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Five years of operations of the 
Columbia WTP


A journey thru operations and 
maintenance of our 6 MGD 


microfiltration membrane plant.







Seth Goertz
• My Background
• United Water ID Control Technician
• Worked at CWTP from startup thru the first 3 


years as an operator.  Since then as needed as 
a technician.


• I have been employed with United Water since 
May 2004.


• I have worked in treatment plants since 1999 
and have Treatment IV and Distribution III 
licenses.











CWTP Background
• Plant design for 6 mgd with future expansion to 


20 mgd.
• Filters chosen were USFilter (Memcor, Siemens) 


Continuous MicroFiltration with PVDF modules.
• Plant was put high in the distribution system to 


assist with groundwater recharge due to 
receding water table in South East Boise.


• Water is pumped from the Boise River (Three 
miles of 30” pipline and 350’ of elevation 
difference).











Background Continued
• High elevation in the distribution system 


allows us to transmit water from the 
clearwell via gravity and thru our high 
service pumps.


• All backwash and CIP (Clean in Place) 
water is kept on site and reclaimed or 
evaporated.


• We have a 1.2 MG Clearwell that utilizes 
the “Ribbon Flow” technique.  Designed to 
give a minimum T10/T of .5 at 10 mgd.







More Background
• On site Hypochlorite generation was 


chosen for disinfection.
• Ferric Chloride for the backwash 


coagulant.
• Caustic Soda for pH control.
• Citric Acid for the CIP process.
• Peristaltic pumps were selected for the 


chemical feed systems except for chlorine.







Parameter Design Operating 


Conditions 


(monthly average)


Reduced Effiecency 


Operating Contions 


(monthly average)*


Winter Operating 


Conditions (monthly 


average)


Flux 41 gfd 33 gfd 28 gfd


Backwash Interval 25 min 20 min 25 min


CIP Interval 30 days avg. 21 days avg. 30 days avg.


Recovery 91 percent 88 percent 86 percent


Temperature 10 deg. C 10 deg. C 0.5 deg. C


Iron <3 mg/L >3; <5 mg/L <3 mg/L


Turbidity <15 NTU <60 NTU <15 NTU


Algae <2,000 cnts/ml <14,000 cnts/ml <2,000 cnts/ml


Production 6 MGD 5 MGD 4 MGD


TOC <4 mg/L <8 mg/L <4 mg/L







Year One
• We changed from Ferric Chloride to a polyaluminum 


chloride (PAX XL-19).
• Not only were we not settling backwash water well and 


we were seeing Iron Bacteria growth.
• The change worked.  We started settling well, reduced 


the reclaimed water NTU, and saw a dramatic reduction 
in iron bacteria.


• US Filter gave us some parameters not to exceed and 
we were able to run consistently at greater than 95% 
efficiency.


• We run the plant like a VFD based on the system 
demand.  We have the ability to run on time and volume 
for Backwashes.  This setup let the plant run on system 
demand and keeps us running efficiently. 











Year Two
• Started seeing an increase in fiber breakage.  


We were getting enough breakage to setup 
maintenance on the filters into quarterly repairs.


• The CIP process modified due to results of the 
cleans.  We were recommended to CIP with 
Acid (ph 2.3 and cl2 at 500 PPM) monthly.  With 
short cl2 CIPs (depending on organics in the 
water) to be done as needed.


• Fluting of RWPS bearings caused all 3 motors to 
need work.  Additional grounding was added 
from the drives to the motor plus a grounding 
ring was added to the upper bearing.
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Year 3


• Water quality was seeing higher THM’s 
and HAA5’s than we liked in two reservoirs 
highly influenced by the CWTP.


• Started looking at the possibility of some 
kind of pre treatment.


• Fluting of the new bearings at the RWPS 
caused more problems.  Added ceramic 
lower bearings.







Things considered


• Potassium Permanganate to be injected at the 
raw water pump station.


• Pro’s:  Proven disinfectant that works well in 
destroying organics without disinfection 
byproducts.  Overdosing make the water a nice 
pink color.


• Con’s:  1.5 mile drive along a gravel canal road 
to get chemical delivered.  The possibility of 
overdosing and turning the water pink.   







Things considered


• Pretreatment through coagulation.
• Pro’s:  We had a proven chemical on site 


that we knew worked with our source 
water for coagulation.


• Con’s:  No point for injection into our raw 
water line far enough away for adequate 
coagulation.







Year 4 Coagulant WINS!


• We were upgrading our raw flow meter and we 
were able to common trench new conduit and a 
chemical feed line.  The injector was installed in 
the raw water meter vault and a spare backwash 
dosing pump was dedicated to the endeavor.  
With some minor PLC changes the pump would 
pace off the raw water meter and our current 
dosing program would make it as easy to 
operate as our other feed systems.







Year 4


• In an attempt to reduce power we changed 
our feed pressure from 32 to 24 psi at the 
filters.


• We started to pilot the coagulant 
pretreatment.


• Pilot was successful.







Pilot Results


• No noticeable change in TMP.  Dosages 
of 1 to 4 mg/L were used.  Not expected.


• No significant change of TOC removal.
• Huge change in system THM/HAA5’s in 2 


influenced reservoirs.
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Harris Ranch Bstr
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Questions?
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challenges of commissioning a new 
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water treatment plant
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Outline and Goals
1. History of the Project
2. Who are the Players in 


Commissioning
3. Steps for Successful 


Commissioning
4. Commissioning 


Challenges / Lessons 
Learned


5. Questions







Enaville Well History
•Located in Enaville, 
Idaho (10 miles from 
Kellogg, ID)


•Positioned at the 
Confluence of North 
and South Forks of 
the Coeur d’Alene 
Rivers.


•District serves ~5500 
people in multiple 
cityies


Enaville Well







Enaville Well History
•Constructed in 1957 


•6-foot diameter
•62-feet deep
•7000 gpm


•Well  Determined to 
be GWUDI 2004


•No adequate aquifer 
available for new well


•Microfiltration 
selected for treatment


Well


March 2007







Enaville MF WTP Process Schematic


CIP System


Finished Water and 
Distribution


Pre-Treatment


Microfiltration
System


Disinfection and 
Stabilization


Backwash and 
Residuals Handling 
System







Typical Project Timeline


Planning/Design
Equipment Procurement
Construction
Commissioning/Start-Up
Acceptance Testing
Owner Operation
Warranty


Start End?







Commissioning: The Players


• Owner and Operation 
Staff


• Regulatory
• Engineers
• Equipment Suppliers
• Contractors
• Programmers
• Consumable Suppliers


District, J-U-B, IDEQ







Commissioning: The Players


 Resolve Issues


 Build trust by 


resolving 


conflicts as they 


occur


 Strengthen 


commitments by 


demanding 


accountability


 Define and manage 


expectations


 Effective information 


transfer


 Establish 


who is doing 


what and 


when







Commissioning


– Owner Training 
(Understanding the System)


– Equipment /Electrical 
Checkout


– Controls Testing
– Reliability and Performance 


Testing


“It’s a Process, not an Event!”


Major Steps (after construction):







So, what could go wrong?







Commissioning Goals
– Owner Training (Understanding the System)


• Educate the Owner, show them what was built and how 
to operate it.


– Equipment /Electrical Checkout
• Find problems that you have to bring the contractor back 


for (electrical problems, leaks, etc)
– Controls Testing


• Find problems that weren’t present in the equipment or 
electrical check-out, programming glitches and 
“Gremlins”


– Reliability and Performance Testing
• Prove the system works
• Need operators fully up to speed







Commissioning Flow Chart


Operator 
Training


Equipment 
and 


Electrical 
Checkout


Controls 
Testing


Reliability 
and 


Performance 
Testing


END


START







Commissioning Steps


Brand new WTP
• Includes existing well pump station, plus…
• 8 tanks,
• 120 automated valves, 
• 29 pumps and equipment, 
• 50 transmitters and instruments
• 2 programmers, 5 PLCs and thousands of 


lines of  programming code, 
• Hundreds of alarms


Existing Well Pump Station
• 3 pumps
• 5 instruments
• 2 alarms


BEFORE AFTER


Owner Training







Commissioning Steps
Equipment /Electrical Checkout


• Checklists!


• What does “ I’m done, we checked that”  really 
mean…


• Need to chase-down recurring issues…
– Can have domino-effect if not resolved early
– Discuss them with the group, don’t work in a vacuum
– Often, one person is fighting something that another 


can help solve easily - teamwork







Commissioning Steps
– Controls Testing


• Test every scenario, try to crash the 
system


• Find the “Gremlins before they find 
you”


• Working in a group solves issues 
the quickest


– Reliability and Performance Testing
• Need clear roadmap that everyone 


understands
• Need to have contingency plans in 


place
– Must protect public health
– Need to verify analyzers and 


instruments
– Must maintain production







Commissioning Steps


• So how do you Beat the Gremlins?


Time


Perseverance


Teamwork


and of course … sunlight







A “Real” Commissioning Flow Chart


Operator 
Training


Equipment 
and 


Electrical 
Checkout


Controls 
Testing


Reliability 
and 


Performance 
Testing


END


START Yes          Maybe


No


Yes          Maybe


No


Yes          Maybe


No


Start Over
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Lessons Learned


Issues Within your Control


Construction “misses”
Things that got built wrong, or 
not built


Plant Contamination
Dirty water in the plant


Weather and Logistics
Freeze Protection on
temporary piping and
systems not yet put into 
operation 


Issues NOT in your Control


Power Failures
Crane ran into site power 
line at end of electrical 
checkout


Weather and Logistics
Spring flooding around 
the well
Load limits on roads for 
chemical deliveries


Things can, and will go wrong…               







Lessons Learned
Commissioning Analogy: 
The 5 Stages of Grief Management


1. Denial and Isolation
2. Anger
3. Bargaining
4. Depression 
5. Acceptance







Lessons Learned
Contract/Team 
Consideration


How it was done in 
Enaville


Benefits to this 
approach


Disadvantages to this 
approach


Microfiltration Equipment
Procurement Contract


Retained by Owner, 
(Not assigned to Contractor)


•Reduces Owner cost at bid 
day


•Increases Owner coordination 
between contracts


•Owner able to negotiate 
directly from supplier 
regarding disputes, 
liquidated damages, and 
scope of supply


•Increases Owner/Engineer 
coordination between 
Contractor and equipment 
supplier


•Contractor doesn't have to 
include equipment in value of 
bond


•Assigning responsibility more 
difficult


•Opportunity for Owner to 
develop closer relationship 
with equipment supplier


•Warranty claims more difficult


•Reduces contractor risk
•Increases Owner risk of 
delays related to equipment 
delivery.


Programming


MF Eqpt. Mfr. Provided 
programming for MF system, 
Owner provided programmer 
for the remaining plant


•Owner has a local on-call 
programmer


•Increased coordination 
required between multiple 
programmers


•Decreased issues with 
change orders related to 
controls changes.


•Difficult to discern lines of 
responsibility (scope of work)


•Owner programmer can 
"talk-shop" with the MF 
System Programmer.


•Difficult to troubleshoot during 
controls testing







Thanks!
Central Shoshone County Water District Owner


Idaho Department of Environmental Quality Regulatory Agency


GE- Zenon Water and Process Technologies Microfiltration Equipment Supplier


Contractors Northwest, Inc. General Contractor


J-U-B Engineers, Inc. Civil Engineer / Lead Engineer


Separation Process, Inc. Process Mechanical / Membranes


AEI Engineering Electrical Engineer


Eixenberger Architects Architect







Questions…


Michael Conn, P.E.
mconn@jub.com


Dennis Norris, Manager
manager@cscwaterdistrict.com








SURFACE WATER 


TREATMENT PLANT DESIGN


Sean Negherbon: City of Myrtle Creek
Alex Mofidi, Chris Martin, Bob Ward, Simon Hernandez: AECOM
Steve Donovan: SHN Engineering


Achieving multiple objectives while minimizing cost







City of Myrtle Creek, Oregon
2


WTP Design: Max Objectives & Min Cost


• Background
• Treatment Requirements
• Alternatives


– Treatment
– River intake system


• Costs / Benefits
• Solutions
• Next Steps


South Umpqua River, Southern Oregon







City of Myrtle Creek, Oregon


Background: Location
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South Umpqua River, Southern Oregon


Myrtle Creek, OR







City of Myrtle Creek, Oregon


Background: Source
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South Umpqua River, Southern Oregon


Umpqua


River







City of Myrtle Creek, Oregon


Background: Source


5


Existing Intake Structure


Umpqua


River







City of Myrtle Creek, Oregon


Background: Source
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Existing Intake Structure


Umpqua


River







City of Myrtle Creek, Oregon


Background: Existing WTP
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Existing Umpqua WTP


Umpqua


WTP


Springbrook


WTP







City of Myrtle Creek, Oregon


Background: Existing WTP
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Existing Umpqua WTP


Umpqua


WTP


Springbrook


WTP







City of Myrtle Creek, Oregon


Background: Service Area
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Existing Supply Zone







City of Myrtle Creek, Oregon
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WTP Design: Max Objectives & Min Cost


• Background
• Treatment Requirements
• Treatment Alternatives


– Benefits
– Challenges


• Costs / Benefits
• Solutions
• Next Steps


South Umpqua River, Southern Oregon







City of Myrtle Creek, Oregon


Treatment Requirements: Flow
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City of Myrtle Creek, Oregon


Treatment Requirements: Turbidity
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Data from 


2007 - 2009







City of Myrtle Creek, Oregon


Treatment Requirements: Temperature
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Data from 


2007 - 2009







City of Myrtle Creek, Oregon


Treatment Requirements: Water Quality


• Seasonal Turbidity
• Algae / Tastes and Odors (Geosmin)
• Temperature (Summer)
• Pathogen Loading


14


Parameter               Units           Average                  Range


Alkalinity (as CaCO3)


pH


Temperature


Total organic carbon


Turbidity


mg/L


units


deg C


mg/L


NTU


45


7.5


15


1.95


4.8


31 – 61


6.4 – 8.7


2 – 29 


1.4 – 2.4


0.2 – 196 







City of Myrtle Creek, Oregon


Treatment Requirements: Pathogen Control


• Seasonal Turbidity
• Algae / Tastes and Odors
• Temperature (Summer)
• Pathogen Loading


15


Average E.coli


= 290 per 100 mL


(Ranges from 7 to 1,410)


Crypto ‘trigger’ = 50 per 100 mL







City of Myrtle Creek, Oregon
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WTP Design: Max Objectives & Min Cost


• Background
• Treatment Requirements
• Treatment Alternatives


– Benefits
– Challenges


• Costs / Benefits
• Solutions
• Next Steps


South Umpqua River, Southern Oregon







City of Myrtle Creek, Oregon


Alternatives: Existing Facilities
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City of Myrtle Creek, Oregon


Alternatives to Existing Facilities


• Needs of the City
– Regulatory compliance (treatment, intake)
– Improving aesthetics
– Minimizing staff labor
– Maintaining strict budget requirements


• Meeting City Needs
– Rapid alternatives analysis
– Cost:benefit assessment
– Assessment of non-cost issues


18







City of Myrtle Creek, Oregon


Alternatives to Existing Facilities


• Needs of the City
– Regulatory compliance (treatment, intake)
– Improving aesthetics
– Minimizing staff labor
– Maintaining strict budget requirements


• Meeting City Needs
– Rapid alternatives analysis
– Cost:benefit assessment
– Assessment of non-cost issues


19


Alternative


1


2


3


4


Description


Conventional filtration with UV disinfection


Ozone, conventional filtration, UV


LP Membranes, UV disinfection


LP Membranes, GAC, UV disinfection







City of Myrtle Creek, Oregon


Alternative 1: Conventional, UV


20


UV Disinfection


• Benefits


– Familiar technology
– Similar O&M cost


• Challenges


– Labor requirements
– No ‘net gain’ in capabilities
– Best pre-treatment choice for 


UV disinfection (?)







City of Myrtle Creek, Oregon


Alternative 2: Ozone, Conventional, UV


21


• Benefits


– Familiar technology
– Many ozone capabilities 


(aesthetics, future regulated 
contaminants, improved 
conventional/filter operation?)


– Multiple barriers


• Challenges


– Labor requirements
– Increased carbon footprint
– Best pre-treatment choice for 


UV disinfection (?)







City of Myrtle Creek, Oregon


Alternative 3: LP Membranes, UV
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UV Disinfection


• Benefits


– Minimal operator attention
– Minimal chemical use


• Challenges


– Bigger carbon footprint
– Increased O&M (?)
– Pilot testing needs (?)
– Best pre-treatment choice for 


UV disinfection (?)







City of Myrtle Creek, Oregon


Alternative 4: LP Membranes, GAC, UV
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• Benefits


– Minimal operator attention
– Minimal chemical use
– T&O control


• Challenges


– Bigger carbon footprint
– Increased O&M (?)
– Pilot testing needs (?)
– Best pre-treatment choice for 


UV disinfection (?)







City of Myrtle Creek, Oregon
24


Current Intake: Tee-Screen







City of Myrtle Creek, Oregon


Intake Re-Design: Infiltration Gallery 
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City of Myrtle Creek, Oregon


Intake Re-Design: Infiltration Gallery
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City of Myrtle Creek, Oregon
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WTP Design: Max Objectives & Min Cost


• Background
• Treatment Requirements
• Treatment Alternatives


– Benefits
– Challenges


• Costs / Benefits
• Solutions
• Next Steps


South Umpqua River, Southern Oregon







City of Myrtle Creek, Oregon


Preliminary (5%) Cost
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Treatment Option                         Capital                O&M                 Life Cycle


Cost               Per Year                  Cost


Conventional, UV


Ozone, Conventional, UV


Membranes, UV


Membranes, GAC, UV


$3.23


$4.29


$2.89


$3.64


0.21


0.29


0.21


0.21


$8.1


$11.0


$7.7


$8.7
30-year life


3% Interest rate
Intake Option                         Capital


Cost


New Tee Screen


Infiltration Gallery


$0.32


$0.25







City of Myrtle Creek, Oregon
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WTP Design: Max Objectives & Min Cost


• Background
• Treatment Requirements
• Treatment Alternatives


– Benefits
– Challenges


• Costs / Benefits
• Solutions
• Next Steps


South Umpqua River, Southern Oregon







City of Myrtle Creek, Oregon


Solutions and Next Steps


• Replace the Aging WTP!


• Selection of LP Membranes, GAC, UV
– Piloting conducted up-river at another facility
– Setting membrane flux requirements
– Low operational demands
– Meets budgetary requirements
– Infiltration gallery – seeking external funding


30







City of Myrtle Creek, Oregon


Solutions and Next Steps


• Maintain Program Schedule
– Selecting membrane manufacturer


• Recommended
• Contracting underway


– Design / Construction / Startup
– Compliance well prior to 2014 requirement (LT2)
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City of Myrtle Creek, Oregon


Thank You!
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Bozeman Montana Innovative Approach to Membrane Procurement and Design


Piloting, Procuring, Permitting, and Planning 
for a Membrane WTP in Bozeman


Nathan Kutil, HDR, nathan.kutil@hdrinc.com
Rick Moroney, City of Bozeman, rmoroney@bozeman.net



mailto:nathan.kutil@hdrinc.com

mailto:rmoroney@bozeman.net





Existing Plant Background


 Constructed in 1983


 Cost = $1M


 Current Capacity = 15 MGD


 Bozeman 5% Growth







Existing Plant Background


 3 Intakes
- Sourdough
- Hyalite (pressure)
- Hyalite (gravity)


 Twin Flocculation Basins


 12 Dual Media Filters


 Gaseous Cl2 Disinfection







Existing Plant Background


 Aging infrastructure


 Obsolete equipment and 
technology


 Limited capacity


 Intake reliability


 More stringent regulations


 Potential for degraded raw 
water quality







2005 Water Facility Plan


 Options Considered


- Short-term upgrade of existing facility


- 20-year upgrade to existing plant, add peaking plant


- New direct filtration facility


- New contact adsorption clarification facility


- New conventional sedimentation/filtration facility


- New membrane filtration facility







2005 Water Facility Plan Selected 
Membrane Filtration
 Reasons Membrane Filtration Selected
- Superior technical feasibility for compliance with future 


regulations
- Avoids loss of interim improvements when buildout


expansion is implemented
- Ease of phasing for capacity expansions







Piloting







Pilot Study Objectives


Primary Objective


• Determine which Systems are Reliable and Meet 
Treatment Requirements of the Project (as defined 
in Pilot Protocol)


• Establish Design Criteria for Full-Scale Operation


Secondary 
Objective


• Optimize Use of Coagulants


• Determine Pretreatment Requirements


• Provide City staff with Hands-On Experience with 
Membranes (Maintenance)







Specific Concerns


Impacts of Flashy Source Water on Membrane Performance (incl. Turbidity, Iron, 
Manganese, Color, etc.)


Winter Operation – Cold Temperatures/Low Turbidity


Spring Operation – Moderate Temperatures/High Turbidity


Pretreatment Requirements, especially in light of wildfire risk in watershed(s)


Regulatory Compliance, both with LT2ESWTR and Discharge Permit







Pilot Layout


 3 Membrane 
Systems
- Engineering 


equivalent of 
many full scale 
systems in 
Montana







Membrane Integrity Testing and Fiber 
Cut/Repair Demonstration


 Results
- Pressure – PASSED
- Submerged – PASSED
- One System – FAILED 







Overall Results


Description Units Value


Avg. Feed Turbidity NTU 3.87


Pressure Membrane Avg. Permeate 


Turbidity NTU 0.011


Submerged Membrane Avg. Permeate 


Turbidity NTU 0.044


Pressure Membrane Avg. Flux GFD 78.8


Submerged Membrane Avg. Flux GFD 46.8


Pressure Membrane Avg. Recovery % 96.8


Submerged Membrane Avg. Recovery % 95.8







Procurement







Why Procure Membranes


 Systems vary


 Design focus


 Plan for cost







Procurement Design Parameters


 Max Daily Q:
- 22 MGD (10°C) 95% recovery
- 12 MGD (0.1°C) 95% recovery


 Max Instantaneous Flux
- 77.3 gfd (10°C) pressure
- 40.9 gfd (10°C) submerged







Bid Pressure vs. Submerged


 How to fairly bid


 20-year present worth
- Capital cost
- Energy cost
- Chemical cost
- Waste disposal cost
- Membrane replacement cost
- Installation cost (concrete)







Bid Evaluation


 20-year present worth – 65 points


 Fiber integrity – 10 points


 Regulatory acceptance (CA) – 5 points


 Operational history – 5 points


 Replacement labor – 5 points


 Fiber isolation – 5 points


 Pilot maintenance – 5 points







Bid Day


 Submerged membrane supplier did not bid


 Pressure membrane supplier gave a great bid 
($5.1M)







Permitting







MDEQ


 Involve regulators early and often


 New to them as well as operators







MDEQ


 1st Certification of this type in MT
- 6 months of conference calls
- Regulators quit and hit by trees
- Go-bys (other states)
- Membrane expert, Dr YuJung Chang


 New standard for others to follow







Membrane Testing Data


 Vendors data not in compliance with membrane 
filtration guidance manual


 Data collected prior to LT2


 3rd Party Challenge Test (non-destructive)
- E-Coli feed concentrations
- Crypto challenge for QCRV


 Requested 4-log credits for Bozeman







Project Review 


 Model walk thru


 Q&A


 Expedited review


Rendering of chemical transfer pumps







Planning (Pre-design)







Predesign Report


 16 chapters


 6 Appendices


 Everything from codes to naming conventions to floor 
plans
- Preliminary P&IDs
- Preliminary equipment list


 30% Complete


 Cost Estimate (is it still affordable?)







Barn Look Example







Barn Look Bozeman







Preliminary Floor plan


Pretreatment Area Office/Lab Area Membrane Area


Chemical Area







Planning (Final Design)







Sourdough Intake


 Proposed Intake
- Infiltration Gallery
- Backwash
- Air
- Water
- Flow Controlled at Plant







Liquid Stream







Residuals Streams







Floor plan
Office/Lab Area Membrane Area


Chemical Area


Pretreatment Area







Exterior Rendering (looking southwest)







Model of Membrane Treatment Area







Model of Process Area







Interesting Project Aspects


 Contact Conduit


 Chemical Fill/Safety


 Grit Removal


 No Sewer


 Potential Hydropower


Rendering of chemical storage area











Cost Estimate


 Estimated Project Cost
- $25 - 30M for installation
- $5.5M for membranes
- $6.4M for engineering


- Total Project Cost ~$42M







Where to From Here ?


Finish Design


Bid


Construction


Commissioning 
and Operation


1.5 months


24 months


October 2013







QUESTIONS?


Nathan Kutil, HDR, nathan.kutil@hdrinc.com


Rick Moroney, City of Bozeman, rmoroney@bozeman.net



mailto:nathan.kutil@hdrinc.com

mailto:rmoroney@bozeman.net










Groundwater Treatment Technologies
What’s New in Groundwater







• Regulations
• Treatment Technologies
• Disinfection
• Corrosion Control
• VOC Removal
• Iron and Manganese
• Arsenic
• Hydrogen Sulfide
• Nitrate
• Radionuclides
• Chromium VI
• Pilot Testing


3
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13
16
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20
22
23


Topics


Overview
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Groundwater 
Treatment 


Rule


• susceptibility
• Deficiencies
• Monitoring
• Treatment (CT=6 


mg/L*min)


Arsenic


• MCL = 10 ug/L
• New Cancer Rates 


being Reviewed
• MCL will likely be lowerd


Lead and 
Copper Rule


• Lead levels higher with 
chloramines


• ORP major factor
• Orthophosphate
• Steady Water Quality in 


DS


Others
• Manganese
• Fluoride
• Chromium VI


Groundwater Regulations
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Regulations will continue to Affect Groundwater Utilities


Regulation Key Provisions 
GW Rule Vulnerability


Significant Deficiencies
Monitoring
Treatment


Stage 2 DDBP Rule Identify Worst Sites.
MCLs for TTHMs and HAA5


LT2ESWTR GWI Cryptosporidium monitoring & 
BIN Class


FBW Rule FBW Recycling
Arsenic Rule MCL & MCLG
Radionuclide Rule MCLs and MCLGs for RA228+228,


gross alpha, beta particle and photon 
radioactivity, and Ur 


LCR Als and Guidance
NPDWS MCLs


NNSDWS SMCLs


TCR MCLs for Total, Fecal & e-coli
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On-Site Sodium Hypochlorite 
Generation


Treatment 


Objective


General 


Disinfection and 


Residual 


Disinfection


Disinfection of 


Viruses and 


Residual 


Disinfection


Disinfection for 


Systems Under the 


Influence of 


Surface Water


Primary 


disinfectant


Chlorine


Ozone


Chlorine dioxide


Chlorine


Ozone


UV


Chlorine*


Ozone


Chlorine dioxide


UV


Secondary 


(residual) 


disinfectant


Chlorine


Chloramine


Chlorine


Chloramine


Chlorine


Chloramine


ClorTec OSEC MIOX


MicroClor







Corrosion Control
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Oxidation Reduction Potential has a Significant Impact on Lead


Lead Solubility Contour Diagram, pH vs DIC, I=0.01, 


Source, Lead Control Strategies, AWWARF Source: New Insights into Lead and Copper Corrosion Control and 
Treatment Change Impacts, Michael Schock, USEPA, ORD, NRMRL, 
WSWRD Source: New Insights into Lead and Copper Corrosion Control 


and Treatment Change Impacts, Michael Schock, USEPA, ORD, 
NRMRL, WSWRD


Chloride to Sulfate Ratio <0.58







Liquicel – Degasser 
(equipment cost approx $150k for 2,000 gpm well)
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Look for opportunities to strip CO2 and eliminate caustic application, 
also for VOC Removal







VOC Treatment Alternatives 
Example TCE Removal for 2,000 gpm Well
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Alternative Effectiveness Equipment Footprint Major Electrical & 
Control 


Requirements


Safety Issues Maintenance Building 
Requirement


Neighborhood Issues Equipment 
Costs(1)


Annual O&M Cost (2)


Packed Tower 
Aeration


 >95%  12’ by 28’ Packed Tower
 Low sound blower
 Pump Well
 Booster Pump w/VFD
 PLC & SCADA


 20’ by 50’  Blower
 Booster Pump
 PLC Package
 SCADA Integration


 Climbing
 Mechanical 


Equipment
 Cleaning Chemicals


 Periodic Media Cleaning
 Pump and Blower 


Maintenance


 Booster Pump 
and Electrical 
Equipment


 PLC &SCADA


 Visual Impact of 
Tower


 Noise from Blower 
and Air Exiting 
Tower


 $310,000 
Packed 
Tower and 
Blower


 $90,000 for electrical, 
monitoring, labor


Tray Aeration  >90%  6 tray aerator
 Pump Well
 Booster Pump w/VFD
 PLC & SCADA


 20’ by 50’  Blower
 Booster Pump
 PLC Package
 SCADA Integration


 Mechanical 
Equipment


 Cleaning Chemicals


 Periodic Tray Cleaning
 Pump and Blower 


Maintenance


 Booster Pump 
and Electrical 
Equipment


 PLC & SCADA


 Visual Impact of 
Aerator


 Noise from Blower


 $180,000 
for Tray 
aerator and 
Blower


 $90,000 for electrical, 
monitoring, labor


Low Profile 
Aerator


 >80%  3 - 2,000 gallon low profile 
aerator


 Air blower
 Diffusers
 Booster pumps w/VFD
 PLC & SCADA


 30’ by 30’  Blower
 Booster Pump
 PLC Package
 SCADA Integration


 Mechanical 
Equipment


 Periodic  Cleaning
 Pump and Blower 


Maintenance


 Aerators, Blower, 
Booster Pump 
and Electrical 
Equipment


 PLC & SCADA


 Additional Building  $240,000 
for low 
profile 
aerator and 
blower


 $90,000 for electrical, 
monitoring, labor


GDT Degasser  >50%  Side stream injection pump
 Eductor
 Degasser


 20’ by 20’  None  Mechanical 
Equipment


 Side stream Pump 
Cleaning


 Degasser Cleaning


 Side Stream 
Injector, Degasser


 PLC & SCADA


 Could potentially fit 
in existing building


 $150,000 
for 
degassing 
system


 $35,000 for electrical, 
monitoring, labor


Liqui-Cel
Degasser


 >50%  10 – 14” by 28” degassers
 10 micron cartridge Filter


 10’ by 30’  None  Mechanical 
Equipment


 Periodic Cleaning 
(Estimated at 6 mo)


 Cartridge Filter
 Degassers
 PLC & SCADA


 Building Addition 
Impact


 $148,0000 
for 
degassers


 $78,000 for 
prefilter


 $90,000 per year for 
semiannual cleaning and 
integrity testing by 
manufacturer.


 $25,000 for electrical, 
monitoring, labor


GAC Contactor  >95%  2-8’D by 10’H Contactors
 20,000 gallon backwash 


surge tank


 20’ by 50’  None  Climbing
 Valve Operation


 Weekly or Monthly 
Backwashing


 Annual or Every Two 
Year GAC Replacement


 None  Visual Impact of 
Tanks


 $410,000 
for two 
contactors 
and GAC


 $110,000 for GAC 
replacement and disposal 
annual or every two years


 $15,000 for electrical, 
monitoring, labor


UV AOP  >95%  400 mJ/cm2 UV reactor
 Peroxide feed system
 ORP meter
 PLC & SCADA


 10’ by 30’  UV Reactor Power
 PLC Package
 SCADA Integration


 Electrical Shock
 Strong Oxidant


 UV bulb cleaning
 Electrical maintenance
 Routine Equipment 


Calibration


 UV Electrical
 UV reactors
 Cleaning 


Equipment
 Peroxide System
 PLC & SCADA


 Building Addition 
Impact


 $525,000 
for UV 
Reactor 
and 
peroxide 
feed system


 $250,000 for electrical, 
monitoring, labor


 $30,000 for chemical


Ozone AOP  >95%  Liquid oxygen
 Evaporator
 Ozone generator
 Destruct unit
 Side stream pump
 Eductor, injector
 Reactor pipe
 Ozone analyzers
 Gas flow meter
 Control system
 PLC & SCADA


 50’ by 70’  Ozone Generator 
Power


 Destruct Unit
 PLC Package
 SCADA Integration


 Air Quality
 Electrical Shock
 Strong Oxidant


 Oxygen canister 
replacement


 Generator 
 Analyzer cleaning and 


calibration
 Pump 
 Destruct system 


 All Equipment 
except liquid 
oxygen and 
evaporator


 Building Addition, 
Liquid Oxygen 
Storage


 $770,000 
for ozone 
system and 
peroxide 
feed system


 $190,000 for electrical, 
monitoring, labor


 $40,000 for oxygen and 
chemical


Down Well Air 
Sparging


 Unknown  Submersible pump
 Air sparger
 Air Compressor
 Off -gas GAC canisters


 10’ by 10’  Air Compressor  Mechanical 
Equipment


 Increased biological 
growth and well screen 
clogging may require 
periodic rehabilitation


 Air Compressor  Building Addition  $535,000 
for 
submersible 
pump and 
air sparger 


 $25,000 for electrical, 
monitoring, labor







Iron and Manganese Removal
10 MGD Plant Completed June 2010
$4.5 Million
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Clark Public Utilities,Vancouver, WA 
Southlake Water Treatment Plant


Treatment Technology Benefits Drawbacks
Aeration followed by 
filtration


•No chemical use 
•Easy to operate


•Entrained air can interfere with filtration if not broken 
•May require breaking head and repumping
•Not effective for manganese removal or iron complexed with organic 
material
•Low filter loading rates for effective removal
•High capital cost


Chlorination followed 
by filtration


•Chlorine often used for 
disinfection and present at 
treatment plant


•May require pH adjustment for manganese removal because of slow 
reactions at low pH
•Low filter loading rates for effective removal
•Easy to operate
•High capital cost


Ozone followed by 
filtration


•Strong oxidant, requires little 
reaction time


•May oxidize manganese to permanganate
•May oxidize manganese dioxide–containing media to permanganate
•Difficult to operate
•High capital and operations and maintenance costs


Chlorine dioxide 
followed by filtration


•Effective for iron complexed with 
organic material
•No trihalomethane formation


•Generated on site with variety of chemicals
•Requires careful operation and maintenance
•Chlorite is a by-product
•High capital cost


Potassium 
permanganate followed 
by filtration


•Strong oxidant, requires short 
reaction times
•Can reform manganese dioxide 
coating on media


•Causes staining if spilled
•May be overfed, resulting in pink or purple water


Biological filtration •Easy to operate
•Low operating cost


•Requires start-up period initially and after prolonged shutdowns
•May require two stages for iron and manganese removal
•High capital cost


Ion exchange •Easy to operate •Only effective on reduced forms of iron and manganese
•No preoxidation should occur before ion-exchange unit
•Fouling is common
•Taste may be less palatable than with other methods
•High capital and operating costs


Manganese greensand 
filtration


•Very effective for manganese
•Can achieve high loading rates, 
but often not done


•Often used in combination with anthracite media for iron filtration
•Media may crack 
•Recommended use with permanganate feed


Oxide coated sand 
filtration


•Effectiveness depends on type, 
thickness, and oxidation state of 
coating
•Easy to operate


•Effectiveness depends on type, thickness, and oxidation state of 
coating AU//correct to have this entry for both Benefit and Drawback
•Moderate capital cost


Pyrolusite media 
filtration


•Easy to operate
•Can achieve high loading rates
•Low operating costs
•Very effective for manganese


•Moderate capital cost


Membrane filtration •Easy to operate
•Can achieve high loading rates


•May cause fouling
•Chemical preoxidation must be carefully controlled
•Moderate to high capital and operating costs


Stabilization, 
sequestering


•May reduce precipitation in parts 
of the distribution system


•Iron and manganese will still precipitate in the distribution system, 
especially where water stays in the system several days or in hot water 
systems and appliances
•Not effective for high levels of iron and manganese


Lime softening •Can effectively precipitate iron 
and manganese


•High capital and operating costs
•High levels of solids produced
•Requires significant operational oversight and maintenance







Southlake WTP
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• 22 Acre Site
• Manganese Dioxide Media, 10 


gpm/sq ft loading rate
• Backwash Water Reused on Site
• Two – 3,500 gpm wells on site
• On-Site chlorine generation
• Ground source heating & cooling


Vancouver, WA
Clark Public Utilities







Nagaoka Biological Iron, Manganese, Nitrate and Arsenic Removal
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• Biological System
– 40 mg/L Iron
– 2 mg/L manganese
– 1 mg/L ammonia
– 50 ug/L arsenic


• Deep Bed Filter System
• Can backwash top part 


independent of 
remaining filter


Woodland, WA
EPA ETV Testing Via NSF







Arsenic Removal
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Truckee Meadows Water Authority, Reno, NV
Longley Lane WTP


Technology Benefits Drawbacks
Conventional filtration •Common technology


Effective, especially when arsenic pre-oxidized 
and pH kept below 8


•Performance declines above  pH 8Arsenic 
should be pre-oxidized
•High coagulant doses sometimes required.
•Alkalinity addition may be needed for soft 
waters and high coagulant doses.


Reverse osmosis 
membrane filtration


•Removal of As(III) and As(V)
•Inorganic, microbial, and organic removal also 
achieved


•Low recovery and flux rates are typical
•Pretreatment and posttreatment required


Nanofiltration •Removal of As(V) 
•Microbial and organic removal also achieved
•Removal of calcium and magnesium may be 
achieved


•Sensitivity to water quality 
•Low recovery and flux rates are typical
•Pretreatment and posttreatment required
•May not be effective for As(III)


Ultrafiltration •Flux and recovery rates higher than with reverse 
osmosis or nanofiltration 
•Microbial removal achieved
•Waste stream can often be sent to wastewater 
treatment plant


•Removal of particulate As only, unless 
pretreatment with a coagulant is needed for 
removal
•Preoxidation and pH adjustment may be 
needed


Coagulation/microfiltrat
ion 


•Highest flux and recovery rates of membrane 
processes
•Some microbial removal achieved
•Waste stream can often be sent to wastewater 
treatment plant


•Pretreatment with a coagulant is needed 
for removal
•Preoxidation and pH adjustment may be 
needed


Activated alumina •Less sensitive to water quality than ion exchange
•Longer run times than ion exchange


•pH adjustment often needed
•Aluminum levels may increase in finished 
water
•Hazardous chemicals needed for 
regeneration
•Residuals handling is difficult with 
concentrated high-pH liquid stream


Ion exchange (anion 
exchange)


•Works better at higher pH levels than activated 
alumina
•Nitrate removal can also be achieved


•Sulfate levels may reduce run times
•Higher arsenic levels may leach from resin 
near end of run
•Requires regeneration and handling of 
concentrated brine solution


Iron-based sorbents •Arsenic in backwash water is usually very low
•Relatively easy disposal of solids 
•Some adsorbents have a fairly high sorption 
capacity


•Periodic media replacement required
•Cost and length of media use before 
replacement is needed is dependent on 
water quality
•Capacity decreases with increasing pH


Titanium-based 
sorbents


•Arsenic in backwash water is usually very low
•Relatively easy disposal of solids 
•Some adsorbents have a fairly high sorption 
capacity
•Works over wide range of pH


•Periodic media replacement required
•Cost and length of media use before 
replacement is needed is dependent on 
water quality


Lime Softening •Effective removal at pH above 11.
•Coagulants can be added to aid co-precipitation.


•High concentration of solids produced
•Some systems can require significant 
operational oversight







Arsenic Strategies for Future
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Media


Initial 


Arsenic,


µg/L


Water Source BV to 10 


µg/L


mg As Absorbed 


per g Media


g Iron per 


g Media


Source


Iron–citric acid preloaded 
GAC 50–60 Rutland, Mass.


pH 6 150,000 4.96 0.0054 AwwaRF, 2007


Ferrichite (FeCl3 + 
chitosand) 3,580 Superfund 


Tacoma, Wash. 700 1.1 0.61 Chen et al., 2000


Chemical coating onto 
absorption media G2 200 Spiked distilled 


water 5,000 2 - Winchester et al., 
2000


Granular ferric hydroxide;  
Wasserchemie 16 Wildeck, Germany 85,000–7 


µg/L 0.82 0.58 Driehaus, 2000


Granular ferric hydroxide 21 Stadtoldentrof, 
Germany


75,000–7 
µg/L 1.08 0.58 Jekel and Seith, 2000


Granular ferric oxide media;  
US Filter/Siemens 18 Stockton, Calif. 25,000 0.2 0.58 McAuley, 2004


Granular ferric oxide media;  
Severn Trent 18 Stockton, Calif. 25,000 0.2 0.63 McAuley, 2004


Granular ferric oxide media; 
Wasserchemie 8 Barkersfield, Calif. 80,000–4 


µg/L 0.26 0.58 McAuley, 2004


Granular ferric oxide media; 
Severn Trent 8 Barkersfield, Calif. 80,000–4 


µg/L 0.26 0.63 McAuley, 2004


Granular ferric oxide media; 
Wasserchemie and US 
Filter/Siemens


15 Deionized water 
spiked with As


60,000–7 
µg/L 0.58 0.58 Bradruzzaman et al., 


2001


Zirconium-loaded activated 
carbon 500 Carbonate buffer 


spiked with As 5,900 2.8 0.028 g 
Zr/g Daus et al., 2004


Absorptionsmittel 3 500 Carbonate buffer 
spiked with As 1,000 2 0.075 Daus et al., 2004


Iron hydroxide granules 500 Carbonate buffer 
spiked with As 13,100 2.3 0.323 Daus et al., 2004


Iron-impregnated polymer 
resin 50 Deionized water 


with anions, pH 7.5 4,000 0.32 0.09–0.12 DeMarco et al., 2003


Iron oxide–impregnated 


activated alumina
500


Deionized water 


with As, pH 12


500–50 


µg/L
0.29 0.066 Kuriakose et al., 2004


Contract for Media Supply and 
Performance


Owner-Purchased Tanks







Arsenic Strategies for Future
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Non Optimized Optimized


Process See Figure 1 See Figure 2


Raw Water Arsenic, 
ug/L


158 158


Finished Water 
Arsneic, ug/L


9.02 1.24


Percent Removal 94.3% 99.2%


Number of Samples 23 19


Raw Water pH 7.7 7.7


Ferric Chloride Dose, 
mg/L


26 21


Treated Water pH 6.7 6.72


Filter Loading Rate, 
gpm/sq ft


6.0 6.0


Media Type Manganese Dioxide Manganese Dioxide


Media Depth, In 42" 42"Sparks, NV
TMWA I-Street Well


Comparison of Contact Time Impact on Prechlorination for Arsenic Removal, CH2M HILL 2010
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FIGURE 2:  CHLORINE/CONTACT TANK/ACID/FERRIC/CONTACT TANK


FIGURE 1:  CHLORINE/ACID/FERRIC/CONTACT TANK







Hydrogen Sulfide Treatment
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Golden States Water, Los Angeles, CA
GAC Adsorbers


Treatment Benefits Drawbacks
Catalytic 
carbon–
granular 
activated 
carbon


•Effectively controls hydrogen sulfide 
tastes with proper carbon selection


•Carbon must be replaced 
periodically
•Dissolved oxygen level of 4 mg/L 
or greater is needed
•Moderate capital cost and 
moderate to high operating cost


Greensand •Reduces tastes and odors 
•Low operating cost


•Moderate capital cost 
•Media must be regenerated 
•Media subject to cracking at high 
head loss


Pyrolusite •Reduces tastes and odors 
•Low operating cost


•Moderate capital costs
•Requires chlorine residual on 
media bed


Ion exchange •Effectively controls hydrogen sulfide 
tastes with proper selection and 
maintenance 


•Requires salt regeneration 
•High capital and operations and 
maintenance costs


Chlorination •Reduces hydrogen sulfide smell •Generates polysulfides, which also 
have tastes and odors 
•Can revert to form hydrogen 
sulfide if reducing conditions exists 
(dead-end mains, customer hot 
water tanks)


Aeration •Reduces tastes and odors •Must repump water after aeration 
•May require acid feed to lower pH 
and improve effectiveness 
•High capital cost 
•Moderate operating cost


Oxidation/reduc
tion


•Effectively controls hydrogen sulfide 
tastes with proper design and 
maintenance


•Requires second chemical feed 
•Requires effective blending and 
reaction period 
•Reducing chemical dose must be 
carefully controlled







Nitrate Treatment
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Glendale, AZ


Anion Exchange Vessels Under 
Construction


Nitrate Treatment 


Alternative


Benefits Drawbacks


Anion exchange •Many commercially available systems


•Lowest capital cost


•Relatively easy to operate


•Easy to automate


•Also removes arsenic 


•High total dissolved solids liquid waste 


stream


•Efficiency is dependent on water quality


Biological removal •No brine waste •Requires postfiltration


•Few commercially available systems


•Requires carbon source and nutrients


Nanofiltration •Relatively easy to operate


•Also softens water and removes some 


inorganics and organics 


•May require extensive pretreatment


•Requires significant maintenance


•Operates at high pressure 


•Relatively high capital and operating costs


Reverse osmosis •Relatively easy to operate


•Also softens water and removes many 


inorganics and organics 


•May require extensive pretreatment


•Requires significant maintenance


•Operates at high pressure 


•Relatively high capital and operating costs


Electrodialysis 


reversal 


•Lower pressure requirements than other 


membrane systems


•Provides softening and removal of other 


inorganics and organics


•May require extensive pretreatment







Glendale AZ Nitrate and Arsenic Removal Plant
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• 10 MGD Capacity
• Nitrate and Arsenic Removal
• Five, Twelve foot Diameter Vessels, 


4.5 feet of Standard SBA Resin
• Two 75 Ton Brine Makers
• Recycles Waste Water
• Discharges 0.5% of Production
• S::CANs monitor Nitrate, pH, TOC 


and Turbidity


Glendale Arizona
Zone 4 Groundwater Treatment Plant







Water Research Foundation Report 
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• Autotrophic and heterotrophic 
biological denitrification worked 
well.


• Phosphorous addition aided 
removal


• Biological treatment better from 
Triple Bottom Line approach than 
Ion Exchange


City of Glendale


Biological and Ion Exchange Nitrate 
Removal Evaluation







Radionuclides Treatment
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Batavia, IL
Hydrous Manganese Oxide Feed System


Treatment Alternative Benefits Drawbacks


Anion exchange •Many commercially available systems


•Lowest capital cost


•Relatively easy to operate


•Easy to automate


•Also removes arsenic 


•High total dissolved solids in liquid waste stream


•Efficiency is dependent on water quality


Cation exchange •Many commercially available systems


•Lowest capital cost


•Relatively easy to operate


•Easy to automate


•Also removes arsenic 


•High total dissolved solids in liquid waste stream


•Efficiency is limited above pH 8


Nanofiltration •Relatively easy to operate


•Also softens water and removes some inorganics and 


organics 


•May require extensive pretreatment


•Requires significant maintenance


•Operates at high pressure 


•Relatively high capital and operating costs


Reverse osmosis •Relatively easy to operate


•Also softens water and removes many inorganics and 


organics 


•May require extensive pretreatment


•Requires significant maintenance


•Operates at high pressure 


•Relatively high capital and operating costs


Lime softening •Provides softening and removal of other inorganics and 


organics


•Requires significant operational oversight 


•Requires frequent maintenance 


Activated alumina •Moderate cost •Sensitive to water quality


•Requires regeneration with hazardous chemicals


•


Uranium Removal


Radium Removal
Treatment 


Alternative


Benefits Drawbacks


Cation exchange •Many commercially available 


systems


•Lowest capital cost


•Relatively easy to operate


•Easy to automate


•Also removes calcium and 


magnesium 


•High total dissolve solids liquid waste stream


•Efficiency is dependent on water quality, 


especially sulfate


•High brine concentration is needed for 


regeneration to remove radium


•Produces liquid brine stream with elevated radium 


levels 


Lime softening •Also softens water and 


removes some inorganics and 


organics 


•Requires significant operations and  maintenance


•Relatively high capital and operating costs


•Produces sludge with elevated radium levels 


Reverse osmosis •Relatively easy to operate


•Also softens water and 


removes many inorganics and 


organics 


•May require extensive pretreatment


•Requires significant maintenance


•Operates at high pressure 


•Relatively high capital and operating costs


•Produces liquid brine stream with elevated radium 


levels 
Hydrous 


manganese oxide


•Low-cost alternative for radium 


removal, especially in systems 


with existing filters


•Works with many filter removal 


media


•Requires monitoring and operations oversight


•Made on site and must remain mixed


•Careful design of chemical feed systems is 


needed


•Produces radium-concentrated backwash water 







• Ferric Chloride has some 
effectiveness


• GAC/PAC
– Impregnated with potassium iodide


• Anion Exchange


Iodine 131


Other Radionuclides in the News
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Cesium and Strontium 
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Chrome VI Fact Sheet 


Treatment Process Benefits Drawbacks


Reduction/Coagulatio
n/Filtration


Uses readily available 
technologies


General familiarity with 
process


Residuals handling
Control of Reduction step 


important for removal


Anion Exchange with 
WBA Resins


High removal capacity in 
some resins


Resin disposal
pH dependent
Varies among 
manufacturers


Not well understood


Anion Exchange with 
SBA resins


Well understood 
technology and process


Brine disposal
Loss of capacity after 
multiple regenerations


Granular Activated 
Carbon


Effective removal at low 
pH 


pH adjustment required
may not work well for very 


low concentrations


Reverse Osmosis Very effective 
High costs


High energy use
Brine disposal


Reduction/Microfiltrati
on Should be effective


Little installed capacity
Reject water disposal


Nanofiltration Very effective 
High costs


High energy use
Brine disposal


Electrodialysis Very effective 
High costs


High energy use
Brine disposal


Zero-Valent Iron 
Adsorption Should be effective Little installed capacity


Biological 
Reduction/Filtration


Reduction occurs with 
IRB and SRB Little installed capacity







Bench & Pilot Testing
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• (Picture of 
Skids in 
Filter 
Gallery)
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City of Kenai, AK:  Color Removal 
at Well 2 and North & Spruce Well


2 Wells associated with the Beaver 
Creek Aquifer with taste and odor due 
to organic tannins:


•99 PCU at North & Spruce
•65 PCU at Well 2
•SMCL 15 PCU







Background


Preliminary Jar Tests at HDR 
ARTC in Redmond, WA 
found:


•Alum + Bleach removed 
color effectively (or Ferric + 
Bleach)


City of Kenai was considering chemical addition and 
filtration to remove color at Well 2 and the North & 
Spruce Well.


On-site pilot scale testing 
scheduled for January 2010







Groundwater Quality


Parameter Units Well 2 North & Spruce Well


Alkalinity mg/L
100 175


Ammonia-N (total)1 mg/L
0.207 0.174


Ammonia-N (filtered)1 mg/L
0.213 0.182


Arsenic mg/L
0.005 0.003


Chloride mg/L
3.06 31.1


Color (apparent) PCU
64 99


Color (true filtered) PCU
65 98


Conductivity mS/cm
0.24 0.534


Hardness mg/L
2 4


Iron (total) mg/L
0.063 0.072


Manganese (total) mg/L
0.030 0.016


pH s.u.
8.61 8.7


Sulfate mg/L
0.6 0.2


Temperature deg. C
4.7 4.7


Total dissolved solids mg/L
122 268


Turbidity NTU
0.88 1.32







Pilot Testing Objectives


•Identify optimum coagulant and dose: 
•Aluminum Sulfate (alum)
•Ferric Chloride (ferric)
•Poly-Aluminum Chloride (SumaClear 700)
•Polymer addition


•Identify optimal filter media configuration
•Determine impact of chlorine contact time on 
residual color, and DBP formation 
•Identify loading rates, run times, backwash 
parameters, and waste solids volumes
•Characterize waste solids







Filter Column Pilot Skid







Pilot Unit Process Diagram







Shipping


Kenai, AK


Device Manufacturer Model No. Analytes Tested


pH Probe
IQ Scientific 
Instruments


IQ 150 Meter with 
GP-30probe


pH, Temperature


spectrophotometer Hach DR 890 Chlorine, Iron


spectrophotometer Hach DR 2800
Color, Aluminum, 


Iron,


Turbidimeter Hach 2100P Tubidity


UV 254 Field Meter Real Tech
Real Tech UVT Field 


Meter
UV-A, UV-T


Digital Titrator Hach Hach Alkalinity


Condutivity /TDS 
meter


Hach Hach 44600 Conductivity, TDS


Imhoff Cones Wheaton
1.0 Liter 


Polycarbonate
Backwash settling 


rate







Pilot Unit Housing







Testing Schedule
Phase Objective(s)


Operating 
Parameters


Testing Configuration
Estimated 
Duration


Start-up
Set up and connect piloting equipment at 
North & Spruce Well.


NA NA 1-2 days 


Coagulant Optimization 
Determine optimum coagulant dose for Alum 
and Ferric at maximum filtration rate.  PAC jar 
tests.


20–100 mg/L alum or 
ferric


36" sand only,          6 gpm/ft2.  2 days


Configuration 
Optimization


Determine optimum media configuration and 
loading rate for maximum run time


2-6 gpm/ft2, 36” sand, 
24” sand w/ 12” 
anthracite


Optimized coagulant and 
coagulant dose from  Phase 2


3-4 days


Disinfectant and 
Backwash Waste Studies


Evaluate chlorine effects, characterize BW 
Waste, DBP tests 


1-6 mg/L-Cl2 Optimized per Phases 2 and 3 1 day


Re-mobilization Move and reconnect equipment at Well 2 NA NA 1 day


Coagulant Optimization 
Determine optimum coagulant dose chemical 
selected at North & Spruce


20–100 mg/L alum or 
ferric


Optimized set-up from North & 
Spruce 


1 days


Configuration 
Optimization


Determine optimum media configuration and 
loading rate for maximum run time


2-6 gpm/ft2, 36” sand, 
24” sand w/ 12” 
anthracite


Optimized coagulant dose from  
Phase 6


2 days


Disinfectant and 
Backwash Waste Studies


Evaluate chlorine effects, characterize BW 
Waste, DBP tests 


1-6 mg/L-Cl2 Optimized per Phases 6 and 7 1 day


Demobilize
Un-hook and pack equipment for shipping.  
Deliver to shipping port.


NA NA 1 day







Coagulant Tests: 
•Alum + pH Adjustment
•Alum + pH Adjustment + 
cationic polymer
•Ferric + pH Adjustment
•Ferric + pH Adjustment + 
cationic polymer
• PACl + pH Adjustment


Media Configurations: 
•Filter Sand Only – 36-inches of 
AWWA B-100-89


•Filter Sand and Anthracite – 24-
inches of AWWA B-100-89 filter 
sand with 12-inches of anthracite


14 Days of Testing







Bench-Scale Testing


Other Tests:  
•BWW Turbidity Profiles
•BWW Characterization
•Cl2 Demand
•DBP Formation







Freezing Conditions







Other Challenges


Wildlife


Provisions


Solitude







Piloting Results (North & Spruce)


Scenario 
No.


Scenario Chemicals


Optimized 
Coagulant Dose 


Range                       
(mg/L)


Cationic 
Polymer 


Dose                    
(mg/L)


Optimized 
Process pH  


Required 
Acid Dose 


(mg/L)


Typical 
Effluent 


Color Range       
(PCU)


1 Alum 60-63 0 6.7 20 9-12


2 Alum + Polymer 60-65 0.5 6.7 22 5-11


3 Ferric 64-65 0 6.2 0 14-60


4 Ferric + Polymer 35-40 0.5 6.4 13 12-68


5 PACl 18-22 0 6.5 20 5-14







Piloting Result (North & Spruce)


• Filtration Rates at North and Spruce Well


– 2 gpm/sft to achieve an 8 hour run


– 6 gpm/ft resulted in 3 hr run


• No meaningful difference between media 
configurations.


• Stable Chlorine residuals after breakpoint 
chlorination.


• Chlorine Contact time had negligible impact on 
finished water color.







Piloting Results (North & Spruce)


Run #
Backwash 


Loading Rate 
(gpm/sft)


Backwash 
Time   


(minutes)


Anticipated 
Water per 
Backwash 


at 0.75 
MGD       
(gal)


Anticipate
d Water 


per 
Backwash 


at 1.5 
MGD      
(gal)


1 14.9 5.6 17,356 34,794 


2 14.9 7.0 21,694 43,493 


3 13.8 7.0 20,093 40,282 


5 16.5 5.3 18,190 36,467 


AVERAGE: 19,333 38,759 


Very poor settling of backwash waste sludge 
without polymer addition







Piloting Results (North & Spruce)


Scenario 
No.


Scenario 
Chemicals


1 Alum


2 Alum + Polymer


3 Ferric


4 Ferric + Polymer


5 PACl







Piloting Results (Well 2)


Scenario No.
Process 


Chemicals


Optimized 
Coagulant 


Dose Range                       
(mg/L)


Cationic 
Polymer 


Dose                    
(mg/L)


Optimized 
Process pH  


Required Acid 
Dose (mg/L)


Typical        
(PCU)


1 Alum 34-37 0 6.7 20 5-10


2 Alum + Polymer 33-37 0.25 - 0.5 6.7 20 4-10


3 Ferric 30 0 6.5 15 9-21


4 Ferric + Polymer 28 0.5 6.5 10 8-17


5 PACl 12 0 6.5 20 4-11







Piloting Result (Well 2)


• Filtration Rates at Well 2


– 6 gpm/sft to achieve an 8 hour run


• No meaningful difference between media 
configurations


• DBP formation in filtered water << than Stage 2 
MCLs


• Chlorine Demand Minimal


• Finished pH low for LCR compliance (6.5 – 6.7)







Piloting Result (Well 2)


Run #
Backwash Loading Rate 


(gpm/sft)
Backwash Time   (minutes)


Anticipated Water per 
Backwash at 0.75 MGD       (gal)


Anticipated Water per 
Backwash at 1.5 MGD      


(gal)


1 16.5 6.6 9,474 18,840 


2 14.3 6.6 8,211 16,328 


3 12.5 8.0 8,700 17,300 


AVERAGE: 8,795 17,489 


Scenari
o No.


Scenario 
Chemicals


1 Alum


2 Alum + Polymer


3 Ferric


4 Ferric + Polymer


5 PACl







• Alum with pH adjustment 


–provided most consistent and cost 
effective results


• pH adjustment of filtered water with 
NaOH required


• Polymer Required to Settle BWW 
sludge, but up to 90% recycling of 
supernatant feasible


Recommendations







• Chemical Demand at North and Spruce too 
High


– Expand Capacity of Well 2 to 2 MGD and 
Abandon North & Spruce


– Chemical use and storage based on 1.5 MGD 
average daily demand


– Provide Basis of Design for Well 2 facility using 
dry alum, neat 98% acid, 25% caustic, and on-site 
hypochlorite generation


City Decision







Basis of Design


• Chemical use for 1.5 MGD average daily 
demand at Well 2:


Alum 463lbs/day
Acid 275lbs/day
Caustic 156lbs/day
Chlorine 20lbs/day - Cl2







Conceptual Layout (#1)







• More chemicals than city operators 
were comfortable with.


• Loading dry chemical to hoppers  
represented operational burden greater 
than anticipated.


• Re-evaluate IX; previously removed 
from consideration due to waste 
considerations


Basis of Design







• Also required H2SO4 and NaOH.


• Space required for 30 tons/month salt 
for regeneration.


• No discharge of waste brine to 
wastewater plant.


• Brine corrosive to pumps.


• 65,000 gallon exterior tank required for 
waste treatment prior to discharge.


IX Evaluation (By Others)







Basis of Design 2


• Coagulation/filtration piloting results 
indicated color reduction to 20 PCU using 
PACl without pH adjustment.


• City accepted not quite meeting secondary 
MCL, while reducing O&M costs and 
complexity.


• Chemical use for 1.5 MGD average daily 
demand:


PACl 13-20gal/day







Conceptual Layout (#2)


(Final Design included 36,000 gal Waste Tank Outdoors)







Thank You





