most are not tested or regulated for environmental safety  
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The Rapid Growth of New Chemicals 

• Production of synthetic chemicals has 
increased 100-fold from 1920 to 1988, most 
since WWII, totaling over 5 trillion tons/yr 

• Chemical industry is growing 3.5% per year, 
doubling every 20 years 

• >85,000+ synthetic chemicals now in use, but 
fewer than a few hundred tested 

• Over 2.23 billion lbs of pesticides used in the 
US each year—only 10% toxicologically tested 
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Good Bacteria — Bad Bacteria 

• Most bacteria are beneficial, symbiotic commensal 
organisms,  essential for life.  Nine out of every ten 
cells in our bodies are bacterial.  Without bacteria:  
– Digestion would not occur,  

– Essential nutrients would not be extracted from foods,  

– Our immune systems would not function, and  

– Metabolic functions and WWT not be possible. 

• Only a small number of bacterial species are 
pathological.  And while antibiotics have revolution-
ized modern medicine, their overuse has created a 
very serious problem of antibiotic resistance. 
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Species Interdependence 

• It has become increasingly apparent how 
important and complex the symbiotic 
biochemical interdependence of all life forms is 

 

• And what a detrimental impact our continuous 
introduction of new untested chemicals is 
beginning to have on all life forms.   

 

• That is why it is so important we clean up our 
waste streams to prevent further dispersal of 
hazardous materials into our environment 
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The Health Consequences of 
Inundation of New Chemicals 

• Over 177 residues of organochlorides are now found in 
US middle-aged men, some are known or suspected 
carcinogens 

• Dioxin, one of the most hazardous CECs, is found at 
levels in humans at or near those known to cause 
metabolic and immune disorders in animals 

• DDT is found in animal and human tissues worldwide, 
and concentrates in animal fats 

• By 1976 ~25% of human breast milk was too 
contaminated with CECs to be sold as food 

• Umbilical cord blood  has been found to contain PCBs, 
pesticides, and phthalates 
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Health Consequences of Key 
Contaminants of Serious Concern 

• EDCs—Endrocrine Disrupting Compounds  
(pharmaceuticals, PCPS, detergent metabolites, bromated flame 
retardants, DDT, PCBs, and Chlordane) are of particular concern 
as they can interfere at very low levels (ppt) with animal 
and human hormonal biochemistry and reproduction 

• Dioxins and Furans are the most toxic chemicals known to 
man and are formed as an unintentional by-product of 
many industrial processes involving chlorine;  e.g., waste 
incineration (primary environmental  source), chemical and 
pesticide manufacturing, pesticides, and pulp and paper 
bleaching.   

• Dioxin is fat soluble and bioaccumulates in the food chain 
and is carcinogenic.       
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Health Consequences of Key 
Contaminants of Serious Concern 

• Dioxins have been linked to reproductive 
disorders in animals and humans, diabetes, 
immune system and skin disorders, learning 
disabilities, and cancer.  Exposure primarily from 
diet, with 93% coming from meat and dairy 
products due to storage in body fats. 

• Toxic Metals—lead, mercury, hexavalent 
chromium, and arsenic can have serious health 
effects and cause cancer, but fortunately are not 
generally a problem in municipal wastewater. 
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Another Problem—Growth 
of Biofilms in Reclaimed Water System 

• Biofilms are incredibly difficult to remove, for 
chemicals are not enough. 

• Development of Antibiotic Resistant Bacterial 
Strains (ARBs) and their gene products (ARGs) in 
the reclaimed water system could become a 
concern and potential health hazard. 

• Use of Advanced WWT technology, producing 
potable quality recycled water, rather than A+, 
would virtually eliminate the biofilm problem. 
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What is Forward Osmosis? 
Forward vs Reverse Osmosis Diagrams 
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What is OsMBR™ 
HTI Hybrid FO+RO Technology? 

• New membrane water and wastewater 
treatment technology employing synergistic 
tandem Forward and Reverse Osmosis 
Membranes, enabling removal of all suspended 
substances and inorganics in solution and (>95% 
of all ) organics in solution and recovery of 
valuable by-products.   

• This technology can be used for simultaneous 
desalination and wastewater treatment 
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How Does OsMBR Work? 
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Removal Efficiencies of Different  
WWT Technologies vs HTI OsMBR® 

Constituent Units CAS w 
BNR 

CAS/BNR/F MBR w MF 
or NF 

OsMBR  
FO+RO 

TSS mg/L 5 - 20 1 - 4    <2 Non-detect 

TOC mg-C/L 8 - 20 1 - 5 0.5 - 5 0.1 - 1 

Total N mg-N/L 3 - 8 2 - 5 <10 w anox <1 

Total P mg-P/L 1-2 <2 <0.3 -5  coag 0.1 - 1 

Trace Subs* microg/L 5 - 30 5 - 30 0.5 - 20 >98% Removal 

Coliforms No/100mL 104 - 105 104 – 105 <100 Non-detect 

Protozoans No/100mL 0 - 10 0 - 1 0 - 1 Non-detect 

Viruses PFU/100mL 10 – 1,000 10 – 1,000 1 – 1,000 Non-detect 

Turbidity NTU 2 – 8 0.3 – 2 < 1 Non-detect 

* Trace Metals 100% Removal  and CECs  98+% Removal                                                
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WWT Systems Diagram 
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Tertiary Advanced Oxidation 
 to Remove CECs and Pathogens 

• Following Activated Sludge and MBR WWT, it is 
often necessary to employ Advanced Oxidation 
Processes (AOP) and UV to remove any remaining 
CECs and pathogens that are present. 

• AOP may employ ozone (O3), hydrogen peroxide 
(H2O2), photocatalytic materials, chemicals, and UV, 
alone or in combination. 

• AOP is very effective in removing organic pollutants, 
but very expensive to employ.  Also, some WW  
constituents (such as boron and Chlorine) may lead 
to hazardous by-products when AOP is employed. 
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Sludge Collection and Treatment 

• Sludge is solid organic and inorganic wastes that have 
been collected from the wastewater treatment process 
from all stages containing—   
– all undigested inorganic and organic wastes (minerals, metals, 

and compounds), as well as any CECs, toxic metals, and living 
organisms and their gene products not destroyed in all prior 
treatment processes.   

• After collection, Sludge is dewatered and stored in a safe 
area or can be treated and recycled;  however, any 
hazardous substances remaining need to be sequestered or 
destroyed.   

• Sludge treatment and disposal are a serious problem 
today due to more manmade contaminants and open 
ground disposal. 
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New Advanced Sludge Treatment 
Technology 

• How to eliminate new hazardous organic 
substances concentrated in sludge and enable 
safe sludge recycling without incineration 
– Gate 5 Energy’s thermal  two-stage sludge treatment 

process (Cal EPA classified as a non-incinerator):  

• destroys all living and non-living organics,  

• provides renewable energy recovery from combustion 
of sterile powdered biofuel produced to completely 
offset operating costs, leaving only ash which can be 
sold as a concrete additive or soil amendment, and  

• eliminates all sludge transport and land disposal costs. 
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A Recent EDC Case—WWT Effluent  
Discharged into Boulder Creek, CO 
• In the early 2000s serious endocrine disruption in 

fish from the discharge of partially treated waste-
water (effluent) from Boulder, CO’s WWTP 
occurred due to EDCs present in the effluent.   

• Studies by USGS and the U. of CO led to Boulder’s 
move to upgrade their WWT facility 2005 at a 
cost of $45M with new activated Sludge WWT 
and UV, but w/o RO technology  

• While it greatly reduced endocrine disruption, it 
did not eliminate it. 
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Why Didn’t Boulder Do More? 

• The City did not know about OsMBR FO+RO 
technology that was in its early stages of 
development at the time.  Added cost of RO? 

• It is curious that RO plus Advanced Oxidation 
were not used for final treatment of  the effluent 
before discharge into Boulder Creek, for it would 
have removed most of the remaining EDCs in it. 

• However, Boulder did wisely change to UV 
disinfection of the effluent from chlorine, which 
was hazardous and more expensive to use. 
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The Clear Implications for 
Flagstaff’s Water Future 

• If Flagstaff is to have a reliable, safe, long term supply 
of fresh water, conservation and recovery of potable 
water from wastewaters coupled with advanced sludge 
treatment will be necessary. 

• In light of uncertain climate conditions, the capital costs 
of employing OsMBR FO+RO and advanced sludge 
treatment are ~one third of those for purchasing and 
developing Red Gap Ranch wells (~$106M vs $~283M)   

• The long term economic and environmental 
health of Flagstaff vitally depend on this vision. 
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