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1.0 EXECUTIVE SUMMARY 
 
The purpose of this study was to ascertain the structural integrity of the Willamette Falls 
Locks and identify major capital investments required in the 20-year period from 2007 to 
2027. 
 
Willamette Falls Locks opened in 1873 and were operated by a number of owners before the 
U.S. Army Corps of Engineers purchased it in 1915.  The Willamette Falls Locks have 
multiple lifts, with a total lift of 41 feet.  The locks are composed of four chambers that are 
each 40 feet wide and 210 feet long, a canal basin, a flood control guard lock chamber at the 
upstream end of the canal, and upper and lower approach structures (300 feet long and 150 
feet long, respectively). 
 
The Willamette Falls Locks, operated by the U.S. Army Corps of Engineers, provide the only 
passage for boats around the Willamette Falls.  The Corps’ operating budget has been 
steadily decreasing in recent years, and the Federal FY 2006 budget put the locks in 
“caretaker status.”  The Corps of Engineers has indicated their willingness to work with a 
local/state group to develop a transition plan toward eventual local/state operation.  However, 
before serious discussions can begin with potential local/state institutional sponsors, the 
physical condition of the locks needed to be evaluated and long-term capital costs more 
clearly identified. 
 
Overall, based on a review of applicable engineering and inspection reports and a site visit on 
April 19, 2007 that included observation of the operation of all lock miter gates, the 
Willamette Falls Locks were found to be in significantly better condition than would be 
expected for locks opened in 1873.  The locks have been periodically inspected and 
maintained by the U.S. Army Corps of Engineers.  The reduction in lock usage and the 
conditions of operation also serve to extend the design life of the critical lock structures. 
 
The lock miter gates are one of the most critical elements of lock operation and lock integrity 
and also require the highest level of capital investment.  No record of refurbishment was 
found for lock miter gate #3.  If this gate has not been refurbished since it was installed in 
1968, then its condition is of significant concern.  A Hydraulic Steel Structure (HSS) 
inspection of all of the lock miter gates is recommended before the 2008 summer season.  
While each miter gate is removed for HSS inspection, evaluation and repair of each of the 
miter gate leaves is recommended, including gate #3.  Based on this evaluation, the general 
condition of gate #3 and urgency of refurbishment of this gate can be determined more 
accurately.  If gate repairs are budgeted and timed to be completed during the HSS inspection 
and subsequent dewatering of lock chambers, it should reduce the long-term capital 
investment costs by reducing the number of contractor mobilizations and the total amount of 
dewatering required.  During lock chamber dewatering, after the HSS inspections, miter gate 
#3 pintles should also be examined, determining whether they have been replaced since they 
were installed in 1968.  If they have not been replaced since 1968, then pintle replacement is 
likely to be required within the next 5 years. 
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However, there is some reason to believe that gate #3 may have been refurbished since 1968.  
It had a timber miter post replaced in 1974, and the timber facing on gate #3 is in good 
condition and does not appear to be the original timbers placed in 1968.  The actual condition 
of miter gate #3 steel members and supporting pintles is unknown. 
 
As discussed, more information is needed on the condition of gate #3.  However, the other 
six lock miter gates have all been refurbished within the last 15 years.  Due to the relatively 
recent and extensive refurbishment of these miter gates, it is anticipated that the majority of 
the miter gate leaves are in relatively good condition with the exception of less critical items 
such as the fill/empty valve operators and seals.  Routine maintenance of these and other 
items will be required in order to keep the locks in good operating condition and minimize 
escalation of this work into large-scale investments. 
 
The rock and masonry lock walls appear to be in relatively good condition, considering the 
age of the Willamette Falls Locks.  Minor to moderate loss of materials, as found, is to be 
expected over time, and there did not appear to be a systemic reason for material loss.  The 
timber lock wall lining and framing are in better condition than anticipated, given the age, 
materials, and lock operating conditions.  Most likely, a good maintenance program and 
reduced usage of the locks have extended the design life. 
 
The largest capital costs anticipated over the 20-year planning horizon for this study are for 
miter gate refurbishment, miter gate linkage and anchorage repairs, and timber wall 
lining/framing replacement.  It is anticipated that the largest of these costs, which is the 
refurbishment of gates #1 and #7, will be required towards the end of the 20-year timeframe 
and that initial costs will be relatively moderate.  In 2007 dollars, it is estimated that 
approximately $560,000 will be required between 2007 and 2012 for large-scale capital 
investments at Willamette Falls Locks, unless miter gate #3 refurbishment is determined to 
be needed before 2012.  If it is needed, then an additional amount of approximately 
$480,000, in 2007 dollars, will be required. 
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The following summarizes an estimate of the major capital investments, in 2007 dollars, that 
are reasonably likely to be required between 2007 and 2027 at the Willamette Falls Locks: 
 
Large Scale Capital Requirement Approximate Year 

of Capital Cost 
Opinion of Probable Cost 
2007 Dollars 

Documentation of Electrical/Power System 2008 or 2009 $     50,000 

Replacement of Standby Generator and 
New Fuel Tank (Optional) 

2008 or 2009 $     50,000 

Repair 2 Fill/Empty Valve Operators 2011 $      30,000 

Repair 2 Gate Linkages/Anchorages 2012 $    140,000 

Replacement of a Portion of Lock Wall 
Timber Lining 

2012 $    250,000 

Replacement of Missing Lock Wall Stones 2012 $      40,000 

Repair 2 Fill/Empty Valve Operators 2015 $      30,000 

Refurbish Gate #3 Unknown $    480,000, if required 

Replacement of a Portion of Lock Wall 
Timber Lining and Framing 

2017 $    530,000 

Replacement of Digital Controls 2018 $      12,000 

Repair 2 Fill/Empty Valve Operators 2019 $      30,000 

Repair 2 Gate Linkages/Anchorages 2022 $    140,000 

Replacement of a Portion of Lock Wall 
Timber Lining 

2022 $    250,000 

Repair 2 Fill/Empty Valve Operators 2023 $      30,000 

Refurbish Gate #1 and Gate #7 2023 $ 1,660,000 

Possible Flood Recovery Cost Unknown $      50,000 

   $ 3,772,000 Total 
 
The probable large-scale capital costs, shown above, do not include the cost of recommended 
additional evaluation work described in this report, and they do not include the cost to repair 
or replace other items or deficiencies that may be identified as a result of the additional 
evaluations.  In addition, the above costs assume only limited repair and replacement of miter 
gates, operating machinery, and timber members.  It is possible that a greater extent of repair 
and/or replacement work may be required. 
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Recommendations for additional evaluation are described in detail in Section 6.0.  
Recommended additional evaluation includes the following: 
 

• HSS inspections, completing repairs while miter gates are removed 

• Observation of dewatered locks after HSS repairs are completed 

• Full condition assessment, testing, and record search to determine age and 
replacement interval for the timber wall lining and framing 

• Program of subsidence monitoring 

• Periodic inspection of the locks every 2 years or 500 lockages, whichever comes first, 
including inspection of the miter gate anchorages and linkages 

• Inspection of the standby generator diesel engine 
 
As a historic water resources structure opened in 1873, Willamette Falls Locks is on the 
National Register of Historic Places and is designated as a State Historic Civil Engineering 
Landmark by the American Society of Civil Engineers.  At the same time, the locks are 
operating structures which must meet applicable operation, safety, and environmental 
requirements.  The locks have been adapted, as needed, in order to continue operation.  This 
work has included replacement of the original timber miter gates with steel miter gates, 
replacement of the original manual operation of the gates with hydraulic operating 
machinery, and replacement of the analog electrical system with digital controls. 
 
When developing concepts and major capital costs for Willamette Falls Locks, various 
considerations must be balanced, including the use of historically appropriate materials, 
environmental issues, and costs for different materials and construction methods.  When a 
capital improvement is located where it is highly visible to the public, historic preservation 
considerations are of particular concern.  The opinions of probable costs, shown on the 
previous page, are based on large-scale capital improvements that retain the essential historic 
character of the Willamette Falls Locks. 
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2.0 INTRODUCTION 
 
2.1 Background 
 
The Willamette Falls Locks, operated by the U.S. Army Corps of Engineers, provide the only 
passage for boats around the Willamette Falls.  The Corps’ operating budget has been 
steadily decreasing in recent years, and the Federal FY 2006 budget put the locks in 
“caretaker status”, essentially closing the locks for all uses, with the exception of rare 
emergencies.  The locks are in imminent danger of being permanently closed unless local or 
state funding and operation can be arranged. 
 

 
Photo 2 -1 
 
In 2005, Congresswoman Darlene Hooley convened a multi-agency Steering Committee, 
Willamette River United, which began planning a forum to connect the efforts for economic 
revitalization of river communities along the Willamette.  From that forum, the continuation 
of Willamette Falls Locks operation was designated as an Oregon Solutions project by the 
Governor, with former Superintendent of Schools Verne Duncan named as convener.  
Technical assistance was also received from the Willamette American Heritage Rivers 
Initiative through the Bureau of Land Management. 
 
Since October 2005, a group of more than 20 local, state, federal, and private-sector 
collaborative partners has been meeting to consider various alternatives for continued 
operation and funding of the Locks.  The first phase of this project ended in May 2006 with 
the raising of funds toward a partnership agreement with the Corps of Engineers to keep the 
Willamette Falls Locks operating for the next two years, while a more permanent solution is 
developed. 
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The Corps of Engineers has indicated their willingness to work with a local/state group to 
develop a transition plan toward eventual local/state operation.  However, before serious 
discussions can begin with potential local/state institutional sponsors, the physical condition 
of the locks needed to be evaluated and long-term capital costs more clearly identified. 
 
Therefore, INCA Engineers, Inc. was authorized by Clackamas Heritage Partners, in April 
2007, to conduct an engineering study to ascertain the structural integrity of the locks and 
identify any major capital investments required in the next 20 years. 
 

2.1.1 Description of Willamette Falls Locks 
 
Willamette Falls Locks opened in 1873 and was operated by a number of owners before the 
U.S. Army Corps of Engineers purchased it in 1915.  The Willamette Falls Locks have 
multiple lifts, with a total lift of 41 feet.  The locks are composed of four chambers that are 
each 40 feet wide and 210 feet long, a canal basin, a flood control guard lock chamber at the 
upstream end of the canal, and upper and lower approach structures (300 feet long and 150 
feet long, respectively). 
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The annual number of lockages by vessel type, in recent years, is as follows: 
 

Dry Cargo  8 

Commercial  51 

State/Local  1 

Passenger/Ferry 36 

Federal  2 

Recreational  393 

Tow/Barges  46 
 
Several renovations and major rehabilitations of the locks have been completed.  In 1916, the 
lock chambers were deepened from 3 feet to 6 feet so that they could accommodate deeper 
draft vessels.  In 1941, the original wooden lock gates were replaced with steel miter gates 
and hydraulic operating machinery was installed, replacing the previous manual operation.  
In the late 1960s and early 1970s, the steel miter gate leaves were replaced.  Filling and 
emptying of the lock chambers is accomplished with vertical slide gate valves that are inset 
into the lock miter gates. 
 
 
2.2 Purpose and Scope 
 
The purpose of this study was to ascertain the structural integrity of the locks and identify 
major capital investments required in the 20-year period from 2007 to 2027. 
 
The scope was defined through conference call discussions that were facilitated by Oregon 
Solutions, and the members present at these discussions were selected by Oregon Solutions.  
An initial conference call was completed on April 3, 2007.  In this call, the scope was 
discussed and clarified to focus the effort on big ticket, large-scale costs required over the 20-
year planning horizon and not on routine maintenance items and associated safety 
considerations (e.g. handrail) that will be addressed as routine maintenance. 
 
Also, during the initial April 3, 2007 conference call, the categories of major capital costs 
and routine maintenance costs were discussed.  For the purpose of this study, the division 
between major capital costs and routine maintenance costs was roughly determined by 
magnitude of cost, necessity for the cost under current operating conditions, and whether the 
cost is required annually/short-term periodically or it is needed only on a long-term basis.  
Examples of the assumptions for the two categories are shown below. 
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Routine Maintenance 
 

• Installation or repair of handrail that is needed to continue current operating 
requirements of the locks, such as the railing at the lower mooring platform 

• Testing and correction of the grounding system 

• Replacement of piping that is currently crossing the lock chamber floor 

• Small scale changes to prevent environmental problems from potential spills of 
hydraulic fluid, such as changing the type of fluid used to an environmentally friendly 
fluid or by constructing a spill containment structure at the hydraulic controls area 

• Repair and maintenance of utilities, mechanical/electrical systems, and structures, 
such as repair of control house #6 

• Temporary, short-term repairs of gate or operating cylinder anchorages 

• Backlog of routine maintenance items, as detailed in the Fiscal Year 2006 Willamette 
Falls Locks Annual Report 

 
Major Capital Costs 
 

• Stabilization of lock walls (anchorages and supporting soils) 

• Repair of lock walls, where there is leakage into lock chamber 

• Replacement of lock wall lining 

• Replacement or major rehabilitation of miter gates 

• Replacement of digital control system 

• New standby generator fuel tank 

• Long-term repairs of gate or operating cylinder anchorages 
 
Cosmetic items, such as replacement of a small amount of missing timbers or isolated wall 
blocks, and lower cost items, such as replacement of a few hundred feet of handrail to meet 
public access code requirements are not considered to be major capital costs.  However, since 
they are not required in order to meet current operating conditions, they are also not 
considered to be routine maintenance.  The need for these items is dependent on the desired 
type of future use for Willamette Falls Locks.  Items in this category are not strictly included 
in the scope of this study, but one or two may be included and addressed, at the discretion of 
Clackamas Heritage Partners. 
 
The scope of this study included data collection of relevant drawings, technical information, 
recent USACE safety reports and periodic inspection reports, and historical cost information.  
The scope also included a site visit to observe the lock condition and subsequent civil 
engineering, structural engineering, mechanical engineering, electrical engineering, and 
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preliminary cost estimating services, evaluating the current and anticipated future operating 
requirements for the major lock structures, operating machinery, and electrical systems for 
the period from 2007 to 2027. 
 
 
2.3 Study Methodology 
 
In order to determine the major capital costs anticipated to be required between 2007 and 
2027, the following approach was implemented. 
 

1. Data was collected from the U.S. Army Corps of Engineers, including applicable 
drawings, pertinent information and geology, recent inspection reports, and the 2006 
annual report for Willamette Falls Locks. 

 
2. A site observation visit was conducted on April 19, 2007.  The entire length of the 

multiple lift locks and canal were observed, and all of the miter gates were operated.  
A short project kickoff meeting was also held on this day, after the site observation 
was completed. 

 
3. The findings from the site observation were considered and evaluated.  Based on the 

observed condition of the locks, anticipated large-scale capital requirements were 
determined for the 20-year planning horizon assumed in this study. 

 
4. Opinions of probable costs, in 2007 dollars, were developed for each of the large-

scale capital requirements that were identified. 
 
 
2.4 Site Visit/Study Limitations 
 
The determination of anticipated major capital costs was based on a review of a considerable 
amount of information and observation, but the site visit and study also had a number of 
limitations, including the following: 
 

• During the site observation visit on April 19, 2007 and in the earlier periodic 
inspection report, completed by the U.S. Army Corps of Engineers in 1994, there was 
timber lining on the downstream face of all of the miter gates, and there was timber 
lining on portions of the lock wall faces.  Therefore, it was not possible (and has not 
been possible for some time) to examine portions of the lock wall face behind the 
timber wall lining and to examine the structural steel members and welds of the miter 
gates behind the timber gate lining. 
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• During the site observation, the lock water levels were lowered as much as possible 
by opening the vertical slide gate valves that are inset into the miter gates.  However, 
the locks were not fully dewatered and will not be fully dewatered until a Hydraulic 
Steel Structures (HSS) inspection can be completed by the Corps of Engineers.  The 
condition of the portions of the lock walls, miter gates, and other features that were 
underwater could not be observed. 

• Per U.S. Army Corps of Engineers requirements, an HSS inspection needs to be 
performed on the miter gates at Willamette Falls Locks.  In order to perform this 
inspection, it is anticipated that miter gates will need to be removed, laid flat at a 
location accessible to inspectors, and the timber gate lining will need to be removed.  
Once this is done, the miter gate members and welds can be inspected.  If the miter 
gates are found to be in acceptable condition, then the locks can be dewatered and 
further lock observations/inspections can be performed.  Funding is currently not 
available in order to complete the required HSS inspection. 

• No testing was performed for this engineering study.  Without testing, it is not 
possible to definitively determine current material strengths, extent of corrosion, 
current rock anchor capacities, and other types of detailed data.  Similarly, no coring, 
instrumentation, or mapping was completed at the lock walls.  As such, it is not 
possible to definitively determine the existence and/or extent of the loss of supporting 
soils from behind the lock walls and whether there are any layers of relatively weak 
soil interbedded with the rock behind portions of the lock walls. 

 
 
2.5 Materials 
 

2.5.1 Consideration of Historically Appropriate Materials 
 
As a historic water resources structure opened in 1873, Willamette Falls Locks is on the 
National Register of Historic Places and is designated as a State Historic Civil Engineering 
Landmark by the American Society of Civil Engineers.  At the same time, the locks are 
operating structures which must meet applicable operation, safety, and environmental 
requirements.  The locks have been adapted, as needed, in order to continue operation.  This 
work has included replacement of the original timber miter gates with steel miter gates, 
replacement of the original manual operation of the gates with hydraulic operating 
machinery, and replacement of the analog electrical system with digital controls. 
 
When developing concepts and major capital costs for Willamette Falls Locks, various 
considerations must be balanced, including the use of historically appropriate materials, 
environmental issues, and costs for different materials and construction methods.  When a 
capital improvement is located where it is highly visible to the public, historic preservation 
considerations are of particular concern.  In these cases, historically appropriate materials are 
discussed and considered in the report.  Where possible, several construction options are 
presented, including one or more that address historic preservation. 
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2.5.2 Environmental Considerations 
 
Some materials, while historically appropriate, are not considered to be environmentally 
friendly.  Various techniques have been tried historically to prevent biological degradation of 
wood by impregnating the wood with a poison such as creosote or copper, arsenic and 
cyanide.  Active, effective poisons that prevent wood deterioration may bleed into the 
environment and cause deleterious biological impacts. 
 
Plastics have been used successfully to replace wood in wet environments.  Plastics do not 
degrade like wood in the wet and do not bleed out preservatives. 
 
The Willamette Falls Locks use a lot of treated wood.  Copper arsenic treated wood line the 
walls and gates, and creosoted wood is used for the miter and quoin posts.  When walls or 
gates are refaced, replacement of damaged wood parts with plastic parts or other 
environmentally inert materials might be considered.  Use of recycled plastic lumber may be 
an option for the gate and wall lining, but a different material would be required for the miter 
posts and quoin posts, due to material property requirements, if the treated wood was 
eliminated at these locations.  Even though it is not necessarily historically appropriate, 
elimination of treated wood from most or all locations at Willamette Falls Locks may be 
desirable, based on environmental considerations. 
 
The material cost of recycled plastic lumber is around three times the cost of the same size 
treated timber.  The material cost is a relatively small part of the total installation cost, 
however.  Life cycle evaluations may also show the recycled plastic lumber outlasting treated 
wood, reducing the cost difference between these materials. 
 

2.5.3 Cost Considerations 
 
There are a range of materials and construction alternatives that can be used in the large-scale 
capital improvements addressed in this report.  Some of these may be historically accurate, 
historically comparable, or provide a similar appearance.  Others may be different but are 
considered to be a necessary adaptation to ensure safe and efficient operation of the locks. 
 
Some historically appropriate materials and construction methods may be cost effective 
while others may be cost prohibitive, such as replacement of the ashlar wall masonry with 
locally quarried basalt.  While it is certainly possible to quarry and dress replacement stones, 
it is likely to be cost prohibitive to replicate the construction methods.  In the case of the wall 
stones, it would be necessary to remove the in-place stones, down to the location of the 
missing stone, and rebuild the wall with the replacement stone in place.  Re-setting a stone 
without removal of the stones above it is not likely to be successful, as the stones are held in 
place by inter-stone contact forces.  It is not possible to size the replacement stone to 
simultaneously be small enough to be placed in the hole produced by the missing stone and 
large enough to interlock with the adjacent stones.  A cost effective solution, which does not 
significantly compromise the use of historically accurate materials, would be to grout a 
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replacement quarried stone in place.  This solution would be historically consistent, as 
the use of mortar and grout in masonry construction proceeded from the need to stabilize 
ashlar masonry. 
 
 
2.6 Safety Considerations 
 
In general, small-scale repairs and replacements that address safety considerations are 
considered to be part of routine maintenance and are not addressed in this report. 
 
As mentioned in Section 2.2, replacement of a few hundred feet of handrail on the Corps side 
of the lock, near the lock office and historical information center, to meet public access code 
requirements is also not considered to be a major capital cost and was not included in this 
report.  However, since this is not required in order to meet current operating conditions, it is 
also not considered to be routine maintenance.  The potential need for this item is dependent 
on the desired type of future use for Willamette Falls Locks. 
 
 
2.7 Consideration of Large Flood Events 
 
The flood of 1996 was a very large flood event, and it caused damage to Willamette Falls 
Locks on the order of $280,000, in 1996 dollars.  Clean up costs included electrical repair 
and silt removal. 
 
It is worthwhile to consider the likelihood of another flood event of this size occurring during 
the next 20 years and what anticipated repair costs would be.  Reviewing records for 
statistical reoccurrence assumes that the weather patterns in the future will follow current 
weather trends, which is not necessarily the case.  The 1996 flooding was due to a 
combination of high snow pack and a warm rain (“Pineapple Express”).  Global warming 
effects may increase precipitation in the Pacific Northwest but may reduce snow pack.  So, if 
is difficult to accurately assess the likelihood of future flooding, but another very large flood 
such as the one that occurred in 1996 is not expected to occur in the next 20 years based on 
statistical information shown in Appendix A of this report. 
 
The electrical systems replaced as a result of the flooding of 1996 are also better able to 
survive flooding, resisting flood damage.  Therefore, electrical damage is anticipated to be 
less if a large flood occurs.  In the case of a large flood event, it is anticipated that there 
would be little damage to the electrical system, but some silt clean up would be required. 
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2.8 References 
 
This engineering study was based on the following documents and the most recent editions of 
the applicable engineering codes and U.S.  Army Corps of Engineers guidelines: 
 

• Information Brochure for Periodic Inspections of Willamette Falls Locks 

• Report of Inspection of Lock Structures, Willamette Falls Locks, July 1978 

• Periodic Inspection Report No. 1, Willamette Falls Locks, March 1994 

• Field Inspection Trip Report at the Willamette Falls Locks on June 29th, 
Memorandum for Record, July 31, 2006 

• Fiscal Year 2006 Willamette Falls Locks Annual Report 

• Willamette Falls Locks Brochure, 1998 
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3.0 STRUCTURAL EVALUATION 
 
This section presents the structural evaluation of the lock integrity and identifies major 
capital improvements that are anticipated to be required during the 20-year planning horizon. 
 
3.1 Lock Walls  
 

3.1.1 Leakage and Loss of Supporting Soils 
 
The lock walls are leaking through the masonry miter gate monoliths and through the 
chamber walls in general.  It does not appear that the volume of water lost, due to leakage, is 
a concern to the lock operators, and it does not appear that the leakage of water into the mill 
facilities is a concern to the mill operators. 
 

3.1.1.1 Introduction to Through Wall Leakage 
 
The following series of photographs illustrate the magnitude of the leaks and the mechanism 
of how the leak functions.  These photographs show the initiation and development of 
leakage through an ashlar masonry miter gate monolith as the adjacent upstream chamber 
fills.  Through wall leakage is similar, with less flow volume. 
 

 
Photo 3-1 Through Wall Leakage (Riverside)  

(Flow initiates as the chamber begins to fill) 
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Photo 3-2 Through Wall Leakage (Riverside)  

(Flow rate increases and flow path lengthens as the chamber fills) 
 
 

 
Photo 3-3 Through Wall Leakage (Riverside)  

(Flow path continues to lengthen as the chamber fills) 
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3.1.1.2 Discussion of Landside Leakage 
 
The preceding series of photographs illustrated a leak propagating through a riverside miter 
gate monolith.  The same thing happens on the landside, albeit with very different 
consequences.  The following photographs show leakage, at various water surface elevations 
in the upstream chamber, through landside lock wall monoliths.  The three riverside 
photographs are of the same monolith at different times; the landside photographs show three 
different lock wall monoliths. 
 

 
Photo 3-4 Through Wall Leakage (Landside) / Prior to Filling Upstream Chamber 
 
The vegetative growth, loss of ashlar masonry stones, and open joints in the masonry are 
likely the result of water moving through the miter gate monolith. 
 

 
Photo 3-5 Through Wall Leakage (Land Side)  

(Enough soil has been washed into the joints to support vegetation) 
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Photo 3-6 Through Wall Leakage (Landside)  

(Flow path extends beyond masonry) 
 

This photograph highlights the different consequences of through wall leakage on the 
landside versus the riverside.  As the leak path propagates beyond the masonry miter gate 
monolith, it encounters the general lock chamber wall construction.  The chamber wall 
construction has multiple designs, including a timber lined excavated rock face, a timber 
lined excavated rock face with soil and concrete fill, and a combination of timber and 
concrete faced rock cut.  Each of these designs is shown below. 
 

 
Figure 3-1 Timber Lined Excavated Rock Face 
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When the leak path encounters this chamber wall construction, the movement of water does 
not negatively affect the chamber wall. 
 

 
Figure 3-2 Timber Lined Excavated Rock Face with Soil and Concrete Fill 
 
When the leak path encounters this type of lock chamber wall construction, there is potential 
for the movement of fill material through the wall facing.  This wall section shows reinforced 
concrete fill with drains in the lower portion and soil fill above.  In the photograph that shows 
the flow path extending beyond the masonry, this coincides with the paved area adjacent to 
the wall and the picnic table area beyond.  Since the water coming through the wall appears 
to be clear (it does not appear to be carrying suspended solids), it is likely that the water has 
been collected by the drains and directed through the timber facing.  The turbidity in the 
chamber water was due to filling and emptying the chamber immediately prior to the 
photograph, although it would support the hypothesis that the wall leakage is washing the 
soil fill through the timber facing. 
 
If the wall leakage is washing the fill material through the wall facing, it will be necessary to 
implement a capital improvement project to address the situation.  This case is the only 
situation, of all possible combinations of wall location (riverside/landside) and fill 
configuration (none/soil/concrete), which would require work.  Possible retrofit designs 
would either address the leakage or address the movement of material; it would not be 
necessary to address both.  Of these two options, the preferred option is to allow the 
continued leakage and provide a drain system that intercepts the flow and prevents the 
movement of the soil fill material.  Attempting to stop the leak is problematic and may 
require an upstream impermeable membrane or a cutoff wall within the fill mass. 
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Figure 3-3 Combination of Timber and Concrete Faced Rock Cut 
 
When the leakage flow path encounters this version of the lock chamber wall construction, it 
drains through the timber facing without negatively affecting the chamber wall. 
 

3.1.1.3 Discussion of Riverside Leakage 
 
As previously mentioned, the consequences of through wall leakage on the riverside are 
significantly different from the consequences of leakage on the landside.  The following 
photographs illustrate the difference. 
 

Page 3-6 
 



 

 

 

 
 
Willamette Falls Locks Engineering Study 
Final Submittal 

 
Photo 3-7 Riverside Wall - Chamber Side at the Mill Warehouse 
 
 

 
Photo 3-8 Riverside Wall - Mill Side at the Mill Warehouse 
 
There are two things to notice in the photograph shown above.  First, the leakage discharges 
from the wall as a free water surface and is carried away via surface flow.  Second, a barrier 
(a thin sheet of plywood) has been erected to contain the splash zone. 
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Photo 3-9 Riverside Wall - Mill Side at the Mill Warehouse 
 
This photograph also shows the mill warehouse.  It is taken at a point approximately sixty 
feet upstream of the previous picture.  At this location, there is less through wall leakage, so 
the warehoused material can be closer to the chamber wall.  The consequences of through 
wall leakage on the riverside appear to be limited to a lack of storage on the mill side of the 
river wall, which is significantly different than the potential for loss of fill material.  There 
may be additional effects on the hydroelectric project (FERC No. 2233) operations that we 
were unable to determine during our site visit. 
 

3.1.1.4 Summary 
 
The lock chamber walls leak and, in most locations, it does not become a significant concern 
either because there is minimal effect on the lock structure or on the adjacent uses.  There is a 
combination of landside wall leakage and soil fill behind the chamber wall where there is a 
possibility that fill material may be currently washed through the chamber wall and deposited 
in the lock chamber.  If this situation is occurring, then it would be require a capital 
expenditure to design and install a solution.  Our recommendation would be to provide a 
drainage system on the backside of the chamber wall rather than attempting to stop the 
leakage or cut off the flow path. 
 
Section 6 recommends a monitoring program to evaluate lock wall and supporting soils 
movement.  Based on the results of this program, it can be determined whether a drainage 
system on a portion of the landside lock chamber walls is required. 
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3.1.2 Wall Anchorage 
 
There are two uses and two different types of rock anchors in the lock walls.  The original 
rock anchor is specified as a 1¼-inch diameter steel rock anchor installed in a 2½-inch 
diameter hole, inclined downward at a slope of 1 vertical to 10 horizontal.  The anchors are 
located horizontally at each frame and vertically on a 5-foot spacing, typical.  These anchors 
have 20 feet of grouted embedment.  Based on field observations, they are galvanized.  Also, 
based on field observations, they appear to be a smaller diameter than shown on the 
drawings, possibly as small as 3/4-inch diameter. 
 
The following photographs show a number of the original wall anchors. 
 

 
Photo 3-10 Land Side - Chamber 1 Wall Anchors and Timber Framing 
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Photo 3-11 Land Side - Chamber 1 Face of Rock Cut, Wire Fabric on Upper Portion 

 and Timber Lining 
 
 

 
Photo 3-12 River Side - Chamber 1 Wall Anchors and Timber Framing 
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Photo 3-13 River Side - Chamber 1 Wall Anchor 
 
In addition to the rock anchors installed during the original construction of the lock walls, 
there have been rock bolts installed for what appears to be stability issues; either the stability 
of the cut rock face or stability of the gate monoliths.  The following photograph shows a 
rock anchor used to support the rock slope. 
 

 
Photo 3-14 Land Side - Chamber 1 Rock Bolt 
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Photo 3-15 Landside Wall - Chamber 1 (Note Core Holes for Rock Bolts) 
 
Based on what we could observe during the site visit, we did not find a need for a capital 
improvement project related to either the wall anchors or rock bolts.  Monitoring the lock 
walls and the region behind the lock walls for movement is recommended, as discussed in 
Section 6. 
 

3.1.3 Replacement of Missing Stone Blocks and Wall Lining Timbers 
 
There are several locations where facing elements are missing from the gate monoliths and 
chamber walls.  At the gate monoliths the facing is ashlar masonry; the chamber wall are 
generally faced with timber lagging.  The exception is the chamber walls of the canal basin 
and guard lock.  The landside of the canal basin is unfaced rock cut; the landside wall of the 
guard lock is faced with a cast-in-place concrete wall, and the riverside wall of the guard lock 
and canal basin is ashlar masonry.  Replacement of the missing ashlar masonry and timber 
lagging is addressed in the following paragraphs. 
 

3.1.3.1 Ashlar Masonry 
 
One of the signature features of the Willamette Falls Locks is the ashlar masonry gate 
monoliths and chamber walls.  The masonry, made from locally quarried stones, was placed 
without mortar.  In a number of places, the surface stones have become displaced.  We did 
not note any locations where two adjacent stones have become displaced, an indication of 
imminent failure.  All missing stones appeared to be individual occurrences.  A portion of 
these instances are shown below. 
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Photo 3-16 Riverside Wall 
 
 

 
Photo 3-17 Riverside Wall - Chamber 3 
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Photo 3-18 Riverside Wall - Chamber 2 
 
 

 
Photo 3-19 Riverside Wall - Downstream Approach 
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3.1.3.1.1 Extent of Problem 
 
We observed more displaced masonry downstream of gate #4 and less upstream of gate #4.  
This is both on an absolute and relative measure.  There are more missing stones per masonry 
element, monolith or wall, in the lower chambers and there are less masonry faced elements 
in the upper chambers.  Our observations may have also been related to the order in which 
the gates were operated and chambers filled; i.e., we were able to observe Chamber 3 more 
times than Chamber 4. 
 

3.1.3.1.2 Structural Severity of Problem 
 
It is our opinion that there are no apparent structural deficiencies related to the missing stones 
at this time.  Continued loss of masonry facing, especially if the new displaced stones are 
adjacent to the existing missing stone, would compromise the structural integrity of the 
facility.  The rate of stone loss will increase with age and will increase much more quickly in 
the areas adjacent to the current missing stones.  Increasing the frequency of lockages will 
also increase the rate of stone loss.  We estimate that a portion of the missing stones will 
need replacement within the 20-year planning horizon.  Ideally, all missing stones would be 
replaced at one time to take advantage of one mobilization/demobilization of the construction 
crew. 
 

3.1.3.1.3 Replacement Alternatives 
 
There are several replacement alternatives, including: 
 
• Replacement in kind using locally quarried rock installed without mortar 

• Replacement in kind using locally quarried rock installed with mortar 

• Replacement with colored and carved pneumatically placed concrete (shotcrete) 

• Replacement with colored cast-in-place concrete using textured form liners.  The surface 
of the liner could be produced by taking an impression of a portion of the existing ashlar 
masonry surface. 

 
There are several variations of alternatives using concrete to replace the stones - color/no 
color, textured/non-textured, and placement technique. 
 
Section 5 provides discussion of the estimated probable cost for stone replacement. 
 

3.1.3.2 Timber Wall Lining 
 
Most of the chamber walls, between the gate monoliths, have timber facing installed on 
timber framing.  Typical lining elements are shown below. 
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Photo 3-20 Land Side Wall - Chamber 4 Timber Wall Lining 
 
 

 
Photo 3-21 Land Side - Chamber 1 Timber Framing 
 

3.1.3.2.1 Extent of Problem 
 
During the site visit, we observed that broken and missing facing is limited to the land side 
wall of the downstream approach, shown below, and the river side of Chamber 1 near 
gate #2, also shown below. 
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Photo 3-22 Landside Wall - Downstream Approach  

(Note missing wall facing and core holes for wall anchors) 
 

 
Photo 3-23 River Side Wall - Chamber 1 One Board Missing 
 

3.1.3.2.2 Recent Repairs 
 
Project staff provided documents showing replacement of wall lining elements in Chamber 1 
(1987) and Chamber 2 (1976).  These repairs were accomplished twenty and thirty years ago 
using preservative-treated wood.  The repaired areas are also the areas where we observed 
damage to the facing boards. 
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3.1.3.2.3 Structural Severity of Problem 
 
There are unique structural considerations for each of the lining elements - the facing and the 
framing.  We do not consider damage to the facing elements to be structurally significant.  
We did not observe damage to the framing members, where we could see them, during the 
site observation visit.  Therefore, at this time, we consider facing board replacement a 
maintenance issue rather than a capital improvement. 
 
Given the normal service life of treated timber in a marine environment, we expect that it 
will be necessary to replace the wall lining timbers within the planning horizon.  This will be 
a capital improvement.  Section 5 provides discussion of the probable cost for timber wall 
lining replacement. 
 

3.1.3.2.4 Corrosion Considerations 
 
During the design of the replacement wall lining, or the specification of replacement-in-kind, 
it will be important to consider the effect of preservative treatment on the fasteners and 
hardware used in the reconstruction.  Effective December 31, 2003, the preservative -treated 
wood industry voluntarily transitioned from Chromated Copper Arsenate (CCA-C) to 
alternative treatments.  In recent years, pressure treated wood received negative publicity 
mainly focused on the use of arsenic in CCA.  CCA is no longer being produced for 
residential or general consumer use.  While CCA is no longer produced for general consumer 
use, it is still being produced for use in some industrial, highway, and agricultural 
applications. 
 
Testing has shown that certain alternative replacement treatments are generally more 
corrosive than CCA-C (in some cases up to three times as corrosive).  It will be important to 
carefully select the coating for the fasteners and hardware used in the rebuild, to ensure 
adequate corrosion protection, based on the type of wood preservative available at the time of 
construction. 
 
 
3.2 Miter Gates 
 
The miter gates appear to be painted, and most or all gates have been rehabilitated in the last 
15 years.  The table below shows the most recent miter gate installation and rehabilitation 
dates. 

Table 1 - Gate Installation and Rehabilitation 
 
Gate 1 2 3 4 5 6 7 

Installed 1970 1970 1968 1970 1971 1966 1966 

Rehabilitated 1993 2001 ? 2001 1997 1997 1993 
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Steel gates replaced the originally constructed timber gates in the 1940s.  At the time of 
replacement, bearings and operators were upgraded.  Although there is banging and 
squeaking during operation, no fundamental flaw has been identified in the long history of 
operation. 
 

 
Figure 3-4 Plan View of Miter Gate, Anchorages and Operator 
 

3.2.1 Miter Gate Leaves, Miter Posts, and Quoin Posts 
 
Miter gate leaves could be seen from the upstream side of the partially dewatered locks.  The 
plate and rolled sections that comprise the leaf may be in satisfactory condition, but this 
could not be verified under the timber facing.  The gate leaves are generally in compression 
for most of their operational life.  The members that are always in tension and susceptible to 
fatigue and shock loadings are the diagonals, but local tendon stresses could exist in regions 
of the gates, especially near the pintle, which could cause local cracking.  Without removing 
the timber gate lining, the gates could not be checked for local cracking of steel members or 
welds.  The diagonal details shown in the figure below are appropriate. 
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Figure 3-5 Typical Gate Elevation and Strap Detail 
 
The end connection does not attract moment, so no tension cracking should start at the ends.  
Length adjustment is done with a threaded connector in the middle of the diagonal.  This 
minimizes moment induced, and cyclic stress in the diagonals.  The drawback is that this 
detail is very difficult to adjust.  However, with all the shielding in place, adjustment may not 
occur every 20 years.  Further, the gates operate with a lot of play; a little miss-adjustment in 
the diagonals is tolerable. 
 
The quoin and miter posts are creosoted wood timbers.  Wood is softer than a steel post, but 
it tolerates the loose fitting gates and allows for a loose seal without damaging embedded 
parts.  Damaged members do not immediately fail, they just leak a little more. 
 
Therefore, we expect attention will be paid to the diagonals during the anticipated HSS 
inspection, (which is required in accordance with the Corps of Engineer's guidelines).  If 
there should be a problem identified with the diagonal strap, the cost of repair is small 
compared to the cost of mobilizing for the inspection, if the repair can be performed while 
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the gates are removed for inspection.  Another potential problem area is the pintle region.  
Cracking may be observed between the valve frame closest to the pintle and the quoin 
framing.  It is likely to be cost effective to complete many of the potential repairs during the 
HSS inspection and subsequent dewatering of the lock chambers. 
 

3.2.2 Gudgeon and Pintle  
 
The design of the gudgeon linkages allows for more movement than is typical in current 
miter gate designs.  The gudgeon pin is not anchored rigidly.  Movement up to 3 inches is 
estimated based on observations during the site visit and previous inspection reports.  The 
gate tilts free of the wall when rotating from open to closed position.  When the gates miter 
in the middle, the leaves push each other back to seal at the abutments.  Linkage design 
varies in how this is accomplished at different miter gates in the Willamette lock chambers.  
A common detail is shown in the photos below.  There is a link between the ground anchor 
and the link to the pin that prevents the rod from resisting compression.  Others locations 
make use of slotted rods, but, at gates #6 and #7, the tie is tension only. 
 

 
Photo 3-24 Gudgeon Linkage Gate 3 
 
Only at gate #1 does the design detail in the figure below appear to show a fixed gudgeon pin 
attachment.  The drawing shows a rigid attachment and closely fitting pins.  The photos 
below show where field motion was observed in the linkage. 
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Figure 3-6 Gudgeon Anchorage at Gate 1, Mill Side 
 
Field observation of movement at the gudgeon attachment of a half inch may be due to wear 
and not due to intentional slotting seen at other gates.  Gate #1 is taller than the other gates 
and large movements could create greater problems. 
 
The linkage designs allow for movement so that the gudgeon does not attempt to resist water 
load except, perhaps, at gate #1.  This approach has worked with wood quoin and miter 
blocks for the relatively small gates.  The long period of operation suggests the design is 
adequate, appropriate, and safe. 
 
The gate rides on a pintle ball and socket at the base.  The design is robust compared to the 
anchorage used for the earlier wood gates.  The original pintle diameter was 4⅛ inches, and 
the current pintle diameter is 10 inches.  The choice of materials is also good.  When there is 
a lot of play in the miter gate, the risk is that the pintle may be overloaded.  The pintle design 
appears to be adequate. 
 

3.2.3 Operating Mechanism  
 

3.2.3.1 Anchorage 
 
The operating cylinder design assumes rigid anchorage points.  The cylinders are anchored to 
steel plates, which spread out the anchored load to the rock abutment. 
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Based upon the site visit observation, some movement occurs somewhere in the linkage that 
was not intended at most gates.  This movement occurs at loose abutments, noted at gate #2 
where the Corps’ side has recently been modified to reduce movement, and is also 
observable on the mill side.  The photos below show that relative movement occurs between 
the block to which the plate is bolted and the adjacent block, and also between the plate and 
the block.  At other gates, relative motion in the operator was also noted. 
 

.   
Photo 3-25 Motion Observed between Open and Closed Position, Gate 2 
 
At gate #1, there is relative sliding between the anchor bolts and the anchor plate.  At 
gate #5, the anchorage is very rigid and relative motion occurs at the pin connection. 
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Photo 3-26 Operator Anchorage Motion Observed at Gate 5 and Gate 1 
 

3.2.3.2 Operation 
 
During operation, the position of the gate is not completely controlled by the operator.  The 
gate may continue to move as a result of inertia even though the operator has stopped.  Or, 
the valve is open, but the gate cannot move any further because of a physical stop.  There are 
several causes, as described below: 
 

• The gates are loosely constrained at the gudgeon.  The linkages are slotted and/ or 
articulating.  This was an approach used historically to solve the engineering dilemma 
of having the miter gate supported on a hinge while rotating, but off the hinge when 
holding water.  The historical solution works for small gates such as these and 
infrequent operation.  It would not be used in larger gates or gates that are operated 
more frequently.  Although the design solves the hinge problem, at some point in the 
closing cycle the gate will move freely and then be suddenly restrained by a gudgeon 
linkage or by the operating cylinder in what is experienced as a sudden impact at a 
linkage (i.e., banging).  This is a dynamic loading not typically included in any design 
considerations.  It contributes to the wear observed at connections and anchorages.  It 
tends to soften the abutments/attachments, which further increases the looseness of 
the constraints.  The shock loading may cause premature failure in the hydraulic 
system, which is experienced first as a seal or hose failure. 
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• Another possible cause of overload is that, at closure, gates must be pushed together 
to seat.  The sag in the gate position is rectified when the operators push the miter 
gate to closure.  Some bouncing around occurs, which again is seen at the connections 
as momentary overloads that tend to loosen one or more of the parts. 

 
There are no working limit switches to control gate operation.  At the end of the stroke, based 
on visual signals, the control valve is closed.  This procedure results in the system running at 
maximum system pressure, where relief valves must open with every operation.  The 
situation is noted and explained for the benefit of future inspections.  Repair is not 
immediately necessary. 
 
Some concern with loose connections was noted in the gate inspection in 1994 by the COE 
(Periodic Inspection No. 1, Appendix C - D, Erickson & M. Hanson) where it is stated, “. . . 
the impact load from the operating arm will eventually loosen the anchor plate or anchor 
bolts.” 
 
A design to accommodate instantaneous overloads at the linkages might include 
polyurethane inserts.  Polyurethane sleeves are used on high performance automobile 
suspension connections in order to minimize stresses from shock loads.  This design change 
is not essential, but the ongoing rough operation will continue to degrade linkage stiffness.  
Use of polyurethane inserts may be a cost effective if it successfully minimizes linkage 
degradation.  However, for an infrequently operated system, which already has a long history 
of operation, it may be adequate to simply repair anchorages when the movement becomes 
excessive.  The need for anchorage repairs would be based upon periodic inspections. 
 

3.2.4 Filling/Emptying Valves 
 
Filling and emptying valves are inset into each miter gate.  A typical valve configuration is 
shown in the figure below.  Leakage in the hydraulic system is observed as erratic movement 
during operation of the miter gate and lack of control of the valves.  Since the lock filling 
valves and the miter gate operator are on the same hydraulic line, leakage is more difficult to 
isolate. 
 
Some of the valves close when there is not enough hydraulic pressure to keep them open.  
This indicates that the seals have failed at some of the cylinders.  This is shown in the photos 
below.  The yellow flags indicate the position of the valve; up is open, down is closed.  When 
the hydraulic system is turned off, some valves close under their own weight, overcoming 
cylinder seals.  As seen in this photo, when the valves are opened to fill the lock, the valve 
does not open if the cylinder seals are too badly damaged.  If only one valve is affected, it 
only delays lock emptying/filling.  It is expected that additional valve operator seals will fail, 
and seals will need to be replaced. 
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Figure 3-7 Valve Elevation and Seal Detail 
 

 
Photo 3-27 Valve Operator Position and Valve Leakage 
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When the valves lower under their own weight, it indicates that the operator seals failed, and 
it is likely that the rubber J-seals around the valves have failed as well.  The photos above 
also show typical leakage around a closed valve.  This is seen at most gates when the 
downstream side is dewatered.  The amount of leakage seen at the gates suggests that the J-
bulbs have failed.  The volume of water leaking is small compared to the discharge capacity 
of downstream valves, so the leakage alone is not a serious problem. 
 
However, it is possible that the J-bulb clamps, shown in the valve configuration details in the 
figure above, could become loose and interfere with valve operation.  That situation could 
make it difficult to fully close a valve, which would jeopardize lock operation.  Therefore, 
the seal condition on the valves is important. 
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4.0 MECHANICAL & ELECTRICAL EVALUATION 
 
This section presents the mechanical and electrical system evaluation of the lock and 
identifies major capital improvements of these systems that are anticipated to be required 
during the 20-year planning horizon. 
 
4.1 Mechanical Operating Machinery 
 
In general, the existing mechanical operating equipment is considered to be an appropriate 
size for continued lock operation into the foreseeable future.  Routine maintenance, 
particularly replacement of the cylinder seals for the filling and emptying operators, is 
required now and will be an ongoing requirement. 
 
The cylinders operating the miter gates all appear to have tight seals.  No leakage was 
observed.  The cylinders seem tight enough so that they may have caused the anchorages and 
linkages to degrade. 
 
The cylinders operating the filling and emptying valves appear to be in need of repair.  The 
seals have failed on some valves.  Therefore, the seals are suspect for all of the valves.  There 
are screeching noises during operation of the filling and emptying valves.  This noise appears 
to be from the rising stem.  A little lubrication would greatly reduce the noise, but the 
lubrication and seal replacement is considered to be a routine maintenance issue. 
 
The water seal around the filling and emptying valves is not very effective, but it is not 
considered to be a crucial flaw. 
 
There are bumping noises as the gates operate, caused by the sliding linkages hitting their 
limits.  Some of this is part of the original design, but smoother operation would occur with 
working limit switches.  This bumping limits the total number of cycles possible, as it 
provides peak fatigue loads to the linkages.  As mentioned earlier in this report and by other 
inspections, impact loads will tend to degrade the linkages. 
 
The reservoirs for the hydraulic power unit for the hydraulic cylinders are closer to the water 
than considered environmentally acceptable.  Some additional protection of the water is 
appropriate.  However, changing the type of fluid used to an environmentally friendly fluid 
or constructing a spill containment structure at the hydraulic controls area is not considered 
to be a large-scale capital cost. 
 
 
4.2 Electrical System 
 

4.2.1 Site Inspection 
 
The electrical system, including power distribution, lighting, and control, was inspected, to 
the extent possible, during a site visit on April 19, 2007. 
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In 1996 the Willamette River flooded, damaging a large portion of the electrical distribution 
system.  Much of the wiring and some components were replaced as part of the flood damage 
repair. 
 

 
Photo 4-1 480V Panel Board Providing Power to Locks 
 
A number of junction boxes were opened during the April 19, 2007 site observation, and 
with the exception of a small accumulation of water in one box, the wiring was found to be in 
very good condition. 
 

 
Photo 4-2 Junction Box Contained Water When Opened 
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The original analog control system for the Willamette Falls Locks had been upgraded to a 
digital system.  The date of this upgrade, extent, manufacturer, and model of the control 
devices are unknown, due to a lack of documentation. 
 
There is a 75kVA standby diesel-engine generator set, located in the Lockmaster’s Office.  
The primary purpose of this generator is to provide power for operation of the gates and 
lighting.  This generator, and its automatic transfer switch, appears to be in good repair. 
 

 
Photo 4-3 75kVA Diesel Engine Standby Generator 
 

4.2.2 Evaluation and Noted Deficiencies 
 

4.2.2.1 Electrical Drawings 
 
The main deficiency identified is the lack of electrical system documentation.  The electrical 
drawings are old and are not up-to-date.  There does not appear to be a one-line diagram of 
the electrical distribution system.  The control drawings do not appear to have been updated 
to reflect the upgrade to digital controls.  The area lighting around the site has been upgraded 
in some areas, but this also does not appear to be reflected on the drawings.  Without up-to-
date drawings, such things as maintenance and modifications are made much more difficult. 
 

4.2.2.2 Fuel Tank for Standby Generator 
 
The standby generator has not operated in some time.  It was reported that the fuel tank for 
the standby generator had been removed and was not replaced.  A diesel engine, such as the 
one providing power for the standby generator, needs to be regularly exercised to keep it in 
good working order.  The ideal would be to run the engine weekly or, at a minimum, 
monthly.  Each exercise cycle should be long enough to permit the engine to reach operating 
temperature. 
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4.2.2.3 Limit Switches 
 
It was noted that several of the limit switches, installed on or near the miter gates, are not 
operational.  In some cases, the operating levers are not functioning and, in other cases, the 
devices used to operate the switches are missing or not aligned.  With a lack of up-to-date 
drawings, it is not known if the original function of these switches is still necessary.  Since 
the miter gates are operating as intended, the absence of these switches appears to make little, 
if any, difference, except as noted in the mechanical operation portions of the report such as 
Sections 3.2.3.2 and 4.1. 
 

 
Photo 4-4 Limit Switch Not Making Contact 
 

4.2.2.4 Lighting 
 
Because the locks are generally in operation only during the summer months (when the days 
are longer) and then only during the daytime, the lighting system was examined only briefly.  
Should the months and hours of operation change, where the lighting system would play a 
greater role, then it could be evaluated in detail and modified to provide more efficient and 
higher quality lighting than was available at the time of earlier lock modifications. 
 

4.2.3 Power and Electrical System Recommendations 
 

4.2.3.1 Replacement of Digital Control System 
 
Components of the electrical system may be or may become obsolete.  Most components, 
such as motor starters and switches, can be replaced “in kind” with a product of another 
manufacturer even if the original manufacturer no longer supports or manufactures these 
components.  The prominent exception is the digital control system.  A digital control system 
unit of one manufacturer normally cannot be used as a replacement of a similar unit of 

Page 4-4 
 



 

 

 

 
 
Willamette Falls Locks Engineering Study 
Final Submittal 

another manufacturer.  If the original manufacturer no longer supports the model in use and 
spare parts are not available, the system usually requires replacement.  Due to the rapid 
advance in technology governing digital controls, systems are normally only supported for 20 
years or less.  Based upon the available information, the existing digital controls are 
estimated to be approximately 10 years old.  It would, therefore, be prudent to anticipate 
replacing the existing digital controls within the next 10 years or so, assuring its performance 
for the 20-year period of this study. 
 

 
Photo 4-5 Existing Control Panel 
 

4.2.3.2 Fuel Tank for Standby Generator 
 
The primary purpose of the standby generator is to provide power to the locks during power 
outages.  At the present time, this generator apparently is not available for emergency use, 
due to the removal of the fuel tank.  If this is the case, the fuel tank should be replaced.  Once 
the generator is operational, a schedule of regular preventive maintenance and generator 
exercising should be established.  Not only will the maintenance and exercising assure the 
operator of a dependable source of standby power during an outage, but it will significantly 
increase the useful life of the standby generator unit. 
 
A fuel tank replacement can be procured from a local source, including installation and 
commissioning.  The cost of this would be a function of the size of fuel tank required. 
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4.2.3.3 Diesel Engine for Standby Generator 
 
The condition of the diesel engine, used to drive the standby generator, is unknown.  Long 
periods of inoperation can be damaging to the internal parts.  Conditions such as rust, 
sludging of the oil, and clogging of injectors can occur.  If it has not been operated since the 
major flood in 1996, damage could be extensive.  Inspection of the diesel engine by a person 
experienced with such equipment is recommended. 
 

4.2.3.4 Improvement of Electrical System Documentation 
 
It is strongly suggested that a complete set of electrical drawings be prepared, showing the 
system in its present state.  This effort will aid in the maintenance of the system, and will 
greatly assist anyone assessing the present condition for addition or modification. 
 

4.2.3.5 Testing and Correction of Grounding System 
 
It was reported that there may be a problem with the grounding of the electrical system.  The 
most common cause for such problems is corrosion.  Repair or replacement of the grounding 
electrode system is fairly simple to achieve during normal maintenance.  Maintenance 
electricians can measure the ground resistance at various points and provide the components 
necessary to correct any areas with inadequate grounding.  Due to the safety provided 
through proper grounding, the testing and correcting of the grounding system should be given 
a high priority.  This testing and correction is considered to be part of routine maintenance, 
not large-scale capital improvements. 
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5.0 OPINIONS OF PROBABLE COSTS 
 
5.1 Opinions of Probable Costs for Structural/Mechanical Large Scale Capital Costs 
 

5.1.1 Replacement of Missing Stones in the Ashlar Masonry Lock Walls 
 
A range of alternatives were investigated for replacement of the missing stones in the ashlar 
masonry, from materials that are historically accurate for the original construction to modern 
materials and placement methods.  The replacement alternatives which used cementitious 
materials (concrete and shotcrete), were evaluated with and without color added and with and 
without textured surfaces.  For all alternatives, the largest contribution to the cost was the 
equipment necessary to access the work locations, i.e. scaffolding, personnel lifts, and cranes.  
Providing, coloring, and texturing the cementitious materials contribute very little cost to the 
total replacement program.  Quarrying the natural stones is more expensive, but it is still a 
minor contributor to the overall cost of the replacement program. 
 
Our opinions of probable costs for the various stone replacement alternatives, in 2007 
dollars, are shown in the table below.  These costs are approximate totals for replacement of 
all currently missing stones in the existing lock walls. 
 
Alternative Mobilization Material Equipment Labor Total 

Shotcrete $10,000 $1,000 or less $3,000 $13,000 $27,000 

Concrete $10,000 $1,000 or less $3,000 $13,000 $27,000 

Quarried Stone $10,000 $6,000 $6,000 $15,000 $37,000 
 
There is a local stone mason, Pete Wilson, whose work can be seen at 
www.petewilsonstoneworks.com.  This website also has contact information. 
 
As discussed in Section 2.5.3, replacement of the lock wall masonry in a way that replicates 
the construction methods used historically would be cost prohibitive, as it would require 
removal and reconstruction of large portions of the existing wall.  Historically, the stones 
were held in place by inter-stone contact forces.  The quarried stone alternative shown above 
assumes that the replacement stone will be grouted into place, which should provide a 
slightly different but similar appearance. 
 

5.1.2 Replacement of Lock Wall Timber Lining and Framing 
 
Material quantity calculations and production rates were estimated for the replacement of 
lock wall lining and timber support framing for each lock chamber wall.  The production 
rates included both labor and the equipment necessary to support the crews.  Estimates of the 
production rates and duration of the repair were based on a desire to minimize the time the 
lock was out of service to the extent practical.  A work schedule of (6) 12-hour days per 
week for the framing and lining replacement crews was assumed.  This is a common work 

http://www.petewilsonstoneworks.com/
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schedule for tasks that must fit in a short construction window and is a good balance of 
increased crew output versus increased hourly cost.  The opinions of probable cost for the 
two different types of replacements are tabulated below, in 2007 dollars, for replacement of 
timber elements at the lock wall faces of one lock chamber. 
 

Alternative Mobilization Material Equipment Labor Total 

Lining only $24,000 $52,000 $102,000 $73,000 $251,000 

Lining and 
Framing 

$24,000 $144,000 $212,000 $151,000 $531,000 

 
It is likely that the wall lining in two chambers and the framing and lining in one chamber 
will need to be replaced within the planning horizon.  For economic modeling of the present 
value of the repair costs, we suggest the following replacement schedule: 
 

Year Replacement 

2012 Wall Lining 

2017 Wall Framing and Lining 

2022 Wall Lining 
 
The dates and extent of replacement are rough estimates but could be refined if additional 
wall evaluation is completed, as recommended in Section 6.  In 2007 dollars, the total cost 
of this timber replacement work is estimated to be approximately $1 million. 
 

5.1.3 Miter Gates and Operating Machinery 
 
The estimated probable costs, in 2007 dollars, are shown below for the large-scale capital 
requirements at the miter gates, valves, and associated operating machinery anticipated over 
the 20-year planning horizon: 
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Item # Description No. Req'd Estimated Cost 
per Unit 

Total for 
20-Year Period 

 Optional    

1 Add polyurethane 
sleeves to all 
linkages at all miter 
gates 

  $20,000, engineering 

1    $70,000, construction 

  Total for Optional Item $90,000 

 Required    

2 Repair 
linkages/anchorages 

4 $70,000 $   280,000 

3 Repair F/E valve  
(1) operator 

8 $15,000 $   120,000 

4 Refurbish gates  
(#1, #3, and #7) 

3 gates 

2 dewatered 

$480,000/gate 
$350,000/dewater

$1,440,000 

$   700,000 

  Total for Required Items $2,540,000 
 
The following notes provide further information and assumptions for the items listed in the 
table of estimated miter gate and operating machinery costs shown above: 
 

• Item #1 is listed and estimated as an optional solution to the banging, which has 
accompanied operation of the lock miter gates in the past.  Where frequency of gate 
operation is moderate to low, the banging may be acceptable.  Inspection of 
anchorage and linkages is required if the banging is not eliminated, but 
anchorage/linkage replacement rates may be tolerable.  Item #1 is optional but, if 
done, it may reduce future linkage/anchorage issues and the cost of Item #2. 

• Item #2 is an approximate estimate of the frequency and cost of anchorage 
replacement. 

• Item # 3 assumes that the filling and emptying valve operators are replaced in a 
dewatered lock, without removing the gate.  As valves become inoperable, system 
performance (the length of time required to fill/empty a lock increases and the 
turbulence experienced by boats in the lock increases as fewer filling/emptying valves 
are used) declines.  Excessive turbulence could lead to safety problems.  Therefore, 
repair of fill/empty valve operators that are not working is required for continued, 
safe operation of the locks. 
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• Item #4 recognizes that periodic miter gate refurbishment has been required, and 
ongoing refurbishment will be required in the future.  Most gates have been 
refurbished within the last 15 years.  It is not known when gate #33 was last 
refurbished, so an approximate gate refurbishment cost has been estimated for 
gate #3.  Gate #3 is easily dewatered as it is protected by nearby locks.  
Refurbishment of the gate #3 includes: 

• Replacement of the J-seals on the fill/empty valves and on the bottom of the miter 
gate 

• Replacement of the gudgeon pin and bushings 

• Replacement of the pintles, collars and heel bushings 

• Repairs of miscellaneous barge-damaged surfaces 

• The timber quoin and miter posts might also need replacement at gate #3.  The timber 
facing on the miter gates appears to have been replaced as part of routine maintenance 
and looks new.  So, it may not need to be replaced during the periodic refurbishment.  
It can be done without removing the gate, and would be a relatively small additional 
cost if required.  Timber facing could be replaced with recycled plastic lumber if 
desired, depending on environmental and historic considerations. 

• Cleaning and repainting the steel gate surfaces 
 
The cost of periodic refurbishment depends upon the amount of repair required and the time 
between overhauls. 
 
USACE Engineering Regulation ER 1110-2-8157, Engineering and Design - Responsibility 
for Hydraulic Steel Structures (HSS), requires HSS inspection every 25 years.  It is cost 
effective to time major rehabilitation of the miter gates to coincide with the HSS inspections 
of these gates.  Because of the long history of operation in this location and the low head, a 
30-year cycle of inspection and refurbishment may be acceptable.  Also, the coating life may 
be greater than 25 years based upon EM 1110-2-3401, Engineering and Design-Thermal 
Spraying: New Construction and Maintenance, Table 4-1.  If the refurbishment work is 
completed on a 30-year cycle, then gates #1 and #7 should also be refurbished in the next 20 
years, in addition to gate #3 that was discussed above. 
 
Gates #1 and #7, at the ends of the locks, are more difficult to dewater because there is no 
upstream or downstream bulkhead or closure gate.  Therefore, the cost of renovation would 
include the cost of cofferdams at each end.  Installation of the cofferdam, bypass pumping, 
and removal is estimated at $350,000 for each end, totaling $700,000 in 2007 dollars, in 
addition to the cost of gate refurbishment. 
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Finally, if some of the miter gate repairs are completed during the upcoming, required HSS 
inspections (anticipated to occur in 2007 or 2008), then the miter gate rehabilitation costs 
anticipated in the next 20 years may be reduced somewhat from the gate refurbishment cost 
shown in the table above. 
 
 
5.2 Opinions of Probable Costs for Electrical/Power Large Scale Capital Costs 
 

5.2.1 Replacement of Existing Digital Controls with New PLC Components 
 
In preparing the cost of replacing the existing digital controls with new PLC components, a 
number of assumptions were made.  These assumptions are based upon observation of the 
lock operation and limited existing drawings.  Assumptions made were: 
 

• Each gate consists of two leaves.  Open – Close for each leaf. 

• The slide gates on each leaf are operated in tandem.  Raise – Lower for slide gates.  
(Operate together per leaf.) 

• On – Off for hydraulic power unit. 

• Status lights for gates. 
 
Each gate has a total of 6 inputs and 12 outputs. 
 
There are three control stations; each control station will have a PLC.  Station 1 controls 
Gates #1, #2, and #3.  Station 2 controls Gates #4 and #5, and Station 3 controls Gates #6 and 
#7. 
 
Each control station controls traffic lights, Red – Green for upstream and downstream traffic.  
Two inputs and four outputs per station. 
 
PLC for control station 1 (worse case) requires 20 inputs and 40 outputs.  Add to this a 
contingency of 20 percent to allow for unknown control functions requires a total of 24 
inputs and 48 outputs. 
 
Based upon Allen-Bradley MicroLogix PLC, requires 2-16 point inputs and 3-16 point 
outputs. 
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Per North Coast Electric, budgetary prices for this PLC are: 
 
1 – MicroLogix Processor     $252.00 
1 – MicroLogix Base      $553.00 
2 – 16 point Input Module  $291.00 ea  $582.00 
3 – 16 point Output Module  $413.00 ea  $1,239.00 
1 – Right End Cap/Terminator    $34.00 
1 – EEPROM Memory Back-Up    $128.00 
  Total estimated cost    $2,788.00 

 
To purchase all three units would be approximately $8,364.00. 
 
It is also assumed that these PLC units can be installed as direct replacements for the existing 
digital controls, requiring only moving the wiring from one device and reinstalling it on the 
other.  If this is possible (lack of documentation prevents verification of this), the installation 
time and cost would be minimal.  Estimate 1 day per unit at $150.00 per hour, for a labor cost 
of $1,200.00 per PLC. 
 
The total estimated cost, based upon the above assumptions, is approximately $12,000, based 
upon 2007 dollars. 
 

5.2.2 New Standby Generator Fuel Tank and Replacement or Refurbishment 
of Standby Generator Diesel Engine 

 
A 75 kVA standby diesel engine driven generator has been provided to permit backup 
operation of the locks, during a power outage or similar event.  It was reported that the fuel 
tank has been removed and has not been replaced.  As a result of inoperation, the diesel 
engine for the generator may also need refurbishment or replacement.  The cost of 
refurbishing or replacing the standby generator, replacing the fuel tank, and maintaining the 
standby generator should be evaluated relative to the anticipated infrequent need for a 
standby generator.  It may be determined that these costs shown in Sections 5.2.2.3 and 
5.2.2.4 are optional, not required, large-scale capital costs. 
 

5.2.2.1 Size of New Fuel Tank 
 
According to Cummins, a diesel engine of this type will burn 0.07 gallons of fuel per hour 
per standby rated kVA.  That equates to 5.25 gallons per hour at full load. 
 
This is not a legally required standby generator, so there is no specified minimum operating 
time.  During a power outage, the only use of this generator will be to permit traffic to exit or 
allow urgent traffic to pass through the locks.  Either way, the generator will not be operated 
at full load and will not operate for an extended period of time, so fuel storage may be 
minimal. 
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This generator should be exercised on a regular basis, once a month at a minimum to keep it 
in good working order.  Each exercise period should be a minimum of 30 minutes, and a 
nominal load should be placed on the generator, so 2 or 3 gallons per month can be expected 
to be used for exercising the unit.  As fuel can be stored for 1½ to 2 years without degrading, 
it is advisable to allow for about 48 gallons per 2-year period for exercising. 
 
It is more economical to purchase a standard size fuel tank than to have a custom tank 
manufactured.  As such, a standard size tank of approximately 75 gallons would allow for 
both exercising and reserve supply for standby operation of the unit. 
 

5.2.2.2 Installation of New Fuel Tank 
 
An above ground storage tank would be the least costly to install.  This type of tank, 
manufactured with double wall construction and meeting environmental requirements, needs 
only a concrete slab for installation.  Code required alarms and fuel connections would be the 
only other consideration. 
 
Fuel tank installation, not including the concrete pad, should take approximately two days or 
less. 
 

5.2.2.3 Estimated Cost of New Fuel Tank 
 
Assuming a 75-gallon fuel tank, ready to install and meeting all codes and regulations, the 
probable cost would be between $4,000 and $5,000, and the probable cost of installation 
would be approximately $5,000, for a total estimated installed cost of approximately $9,000 
to $10,000 in 2007 dollars. 
 

5.2.2.4 Estimated Cost of Standby Generator 
 
The cost of refurbishment of the diesel engine for the standby generator cannot be 
determined without additional evaluation.  The cost of a potential overhaul of the diesel 
engine should be weighed against the cost of a new standby generator unit.  A new 75 kW 
generator set is estimated to cost approximately $40,000 in 2007 dollars, including labor and 
materials.  This cost is in addition to the fuel tank cost, shown in Section 5.2.2.3. 
 

5.2.3 Electrical and Power System Documentation 
 
To produce a complete, up-to-date set of electrical drawings would require the following: 
 

• A review of all available electrical drawings.  As mentioned above, the existing 
drawings reviewed during the site visit do not currently match the existing conditions 
but would constitute a starting place.  This effort would require an estimated 2 days of 
work. 

 



 

 

 

 
 
Willamette Falls Locks Engineering Study 
Final Submittal Page 5-8 
 

• A detailed field inspection, where the wiring would be checked against existing 
drawings and all exceptions noted.  This effort would require an estimated 2 days of 
work. 

• A complete survey of the digital control system with all inputs and outputs identified 
and documented.  If available, the program for the digital control system would be 
copied and documented as a part of the drawings for future reference.  This effort 
would require more time due to lack of documentation.  Much of the wiring is not as 
straightforward as the remaining control system, and an estimated 5 days of work 
would be required. 

• It is anticipated that lighting system documentation would not be produced unless it 
was determined to be beneficial. 

• New drawings, utilizing CADD, would be produced.  These drawings would be 
checked against the notes, existing drawings, and system operation for accuracy and 
completeness.  The effort required for this portion of the work depends upon the 
agreed upon scope.  To prepare a one-line diagram, wiring drawings and schematics 
of the motor controls would require an estimated 3 drawings.  An additional 2 
drawings would be required for the existing control panels, and an estimated 3 
drawings would be required for the digital control system.  One additional drawing 
for details and general notes brings the total to 9 drawings.  It is estimated that 
approximately 6 workweeks would be required to produce this CADD drawing set. 

• For the operation and maintenance of the standby generator, instructions could be 
produced with an estimated 20 hours of effort. 

 
An electrical system drawing set and standby generator instructions would take an estimated 
total of 8 to 9 workweeks, including field and office time, for a total cost of approximately 
$52,000 in 2007 dollars. 
 
 
5.3 Opinions of Probable Costs for Flood Recovery Large Scale Capital Costs 
 
As noted in Section 2.7, it is unlikely that a damaging flood will occur within the study 
planning horizon, from 2007 to 2027.  The upgraded electrical equipment is anticipated to 
survive an overtopping flood.  The clean up effort would require removal of some quantity of 
silt, and this removal is estimated to cost approximately $50,000 in 2007 dollars, assuming 
excavation, removal, and disposal of up to 500 cubic yards of material.  The largest portion 
of this cost is for mobilization of a barge capable of vacuum dredging or clamshell 
excavation. 
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6.0 RECOMMENDATIONS AND SUMMARY 
 
6.1 Recommendations for Additional Evaluation 
 
As discussed in Section 2.4, while this study included a substantial review and observation 
effort, it also had significant limitations and additional evaluation is recommended.  The 
results of this evaluation may affect the assessment of large-scale capital costs, as 
documented in this engineering study.  Recommendations for additional evaluation include 
the following items: 
 

1. A program of subsidence monitoring on the landside lock walls is recommended to be 
undertaken or continued.  We observed a number of survey points adjacent to the land 
side walls and a survey marker on the lower riverside wall.  While it is standard 
operating procedure to monitor movement of the lock features, we recommend 
expanding the monitored region to include the areas of soil backfill adjacent to the 
lock wall. 

 
2. A full record search to determine the age of the timber elements of the lock walls is 

recommended.  We anticipate that the wall lining and timber wall framing have been 
replaced, possibly many times, in the past.  We recommend recovering and analyzing 
the records of these replacements, determining the average time between major 
deterioration or loss of timber members, and the cost of replacement.  We anticipate 
that the timber lining has been replaced more frequently than the timber framing; we 
also anticipate that the timber in the lower chambers have been replaced more often 
than the timber in the upper chambers. 

 
3. A thorough condition assessment of the wall lining and timber framing is 

recommended, in order to evaluate the remaining life and time to replacement.  This 
evaluation should include determination of likely areas of concentrated deterioration, 
testing for member section loss and connector deterioration, loss of fasteners, and 
correlation of the field work test results with the results of the record search of the 
member replacement history. 

 
4. A hydraulic steel structure inspection is recommended and is also believed to be 

required based on Corps guidelines.  During this inspection, the timber lining on the 
downstream face of the miter gates will need to be removed.  At this time, it will be 
important to determine whether there is any significant cracking of the miter gate 
members and to examine the diagonals and welds in particular.  Any deficiencies 
identified, if any, that need to be performed before the locks can be dewatered will 
need to be repaired.  It is recommended that required repairs be completed while the 
gates are removed for inspection.  This approach will minimize contractor 
mobilization and gate removal costs.  After repairs are completed, dewatering of at 
least one lock chamber will be required in order to repair or replace some of the lock 
piping that currently crosses a lock chamber floor.  While the lock is dewatered, 
observation of the lock wall faces, pintles, and sills in dewatered lock is 
recommended.  Observation of other dewatered lock chambers would also be useful. 
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5. Anchorages and linkages are temporarily overstressed by the miter gate bumping that 
occurs, but they do not appear to be in immediate danger of failure.  Additional 
evaluation, through regular periodic inspections of the Willamette Falls Locks, is 
recommended in order to prevent failure.  On the order of every 500 lockages or 
every 2 years, whichever comes first, performance of a periodic inspection is 
recommended, including a report documenting the status of structures or equipment 
that is currently being monitored and any new items of concern that are identified. 

 
6. Inspection of the standby generator diesel engine is recommended to determine 

whether refurbishment (and the extent of repairs) or replacement may be required if it 
is determined that it is desirable to continue to own, operate, and maintain a standby 
generator for emergency operation of the Willamette Falls Locks. 

 
 
6.2 Site Visit Observations 
 
Overall, based on a review of applicable engineering and inspection reports and a site visit on 
April 19, 2007 that included observation of the operation of all lock miter gates, the 
Willamette Falls Locks were found to be in significantly better condition than would be 
expected for locks opened in 1873.  The locks have been periodically inspected and 
maintained by the U.S. Army Corps of Engineers.  The reduction in lock usage and the 
conditions of operation also serve to extend the design life of the critical lock structures. 
 
The lock miter gates are one of the most critical elements of lock operation and lock integrity 
and also require the highest level of capital investment.  No record of refurbishment was 
found for lock miter gate #3.  If this gate has not been refurbished since it was installed in 
1968, then its condition is of significant concern.  A Hydraulic Steel Structure (HSS) 
inspection of all of the lock miter gates is recommended before the 2008 summer season.  
While each miter gate is removed for HSS inspection, evaluation and repair of each of the 
miter gate leaves is recommended, including gate #3.  Based on this evaluation, the general 
condition of gate #3 and urgency of refurbishment of this gate can be determined more 
accurately.  If gate repairs are budgeted and timed to be completed during the HSS inspection 
and subsequent dewatering of lock chambers, it should reduce the long-term capital 
investment costs by reducing the number of contractor mobilizations and the total amount of 
dewatering required.  During lock chamber dewatering, after the HSS inspections, miter gate 
#3 pintles should also be examined, determining whether they have been replaced since they 
were installed in 1968.  If they have not been replaced since 1968, then pintle replacement is 
likely to be required within the next 5 years. 
 
However, there is some reason to believe that gate #3 may have been refurbished since 1968.  
It had a timber miter post replaced in 1974, and the timber facing on gate #3 is in good 
condition and does not appear to be the original timbers placed in 1968.  The actual condition 
of miter gate #3 steel members and supporting pintles is unknown. 
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As discussed, more information is needed on the condition of gate #3.  However, the other 
six lock miter gates have all been refurbished within the last 15 years.  Due to the relatively 
recent and extensive refurbishment of these miter gates, it is anticipated that the majority of 
the miter gate leaves are in relatively good condition with the exception of less critical items 
such as the fill/empty valve operators and seals.  Routine maintenance of these and other 
items will be required in order to keep the locks in good operating condition and minimize 
escalation of this work into large-scale investments. 
 
The rock and masonry lock walls appear to be in relatively good condition, considering the 
age of the Willamette Falls Locks.  Minor to moderate loss of materials, as found, is to be 
expected over time, and there did not appear to be a systemic reason for material loss.  The 
timber lock wall lining and framing are in better condition than anticipated, given the age, 
materials, and lock operating conditions.  Most likely, a good maintenance program and 
reduced usage of the locks have extended the design life. 
 
 
6.3 Summary of Large Scale Capital Costs 
 
The largest capital costs anticipated over the 20-year planning horizon for this study are for 
miter gate refurbishment, miter gate linkage and anchorage repairs, and timber wall 
lining/framing replacement.  It is anticipated that the largest of these costs, which is the 
refurbishment of gates #1 and #7, will be required towards the end of the 20-year timeframe 
and that initial costs will be relatively moderate.  In 2007 dollars, it is estimated that 
approximately $560,000 will be required between 2007 and 2012 for large-scale capital 
investments at Willamette Falls Locks, unless miter gate #3 refurbishment is determined to 
be needed before 2012.  If it is needed, then an additional amount of approximately 
$480,000, in 2007 dollars, will be required. 
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The following summarizes an estimate of large-scale capital costs, in 2007 dollars, that are 
reasonably likely to be required between 2007 and 2027 at the Willamette Falls Locks: 

 
Large Scale Capital Requirement Approximate Year 

of Capital Cost 
Opinion of Probable Cost 
2007 Dollars 

Documentation of Electrical/Power System 2008 or 2009 $     50,000 

Replacement of Standby Generator and 
New Fuel Tank (Optional) 

2008 or 2009 $     50,000 

Repair 2 Fill/Empty Valve Operators 2011 $      30,000 

Repair 2 Gate Linkages/Anchorages 2012 $    140,000 

Replacement of a Portion of Lock Wall 
Timber Lining 

2012 $    250,000 

Replacement of Missing Lock Wall Stones 2012 $      40,000 

Repair 2 Fill/Empty Valve Operators 2015 $      30,000 

Refurbish Gate #3 Unknown $    480,000, if required 

Replacement of a Portion of Lock Wall 
Timber Lining and Framing 

2017 $    530,000 

Replacement of Digital Controls 2018 $      12,000 

Repair 2 Fill/Empty Valve Operators 2019 $      30,000 

Repair 2 Gate Linkages/Anchorages 2022 $    140,000 

Replacement of a Portion of Lock Wall 
Timber Lining 

2022 $    250,000 

Repair 2 Fill/Empty Valve Operators 2023 $      30,000 

Refurbish Gate #1 and Gate #7 2023 $ 1,660,000 

Possible Flood Recovery Cost Unknown $      50,000 

   $ 3,772,000 Total 
 
The probable large scale capital costs, shown above, do not include the cost of recommended 
additional evaluation work described in Section 6.1, and they do not include the cost to repair 
or replace other items or deficiencies that may be identified as a result of the additional 
evaluations.  In addition, the above costs assume only limited repair and replacement of miter 
gates, operating machinery, and timber members.  It is possible that a greater extent of repair 
and/or replacement work may be required. 
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As a historic water resources structure opened in 1873, Willamette Falls Locks is on the 
National Register of Historic Places and is designated as a State Historic Civil Engineering 
Landmark by the American Society of Civil Engineers.  At the same time, the locks are 
operating structures which must meet applicable operation, safety, and environmental 
requirements.  The locks have been adapted, as needed, in order to continue operation.  This 
work has included replacement of the original timber miter gates with steel miter gates, 
replacement of the original manual operation of the gates with hydraulic operating 
machinery, and replacement of the analog electrical system with digital controls. 
 
When developing concepts and major capital costs for Willamette Falls Locks, various 
considerations must be balanced, including the use of historically appropriate materials, 
environmental issues, and costs for different materials and construction methods.  When a 
capital improvement is located where it is highly visible to the public, historic preservation 
considerations are of particular concern.  The opinions of probable costs, shown on the 
previous page, are based on large scale capital improvements that retain the essential historic 
character of the Willamette Falls Locks. 
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Records 
 
All-time one-day precipitation records were set at many locations.  Some of these included: 
 

Locations Amount 
(in) 

Records 
Began 

Old Record 
(in) 

Year Set 

Corvallis 4.45 189 4.28 1965 

North Bend 6.67 1931 5.60 1981 

Portland 2.70 1939 2.48 1948 

Redmond 2.38 1948 1.81 1969 

Roseburg 4.35 1931 3.28 1965 

 
Daily and monthly records were set at many sites as well.  At Portland Airport, 3.86 inches 
was recorded between 4 p.m. on the 18th and 4 p.m. on the 19th.  This broke the November 
24-hour total of 2.82 inches, which was set November 10-11, 1995.  Doubtless when more 
observations are received, many additional records will become apparent. 
 
George Taylor 
State Climatologist 
Oregon Climate Service 
 
Chris Hannan 
Research Assistant 
Oregon Climate Service 
 



The Great Flood of 1996 
 

by George H. Taylor, State Climatologist 
 

 
A series of intense surges of subtropical moisture inundated western Oregon during the 
period February 5-9.  The combination of record-breaking rain, warm temperatures, and a 
deep snowpack led to severe flooding throughout northern sections of the state.  River flood 
stages were comparable in magnitude to the December, 1964 flood, the largest in Oregon 
since flood control reservoirs were built in the 1940's and 1950's. 
 
The first precursor to the flooding was an unusually wet winter, causing soils to be saturated 
and streams and reservoirs to be at high levels. Most of northwest Oregon received at least 
125% of normal precipitation for the first four months of the Water Year (October - January).  
Table 1 lists a few northwest Oregon stations' observed and normal seasonal precipitation for 
October 1995 - January 1996: 
 

Table 1.  Observed and normal seasonal precipitation, October 1995-January 1996 
 

Location Observed Normal Percent of 
Normal 

Laurel Mountains 108.66 59.10 184 

Portland 27.46 19.50 141 

Eugene 41.55 28.13 148 

Govt. Camp 71.42 46.16 155 

 
Fall and winter had had very little snowfall. By mid-January, the snow water average for 
high-elevation sites (NRCS SNOTEL stations) in the Willamette drainage was only 29% of 
average.  Beginning in mid-January, however, unusually high amounts of snow fell in the 
middle and high elevations of the Cascades and Coast Range (in many locations, several feet 
per day were reported for many days).  By January 31, the average snowpack for the 
Willamette drainage had risen to 112% of average. 
 
An intense cold spell during the week of the 29th resulted in very low temperatures in the 
northern half of the state.  Many Willamette Valley stations had lows in the teens for 4 or 5 
consecutive days.  A number of eastern Oregon locations had lows well below zero.  A 
moderate storm on February 3rd dropped rain on top of frozen soil and roads, causing a 
major freezing rain episode throughout the Willamette Valley.  Traffic was slowed or 
completely halted in many locations.  The hardest hit was the Portland area, where icy 
conditions lasted for three days, and which also experienced wind chill factors of -20F or 
lower. 
 



Then on February 6th, a strong subtropical jet stream reached Oregon.  This warm, very 
humid air mass, which originated near the Equator in the western Pacific (near the Date 
Line), brought record rainfall amounts to northern sections of the state.  Although such 
subtropical storms are by no means rare, it is unusual for them to persist with such intensity 
for such a long period of time (3-4 days).  Table 2 shows 4-day total precipitation for 
northwestern Oregon locations, as well as the all-time 4-day records (some of them now 
surpassed -- new records are in bold).  The most spectacular total was at Laurel Mountain in 
the Coast Range.  The four-day total was 27.88 inches (8.20, 7.90, 7.05, and 4.73 for 
February 6-9, respectively). 
 

Table 2.  Maximum 4-day precipitation totals for western Oregon locations 
 

Site Name 4-Day Total 
(in) 

Record 
(in) 

Year 

Astoria 8.88 8.24 1975 

Corvallis 8.10 7.84 1974 

Eugene 9.14 10.30 1964 

Government Camp 11.30 13.84 1964 

Hillsboro 6.70 5.91 1974 

Hood River 7.50 8.67 1964 

Newport 9.81 10.17 1965 

Oregon City 7.51 7.29 1964 

Portland Airport 7.00 5.10 1994 

Salem 8.18 8.69 1937 

 
In addition to the wet conditions, temperatures were unusually mild.  In the Willamette 
Valley, daily minimum temperatures were higher than normal maximum values for early 
February.  Nighttime lows in the mid-50's were quite common.  The freezing level quickly 
moved upward, to 7,000 - 8,000 feet.  Rain fell even at mountain pass level.  The warm rain 
and air temperatures quickly began to erode the snowpack.  In addition to large amounts of 
rain, high elevation sites saw significant reductions in snow water equivalent (SWE).  Table 
3 lists total precipitation and SWE for the period February 5-9 for NRCS SNOTEL stations 
in Oregon (courtesy NRCS, Portland). 
 



Table 3.  Total precipitation and SWE loss, SNOTEL stations, February 5-9, 1996 
 
Site Name Precipitation

(in) 
SWE Loss 

(in) 
Total 
(in) 

River Basin 
 

Elevation 
(ft) 

Blazed Alder 18.3 1.8 20.1 Willamette 3650 

Daly Lake 10.1 6.1 16.2 Santiam 3360 

Greenpoint 9.2 2.2 11.4 Hood 3200 

Hogg Pass 9.7 5.1 14.8 Santiam 3500 

Holland Meadows 3.9 6.9 10.8 Willamette 4900 

Jump-Off-Joe 9.8 2.4 12.2 Santiam 3500 

King Mountain 3.0 8.9 11.9 Umpqua 4000 

Little Meadows 17.6 9.9 27.5 Santiam 4000 

Marion Forks 11.1 12.2 23.3 Santiam 2600 

Mckenzie 10.8 3.1 13.9 McKenzie 4800 

Mt. Hood 11.3 3.4 14.7 Sandy 5400 

New Crescent 2.4 3.4 5.8 Deschutes 4800 

Ochoco Meadows 1.3 2.9 4.2 Crooked 5200 

North Fork 12.1 8.5 20.6 Bull Run 3120 

Peavine Ridge 10.6 5.5 16.1 Clackamas 3500 

Quartz Peak 1.4 4.5 5.9 Klamath 5700 

Red Hill 14.5 5.4 19.9 Hood 4400 

Saddle Mountain 20.4 14.0 34.4 Tualatin 3250 

Salt Creek Falls 10.2 3.0 13.2 Willamette 4000 

Seine Creek 14.0 8.0 22.0 Tualatin 2000 

Three Creeks 6.5 2.4 8.9 Deschutes 5650 

 
Streams rose quickly on the 6th and 7th, reaching flood stage in many locations.  At Vida on 
the McKenzie River, the flow jumped from 4,000 cfs on the 5th to over 20,000 cfs on the 6th.  
Major and minor tributaries throughout western Oregon jumped their banks.  Gradually the 
levels in the major tributaries and the main stem rivers increased as well.  Several set all-time 
flood stage records.  Table 4 is a summary of 1996 crests, as well as all-time records, for 
rivers throughout northern Oregon; new record levels are in bold (courtesy Oregon chapter of 
American Meteorological Society). 
 



Table 4.  Summary of flood crests for Oregon rivers and streams 
 

River Site Flood Stage 
(ft) 

1996 Crest 
(ft) 

All-Time Record 
(in) 

Year
 

WESTERN OREGON     

Columbia at Vancouver 16.0 27.2 31.0 1948 

Willamette at Portland 18.0 28.6 33.0 1894 

Willamette at Salem 28.0 35.1 47.0 1891 

Willamette at Corvallis 20.0 23.5 32.4 1891 

Sandy near Sandy - 22.6 22.3 1964 

Clackamas at Estacada 10.0 17.4 18.4 1964 

Johnson Cr. at Sycamore 11.0 13.8 14.7 1964 

Tualatin at Farmington 32.0 37.2 37.0 1933 

Molalla at Canby 13.0 14.6 16.8 1964 

Pudding at Aurora 22.0 30.5 30.0 1923 

S. Yamhill at Whiteson 38.0 47.5 47.2 1964 

N. Santiam at Mehama 11.0 13.4 17.5 1923 

Santiam at Jefferson 15.0 23.2 24.2 1964 

Luckiamute at Suver 27.0 33.0 34.5 1964 

Nehalem at Foss 14.0 27.4 24.9 1990 

Wilson at Tillamook 13.0 18.1 n.a. n.a. 

Nestucca at Beaver 18.0 18.2 n.a. n.a. 

Siletz at Siletz 16.0 24.5 31.6 1921 

EASTERN OREGON     

John Day at Service Creek 11.5 14.0 n.a. n.a. 

Umatilla at Pendleton 7.8 11.0 n.a. n.a. 

Grande Ronde at Troy 10.0 13.6 11.3 1964 

Deschutes at Moody 8.0 12.0 n.a. n.a. 

 



Comparisons with 1964 are inevitable, since that flood event is considered the largest in this 
area since flood control dams were completed following World War II.  In the Willamette 
Valley and north coast, some of the current flood levels exceeded those observed in 1964, 
while others were slightly lower.  The 1964 event was larger in extent, stretching from 
Northern California northward through most of Washington, and from the coast eastward 
into Idaho.  The 1964 flood also began with much more low-elevation snow; Portland 
Airport, for example, had 11 inches of snow on the ground when the warm rains began in 
1964. 
 
George Robison, hydrologist with the Oregon Department of Forestry, circulated an internal 
memo with some preliminary flood perspectives.  Below is an excerpt from George's well-
written and very informative memo. 
 
“Some preliminary gage data indicates that the following streams had floods of record that 
are equivalent to a 75+ year event.” 
 

1. S. Yamhill River near Whiteson 

2. Pudding River 

3. Tualatin River (2 gages) 

4. Sandy River 

5. Nehalem River 

6. Grande Ronde River at Troy (Stage 2 feet higher than previous record!) 

7. Deschutes River at Moody (Note peak flow recordings since 1897!) 
 
“As information comes in there will be many more gages that will have floods of record.  
There were also many gages within the area of the flood's influence that had flows indicative 
of a 10-year event (for instance the Little Luckiamute River west of Salem had three ten year 
peak flows in three days).  The flows on the Willamette were also indicative of a 10-year 
flood flow due to the effective use of flood control reservoirs.  I t appears that most streams 
in the northwest corner of the state (especially Columbia County) experienced a flood of 
record even larger than the 1964 flood.  From the air, there was widespread high water 
related damage with a lesser relative role of landslide activity.  Along the western Cascades 
north of Eugene, some streams experienced floods of record as well.  It could be that some of 
the small streams around Mapleton also had floods of record although there is no streamflow 
gage data to show this yet.  Along the Columbia Gorge around Hood River there are also 
pockets of damage and high flows indicative of floods of record.” 
 
The 1996 flood caps a most unusual weather year in Oregon.  A very wet November, big 
windstorm in December, and the snow and ice of January merely set the stage for the flood 
event.  Doubtless we will look back on this as one of the most interesting (and damaging) 
winters in the history of Oregon. 
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Appendix B 
 

USACE Inspection Reports and Willamette Falls Locks Annual Report, 
2006 
 
 
 





























































































































CENWP-EC-DS 
MEMORANDUM FOR RECORD      July 31, 2006 
 
 
SUBJECT:  Field Inspection Trip Report at the Willamette Falls Locks on June 29th, 
2006 
 
Inspection Attendees: Matt Hanson, P.E (EC-DS) 
   Jim Hinds, P.E. (EC-HC) 
   Kevin Perletti, P.E. (OD-B) 

Bryan Mason, EIT (EC-DS) 
 
1.  A site visit to the Willamette Falls Locks was conducted to assess the overall 
condition of the project.  A full periodic inspection will be conducted during fiscal year 
07.  Operation of Gates 1 and 2 were observed.  The locks were not dewatered, so the 
gates, lock floor, and lock walls could not be fully inspected.  Below is a summary of the 
findings. 
 
2.  The site visit consisted of a complete walkthrough of the entire lock system on each 
side.   

A. Handrails – Handrails throughout the entire project are in poor condition.  
Handrails in many places do not meet EM 385 requirements.  In many locations 
handrails are not mounted securely, missing anchor bolts, or are severely 
corroded.  Below are several specific locations. 

 
  Mill side of lock: 

• Handrail base plate between Miter gates 1 and 2 is severely 
corroded and is missing all anchor bolts. 

• Areas adjacent to gate no. 2 
• Areas between gate no. 2 and gate no. 3 
• Area near gate no. 3, handrail is missing 
• Broken handrail near gate no. 6 

 
Corps’ side of lock: 

• Upstream of gate no. 4 
• Handrail and stairs at entrance to museum 
• Loose handrail upstream of gate 5. 

 
B. Walkways and walkway support – The wooden walkway deck planks 
throughout the project need replacement in many areas.  Many of the planks are 
rotten, have checks, and are missing fasteners.  Specific locations are noted 
below. 

 
Mill side of lock: 

• Several boards between gate 1 & 2 are rotten and are not fastened 
down. 



• Walkway ramp between gates 2 &3 several boards are rotten. 
• Bad planks between gates 3 & 4. 
 

Corps’ side of lock: 
• The lower walkway planks below gate 1 are rotted and checked. 
• The gangway to the floating dock has at least 5 rotten boards.  The  

skid boards are rotten, loose, or missing in several locations on 
gangway. 

• There are bad planks between gates 3 & 4. 
• Planking at gate 6 is missing support in areas.  Planking is in 

acceptable condition but some of the spans are long.  The spans 
should be limited to about 8 feet.   

 
C. Floating docks – The lower dock on the Corps’ side has a broken float support.  
The metal float casing has large corrosion holes, and is broken in several locations 
and requires monitoring.  It does not appear necessary to repair the casing, as the 
flow is supported along the bottom by a structural member.  The casing protects 
the Styrofoam core and once the Styrofoam begins to get damaged, the casing will 
have to be repaired.  The pins that attach the gangway to the dock are bent and 
should be repaired.  A new connection should be fabricated so that the pins are in 
double shear instead of single shear as they are now.  The floating docks on the 
mill side all appear to be in good condition with no problems noted.   

 
D. Wooden lock wall supporting structure – In several places problems were 
noted.  Specific areas are noted below. 
 

Mill side of lock: 
• Between gate 1 & 2 several buttresses are held up by anchor bolts.  

One has fallen off its support and is resting on a small rock ledge.  
 

Corps’ side of lock: 
• Walkway support post near gate 2 operating arm, the 8”x 12” post 

is rotting and only a 4”x 8” section remains. 
 

E. Lock walls – The locks walls consist of wood and rock walls.  Both the wood 
and rock walls having missing pieces and should be repaired.  Throughout the 
locks wooden wall planks are missing, broken, or rotten and need to be replaced.  
The several wooden support blocks are missing, exposing tie back rods.  Several 
areas of minor leakage were noted on the lock walls. 
 
F.  Ladders – The mill side of the lock below gate 1 has a vertical ladder that 
needs to be either repaired, tagged out, or removed completely.   
 
G. Gate control house – The control house located on the Mill side near gate 6 has 
questionable lateral bracing in the direction perpendicular to the center of the 
lock.  The direction parallel to the lock is braced adequately by the stairway.  



Investigations and calculations should be preformed, and adequate bracing should 
be added to fix the problem. 
 
H. Lock miter gates – The lock system consists of seven miter gates.  These miter 
gates utilize built in slide gates to fill and empty the chambers.  Listed below are 
the condition and problems found on each set of miter gates.   
 
 Miter gate set 1: 

• Corps’ side 
o The hydraulic operating arm base plate anchors allow the 

plate to move.  It also was noticed that the concrete block 
that the hydraulic arm is connected to moves when gate is 
operated. 

o The handrail that is on the gate is loose. 
• Mill side 

o No deficiencies noted. 
 

Miter gate set 2: 
• Corps’ side 

o Leakage noted between miter block and gate. This was not 
noted in last inspection. 

• Mill side 
o Hand railing should be added where floating mooring bit is 

operated by tied-on rope. 
o Walkway grating is missing tie down anchor posing a 

tripping hazard.   
o Handrail on gate in loose. 
o Hydraulic line appears to be leaking.  Monitor and fix if 

needed. 
 

Miter gate set 3: 
• Corps’ side 

o No deficiencies noted. 
• Mill side 

o No deficiencies noted. 
 
Miter gate set 4: 

• Corps’ side 
o No deficiencies noted. 

• Mill side 
o No deficiencies noted. 

 
Miter gate set 5: 

• Corps’ side 
o Weeds are growing over and through gate.  Weeds and 

debris need to be removed. 



o Gate should be operated monthly. 
o No deficiencies noted. 

 
 

• Mill side 
o Weeds are growing over and through gate.  Weeds and 

debris need to be removed. 
o Gate should be operated monthly. 
o No deficiencies noted. 

 
Miter gate set 6: 

• Corps’ side 
o The nuts connecting the hydraulic operating arm to gate are 

loose. 
o These same nuts were noted on last inspection as being 

loose. 
o Blackberry bushes are covering access to miter gate 

operating equipment and control panel. 
• Mill side 

o No deficiencies noted. 
 
Miter gate set 7: 

• Corps’ side 
o Hydraulic lines need to be re-piped around top of gate pivot 

point. 
o The current hose layout causes it to get hung up in the gate 

during operation, potentially causing the hose to rupture 
due to the gate wearing on the hose.  

• Mill side 
o No deficiencies noted. 

 
I. Operation of gates: 
Gates 1 and 2 were operated through a complete filling and emptying cycle.  The 
gates were then operated through a complete opening and closing cycle.   
 It was noticed during the opening and closing of the gates that anchor 
plates shift and the concrete blocks in several locations also move. 

 
3.  Conclusions/recommendations 
 

A. Clean all debris and vegetation growth off of operating equipment, including 
the top of the miter gates where the filling and emptying operating rods pass 
through the structure.    

B. Check all hydraulic lines for leaks.  Clean joints that show oil to verify that 
there are no active leaks. 



C. Monitor condition of gudgeon anchors for all miter gates.  This is a long term 
issue as the original design/installation is suspect at most locations. This is 
probably the biggest safety issue and the weak link of the lock operation. 

D. Make all walkways around the lock safe.  Many planks are rotting or not 
supported correctly.  These require resolution to insure safe pedestrian access 
for both visitors and operations personnel.  Handrail, especially on the mill 
side is weak or even unsupported. This needs resolution.  

E. Consider adding a vertical ladder with landing to access the D/S floating dock 
and eliminate the existing ramp.   

F. Lock Operators should develop a running list of repairs or operations issues 
that require repair or attention.  This list should include a place to note when 
the issue was resolved.   

G. HSS and Periodic Inspections: A program of regular periodic inspections 
should be performed. A formal periodic inspection of the de-watered lock 
should be conducted in FY 07. HSS inspections of the lock gates should be 
scheduled and performed prior to the periodic inspection. Subsequent periodic 
inspection should be schedule at a 5-year frequency. 

H. Life Safety: Project should initiate life safety repairs and upgrades to 
handrails, wood decking on walkways, stairs, ladders and ramps. Project 
should also initiate preventative maintenance program that includes hydraulic 
systems, spill containment, vegetation control and inspection of anchors and 
connectors. 

I. Operation: Continued operation of the Willamette Falls Locks is 
recommended through the 2006 season.  

 
4.  If you have any questions regarding the findings of this trip report, please contact Matt 
Hanson (4934) or Bryan Mason (4946). 

 
 
 

Bryan Mason, EIT 
Matthew Hanson, P.E. 

CENWP-EC-DS 
 
Attached photos in a PowerPoint Presentation 
 



Various Handrail 
deficiencies at 
the Willamette 

Falls Locks



• West side gangway, pin and 
deck planks.  Float casing 
cracking and corrosion



• Walkway and deck 
planking issues:  
checking, rotting, offset, 
deflection, etc.



• Typical Lock 
Wall 
conditions.  

• Misplaced 
wall support



• Various Miter 
gate photos -
chambers 
and 
operations



Miscellaneous issues:
• Moving gudgeon 

anchor block
• Rotted walkway 

support
• Insufficient lateral 

bracing
• Missing grating 

support



 
 
 

WILLAMETTE FALLS LOCKS 
 
 
 

Annual Maintenance Report 
 
 
 

Fiscal Year 2006 
 
 
 
 
 

 



The Annual Maintenance Report is compiled to document execution of appropriated funding, 
operating costs, accomplishments and identification of backlog deficiencies. 
 
Willamette Falls Locks operated under caretaker funding for fiscal year 2006.  Supplemental 
funding is also provided through a partnership with Oregon Solutions Coalition. 
 
Operating Budget: 
 
Appropriated funding identified as caretaker status. 
 

• Received- $53,000 
• Expended Labor- $37,763 
• Expended Materials/Supplies- $14,900 
• Execution- 97.34% 

 
Coalition funding received through Oregon Solutions Coalition. 
 

• Received- $156,800 
• Expended Labor- $84,469 
• Expended Materials/Supplies- $6,200 
• Remaining- $66,090 

 
Annual Lockage by Vessel Type: 
 

• Dry Cargo  8 
• Commercial  51 
• State/Local  1 
• Passenger/Ferry 36 
• Federal  2 
• Recreational  393 
• Tow/Barges  46 

 
Willamette Falls Locks operated under caretaker funding from 1 October 2005 through 31 
May 2006.  Willamette Falls Locks opened under coalition funding on 1 June, 2006 through 
30 September, 2006.  Operation was on a Thursday through Monday schedule to meet the 
needs of both commercial and recreational river traffic.  Work under caretaker funding was 
for winterization, minimal maintenance, emergency lockages and addressing high river flows 
and flooding issues.  Coalition funding provided passage through the lock from 9:00 AM to 
5:00 PM for the five day per week schedule.  Additional maintenance and safety items were 
worked during the June through September season. 
 
Lock Fest is a seasonal event sponsored by the Willamette Falls Heritage Foundation.  Lock 
Fest was conceived to help spread the word in the local community and abroad on the 
concerns over funding and reduced operations and impacts to local communities.  The first 
Lock Fest was in 2003 and has become an annual event with many volunteers, sponsors and 
growing participation.  Lock Fest was held on 20 May, 2006 with a signing ceremony of 

 



 

stakeholders for the Oregon Solutions Coalition Partnership Agreement.  Attendance 
included Colonel Thomas O’Donovan, Portland District Commander, James Mahar, 
Bonneville Lock and Dam and Willamette Falls Locks Project Operations Manager and 
many from the Oregon Solutions group and stakeholders from the local community. 
 
Brief of Maintenance and Repairs Conducted: 
 
Repairs to miter gate 2 west gudgeon anchor system was conducted.  This is an interim repair 
to keep the gate in operation and is not considered a permanent repair.  Auto control system 
was partially updated.  Repairs were made to the museum stairway for emergency exit.  
Some walkway and handrail was removed and barricaded off or repairs made as needed for 
public safety.  Removal of the buried diesel tank was accomplished to meet regulatory 
requirements.  Repairs to hydraulic hoses, fittings and lines were made.  Incorporation of 
hydraulic level controls for overflow of tanks was installed.  Repairs to lighting, 
communication and lock controls were made.  Some identified safety discrepancies were 
corrected.  Routine maintenance was conducted as needed. 
 
Three separate safety inspections were conducted during FY06.  District Dam safety staff 
conducted an inspection in July, District safety office conducted an inspection in August and 
project engineering staff conducted an inspection in June.  All provided documentation of 
safety discrepancies and recommendations.  The most critical items were corrected with an 
emphasis on public safety, employee safety and the safety of employees from the adjacent 
West Linn Paper Mill and Portland General Electric Sullivan Plant.  Items that have the 
potential for impacting the environment also received high priority and were addressed.  All 
remaining discrepancies are documented and broke out by category.  Repairs to walkways 
and walkway support structure, ladders and guardrails will be extensive. 
 
Backlog of Discrepancies: 
 

Process and Standard Operating Procedures: 
 

• Emergency Action Plan needs updating 
• Supply fall protection equipment 
• Conduct fall protection training 
• Update Activity Hazard analysis for fall protection 

 

 



 

Main Office Building and General Facility: 
 

• Illuminated exit sign required in garage area 
• Exit sign in visitor area needs lamp replaced or sign is faulty 
• Exit sign in main visitor area needs lamp replaced or sign is faulty 
• Repair stairs and access for visitor entrance 
• Replace damaged and missing fire fighting equipment 
• Conduct inspections and label fire fighting equipment 
• Replace or repair non compliant and damaged guardrails, ladders and walkways 
• Upgrade chain restraints to meet regulatory requirements 
• Remove home made and non-compliant rigging 
• Conduct maintenance, inspection and load testing for rigging equipment 
• Replace gutters as needed 
• Repair irrigation line underneath roadway 

 
Gates Common: 

 
• Install fall protection in areas employees’ access and no fall protection exists 
• Repair slide gates as required for normal operation 
• Repair miter gate gudgeons and stay rod anchorages 
• Repair or replace grating as needed 
• Complete repairs to auto control system to control flooding mill facility and 

maintain proper chamber levels 
• Conduct annual inspection of gudgeon anchor system for each gate 
• Repair or replace guardrails for all gates 

 
Gate #1: 
 

• Repair hydraulic operating arm base plate anchor 
• Replace or stabilize concrete block for gate anchoring system 

 
Gate #2: 
 

• Repair miter gate gudgeons and stay rod anchorages, this one is most critical 
 
Gate #3: 
 
Gate #4: 
 
Gate #5: 
 
Gate #6: 
 

• Repair or replace operating arm bolts and nuts 
 

 



 

Gate #7: 
 
Control Houses: 
 

• Repair control house communication system 
• Repair lateral bracing for control house six 

 
Chambers: 

 
• Conduct Hydraulic Steel Structure (HSS) inspection 
• Repair chamber walls including planking and loose granite 
• Replace hydraulic piping crossing chambers 
• Repair down stream booms 
• Repair down stream access ramp and dock 
• Conduct chamber inspection after HSS inspection and repairs are conducted 

 
Hydraulic Systems: 
 

• Replace hydraulic hoses as needed 
 

Work Barge: 
 

• Repair or replace sump pumps 
• Conduct annual inspection 
• Complete activity Hazard analysis and rescue plan for barge work 
• Have personal floatation devices available 
• Have a throwable floatation device available 
• Install guardrails 
• Provide safe access to work barge 
• Install fire extinguisher 

 
Museum: 

 
• Repair steps to museum 
• Paint structure 
• Repair window seals 
• Repair heaters 

 
Public Access: 
 

• Throwable flotation devices need replaced and installed where missing 
 

Electrical Systems: 
 

• Repair indicating lighting 

 



 

Hazardous Waste/Storage: 
 

• Housekeeping 
• Remove compressed gas cylinders from flammable lockers (Verify completion) 
• Repair exhaust fan for flammable storage building 
• Cut back brush from around flammable building 
• Clean out flammable lockers and remove expired materials 

 
Storage Buildings: 
 

• Housekeeping 
• Replace oil absorbents and oil boom 
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Appendix C 
 

USACE Supplied Technical Data and Bid Tabs 
 
 
 
 





































































































































































































v.knapp
Rectangle

v.knapp
Text Box
16050-8








	Cover Letter

	1.0 EXECUTIVE SUMMARY
	2.0 INTRODUCTION
	2.1 Background
	2.1.1 Description of Willamette Falls Locks

	2.2 Purpose and Scope
	2.3 Study Methodology
	2.4 Site Visit/Study Limitations
	2.5 Materials
	2.5.1 Consideration of Historically Appropriate Materials
	2.5.2 Environmental Considerations
	2.5.3 Cost Considerations

	2.6 Safety Considerations
	2.7 Consideration of Large Flood Events
	2.8 References

	3.0 STRUCTURAL EVALUATION
	3.1 Lock Walls 
	3.1.1 Leakage and Loss of Supporting Soils
	3.1.1.1 Introduction to Through Wall Leakage
	3.1.1.2 Discussion of Landside Leakage
	3.1.1.3 Discussion of Riverside Leakage
	3.1.1.4 Summary

	3.1.2 Wall Anchorage
	3.1.3 Replacement of Missing Stone Blocks and Wall Lining Timbers
	3.1.3.1 Ashlar Masonry
	3.1.3.1.1 Extent of Problem
	3.1.3.1.2 Structural Severity of Problem
	3.1.3.1.3 Replacement Alternatives

	3.1.3.2 Timber Wall Lining
	3.1.3.2.1 Extent of Problem
	3.1.3.2.2 Recent Repairs
	3.1.3.2.3 Structural Severity of Problem
	3.1.3.2.4 Corrosion Considerations



	3.2 Miter Gates
	3.2.1 Miter Gate Leaves, Miter Posts, and Quoin Posts
	3.2.2 Gudgeon and Pintle 
	3.2.3 Operating Mechanism 
	3.2.3.1 Anchorage
	3.2.3.2 Operation

	3.2.4 Filling/Emptying Valves


	4.0 MECHANICAL & ELECTRICAL EVALUATION
	4.1 Mechanical Operating Machinery
	4.2 Electrical System
	4.2.1 Site Inspection
	4.2.2 Evaluation and Noted Deficiencies
	4.2.2.1 Electrical Drawings
	4.2.2.2 Fuel Tank for Standby Generator
	4.2.2.3 Limit Switches
	4.2.2.4 Lighting

	4.2.3 Power and Electrical System Recommendations
	4.2.3.1 Replacement of Digital Control System
	4.2.3.2 Fuel Tank for Standby Generator
	4.2.3.3 Diesel Engine for Standby Generator
	4.2.3.4 Improvement of Electrical System Documentation
	4.2.3.5 Testing and Correction of Grounding System



	5.0 OPINIONS OF PROBABLE COSTS
	5.1 Opinions of Probable Costs for Structural/Mechanical Large Scale Capital Costs
	5.1.1 Replacement of Missing Stones in the Ashlar Masonry Lock Walls
	5.1.2 Replacement of Lock Wall Timber Lining and Framing
	5.1.3 Miter Gates and Operating Machinery

	5.2 Opinions of Probable Costs for Electrical/Power Large Scale Capital Costs
	5.2.1 Replacement of Existing Digital Controls with New PLC Components
	5.2.2 New Standby Generator Fuel Tank and Replacement or Refurbishment of Standby Generator Diesel Engine
	5.2.2.1 Size of New Fuel Tank
	5.2.2.2 Installation of New Fuel Tank
	5.2.2.3 Estimated Cost of New Fuel Tank
	5.2.2.4 Estimated Cost of Standby Generator

	5.2.3 Electrical and Power System Documentation

	5.3 Opinions of Probable Costs for Flood Recovery Large Scale Capital Costs

	6.0 RECOMMENDATIONS AND SUMMARY
	6.1 Recommendations for Additional Evaluation
	6.2 Site Visit Observations
	6.3 Summary of Large Scale Capital Costs

	Appendix A - Quantity Calculations and Other Supporting Materials
	Quantity Take Off - Replacing Missing Wall Stones 

	Quantity Take Off - Timber Wall Lining and Framing 

	Flood Information


	Appendix B - USACE Inspection Reports and Willamette Falls Locks Annual Report, 2006

	Periodic Inspection Report No. 1 - March 1994 

	Photographs

	Reference Drawings

	Appendix A - Report of 1978 Inspection of Lock Structures

	Appendix B - Documentation of 1987 Canal Wall Repairs 
	Appendix C - Inspection of Miter Gates, March 1994


	Willamette Falls Locks Field Inspection Trip Report - 2006 

	Attachment


	Willamette Falls Locks Annual Maintenance Report
  

	Appendix C - USACE Supplied Technical Data and Bid Tabs

	Information Brochure for Periodic Inspections

	Bid Schedule - Gate # 2 and # 4 Refurbishment

	Upstream Dock Reconstruction Cost

	Bid Schedule and Specs - Gate # 5 and # 6





