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Topics of Discussion


Background / Need


» Local resources


» Protecting the Spokane River


Pilot Testing Program


» Objectives


» Process descriptions


Results and Next Steps


» Brief summary of test results


» Full-scale implementation
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Top view of Spokane pilot
UF membrane fibers







Background: City of Spokane


 Formed in 1881


» 0.2 M (city limits)


» 0.5 M (county)


» 160 mi2 service


 Well Water Supply


» 50 Wells within 


service area


» ~275 MGD


» 22 Billion Gallons Per Year (1998)
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 Riverside Park Wastewater Reclamation Facility 


(RPWRF)


» 44 MGD Design Average 


» 100 MGD Wet weather flow full treatment for limited 


duration 
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Background: City of Spokane


RPWRF
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RPWRF Phosphorus Treatment Requirements
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Why a RPWRF Reuse Pilot Program?


Can Reuse Reduce P-Removal Cost?


What Are Appropriate Technologies?


Water Quality and Treatment Design Criteria
» Process (engineering)


» Application (agronomics)







Topics of Discussion


Background / Need


» Local resources


» Protecting the Spokane 
River


Pilot Testing Program


» Objectives and goals


» Process descriptions


Results


» Brief summary of test 
results
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River Front Park at the Spokane Falls







RPWRF Reuse Testing Objectives
Water Quality and Treatment Assessments


» Meet State Class A Quality Requirements


» Identify design operating criteria / flux rates
 Peak


 Average


» Ensure capability to treat RPWRF 2o clarified effluent 


Public Acceptance
» Demonstrate water conservation potential


» Identify agronomic effects for City Golf Dept.


» Identify benefits to RPWRF and Spokane River


 Other? (Integrate System Design w/ P-Removal?)
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RPWRF Reuse Operating Goals
Regulatory (Class A Reuse Requirements)


» Fully oxidized (significant dissolved oxygen)


» 6.5 < pH < 8.5


» TSS < 30 mg/L


» BOD5 < 30 mg/L


» 7-day median Total Coliform ≤ 2.2/100 mL; 


always ≤ 23/100 mL


» Daily average turbidity ≤2 NTU and always <5 NTU


 Operations


» Balance flux rates and need for chemical cleaning


» Determine impacts to the pilot UF system from upsets to 


the current RPWRF treatment process
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Pilot Facility


Filtration
Ultraviolet


Disinfection


REUSE
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RPWRF Reuse Pilot Program: How?
Current Full-Scale RPWRF


Screening Clarification Aeration Clarification


50 – 60 mg/L Alum


 Ultrafiltration & Ultraviolet Disinfection 


Technologies Chosen 


 Phased Testing


» 2007: Startup / debugging


» 2008-2011: Optimize operations and design criteria







Pilot Facility


Filtration
Ultraviolet


Disinfection


REUSE
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RPWRF Reuse Pilot Program: Filtration


 Vacuum Hollow Fiber
» Submerged, Outside in 


flow path


» 0.05 µm pore size


» 2 module x 323 ft2 each


 Operational variables
» Flux (GFD, lmh) 


» Trans-mem.-press. (psi, bar)


» Cycles / Tank Drain


» Backflush settings


» Maintenance Clean Settings







Pilot Facility


Filtration
Ultraviolet


Disinfection


REUSE
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RPWRF Reuse Pilot Program: Filtration
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 Typical Filter Run
» Filter cycle (~13 min)


» Backflush after each cycle


» Air-scour assisted


» 30 seconds (<2 GPM)


» 25 Cycles per run


» Tank drain at end of run


» Air-scour assisted


» Complete drain and re-fill
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RPWRF Reuse Pilot Program: Filtration
Pilot Facility


Filtration
Ultraviolet


Disinfection


REUSE


Conceptualization of Filter Run


 In situ Maintenance Clean
» ~ 30 min. Oxidant soak 


(sodium hypochlorite) 


removes organic fouling


» ~ 30 min. Acid soak (citric 


acid) removes inorganic 


fouling 


» Typically use both in 


sequence
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Identification of End-of-Filter-Run
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RPWRF Reuse Pilot Program: Disinfection


 80 mJ/cm2 design dose
» Actually operated at higher dose


» One standby reactor







Pilot Facility


Filtration
Ultraviolet


Disinfection


REUSE


18


RPWRF Reuse Pilot Program: Distribution


 Two Application Sites
» City golf courses


» 14,000 Gal (Treatment)


» 18,400 Gal (Downriver)


» 25,000 Gal (Qualchan)


» Turf studies by 


Washington State Univ.
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RPWRF Reuse Pilot Program: Use
 Add Residual Cl2<< 3 ppm


 No Coliforms


 Meet Golf Irrigation Demand


Downriver Golf Course
18,400 Gal storage


2nd UV Storage


End
Use


Qualchan Golf Course
25,000 Gal storage


Downriver







Topics of Discussion
 Background / Need


» Local resources


» Protecting the Spokane 
River


 Pilot Testing Program


» Objectives and Goals


» Treatment process 
descriptions


 Results and Next Steps


» Brief summary of test 
results


» Full-scale implementation
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Winter view of the Lake


Lake Spokane







Water Quality Summary


 Alkalinity


 BOD5, mg/L


 pH, units


 Tot. Phosphorus, mg/L


 Tot. Coliforms, #/100 mL


 Temperature, oC


 TDS, mg/L


 Transmittance, Percent


 TSS, mg/L


 Turbidity, NTU
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Regulation
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Spokane UF Pilot Operational Parameters


 Flux Settings
» 30 lmh (18 gfd) to 76 lmh (45 gfd) 


 Maintenance Clean
» ~30 min. soak in oxidant and/or 


followed by ~30 min. acid soak


 Permeate Pressure
» Ranged from ~0 to failure set 


point of -10 psi during normal 


operations


 Cycles / Drain
» Filter run duration


» 12 hr filter runs (50 cycles / tank 


drain)


» 6 hr runs (25 cycles / tank drain)


» Cycle Duration: 800 sec. (~13 min.) to 


1600 s (~26 min.) 


 Level Control Setting


» Set point 87%


 Seasonal Alum Addition
» ~May to October Alum is added 


before Secondary Clarifiers to remove 


P in the summer


» ~November to April no alum is added 


before Secondary Clarifiers







Seasonal Alum Addition Influence
 No Alum Addition ~ Nov to Apr


» Change in pilot influent characteristics
 Increase in Phosphorus, BOD5, and TSS


» Permeability decreases lowering 
operational fluxes (30 – 37.5 lmh)
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 Alum Addition ~ May to Oct
» Change in pilot influent characteristics


 Decrease in Phosphorus, BOD5, and TSS


» Permeability increases allowing higher 
operational fluxes (45 – 70 lmh)
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 53 lmh


 64 lmh


 70 lmh


 76 lmh


Notes: 


» 45 lmh has been well established to operate monthly w/o failure


» Does not include 2010 data
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Spokane Pilot UF Flux Rate Analysis
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Site Specific Operational Parameters 


 45 lmh


 53 lmh


 64 lmh


 70 lmh


 76 lmh
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Spokane Pilot UF Water Recovery
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RPWRF Reuse Testing Results
Class A Water Requirements Met


» Coliforms effectively controlled


 Identified potential design operating 
criteria/fluxes


» Long-term operation at 45 lmh


» Peak day operation at 64-76 lmh


Met Client’s Daily Watering Demands


Agronomic Impacts: Reuse Benefits


Feasible Reuse Options for City


» Potential to reduce cost of P-removal facilities
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RPWRF Reuse Next Steps


 Feasibility Study


» Identify customers and municipal needs


 Golf


 Transportation landscaping / greenbelts


 Local cemeteries


 Industrial 


» Cost benefit analysis


 Preliminary Design


» Siting and configuration: RPWRF 
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TEVA SPOT for Contamination Warning Systems
PNWS-AWWA Boise


May 6, 2011







• TEVA-SPOT definition


• Contaminant Warning System (CWS) Background


• Online Water Quality Monitors


• TEVA-SPOT Application


Agenda
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• Threat Ensemble Vulnerability Assessment


Sensor Placement Optimization Tool 


• TEVA-SPOT


• Online Water Quality Monitoring


– Strategically locate sensors throughout distribution system


• EPANET (hydraulic model) based tool


What is TEVA-SPOT?







Contaminant Warning System Background







• National Homeland Security Research Center


• Water Security Initiative (WSi)


– Address risk associated with the contamination of a drinking water system


– Pilot test implementation of a Contamination Warning System


• Contamination Water System Pilot Utilities


• Piloting of sensors by other participating utilities


• CANARY: Event Detection System


Contaminant Warning System Background


20112010200920082007200620052004200320022001


Bioterrorism


Act


TEVA 


Program


WaterSentinel


Utility Pilots


CANARY







Contaminant Warning System Background


• Systematic and comprehensive


approach to monitor the


distribution system


• Comprised of 5 components


used to collect integrate, 


analyze, and communicate


information


Enhanced 
Security 


Monitoring


Consumer
Complaint


Surveillance


Sampling & 
Analysis 


Online 
Water


Quality
Monitoring


Public 
Health 


Surveillance


Consequence Management Plan 


Contamination 
Warning 
System







Contaminant Warning System Background
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Phase II.


Consequence Management


Remediation and Recovery 


restores a system to normal 


operations and may include:


· System characterization


· Remedial action


· Post-remediation activities


Phase I.


Routine Monitoring & Surveillance


Online Water Quality
Credibility Determination Actions 


confirm or rule out contamination 


and may include:


· Site Characterization


· Outside data sources


· Laboratory confirmation


Response Actions protect public 


health and infrastructure during the 


investigation process and may 


include:


· Isolation


· Flushing


· Public alerts/notifications


Public Health


Sampling and 


Analysis


Enhanced Security


Customer Complaints


· Event 


Detection


· Initial 


Trigger 


Validation


Possible


Determination







Online Water Quality Monitors







Applecroft County
Department of HealthDepartment of Health
Applecroft County
Department of HealthDepartment of Health


Raymont Utilities


Maintain Water Quality in Distribution Systems to 


Prevent …


• Public health problems for consumers


• Damage to the system


• Waste of resources


• Compromised regulatory compliance


• Lack of water availability


• Loss of public confidence 
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Source: EPA
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Contaminants of Concern defined by EPA







Online Water Quality Monitoring Station Design


TOC analyzer –


GE/Sievers 900


Electrical and 


PLC cabinet


Transmitter and 


local display


Sample collection 


bottles


Water supply 


manifold
Chlorine analyzer


Turbidity analyzer


pH sensor


Conductivity 


sensor


ORP sensor
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Detection of Water Quality Deterioration


Due to Contaminants


Cl residual, total organic 


carbon (TOC), and 


conductivity are effective in 


detecting multiple 


contaminant classes.


CONDUCTIVITY


TOCCl 


4, 7


1, 12


5


2


3


8, 10, 


11


Source: U.S. EPA Water Sentinel System 


Architecture, Draft. Version 1.0


Monitoring 3 parameters can 


detect 10 of the 12 EPA-recognized 


contaminant classes.
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Example Stand-Alone Installation
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TEVA-SPOT Application







• Unfortunately, we cannot predict the precise attack scenario prior to a 


terrorist attack


• We do know:


– Health and economic impacts can vary widely depending upon the release 


location


– Impacts can occur a great distance from the release location


• Best sensor location design approach:


– looks at a range of “contamination scenarios”


– estimates the range of health impacts


– characterizes the average health impacts over the set of potential attacks


Assessing Health Impacts from Distribution System 


Contamination Attacks….







Sensor Location Methodology: Main Components


Design Basis 


Threat 


Ensemble


Scenario Health 


Impacts 


Assessment


Water Quality 


Monitoring 


Station 


Locations


“Threat Ensemble”


Health Impacts Assessment







• EPANET Simulations


– Calibrated EPS hydraulic model


– Scenarios (injection nodes – use all non-zero demand nodes)


– Time, duration and rate of contaminant injection


– Population of service area (demand based estimate)


• Health Impact Analysis


– Contaminant properties


• Can use high impact and low impact contaminants to capture range of results


• Sensor Placement


– Sensor set size (number of sensors to locate)


– Response time of utility to event detection


– Sensor placement optimization objective (mean population exposed)


TEVA-SPOT Analyses and Inputs







Selection of Candidate Monitoring Locations 


• Numerous potential 


locations


– Source water 


– Raw water conveyance 


– Treatment plant 


– Finished water reservoirs 


– Distribution system 


– Service lines


• Potential end user locations


– Service organizations


• Police, fire stations, schools


– High-visible users


• Stadiums, arenas, shopping areas


• Prestige hotels and restaurants


– Vulnerable populations


• Hospitals, nursing homes, 
daycare centers
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• TEVA-SPOT


– Minimize mean population exposed


• On-site practical feasibility assessment


– Location of building service connection


– Access to location


– Continuous water usage


– Feasible space for instrumentation (i.e. electricity, sewer, physical space)


– Diameter and length of service connection (increased travel times reduce 


effectiveness of sensor)


Criteria for Selecting Sensor Site







• Possible attack sites


• Contaminant


– Chemical


– Biological


• Rate of injection


• Duration of injection


• Time of day


• Sensor detection limit


• Response time


• Choice of performance objective


Design  Basis Threat Ensemble –Design Parameters
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• Scenario- A specific release or injection of contaminant at a defined 


location


– Specify release rate and duration


– Defines injection and “node set”  for release


• Ensemble- Collection of scenarios within the model


– All nodes


– All non-zero demand nodes


• Ensemble Analysis Mode-TEVA-SPOT mode where contaminant 


vulnerability assessment and sensor network designs (locating sensors) are 


performed


• Regret Analysis Mode-TEVA-SPOT mode to evaluate sensor designs 


(selected locations) are evaluated against a specific set of impacts to 


determine which locations perform best


TEVA-SPOT Operation
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Estimated health impacts 


by injection location


Health impacts are 


indicated at each node 


where an injection occurs


Injection Impact Plot











26











28







29







• Iterative decision process


• TEVA-SPOT output enables consideration of key design 


parameter impacts


• Final design is not specified by an algorithm


– Progressive stages of analysis and discussion


– Successively improving the design solution through utility 


feedback


Final Sensor Placement
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Adapted from USEPA


Select Sites to Minimize Contamination Event Impact 


on Public
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• TEVA-SPOT provides objective and quantitative approach 


• Hydraulic model demand allocation level of detail


• Reducing response time (operational strategy) can be as beneficial as 


additional sensors


• Must balance theoretical and feasible


– Available sites


– Desired geographical distribution


– Look for opportunities for dual-benefit


Conclusions







Questions?








WATERPROOFING SYSTEMS


Jennifer Garbely


to protect your Reservoir 
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Today’s Discussion


• Study Background


• Waterproofing Systems


– Rubberized Asphalt Membrane


– Coating


– Spray Membrane


– Rolled, Self-adhering Membrane


– HDPE Liner


• Product Analysis


• Cost Analysis


• Conclusions







Study Background
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Portland Water Bureau


Powell Butte Buried 50 MG concrete reservoir


“Contractors prescription all waterproofing systems are the same”


Tasked to recommend a waterproofing system







Waterproofing Systems
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1. Rubberized Asphalt Membrane – Hydotech MM 6125


2. Coating – Futura-Thane 5360


3. Spray Membrane & Sheet – WR Grace Procor Composite


4. Rolled, Self-adhering Membrane – WR Meadows MEL-TOL


5. HDPE Liner – GSE HD Geomembrane







Rubberized Asphalt Membrane
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•A thermoplastic material - one component, 100% solids


• no solvents means no on-site cure failures


• no two part mixing


• no VOC restrictions


• Conforms to all surface irregularities and bonds to an acceptable substrate 


• i.e., concrete, steel, wood, etc. eliminating lateral migration of water


• Completely monolithic - no seams


• Can be applied horizontally or vertically


.• The Monolithic Membrane 6125 Fabric Reinforced Assembly


• One coat of membrane at 90 mils


• Hydrotech's Flex Flash F (a spunbonded polyester fabric) 


• A second coat of membrane at 125 mils


• Total membrane thickness is 215 mils







Coating
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• Futura-Thane 5360


• 100% solids


• Fast set


• Structural polyurea


• Strong structural characteristics 


• Allow it to be applied over weak surfaces where other 


coatings may not be applied


• Formulation allows for applications


• Low temperatures


• High humidity


• Certain damp surfaces


• Applied using heated plural component spray equipment







Spray Membrane & Sheet
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• Procor® Composite  


• Procor 75 fluid-applied 


membrane 


• Procor® Composite sheet 


membrane  


• Procor 75 is spray applied 


• After the desired thickness is 


attained


• Composite sheet membrane


• Applied to the wet Procor 75


• Provides a durable and integrated system for use in vertical and horizontal 


waterproofing applications







Rolled, Self-adhering Membrane


8


• MEL-ROL® waterproofing system - a roll type membrane


• Flexible


• Versatile


• Dependable


• Membrane composed  


• 56 mil thick layer of polymeric 


• 4 mil thick cross-laminated polyethylene carrier film 


• These two components are laminated together under strict quality controlled 


production procedures


•Positive waterproofing protection against damaging moisture migration and the 


infiltration of free water


• Can be installed for vertical and horizontal waterproofing applications 







HDPE Liner


• GSE HD geomembrane


• High density polytheylene (HDPE) liner


• The waterproofing system 


• Rolled out 


• Seams are fused together


• The GSE HD is available in single or double-sided textured geomembrane


and the possibility of a conductive upper surface


• Outstanding stress crack resistance from resins designed to resistance to 


stress cracking


• Can be installed for vertical and horizontal waterproofing applications







Product Analysis


Evaluation Parameters:


– Weather Conditions for Installation


– Installer


– Cure Period


– Length of Product Time in the Field


– Weight of Product Impact


– Seismic Durability


– Warranty


– NSF Certified


– Product Thickness 


– Material Cost







Weather Conditions for Installation


Waterproofing System Weather Conditions for Installation


Hydrotech (MM 6125) - Rubberized Asphalt Membrane Can be installed at temperatures as low 


as 0 °F (provided the substrate is clean, 


dry, free of snow and frost).


Futura-Thane 5360 – Futura (Coating ) Surface may be damp


ProCor Composite – WR Grace (Spray Membrane & Sheet) Surface may be damp


MEL-TOL – WR Meadows (Rolled, Self-adhering Membrane) Surface required to be dry


GSE HD Geomembrane – GSE (HDPE Liner) Surface needs to be clean, smooth and dry







Installer


Waterproofing System Installer


Hydrotech (MM 6125) - Rubberized Asphalt Membrane Provide material and an approved 


contractor installs


Futura-Thane 5360 – Futura (Coating ) Provide material and an approved 


contractor installs


ProCor Composite – WR Grace (Spray Membrane & Sheet) Provide material and an approved 


contractor installs


MEL-TOL – WR Meadows (Rolled, Self-adhering Membrane) Provide material and an approved 


contractor installs


GSE HD Geomembrane – GSE (HDPE Liner) Provide material and an approved 


contractor installs







Cure Period


Waterproofing System Cure Period


Hydrotech (MM 6125) - Rubberized Asphalt Membrane No curing period, use 100% solids, after 


applied the material may begin next step


Futura-Thane 5360 – Futura (Coating ) 20 min cure period


ProCor Composite – WR Grace (Spray Membrane & Sheet) No curing period when using the Procor


Composite system


MEL-TOL – WR Meadows (Rolled, Self-adhering Membrane) No curing period and prefer to start next 


step right away


GSE HD Geomembrane – GSE (HDPE Liner) No curing period







Length of Product Time in the Field
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Weight of Product Impact


Waterproofing System Weight of Product Impact


Hydrotech (MM 6125) - Rubberized Asphalt Membrane Not Significant


Futura-Thane 5360 – Futura (Coating ) Not Significant


ProCor Composite – WR Grace (Spray Membrane & Sheet) Not Significant


MEL-TOL – WR Meadows (Rolled, Self-adhering Membrane) Not Significant


GSE HD Geomembrane – GSE (HDPE Liner) Not Significant







Seismic Durability


Waterproofing System Seismic Durability


Hydrotech (MM 6125) - Rubberized Asphalt Membrane Flexible membrane that does not get hard


Futura-Thane 5360 – Futura (Coating ) Forms a hard coating


ProCor Composite – WR Grace (Spray Membrane & Sheet) Forms a hard rubber with some flexibility


MEL-TOL – WR Meadows (Rolled, Self-adhering Membrane) Flexible, applied material


GSE HD Geomembrane – GSE (HDPE Liner) Flexible, applied material


Note: No manufacture performs seismic testing at this time
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NSF Certified


Waterproofing System NSF Certified


Hydrotech (MM 6125) - Rubberized Asphalt Membrane No


Futura-Thane 5360 – Futura (Coating ) No


ProCor Composite – WR Grace (Spray Membrane & Sheet) Yes


MEL-TOL – WR Meadows (Rolled, Self-adhering Membrane) No


GSE HD Geomembrane – GSE (HDPE Liner) Can be provided
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Conclusions


• Futura-Thane 5360 - Coating


– New product in this field


– Has not been used on a buried reservoir application


– Due to hard coating not as much flexibility as a membrane


– Inexpensive but only buying a 40 mils product


• GSE HD Geomembrane – HDPE Liner


– Flexible material


– 5 year material warranty, pay extra for up to 20 years


– Can be NSF certified


– Inexpensive but only buying a 60 mils product







Conclusions


• MEL-TOL – Rolled, Self –adhering Membrane


– Flexible material


– Only 5 year material warranty


– Product used in the field for 20 plus years


– More expensive based on product thickness of 60 mils


• ProCor Composite – Spray Membrane & Sheet


– Multiple step process for installation to form the hard rubber


– 5 year material warranty, pay extra for up to 15 years


– NSF certified


– More expensive based on product thickness of 140 mils







Conclusions


• Hydrotech MM 6125 – Rubberized Asphalt Membrane


– Ease to install


– Flexible membrane does not get hard


– 50 years in the field


– 20 year warranty for material and labor


– Not NSF certified


– 215 mils thickness


– Cost is comparable if you take thickness into count
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Portland’s Year-Long Cryptosporidium


Monitoring Program


Yone Akagi


May 6, 2011
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Presentation Overview


1. Background of LT2 Issue in Portland


2. Portland‘s Year-long Cryptosporidium


Monitoring Program


3. Results of Monitoring Program/ 


Preparations for a Variance Request
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LT2 Rule Background


• Cryptosporidium eventually 
identified as cause


• Chlorine-resistant pathogenic 
protozoa


• Over 50 deaths, hundreds of 
thousands of illnesses


1993 Milwaukee Waterborne Disease Outbreak


• Sources generally attributed to human sewage


• Drinking water treatment problems also a factor
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1996 Safe Drinking Water Act 


Amendments


• Congress mandates a rule to 
address Cryptosporidium


• EPA rule mandates that water 
suppliers collect data on 
Cryptosporidium and other 
pathogens


• Data collected leads to rule-
making for Interim Enhanced 
Surface Water Treatment 
Rule—precursor to LT2
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Long Term 2 Enhanced Surface 


Water Treatment Rule (LT2)


• 2003 Proposed rule mandated removal or 


inactivation of Cryptosporidium


• Unfiltered systems must treat to same level 


as filtered systems (minimum 2-logs)


• Multiple treatment technologies feasible


• Final rule published in January 2006


• Portland challenges rule in Federal Court of 


Appeals.


• Court rejects challenge in November 2007
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Portland’s LT2 Compliance Approach


• 2005 and 2008, Portland City Council directed PWB 


to seek alternative methods of LT2 compliance 


• Dual tracks


– Conventional treatment compliance—plan and 


design ultraviolet (UV) treatment plant


– Pursue alternative compliance—seek a variance 


to the Cryptosporidium treatment requirements of 


LT2 under the Safe Drinking Water Act (SDWA)
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SDWA Variance


• SDWA contains provision for a variance if a 


system can demonstrate that, ―due to the 


nature of its source,‖ a treatment technique is 


unnecessary


• Variance process requires water quality data 


and other information documenting the quality 


of the source water
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Portland’s combined retail and 


wholesale service area is served by the 


Bull Run watershed.


Approximately 900,000 retail and wholesale customers.
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Portland’s Bull Run Water Source


• Protected by federal 
regulations for more than 
a century


• Closed to public access


• Unfiltered, high-quality 
water source 
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Watershed Protection – Wildlife only Potential 


Significant Cryptosporidium Source


• Over 100 years of Federal 


protection


• Limited public access


– No sewage treatment 


plants


– No residential runoff


– No agriculture


– No farm animals


– No logging


– No camping


– No hunting


– No boating


– No swimming
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• Strictly controlled and protected watershed


• Very good water quality 


– low fecal coliforms


• Extremely low risk for most common human 


infectious Cryptosporidium


Portland’s Case for a Variance


• No evidence of cryptosporidiosis illness related 
to drinking water


• Monitoring history – PWB has detected no 
Cryptosporidium oocysts since August 2002
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PWB LT2 Sampling and Study Plan


Purpose: To demonstrate the nature of the Bull Run water 
source by sampling for pathogens such as 
Cryptosporidium and Giardia


Developed in collaboration with EPA


• High volumes of raw water intake samples (at least 
10,250 L)


• Additional supplemental information


– Sampling at 9 watershed locations upstream of the 
intake


– Sampling scat from wildlife as inputs for a model on 
pathogen fate and transport


• Supplemental information to capture ―worst-case 
scenarios‖ in the watershed
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Raw Water Intake Sampling


• 50-liter (or 5x10L) samples collected 4 days/week 
for one year (December 2009-December 2010)


• 10,271 liters were analyzed (449 samples) for 
Cryptosporidium and Giardia


• Analysis by an EPA-approved laboratory using 
EPA‘s Method 1623


• EPA threshold for Cryptosporidium: ―All samples 
will be less than 0.075 oocysts/1000L‖
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Upstream Sampling


• Nine locations (formerly characterized as 


―potential ‗hot spots‘‖ by EPA)


• Total of 3,384 liters (315 samples) analyzed for 


Cryptosporidium, Giardia, and E.coli


• Monthly sampling: All sites (when accessible)


• Weekly sampling: Major tributaries (Sites 1-4) 


(March – December)


• Event-driven sampling: 8 of the 9 sites
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Upstream Sampling Locations
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Upstream Sampling Locations


Deepest part of Reservoir 2


Meadow in upper part of the watershedMajor tributary Key Station 18


Potential grazing area Reservoir 1
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Event-Driven Sampling


• High flow events in the major tributaries 


• >95% of historical mean daily flow (5 seasons)


• High intake turbidity (>2 NTU) in the 


reservoirs


• First rain after dry period (daily rainfall > 0.5‖ 


at Headworks): potential grazing areas


• In late summer, PWB added intensive fall 


storm sampling
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Intensive Fall Storm Sampling


• Fall is when large amounts of material flush 
into streams after the summer dry period


• PWB wanted to understand at what point on a 
hydrograph Cryptosporidium is mobilized and 
transported


• Fall storm sampling represented a higher 
probability of finding Cryptosporidium if it is 
present


• Multiple samples taken during a storm; 
required sampling through the night(s) at two 
locations for some events
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Scheduled and Event sampling at tributaries captured a 


variety of stream flow conditions throughout the year.
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PWB collected multiple stream samples during worst case 


“first flush” flow events and found no Cryptosporidium


Site 15
10/06/2010 - 10/13/2010


North Fork


Lat 45° 29'20", Long 122° 02'05" 
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Adaptation of the Pathogen Catchment Budget 


(PCB) Model


• Upon EPA‘s recommendation, PWB hired Christobel 
Ferguson of Ecowise to adapt the PCB model to the 
Bull Run watershed 


• PCB model has undergone significant adaptations:


– Inputs: no development, no sewers/wastewater treatment plants, no 
livestock, no human access—only wildlife


– Hydrology: snow, 
subsurface flow


– Zoology: PNW animals 
(bear, deer, etc). 


– Limnology: 2 deep 
reservoirs in the BR system


– Vegetation cover: dense 
second-growth conifer 
forests







22


PCB Model Review


• PWB has contracted with an expert peer review 
panel
– Dr. Rob Atwill (UC Davis) wildlife expert


– Dr. Amy Sullivan (County Health Dept.) epidemiologist


– Dr. Scott Wells (Portland State) hydrodynamic modeler


• Panel is tasked with reviewing and making 
recommendations regarding the model‘s 
applicability to the Bull Run watershed


• EPA provided input and review of the model as 
adaptations were made
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Additional Aspects of the PCB 


Model Work


• Wildlife consultant


• Scat collection program 


– Fall, winter, birthing season (spring), 
summer 


– Scat from 11 species types sampled: bear, 
bobcat, cougar, coyote, deer, elk, goose, 
otter, rodents 


– Beaver scat sampling


– Fall trapping for hares and rodents
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Portland’s Cryptosporidium Monitoring 


Results (December 2009 – December 2010)


Sample 


Location(s) 


Number of 


Samples 


Total 


Volume 


Sampled 


Samples 


Positive for 


Crypto 


Samples 


Positive 


for 


Giardia 


Raw Water Intake 449 10,271 L 0 44


Upstream 


Locations       


(nine sites) 


315 3,383 L 0 22


Wildlife Scat 


(throughout 


watershed) 


251 -- 1 (coyote) –


outside 


hydrologic 


boundary


14
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Interim Sampling Plan


• Interim sampling started at the end of 


the one-year sampling period


• Raw water intake sampling:


– Continue sampling 50 L per week 


– Triggered sampling


• High turbidity


• During high tributary inflows
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Interim Sampling Plan


• Upstream tributary locations, Sites 1-4 


(key stations):


– Continue scheduled sampling 10 L per week 


• Triggered event sampling at 8 sites
• Elevated stream flows (tributaries, 1-4)


• Elevated turbidity levels (reservoirs (deep), 6-7)


• Precipitation (upper res grazing areas, 8-9)
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Interim Sampling Results


Sample 


Location(s) 


Number of 


Samples 


Total 


Volume 


Sampled 


Samples 


Positive 


for Crypto 


Samples 


Positive 


for Giardia 


Raw Water Intake 45 2251  L 0 8 (9 cysts) 


Upstream 


Locations       


(nine sites) 


122 1292  L 0 7 (12 


cysts)


Wildlife Scat 


(throughout 


watershed) 


42 -- 0 5 (4900 


cysts)
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PWB sampled a large turbidity event in Jan. 2011 


and found no Cryptosporidium


Interim Monitoring - Turbidity Event at the Raw Water Intake
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Variance Request


• Formally submit to Oregon Health Authority -


Drinking Water Program


• PWB anticipates submitting a request for a 


variance in June 2011. 


• Variance request will be the first of its kind. 


• If the State grants a variance, EPA will likely 


establish the conditions necessary for PWB to 


maintain the variance. 
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Implications for 


Source Water Protection


• Portland has conducted the most intensive 


drinking water monitoring program for 


Cryptosporidium in U.S.


• Results of study may provide insights on 


effects and effectiveness of source water 


protection measures.


• Study has helped Portland better understand 


its watershed. 
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Contacts: Yone Akagi
Yone.akagi@portlandoregon.gov


www.portlandonline.com/water


Title and End Photos by Roman Johnston
























Dam 2 and Headworks Intake Facility


Headworks Facility and Pilot Plant Discharge











Parameter Avg. Value Range


pH 7.0 6.7 – 7.3


UVT, % 89 68 – 93


Turbidity 0.51 0.15 – 5.0+


Hardness, mg/l as CaCO3 7.4       5.4 – 11.5


Alkalinity, mg/l as CaCO3 9.9 5.4 – 17.6


Total Organic Carbon, mg/l 1.5 1.0 – 2.8


Total Iron, mg/l 0.09 0.02 – 0.30


Manganese, mg/l 0.016 0.002 – 0.072


Zinc, ug/l 0.8 0.1 – 8.3


Magnesium, mg/l 0.73 0.48 – 1.21


Calcium, mg/l 1.78 1.29 – 2.62


Copper, mg/l 0.03 0.01 – 0.08



















Fouling


Phase 1


Fouling


Phase 1.5


Fouling


Phase 2


Fouling


Phase 3


Fouling


Phase 4


Aug 25-09 to 


Oct 16-09


Oct 16-09 to


Oct 30-09


Oct 16-09 to


Dec 5-09


Dec 5-09 to


May 12-10


May 12-10 to


Aug 1-10


Days 


of 


Operation


52 14 50 158 81


Power 


Settings


Trojan:


Calgon:


Wedeco:


63%


Med. High


Full


63%


Med. High


Full


100%


High


Full


100%


High


Full


100%


High


Full


Avg. Raw 


Water


Total Iron


mg/l


0.206 0.245 0.089 0.030 0.040


Avg. Raw 


Water


Manganese


mg/l


0.058 0.039 0.011 0.002 0.006


Raw Water


Pre-


Chlorination


Yes/No


No No No No Yes







A Calculated Combined Aging and Fouling (CAF) Index can be used to quantify lamp aging 


and fouling by removing the effects of changing UV Transmittance and ballast power 


settings.   This can be calculated by the equation: 
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Is the measured duty UV sensor reading


Is a predicted UV sensor reading that is a function of water UVT 


and lamp ballast power setting in a clean reactor with new lamps 


S   =


Sp =


Sp can be calculated by the equation below and through validation or on-site testing by 


varying the water UVT and ballast power settings.  


Sp =       is the predicted sensor reading


P           =       is the ballast power setting


UVT       =      is the water UV Transmittance


A, B, & C  =   constants derived from the testing of the new 


lamps and the linear regressions of the data 


shown in the graph to the left.







0.00


0.20


0.40


0.60


0.80


1.00


1.20


0 200 400 600 800 1000 1200 1400


C
A


F


Run Time (Hours)


Trojan Sensor 4







0.00


0.20


0.40


0.60


0.80


1.00


1.20


1.40


0 200 400 600 800 1000 1200 1400


C
A


F


Run Time (Hours)


Calgon Sensor 3







0.00


0.20


0.40


0.60


0.80


1.00


1.20


1.40


0 200 400 600 800 1000 1200 1400


C
A


F


Run Time (Hours)


Wedeco







0.00


0.01


0.10


1.00


10.00


Control 
Sleeve


Wedeco Calgon Un 
Wiped


Trojan 
Wiped


Trojan Un 
Wiped


m
m


ol
es


/m
2 


Phase 1 Aluminum


Calcium


Copper


Iron


Magnesium


Manganese


Potassium


Silicon


Sodium


Zinc







0.00


0.20


0.40


0.60


0.80


1.00


1.20


0 500 1000 1500 2000 2500


C
A


F


Run Time (Hours)


Trojan Sensor 4


0.00


0.20


0.40


0.60


0.80


1.00


1.20


1.40


0 500 1000 1500 2000 2500


C
A


F


Run Time (Hours)


Calgon Sensor 3


0.00


0.20


0.40


0.60


0.80


1.00


1.20


1.40


0 500 1000 1500 2000 2500


C
A


F


Run Time (Hours)


Wedeco







0.00


0.01


0.10


1.00


10.00


Trojan Wiped Trojan Un Wiped Trojan Un Wiped


m
m


ol
es


/m
2


Phase 1.5 Aluminum


Calcium


Copper


Iron


Magnesium


Manganese


Potassium


Silicon


Sodium


Zinc
0.000


0.001


0.010


0.100


1.000


10.000


Trojan 
Wiped


Trojan Un 
Wiped


Ave. 
Wedeco


Calgon Un 
Wiped


Control 
Sleeve


m
m


ol
es


/m
2


Phase 2 Aluminum


Calcium


Copper


Iron


Magnesium


Manganese


Potassium


Silicon


Sodium


Zinc







0.00


0.20


0.40


0.60


0.80


1.00


1.20


1.40


0 1000 2000 3000 4000 5000 6000 7000


C
A


F


Run Time (Hours)


Wedeco


0.00


0.20


0.40


0.60


0.80


1.00


1.20


0 1000 2000 3000 4000 5000 6000 7000


C
A


F


Run Time (Hours)


Trojan Sensor 4


0.00


0.20


0.40


0.60


0.80


1.00


1.20


0 1000 2000 3000 4000 5000 6000 7000


C
A


F


Run Time (Hours)


Calgon Sensor 2







0.000


0.001


0.010


0.100


1.000


10.000


Trojan 
Wiped


Trojan Un 
Wiped


Calgon Un 
Wiped


Ave. Wedeco


m
m


ol
es


/m
2


Phase 3 Aluminum


Calcium


Copper


Iron


Magnesium


Manganese


Potassium


Silicon


Sodium


Zinc











0.00


0.20


0.40


0.60


0.80


1.00


1.20


6000 6500 7000 7500 8000 8500


C
A


F


Run Time (Hours)


Trojan Sensor 4 Cl On Cl Off


0.00


0.20


0.40


0.60


0.80


1.00


1.20


6000 6500 7000 7500 8000 8500


C
A


F


Run Time (Hours)


Calgon Sensor 2 Cl On Cl Off


0.00


0.20


0.40


0.60


0.80


1.00


1.20


6000 6500 7000 7500 8000 8500


C
A


F


Run Time (Hours)


Wedeco Cl On Cl Off







0.00


0.01


0.10


1.00


10.00


Trojan Wiped Trojan Un 
Wiped


Calgon Un 
Wiped


Ave. Wedeco


m
m


ol
es


/m
2


Phase 4 Aluminum


Calcium


Copper


Iron


Magnesium


Manganese


Potassium


Silicon


Sodium


Zinc







0.00


0.05


0.10


0.15


0.20


0.25


0.30


0.35


T
o


ta
l 


Ir
o


n
/M


a
n


g
a
n


e
s
e
 m


g
/l


Month


Weekly Total Iron & Manganese 8/2009 - 9/2010


Iron Manganese


Phase 1
Phase


2


Phase 3 Phase 4







Cleaned


Dirty


I


I
sensorportff )(


)()()( sensorportffsleeveffoverallff 


2
1


)( 














Clean


Dirty


I


I
sleeveff







Direct Sleeve Measurements Sensor Based


Testing Lamp Sleeve Sensor Overall CAF


Phase Vendor Type Wipers ? FF FF FF Index


1 ITT Wedeco LPHO None 0.99 0.96 0.95 1.04


1 Calgon MP Not Active 0.71 1.00 0.71 0.62


1 Trojan MP Yes 1.00 0.98 0.98 NA1


1 Trojan MP Not Active 0.05 0.98 0.05 0.13


1.5 Trojan MP Yes 0.98 1.00 0.98 NA1


1.5 Trojan MP Not Active 0.15 1.00 0.15 0.24


2 ITT Wedeco LPHO None 1.01 0.96 0.97 0.96


2 Calgon MP Not Active 0.93 1.00 0.93 1.04


2 Trojan MP Yes 1.01 1.00 1.01 NA1


2 Trojan MP Not Active 1.02 1.00 1.02 1.13


3 ITT Wedeco LPHO None 1.00 1.01 1.01 0.77


3 Calgon MP Not Active 0.95 1.00 0.95 0.79


3 Trojan MP Yes 1.00 0.95 0.95 NA1


3 Trojan MP Not Active 0.99 1.00 0.99 0.94


4 ITT Wedeco LPHO None 0.40 0.53 0.21 0.29


4 Calgon MP Not Active 0.05 0.06 0.00 0.01


4 Trojan MP Not Active 0.14 0.39 0.05 0.15
1


Sensor Based CAF index not calculated since Trojan pilot reactor was originally delivered with only on sensor installed, so 


initial reactor characterization only included Sensor #4 for the first three testing phases.
















Validation Testing of the Portland 
Water Bureau’s K143 UV System 


for the Bull Run Supply


PNWS AWWA, Boise, Idaho. May 6, 2011


Harold Wright1, Bryant Bench1, Timothy Phelan2, 


Bryan Townshend2, Dave Peters3, Chad Talbot3, and 


Ronnie Bemus4


1. Carollo Engineers, 2. Black and Veatch, 


3. Portland Water Bureau, 4. ITT-WEDECO







Portland’s Bull Run Supply Meets 
SWTR Filter Avoidance Criteria







Portland’s Bull Run Supply’s 
Protected Watershed







2006 LT2ESWTR Requires 
Crypto Inactivation With 
Unfiltered Systems


Source Water 
Cryptosporidium 
Concentration


Treatment Required for 
Unfiltered System


< 0.000 075/L Variance may be granted


< 0.01/L 2.0 log


> 0.01/L 3.0 log







Portland’s LT2 Compliance 
Strategy


 Two compliance options being pursued


• Obtain Variance to the LT2


• Based on 8 years of sampling showing zero 
Crypto oocysts


• Implement UV Disinfection


• Best Available Technology for Crypto Inactivation


• Implement if variance not obtained







UV System Design Criteria


 Up to 3 log Cryptosporidium inactivation 
with 20% safety factor


• Option to operate for 2 or 3 log credit


 Design flow and UVT accounts for 
seasonal impacts
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Portland Selected ITT-WEDECO 
K143 Reactors







UV Disinfection Located at the 
Bull Run Headworks







UV Building Layout Uses 5 
Reactors







Inlet and Outlet Channels Feed 
Water to UV Reactors
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Baffle Walls Provide Flow 
Distribution


INLET 
BAFFLE 
WALL
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Reactor Trains Include Isolation 
Valves and Magmeters


OUTLET 
VALVE
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On-line Dose Monitoring is the 
Basis for Public Health Protection
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Calculated Dose Algorithms 
Account for Important Factors
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UV Validation Testing Proves 
Dose Monitoring Algorithm 
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UV Validation Testing at the 
Portland UV Test Facility







Portland UV Facility Globally 
Impacts UV Implementation







Facility Located at 
Groundwater Pump Station







90 mgd Well Field Provides On-
Demand High Quality Water


 98% plus UVT, no chlorine, no coagulants







Injection System Controls UVT 
and Adds Challenge Microbe 


 120 gpm loop


 MS2, T1, T7 phage


 LSA or SuperHume


 Static mixer







Effluent Discharged Under 
Existing NPDES







Test Facility Upgraded 2011 to 
Provide 60 mgd Flows







UV Reactor Installed April 
2011 







Test Plan Includes 74 test 
Conditions


Test Microbes MS2, T1 and T7 phage


Flowrates 6 – 60 mgd


UVT 70 to 98 %


Rows 2 to 13 rows


Power Levels 50 to 100%


Log Kill 1 to 4.7 log Kill


RED 2 to 103 mJ/cm2







Multiple Microbes Provides 
More Efficient UV Disinfection


Target Pathogen Crypto


Required Log Inactivation 3


Required UV Dose 12 mJ/cm2


Validation Microbe MS2 T1


RED Bias at 90% UVT 1.73 1.15


Uncertainty 4 mJ/cm2 1 mJ/cm2


Validation Factor 2.00 1.23


Operating Dose 25 mJ/cm2 15 mJ/cm2







Anticipated Optimized UV 
Dose Algorithm
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A through H– constants defined by UV validation
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Anticipated Validated Range
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UV Provides Portland a Viable 
Alternate for LT2 Compliance


 UV system will be located at Bull Run 
Headworks


 Five ITT/WEDECO K143 reactors will 
provide up to 3 log Crypto credit at flows 
up to 186 mgd and UVTs down to 79%


 UV reactor shall be validated using MS2, 
T1UV and T7 phage at flows up to 60 
mgd at the Portland Test Facility


 UV dose algorithm will be optimized 
based on T1UV







Validation Testing of the Portland 
Water Bureau’s K143 UV System 


for the Bull Run Supply
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