
1. General description of the project  
 
“Why build a sewer in a lake?  Why make it buoyant?  Where has it been done before?  Will it work?  
Will it last?  Can we maintain it?”  City of Lake Oswego (Oregon) officials and their consultant asked 
and answered these and many other questions while designing and constructing the first-known 
buoyant gravity sewer in the world.  The program was completed ahead of schedule after a 10-year 
planning, design, and construction process.  Final cost is $95 million, 10-percent under budget, to 
replace the undersized, corroding, and seismically vulnerable original pipeline with a system 
expected to last 100 years.   

Its centerpiece is a buoyant gravity HDPE sewer, held to proper grade beneath the lake surface by 
428 ground anchors and tethers.  A serpentine alignment provides thermal expansion loops to 
maintain grade despite wide-ranging water temperature.  Stainless steel manholes are also buoyant 
and submerged, with access via removable caissons.   

Final connections, and associated excavations, were made with the lake drawn down 24 feet and 
with extensive bypass and drawdown pumping/piping systems.  Pile-support systems and CIPP 
rehabilitation are also used for significant reaches. 

More than 29,000 feet of new pipe, 22-inch to 42-inch diameter, were installed.  The thick-walled 
pipes maximize resistance to long-term hydrostatic pressure, limit upward mid-span deflection 
under maximum load (empty pipe buoyant force) thereby maximizing anchor and pile spacing, and 
provide increased resistance to stresses from future drawdown and seismic events. 

Approximately 19,000 feet of temporary piping was also installed, 12-inch to 24-inch diameter, for 
bypassing around new junction structures and for maintaining the lowered lake level.    

Numerous project challenges included:  difficult topography and geology (very soft sediment up to 
200 feet thick overlying basalt), flat grades on the existing system, lack of access/staging sites, 
private lake ownership, high visibility and consequence of failure, high HDPE thermal expansion, and 
future drawdowns. 

The project was constructed under two major contracts termed Lake Full and Lake Down.  Lake Full 
was a marine, barge-based project in which all ground anchors, tethers, pipe, buoyancy, and piles 
were installed.  Lake Down was a more conventional land-based project, albeit on a very soft 
lakebed, in which excavation, construction, and restoration for some final pipe placement and 
junction structures was performed.  Lake Down also included some marine work and substantial 
temporary flow diversion.  Conventional project delivery method of design, bid, build was 
employed. 
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2. Completion date contained in contract (any time extensions granted should be addressed in 
the submittal) 

 
Lake Full: Contract Substantial completion – August 1, 2010 
  Actual Substantial Completion – June 3, 2010 

 
Lake Down: Substantial completion – May 6, 2011 
  Actual Substantial Completion – April 27, 2011 
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3. Construction schedule, management, and control techniques used 
 
LOIS was a unique and complex project, completed on schedule and under budget while achieving 
extraordinary quality results measured against high expectations and exacting tolerances.  Some 
keys to success in the construction phase include: 

• Rigorous prequalification process used to ensure only qualified general contractors and specialty 
subcontractors could submit bids. 

• Separate early materials procurement contracts awarded for two long lead-time items, stainless 
steel wire rope/hardware and stainless steel manholes. 

• Exceptional communication resulted from all parties understanding their shared interests in 
success of this once-in-a-lifetime project.   

• Proactive tracking of issues (submittals, RFIs, change requests, etc.) through the BuzzSaw® tool 
and making sure responsible team members understood the importance of prompt resolution 
helped minimize cost and schedule impacts. 

• Packaging the program into projects grouped by specialty (i.e., Lake Full was bid by marine 
contractors and Lake Down was bid by land-based utility contractors) and fairly allocating risk 
between the parties resulted in favorable bids. 

• Assigning key design engineers to the construction phase enabled real-time collaborative 
problem solving and revisions.  For example, geotechnical design engineers on the ground 
anchor and pile installation barges participated in decisions on how to keep production high 
when challenges were encountered. 

• Retaining HDPE fusion expert to perform all pipe jointing resulted in every pipe segment passing 
hydrostatic testing.   

• Retaining experienced ground anchor subcontractor and the marine general providing barge 
positioning control resulted in nearly every ground anchor meeting its +/- 0.5 feet horizontal 
location tolerance and every anchor passing its proof loading test.    

• Working together to find a solution to challenge of accurate pipe length measurement within +/- 
0.3 feet per 1,200 feet, rather than disputing whether it was reasonable, led to pipe geometry 
closely matching the ground anchor pattern, enabling rapid deployment. 

• Patiently bending each pipe segment slowly over many hours avoided overstressing, prevented 
delays, and ensured quality. 

• Creative pipe deployment scheme enabled long segments to be quickly sunk into pre-installed 
and aligned buoyancy pods. 

• Contractors often worked 10-12 hour days, and 6-7 days per week, even from the outset to 
prevent possible delays in the event problems occurred later. 

• Building survey platforms along the existing interceptor during drawdown and carefully 
managing lake refill rate allowed accurate optical survey techniques for achieving the +/- 0.02 
feet grade tolerance at each tether. 

• Rigorous schedule specification contained requirements for qualifications of Contractor’s 
scheduler, baseline schedule, timely reports and revisions with payment consequences, and 
recovery plans.  A scheduling expert was retained by the Construction Manager to carefully 
review all schedule submittals. 
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4. Safety performance including number of lost-time injuries per 1,000 man hours worked and 
overall safety program employed during the construction phase 
 
OSHA Recordable Incident Rate:  5.87 

Lost Time Accident Rate: 2.44 

Total Man Hours on Job: 202,780 

Experience Modification Ratio: 0.84 

Safety was a high priority throughout the project. Risks and hazards were identified early and 
actively mitigated.  The result was a project that was completed with no major injuries. 
 
To develop their safety plans, the contractors invited an OSHA representative and an AGC safety 
consultant to conduct a review of project tasks and potential hazard mitigation solutions.  Their 
suggestions were incorporated in the final plans.  
 
Safety during project execution was stressed daily at briefings with divers and crews.  The briefings 
also included a Stretch & Flex program to focus on reducing common injuries.  

The Lake Full phase involved constructing and placing major interceptor components (piles, ground 
anchors, pipe, manholes, etc.) in a lake that was being used as an active recreational boating area.  
Prior to weekly meetings, superintendents submitted a safety plan showing exclusion zones, caution 
buoys, and boating lanes.  This was distributed to the crews, boating public, and engineering teams.  
All on-water hazards, including HDPE sewer and bypass pipe, piles, and barges were clearly marked 
with buoys and lit to ensure visibility.  These practices, in conjunction with an aggressive public 
awareness campaign, communicated hazards and helped keep all lake users safe during 15 months 
of lake-full construction activity by multiple crews. 
 
In the Lake Down contract, access to the soft lake sediments was restricted to prevent would-be 
explorers from getting stuck and the local fire department developed a mud rescue plan.  In 
addition, open tops of pipe piles were sealed and floating debris was collected during lake refill.  
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5. Environmental considerations including special steps taken to preserve and protect the 
environment, endangered species, etc., during the construction phase 
 
Every effort was made to limit environmental impact during the course of the project.  The following 
summarizes permits obtained and some of the special measures implemented to ensure this 
objective was achieved.   
 

• Nationwide Permit under the Clean Water Act Section 404 and 401 – Discharge of fill 
material to US waters (coordinated by US Army Corps of Engineers), permanent fill was 
severely limited (2,500 cubic yards) and lake bed contours were restored, including removal 
of all access roads.  

• Removal-Fill Permit (Oregon Department of State Lands) - The vast majority of excavation 
work was conducted with the lake drawn down in dry conditions to prevent increased 
turbidity.  Turbidity from anchor installation was controlled through confinement of drill 
cuttings inside a steel casing until discharge to a barge-based treatment system that ensured 
water quality limits were met before discharge.   

• Cultural, Historical, and Archeological Resources of Significance – Oregon State Historic 
Preservation Office approval of archeologist monitoring of various construction activities was 
obtained.  During construction, project archeologists observed artifacts in one specific 
location.  Construction in this area was immediately halted until investigations were 
completed and timber mats could be obtained in lieu of further disturbance by constructing 
access roads.      

• Endangered Species Act – No threatened or endangered salmon in Oswego Lake due to fish 
screen at intake and dam at outlet. 

• Eagle Act and Migratory Bird Treaty Act – No pile driving, drilling, or anchor installation was 
allowed within 660 feet of an active bald eagle nest between January 1 and August 15 to 
prevent disturbance during this critical period. 

• Fishery Conservation & Management Act, Essential Fish Habitat analysis – Fish salvage 
operations were conducted to rescue fish stranded in pools during the drawdown; lake level 
control pumping intakes were screened. 

• Variance for work outside in-water work window (Oregon Department of Fish & Wildlife) – 
Work window was not a concern to ODFW due to the lack of salmonids in the lake. 

• Local permits and ordinances – These included noise restrictions and construction 
stormwater (1200-C) erosion and sediment control measures. The vast majority of piling were 
vibrated into place rather than driven by an impact hammer.  Silencers and sound blankets 
were used on all generators as part of the bypass pumping and lake level control system.  
Erosion and sediment control was further enhanced by using stabilized construction 
entrances, wheel washes, silt curtains, hay bales, and other barriers.  

• Bypass Pumping – Redundant pumps were required at each of the fourteen bypass systems 
that enabled new junction structures to be connected without impacting sewer service.   

• Spill Control Plan – This document specified safe storage and handling requirements for 
petroleum products and other potentially hazardous materials, including quick response 
containment and cleanup procedures, notifications, equipment, and employee training.     
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6. Community relations---a summary of the efforts by the agency, consultant and contractor to 
protect public lives and property, minimize public inconvenience and improve relations 
 
To have a successful project, the LOIS Team knew it must capture the public’s attention on the need 
for and importance of this unique and complex improvement, ensure all community members knew 
how the project construction would impact them, and actively seek public input and feedback.  
These project goals had to effectively address negative public perceptions regarding cost and 
assumptions about the project impacts. 

Methods: 

• Establish the team’s outreach “Promise to Residents” 

o Minimize impacts to residents and the environment to the greatest extent possible during 
the construction process  

o Construct a fiscally responsible project within a set timeframe 

o Ensure no disruptions in sewer service during construction 

• Define audiences and develop appropriate communication strategies for each specific group 

• Tailor outreach to audience needs and develop relationships with stakeholders 

• Anticipate potential construction activities and impacts to citizens; and determine how to best 
deliver that information to affected parties 

 
In its first year, the LOIS Team hosted over 70 public outreach meetings with neighborhood and 
business groups, individuals and civic organizations, instituted a telephone hotline, launched a 
comprehensive website, produced the first of five documentary video webisodes; set up 
informational displays at City events; established a new media presence on Facebook , Twitter, and 
YouTube; delivered 48 personalized electronic newsletters; and coordinated door-to-door 
neighborhood advisories for events that would have traffic, noise, or visual impacts (e.g., arrival of 
large cranes, pile installation, equipment mobilization). 

With the project’s closest neighbors in mind, the LOIS Team developed Good Neighbor Guidelines 
that established the City’s intentions to: develop a cooperative relationship with citizens, be 
responsible with scheduling and budgeting, develop construction contract requirements that 
addressed quality of life issues for neighbors, avoid surprises, and encourage residents to 
communicate with the City regarding important issues and concerns. Neighbors knew what to 
expect and how to contact the team if they had concerns. 

Employing a wide variety of media, the LOIS Team gave citizens a choice of venues in which they 
could participate. Participants could attend meetings, email comments, or call the hotline with 
questions or comments.  One shining example of successful public participation is the Bryant Pump 
Station phase of the project. The project team sought input from pump station neighbors to ensure 
the structure would be a welcome addition to their neighborhood. The project team collaborated 
with neighbors on facility siting, landscaping, tree selection, and paint colors.  The results were 
incorporated in the facility design. 
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Results: 

A well-informed public supported the project and helped the LOIS Team deliver the most significant 
public works project in the City’s history on time and under budget ($95 million rather than $124 
million). An outreach survey was sent to residents on the LOIS electronic mailing list as the project 
was completed. Twenty percent of the recipients replied: 

• 76% used the LOIS website; of those, 98% found it helpful 

• 94% found the dynamic emails helpful 

• 15% used the LOIS YouTube page 

• 10% used Facebook 

• 5% received updates on Twitter 

• 82% of written comments were positive 

 
The LOIS Team provided a seamless, continuous approach to communication using a variety of 
person-to-person, electronic, print, and experiential opportunities to convey the need, facts, and 
impacts of the project as well as developing enduring relationships with stakeholders.  The outreach 
effort won two separate awards as listed under item 8 below. 

 

7 
 



7. Unusual accomplishments under adverse conditions, including but not limited to, adverse 
weather, soil or site conditions, or other occurrences over which there was no control 
 
Creative solutions to numerous challenges were developed by the LOIS Engineer/Contractor/Owner 
team.  Shared office space and a commitment to collaborate led to the continuous communication 
needed for a high-quality project completed on a tight schedule, under budget, with minimal 
impacts.  Examples include: 

• Using the buoyant interceptor for bypassing sewage during drawdown, despite its flat grade 
while floating on the surface, eliminated a major temporary pipeline and fuel required for 
pumping.  Level alarms, an emergency pumping contingency plan, and post-refill interceptor 
cleaning were substituted, saving substantial cost and time. 

• Measuring each roughly 50-foot HDPE pipe segment on the trestle between 7 and 8 a.m. (most 
stable temperature) and calculating the sum of lengths of those segments at design 
temperature allowed 1,200-foot spools to be fabricated within 0.3 feet of design length, despite 
HDPE’s high coefficient of thermal expansion.  This accuracy was required to match the ground 
anchor pattern—essential to achieving desired pipe grade control.  Initial Contractor methods 
could not meet this unprecedented tolerance.    

• Replacing the originally-designed buoyancy modules for submerged manholes (custom foam 
with protective urethane skin) with short segments of air-filled HDPE, similar to those used for 
pipeline buoyancy, eliminated a schedule risk by adapting an already standardized system under 
the Contractor’s local control. 

• Surveying and adjusting of turnbuckles on buoyant pipe tethers to fine tune grade just after 
each segment became submerged during refill eliminated sources of survey error and saved 
time compared to the original plan to make all adjustments after the entire pipeline was 
submerged. 

• Moving tether brackets back into position and connecting them with stainless steel chain 
corrected the problem of wind/waves moving brackets while the buoyant pipe floated on the 
lake surface. 

• Advance diver exploration of proposed pile installations near the existing active interceptor 
identified two risky locations.  Supplemental temporary support was provided and no damage 
occurred. 

• Re-sequencing work with minimal schedule impact allowed archeologists to conclude 
investigations of Native American artifacts found. 

• Fixing defects discovered in small-diameter waterfront sewers not within the original scope 
avoided costly deferment of needed work. 

• Substituting pre-cast manhole sections with special water-tight connections for specified cast-in-
place manholes saved substantial time. 

• Paying for extra drilling assured ground anchors were reliably bonded in basalt, resolved 
differences over difficulty in bonding anchors in shallower gravels, and kept the project moving. 

• Early Contractor identification of critical submittals enabled rapid Engineer review. 
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8. Additional considerations you would like to bring to the attention of the project review panel 
such as innovations in technology and/or management applications during the project. 
Include a description of special aspects of the project. 

 

The Lake Oswego Interceptor Sewer is truly a unique and innovative project, the first buoyant 
gravity sewer in the world.  A host of creative design solutions, many of which may have application 
on future marine pipeline projects, was developed to deal with an unusually challenging set of site 
constraints.  A skilled team of contractors was retained to safely bring the design concepts to reality, 
on time and under budget while exceeding rigorous quality standards.  

LOIS has received considerable attention in local and national publications and though recently 
completed has already won two prestigious awards; applications for many others will be submitted 
over the next year.      

Project Press: 

• “Builders are Floating on Air Over Buoyant Pipe’s Potential,” Engineering News-Record, 
December 2010 

•  “Lake Oswego Interceptor Sewer Features Buoyant Pipeline,” Civil Engineering, August 2011 
• “Snake in a Lake: An Innovative Pipeline Design,” Journal AWWA, July 2011 
• “LOIS is Flush with Success” Lake Oswego Review, June 2, 2011 
• “Submerged, Buoyant HDPE Pipeline Provides Gravity-Flow for Wastewater Collection System” 

CE News, January 2011 

Project Awards: 

• Associated General Contractors of America Grand Award for Best Construction Project of 2010 
and Best New Municipal Project of 2010 awarded for Lake Full Project 

• Plastics Pipe Institute Project of the Year for 2010, Municipal and Industrial Division, awarded 
for Lake Full Project 

• League of Oregon Cities Outreach Project of the Year for 2009 
• International Association for Public Participation, Cascade Chapter, Outreach Project of the Year 

for 2011 

More Information: 

Visit http://lakeinterceptor.com/ to view the six professionally produced “webisodes” (short videos) 
to learn more about this remarkable project. 
 
Innovations: 

LOIS is the first known buoyant gravity sewer in the world.  In one sense, proven materials were 
simply combined in a new way.  But in many respects, the required innovations, and their associated 
benefits, were numerous and significant: 

• The unusual decision to construct a sewer through a lake resulted in the least expensive, most 
sustainable, lowest impact, and most environmentally protective project as six new pumping 
stations (and acquisition of the sites for them) and 75 percent more pipe to go around the lake 
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were averted.  Much lower energy consumption (gravity), higher reliability, less noise and traffic 
disruption, lower sewer rates, and lower O&M requirements are some of the client/community 
benefits. 

• Maximizing use of the buoyant system eliminated piles in the deepest, softest sediments where 
over 200-foot long, 30-inch diameter piles would have been drilled and socketed into underlying 
bedrock.  The cost for these may have made the in-lake solution infeasible.  The buoyant system 
was installed with less noise and sediment disturbance, and provides the ultimate flexibility to 
safely handle seismic forces.   

• New systems designed include:  

o stainless steel internodal cables and brackets to hold the pipe in its sine wave shape 

o tether brackets to connect tethers to the pipe and safely distribute the buoyant load while 
holding twin buoyancy pipes in place 

o submerged stainless steel manholes and aluminum caissons to provide critical access for 
inspections and cleaning while keeping boaters safe with no new obstacles 

o transition piles/cradles/slings to protect the pipe from overstressing during future major 
drawdown events 

o wind/wave anchors and straps to keep the pipe in position and protect ground anchors from 
side loading during the 6-month construction drawdown 

• The sine wave alignment enables HDPE pipe to be used by addressing its principal drawback, 
thermal expansion, thus securing the benefits of this flexible, essentially jointless (butt fusion), 
tough, corrosion-free, and low unit weight pipe material. 

• The pipeline was analyzed with state-of-the-art finite element marine modeling tools to 
realistically simulate response to drawdowns, seismic events, and changes in lake temperature, 
while optimizing anchor spacing, wavelength to amplitude ratio (20:1). 

• The barge-based, 200 cfs capacity, lake level control pumping system accelerated drawdown to 
provide more construction time and prevented flooding of the worksites. 

• The twin buoyancy pipe arrangement maximized clearance for boater/swimmer safety and 
provided stability so that the pipe stays in proper configuration through drawdown/refill cycles. 

 
Project Objectives Achieved: 

The long-term functional objectives for LOIS are longevity, affordability, sustainability, and 
maintainability.  Short-term objectives include safe installation with minimal environmental and 
public impacts.  The selected in-lake, buoyant gravity HDPE pipeline with submerged manholes 
elegantly fulfills all of these objectives. 

• Longevity—The only elements subject to corrosion on the project are the carbon steel piling and 
caps; these are protected with an impressed current cathodic protection system sized for 100 
years; all other materials are HDPE or 316 stainless steel, neither of which is affected by the 
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freshwater environment.  The thick-walled, tough HDPE easily withstands impact from 
recreational boat anchors and long-term hydrostatic pressure.  The buoyant system is extremely 
flexible, dampening forces from major seismic events without damage.  The transition pile 
systems accommodate infrequent future drawdowns. 

• Affordability—Pumping around the lake would be costly, as would long piles in deep, soft 
sediments.  

• Sustainability—Gravity (over pumping) and lowering/sinking (versus 
trenching/backfilling/paving) strongly favor the in-lake solution. 

• Maintainability—Maintaining six electrical/mechanical pumping systems would require ongoing 
expense.  Submerged manholes with access caissons allow inspection and cleaning, as 
demonstrated by the contractor at the conclusion of the project.  Onshore debris sumps greatly 
reduce frequency of future in-lake cleaning work. 

• Safety—Conflicts with traffic and the public were kept to a minimum by selecting the in-lake 
option; rigorous safety practices enabled the project to be built with no major injuries. 

• Environmental Impacts—Spoils from anchor and pile installation were retrieved, separated, and 
hauled to an off-site fill location.  Turbidity was controlled to within strict limits.  Conducting the 
required major excavation work with the lake drawn down virtually eliminated associated 
turbidity issues for this activity.   

• Public Impacts—The decision to lower the lake only between Labor Day and Memorial Day, 
leaving the summer boating season unaffected, greatly reduced public impact but required an 
aggressive construction schedule.  Vibratory pile hammers were used to limit noise.  Staging and 
access locations were spread around the lake to avoid focusing excessive activity in any one site.  
Siting of six new pumping stations was avoided.  And as noted above, a comprehensive public 
outreach/communication effort was employed. 

 
Though its graceful curves and gleaming stainless steel hardware are visually stunning with the lake 
drawn down, perhaps the best aesthetic quality of LOIS is that it will nearly always be submerged 
and out of sight, even its manholes, so that there is no visual impact to the beauty of Oswego Lake.       
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Photo 1 – Drawn Down Lake and Buoyant Interceptor System, Looking West from East End 

 

The new buoyant interceptor and trunklines floated on the lowered surface of Oswego Lake during the 
24-foot drawdown.  The drawdown enabled excavations for partially buried piping and manholes to be 
done in dry conditions.  One such manhole, submerged under 20 feet of water with the lake full, is 
under construction at bottom center where several pipes come together.  The nine large concrete blocks 
(each weighs 50,000 pounds), also at bottom center, restrained the buoyant pipeline (previously 
installed with the lake full) from pulling away from the site of the new concrete manhole until that 
structure is complete and the pipeline connected.  The original pile-supported interceptor is visible at 
upper right.  Most of the marine work was performed from barges with the lake full:  pile driving, 
ground anchor drilling, and pipe fusing/testing/deployment.  Here, two dive barges and one ferry barge 
provide support for final tuning of the exposed pipeline.   

 

 

 

12 
 



Photo 2 – Drawn Down Lake with Original and New Interceptors, Looking North at Mid-Lake 

 

The new 42-inch interceptor, including a new 22-inch trunk connecting an upland basin to a new 
stainless steel buoyant manhole, is in the center of this photo.  The old pile-supported sewer with a 
large concrete “island” manhole, both of which were later abandoned, is near the top of the photo.  The 
surrounding lake-front properties are some of the highest value real estate in Oregon and residents 
have correspondingly high expectations of their city government.  A continuous public outreach effort 
was required by the project team and dedicated communications staff to inform lake residents, well in 
advance, of what they should expect at each stage of construction and then respond to their concerns 
with appropriate preventative or mitigating measures.  As a result, the public was very supportive and 
several city councilors who ran for re-election cited their oversight role for the successful completion of 
the Lake Oswego Interceptor Sewer (LOIS) project.  
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Photo 3 – Lake Drawdown Pumping Station and Temporary Access Trestle 

 

Lowering and maintaining the lake level 24-feet below normal pool during a wet Pacific Northwest 
winter was an interesting problem.  A large storm event would have caused the lake to quickly rise, 
inundating the contractor’s work zones and equipment.  The solution was installation of a temporary 
barge-mounted pumping station with 17 large diesel driven pumps and 12 parallel, 18-inch HDPE 
pipelines to discharge lake water directly over the dam.  With a peak capacity of 200 cubic feet per 
second, this pumping station supplemented dam drain capacity and prevented flooding in up to a 10-
year recurrence event.  By also reducing the time required to initially lower the lake, it freed up precious 
time for the schedule-critical work that followed.  The temporary construction trestle was primarily used 
during LOIS’ lake full phase to fuse HDPE pipe, assemble buoyant pipeline components such as buoyancy 
modules, and load equipment and materials onto barges. 

 

 

 

 

 

14 
 



Photo 4 – Pile-Supported to Buoyant Pipeline Transition Zone During 24-Foot Drawdown 

 

Transition zones are required at seven locations between fixed-elevation, pile-supported segments and 
the buoyant pipeline.  These transitions support the pipe with large stainless steel chain, cradles, and 
brackets during infrequent, major drawdown events.  Transitions maintain smooth, gradual bending at 
greater than minimum allowable radius and are designed to handle a 28-foot drawdown for possible 
future dam replacement.  As the lake fills, the pipe rises and simply unloads the slings and cradles until 
they are needed again.  Twin air-filled buoyancy pipes at each ground anchor keep the sewer on grade 
up to the extreme condition of being half-filled with gravel and potentially weighed down by 
zebra/quagga mussels (not currently present in Oswego Lake).  These twin pipes on the sides maximize 
clearance for swimmer/boater safety compared to a single pipe on top.  Discrete, capped off pipes 
prevent a breach from sinking LOIS had a single continuous buoyancy pipe been selected.    
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Photo 5 – Sine Wave HDPE Pipe Bending 

 

Workers bend a LOIS pipe spool, 1,200-feet long and 42-inch diameter, into its sine-wave alignment of 
thermal expansion loops.  This limits lateral deflection to 6 inches, which controls grade within ½-inch as 
the pipe grows and shrinks 14 feet over the lake temperature range.  A straight pipe would deflect 28-
feet laterally, losing more grade than is available in the nearly flat system.  This solution delivers the 
benefits of HDPE (tough, flexible, fused joints, no corrosion, neutrally buoyant) while overcoming its 
principal drawback (high thermal expansion) and only adding 2 percent to its length.  A barge-based 
winch system slowly bent the straight pipe by tensioning a temporary cable fastened to the wall anchors 
and brackets located at nodes every 200 feet.  Smaller, permanent stainless steel internodal cables were 
installed after stress in the pipe relaxed.  Ground anchors were simultaneously installed in the lake 
bottom on the same pattern to tight tolerances.          
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Photo 6 – Lake Down Pipe Installation 

 

Pile supports were used where the sewer grade and lakebed elevation prevented use of the buoyant 
system for LOIS.  The 324, 18-inch diameter, cathodically protected steel piles were driven from barges 
with the lake full to avoid mobilizing heavy equipment and materials onto the soft lakebed sediments.  
Likewise, HDPE pipe was fused, tested, towed, and sunk near the pile supports with the lake full so that 
handling/moving the long, heavy pipeline segments was minimized with the lake down.  Maximizing 
work done during the less schedule-critical lake full phase enabled the essential lake down work to be 
completed during the short, 6-month drawdown window.  Installation of temporary rock and timber 
mat roads were still required to allow access for excavators, trucks, and other equipment to the pile 
supports and new concrete manhole work sites.  
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Photo 7 – Removable Caisson Fastened to Submerged Stainless Steel Manhole 

 

A diver seals an aluminum caisson to one of seven submerged stainless steel manholes on LOIS to allow 
barge-based access for pipe cleaning and TV inspection.  Similar connections can be made to three 
submerged concrete (non-buoyant) manholes.  Manholes projecting above the lake surface would pose 
safety hazards so these custom accessways were developed.  The stainless steel manholes meet ASME 
pressure vessel standards and can withstand both the marine environment and seismic loading 
conditions expected during the 100-year design life.  Three of the manholes, where both changes in 
interceptor direction and connection of a trunk line are required, include asymmetrical buoyancy pipe 
arrangements and adjustable counterbalance weights to ensure the caissons are vertical when installed.  
Three caissons, each comprised of various length segments for the range of water depths, are normally 
stored in an onshore maintenance yard and, when needed, will be trucked to the lake and towed to 
installation sites.  
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Photo 8 – Final Cleaning and TV Inspection Through Removable Caisson 

 

Construction crews access the buoyant sewer via a removable aluminum caisson.  Three caissons can be 
connected to submerged manholes for cleaning and TV inspection, in this case at the completion of 
construction.  Caissons are stored at an onshore maintenance yard and are trucked to the lake and then 
towed by boat or ferried by small barge to access manholes when needed.  They are light-weight and 
segmented to minimize the size of equipment required for handling.  Once connected by divers, water is 
pumped out and a maintenance worker descends to open the hatch on the manhole.  Despite LOIS’ very 
flat grade, access for future cleaning is expected to be infrequent.  This is due to installation of debris 
sumps, designed to catch heavier solids (especially sand and gravel), on each major tributary trunk line 
in upstream onshore locations.  These are accessible for regular cleaning, expected quarterly, with 
conventional truck-mounted equipment.   
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Photo 9 – Prototype Testing 

 

Because there were a number of brand new designs for critical elements of the pipeline system, several 
full-scale prototypes were built and subjected to a wide battery of tests to simulate worst-case design 
loading conditions.  Stresses and strains were carefully monitored.  Each prototype passed these tests 
without need for modification but the resulting confidence in the production and performance of the 
remaining units was well worth this extra step as changes after production and installation of dozens or 
hundreds of similar units would have been cost-prohibitive. 
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Photo 10 – Stainless Steel Tethers and Hardware 

 

Robust 316 stainless steel wire rope tethers fasten the pipe to the ground anchors and turnbuckles 
allow fine-tuning of final pipeline grade. 
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Photo 11 – Stainless Steel Submerged Manhole 

 

Parts for each of the seven stainless steel 316 manholes were laser cut to within 0.005-inch tolerances 
before assembly.  These submerged manholes allow access for inspection and maintenance when 
removable caissons are connected.  Air-filled HDPE buoyancy pipes were used to counter the weight of 
these structures. 

22 
 



Photo 12 – Ground Anchor Barge 

 

This floating platform, with two drill rigs and an elaborate water treatment system, was used to install 
428 one-inch diameter steel ground anchor bars on a sine wave pattern to within +/- 6-inch horizontal 
position tolerance.  Anchors were pushed through up to 200 feet of soft sediment and drilled 10 feet 
into underlying basalt.  After grouting into place, each ground anchor was then pull-tested to 47,000 
pounds, more than 150 percent of the extreme loading condition. 
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Photo 13 – Buoyant System 

 

This artist’s rendering shows the first-known buoyant gravity sewer system in the world, constructed for 
the City of Lake Oswego.  Visible are wire rope tethers, tether brackets, buoyancy pipes, interceptor and 
trunk sewers, submerged manhole, and horizontal internodal cables that keep the pipe bent into its sine 
wave shape.   
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