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Title of Entry:
Bolton Reservoir Replacement

Project Location:
West Linn, Oregon

Project Purpose:
Replace aging reservoir

Completion Date:
12/21/2017

Engineering Design:
$809,213

Construction Cost:
$9,229,211

Managing Agency:

Primary Consultant:

Primary Contractor:

Additional Team Members:
Peterson Structural Engineers; 
Geotechnical Resources, Inc.; R&W 
Engineering, Inc.; Walker Macy; Morgen 
Holen & Associations; HDJ Design 
Group; Cornforth Consultants Inc.

PROJECT BACKGROUND

Replacement of 100-Year-Old Reservoir Eliminates 
Major Risk to Water Supply

Objective: Replace a critical 
100-year-old drinking water 
reservoir, improve water 
transmission mains, upgrade 
an existing pump station, and 
improve neighboring streets and 
stormwater facilities.  

Originally constructed in 1915, 
the 2.5 million gallon (MG) Bolton 
Reservoir was an open finished 
drinking water reservoir comprised 
of a concrete slab-on-grade 
“hopper bottom” structure with 2:1 
(horizontal: vertical) side slopes.  
In 1989 a floor liner was installed 
to try to keep the structure water 
tight, and a Hypalon floating cover 
was placed over the reservoir in 
1995 to protect water quality.  The 
existing Bolton Pump Station 
was constructed in 1999 to pump 
water from the reservoir to higher 

elevations in the City’s Horton 
pressure zone, replacing the Old 
Bolton Pump Station.  

While the reservoir structure 
had served as the “hub” of the 
City’s water system for 100 years, 
it had safety, operational, and 
maintenance issues that needed to 
be addressed.  The primary concern 
was that the antiquated design 
did not meet current seismic 
codes and the structure would be 
unstable under the design-level 
earthquake.  Inspections of the 
reservoir showed concrete spalling 
and cracking, and the floating 
cover was at the end of its service 
life, needing repairs to holes and 
tears in 2008, and extensive 
repairs again in 2012.  From an 
operational perspective, only 2.0 
MG of the total 2.5 MG volume 

Bolton Reservoir construction circa 1915
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Existing 2.5 MG reservoir built in 1915

of water in the existing reservoir was usable because 
the reservoir inlet/outlet piping was located several feet 
above the reservoir floor.  Also, the configuration of the 
reservoir piping caused inlet/outlet short circuiting and 
reservoir by-passing as the Bolton Pump Station would 
draw water directly from the supply main resulting in 
excessive water age and in-tank water quality issues.

Condition issues of the Bolton Reservoir had been 
documented for over twenty years. In 2008, it’s 
replacement was identified as a high priority in the City’s 
Water System Master Plan Update. Fast forward half 
a dozen years, and funding is available. Murraysmith 
confirmed the recommended volume of 4.0 MG through 
a sizing analysis, which also addressed increased demands 
and operational needs, and alleviated a 2.0 MG deficit 
within the City’s water storage capacity.

Old reservoir exhibited cracking, causing 
leakage and spalling of the curb.

Extensive repairs to the floating cover delayed 
the inevitable replacement
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Project Elements

Siting Study
The existing reservoir site posed several challenges, prompting a rigorous siting analysis. 
Murraysmith screened 90 potential reservoir sites. Then narrowed it down to 16 for further 
analysis. Finally, only four sites were deemed viable. The existing site was ultimately chosen 
as the most suitable because it minimized the need for additional infrastructure, and had 
potential savings of $4 to #13M compared to others. These cost savings were a no-brainer, but 
posed some serious challenges for the design and construction team, including:
• Limited space – a tight site that had to accommodate a larger 4.0 MG reservoir
• Location above a steep slope within a very large “ancient” landslide mapped by DOGAMI
• Potential impacts of subsurface geology on reservoir foundation conditions

Siting alternatives conceptual site plan
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Seismically Resilient Structure
The City wanted a new seismically resilient 
structure that could be partially buried and 
provide a long service life with low maintenance. 
A strand-wound, circular, prestressed concrete 
reservoir designed and constructed to AWWA 
D110, Type I standards was selected for this 
essential facility. The walls of this type of 
prestressed concrete reservoir incorporate 
circumferential prestressing strand, vertical 
prestressing threadbars, along with mild steel 
circumferential and vertical reinforcement. 
By keeping the walls in permanent biaxial 
compression, the reservoir can withstand the 
varying operational hydrostatic loads, as well as 
thermal and seismic loads without cracking.

To provide an unrestrained connection and to 
reduce bending moments induced by hydrostatic, 
thermal, backfill, and seismic forces on the tank 
wall, the roof and floor are separated from the 
corewall by neoprene bearing pads and connect 
with seismic cables.  This “free-sliding” connection 
at the wall base and wall top enhances the seismic 
performance of the tank by allowing the floor, 
wall, and roof to act independently of each other.
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Reservoir Foundation Ground 
Improvements
To provide satisfactory seismic slope 
stability and control differential static 
settlements for the new reservoir, ground 
improvements consisting of 812 nine-foot-
deep to 27-foot-deep rammed aggregate 
piers were constructed below the reservoir 
foundation. In addition, soil was removed 
from the steep slope along the north side of 
the site, and drainage was installed around 
and beneath the reservoir to manage 
subsurface water.  Since the reservoir was 
mostly buried, its construction reduced the 
amount of gravity load on the site compared 
to the existing reservoir. When considering 
the mass of the large volume of existing 
soil that was be replaced with stored water 
and the new reservoir, the estimated 
net reduction in loading on the site was 
approximately 10,000 tons.

1. Cast-in-place concrete roof
2. Waterstop
3. Biaxially post-tentioned 

concrete wall
4. Fiber-reinforced shotcrete
5. High-strength vertical post-

tentioning threader
6. Galvanized circumferential 

prestressing strand
7. Seismic cable
8. Bearing pad
9. Flexible pad between 

shotcrete & footing
10. Cast-in-place concrete 

structural mat slb and wall 
footing10

2

34

56

1

7 8

9

2

Typical Wall Section, AWWA D110, Type 1 Reservoir

Slope stability analysis to determine the needed foundation 
improvements considering the removal of the cast-off fill on 
the slope, new reservoir located further from the top of the 
slope, and improved groundwater control.

Aggregate piers
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Before After

 Water Transmission Main Replacement
The existing 18-inch diameter steel water transmission main 
along Skyline Drive that supplied the reservoir suffered 
from corrosion damage, a history of line breaks, and was 
undersized for current needs. Constructed in the 1970s, the 
pipe was unlined steel, buried in oil-soaked sand backfill in an 
attempt to protect it from external corrosion. It’s replacement 
included 3,400 linear feet (LF) of restrained ductile iron pipe 
with additional corrosion protection features to improve the 
transmission capacity, service life performance, and seismic 
resiliency. It was critical that a key segment was installed 
during low water demand periods prior to the reservoir 
demolition in order to feed the pump station while the new 
reservoir was constructed.

Pumping System Upgrades
The Bolton Pump Station required pumping capacity and 
operational improvements to meet water service demands 
while the existing reservoir was demolished, and its 
replacement constructed. This involved relocating an existing 
200 horse power (HP) vertical turbine pump into a vacant 
pump barrel, installing two new pump control valves, a new 
surge valve, and new 100 HP vertical turbine pump with a 
variable frequency drive (VFD). Portions of the existing pump 
station controls had never been relocated from the Old Bolton 
Pump Station when the new station was constructed in 1999. 
So the telemetry panel was relocated from the Old Bolton 
Pump Station to the Bolton Pump Station, which allowed 
for the demolition of the old station and generator shed to 
provide necessary space for the new, larger reservoir. 

Skyline Drive Roadway and Safety Improvements 
The project included nearly one mile of roadway and safety 
improvements along Skyline Drive to provide multi-modal 
access from the residential neighborhoods and Wilderness 
Park that were adjacent to the reservoir site, next to West 
Linn High School. This stretch of narrow, heavily used 
roadway lacked sidewalks, bike lanes, safe pedestrian road 
crossings, and adequate drainage. In addition to new paving 
and stormwater facilities, the completed work provided 
roadway realignment and widening with a new sidewalk 
bike lane, as well as safety and traffic calming striping and 
signage, and new ADA compliant sidewalk ramps and marked 
crosswalks.
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CONTRACT 
COMPLETION

Construction started in December 
2015, with demolition of the existing 
reservoir starting in March of 2016. 
The contract required that the new 
reservoir be constructed and put into 
service by Memorial Day 2017 in order 
to have the new system operational 
prior to the peak summer water 
demand season. Subsequent site work 
and Final Completion were required 
by November 1, 2017. No time 
extensions were necessary.

CONSTRUCTION 
SCHEDULE, 
MANAGEMENT, 
AND CONTROL 
TECHNIQUES USED

Several methods were used to 
manage the schedule and successful 
completion of the project including 
development of a detailed construction 
sequencing plan during design and use 
of bidder qualifications for key work 
elements including earthwork, pump 
station improvements, transmission 
main piping, reservoir construction, 
and reservoir prestressing. The bidder 
qualification process created a strong 
pool of highly qualified bidders that 
were experienced in this specialty 
construction.

The Bolton Reservoir is the only 
gravity supply reservoir for the main 
pressure zone in West Linn.  Removing 
and replacing a critical reservoir on the 
same site presented unique challenges 
that required detailed construction 

P R O J E C T  T I M E L I N E

JANUARY 2016
Tree removal in 
compliance with the 
Migratory Bird Treaty Act.

MARCH 2016
Distribution Main piping 
and supply main piping 
stage 1, temporary intertie

APRIL 2016
 » On-site reservoir by-
pass piping complete

 » Install and start-up new 
100 HP pump No. 1

MAY 2016reservoir shutdown for 
excavation

AUGUST 2016
Supply main piping stage 
2 completed, remove 
temporary intertie, pump 
station final completion

NOVEMBER 2017
Reservoir Final Completion 

– Backfill and all sitework 
complete.

APRIL-MAY 
2016

simultaneous shut down 
period for reservoir and 
pump station

FEBRUARY 2016
Relocate SCADA to pump 

station to facilitate removal 
of old pump station

NOVEMBER 2016Roadway improvements 
complete

MAY 2017
Reservoir substantial 
completion, tested and 
operational
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sequencing and design considerations to allow the City to 
remove it from the system during the new tank’s year-long 
construction period.  Before the reservoir could be 
taken out of service, pump capacity upgrades 
and SCADA control relocations had to be 
completed, and a segment of the new 
transmission main needed to be in 
service.

Detailed construction sequencing 
was critical to successful completion 
within the constraints from water 
system operational requirements, 
optimal seasonal weather windows, and 
other public impact scheduling constraints. 

 In order to ensure construction sequencing was clear 
and stayed on track, the project was broken into four 
separate construction schedules, each having distinct 

schedule milestones.  Eighteen separate interim 
milestone completion dates were established 

in the contract to ensure that the required 
construction sequencing was met. 

The City performed several months of 
“dry-run” system operations and testing 
to ensure they could provide adequate 

water service with the reservoir off-line. 
Key partnerships and system inter-ties with 

the Cities of Oregon City and Lake Oswego also 
provided a safety net of back-up emergency supply. 

Removing 
and replacing a 

critical reservoir on the 
same site presented unique 

challenges that required 
detailed construction 

sequencing and design 
considerations 

 

14-1586.0601 Work Sequence and Constraints 
 01015 - 3 

 
Milestone Events 

Time of 
Completion 

 Schedule A – Reservoir Site  

A.1 Tree Removal – Complete prior to bird nesting season, in 
compliance with Migratory Bird Treaty Act 

Completion by 
January 31, 2016 

A.2 Relocate SCADA equipment from old pump station 
building to Bolton Pump Station (must precede A.5,  
demolition of old pump station building) 

Completion by 
February 1, 2016 

A.3 On-Site reservoir by-pass piping (must precede A.5) 
a. New reservoir inlet/outlet piping connection to 

existing pump station suction 

b. Abandonment of 14-inch main 

c. Cap existing 6” main in NW site corner  

Completion by 
April 1, 2016 

A.4 Temporary simultaneous shutdown period for reservoir 
and pump station (reservoir and pump station cannot be 
taken off-line simultaneously after May 1, 2016) 

Allowed 
November 1, 2015 
to May 1, 2016 

A.5 Permanent reservoir shutdown for demolition – (*Earlier 
permanent shutdown may be possible upon confirmation 
that pump improvements will be completed by April 15, 
2016. ) 

Allowed May 1, 
2016* to May 15, 
2017 

A.6 Reservoir Substantial Completion – Reservoir tested and 
operational 

Completion by 
May 15, 2017 

A.7 Reservoir Final Completion  - all Schedule A work 
complete, begin warranty period upon final acceptance 

Completion by 
November 1, 2017 

   

 Schedule B – Pump Station  

B.1 Stage 1:  Relocate 200 HP Pump No. 1, install Pumps No. 
2 and No. 3 discharge, and install surge valve (shutdown 
required, must precede B.2).  

Completion by 
January 20, 2016 

B.2 Stage 2:  Install and start-up new 100 HP pump into Pump 
No. 1 (shutdown required). Pump tested and operational. 
(must precede A.5) 

Completion by 
April 15, 2016 

B.3 Pump Station Final Completion – all Schedule B work 
complete, begin warranty period upon final acceptance  

Completion by 
August 1, 2016 

 Schedule C – Water Main Replacement  

C.1 24” Main Stage 1: STA A2+16 to STA A6+73, Skyline 
Circle to temporary inter-tie with existing 18” water main 

Completion by 
March 1, 2016 

 

14-1586.0601 Work Sequence and Constraints 
 01015 - 4 

 
Milestone Events 

Time of 
Completion 

on Skyline Drive, tested and operational. (must precede 
A.3.b, and A.5) 

C.2 Skyline Drive 8” & 4” Main and PRV vault, STA C1+00 
to STA A3+34 4.5’ RT and STA A13+00  2.3’ LT (must 
precede A.3.b) 

Completion by 
March 1, 2016 

C.3 24” Main Stage 2: STA A6+73 to A33+36 , Skyline Drive 
to Broadway Street, tested and operational (must precede 
D.5), all Schedule C work complete, begin warranty 
period upon final acceptance 

Completion by 
August 1, 2016 

C.4 Closure of Skyline Drive from Clark Street (STA 
S20+00) to the West Linn High School driveway (STA 
S41+40) will be allowed between June 13, 2016 and 
August 12, 2016. 

Allowed June 13, 
2016 to August 12, 
2016 

   

 Schedule D – Skyline Drive Street and Stormwater 
improvements 

 

D.1 Tree Removal – Complete prior to bird nesting season, in 
compliance with Migratory Bird Treaty Act 

Completion by 
January 31, 2016 

D.2 Construct roadway improvements from Firwood Drive 
to Clark Street. 

Completion by 
June 13, 2016 

D.3 Construct roadway improvements from Clark Street to 
“A” Street. 

Completion by 
August 12, 2016 

D.4 Closure of Skyline Drive from Clark Street (STA 
S20+00) to the West Linn High School driveway (STA 
S41+40) will be allowed between June 13, 2016 and 
August 12, 2016. 

Allowed June 13, 
2016 to August 12, 
2016 

D.5 Schedule D Substantial Completion – all work Schedule 
D work complete except final landscaping 

Completion by 
August 12, 2016 

D.6 Schedule D Final Completion – all Schedule D work 
complete, begin warranty period upon final acceptance 

Completion by 
November 1, 2016 

 
 
 
 
 
 

Milestones for Rotschy during construction sequencing
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SAFETY PERFORMANCE

The scale and scope of the project presented safety challenges for 
construction crews.  With multiple subcontractors and work zones, 
coordination, communication and planning was essential to ensure 
the safety of the crew and public.  At points during the construction 
process there was excavation, pump station improvements, 
geotechnical rammed aggregate pier installation, and off site roadway 
and pipeline work all being performed at the same time.

Safety Program Coordination 
Resulted in No Incidents
Rotschy has an established safety plan that designates individual 
safety responsibilities of each team member and assigns specific 
individuals to managing overall site safety. The project required 
that major subcontractors submit site-specific safety plans prior to 
commencing any work. By managing the various safety plans, Rotschy 
was able to ensure the safety of the crews and public over all the 
project work zones. Rotschy reports that between its crews and the 
nine subcontractors, over 31,000 hours were worked on the project 
with no time lost due to injury, and that no injuries of note took place 
during construction.

Over 31,000 hours 
worked on the project 

with no time lost 
due to injury and no 

injuries of note during 
construction.

Economic Challenges
Although there were significant site 
constraints and challenges with 
constructing the new reservoir at the 
existing site, Murraysmith’s analysis 
showed that using the existing site 
could save $4M-$13M compared to the 
next three most feasible sites due to a 
variety of considerations:

• Minimizing needed new 
infrastructure to connect the 
reservoir to existing facilities

• No property acquisitions
• Appropriate site elevation reduced 

facility and excavation costs

These cost savings allowed more 
room in the budget for community-
enhancing features, such as:

Sidewalks 
Pedestrian and student safety along 
Skyline Drive was greatly improved 
through the addition of sidewalks, 
bike lanes, and striped cross-walks.  
Previously, the shoulderless roadway 
was trafficked by pedestrians and high 
school students.

Supply Main 
Full-length replacement of the aging 
Skyline Water Supply Main, an 
expansion of the shorter length just 

past Skyline Circle planned in 2012, 
allowed for improved water system 
hydraulic performance.

EIFS 
EIFS treatment of the reservoir 
exterior for visual enhancement due to 
the public visibility of the reservoir.

Roof Replacement 
Pump station roof replacement 
to reduce maintenance issues and 
improve aesthetics.  The replacement 
also allowed visual glare impacts to 
neighbors to be removed.

COMMUNITY NEED
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Security Fencing 
The existing site chain-link 
security fencing was replaced 
with decorative fencing to 
match other improvements 
going on in the community.  

A robust vehicle access 
turnout was included at the 
gate access to improve safety.

Foundation improvements allowed the new reservoir to 
be constructed on the existing site

Value Engineering
While the rammed aggregate pier 
foundation improvements were 
designed in considering input from 
specialty contractors, the final design 
of the piers was completed by the 
specialty contractor.  This ensured that 
the most cost-effective construction 
approach was used to achieve the 
needed foundation soil properties.  
Several field adjustments were made 
considering site conditions to ensure 
a safe and efficient installation that 
met the foundation requirements:  
reuse of the crushed rock working 

pad when it was suitably clean after 
pier installation work, elimination 
of some piers at the edge to reduce 
construction impacts on temporary 
slope stability, and refinement of 
the crushed rock gradation to allow 
for improved installation efficiency.  
The collaborative approach allowed 
for reduced installation time and 
disruption of the neighbors.

The City of West Linn led the value 
engineering of the final approach 
for the slope improvements that 
allowed Skyline Drive to be widened 

to accommodate the pedestrian 
sidewalk.  The originally planned 
retaining wall was eliminated and 
replaced with a steep cut slope 
with surface erosion protected 
by steel meshing, plantings, and 
hydroseeding.  This approach provided 
improved slope stability compared to 
the pre-construction conditions with 
a final cost, matching the original wall 
price.  This approach eliminated the 
visually imposing retaining wall and 
fencing.
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Creative Use of Resources
Recycled asphalt pavement (RAP) was used for roadway base courses 
and structural fill.  The old reservoir concrete was found to be 
competent during demolition.  Rotschy crushed the concrete on-site 
to provide the on-site haul route with adequate gravel surfacing.  This 
reduced the truck traffic.

Prior to start of construction, the City purchased two adjacent 
residential lots from willing sellers to provide for on-site staging and 
stockpiling space for the project.  This greatly reduced the handling 
and transportation cost by allowing the needed reservoir backfill 
material to be stored on-site.  This saved over 1,000 round-trip truck 
trips reducing fuel use.  One of the houses was maintained to provide 
an on-site job office for meeting and administrative work.  These 
properties were sold by the City after the construction was completed.

Over 1,000 truck 
trips saved
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SUSTAINABLE 
PRACTICES 

Use of Recycled and Reused 
Materials
The water supply pipeline and fittings are 
manufactured from ductile iron, which is 
made from 100 percent recycled scrap iron 
and steel. In addition, the final product is 
recyclable after its long, useful life.  

Upon demolition of the Old Bolton 
Reservoir, the concrete and iron were 
separated, with the metal hauled to 
recycling. Rotschy then crushed the old 
reservoir concrete on site and used it to 
build construction access roads resulting 
in a stable/clean driving surface, reduced 
truck hauling trips/material disposal, 
and a reduction in quarry demand for 
imported material.  Additionally, the 
crushed aggregate used on site for reservoir 
structural fill and backfill was a crushed 
recycled blend of AC/Concrete.  

On-site Stockpiling of Materials
As part of the project scope, the City 
purchased two adjacent properties to the 
reservoir site for staging and stockpiling.  
Having a stockpile location directly 
adjacent to the reservoir site reduced truck 
trips for hauling spoils/backfill, saving both 
money and carbon emissions.  

Low Volatile Organic Compound 
(VOC) Coatings
Pipe and reservoir coatings are critical 
to the long-term integrity of the project 
components. Coating specifications 
specified low VOC coatings for both 
exposed metal surfaces and concrete 
surfaces, ensuring lasting protection, and a 
reduction of toxic chemical emissions.

Crushing of demolished reservoir concrete for reuse as construction 
roadway base rock.

On-site stockpile (shown with green hydroseeding on the left) located on 
property acquired to provide staging and stockpiling.  Acquired property 
eliminated 1,000 truck trips from public roads.
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Erosion and Pollution 
Control
The project area stormwater runoff 
flows through Bolton Creek and 
ultimately discharges to the nearby 
Willamette River.  Rotschy followed 
best management practices to 
protect catch basin inlets and reduce 
sediment erosion and transport.  
Prior to installation of the permanent 
detention pond facility, construction 
period stormwater peak runoff was 
mitigated by collecting runoff and 
using a pump to discharge the water 
from the site to the existing discharge 
manhole.  By using a pump, the peak 
runoff rate was controlled to mitigate 
potential streambank erosion.

Protection of Migratory 
Birds
Over 200 species of birds in the project 
area are protected under federal law 
by the Migratory Bird Treaty Act.  The 
project required all tree disturbing 
activity to be limited to the bird 
friendly work window, August 1 to 
January 31.  All tree removal work was 
conducted at the project onset to meet 
this requirement.

Protection of Bolton Creek 
Tributary
The project area drained to the nearby 
Bolton Creek, whose basin did not have 
excess stormwater capacity.  While 
the project increased total impervious 
area, a stormwater detention pond 
with an outlet control structure was 
installed to control and reduce the 
peak flow rate to one-half the existing 
rate.  This reduced streambank erosion.  
Stormwater quality swales were used 
to remove sediments, metals, and 
contaminants from the site’s pervious 
and impervious area runoff, prior to 
discharging to Bolton Creek.

Site Layout to Retain Trees 
(Stand of Doug Fir)
Some tree removal was necessary 
to construct the new reservoir and 
improve the slope stability along 
the northern boundary.  A certified 
arborist aided in development of the 
tree removal plan.  The final siting of 
the reservoir considered preservation 
of a large stand of Doug Fir along the 
front of the site.  The arborist assisted 
in ensuring that unhealthy trees were 
removed from the stand and that there 

was adequate tree stand size to shelter 
each other and weather high wind 
events.  A tree root protection plan was 
implanted during construction.

Use of Native Plantings
The site landscaping and roadside 
restoration plantings used native 
species selected to mimic the adjacent 
Wilderness Park flora.  This allowed 
the restored areas to blend naturally 
into the adjacent scenery.  Native 
species were also selected to weather 
the dry Willamette Valley summers 
without needing irrigation after plant 
establishment.

Maintaining Access for Trail 
Users (along Skyline & in 
Wilderness Park)
Although the nearby Wilderness Park 
parking lot was used for staging of 
various materials, the staging area 
was limited to the back of the lot 
and fenced off.  This preserved public 
parking and access to the popular park 
trails.

ENVIRONMENTAL CONSIDERATIONS 
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COMMUNITY RELATIONS

West Linn residents are highly involved and 
place high value on communication with City 
improvement projects. City staff led a multi-faceted 
public outreach program that began during early 
project planning and continued through design, 
permitting, and construction completion. Elements 
of the outreach program included:

Community Survey 
During project planning, City staff used results of a 
community survey to identify resident’s top sources 
for information about the City. These included: 

1. West Linn Tidings newspaper

2. City website

3. City newsletter included with utility bill

4. City email newsletter

Public Input Database 
City staff maintained a GIS database with 
comments from residents and their location relative 
to the project site.

Public Information 
Public information began during planning stages 
and became more frequent as construction 
approached. Public information included:

• A website dedicated to the project was created 
and maintained by City staff that provided 
project background information, design and 
permitting documents, contact information, 
and project design and construction updates as 
they became available.

• City published news articles in the West Linn 
Tidings newspaper.

• Newsletter updates provided via email and with 
utility bills

• Weekly project construction email updates to 
interested subscribed parties
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Public Meetings 
The project team conducted the following public 
meetings to provide project information and gather 
community input on project design and construction:

Adjacent Resident Meeting (4/9/15) – A close-
in group information meeting for those residents 
adjacent to the project site and most effected by 
construction.

Neighborhood Association Meeting (4/23/15) – 
A meeting with the Sunset Neighborhood Association 
was held during the land use permitting process.

Bolton Design Meet & Greet (12/3/15) – 
Preliminary design concepts were presented to 
interested residents, followed by a Q&A session and 
public comment period.

Bolton Site Design Open House (7/31/15) – Tents 
were set up at the Bolton site, as the project team 
provided an opportunity for the interested public to 
review advanced project designs and communicate 
one-on-one with City staff and the design team.  

Public Works Day / Meet the Contractor 
(5/23/16) – A “meet the contractor” open house 
was held on Public Works Day to provide interested 
residents a close-up view of project construction and 
heavy equipment. City staff and the project team  
provided an opportunity for one-on-one Q&A.

Bolton site design open house

Public Works Day / Meet the Contractor
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UNUSUAL ACCOMPLISHMENTS

Rammed Aggregate Piers
Based on the subsurface conditions, site constraints, and 
cost, rammed aggregate piers (RAP) were selected as the most 
practical alternative for the ground improvement needed for 
this project.  The RAPs provide a dense/stiff vertical element 
with significant shearing resistance and effectively increased the 
shear resistance within the zone that is being treated.  RAPs also 
attract vertical loads from the overlying structure and distributes 
the load to the denser and stiffer layers beneath, thereby 
reducing total and differential settlement, which is an important 
consideration for large concrete water reservoirs.  Total cost of 
the RAP construction was $250,000.

For the Bolton project, 812 30-inch diameter RAPs were installed 
at 7-feet on-center, to depth that ranged from nine to 27 feet. 
The pier location was initially pre-drilled, and a down-hole 
vibrator was lowered vertically to the planned tip of the pier by 
crane. Aggregate (new crushed rock) was then added to the hole 
through a bottom-feed system and was compacted in lifts by 
repeated penetrations with the vibrator. The vibratory energy 
densifies the aggregate and surrounding soil. The City provided 
continuous vibration monitoring at the site property boundaries 
during heavy construction operations including the RAP 
installation, to monitor levels compared to preset thresholds that 
could cause cosmetic damage to adjacent structures. At no time 
were thresholds exceeded.

Weather Challenges
The 2016-2017 winter was the seventh coldest in city history 
with an average temperature of 33.5 degrees and rainfall 15 
inches above normal. Record snowstorms and rain caused 
problems throughout the Portland area, the Bolton Reservoir 
site was no exception.  Temporary pumps hooked into subgrade 
drains worked to keep the site dry, while concrete pours required 
the use of temperature gauges, propane heaters, and blankets 
were used to properly cure concrete when temperatures dropped.  
The wet weather also presented slope stability issues that were 
a constant issue along the Northern cut slope, requiring a 
geotechnical engineered temporary retaining wall to be placed 
during construction.  Despite the best attempts some morning 
were stared with draining the site before work could proceed.
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ADDITIONAL CONSIDERATIONS

Reservoir Mixing
Water quality is an important 
consideration in water storage 
reservoirs, as this ultimately impacts 
the water quality in the distribution 
system. If water in a storage facility 
becomes aged due to under-use or 
poor circulation, chlorine residuals 
will decline along with overall water 
quality. The configuration of the 
existing Bolton Reservoir site and 
tank piping resulted in both of 
these issues. First, the site piping 
was configured so the pump station 
would draw directly from the supply 
transmission main, causing the 
stored reservoir water to be by-
passed, limiting turn-over stored 
water. Second, the reservoir had a 
common inlet/outlet pipe, creating 
a First-In-First-Out (FIFO) flow 
condition, further increasing the age 
of the stored water.

The new reservoir piping included 
a passive hydrodynamic mixing 
system to provide complete mixing 
of water within the reservoir. The 
new pump station suction line was 
configured to draw directly from the 
reservoir, increasing tank turnover 
and reducing overall water age. 
Duckbill style inlet valves were fixed 
to an inlet header pipe across the 
floor of the reservoir. The inlet valves 
provide increased flow velocities, and 
the resulting increase in momentum 
of the water creates a mixing flow 
condition. The design team worked 
with Tideflex Technologies to develop 
a Reservoir Mixing Analysis to 
properly locate and size the mixing 
system for the reservoir geometry. 
The analysis used the drawdown and 
filling rates combined with duckbill 
valve spacing to optimize mixing in 
the tank. 

Seismically Resilient Pipe 
Connections
The Bolton Reservoir is a critical 
facility and acts as the primary hub 
for water in the City’s drinking water 
system.  During an earthquake, the 
reservoir structure and surrounding 
earth can move separately.  Since 
the pipe connection to the reservoir 
is deep, it is hard to access.  To 
avoid a pipe failure at this critical 
connection, double-balled flexible 
expansion joints are installed to 
handle movement in three directions.  
In the event that the distribution 
system has a main break, isolation 
valves immediately at the reservoir 
can be used to preserve the water in 
the reservoir. 

Tideflex 3-D hydraulic modeling of reservoir mixing to 
optimize the mixing system size, headloss and cost 
while ensuring adequate mixing for good water quality.

Installed mixing system piping and valves oriented within the 
reservoir columns.
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EIFS Aesthetic Treatment
The reservoir site is located in the heart of a 
residential community, and the community 
was concerned with the look and feel of the 
reservoir as part of the neighborhood.  The 
design team considered several options to 
determine the aesthetic look of the reservoir 
and settled upon an Exterior Insulation 
Finishing System (EIFS) to match architectural 
features of the Arch Bridge connecting West 
Linn to neighboring Oregon City.  A first for the 
Pacific Northwest, the EIFS system was applied 
directly over the shotcrete exterior and then 
painted along with the tank.  The result was a 
partially buried reservoir that addressed the 
aesthetic concerns of the neighborhood and fit 
into established local design motifs. 



Old Bolton Reservoir with floating cover prior to 
demolition.

Old Bolton Reservoir demolition after temporary 
bypass pipping completed.

Rammed aggregate pier installation Reservoir subgrade preparation

Reservoir foundation construction Reservoir wall and columns under construction

CONSTRUCTION SEQUENCE



Reservoir roof construction Horizontal prestressing of reservoir using 25.7 
miles of 3/8” cable wrapped around the reser-
voir 254 times

Backfill and site features Interior of completed tank

Final completion of reservoir construction and 
site work

Finished tank with exterior insulation and  
finishing system



PHOTOGRAPHS



1. Old Bolton Reservoir Construction



2. Old Bolton Reservoir Demolition



3. Bolton Reservoir Complete



4. Skyline Drive Before



5. Skyline Drive Under Construction



6. Pump Station Before



7. Pump Station After



8. Pump Station and Reservoir After



9. Reservoir Mixing System and Overflow Baffle



10. Reservoir Wall Detail




