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Balancing Membrane Cleaning 
Frequency and Coagulant Dose for 


Columbia River Water:
Pilot Study Results


Rebecca Venot/CH2M HILL
Fred Vanecek/City of Pasco


May 14, 2010







Project Timeline


• CH2M HILL selected to evaluate alternatives: July 2008
• Conceptual design completed: September 2008
• Design began: December 2008
• Equipment Purchase Bid: December 2008
• Equipment bid award to Pall: January 2009
• Construction contract out to bid: early April 2009
• Proof pilot study: April‐July 2009
• Construction bid awarded to Apollo, Inc: May 27, 2009
• Construction began: June 2, 2009
• Plant Functional Testing: April‐May 2010
• Substantial Completion: May 28, 2010
• Final Completion: June 30, 2010







Membrane Performance


• Primary parameters
– Permeability – basic measure of fouling


• Temperature normalized measurement of flux per unit of 
TMP


– Integrity – calculated log removal for a system
• Measured air pressure decay rate


• Secondary parameter
– Recovery – measure of backwash water generated to 
maintain an acceptable permeability







Water Quality


• Generally very good


• Low turbidity


• Low TOC


• Seasonal taste/odor 
events
– 1‐2 weeks in spring 
and fall


– currently treated by 
pre‐oxidation with 
permanganate


Temperature °F 61.5


Turbidity NTU 2.95


pH -- 8.06


Total Organic Carbon mg/L 1.56


UV254 cm-1 0.052


Alkalinity mg/L 58


Hardness mg/L 60


TSS mg/L 6.8


Iron mg/L 0.03


Manganese mg/L 0.012


Aluminum mg/L 0.03







Pilot Study Flow Diagram







Pall Provided Pilot Skid







Pilot Study Structure


• Preliminary Testing April 3 ‐May 26, 2009
– Various pretreatment chemical feed regimes and 
cleaning procedures


• Coagulation Optimization May 27‐June 2
– Structured test of membrane response to coagulant 
dose


• Confirmation Testing: June 3‐July 29
– Sustained system performance







Pilot Study Results:
Preliminary Testing







Pilot Study Results:
Preliminary Testing







Pilot Study Results:
Coagulation Optimization







Pilot Study Results:
Coagulation Optimization







Pilot Study Results:
Confirmation Testing


Membrane performance parameters during confirmation testing







Pilot Study Results:
Confirmation Testing







Pilot Study Results:
DBP Formation Potential – Coagulant Addition







Pilot Study Results:
DBP Formation Potential – Pre‐chlorination







Pilot Study Results:
Integrity Testing


• Integrity testing is required for LT2 credit for 
Cryptosporidium removal


• Resolution – to detect 3 micron breaches


• Sensitivity – to verify pathogen log removal


• Frequency – at least daily
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Pilot Study Results:
Integrity Testing


Log removal and pressure decay rates







Pilot Study Conclusions


• The Pall system was able to meet the design 
criteria guaranteed in the bid documents


• Pretreatment with ACH at 3 mg/L reduces
fouling by natural organic matter and 
reduces DBP formation potential


• Prechlorination up to 2 mg/L with ACH 
dosing does not negatively impact 
membrane performance or DBP formation







Pilot Study Conclusions


• Pretreatment with 3 mg/L ACH allows a 
reduction in the frequency of EFM cleanings 
to every 2‐3 days instead of every day to 
prevent membrane fouling.







Pilot Study Conclusions


• Addition of potassium permanganate 
increases membrane fouling and requires 
more rigorous chemical cleaning to remove 
fouling.
– Daily EFM cleaning alternating between 
standard hypochlorite and citric acid


– CIP regime requires citric and sulfuric acid 
blend with extended recirculation/soaking 
periods







Questions?


Rebecca Venot/CH2M HILL


rebecca.venot@ch2m.com


425.214.2321


Fred Vanecek/City of Pasco


waterplant2@ci.pasco.wa.us


509.545.3469



mailto:rebecca.venot@ch2m.com

mailto:waterplant2@ci.pasco.wa.us





Current Status


• Construction Complete


• Pall on site for functional testing


• Scheduled handoff to City at end of month







Current Status
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Treatment Process Selection 
for the 20 mgd Longview 
Regional Water Treatment Plant


William McCarthy, P.E.
Stephen Booth, PhD
Amy Blain, P.E. (City of Longview)







Well Water Quality


Parameter Production Well 1 Prudential Boulevard 
Test Well


Target Contaminants
Iron (mg/L), Total 0.93 1.2


Manganese (mg/L), Total 0.597 0.601


Arsenic (μg/L), Total 5.7 12.7


Other Water Quality
pH 7.3 7.8


Alkalinity (mg/L as CaCO3) 105 130


Temperature (°C) 11.7 12


Hardness (mg/L as CaCO3) 99 112
Total Dissolved Solids 
(mg/L) 187 201


Conductivity (μMhos/cm) 240 307







Water Quality Goals


Parameter Water Quality 
Goal MCL SMCL


Total Iron ≤ 0.05 mg/L - 0.3 mg/L


Total Manganese ≤ 0.02 mg/L - 0.05 mg/L


Total Arsenic ≤ 5 μg/L 10 μg/L -







Membrane Treatment Process







Membrane Pilot Study


Performed in 2007
Good removal of iron
Some manganese removal
• Oxidation with permanganate required
• Could not meet goal


Ferric chloride recommended to improve Arsenic 
removal







Granular Media Treatment Process







Granular Media Pilot Study:
Pilot Filter Media Design 


Parameter
Pilot Filter


Greensand Greensand Plus Silica Sand


Top Media Anthracite Anthracite Anthracite


Depth (inches) 24 24 24


Effective size 
(mm) 0.95 - 1.05 0.95 - 1.05 0.95 - 1.05


Bottom Media Greensand Greensand Plus Silica Sand


Depth (inch) 12 12 12


Effective size 
(mm) 0.30 - 0.35 0.30 - 0.35 0.52







Pilot Equipment Schematic







Manganese Removal:
Existing Test Well
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Iron Removal: Existing Test Well
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Arsenic Removal: Existing Test Well
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Iron Removal:
At Selected Plant Site 
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Manganese Removal:
At Selected Plant Site 
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Arsenic Removal:
At Selected Plant Site 
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Greensand Filtration


Advantages
Well-established, robust and proven process


Distribution pumping not needed 


Major equipment, such as pressure vessels 
are provided by numerous vendors


Media type can be changed in the future


Lower capital cost than membranes


Lower operations and maintenance cost than 
membranes


Operations, maintenance and controls simpler 
than for membranes


Fewer buildings required


Operator skills required similar to those for 
existing plant


Disadvantages
Footprint of process may be larger than 
required for membranes







Membrane Filtration


Advantages
Modular process


Footprint of filtration process will be smaller


Positive barrier to particulate solids and most 
pathogens


Disadvantages
Higher capital cost than greensand


Higher operations and maintenance cost


Finished water booster pumping required


Complexity of mechanical, instrumentation 
and controls, and controls interface


Proprietary vendor package


Unproven in iron and manganese removal


Unfamiliar operations requirements/operator 
skills


Potassium permanganate is required







Comparative NPV Costs for 
Alternatives – 2009 Dollars


Cost Elements Greensand 
Alternative


Membrane 
Alternative


Rehabilitate 
Existing Surface 


Water Plant


Comparative Construction 
Cost


$30,800,000 $38,800,000 $38,100,000


Comparative O&M NPV $9,075,260 $22,316,212 $12,645,854


City Allied Costs $687,000 $687,000 $1,840,000


Engineering Costs $8,574,000 $8,574,000 $10,200,000


Property Acquisition $2,000,000 $2,000,000 -


Other City Expenses $235,000 $235,000 -


Total Comparative NPV $51,400,000 $72,600,000 $62,800,000







Filtration Technology
Evaluation Matrix


Evaluation Criteria Weight Greensand Media 
Weighted Score


Membrane 
Weighted 


Score


Capital Cost 10 50 40


Net Present Value 13 104 26


Operability 1 7 3


Performance 19 171 95


Flexibility 2 10 10


Complexity 3 24 15


Capacity 15 45 120


Regulatory Acceptance 16 128 80


Total Weighted Score 539 389







Recommendation


Granular media filtration recommended
• Lower cost
• Proven performance
• Simpler process
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Letting the Bugs do the Work
Biological Filtration in Drinking Water


Lee H. Odell, P.E.


CH2M HILL







Overview


• Applications


• Design 
Considerations


• Examples


• Regulatory Issues







Who Uses Biological Filtration?


Facility Name Location Capacity (MGD)
McCarrons WTP St. Paul, MN 130
David L. Tippin WTP Tampa, FL 120
Winnipeg WTP Winnipeg, Manitoba 106
Twin Oaks Valley WTP San Diego, CA 100
Lakeview WTP Peel, Ontario 96
Albuquerque WTP Albuquerque, NM 93
Upper San Leandro WTP San Leandro, CA 90
Jonathan W. Rogers WTP El Paso, TX 60
Sobrante WTP El Sobrante, CA 60
Ann Arbor WTP Ann Arbor, MI 50
Lawton-Medicine Park WTP Lawton, OK 40
Rockdale County WTP Rockdale County, GA 22
Whittier Narrows Treatment Facility Los Angeles, CA 20
Lake Washington WTP Melbourne, FL 20
Upper Trinity Regional WTP Lewisville, TX 20
Lake Whitney WTP New Haven, CT 15
Burbank Operating Unit Burbank, CA 13
Lake Texoma Surface WTP Sherman, TX 10
City of Kauai WTP Kauai, Hawaii 10
Southeast WTP Lawton, OK 10







What is Biological Filtration?


Electron Acceptor:  Oxygen, nitrate, bromate, chlorate etc


Electron Donor:  DOC, Hydrogen, sugars, alcohol


Water
Nitrogen
Chloride
Bromide







Why Use Biological Filtration?


• Biological Stability in the Distribution System
• Lower Disinfection By Products
• Lower Chemical Use
• Specific Contaminant Removal


– Perchlorate
– Nitrate
– Iron
– Manganese
– Arsenic







When to Use Biological Filtration?


Biological treatment is selected when it is 
the most sustainable choice based on 
environmental, societal, and financial 
considerations


Triple Bottom Line







Where to Use Biological Filtration


Rivers?
Yes


Groundwater?
Yes


Lakes & 
Reservoirs?


Yes







Applications for Biological Filtration


Source Water Compounds Treatment Goals


Surface Water Natural Organic Matter, 
Color, Heterotrophic 
Bacteria


Reduce Fouling on 
Membranes, Lower 
DBPs, Distribution 
Stability


Geosmin, MIB, Endocrine 
Distruption Compounds


Remove/Reduce
Compounds


Groundwater Iron, Manganese, 
Nitrate, Arsenic, 
Perchlorate, 


Meet MCLs, Reduce
Biofilm in Distribution 
System


Natural Organic Matter Reduce DBPs







Examples


• Iron


• Nitrate


• Surface Water – AOC, DBPs, T&O







Projects


• Arugum Bay Water Supply Project, Sri Lanka
– US AID – Sri Lanka Tsunami Reconstruction Program


• Jefferson County, WA 
– PUD No. 1 of Jefferson County – Sparling Well WTP 
Upgrade


• Fairbanks Alaska
– Alaska Department of Fish and Game – Ruth Burnett 
Sport Fish Hatchery Influent Treatment


Jefferson PUD
Sparling Well


2 MGD
Iron – 6.5 mg/L


Manganese – 0.35 mg/L


Fairbanks
Ruth Burnett Sport Hatchery


3 MGD
Iron – 7 mg/L


Manganese – 0.8 mg/L


Heda Oya Well Field, 
Pottuvil , Sri Lanka


2 MGD
Iron – 7 to 21 mg/L


Manganese – 0.2 to 2.5 mg/L


Biological Iron Removal







Biological Fe‐Mn Filtration


• Iron Related Bacteria:


• Facultative Autotrophs:
– Gallionella


– Sheathed IRB
• Leptothrix


• Crenothrix


• Sphaerotilus


• Heterotrophic IRB







Combined Biological & Adsorptive 
System:  Schematic Flow Diagram
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Biological Fe‐Mn Filtration
Oxidation Reduction Potential Conditions for Biological 
Removal of Iron and Manganese


pH 6.0 pH 7.0 pH 8.0 pH 9.0


Iron 
Removal


100 – 500 
mV


50 – 350 
mV


0 – 130 
mV


Manganese 
Removal 


320-570 
mV


230 – 320 
mV


Source: Biological Iron and Manganese Removal, Pilot and Full Scale Applications, B. Gage, et al, 2001







Combined Biological & Adsorptive 
System







Iron Results


Comparison of Iron Removal for 3 Systems
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Manganese Results


Comparison of Manganese Removal for 3 Systems
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Chemical & Cost Savings


Heda Oya/
Pottuvil


Fairbanks Jefferson PUD


Capacity 1,500 gpm 2,000 gpm 1,500 gpm


Average Flow 500 gpm 400 gpm 400 gpm


Annual 
Chemical Costs
Raw Water Cl2 
& KMnO4


$76,000/Yr $37,000/Yr $109,000/Yr


Combined 
System


$23,000/Yr $26,000/Yr $21,000/Yr


Savings $53,000/Yr $11,000/Yr $88,000/Yr







Biological Nitrate Removal







Glendale Ion Exchange
10 MGD Z4GWTP







Glendale Research Study
Membrane Bioreactor & Fixed Bed Bioreactor







Glendale Membrane Bioreactor


Electron Donor:  MBfR1 – Methanol
MBfR2 ‐ Vinegar


Nutrient 
Feed
Failures







Glendale Fixed Bed Bioreactor


Electron Donor:  T2‐1  ‐Methanol
T2‐2 ‐ Vinegar







Recommendation for Glendale Future 
Facility


Ion 
Exchange


Membrane
Bioreactor


Fixed Bed
Bioreactor







Awwa605km.ppt


Surface Water Biological Filtration


Conventional Treatment







Awwa605km.ppt


Surface Water Biological Filtration


Biological Filtration







Other Biological Process for Surface 
Water: RBF & SSF


Awwa605km.ppt
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Comparison of BDOC and AOC Removal


American Water Works Service Company
Mark W. LeChevallier


Conventional/Anthracite Conventional/BAC/Sand Filters







Pre Ozonation Benefits with 
Biologically Active Filtration


•Disinfection without THMs or HAAs
•AOC & BDOC removal of 50 to 100 percent 
•Microflocculation 
•Color removal
•Iron and manganese removal 
•Reduction of taste and odor 
•Removal of ozonation by‐products 
•Control of biological regrowth 
•Increased stability of the residual chlorine
•Destruction of Some EDC, PPCPs







Ozonation Effectiveness (Source: 
Snyder and Westerhoff)


Source: S. Snyder, and P. Westerhoff. 
Removal of EDCs and 
Pharmaceuticals by Conventional 
and Advanced Water Treatment


• Ozone for 0.1‐0.3 mg/L 
residual after 5 minutes


• For AOP, 0.025 mg 
peroxide/mg ozone added 
after 1 minute







Regulatory Issues


• Post Filtration – Required for Some 
Biological Processes


• Heterotrophic Bacteria


• Other Post Treatment for electron donor 
removal


• Off Line & Acclimation







Thank You


Lee Odell
Lee.Odell@CH2M.com
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Pilot-Scale Evaluation of 
Manganese Removal Treatment Approaches 
for a Surface Water Source 
in Coos Bay, OR


Anna Zaklikowski, HDR Engineering
Tammy Young, Coos Bay-North Bend Water Board
Bryan Black, HDR Engineering
Pete Kreft, MWH Americas







Presentation Topics


1. Background / Source Water Management
2. Conceptual Design Expansion Approach
3. Pilot Plant Study (PPS) Approach
4. PPS Key Outcomes and Results







Understanding the Key Issues


Upper Pony Creek 
Reservoir & Dam


Merritt Lake


Pony Creek 
Treatment Plant







Source Water Management Approach:


30-in siphon pipe draws 
water from upper depth of 
UPC Reservoir to avoid Mn-
laden water


SolarBee® mixer installed in 
September ’09 at UPC Reservoir







Seasonal Raw Water Quality


WQ Parameter Winter 
Average


Summer 
Average


Turbidity (NTU) 1.6 2.3


Temperature (deg C) 13 19


pH 6.5 6.6


Alkalinity (mg/L‐CaCO3) 7.3 8.1


Iron (mg/L) 0.6 0.8


Manganese (mg/L) 0.03 0.07


TOC (mg/L) 2 ‐ 5 4 ‐ 10


Color (CU) 60 75







Existing Treatment Process


Rapid Mix Sedimentation Basins (2)


4 30” Tri-
media filters


Finished Water 
Pumping Wet Well


Intake


Filter Aid 
Polymer NH3


ACHMerritt 
Lake


• 8 mgd plant capacity
• Direct Filtration
• Operated in “batch” at rated flowrate
• Short filter runs (8-12 hr filter runs = ~2-4,000 gal/sf UFRV)
• No ability to remove manganese
• Chloramines are used for Giardia inactivation credit (1-log)


9 MG 
Clearwell


Cl2


F







Recommended Process Improvements


Rapid Mix Sedimentation Basins (2)


4 30” Tri-
media filters


Finished Water 
Pumping Wet Well


Intake


Filter Aid 
Polymer NH3


ACHMerritt 
Lake


• NaOH and NaMnO4 added for pre-oxidation of Mn during 
summer peak events


9 MG 
Clearwell


Cl2


F


NaMnO4 NaOH







Rapid Mix Sedimentation Basins (2)


4 30” Tri-
media filters


Finished Water 
Pumping Wet Well


Intake


Filter Aid 
Polymer NH3


AlumMerritt 
Lake


• NaOH and NaMnO4 added for pre-oxidation of Mn during 
summer peak events


• Coagulant changed from ACH to alum


9 MG 
Clearwell


Cl2


F


NaMnO4 NaOH


Recommended Process Improvements







Rapid Mix


4 30” Tri-
media filters


Finished Water 
Pumping Wet Well


Intake


Filter Aid 
Polymer NH3


AlumMerritt 
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F


NaMnO4 NaOH


Floc/Sed Basins


Recommended Process Improvements


• Basins retrofitted with 
flocculation and plate settlers 
to improve pretreatment


• Increase capacity from 4 mgd
to 6 mgd (each basin)







Rapid Mix


4 30” Tri-
media filters


Finished Water 
Pumping Wet Well


Intake


Filter Aid 
Polymer NH3


AlumMerritt 
Lake


• Chlorine and NaOH feed points added to filter influent for 
catalytic oxidation/adsorption of Mn
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Cl2 & 
NaOH


• Filter retrofitted with 60” dual media 
to increase filter service rate from 5 
gpm/sf to 7.5 gpm/sf


• 5th filter added for redundancy







Rapid Mix


5 60” Dual 
Media Filters


Finished 
Water 
Pumping 
Wet Well


Intake


Filter Aid 
Polymer


NH3


AlumMerritt 
Lake


• Filter retrofitted with 60” dual media 
to increase filter service rate from 5 
gpm/sf to 7.5 gpm/sf


• 5th filter added for redundancy
• Existing backwash supply tank 


converted to free chlorine contact 
tank


9 MG 
Storage 


Tank


Cl2


F


NaMnO4 NaOH


Floc/Sed Basins


Recommended Process Improvements


Cl2 & 
NaOH


Free Chlorine 
Contact Basin







Pilot Plant Study Objectives


• Demonstrate conversion of direct 
filtration to conventional; benefit of pre-
treatment


• Evaluate free chlorine contact time and 
pre-filter chlorine addition on DBP 
formation


• Evaluate removal of Mn employing pre-
oxidation and catalytic adsorption


• Demonstrate filter performance: 
increased filter service rate and UFRV > 
10,000 gal/sf


• Evaluate backwash water (BWW) 
recycle on process performance, Mn
fate
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Pilot Plant Process Schematic
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Results: Demonstration of Pre-treatment/ 
Filter Performance
• Coagulant was switched to alum 


because of improved floc
formation, settling performance, 
and effect on filter performance







Results: Demonstration of Pre-treatment/ 
Filter Performance
• Coagulant was switched to alum 


because of improved floc
formation, settling performance, 
and effect on filter performance


• Filter run duration increased to > 24 
hours @ 7.5 gpm/sf, UFRV > 10,000 
gal/sf


Coagulant 
Type


Filter 
Service 


Rate 
(gpm/sf)


Media 
Configuration


Maximum 
UFRV
(gal/sf)


Filter 
Run 


Duration
(hours)


 


Terminal
Headloss
(inches)


 Terminal 
Turbidity 


(ntu)


ACH
6.0


Fine 1,500 4 33 0.122
Coarse 4,140 11 28 0.100


7.5
Fine 4,125 9 74 0.105


Coarse 4,725 11 68 0.103


Alum
6.0


Fine 13,380 37 74 0.102
Coarse 9,360 26 40 0.117


7.5
Fine 11,550 26 117 0.014


Coarse 13,275 29 89 0.100







Results: Demonstration of Pre-treatment/ 
Filter Performance
• Coagulant was switched to alum 


because of improved floc
formation, settling performance, 
and effect on filter performance


• Filter run duration increased to > 
24 hours @ 7.5 gpm/sf, UFRV > 
10,000 gal/sf


• TOC removal consistently > 50%
• Coagulation pH maintained ~ 5.8 


for optimal DBP precursor removal







• Overview of pre-filter chlorine addition for Mn removal
• Effect of pH on Mn adsorption
• Effect of chlorine dose / filter effluent chlorine residual
• Evaluation of DBP production


Baseline Mn Treatment Strategy:
Evaluation of Catalytic Mn Adsorption using Pre-filter 
Chlorine Addition







Results: Evaluation of Catalytic Mn Adsorption 
via pre-filter chlorine addition
• Filter media was soaked in a high strength 


sodium permanganate solution to facilitate 
development of MnOx coating


• Mn removal via pre-filter chlorine addition 
was not effective until after “seasoning” 
procedure water performed


• Following “seasoning,” Mn removal 
instantly effective


• Requires continuous pre-filter chlorine 
addition to maintain MnOx coating


• Affected by filtration pH and chlorine 
residual


Filters are “seasoned” with 
100 mg/L NaMnO4 to “jump 
start” MnOx coating and Mn
adsorption







Effect of pH on Catalytic Mn Removal


Catalytic Mn removal highly effective at pH as low as 5.8
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• Comparison of chlorine dioxide (ClO2) and Sodium 
Permanganate (NaMnO4) pre-oxidants


• Effect of oxidant contact time before coagulant addition
• Effect of pH (ambient vs. upward adjustment)


Peak Mn Treatment Strategy:
Evaluation of Pre-oxidation Alternatives in Bench Testing







Comparison of NaMnO4 and ClO2 Pre-oxidation
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Comparison of NaMnO4 and ClO2 Pre-oxidation


NaMnO4 highly effective at RW Mn > 1 mg/L and at 
contact time of 30 seconds when pH adjusted
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• Switch back to alum needed to meet pre-treatment and 
filtration performance objectives


• Baseline Mn treatment strategy (pre-filter chlorine 
addition) highly effective; though for pH, chlorine dose, 
and DBP formation must be considered


• Sodium permanganate selected for pre-oxidation when 
catalytic treatment process overwhelmed; pH adjustment 
needed


• Clarification of BWW not required to guarantee treatment 
performance as long as BWW is chlorinated and 
maintained above pH 7


Conclusions
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Results: Filter Run Results
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Today’s Topics
• Treatment of Tacoma’s in-town South Tacoma 


Wellfield groundwater


• Emphasis on the water quality issues and the 
decision making for treatment


• Engineering design discussion was earlier today
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South Tacoma Wellfield Background
• 13 wells along South Tacoma Way in the middle of 


town
• Wells range in capacity from 0.8 MGD to 11.5 MGD
• Wells discharge to the Wells Pipeline


– All wells goes to the Hood Street Reservoir
– Some wells can also go to the South Tacoma Pump 


Station
• Historical well operation has been primarily focused 


on meeting system demand







Project Location


Hood Street
Reservoir


South Tacoma
Pump Station


South Tacoma
Wellfield







Treatment Areas
• Hood Street Reservoir


– 10 MG buried reservoir
– Groundwater can blend with treated Green River surface 


water in varying ratios 
• South Tacoma Pump Station


– 16.7 MGD facility with 0.5 MG clearwell
– Pumps groundwater directly into distribution system







Hood Street Reservoir


10 MG Hood
Street Res.Chlorine Building


Hydropower Plant







South Tacoma Pump Station







Current Treatment
• Wellheads


– One has aeration towers for VOC removal
– All others have no treatment


• Hood Street Reservoir
– Onsite hypochlorite


generation
• South Tacoma Pump


Station
– Tablet chlorinator







Water Quality Part 1 – The important issues
• Low pH


– Groundwater pH is between 6.9 and 7.3
– Conducive for home plumbing corrosion


• Fluoride
– Groundwater is currently not fluoridated while treated 


Green River water is fluoridated
– Some customers can experience varying benefits of 


fluoridation when wells are on







Water Quality Issues Part 2 – not as 
important
• Volatile Organic Compounds


– 10 wells have detected one or more VOCs
– Tacoma Water is in compliance for all compounds
– Treatment desired for public perception and to maximize 


public health protection
• Radon


– No finalized Radon Rule but groundwater is generally 
above the 300 pCi/L limit in 1999 draft rule


– Treatment would be proactive in complying with potential 
future requirements







What is the starting water quality?
• Variable well use and water quality


– Identified individual well usage and predominant 
combinations of well usage


– Modeled blending scenarios based on well usage
– Assumed no dilution blending with Green River water







Design Water Quality


Parameter
Hood Street
Reservoir


South Tacoma 
Pump Station


pH 7.0 7.1


Alkalinity
(mg/L as CaCO3)


78 – 79 75


Radon (pCi/L) 309 – 316 316


TCE (µg/L) 0.00 – 0.58 0.00







Corrosion Control Options
Options Advantages Disadvantages


Aeration Removes radon and 
VOCs, no chemicals


Requires repumping, 
high initial expense


Caustic Soda Compact system, low 
initial expense


Hazardous chemical, 
no radon or VOC 
removal


Alkalinity 
Adjustment


Will not work for these waters


Orthophosphate 
Addition


Requires caustic soda to work for these waters







Hood Street Corrosion Control Evaluation
• Aeration


– Multiple packed towers
– New clearwell and booster pump station
– New pipelines


• Caustic soda
– Reuse existing caustic


soda tanks
– In-pipeline addition
– Small new chemical


feed building







40 MGD Hood Street Reservoir Evaluation







40 MGD Hood Street Corrosion Control
• Both systems were able to meet corrosion control 


target


• Treatment “premium” for additional radon and VOC 
removal was $1.7 million to $4.5 million over 20 
years


• Caustic soda addition was selected







16.7 MGD South Tacoma Pump Station 
Corrosion Control
• Retrofit diffused aeration system into bottom of 


existing clearwell
– Minimize hazardous 


chemicals in
residential area


– Minimal disruption to
facility operation


– All new equipment
could fit inside
existing building


• Initial capital cost estimate = $778,000







Fluoridation Options
• Sodium fluoride saturators


– Simple passive system, larger footprint
– Requires handling bags of salt (dust control)


• Sodium fluoride/sodium silicofluoride dry feeders
– Most mechanically complex system, smaller footprint
– Requires handling bags of salt (dust control)


• Fluosilicic acid (FSA)
– Compact liquid feed system
– Very hazardous chemical







Hood Street Reservoir Fluoridation Decision
• FSA


– Survey of Pacific NW WTPs found that fluoridating plants 
>20 MGD only used FSA


– Compact, no dust
control issues


– Can be stored
outdoors







South Tacoma PS Fluoridation Decision
• Sodium fluoride saturators


– South Tacoma PS has less operational use
– Saturators can


be unattended
for long periods


• Fluoride system
would be inside
an existing room
or in a new
building







Next Steps
• About to start on final design at Hood Street 


Reservoir for a caustic soda/FSA chemical feed 
facility


• Aeration pilot testing for South Tacoma PS
– Confirm air rates, diffuser spacing, equipment sizes


• Followed by final design for aeration system and 
fluoride saturators
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History of Young Life’s Washington Family Ranch


Location:  Big Muddy Ranch near Antelope, OR


50 miles NE of Bend, OR


1980s – Bagwhan Shree Rajneesh established 
intentional community at Big Muddy Ranch


1985 – The Bagwhan was deported


1999 – Young Life opens Washington Family 
Ranch
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Location of Washington Family Ranch
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Background


Christian Youth Camp near Antelope, OR


Approximately 40 permanent residents


Summer camps with 300 – 500 campers per week


Water supply:  


Single well – 100 gpm


Disinfection – sodium hypochlorite


Peak Season Average – 70,000 gpd
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Water Quality Issues - Timeline
Exceeded action level for Copper in 2006


sample collected from new copper pipe


Scaling in swamp coolers and shower heads –
maintenance issue


Installed water softener in March 2007 


sodium chloride regenerant


Pitting of new copper piping observed 


Exceeded action level for Copper in 2009
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Historical Lead and Copper Data
Lead and Copper 90th Percentile Results


Date Lead      
(mg/L)


Copper          
(mg/L)


  Sample 
Frequency


9 / 1999 0.0089 1.50 6 months
11 / 2000 0.0015 0.55 6 months
4 / 2001 0.0022 0.95 1 year
9 / 2002 0.0023 0.33 1 year
9 / 2003 0.0011 0.22 1 year
8 / 2006 0.0040 1.36* 3 years
9 / 2009 0.0025 1.78 6 months


Action levels:  Lead = 0.0155 mg/L      Copper = 1.35 mg/L  
*sample collected from new copper pipe             
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Copper Chemistry


Usually originates in the pipe materials rather than 
water source


New copper tends to “leach” more copper than 
older pipe


Strong oxidants can accelerate copper corrosion


Chlorides have been implicated in copper pitting 
corrosion
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Cause of Young Life’s LCR Violation and Copper 
Pipe Corrosion?


Very little historical water quality available


Additional sampling and testing required to 
determine cause of corrosion


Collected and tested samples in July 2009 


Raw water


Downstream from water softener


Distribution system
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Water Treatment Process Train


Raw Water:
Well


Water
Softener


Hypochlorite
Addition


Storage
Tanks Distribution
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Water Quality Sampling Results
Raw, Softener, and Distributed Water Quality


Sampling Location
Parameter Unit Raw Softened Distribution
Temp oF 16.4 19.3 22.7
Chloride mg/L 29.1 - 92.3
Sulfate mg/L 38.6 - 36.2
Alkalinity mg/L 361 - 374
TDS mg/L 420 548 536
pH Units 7.7 7.8 7.7
Copper mg/L ND ND 0.367
Manganese mg/L ND ND ND
Iron mg/L ND ND ND
Magnesium mg/L as Mg 15.5 8.39 7.77
Sodium mg/L 112 208 218
Calcium mg/L as Ca 56.2 32.2 29.7
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Calculated Water Quality Indices


Parameter Unit Sampling Location


Raw Distribution


Chloride-to-sulfate 
mass ratio (CSMR)


-- 0.8 2.5


Hardness mg/L as 
CaCO3


204 106
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Water Quality Observations


All copper is coming from pipe in distribution 
system – no copper in raw water


Water softener is not functioning properly 


softener is only removing 50% of the hardness


softener is contributing 63 mg/L of chloride to the 
water


Inspection revealed water softener is undersized
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Recommendations


Optimize operation of existing water softener


Install larger water softener or expand existing


Replace copper piping with nonmetallic piping


Add orthophosphate
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Recent Developments


Water softener was taken off-line until 
improvements could be made


Scaling occurred


Copper concentrations still high after softener was 
taken off-line
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Recent Developments


New water park to be constructed


Additional well required


Drilled new well and no water


Considering abandoning wells and changing to 
surface water


Decision on water softener improvement / 
replacement pending decision on source water 
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Bagwhan Shree Rajneesh Intentional Community
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Washington Family Ranch


Photo courtesy of Young Life
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Washington Family Ranch


Photos courtesy of Young Life







Questions?
Michelle Cheek


cheekdm@bv.com
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