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CSO Reduction Program

From 25 million to zero gallons—the story of reducing CSOs
and enhancing the Port Angeles Harbor’s water quality.
January 17, 2018
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Project Overview
For the first time in decades, the City of Port Angeles had no overflows.
Port Angeles Harbor is home to seven marine terminals
and two marinas, is one of the last public boatyards in
the Northwest, and is a draw for boaters and visitors. The
harbor is essential to the economic and environmental
health of the City of Port Angeles (City) and surrounding
north Olympic Peninsula communities, but the health of
this water body was in jeopardy. From 2003 to 2009, the
accumulated annual amount of combined sewer
overflows (CSOs) discharging into the harbor was a

staggering 244 million gallons (MG) with CSOs occurring
as often as 144 times per year. The City recognized the
need to address this urgent environmental risk and
initiated the largest water quality control program in Port
Angeles history: the CSO Reduction Program (Program).
Completed in 2016, the Program was a resounding
success. In the year following completion of the Program,
the number of CSOs was reduced to zero for the first time
in decades.

The Port Angeles CSO Program included design and construction of more than 37,000 linear feet (lf) of gravity sewers, more than
27,000 lf of force main, and a 4,850-foot-long siphon.
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The City hired Brown and Caldwell (BC) to lead the
planning, design, and engineering services during
construction of the selected approach, which resulted in
a 10-year, $46 million Program that included:
• More than 37,000 lf of new gravity sewers
• More than 27,000 lf of force mains with parallel
pipes of varying diameters
• A 4,850-foot-long large-diameter siphon
• A 5 MG CSO storage tank that was repurposed
with vacuum flushing features and associated flow
diversion system to store combined sewerage
when flows exceed the wastewater treatment
plant’s (WWTP) current rated capacity of 20 million
gallons per day (mgd)
• An industrial outfall repurposed for use by the City
WWTP
• A new pump station sized to receive and transfer
flows ranging from 1 to 28 mgd to the WWTP
• Odor control facilities to prevent odor nuisance in
the central downtown area where the new pump
station is located.
To identify the most effective way to reduce the City’s
CSOs, BC’s multidisciplinary engineering team
researched and evaluated many potential approaches for
implementation. BC created a hydraulic model of the
City’s combined sewer system to determine the actual
extent and size of the City’s CSO problem and used the

completed model to evaluate potential alternatives. The
team also considered implementation scenarios, cash
flow requirements, risks, and environmental and
operations and maintenance (O&M) factors as part of the
alternatives evaluation. Some key design approaches
that contributed to the success of the program included:
• Detailed evaluation of multiple potential operating
scenarios for every system, which led to better
process and equipment selection and resulted in a
resilient design with fewer equipment failures and
less potential for overflows
• Specialized mechanical design considerations, such
as rotordynamics analysis and vibration control, to
enhance reliability and extend the life of the
equipment
• Installation of self-cleaning features in the CSO
storage tank and pump station wetwell to improve the
productivity and safety of City staff
• Incorporation of low-impact development (LID)
techniques, such as bioretention basins and pervious
pavement, resulting in reduced stormwater runoff that
would otherwise increase flow into the CSO system.
The success of the CSO Reduction Program and its
resulting benefit of protecting the vitality of Port Angeles
Harbor demonstrates the City’s commitment to being a
steward of the environment and an advocate for its
community’s health and wellness.

Design included a new pump station that features a state-of-the-art self-cleaning, trench-style wetwell. This technology
allows pumps to operate at or near maximum efficiency, saving City staff time and effort by significantly reducing the
amount of debris that must be manually removed.
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Completion Date
The team maintained flexibility throughout the project and completed the CSO
Reduction Program by the projected schedule date of November 2016.
To secure vital funding from the Washington State
Department of Ecology, the design team demonstrated a
client-first attitude when they were required to advance
the design from a 30% preliminary design stage to a 90%
completion stage in just over 2 months, what would
normally take close to 6 months. Even on an accelerated,
the team produced high-quality deliverables on time and
on budget. And as a result, the City achieved the funding
necessary to expedite the project and create a safer
environment for the community and the aquatic
ecosystem in the most timely manner.
During the alternatives analysis phase, the need for a
new, above-grade interceptor bridge crossing of Ennis
Creek became apparent. This would enable the City to
facilitate future restoration projects, and incorporating it
into the ongoing design made sense from a cost-saving
standpoint. During 60 percent design, the team
demonstrated flexibility and accommodated the
significant design change. The team successfully
modified a portion of the alignment to accommodate the
change to the vehicle bridge. This change was the result
of complex negotiations between the City, the property
owner, and regulators. Overall, this effort was
accomplished without delaying the overall project
schedule of November 2016. Physical completion of the
project was June 27, 2017 and the facility was up and
running on September 15, 2016.

• BergerABAM, Inc.: bridge design
• Conley Engineering: electrical and instrumentation
and control (I&C) engineering design
• Corrosion Probe, Inc.: coatings and corrosion design
• Cosmopolitan Engineering Group, Inc.: outfall
inspection and assessment
• Environmental Science Associates (ESA): permitting
and environmental studies, outfall repair, stormwater
separation project
• ESC Lab Sciences: geotechnical services
• Greenbusch Group, Inc.: acoustical consulting
• Herrera Environmental Consultants: outfall sediment
sampling
• IMCO General Construction: construction, Phase 1
• Lindberg & Smith Architects, Inc., P.S.: architectural
design, Phase 2
• Northwest Archaeological Associates, Inc.: cultural
resources identification
• Northwestern Territories, Inc.: stormwater separation
project
• Pipe Experts, LLC: pipeline inspection
• Shannon & Wilson, Inc.: geotechnical services, bridge
foundation design

During construction, attention to detail and the ability to
anticipate potential setbacks saved the City time and
money by prioritizing shop drawing review of equipment
and material with long lead times. In addition, turnaround
time on submittal reviews and responses to Requests for
Information (RFIs) during Phase 1 and Phase 2 of the
project resulted in adherence to the tight construction
schedules.

• Staheli Trenchless Consultants: force main sliplining

The success of the CSO Reduction Program can be
attributed to the well-orchestrated efforts of a team of
more than 20 firms, including:

• Wagner Architects: architectural design, Phase 1

• Applied Professional Services, Inc.: design preparation

• TEK Construction, Inc.: construction, Phase 2
• Terracon Consultants, Inc.: stormwater separation
project
• Vandevanter Associates: public information support
• Vanir Construction Management: construction
management
• Wengler Surveying & Mapping: survey and base
mapping

• Brown and Caldwell: planning, design, and
engineering services during construction
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Construction Schedule,
Management, and Control
Techniques
Program costs were reduced by making innovative use of proven engineering
techniques, repurposing existing infrastructure, and creating a one-of-a-kind
installation in the Northwest.
Vanir Construction Management provided the onsite
Project Management/Construction Management
(PM/CM) and Quality Assurance/Quality Control (QA/QC)
services daily during both phases of the CSO projects for
the City of Port Angeles. They coordinated the project
team's efforts in every aspect of the construction, from
initial groundbreaking through final completion and
warranty. This multi-faceted project provided unique
scheduling, implementation, and procurement challenges
with innovative approaches inspired by the contractor's
ideas and worked into viable solutions through
coordinated team efforts. Construction scheduling and
cost controls were handled exceptionally well considering
the potential for overruns due to site conditions and
other variables that are difficult to anticipate. One critical
element that led to the success of this project was to
have team members experienced with every facet of the
design involved on a daily basis to provide as-needed
expertise to help complete the project. The City greatly
appreciated the coordinated team efforts, which proved
to be extremely effective.

Leveraging Existing Infrastructure in New Ways. During
design, Program costs were reduced by making
innovative use of proven engineering techniques,
repurposing existing infrastructure, and creating a one-ofa-kind installation in the Northwest. An essential part of
the design included modification of an abandoned paper
mill processing tank to include cleaning systems. Stored
peak flows are diverted to the tank to prevent the WWTP
from being overwhelmed. An abandoned industrial water
pipe was used to slipline the force main system for the
new pump station, which avoided excavation along an
environmentally sensitive shoreline and in areas
potentially containing historical artifacts.
The team retrofitted the vacuum flushing system tower
into an existing 5 MG industrial tank to store peak flows
and reduce overflows into the harbor. This flushing
system simplifies and expedites cleaning of accumulated
wastewater solids from the tank floor after each use,
eliminating the manual labor involved with this task and
directly improves the safety of City employees.

Leveraging New Ideas to Increase Cost-Savings and
Community Benefit. Vanir also provided insight to a
significant cost-savings to the city during the Phase 2
project. The horizontal and vertical realignment of the
gravity sewer to the north bike lane/parking area allowed
the City to keep the road open to emergency vehicles and
for truck traffic to the Nippon Mill during the night
construction. This would not have been possible with the
original alignment at centerline, and provided a
substantial savings in depth of excavation and backfill,
structure connections, and restoration.
The team repurposed an abandoned tank for CSO storage.
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Leveraging Funding Opportunities by Closely Coordinating
with Regulators. Throughout the program, the project
team coordinated extensively with the U.S. Environmental
Protection Agency (EPA), U.S. Fish and Wildlife Service,
National Marine Fisheries Service, and U.S. Army Corps of
Engineers. The City also achieved multiple state and

federal regulatory and funding requirements, including
those outlined in Washington’s CSO General Sewer Plan,
Engineering Report regulations, and EPA Facilities
Planning requirements—helping the City obtain a
$17 million Water Pollution Control State Revolving Fund
loan to support the program.
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Safety Performance
Vanir makes every effort to provide employees with the skills, knowledge, and
equipment necessary to protect them on the job.
Vanir strives to have zero safety incidents on every
project. The CSO Reduction Program was no exception.
Over the span of 10 years, there was only one lost-time
injury over several thousands of man-hours worked.
The overall approach to safety during the construction of
this project involved the development and
implementation of safety plans by the contractor.
Specifically, areas involving contaminated soils and
hazardous material handling involved strict storage and
containment enforcement. Traffic control and public
exposure on- and off-site were critical to worker and
community safety. The project team collaborated with the
community to manage traffic control and make sure
safety practices were enforced.

During construction, the project team noticed unsafe and
unstable excavation conditions while reviewing photos of
the pump station site. Onsite personnel were notified and
construction was stopped immediately. The project team
and the City collaborated with the contractor to resolve
the issue by installing a more robust excavation support
system. These negotiations temporarily stopped progress
on the pump station excavation, but the safety of the
team remained the priority. Construction progressed in
other areas of the project to reduce the overall schedule
impacts. The pump station excavation work was restarted
when the excavation had been secured and it was
determined safe to continue work.
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Environmental Considerations
Taking action to preserve the environment every step of the way.
Cleaning Contamination to Maintain Safety and
Preserve the Environment. During Phase 1, Vanir
provided oversight and management for handling
potentially contaminated soils and materials on the site
during demolition and all excavation. They worked
closely with the contractor, Washington State
Department of Ecology, and Rayonier to properly
coordinate the storage and disposal of the
contaminated materials ranging from mercury,
asbestos, creosote, and some unidentified chemical
residue found during the excavations. Chain of custody
forms, abatement, and inspections were all
coordinated by various members of the project team.
Sensitivity to Potential Cultural Artifacts. The City and
the Lower Elwha Klallam collaborated to provide fulltime archaeological monitoring during all excavations
to avoid disrupting cultural artifacts. Only one area of
significance was encountered and the project team
coordinated efforts with the Lower Elwha Klallam Tribe
to find an acceptable solution that would avoid
potentially disrupting cultural artifacts.
During Phase 2, similar archaeological requirements
were in place and the management of those were
modeled after Phase 1 with remarkable success. There
were no significant areas discovered during all
excavations on and off site. During this phase, in-water
work was required for a new storm outfall that was
successfully installed and completed during the lowest
tide levels with no impacts to the harbor.

A Commitment to Sustainability. To raise industry
awareness while also engaging and educating the
public on low-impact development (LID), BC and the
City integrated LID into the Program’s design as a
commitment to sustainable infrastructure. This
voluntary effort to install green stormwater
infrastructure (GSI) also contributes to the protection of
a nearby estuary from stormwater nonpoint source
pollution. Multiple types of GSI were incorporated into
the civil site design of this project, including pervious
concrete sidewalks, bioretention swales, and
stormwater filtration. Through an iterative design
process using modeling and evaluating site
characteristics, the design team met the Washington
State Department of Ecology’s water quality standards
by treating the pump station site stormwater runoff
through three bioretention swales within the pump
station site. This design will further provide
opportunities for public engagement, demonstrates the
City’s commitment to prioritizing the protection of the
Port Angeles Harbor, and serves as an example of
progressive and sustainable action for a public works
project.
The CSO Reduction Program goes beyond simply
combining the City’s sewer systems—it invests in the
future health of the area’s coastal species, wetlands,
cultural resources, and community. Before the
program, rain washed millions of gallons of raw sewage
and runoff each year into Port Angeles Harbor,
threatening human and aquatic health. Sewage
overflows to waterfront shoreline created a public
health risk and detrimental environmental impacts. The
new system has had no overflows and stands as a
bulwark for the future health of the community.
sc
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Community Relations
Implementing strategies to garner public support and improve community
relations for the City’s largest environmental project in history.
Minimizing Impacts to Public Roadways and Trails.
Phase 1 of this project required realignment and
modifications to the Olympic Discovery Trail (ODT) with
the construction of the new bridge, pipelines, and other
structures on the site. This required coordination with
the ODT Coalition for periods of temporary alignment
changes and closures during construction. The City
provided direct contact with the coalition with on-site
coordination by Vanir and the contractor. The new
alignment over the newly constructed Ennis Creek
Bridge provided a much better path for the pedestrians
and cyclists with praises from the ODT Coalition during
the groundbreaking ceremony on how well the project
was handled.
During Phase 2, the contractor was required to do a
portion of the off-site work in the downtown area at
night to reduce community and business impacts. The
road was to be reopened daily by 6 a.m. and the
impacts to the downtown business were reduced to
minor parking loss and some pedestrian crossing
impacts during final restoration. The work also required
coordination with Washington State Department of
Transportation (WSDOT) during the portions under
Highway 101 (Lincoln Street). Team coordination led by
Vanir was crucial in getting all the players aligned to
minimize the impacts.
Working to Preserve Ancient Cultural Resources.
Elements of the new CSO control infrastructure are
located near some of the largest prehistoric Native
American villages and burial grounds in the United
States. During design and construction, the City and
the project team coordinated closely with the Lower
Elwha Klallam Tribe to minimize the potential for
disturbing Native American burial grounds and
archaeological resources, making on-the-spot changes
to the design as construction activities revealed new
information about the sites.

Close coordination with the Lower Elwha Klallam Tribe was
necessary to minimize the potential of disturbing Native
American resources.

The design team identified a variety of alternative
construction approaches for the pipelines that would
minimize impact, including horizontal directional
drilling, microtunneling, and covering surface-laid
pipelines with a landscaping berm. The latter approach
was selected for design because it had the lowest cost
and lowest risk of disrupting cultural artifacts.
Conveyance work included more than 37,000 linear lf
of gravity sewers, more than 27,000 lf of force main
and a 4,850-foot-long siphon. The team worked closely
with local agencies and the community for traffic
control, trail closures, utility relocations, surface
restorations, and other improvements, as the extended
interceptor runs through urban/downtown Port Angeles
along a 1.5-mile waterfront stretch of the Olympic
Discovery Trail. This stretch included protected
archaeological sites under oversight by the Lower
Elwha tribe and a contaminated industrial property
under Ecology regulation. What had previously been a
public health risk, is now a reliably clean Port Angeles
Harbor. The City’s commitment towards building a
lasting, sustainable solution is a testament towards
their commitment to the vitality of their community.
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Since CSOs are often out of the public’s sight, the City
conducted a number of public outreach and community
information meetings to raise awareness and build
support for this critical public-works program. Specific
public outreach strategies included:
• Conducted two public forums informing the
public and downtown businesses of the project’s
construction
• Interacted with business owners regularly to
keep them up-to-date with the project’s progress
and upcoming events
• Distributed flyers to nearby businesses and
residents
• Released many public service announcements
(PSAs) informing the community of major project
activities.
These strategies were effective in building and
maintaining public support of the project.
During construction, the project team worked closely
with local agencies and the community to coordinate
traffic control, trail closures, utility relocations, surface
restorations, and other improvements, and

accommodate large industrial-size equipment on the
site’s small and highly populated location.
In respect for the surrounding community, BC
incorporated “good neighbor” criteria into the design,
which involved the careful consideration of odor and
noise control and access for all equipment and
systems within the constrained site. This included:
• Circulation of tempered outside air to maintain
dry conditions
• Activated carbon-based odor control towers for
wetwell exhaust airflow
• Standby electrical power generation for the full
design operating capacity
• A chemical feed system to assist with storage
system odor control
• Use of a generator to reduce noise, which
involved coordination with the Department of
Health to verify decibel levels and receive
permitting
• Architectural design to integrate the facility into
the aesthetic of the downtown atmosphere.
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Accomplishments Under Adverse
Conditions
Staff succession planning led to team continuity throughout the 10-year
program.
With any long-term program, team staffing changes are
inevitable and impact both the Owner and the
consulting group. Recognizing this likelihood, City and
BC leadership deliberately integrated “deputy project
managers” early in the project to work closely with the
Project Manager to ensure continuity and some level of
redundancy in staffing coverage. This strategy proved
effective since BC had two project managers retire and
one move out of the area over the course of the project
and the City had two critical team members either
retire or move to other opportunities. Without strong
leadership in place to seamlessly step in and continue
implementing the vision, the program could have been
delayed or changed while other staff were brought up
to speed. This ability to quickly adapt to changing
staffing conditions was invaluable to keeping the
program moving forward efficiently and in harmony
with past decisions and City preferences.
In addition to staffing changes, changing stakeholders
is also a challenge to any project forced to evolve over

long periods of time. The City, project team, and
residents of Port Angeles, the following organizations
were involved with and supported the CSO Reduction
Program throughout its 10-year journey:
• Washington State Department of Ecology: state
water quality regulations
• Lower Elwha Klallam Tribe: protect cultural history
and ancestral record
• Rayonier: mission to improve former industrial site
• Port Authority: formed to develop commercial
interest
• U.S. Army Corps of Engineers: environmental
permitting
• Environmental Protection Agency: oversight
authority
• U.S. Fish and Wildlife Service: projects in water
impacting environments.
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Additional Considerations
Maximizing pump station performance to create the highest quality facility at
the most effective cost.
New infrastructure and improvements to existing
processes were designed to reduce CSOs immediately,
optimize the long-term performance of wastewater
infrastructure, and accommodate future system
improvements. This included the replacement of Pump
Station 4, which was undersized and experienced
frequent clogging and downtime. BC designed a new
pump station that features a state-of-the-art selfcleaning, trench-style wetwell. Self-cleaning wetwells
allow pumps to operate at or near maximum efficiency
by providing calm pump inlet conditions and reducing
the amount of debris the pumps need to pass during
normal operation (more than 95 percent of the time).
City staff save time and effort by using the pumps’
hydraulic forces to clean debris from the wetwell’s
floor—significantly reducing the amount of debris that
must be manually removed, reducing the potential of
clogged pumps, and lowering maintenance costs.
To maximize pump performance in a small location, the
design incorporated two differently sized pumps to
create a continuous variable pumping rate, which
accommodates the wide range of flows typical of a CSO
pump station and keeps operation of the pumps within
acceptable limits of performance. The new pump
station essentially acts as two pump stations in one
structure—one for operation at lower flow rates (1–5
mgd) using three smaller pumps, and the other for wet
weather flow rates (5–28 mgd) using three larger
pumps. Running the three smaller pumping units
simultaneously with the larger units provides

redundancy, saving the City money and making
efficient use of the limited space.
The project’s design exceeded City expectations by
reducing the typical 25 MG of overflow to zero in
2016–17. In both phases of the program, the project
team demonstrated attention to detail and creative
thinking that led to the detailed evaluation of all
potential alternatives for CSO reduction and ways to
maximize reuse of existing infrastructure. This resulted
in a change order rate of less than 1 percent, and 5
percent savings to the total budget.
However, the savings achieved pales in comparison to
the significant environmental value this program
provides. Within a decade, the City was brought into
compliance with EPA’s regulations and created a highquality wastewater system poised for efficient, effective
performance well into the future. Additionally, the
program was completed within the negotiated
schedule, complying with the requirements of the City’s
National Pollutant Discharge Elimination System permit
as administered by the Washington State Department
of Ecology.
Port Angeles now has an environmentally healthy
future, a social appreciation for clean water, and
economic prosperity free from the threat of water
quality concerns. The CSO Reduction Program is the
largest environmental project in Port Angeles’ history,
and the investment has paid off by achieving reliable
CSO control for generations to come.
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Additional Project Photos
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