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Storage Done Differently 
Waluga Reservoir 2

Unique Solutions to Reservoir Planning and Design Challenges



• Project and program overview

• Project  planning and design development process

• Considerations and analysis

• Decisions and final design

General Presentation Outline
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• 3.5 MG 
prestressed concrete

• AWWA D110 Type 1

• AWWA D115 bid alternate

• 131’ internal diameter

• 37.5’ sidewall

• Self supporting dome roof

• Adjacent to 4.0 MG WR1

• $7.3M construction bid

WR2 – Waluga Reservoir 2
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• Owner: Lake Oswego-Tigard Water Partnership (LOTWP)
• City of Lake Oswego, Oregon
• City of Tigard, Oregon

• Program Manager: Brown and Caldwell
• Planning and modeling
• Project definition
• Oversight and coordination

• Designer: Black & Veatch

• Structural and Seismic: OBEC

• Landscape Architects: Greenworks

Waluga Reservoir Project Team
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Lake Oswego-Tigard Water Partnership

• Current Supply/Capacity
• Lake Oswego 16 mgd from 

Clackamas River
• Tigard wholesale supply 

from Portland system

• Future Demands
• Lake Oswego 18–24 mgd
• Tigard 20 mgd

• Clackamas Water Rights
• 59 cfs = 38 mgd
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LOTWP Program Overview
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LOTWP Program Details

• 7 projects
• RIPS – River Intake Pump Station
• RWP – Raw Water Pipeline
• WTP – Water Treatment Plant
• FWP – Finished Water Pipeline
• WR2 – Waluga Reservoir 2
• BPS – Bonita Pump Station

• 3 design teams

• 10 construction contracts

• $250M program budget
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• 38 mgd capacity

• Hoist accessible 
tee intake screens

• 4+1 400 hp VTP VFD 
raw water pumps

RIPS – River Intake Pump Station
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• 3 Schedules
• Gladstone from 

RIPS and crossing 
HWY 99 to 
Meldrum Bar Park

• Willamette River 
HDD crossing

• West Linn to LOTWP WTP

• 2.6 miles of 36” to 48” diameter steel piping

• 38 mgd capacity

RWP – Raw Water Pipeline
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• Ballasted 
sedimentation

• Ozonation

• Biologically active 
GAC filtration

• 2.0 MG chlorine 
contact clearwell

• 5+1 600 hp VTP VFD 
finished water pumps

• 38 mgd capacity

WTP – Water Treatment Plant
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• 4 Schedules
• From WTP following HWY 43 and major 

arterial alignments to Waluga Reservoir site
• Interstate 5 

crossing to BPS

• 8.5 miles of 
24” to 48” 
diameter 
steel piping

• 20–38 mgd 
capacity

FWP – Finished Water Pipeline
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BPS – Bonita Pump Station

• 5+1 250 hp VTP VFD 
booster pumps

• Dual feed from Waluga 
Reservoir site to Tigard 
410 and 470 zones

• 16–20 mgd capacity
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LOTWP Hydraulic Overview
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LOTWP Water System Schematic
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• Lake Oswego 3.7–24  mgd

• Tigard 4.1–20  mgd   

• Combined 7.8–38+ mgd

• current minimum daily demand through 
future projected buildout peak day demand

LOTWP Daily Demand Summary
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LOTWP Peak Day Demand Projections
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Lake Oswego Water Demand History
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Tigard Water Demand History
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LOTWP 2016 Demand Projection
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LOTWP 2031 Demand Projection
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LOTWP Buildout Demand Projection
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• How much storage is needed?

• Where should storage be located?

• How does new storage integrate 
with system facilities?

• How should storage be configured?

• How does storage affect water quality?

• How can storage promote resiliency?

Storage Implementation Considerations
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• Storage volume
• More is better?

• Design configuration
• Paired facilities should have matched elevations?
• Community needs trump neighborhood values?

• Water supply paths
• Dual facilities should operate in parallel?

• Resilience 
• A system is only as strong as its weakest link?

Optimal Storage Solutions may 
Defy Conventional Wisdom
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• 6.0 MG 
prestressed concrete

• AWWA D110 Type 1

• 226’ internal diameter

• 22’ sidewall

• Flat column supported roof

• Adjacent to 4.0 MG WR1

• $10M+ construction cost

WR2 – Waluga Reservoir 2 Initial Concept
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• 3.5 6.0 MG 
prestressed concrete

• AWWA D110 Type 1

• AWWA D115 bid alternate

• 131’ 226’ internal diameter

• 37.5’ 22’ sidewall

• Self supporting dome roof Flat column supported roof

• Adjacent to 4.0 MG WR1

• $7.3M construction bid $10M+ construction cost

WR2 – Waluga Reservoir 2 Refinements
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• 3.5 MG 
prestressed concrete

• AWWA D110 Type 1

• AWWA D115 bid alternate

• 131’ internal diameter

• 37.5’ sidewall

• Self supporting dome roof

• Adjacent to 4.0 MG WR1

• $7.3M construction bid

WR2 – Waluga Reservoir 2 Final Design
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Waluga Reservoir Site
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Waluga Reservoir Site
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Storage Myth – More storage is better; there’s no such 
thing as too much storage.
• Lifecycle cost efficiency (capital and O&M costs)

• Footprint and siting challenges

• Neighborhood and visual impacts

• Land use and permitting challenges

• Tank circulation and turnover, water age, and 
water quality

Storage Volume
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• Equalizing 0.25 x Peak Day Demand

• Fire Flow Maximum Fire Flow x Duration

• Emergency 2.0 x Average Day Demand

• Intertie Pumping 0.1 x Peak Pumping Capacity

WR2 Storage Volume Criteria
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WR2 Storage Volume Calculations

LOTWP Storage Volume Refinements

Sizing Scenario Storage Capacity 
Requirement

Initial Water Master Plan projections estimate 
(includes additional volume to replace aging 
10th Street Tank storage tank)

6.0 MG

Fire flow storage reduced consistent with fire sprinkler system 
installations in Lake Oswego school buildings 5.0 MG

Emergency storage reduced consistent with likely future 
demand conservation 4.5 MG

1.0 MG of future Lake Oswego storage needs to be met via 
second future tank at existing Southside Reservoir site 3.5 MG
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Benefits of Reduced WR2 Tank Volume

• Reduced cost

• Improved water 
circulation, turnover, 
age, and quality

• Reduced footprint

• Increased setbacks

• Increased tree retention 
and screening

• Reduced aesthetic and 
neighborhood impact
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Storage Myth – Storage grade lines must be uniform.
• Overflow and water levels should be consistent

• Paired tanks should operate in parallel

Storage Grade Lines and Integration
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• Lake Oswego 40 psi 
minimum service pressure goal

• 322’ WR1 maximum water service level

• Service elevations around WR1 
range from 215’ to 230’

• WR1 grade line must be at or above 
322’ (tank full) to maintain 40 psi pressure 
at upper service elevations

WR2 Service Pressure Criteria
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Waluga Low Pressure Areas
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• Increase grade line
• Construct taller WR2 with equalizing storage volume located 

above 322’ elevation
• Flow in series from taller WR2 to lower WR1 to supply 

BPS and Tigard
• Configure WR2 and WR1 to operate in parallel when 

WR2 water levels fall within WR1 range

• Revise pressure zone boundaries
• Construct 0.6 miles of new 12” piping and 2 new PRV stations 

to shift low pressure areas into adjacent higher pressure 
Touchstone Regulated zone

Pressure Improvement Alternatives
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WR2 Increased Grade Line Concept
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LOTWP Water System Schematic
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Pressure Improvement Alternative Comparison

Improve Service Pressures in Low Pressure Areas

Relative Cost Elements Increase Grade Line 
via Taller WR2

Revise Pressure Zone 
Boundaries

WR2 Capital Cost $0.8M

Pressure Zone Improvements $1.1M

Increased Pumping Costs
(25 year lifecycle) $0.9M

Total Relative Costs $0.9M $1.9M
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Benefits of Increased WR2 Height
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• Reduced cost

• Good water circulation, 
turnover, age, and quality

• Reduced footprint

• Increased setbacks

• Increased tree retention 
and screening

• Reduced aesthetic and 
neighborhood impact



Storage Myth – Tanks are good neighbors, thus tanks 
make welcome neighbors.
• “Not in my backyard” attitudes

• Construction disturbance

• Aesthetic and visual impacts

• Seismic and flooding concerns

• Overflow routing

• Land use and permitting requirements

Storage Site Selection
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Waluga Reservoir Site
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Initial Waluga Storage Siting Options
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Alternate 10th Street Storage Siting Options
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Refined Waluga Storage Siting Options 
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Storage Siting Options Analysis
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Final WR2 Site Selection
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Storage Myth – Water supply and treatment drives water 
quality; the effect of storage on water quality is minimal.
• Flow circulation and mixing vs. water age

• Disinfection residual maintenance

• Disinfection byproduct formation

Water Quality Management
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WR2

Inlet Mixing Manifold Systems 
Reduce Stored Water Age

WR1 Retrofit
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LOTWP and WR2 Supply Solutions Improve 
Water Quality

Stored Water Age Hydraulic Modeling Simulations
Scenario WR2 Water Age WR1 Water Age

Peak Day Demand

• Existing System 20+ days

• LOTWP System Less than 2 days Less than 4 days

Critical Water Quality Month

• Existing System 30+ days

• LOTWP System Less than 2 days Less than 10 days
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Storage Myth – Storage tank projects are simple.
• Seismic and system resiliency

• Project cost controls and risks

• Operational flexibility

• Varied demands and operating modes

Storage Flexibility and Resiliency
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Pacific Northwest Seismic Risk

• Cascadia Subduction Zone
• Magnitude 8.0+ earthquakes
• 250 year recurrence interval 

across last 10,000 years
• Last major event 314 years ago…

• Local Faults
• Magnitude 6.5+ earthquakes

• Maximum Credible Earthquake 
(MCE)
• Largest event expected within a 

2,500 year recurrence interval
• Magnitude 9.0 earthquakes

Brown and Caldwell 54



• Structural Design
• IBC Risk Category IV
• Seismic Importance 

Factor = 1.5
• AWWA D110/D115 

bid alternates

• Hydraulic Design
• Valving and controls for 

multiple operating modes
• Seismic valve and 

tank isolation
• Restrained joint piping

WR2 Seismic and System Resiliency
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WR2 Predesign Concept
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Process and Instrumentation Concept
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Process and Instrumentation Design
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WR2 Operating Mode Flexibility
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Process Piping Concept
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Process Piping Design
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Second WR1 Pipe Penetration Enables 
Series Flow through WR2 and WR1
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WR2 Design Enables Effective Screening and 
Maximizes Tree Retention
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WR2 Design Enables Effective Screening and 
Maximizes Tree Retention
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WR2 Design Enables Effective Screening and 
Maximizes Tree Retention
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WR2 Design Enables Effective Screening and 
Maximizes Tree Retention
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WR2 Design Enables Effective Screening and 
Maximizes Tree Retention
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WR2 Design Enables Effective Screening and 
Maximizes Tree Retention
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WR2 Design Enables Effective Screening and 
Maximizes Tree Retention
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• Lake Oswego-Tigard Water Partnership Staff
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• Brown and Caldwell Program Team

• Black & Veatch Design Team
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• Greenworks Landscape Architects
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Questions and Discussion
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Thank you!
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