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1

EXECUTIVE SUMMARY

The purpose of this DDR is to lay the foundation for development of plans and
specifications in order to upgrade the tainter gates at Lookout Point Dam. The upgrades
will help to ensure the safety, functionality and reliability of the tainter gate system.
Most Willamette valley tainter gates were designed and constructed in the 1950’s. Since
their inception, design criteria has necessarily become more rigorous as a result of
research and development especially with regard to fatigue and fracture provisions of
American Institute of Steel Construction (AISC), American Welding Society (AWS), and
American Association of State Highway and Transportation Officials (AASHTO).
In 2010, the District performed a comprehensive assessment of the tainter gates in the
Willamette Valley and Rogue Basin projects. The comprehensive assessment included a
gates specific potential failure modes analysis (PFMA), structural, mechanical and
electrical assessments, identification of interim reduction measures, and analysis of
impacts of the interim reduction measures. Structural analysis to current criteria of the
Lookout Point gates indicates that the gates design strength is exceeded when operated at
full pool. This resulted in the implementation of a gate operating restriction was
implemented as an Interim Risk Reduction Measure (IRRM). The structural analysis
indicates that the gates meet all criteria in the current condition at any time the reservoir
is at or below elevation 915 (upper strut of the gate). As the pool rises, the spillway gates
may be raised in order to track with the pool elevation, keeping the upper strut above the
water surface. The IRRM gate restriction is year round.
This report documents design decisions to implement in Plans and Specifications package
that will provide a means to restore portions of the flood damage reduction benefits lost
due to IRRM. The restrictions will be in place until all gates are repaired.
The team evaluated the mechanical, structural, and electrical components and determined
which components can be reused, repaired, or require replacement. A summary of these
components are in the Recommendations section of this report.
The planned structural upgrades to the gate include adding partial cover plates to the strut
arms and strengthening the outer ribs at the top and bottom girders. Touch up painting of
areas with moderate corrosion is also planned.
The planned mechanical upgrades to the gate include replacement of the hoist machinery
including position indication, limit switch equipment, and wire ropes.
The planned electrical upgrades to the gate include replacement of the gate control panels
and all controls associated with the gate, replacement of lighting in and around the gate
machinery, abandonment of the embedded conduits with the installation of new surface
mounted conduits along the downstream face of the dam, and the addition of PLC
equipment to allow for future remote control and monitoring of the gates.
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The project typical follows the Water Control Diagram, which incorporates a low pool
elevation during the rainy season for flood control, and a high pool elevation for the
summer recreation season. The gate will be on seal during the majority of the
construction activity. To complete the construction on the Lookout Point Tainter Gate
Rehabilitation the pool has to be below the spillway crest to allow for structural repairs.
This is due to the fact that there are no stoplogs at the project. Replacement of the seals
and exercising of the gate once wire ropes are re-tensioned will be performed. The pool is
typically below spillway crest during the flood season when the project is drafted to
capture flood events and reduce downstream flows. This is a flood control project and if
a significant flood event occurs the pool will rise above the spillway crest. The
recommended construction window to repair the two spillway gates at Lookout Point is
15 July to 15 November 2015. If a third gate is repaired the construction window would
be 15 September to 15 November 2016.
The Government’s Total Product Cost estimate for the recommended plan including
construction management is $17.3 M.
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2

GENERAL

2.1 General
This section discusses the project description and the history of Lookout Point Dam. Also
this section will outline the purpose of the tainter gate rehabilitation at Lookout Point
Dam.
2.2 Purpose of DDR
The purpose of this DDR is to lay the foundation for development of plans and
specifications in order to upgrade the tainter gates at Lookout Point Dam. The upgrades
will help to ensure the safety, functionality and reliability of the tainter gate system.
Exceptions to the design criteria stipulated in EM 1110-2-2702 will be presented and
justified in each of this report’s following sections. The mechanical, structural, and
electrical equipment will be evaluated to determine what can be reused or requires repair
or replacement.
2.3 Project Description
Lookout Point (Figure 2-1), located on the Middle Fork Willamette River, is a multipurpose storage project that operates to meet the authorized purposes of flood damage
reduction, irrigation, power generation, recreation, navigation, and downstream water
quality improvement. The dam is an earth and gravel-fill structure with a concrete gated
spillway. The spillway has five spillbays controlled by tainter gates. The project has
four regulating outlets.
The spillway crest is at elevation 887.5 feet and the elevation of the top of spillway gates
(when closed) is 929 feet. Table 2-1 lists relevant project elevations and corresponding
flows through the spillway.
Table 2-1. Lookout Point elevations and corresponding spillway releases through one
spillbay.
Elevation1
(feet)

Top of Dam

941.0

Maximum Pool
Maximum Conservation Pool [top of closed
spillway gate]
IRRM initial elevation [top strut]

934.0

45,500

926.0

38,800

915.0

22,300

887.5

-

825.0

-

819.0

-

Spillway Crest
Minimum Conservation Pool & Winter Flood
Control Pool
Minimum Power Pool
1

Single Spillbay Free
Flow
(cfs)

Regulating Outlet Invert
724.0
All elevations reference the Lookout Point project datum (approximately NGVD29).
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Figure 2-1 – Lookout Point Project

2.4 Flow Management
Lookout Point is a storage project operated for flood control, power generation and
conservation purposes. The lake storage and elevation of these projects are regulated
seasonally in accordance with a Water Control Diagram (Figure 2-2), and are not
normally exceeded except to regulated floods.
2.5 Conservation Storing Season
The general operation of the storage projects is to fill during the Conservation Storing
Season (February through May). During this period, the filling rate of the reservoirs
coincides with decreasing flood potential, as determined by analysis of historic floods.
Minimum reservoir releases are maintained throughout the Conservation Storing Season.
2.5.1 Conservation Release Season
During the Conservation Release Season (May through October) water is released to
maintain a minimum outflow from the projects, and to meet minimum flow requirements
at downstream control points. Near the end of the Conservation Release Season (usually
after Labor Day) releases at the reservoirs are increased to draft to the minimum flood
control elevations (generally by 1 December).
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Figure 2-2 Lookout Point Water Control Diagram

2-3 | P a g e

2.5.2 Major Flood Season
The Major Flood Season is November through January, although some of the largest
floods on record have occurred in February. During this period, the general reservoir
operation is to pass inflow or a minimum outflow as long as flows at downstream control
points are below flood regulation goals (bank full levels). In a flood control operation,
reservoir outflows are reduced and water is stored in the reservoirs until the peak of the
flood has passed and downstream flows have receded below the flood regulation goal
levels. At this time, outflows from the reservoirs are increased to evacuate water stored
during the flood control operation.
The minimum flood control pool is the target during the winter season with fluctuations
occurring during flood events. The forebay elevation can reach the spillway crest during
the flood season as demonstrated in Figure 2-3 which shows the forebay elevation for
water year 2006.
Lookout Point Dam is currently being operated under an IRRM modified Water Control
Manual. For Lookout Point Dam, the specific IRRM lies in the reduction in full
operational availability of the spillway tainter gates. The modified operations require that
none of the spillway gates be operated (opened or closed) with water above the upper
spillway gate strut. This is at a pool elevation of 915 ft when the gates are closed. The
gates may be operated at any time the pool is at or below elevation 915. As the pool rises,
the spillway gates may track with the pool elevation keeping the upper strut at or above
the water surface elevation. Portland District has termed the operation of the opening the
gates with increasing pool elevations, “Gate Tracking.” This operation would preclude
the pool rising above the gates’ upper strut.
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Figure 2-3 Pool Elevation in 2006
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2.6 Tainter Gate Geometry and Nomenclature
Images of the tainter gates at the project are shown for reference Figure 2-4 and Figure 25.

Figure 2-4 - Tainter Gate End Elevation

Figure 2-5 - Isometric View of STAAD model
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2.7 History of Analysis
The understanding of spillway gates and the forces that act on them has increased
considerably over the last 60 years; the most recent revisions to EM 1110-2-2702 (Design
of Spillway Tainter Gates) were made in 2000. These changes represent the knowledge
gained through operational experience. Most Willamette Valley Tainter gates were
designed and constructed in the 1950’s. Since their inception, design criteria has
necessarily become more rigorous as a result of research and development especially with
regard to fatigue and fracture provisions of American Institute of Steel Construction
(AISC), American Welding Society (AWS), and American Association of State Highway
and Transportation Officials (AASHTO).
2.8

2.8.1

Inspections and Analysis
Hydraulic Steel Structure Inspection Findings

HDR personnel inspected the upstream portions of spillway radial gates 1 through 5 in
2009. In general the gates were in good condition. Moderate corrosion of the hoist
connections near the base of the gate was noted throughout. Surface rust and pitting was
noted on the skin plate on the upstream side with heavier areas noted at the bottom of the
gate. Surface rust on the side seals and galvanic corrosion of the side seal washers was
noted to be heavier at the bottom of the gate. Hoist connections and cables were
moderately corroded.
The gates were fabricated and installed per the design drawings with the exception of the
as-built bottom seal detail. The plans indicate a much shorter top flange on the bottom
plate than is present and do not show a bottom seal or keeper plate (presumably specified
elsewhere since the holes are indicated). Additionally the plans indicate that the V”
shaped area between the bottom plate and the skin plate is to be filled with an “asphaltic
material” which is not present.
Several diagonal bracing flange deformations (without evidence of impact) are present at
the connections to the strut arms. Every gate had at least one frame with this occurring.
Small deformations are present on the top strut arm flanges on Gates 2, 3, and 5 all in
similar locations in the upper section. Approximate measurements were made on the
larger deformations, the largest deformation being 1/8 inch. Several, apparently impact
related, deformations are present on the vertical and diagonal braces. Many appear to be
caused by cable type loads. Several of these deformations are visible from the hoist deck.
Standing water, or evidence of previous standing water, is common on Strut 2
(middle arm) from the trunnion to the 2nd vertical brace and on Strut 3 (top arm) at the
trunnion connection. Standing water, or evidence of previous standing water, is common
between the horizontal girder stiffeners and the end of the horizontal girder. Several small
drain holes were unclogged during the inspection. Standing water and debris are gathered
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between the bottom plate and the skin plate in the bottom “V” shaped section of each gate
causing corrosion of the bottom plate, skin plate, and the base of the vertical ribs.
Clogged drain holes and standing water, or evidence of previous standing water, is
present within the trunnion casting causing light to moderate corrosion on the interior
surfaces of the casting and struts. With the exception of the ‘V’ shaped areas at the
bottom of the gate, the paint system is in generally good condition.
The ultrasonic testing of the full penetration field welds indicates that the majority of the
welds do not pass current standards. The indications are most likely the result of a lack of
fusion at the root due to not back-gouging the weld passes. The consequence is a weld
that is a partial penetration weld, or more accurately, just short of a full penetration weld.
As there are no visual indications (e.g. deformations, propagating cracks) that the welds
are inadequate for the imposed loads, it is not recommended that the existing connections
be ground out and re-welded. A fit for service evaluation can be performed, however, this
would required an x-ray of each connection to determine the exact amount of passable
weld present.
Climbing inspections for the spillway gates were completed in February 2014. A final
report is pending.
2.8.2

Historical Finite Element Analysis

HDR personnel performed structural analyses of the gate using the finite package
GTSTRUDL®. Load cases defined by EM 1110-2-2702 were applied to the model.
The results of the HDR analysis indicate that the gates do not meet current design codes.
However, the most recent USACE analysis shows that the gates do meet EM 1110-22702 design requirements for the static load case 1 with a full pool.
2.9 Conclusion
The Tainter gates at Lookout Point Dam do not meet the design criteria as set forth in EM
1110-2-2702. The information contained in this report discusses how the Tainter gates at
Lookout Point will be rehabilitated with regard to the structural, mechanical, and
electrical design of the gates. The rehabilitation will aid in removing the current IRRMs
and help restore flood control operations to the original design.
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3

IMPACTS OF CURRENT INTERIM RISK REDUCTION MEASURES

3.1 Impacts of Current IRRMs
The current IRRM at Lookout Point is in effect year round. Lookout Point Reservoir pool
should be restricted to a maximum elevation of 915 feet. The restriction is in place all
year because the regulating outlets have a gate operating restriction of 900 feet. The
Water Control Plan states the regulating outlets should not be used above pool elevation
900 feet due to slippage of the tainter gate bodies in the discharge valves. The pool can
rise above 915 feet as long as the gates are tracked with the pool elevation (gate
tracking). For more information on the IRRM’s and spillway operations during the major
flood season, see Section 2.5.2.
The main impacts from this IRRM are reduced flood control, loss of water storage and
impacts on recreation. The flood control impacts due to the current IRRM on the tainter
gates were presented in the 2010/2011 Deviation and are:
Based on model simulations, the IRRM operation at Lookout Point should have no
impact on downstream peak discharges for events of 0.04 AEP or smaller (less than 25year). Minor impacts may be anticipated for larger events between 0.02 and 0.04 AEP
(25- to 50-year). Project spill is likely to occur for events greater than 0.02 AEP (50year) which would potentially increase flood stages and damages downstream. The
impacts of IRRM operations are much less severe than gate and/or dam failure scenarios.
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4

LOAD LIMITING DEVICE

4.1 Discussion
There is a conflict in the current allowable stress criteria in EM 1110-2-2610, “Lock and
Dam Gate Operating and Control Systems”, for design of the mechanical hoisting
machinery when used in conjunction with the structural criteria in EM 1110-2-2702. EM
1110-2-2610 requires designers to make different assumptions than what’s required in
load cases 3 or 4 under EM 1110-2-2702. If load case 4 (single hoist operating, gate
jammed, motor at locked-rotor torque) were to occur at Lookout Point, the lifting force
exerted by the hoist on the gate by the wire ropes would theoretically be in the
neighborhood of 465 kips. The mechanical hoisting equipment, equipment platform, and
gate itself is not designed to withstand the stresses created by this hoisting force.
Possible ways to ensure suitable performance under load case 4 would require
replacement of the gate, hoist system and equipment platform with significantly higher
strength components. Alternatively, a device which limits the load to the amount required
for minimum performance for load case 4 would yield acceptable results. Since replacing
all components is not economically viable, an electronic load-limiting device (adjustable
overload relay or similar) will be used at Lookout Point to limit the maximum motor
torque.
4.2 Summary of Existing Criteria
Per EM 1110-2-2610 section 3.1.2.2 the design of spillway tainter gate wire rope electric
hoist systems shall be designed for two load cases:
a. Components of the hoist system should be designed for a factor of safety of 5
(applied to the component ultimate strength) based on stresses resulting from
normal hoisting operation.
b. Components of the hoist system should be designed so that stresses resulting from
the maximum torque of the motor do not exceed 75% of the component yield
strength.
EM 1110-2-2610 directs designers to use the assumption that both normal hoisting loads
and hoisting loads resulting from the maximum torque of the motor are equally divided
between the two hoists of a gate (assume 50%-50% load distribution between the two
hoists in the gate hoisting system). For NEMA Design D motors, locked rotor torque is
defined as 280% of the nameplate-rated torque.
Per EM 1110-2-2702, paragraph 3-4(b)(2), load cases 3 and 4 require that only one hoist
be assumed to be working, and the other hoist is somehow disconnected from the driven
shafts. This assumption doubles the stresses developed in the working hoist to twice what
EM 1110-2-2610 requires the designers to design for.
4.3 New Criteria
To address the issue described above, CENWP has adopted new, higher, allowable stress
criteria which will be applied to the mechanical and electrical hoisting machinery under
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EM 1110-2-2610, and creates a lower maximum hoisting force (Q3) to be applied to the
gate structural analysis under EM 1110-2-2702, “Design of Spillway Tainter Gates”.
All mechanical hoisting machinery shall be designed to withstand load cases 3 and 4 as
defined in EM 1110-2-2702 and as modified as follows:
Load case 3 is the situation where the hoisting system is only lifting the gate with one
hoist, but the gate is moving and the side bumpers are sliding on the pier walls. The
hoisting force, named Q-Lifting, that is exerted on the gate by the single hoist shall
include estimates of actual worst case assumptions for dead weight (including steel, paint,
welds, seals, seal bolts, dirt, debris and ice), side seal friction, side bumper friction, and
trunnion friction.
In EM 1110-2-2702, load case 4 is originally defined as single-sided hoisting, but with
the hoisting force defined when the gate is jammed and the motor is running up to
maximum torque (locked rotor torque).
Under this new criterion, an electronic load-limiting device will be used to limit the
maximum torque of the motor for load case 4. In addition, the hoisting force calculated in
load case 3, Q-Lifting, shall be multiplied by an uncertainty factor of 1.1 to find the new
Q3, the hoisting force due to maximum restricted motor torque. The electronic load
limiting device shall be set to trip off and set the hoist brake at the motor torque required
to generate a hoisting force equal to Q3. The electronic load-limiting device will have a
time-delay, that delay period shall be determined by CENWP-EC-DE and programmed at
the time of construction as a part of the hoist commissioning procedures.
It is assumed that the only way the hoisting force will exceed this new Q3 is if the gate is
in the process of jamming, or has actually jammed, since the hoisting force has exceeded
the load case 3 hoisting force (Q-Lifting) by no less than 10%.
Under this assumption, two of the conditions of load case 4, consisting of jammed gate
and single-sided hoisting, have been met. The maximum motor torque condition for load
case 4 is now redefined as the limit enforced by the electronic load-limiting device
(maximum restricted motor torque).
The mechanical hoisting machinery shall be designed with a maximum allowable stress
limit of 95% of 0.2% offset yield strength for all components for stresses calculated from
the new Q3 hoisting force. The Q3 loads shall be applied to the driven machinery for a
single hoist, under the assumption that the other hoist has suffered a failure or an
interference and is not acting to resist a torque on the drum's input shaft.
The design intent of the electronic load-limiting device is to constrain Q3 for load case 4,
single-sided hoisting, gate jammed. If this mode of failure occurs, instead of letting the
motor run all the way to stall-out torque, it will trip it off at a lower torque value. This
value will be determined by the hoisting load from load case 3where the gate can operate
as long as it is not jammed but is still experiencing single-sided hoisting. An example
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would be during a flood event, when a gate needs to operate but a log has gotten jammed
under the wire ropes, or a coupling on the torque tube has failed, or a similar mode of
uneven hoisting has arisen.
4.4 Summary of New Approach
CENWP assumes the occurrence of load case 4 is so rare that it may occur only once or
twice in the life of a single gate. If it does occur, the load-limiting device will trip off, the
brake will set, the gate will not fall, and the gate machinery will still be able to function if
the gate can be un-jammed (such as for lowering it back to the sill). In addition, the
original design criteria are still in effect for all other analysis requirements defined under
EM 1110-2- 2610. If a gate experiences a jam, the operations staff will need to inspect
the gate hoisting machinery after a load limiting device tripping event occurs. CENWPEC-DM also recommends that the overload device is tested annually to insure reliability.
4.5 Finding Q3 Rope Tension
In order to calculate load case 3, the structural finite element model was used to
determine the hosting force required to overcome: gate dead load, side seal friction,
trunnion friction, drag force of the gate rubbing on the piers (via new rollers) based on
pool level to the top of the gate. The rubbing force was based on a friction factor of 0.3
and based on the design value of the greaseless bushings based on an old bushing with no
maintenance. The new rollers will have a rolling friction of less than 0.3 since the actual
friction is proportional to the ratio of the pin diameter to the roller diameter which by
definition is less than 1, therefore the actual friction factor will be less than 0.3. Since the
rollers are not designed yet, the most conservative possible value of 0.3 was used. All
structural load factors were set to 1.0 since this is a service requirement rather than a
strength requirement. The resulting hoisting force was multiplied by a reliability factor
of 1.10 so that the resulting hoist force was greater than what is required to lift the gate in
load case 3, single-sided hoisting. This will ensure that the gate will lift under load case
3 and not trip the load limiting device.
The resulting hoist force (Q3) from the above procedure is as follows:
Q3 = (hoist force to open gate under LC3) * (reliability factor)
Q3 = 169 kips * 1.10 = 186 kips
Subsequently, the following values of the hoisting force (Q3) will be used for load case 4
(single-sided hoisting and gate jammed) and the hoist portion of load case 5 (gate at stops
with both hoists operating). Reference Table 4-1Hoist Loads Q3.
Table 4-1Hoist Loads Q3

Load
Case
4
5

Q3, kips
186
93

# Hoists
Operating
1
2

Reference the Structural Chapter 5 for further information.
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4.6 Finding Motor Overload
The percent of motor overload resulting from the hoist system applying a rope tension
equivalent to Q3 was found to be 133% of full load torque. This was found by
calculating the required torque at each gear reduction of the machinery from the hoist
drum shaft back to the motor. Under this loading it is assumed that the gate is moving
and therefore dynamic efficiency losses were included in the analysis of motor percent
overload. The motor characteristic vs. percent overload graph below (Figure 4-1) can be
used to determine the current and speed for this overload condition.

Figure 4-1 Motor Characteristic vs. Overload Percentage

4.7 Overload Device
The load limiting device is essentially an electronic overload relay with jam protection.
The purpose of jam protection is to take the motor offline if there is a sustained high
current (rated for up to 400% of the motor’s full load amps) anywhere between 1 to 20
seconds, depending on the user –adjustable setting. The device will be calibrated so that
it will trip when the hoist force discussed above is achieved. In order to prevent nuisance
tripping of the device at motor start ups (amperage peaks), the device will have a delay
that will be set after the in-rush duration is determined. As discussed above, the device
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will be set to trip so that load case 3 (single-sided hoisting) can be realized in the field
under service conditions. Any hoist force above load case 3 will cause the device to trip
and de-energize the motor.
4.7.1 Reliability
The load limiting device has an expected life of 10 years and is designed to operate for a
maximum of 65,535 motor run hours, roughly 7.5 years. Since the spillway gate motors
will be operated and average of 40 hours 1 or less per year, it is very possible the load
limit device could last well beyond 10 years due to infrequent use of the gates. It’s
recommended there are spare devices stored by the project for convenient replacement
should the need arise.
4.7.2 Testing
The recommended way of testing the load limit device is to disconnect it from the motor,
install a load bank, and inject current. A load bank is a device which develops an
electrical load, applies the load to an electrical power source and converts or dissipates
the resultant power output of the source. The purpose of a load bank is to accurately
mimic the operation of a real load. Current will be injected into the main power leads
and increased until the jam protection threshold, which is a percentage of the full-load
current of the motor, is met or exceeded.
4.7.3 Signage
A nameplate on the gate control panel will be installed alerting personnel that the load
limiting device should, under no circumstances, be bypassed. This warning will also be
fully documented in the O&M literature for the gate control system.

1

Per 5.7.2, 2012 had 168 operations which was the highest number of operations for the years examined,
assuming 200 operations per year at 6 feet per operation, this equates to about 40 hours per year of motor
run time.
4-5 | P a g e

5

STRUCTURAL DESIGN

5.1 General
This section discusses the analysis and recommendations for rehabilitating the Lookout
Point Spillway Tainter Gates and appurtenant structures.
5.2 References
The structural design will follow Engineering Manuals (EMs), Technical Manuals (TMs),
and Industry Codes listed below where applicable.
1.
2.
3.
4.
5.
6.
5.3

ACI 318-08, Building Code Requirements for Structural Concrete
AISC 325, Steel Construction Manual - 13th Edition
ASCE 7-10, Minimum Design Loads for Buildings and Other Structures
EM 385-1-1, Safety and Health Requirements Manual 2008
EM 1110-2-2105, Design of Hydraulic Steel Structures
EM 1110-2-2702, Design of Spillway Tainter Gates
Structural Background

5.3.1 Present Conditions
The following items were analyzed and found to be overstressed when subjected to EM
1110-2-2702 loading:
1. Strut Arms
2. Girders
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5.4
5.4.1

Definitions of Structural Loads
H1

This is the largest hydrostatic load that will ever occur. It was taken as the top of the gate
at elevation 929’. The bottom of the gate is at elevation 886.82’. This is a difference of
42ft. This multiplied by 62.4 lb/ft3, as the density of water, equates to 2632 lb/ft2 of
water pressure applied at the bottom of the skin plate. This was distributed as a curved
triangular load to the top of the gate as shown in Figure 5-1- H1 Triangular Distribution
below.

Figure 5-1- H1 Triangular Distribution
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5.4.2

H2

This is defined as the net hydrostatic load considering any flood up to a 10 yr event. The
hydraulic engineer defined this as elevation 926’ which is the conservation pool. This is a
difference of 39.18 ft which equates to a hydrostatic load of 2444 lb/ft2 applied as shown
in Figure 5-2.

Figure 5-2- H2 Triangular Distribution

5.4.3

H3

This pool elevation is defined as the pool levels that are exceeded up to 50 percent of the
time during the year. This pool level ends up being below the elevation of the sill.
Instead of discounting this elevation and not running these load cases, it will be taken as
equal to H2 which is very conservative.
5.4.4 Hoist Loads - Q1 Q2 Q3
According to EM 1110-2-2702 loads Q1 and Q2 do not exist for wire rope hoist systems.
Q3 is defined as the maximum upward load that can be applied by the wire rope system
when a gate is jammed or partially opened. This is said to be defined in Chapter 7 of EM
1110-2-2702 and shall be developed in consultation with the mechanical engineer. This
load will be discussed further below.
5.4.5 Ice/Debris Impact Load - I
This impact load is used for a debris load but does not include ice. Portland District has
determined that the greatest threat of impact loading is due to a floating debris mat. This
debris mat is assumed to be 10 ft deep and traveling at 7 ft/s. The calculations are
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provided in Appendix F – Hydraulic Loads. The loads were computed for Foster and can
be applied at other tainter gates in the Willamette Valley. It is horizontally applied as a
1000lb/ft load at the top of the skin plate along the face of the tainter gate.
5.4.6 Side Seal Friction – Fs
This load is due to the frictional force that is a result of the side seal contacting the
concrete pier face. It is a function of the coefficient of friction, which is assumed to be
0.5, the amount of hydrostatic force on the seal, and the amount of preset deflection that
the seal is installed with. The excel spreadsheet showing this calculation is shown below.

Figure 5-3- Side Seal Calculations

5.4.7 Trunnion Pin Friction - Ft
This is the friction that exists between the pin and the bushing during Load Case 2, 3, and
4 during the lifting of the gate. A design coefficient of friction is assumed to be 0.3 for
this calculation as per EM 1110-2-2702. This is a conservative value that incorporates
uncertainties that exist with irregular maintenance and uncertain condition of
components. The process of determining the lifting loads that equate to a 0.3 trunnion
friction value is an iterative one that involves the use of a spreadsheet and the STAAD
finite element model. The first step is assuming a lifting load and applying this to the gate
while the end conditions are fixed. A moment is induced at the fixed end condition and
this moment is compared to a calculated value. When these two moments match each
other it can be safely assumed that the correct lifting load has been reached. The
spreadsheets showing the lifting load calculations for each controlling load case are
shown below.
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Figure 5-4-LC 2 (3-9DEBRIS) Pin Friction Values
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Figure 5-5- LC 2 (3-9WAVE) Pin Friction Values
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Figure 5-6- LC3 Pin Friction Values

5.4.8 Earthquake Design Loads - E
Earthquake loads are based on an operational basis earthquake with a 144 year mean
recurrence interval. The hydrodynamic affects of water on the structure is estimated by
applying the Westergaard equation and using the maximum base acceleration of the dam
due to the OBE. This maximum base acceleration is shown in a USGS printout that is
attached. The Westergaard equation is shown in Figure 5-7.

Figure 5-7- Westergaard Equation

For Load Case 5 this only applies to the mass inertia forces of the structure.
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5.4.9 Wave Load - Wa
In the original design documentation, the fetch was identified as 6.6 miles long which
was confirmed by measuring the maximum fetch length off of Google Earth. Assuming a
20 meter/sec wind (just a bit larger than 40 mph), the estimated wave height is 1 meter,
EM 1110-2-1100, Part II. The design wave height for Lookout Point is 3.3 feet.
5.4.10 Wind Load - W
The wind loads were calculated using ASCE 7-05 and a design wind speed of 100 mph.
Hand calculations are attached showing the pressure calculations.
5.5 Trunnion Hub Casting Analysis Failure Criteria
This component is a casting and will not be replaced based on analysis. It is a compact
section and can develop a full plastic moment. It has a short length and thus, will not fail
in buckling. Due to it being short and compact, yielding will be the failure mechanism.
As such, unfactored von Mises stresses will be computed and compared to a critical von
Mises stress. The critical von Mises stress will be 0.5Fy. The coefficient is derived by
dividing the HSS reliability factor for allowable stress (α) by the AISC 360- 05 strength
reduction factor for allowable stress (Ω).
Fcr = (α/Ω)*Fy = (.83/1.67)*Fy = 0.5*Fy
Fy casting = 35 ksi
Fcr = 0.5*35 ksi = 17.5 ksi

This critical stress aligns with what is stipulated in EM 1110-2-2702 which states that:
All components of the trunnion assembly shall be designed based on allowable
stress design. Maximum allowable working stresses for forgings and casting shall
be limited to 0.5Fy where Fy is the material yield stress.
The trunnion assembly shall be designed for load combinations specified in
Chapter 3 except a uniform load factor of 1.0 shall be applied to all sources of
loading.

Therefore, the load combinations required in EM 2702 will be used with their load
factors equal to 1.0. Von Mises stresses calculated by finite element program will then
be compared to the 0.5 Fy limit.
5.6 End Frame Design Criteria at Casting
The end frame just before it meets the hub casting is a stiff weldment made up of plate
sections and wide flange sections (Figure 5-8). Design criteria for this section will be
from AISC 360-10, Chapter H of the Specification. Specifically, the interaction equation
that shall be used is H2-1 which can be seen in Figure 5-9. A finite element analysis will
be performed on this portion of the structure in order to determine the maximum force
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components (axial, shear, strong and weak axis bending) and then applied to equation
H2-1.
A shear check will be performed separately and will be in accordance with Chapter G of
the AISC 360-10 Specification.

Figure 5-8 - End Frame at Casting

Figure 5-9 - AISC 360-10 Equation H2-1

5.7

Number of Loading Cycles on Gate

5.7.1 Hydrostatic
The number of loading cycles on the spillway gates is extremely low. The gates are
loaded from two sources: The first being hydrostatic from the reservoir being filled and
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drafted throughout the year. The Water Control Diagram (Figure 2-2) shows that the
pool elevation comes above the spillway crest (and loads the gates) at elevation 886’ in
spring. The pool level reaches approximately 925’ during the summer and goes back
down below the spillway crest in late autumn. This idealized curve indicates that the
gates realize only one cycle of stress per year. In reality, there can be years where the
pool goes above and below the spillway crest multiple times due to flood events. The
frequency of this happening is approximately 100 per year and will be accounted for
further on in this discussion.
5.7.2 Annual Maintenance
The spillway gates are operated each year as part of a preventative maintenance program.
Generally, the gates are raised and lowered throughout their full range of motion to check
for problems and to grease the trunnion bushings. This may happen a few times for each
gate once a year.
5.7.3 Design Number of Loading Cycles
To estimate the fatigue life of the tainter gate and its components, an estimate of the
number of gate movements is needed. The spill data for Lookout Point from 2002 to
2012 was evaluated. If spill occurred with a forebay elevation of 900 feet or higher, the
assumption was it was through the spillway. The figure below estimates the number of
gate movements under hydraulic load. The largest number of movements was in 2012
which is associated with using the spillway for juvenile fish passage and temperature
control. The use of the spillway to pass juvenile fish or for temperature control is likely
to increase. Thus a reasonable number of cycles per year to use to estimate the fatigue
life is 500 cycles per year per gate.

168

2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002

43
8
1

Year

10
0
27
2
15
0
13
0

50
100
150
Amount of Tainter Gate Movements

200
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5.8

Fatigue

5.8.1 General
Cyclically loaded structures, such as these spillway gates, experience fatigue over their
life. Fatigue is defined as the tendency of a material to fail at a stress level below its
yield stress when it is subjected to cyclical loading. There are three stages of fatigue
failure starting with the formation of a crack or called crack initiation. Cracks are
initiated from points of stress concentrations which can result from poor connection
details or defective welding. The second stage of fatigue failure is called crack
propagation. In this stage, the crack grows slowly at a predictable rate until the third
fatigue failure stage or fracture is obtained. In this stage, the crack reaches its critical
length resulting in sudden failure of the material. Fatigue Design limits the allowable
design stress range based on the structure’s loading condition (number of cycles) and the
structure’s fatigue category. Fatigue categories rate conditions, such as connection
details, with a level of fatigue resistance. Fatigue categories range from A to E with A
having the most fatigue resistance and hence, a higher allowable stress range.
5.8.2 Fatigue Consideration for Design
Appendix 3, section 3.1 of the 13th edition of the ASIC Steel Manual (AISC 360 -05)
states that:
No evaluation of fatigue resistance of members consisting of shapes or plate is
required if the number of cycles of application of live load is less than 20,000.
Based on the developed design number of loading cycles of 500 per year, it can be seen
that it will take approximately 40 years to reach the threshold level of 20,000 cycles of
stress. Our structures life cycle should be 50 years. Therefore, fatigue will be a
consideration for the rehabilitation of these spillway gates.

5.9

Structural Analysis

5.9.1 Load Combinations
The spillway gates at Lookout Point were analyzed using STAAD. This software is a
finite element analysis (FEA) program which produces detailed results from model and
data that is created by the operator. The EM 1110-2-2702, Design of Spillway Tainter
Gates was used for the analysis and design guidance. All five load combinations outlined
in the EM were used to analyze the existing gate. Per EM1110-2- 2105 Design of
Hydraulic Steel Structures a reliability factor, α, of 0.85, was used to reduce structural
capacities thus increasing interaction values. This is used to account for the reduced
maintenance at difficult to access areas.
Shown below are the load cases from EM1110-2-2702 that are used to load the gate in
STAAD. They include the gate resting on the sill with a full hydrostatic load (LC1), the
gate being lifted using both hoists (LC2), the gate being lifted using one hoist (LC3), the
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gate jammed in the slot with one hoist operating (LC4), and the gate completely open
against its stops with both hoists operating at their maximum load that they can develop
(LC5).
Load case 1: Gate closed. Load combinations for this load case apply when the gate is in
the closed position.
1.4 H1 + 1.2D + 1.6(C+ M) + 1.2Q 2

(EM 1110-2-2702, Eqn. 3-5)

1.4 H2+1.2D+1.6(C +M) + [1.2Q1 or (1.2Q2 _ 1.2WA) or ( 1.2Q2 +kI I)]
(EM 1110-2-2702, Eqn. 3-6)
1.2 H3 + 1.2D + 1.6(C+ M) + 1.0E

(EM 1110-2-2702, Eqn. 3-7)

Load case 2: Gate operating with two hoists. Load combinations for this load case
represent the condition when the gate is opening or closing with both hoists functional.
1.4 H1 + 1.2D + 1.6(C+ M) + 1.4 FS + 1.0 Ft

(EM 1110-2-2702, Eqn. 3-8)

1.4 H2 + 1.2D + 1.6(C+ M) + 1.4 FS + 1.0 Ft + (1.2WA or k I I)
(EM 1110-2-2702, Eqn. 3-9)
Load case 3: Gate operating with one hoist. This load combination is for the case where
the gate is operated with only one hoist (subsequent to failure of the other hoist).
1.4 H2 + 1.2D + 1.6(C+ M) + 1.4 FS + 1.0 Ft

(EM 1110-2-2702, Eqn. 3-10)

Load case 4: Gate jammed. This load combination accounts for the possible condition
where one hoist fails, and the gate becomes jammed between piers due to twist of the
gate (such that one end frame is higher than the other).
1.4 H2 +1.2D+1.6(C +M)+(1.2Q3 or 1.2Q1 )

(EM 1110-2-2702, Eqn. 3-11)

Load case 5: Gate fully opened. This load combination accounts for the condition where
the gate is fully opened (raised to the gate stops) with wind, earthquake, or operating
equipment loads.
k D + 1.6(C + M) + (1.3W or 1.0E or 1.2Q3 )

(EM 1110-2-2702, Eqn. 3-12)
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5.9.2 Beam-Frame and Finite Element Analysis
The Lookout Point tainter gates were modeled using the structural analysis program
STAAD. The main model that was used to present results is a simple beam-frame
element model. This type of model is favored due to its speed and accuracy.
Trunnion friction loads were developed using an iterative process. For Load Cases 2 and
3 a hoisting load was estimated and applied to the model at the lifting lug location
parallel to the skin plate. The trunnion hub boundary conditions were fixed. The model
was run and reactions were recorded and input into the trunnion friction spreadsheets that
are attached. These reactions were compared to the theoretical Trunnion friction values
that were calculated using the hub and pin geometry. Depending on whether the STAAD
reactions were above or below these theoretical values the hoisting load was modified
and the process was repeated until the values from STAAD matched the theoretical
values. These moments were then recorded as the Trunnion friction values.
Interaction values (IV) reported are per STAAD’s internal code check that is based off of
ASIC 360 13th LRFD. Design parameters such as strut arms unbraced length, unbraced
length for the girder top flange, steel yield strength, hydraulic reliability factors, and
custom beam sizes were all input to allow the program to accurately determine the
sections capacity per code.
The skin plate to rib connection is a problem that requires a special solution. As shown in
Figure 5-10, the rib was modeled as a singly symmetric W section with the outside flange
being a width that would make this a non-compact section in bending per EM 1110-22702 (Eqn. 3-14).
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Figure 5-10 - Rib to skin plate model

The skin plate was modeled as a plate element, shown in purple, which runs through the
centroid axis of the rib member. This acts as a diaphragm between subsequent ribs but
contributes little strength or stiffness relative to strong axis bending of the ribs. These
plates are also the element that transfers the hydrostatic load to the rib members.
The COG and self weight of the beam-frame model was checked per original hand
calculations and found to be within 2-5%. The horizontal reactions from the hydrostatic
load were found to be equal to each other at each Trunnion hub showing that the skin
plate is distributing its load evenly.
5.9.3 Member Designation
Member interaction ratios will be reported on an excel table. Strut arms and main girders
will be called out as upper, middle or lower. The highest rib ratio will be reported along
with strut arm bracing, diagonal bracing, and girder flange bracing.
5.9.4 Trunnion Girder
STAAD, a structural analysis program, was used to conduct a three-dimensional finite
element analysis of Lookout Point’s trunnion girder. The girder, shown in Figure 1
below, was analyzed as described in EM 1110-2-2702. Strength and service limits were
checked using criteria outlined in the American Institute of Steel Construction (AISC)
Steel Construction Manual, 14th edition, and in conjunction with the EM. As stated in
EM 1110-2-2702, “The Trunnion girder is assumed to operate as a simply supported
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beam with cantilevered end spans” (Page 6-5). The girder anchorage was modeled using
pin connections at the centerline of the anchors into the concrete piers.
The Girder was modeled several different ways using two different loading methods. For
both loading methods the girder was modeled with plate elements and used the load
combinations, per EM 1110-2-2702: gate closed, gates operating, one gate operating, gate
open, and gate jammed. The trunnion girder was modeled with both the supports off
extended anchors and the supports directly connected to the girder. The first loading
method (Point Load Method) translated the forces generated from the trunnion to the
yokes through eight bolts into the girder; these locations were point loaded on to
represent the connection from the yoke to the girder. Moments were represented as
couple forces being transmitted through the bolts into the trunnion girder. This
methodology was utilized because it replicated the HDR structural Analysis from 2011.
The second method (Bearing Plate Method) consisted of translating the forces onto the
girder through the bearing plate. It was assumed that the forces transferring through the
bearing plate could be modeled as uniform area loads. The Moments resulting from the
trunnion loading were again represented as couple forces being transmitted through the
bolted connections.
Each Load Case was analyzed through STAAD and is summarized in the folliwng
Figures. The trunnion Girder was not over stressed per the load combinations in the EM
1110-2-2702. Using the Point Load Method, Load Case 3-8 was determined as the
governing loading condition resulting in a maximum resultant deflection .199 inches.
Using the Bearing Plate Method Load Case 2 (Eqn. 3-8) was determined as the governing
loading condition resulting in a maximum resultant deflection of 0.080 inches.
Service Level Stresses Sxx, Syy and Sxy along with service level principle stresses S1
and S2 are reported for the Point Load Method and the bearing plate method, in the
Appendix.
The Demand to Capacity Ratios, illustrated in Table 5-4, is greater than one due to the
anchorage and the stress occurred in the plates adjacent to the supports. In reality the
support will be much more uniform and spread out than as modeled along the centerline.
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Figure 5-11 - Trunnion Girder at Lookout Point

Figure 5-12: Point Load Method Load Case 2 Sxx Stress Diagram

Figure 5-13: Point Load Method Load Case 2 Syy Stress Diagram
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Figure 5-14: Point Load Method Load Case 2 Sxy Stress Diagram

Figure 5-15: Point Load Method Load Case 2 S1 Diagram

Figure 5-16: Point Load Method Load Case 2 S2 Diagram
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Figure 5-17: Bearing Plate Method Load Case 2 Sxx

Figure 5-18: Bearing Plate Method Load Case 2 Syy

Figure 5-19: Bearing Plate Method Load Case 2 Sxy
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Figure 5-20: Bearing Plate Method Load Case 2 S1 Diagram

Figure 5-21: Bearing Plate Method Load Case 2 S2 Diagram

5.9.5

End Frame at Casting

5.9.5.1 Analysis
Reference Section 5.6 for criteria. The trunnion hubs for the Lookout Point tainter gates
were modeled using plate elements. This was performed to show stresses throughout the
casting and to have the ability to analyze the weld connecting the strut arms to the hub.
Figure 5-22 below shows the trunnion hub geometry as modeled in STAAD.
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Figure 5-22- Trunnion Hub Isometric

The highest stresses in the trunnion hub occur during Load Case 2 due to the fact that the
gate is subjected to a full hydrostatic load increasing the trunnion friction on the pin.
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Figure 5-23 End Frame Connection to Casting

Figure 5-23 shows the end frame as it connects to the casting. There are trapezoidal
plates that attach the top and middle struts’ flanges to one another. The bottom and lower
strut arms are welded together before they meet the hub. In analyzing this section of the
end frame, AISC 360-10 Equation H2 (Figure 5-9) is utilized.
This section was analyzed as a singly symmetric box section. Its width thickness limits
were checked and found to be a compact section. It cannot have any local flange or web
buckling and the limit state of yielding will apply. The sections properties were input into
section wizard and the properties were reported as shown below in Figure 5-16. The
location of the section was determined by taking a vertical slice from just upstream of the
trunnion hub casting. This should provide the weakest section which will be the highest
stressed.
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Figure 5-24 - Properties for strut arm box section from Section Maker

The strong axis flexural capacity was calculated using Mnz=FyZz. The weak axis
flexural capacity was calculated using Mny=FyZy. The axial compressive capacity was
determined by Pn = FcrAg. The Fcr used was 35.99 due to the Euler buckling critical
stress being very large. These values were multiplied by phi in order to determine their
design strength. They were then combined using Equation H2-1 to determine the overall
design strength. This was reduced by the HSS reliability factor of 0.85 and the final
interaction value was found to be equal to 0.49.

5.9.5.2 Fracture Concerns
Figure 5-23 shows intersecting welds at the interface of the trunnion hub casting and the
strut arms. Intersecting welds have created additional restraint in the vicinity of the
welds and therefore develop additional residual stresses. The additional residual stresses
in combination with the indications that are known to be present within the welds can
lead to rapid crack growth and ultimately fracture of the members. This is undesirable
since fracture is an immediate, brittle failure that has no warning.
In order to alleviate the fracture concerns, small holes (approximately 1” in diameter) will
be drilled in the vicinity of the intersecting welds (Figure 5-25). The holes alleviate the
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restraint and hence, alleviate the fracture concerns. After drilling, the holes will be
ground smooth so there are no sharp edges and then painted for corrosion protection.
It is recognized that there is only one chance to drill these holes correctly. Therefore, a
field mock-up will be required to qualify drillers before drilling can commence.

Trunnion Hub Casting

Strut
Arms

Figure 5-25 Holes Drilled at Intersecting Welds

5.9.6 Trunnion Hub Casting Analysis
Reference Section 5.5 for design criteria. Figure 5-26 and Figure 5-27 show the von
Mises stresses in the trunnion casting for 0.3 and 0.2 trunnion friction, respectively. The
von Mises stresses are based on an allowable stress and therefore have load factors equal
to 1.0. The stress plots represent the worst case loadings on the castings.
Both figures have ‘hot’ spots which are localized and are over the stress criteria of 0.5Fy
(17.5 ksi). The hot spots start to disappear and the stress becomes more uniform around
20 ksi for a trunnion friction of 0.3 and 18 ksi for a trunnion friction of 0.2. These more
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uniform stresses are over our criteria by 12% for trunnion friction equal to 0.3 and are
equal for trunnion friction equal to 0.2.
Design criteria per EM 2702 requires that a trunnion friction value of 0.3 be used. The
FEA shows that the hub casting is slightly over design strength. This is acceptable for
the following reasons:
1. The under design strength section is a compact section. This means that the
section can develop a full plastic moment without any localized buckling.
2. The under design strength section is localized. It is a small portion of the entire
section.
3. The section’s maximum von Mises stresses are 69% of the yield stress of the
material (trunnion friction equal to 0.3). There is no yielding occurring and no
initiation of a plastic moment.
Based on the above, the slight over design strength is acceptable and does not warrant
replacement of the hub casting.

Figure 5-26- Trunnion Hub Unfactored Loads Mu=0.3, von Mises Stresses, Load Case 2
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Figure 5-27- Trunnion hub Unfactored Loads Mu=0.2, von Mises Stresses, Load Case 2

A sensitivity analysis was performed as a part of the Trunnion casting analysis to
determine if reducing the size of the mesh would cause stress concentrations to reduce
and if the results were reliable. Shown below is the mesh size reduced by half.

Figure 5-28 - Sensitivity Analysis Mesh
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The stress concentrations have shrunk to the locations shown in yellow and red. Reducing
the mesh further, as shown below, demonstrates the same stress concentrations at
locations where the Trunnion is connected to the pin.

Figure 5-29 - Sensitivity Analysis Mesh 2

These stress concentrations are the result of the method used to model the Trunnion to
pin boundary condition. A series of connecting members are used to connect the plate
elements of the Trunnion to a central axis. These members are connected at the stress
concentration locations. In reality these concentrations would not be present due to the
Trunnion having full bearing on the pin surface. Shown below is a representation of these
members and how they connect to the Trunnion.

Figure 5-30 - Pin modeling
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5.9.7 Weld Indication Analysis
A climbing inspection of the gates was performed by HDR in February of 2009 2. Part of
the inspection included non-destructive testing of the complete penetration groove welds
that are located at the hub and at a splice in the top strut (Figure 5-32 and Figure 5-31).
The hub is a steel casting conforming to Federal Spec QQ-S 681 Class 2. The struts are
fabricated from QQ-S-741 Grade A Type 2 steel.
Ultrasonic testing was performed on these groove welds and class A indications were
found to be present. Class A indications are large flaws as per AWS D1.1. Typically, the
indications were found mid-depth of the weld which is not unusual for this type of
fabrication. In some cases the indications were the full length of the weld.
It is not recommended to repair these welds for several reasons. First, the pre-heat
required for welding would be on the order of 500° which would damage the hub bushing
that is nearby. Second, castings are prone to cracking from welding due to their high
carbon content. Significant base metal defects were found at Tuttle Creek and acceptance
criteria has tightened significantly since the tainter gates were built.

Figure 5-31 Groove Weld Locations

2

Lookout Point Radial Gate Inspection, HDR engineering, October , 2009
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Figure 5-32 Gate End Frame

If the hub would crack due to the welding process then it would have to be field-repaired
which would likely be significant based on similar work performed on the Tuttle Creek
tainter gate hub castings. If repairs took an excessively long time then the risk of not
completing the project by the time the pool rose would increase which would put the gate
at risk and increase flooding downstream.

5.10 Analysis Results of Gate
Figure 5-33, shown below, highlights the members that are overstressed for all load cases
and those which the rehabilitation will be addressing.
Interaction values from the results can be seen in Figure 5-34 on the next page. A
highlighted value indicates an interaction value over 1.0. These numbers have been
reduced by the reliability factor of 0.85.
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Figure 5-33 - Overstressed members
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Member
Upper Strut Arm
Mid Strut Arm
Lower Strut Arm
Upper Girder
Mid Girder
Lower Girder
Vertical Rib
Skin Plate Bracing
Diagonal Bracing
Strut Arm Bracing
Tension Tie

Interaction Ratio AISC Section Controlling Load Case
1.163
1.483
0.986
1.198
0.758
1.295
1.044
0.115
0.843
0.841
0.737

H1/2
H1/2
H1/2
H1/2
H1/2
H1/2
H1/2
H1/2
H1/2
H1/2
H1/2

Load Case 2 (3-8)
Load Case 2 (3-8)
Load Case 2 (3-8)
Load Case 3 (3-10)
Load Case 2 (3-8)
Load Case 3 (3-10)
Load Case 2 (3-8)
Load Case 2 (3-8)
Load Case 3 (3-10)
Load Case 2 (3-8)
Load Case 2 (3-8)

Figure 5-34 - Interaction Ratio Table

5.11 Repair Options
A few repair options were considered during the DDR phase to repair the overstressed
strut arms and are discussed in the following sections.
5.11.1 Cover Plates
There are numerous benefits to being able to repair the gate on seal by reinforcing the
strut arms with cover plates. This saves time, cost and lessens the impact on other
disciplines. Cover plates have been implemented at other Willamette Valley projects.
Cover plates were used for strut arm strengthening at Foster Dam. However, there are
significant issues that need to be evaluated if this option is to be implemented. For
instance, cover plate termination before the casting is mandatory. As stated earlier in
Section 5.9.7, it is not desirable to weld to the castings due to potential crack concerns
and melting of the trunnion bushing from welding requirements. A finite element stress
analysis was performed to determine if the built-up section immediately upstream of the
steel casting had adequate strength (Section 5.9.5).
Another issue was if cover plates could be installed partially along the length of the entire
strut arm or not. This is a condition of analyzing a nonprismatic section. Concerns were
raised on how to analyze this scenario and to be certain that the finite element model
(FEM) that was used to model partial cover plate installation was accurate. In order to
verify the FEM and gain confidence in it, numerical methods were researched and
utilized for confirmation. A paper 3 by Newmark found in an American Society of Civil
Engineers publication provided such a numerical method and was used to confirm the
FEM results. The Newmark paper is a numerical procedure for computing the
deflections, moments and critical buckling loads of sections with variable cross sections
loaded in various ways. A spreadsheet was set up based on a textbook example and
verified to be accurate. The spreadsheet was then used to analyze a cover-plated wide
flange similar to what we will have on the end frame struts. A STAAD model was also
3

Paper no. 2202, Numerical Procedure for Computing Deflections, Moments and Buckling Loads by N. M.
Newmark
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created to model the identical situation with its results being compared to the spreadsheet.
The results between spreadsheet and the STAAD model were within 1% of each other
and therefore validated the STAAD model and provided confidence in it and the finite
element program itself. The purpose of this comparison was to gain confidence in the
STAAD model and to confirm its accuracy.
Fatigue is yet another issue that is of great concern for cover plates. Welded cover plate
terminations have an undesirable fatigue category associated with them which can
ultimately lead to fracture of the member that it is welded to.
Market research was performed with a Contractor on the subject of either using cover
plates or end frame replacement as repair options. The Contractor’s opinion is that cover
plates would be less expensive and easier to install than end frame replacement. The
Contractor indicated that heat straightening and applied force using a hydraulic ram could
be used on deformations that were present and that lead-based paint abatement could be
effectively handled.
5.11.2 Replace End Frames
This option would replace the end frames and Trunnions as has been completed at other
Willamette Valley Tainter gate projects. End frame replacement would take the gate off
seal which would require a construction window longer than the window needed to add
cover plates. The longer construction window increases the risk of the pool rising above
the spillway crest.
5.11.3 Add Bracing
The addition of bracing (to decrease the effective length of the strut arms) is not a viable
option. The strut arms see significant axial and weak axis bending forces and see
relatively small strong axis bending forces. Therefore, even if the strong axis of the strut
arms could be effectively braced then the additional capacity gained would not do very
much to bring down the stress level in the section. Strong axis bracing of the strut arms
is not practical since bracing would be required to cross across the width of the spillway
to the gate’s adjacent end frame or attach to the horizontal girders.
The location of the existing weak axis bracing from the original design is at its optimal
location. Therefore, the section’s axial capacity is ‘capped off’ and any additional
bracing that would decrease the strut’s effective length would not increase section
capacity.
5.11.4 Cut Out Overstressed Portions and add New in Field
This repair option would likely encounter unknown field conditions that increase the risk
of schedule delay and change orders. This would most-likely lead to fit-up issues with
the new portions of strut arms that would lead to extra work. This is undesirable from a
cost, schedule and quality perspective. Past experience at Foster Dam for identical work
found extensive base metal repairs were required. Additionally, it has been already stated
earlier in the report (Weld Indication Analysis Section 5.9.7) that welding to the hub was
undesirable due to concerns of cracking the casting and melting the hub bushing.
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Therefore, minimizing this type of work is beneficial from a schedule and cost
perspective.
5.12 Repair Option Analysis
The repair option of adding cover plates to the strut arms and stiffening the outboard ribs
was chosen as the repair option to move forward with.
Shown below is the CAD model that highlights the repairs. The Interaction Values table
is shown in Figure 5-34 for the repair shown in Figure 5-33.

5-35- Cover plates and Rib Stiffeners

The cover plates cover 5.5ft on the top strut and 15 ft on the middle strut. This was done
to minimize the amount of field welding that would be needed. This adequately stiffens
the struts against buckling and gives them enough design strength to resist axial, strong
and weak axis bending forces, and shear.
Rib stiffeners were added to stiffen the weak axis of the main girders. They were placed
on the outboard ribs due to the high friction forces that are seen from LC3. The bumpers
dragging on the concrete puts large weak axis bending in the girders and this is then
transferred into axial forces on the ribs through the stiffeners.
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Member
Upper Strut Arm
Mid Strut Arm
Lower Strut Arm
Upper Girder
Mid Girder
Lower Girder
Vertical Rib
Skin Plate Bracing
Diagonal Bracing
Strut Arm Bracing
Tension Tie

Interaction Ratio AISC Section Controlling Load Case
0.799
0.998
0.878
0.432
0.728
0.902
0.861
0.94
0.843
1
0.737

H1/2
H1/2
H1/2
H1/2
H1/2
H1/2
H1/2
H1/2
H1/2
H1/2
H1/2

Load Case 2 (3-8)
Load Case 2 (3-8)
Load Case 2 (3-8)
Load Case 3 (3-10)
Load Case 3 (3-10)
Load Case 3 (3-10)
Load Case 2 (3-8)
Load Case 2 (3-8)
Load Case 3 (3-10)
Load Case 2 (3-8)
Load Case 2 (3-8)

Figure 5-36 - Interaction Values after Retrofit

5.13 Machinery Platforms
The machinery platform was analyzed using the structural program STAAD. The
calculations are attached in Appendix D. All members have adequate design strength per
current design codes for all hoisting loads.

5.14 Gate Seals
The existing side seals and bottom crush seals will be replaced as part of this contract.
5.15 Gate Painting
These gates will have touch up painting as part of the contract. Parts of the skin plate that
have pitting or moderate corrosion will be painted.
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6

MECHANICAL DESIGN

6.1 Objective
The mechanical objective of this project is to ensure the safe and reliable operation of the
Lookout Point spillway tainter gate mechanical systems for the next 50 years of operation
and to bring the gates into compliance with current codes and standards.
6.2

Engineering References Used

ANSI/AGMA 2001 –DO4: Fundamental Rating Factors and Calculation Methods for
Involute Spur and Helical Gear Teeth
EM 1110-2-2702 (2000): Design of Spillway Tainter Gates
EM 1110-2-2610 (2013): Mechanical and Electrical Design for Lock and Dam
Operating Equipment
EM 1110-2-3200 (1998): Wire Rope Selection Criteria for Gate Operating Devices
RR-W-410F (2007): Federal Specification, Wire Rope and Strand
NEMA Standard Publication MG 1-2011: Motors and Generators

6.3

Existing Systems

The existing systems have not been changed substantially since they first installed.
6.3.1

Hoist Power Train

The existing mechanical drive system consists of:
1) A 7.5 hp 1200 rpm NEMA B motor drives the primary reducer input shaft.
2) The primary reducer is a 10:1 right angle worm drive with a dual output 4. The
same brand of the worm drive is Cone Drive model HU40-3. The output of the
primary reducer is coupled to the input shaft of the secondary reducer through a
cutout coupling which allows a single motor to power adjacent gates for
redundancy.
3) The secondary reducer is a triple reduction, parallel shaft reducer with a 195.05:1
reduction ratio. The original manufacturer of the reducer is Western Gear Works
but the reducers were rebuilt by Philadelphia Gear in 2010. Each reducer features
a double-sided input shaft; one shaft is driven by the worm reducer, the other
shaft drives the reducer on the opposing side of the gate via a two-inch diameter
line shaft. The line shaft is supported by four bearing which are cantilevered off
the downstream face of the dam. The output of the parallel reducer drives the
open gear pinion.
4

Gates 1 and 5 only have a single sided output on the primary reducer
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4) The open gearing is a typical spur gear set with an overall gear ratio of 4.8:1. The
pinion is simply supported. The bull gear is a ring forging that is bolted to the
drum end plate.
5) The drum is a typical stacked plate design containing five 7/8-inch stainless wire
ropes separated by four finger plates. The third wrap pitch diameter of 26-1/4
inches. The wire ropes are speltered directly into the drum.
6) All bearings appear are greased pillow block roller bearings.
7) The overall system reduction ratio is approximately 9340:1. The drum runs at
.126 rpm and gate velocity ranges from .86 ft/min (3rd wrap) to .92 ft/min (5th
wrap).
8) The existing brake is a typical mill duty thruster drum break which is located on
the input shaft of the secondary reducer opposite the motor and in-line with the
line shaft.
6.3.2

Backup Motor Operation

All gates are connected via cutout couplings to the adjacent gate. This allows for motors
on center piers to power either adjacent gate.
6.3.3

Position Indication System

The gate position is measured off bull gear shaft. A chain connects the bull gear shaft and
a right angle gearbox featuring two output shafts. One output drives a rotary encoder
which supplies an output to the LOP control room for remote operation. The other output
drives a dial indicator which displays gate opening in terms of feet of gate opening on an
engraved dial for local operation.
6.3.4

Limit Switches

A rotary-type limit switch is driven off the bull gear shaft. Adjustable stops on the limit
switch drum engage plunger switches at the prescribed limits. There are seven switches
available, and six appear to be in use.
6.3.5

Trunnion Bearing System Configuration

The trunnion bearing is a typical greased bronze system. The total trunnion width is 211/2 inches and has two individual 10-3/8 wide bushings separated by a ¾ inch lip in the
middle of the hub. The bushing OD is 17-1/4 inches, the ID is 15.009/15.013 inches. The
trunnion pin has a diameter of 14.996/15.000 inches.
6.3.6

Trunnion Bearing Material

Material is listed as Fed Spec QQ-B-691b composition 6 on drawing LP-F-310-6_Rev A.
This composition is 85-89% Cu, 7.5-11% Sn, 1.5-4.5% Zn, and 0-1% Pb. This is
comparable to current UNS C90300 which has 45 ksi tensile strength, and 20 ksi yield
strength.
6.4

Major Retrofits and Replacement Work
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In 2010 a partial mechanical retrofit was performed under contract W9127N-10-C-0028.
The scope of the work included:
1) Replace existing 7/8 inch wire rope with new 7/8 inch 6x19 class, 6x25 stainless
steel wire rope.
2) Replace gate connection weldments.
3) Replace rope pivot assemblies with a design capable of electrically isolating the
stainless steel ropes from the steel gate.
4) Replace steel wear plates with UHMW Polyethylene wear plates.
5) Parallel shaft reducers were rebuilt by Philadelphia Gear.
6.5

Mechanical System Assessments

Mechanical systems are assessed based on the mechanical load cases and the
corresponding criteria.
6.5.1 Load Case A – Normal Operation
The normal operation load case (LCA) will be calculated based on the worst case friction and
efficiency values that would be obtained with moderate maintenance performed on the
mechanical systems over the 50 year design life. This load case assumes that both hoists are
functioning and are equally sharing the hoist load of the gate. Per the requirements of EM
1110-2-2610 the hoist system will be designed for a factor of safety of five for this load case.
Load case A is comparable to EM 1110-2-2702 load case two. The normal operation loads on
the hoist system are a function of the external loads applied to the gate (hydrostatic forces,
gravitational forces, friction forces, etc). To calculate the load required to lift the spillway
gate (tension in hoist ropes) a free body diagram has been created. Operating loads were
applied to the free body diagram and a summation of forces and moments was performed to
solve for the tension in the wire ropes. The rope tension for LCA has been found to be 130
kips (65 kips per hoist). This rope tension and speed of the gate has been used to select a
motor size and hoist machinery reduction ratio that will be adequate to lift the gate at
approximately .85 ft/min hoist speed used in the original calculations.
6.5.2

Load Case B – Max Allowable Motor Torque with Both Hoists, Torque
Limited
Load case B (LCB) will be defined as the maximum torque of the motor applied to both
hoists. This load case assumes that each hoist shares the load equally. Per the requirements of
EM 1110-2-2610 the hoist system will be designed to not exceed 75% of the yield points of
the components under this loading except for wire rope, which will be limited to 70% of
minimum breaking strength based on the guidance of EM 1110-2-3200. This load case is not
directly covered in EM 1110-2-2702 for the structural design of the gate. However, this load
case is most comparable to EM 1110-2-2702 load case five, which assumes the gate is full
open, the max load from the hoist system is applied to the gate, and the gate is contacting
physical gates stops which restrict the gate from moving. This load case will be calculated
based on the setting of the overload device which will be used to restrict the maximum motor
torque.
6.5.3

Load Case C – Maximum Motor Torque with One Hoist
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Load case C (LCC) will be defined as the maximum torque of the motor applied to one hoist.
This load case makes the assumption that the gate hoist system has encountered conditions
which prevent one hoist from lifting. This load case is the same as load case three in EM
1110-2-2702. This type of loading could be experienced if a drive train component
experienced a failure after the split between sides of the hoist. This type of loading could also
be experienced if a situation occurred that prevented one of the hoists from sharing the hoist
load such as a log or debris that gets stuck between the hoist ropes and the skin plate of the
gate. This load case will be calculated based on the setting of the overload device.
Component stress criteria will be limited to 95% component yield stresses, except for wire
rope, which will be limited to 70% of minimum breaking strength based on the guidance of
EM 1110-2-3200.

6.5.4

Analysis

6.5.4.1 Analysis Summary
Table 6-1 below summarizes the analysis results.
Component
Wire Rope
Wire Rope Drum

Driver
LCA (65.0 kip minimum
breaking strength)
New rope size

Gate Connection

LCC stress, size

Open Gearing
Rope Pivot

LLC stress
New rope size

Wear plate
Motor
Couplings (All)
Right angle drive
(primary reducer)
Parallel shaft
reducer (secondary
reducer)
Limit switches
Bearings (all)
Brake

New rope size
Age
New design, Age
New design, Age
LCC, lack of verifiable
documentation, new design

Result
Replace with 1” wire
rope
Need new drum to fix 1”
rope
Replace all components
except pin, gate
connection weldment pin
isolation bushings.
Replace with new
Replace bridge sockets
only
Keep w/o modification
Replace
Replace
Replace
Replace

New design, Age
New design, Age
New design, Age

Replace
Replace
Replace with motor
brakes
Position indication
New design
Replace with staff gauge
Trunnion bearing
New design, Age
Replace
Table 6-1. Summary of major items that will be reused, refurbished, or replaced.
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6.5.5

Retaining Reliability and Functionality of Old Hoists

The scope of this project will refurbish up to five gates but only two gates will be
mandatory. To account for the possibility of not refurbishing a mechanical system, the
two motor redundancy of the original system must be retained.
The solution to integrate new hoist systems with existing system involves a different
machinery layout in which each hoist has redundant motors. This layout is also more
compact which allows the original motor for the old hoist to remain in place; thereby
allowing gates not refurbished to maintain their dual motor configuration.
6.5.6

New Hoist Configuration

The new hoist configuration will vary substantially from the existing design. The new
layout will be very similar to the new Fall Creek design and will have the following
salient features:
a. Mirrored design, each side of the gate will have a motor, right angle drive
(primary), parallel shaft reducer (secondary), open gearing, new drum with one
inch wire rope, and a line shaft between each side of the gate,
b. Gate hoist will not be interconnected mechanically with each other as they are
currently.
c. Motors will be 7.5 hp NEMA B 1800 rpm motors, a motor on either side can
power the gate.
d. Motor brakes rated individually at 150% of rated motor torque. Each motor will
have a brake.
e. Right angle bevel gear boxes which have high efficiency and can be run in
forward and in reverse and motored backwords by the opposing motor with very
little parasitic drag. C-face motor mount. Ratio of 35:1.
f. Three stage parallel shaft reducer; approximate with a ratio of 80:1.
g. Bull gear and pinion with a reduction ratio of 5.06:1.
h. Skid mounted; one side of the hoist will be completely assembled and tested in
the shop, the skid will be directly mounted to the existing machinery platform.
i. Line shaft will be mounted on a beam that will be shop assembled except for the
section that connects to the parallel shaft reducer input shaft.
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Figure 6-1. Fall Creek hoist layout, Lookout Point hoists will have a very similar layout.
6.5.7

As-Built and Existing Condition

Since all major mechanical components will be replaced to meet new design criteria,
confirming as-built conditions is not critical to the success of the project. Trunnion
bearings are one exception, however past experience shows that hub dimensions closely
match drawings.
6.5.8

Component Analysis

6.5.8.1 Wire Ropes
Wire rope tensions were calculated for each load case and evaluated against the criteria
for wire ropes of that associated load case. The results show that the minimum wire rope
size is 1 inch and is driven by LCA. See calculations in Appendix E for detailed
calculations for LCA, LCB, and LCC.

LCA
LCB
LCC

Load per
rope, lbs.

Criteria per EM 1110-23200

Min Breaking
strength
required, lbs.

13,020
18,634
11,723

0.2 *Min breaking strength
0.7*Min breaking strength
0.7*Min breaking strength

65,098
26,620
16,747

Min Wire Rope
Size, lbs.
(Fed Spec RR
410F table X)
1 inch
9/16 inch
1/2 inch
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Table 6-2. Wire rope minimum sizes as a function of the load case loads and design
criteria.
6.5.8.2 Parallel Shaft Reducer Gearboxes
The parallel shaft reducers were rebuilt by Philadelphia gear in 2010 but USACE has been
unable to recover pertinent engineering ratings such as rated input horsepower or maximum
torque ratings which would be required to determine if these gearboxes were suitable. The
original nameplate rating is listed at 3.53 input horsepower. We will assume that the rebuilt
gearboxes have the same horsepower rating for analysis sake.
Considering the mechanical load case C, the required power is 5.85 horsepower (see
calculation part 2. Equipment Loads at Load Cases B and C). This is a multiplier of 1.66,
meaning that for LCC the parallel shaft reducer would be run 66% over its design capacity
for up to 38 minutes (time to fully raise gate), therefore, the gearbox is not suitably sized for
this application and will be replaced with one that is rated for a single sided loading of the
gate.

6.5.8.3 Hoist Drum
The drum will be replaced to accommodate the larger wire rope size. A stacked plate
design will be used with machined-out blocks for the wire rope sockets. This design has
been used for several previous projects (Big Cliff, New Hogan, Fall Creek) and has
proven to be a successful design.
6.5.8.4 Open Gearing (Pinion and Bull Gear)

There are very high risks associated with reusing the existing open gearing. There are
several different items to consider:
1) No original design information was available for the open gearing. Analysis
would be based on handful of known elements and a large number of assumptions
which is not desirable for a critical drive train component.
2) Operational requirements of the gates going forward are likely to increase over
the original design criteria; therefore, original design assumptions for fatigue
would likely not be valid.
3) Based on previous analyses with other similar refurbishments, open gearing is not
designed for LCC. The tooth bending loads and the pitting loads exceed allowable
limits.
4) A detailed inspection to determine condition can only occur after the hoist has
been taken apart. At this point there is no time to react to any deficiencies. Given
that lead times would be in the 3-4 month lead time and the cost premium in
expediting manufacture of new gears will be significant. Schedule would be
severely compromised also if gear replacement is required.
5) A design life of 50 years using the original gearing is questionable even if
condition was excellent given the limited information known about the gearing.
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6) Given the design of gearing assembly, it can be very difficult to disassemble the
gearing without damaging.
7) The Government assumes all risk associated with the use of these components in
relation to warranty, workmanship. It is verylikely that any problem associated
with the hoist system would somehow be linked back to reuse of existing
components. This is a common problem with reused components.
For these reasons, the existing open gearing will not be reused and replaced with new
components designed to meet a 50 year design life and conform to current design criteria.

6.5.8.5 Wire Rope and Gate Connections
The gate connection was replaced in 2010 under contract W9127N-10-C-0028 as part of
the wire rope replacement contract. Structural design section has determined that the gate
connection lug is adequately sized for all structural and mechanical load cases. Analysis
of existing pins, u-bolts will be included in the 90% DDR. Bridge sockets currently sized
for a 7/8 rope will be replaced and sized for a 1 inch rope.
6.5.8.6 Hoist Motors
The LCA analysis showed that the maximum normal operating power requirement is 4.4
hp. Rule of thumb for design is that motor should be rated for 80-90% of rated
horsepower to limit the amount of torque the system is exposed to during an overload
condition (LCB); 4.4 hp is 88% of 5 hp. Recent commissioning of gate hoists with a
similar design point has shown that during cold weather operation, motors were drawing
significantly higher amperage when the motors were first started. This amp draw was
leading to overload trips of the hoist circuit. Since 4.4 hp is on the high side of the
recommended range, a 7.5 hp motor will be selected to avoid problems with cold
temperature operation. Since this system will use a load limiting device, there will be no
additional loading on the system during a LCB event due to selecting a higher
horsepower motor.
NEMA B motors were chosen over NEMA D motors because calculations showed that
the locked rotor torque requirements during startup did not warrant the NEMA D design.
Since NEMA D are essentially custom and 3 – 4 times more than the equivalent NEMA
B motors, it makes sense to select NEMA B style motors.
6.5.8.7 Worm Reducers
Worm reducer will not be reused due to the equipment age as well as the new hoist
configuration.
6.5.8.8 Hoist Machinery Mounts
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Hoist machinery mounts will be all new to accommodate the new design layout.
6.5.9

Line Shaft Components

Line shaft components will be replaced due to age and risk associated with refurbishing
and reusing relatively low cost components. The line shaft will be beam mounted (versus
mounted off the downstream face of the dam. The beam, bearing mounts, bearings, and
shaft will be shop assembled and dropped in place, and the beam will span across the
platforms and rest on the edge of the platform.

Figure 6-2. Line shaft assembly plan.
6.5.10 Brakes
The existing single thruster brakes will be replaced primarily due to configuration change
of the hoist system and equipment age. The new configuration will have a brake mounted
on each motor.
6.5.11 Limit Switches and Position Indication
Limit switches will be replaced due to age. The new limit switches will be driven of the
drum shaft. A Stromag brand series 51 limit switch with integral encoder will be selected
based on performance at other projects and desire to have common components
throughout the Willamette Valley projects. The limit switch will have an approximate
30:1 ratio which is based which allow the limit switch to rotate to about 85% of the full
switch rotational range (pinion shaft will rotate approximately 25 revolutions from full
gates closed to full open. The encoder will be mounted on a common shaft and will be a
4096 increment per inch absolute encoder. The switch/encoder will be mounted off the
parallel shaft reducer output.
6.5.12 Staff Gauge
The existing dial position indication will be replaced with a new aluminum staff gauge
that mounts on the skin plate. An accompanying pointer will mount on the lower portion
of the machinery platform.
6.5.12.1 Trunnion Bearings
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Existing trunnion bearings will be replaced due to age and desire to move to a greaseless
system which will reduce O&M costs and eliminate the usage of grease near open
waterways. The design will mimic the current bronze bearing so no substantial trunnion
changes will be required except that lip seals will be added to eliminate contaminant
migration into the bearing space. The current design does not include any thrust bearings
because the thrust tube offset eliminates substantial thrust. The situation where the entire
gate shifts to one side and applied a load was examined and it was determined that this
loading is not significant enough to require a thrust bearing which would involve
significant costs and time modify the trunnion yoke.
6.5.12.2 Miscellaneous Components
All bearings, couplings, fasteners and other similar off-the-shelf type items will be
replaced with new as the risk associated with reusing or refurbishing these components is
high compared with simply replacing with new.
6.5.13 Disconnect Couplings
Disconnect couplings are not part of the new design due to the new configuration which
has redundant motors and brakes.
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7

ELECTRICAL DESIGN

7.1

General

This section describes the electrical features of the Lookout Point Spillway Dam. The
electrical system will be designed as described in this section.
7.2

References

The electrical design will follow Engineering Manuals (EMs), Engineering Regulations
(ERs), Engineering Technical Letters (ETLs), Technical Manuals (TMs), Unified
Facilities Criteria (UFC) documents, and Industry Codes listed below where applicable.
(1) National Fire Protection Association: NFPA 70, National Electrical Code, 2011
Edition
(2) USACE Engineering Manual EM 1110-2-2610, Mechanical and Electrical Design
for Lock and Dam Operating Equipment, 2013
7.3
7.3.1

Electrical power
Power Source

The power source will be two 480VAC, 60Hz, 3-phase feeders from the existing
switchboard in the electrical room on Dam Elevation 929. 25. The switchboard itself has
its power supplied from the powerhouse.
7.3.2

Backup Power

Lookout Point Dam has an existing 100kW, 480VAC, 60Hz, 3-phase stand-by diesel
generator set located in the electrical room on Dam Elevation 929.25 for back-up power.
The design will also incorporate a connection point at the stair tower for connection to a
portable stand-by generator.
7.3.3

Power Distribution

Power is supplied to the five gates via two 480VAC, 75 Amp, 3-phase feeders originating
from the switchboard in the electrical room on Dam Elevation 929.25. The gates will be
powered via VFD’s to allow for variable control. The design will also incorporate a
connection point at the stair tower for connection to a portable stand-by generator.
There will be a three position manual transfer switch near the portable stand-by generator
connection point which will allow power transfer between feeder #1, feeder #2, and the
portable stand-by generator. There will also be interlocking breakers at each gate control
cabinet to allow power transfer between feeder #1 and feeder #2.
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7.3.4

Raceways and Conduit

New conduit will be supplied between the electrical room on Dam Elevation 929.25 and
the gate control cabinets and associated equipment. The existing conduits will be
removed where possible or, in the case of concrete encased conduits, abandoned in place
and plugged. Rigid galvanized steel conduit (RGS) will be provided for all new work.
Liquid tight flex metal conduit will be used for the final connection to the electrical and
controls equipment.
7.4

Control Systems

7.4.1

Gate Control

(1) Existing Controls
The spillway gates are currently controlled locally from a pushbutton station mounted to
the front of the spillway gate control cabinet. The local control station is padlocked so
that only authorized personnel may operate the controls. When a raise operation is
initiated by momentarily pressing the “RAISE” pushbutton, the raise control circuit is
sealed in and the gate raises approximately one foot to the first incremental limit switch.
When this incremental limit switch is reached the raise circuit is de-energized, the gate
raise operation stops, and the brake is set. To continue raising the gate the operator must
momentarily press the “RAISE” button again. The gate will continue to rise until the next
incremental limit switch is reached. This incremental control of the raise operation
continues until an intermediate position is reached. Once this intermediate position is
reached, a momentary pressing of the “RAISE” button will seal in the raise circuit and
the gate will rise to the fully open position with no further actions by the operator. This
incremental operation is also part of the lower circuit. When the gate is in the fully open
position and the “LOWER” button is pressed momentarily, the gate lower circuit will seal
in and the gate will lower to the intermediate position with no further actions from the
operator. When this intermediate position is reached, the operator has to momentarily
press the “LOWER” button and the gate will lower in one foot increments until the fully
lowered position is reached. If at any time the gate travels beyond the fully raised or
lowered position, there are backup limit switches that will stop the operation of the gate.
The operator must then press a “BACKOUT RAISE” or “BACKOUT LOWER”
pushbutton to raise or lower the gate out of the over-travel position. There is also a
mushroom head “STOP” pushbutton which the operator may press at any time to stop the
movement of the gate. The existing gate control cabinet installation is not NEC code
compliant in that there is not 3 feet clearance in front of the cabinet for working space.
(2) Future Controls

7-2 | P a g e

There will be a new spillway gate control system installed for spillway gates number 2, 3,
and 4. There will also be an option in the Contract to include a new control system for
gates number 1 and 5. The new gate control system will consist of a spillway gate
control cabinet, spillway gate control station, and a pendant push button station for each
gate.
The spillway gate control station will be located on the front of the spillway gate control
cabinet with a lockable swing panel to prevent unwanted use. The spillway gate control
station will contain a Motor 1/Motor 2 selector switch, VFD/Off/Bypass keyed selector
switch, VFD Fault red pilot light, VFD fault reset pushbutton, a digital gate position
indicating meter, and a pendant control receptacle. Only the pendant control station will
contain the Gate Raise, Lower, and Stop pushbuttons.
The pendant control station will be connected to the pendant control receptacle on the
front of the spillway gate control station enclosure. To raise or lower the gate, the
operator will select which motor they would like to use with the Motor 1/Motor 2 selector
switch and then plug the pendant station into the pendant control receptacle. The operator
can then press and hold the Raise or Lower button on the pendant control station and the
gate will begin to raise or lower. There will be no seal-in or automatic step function in the
new control system. The operator will have to press and hold the raise or lower
pushbutton for the duration of the gate raise/lower operation.
There will be no incremental limit switches used in the new control circuit, since the
operator will be able to release the raise or lower button at any time. There will be two
sets of limit switches installed for the fully open and fully closed positions of the gate,
one regular end-of-travel set and one overtravel set. These limit switches will be adjusted
to stop the gate at the fully open and closed position.
There will be no separate “backout from over-travel” pushbuttons installed in this new
system.

7.5

Grounding

The electrical system will be solidly grounded and the installation shall comply with
Article 250 of the NEC.
7.6

Instrumentation

There will be an absolute encoder for each gate measuring gate position.
7.7

Annunciation

There will be an external illuminated VFD fault push button on the face of each of the
spillway gate control cabinets that will indicate when there is a VFD fault condition for
the spillway gate hoist motor. This VFD fault will be able to be reset by pressing the
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VFD fault reset push button. There will also be a panel meter on the face of the cabinet
to indicate the gate position. Annunciation will also be available in the powerhouse
control room for the gate positions and VFD status.
7.8

PLC System

There will be a Flex I/O PLC rack located in each gate control cabinet to allow for
remote monitoring and future control of the gates. These racks will be wired back via a
fiber optic Ethernet cable back to a central ControlNet PLC rack located in the electrical
room on Dam Elevation 929. 25. This rack will be linked via an existing fiber optic
cable to the control room powerhouse. Connection between this fiber optic cable and the
existing control room PLC system will be done by USACE personnel. In addition, any
PLC programming required will be done by USACE personnel.
7.9

Lighting

The existing spillway exterior lighting at each control station will be replaced where
required with high efficiency fluorescent or LED fixtures suitable for outdoor industrial
locations in cold weather. In addition, lighting will be provided near the staff gage
indicator and in each control cabinet.
7.10 Heaters and Heat Exchangers
Heaters will be provided in the spillway gate control cabinets, limit switch boxes, motor
gearboxes, and brake enclosures. A heat exchanger will be provided at each spillway
gate control cabinet.
7.11 Data and Voice Communications
A new Ethernet network will be routed from the new gate control cabinets down to the
computer room next to the control room. The network will consist of new fiber optic
cables from each gate control cabinet down to a new PLC panel in the electrical room on
Elevation 925.25, a new fiber optic enclosure from the PLC panel to the existing fiber
optic enclosure, and the existing fiber optic cable from the existing fiber optic enclosure
down to the computer room.
There will be no changes to the existing voice communications system as part of this
work.
7.12 Security
There will be no changes to the existing security system as part of this work.
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8

CONSTRUCTION

8.1 Site Access
Access to the project will be from the north abutment. It is anticipated that, due to the
lack of security after normal working hours, the Contractor will provide his own security
forces to provide a checkpoint for avoidance of vandalism and property theft. Due to the
proximity of the work on the road deck leading south across the dam, it is appropriate to
close the road at the dam with limited access to emergency vehicles only. Gate
components and ancillary items removed and replacement items will be transported to
and from the site on West Boundary Road. A traffic control plan identifying proper
signage and flagging will be required during transport operations at this intersection.
ODOT should be informed of the planned work and any special traffic protective
measures discussed preferably at the pre-construction conference or sooner. The
Contractor should verify road restrictions for both overhead and lane width clearance
restrictions, and load ratings for transport issues in the performance of this repair work.
Worker parking shall be coordinated with the Corps field office and the Lookout Point
project.
8.2

Staging Areas

A minimal staging area is available at the site. It is anticipated that work will proceed in
an orderly fashion with field deliveries or offsite transport made as the work progresses at
either ready for removal or ready for install timeframes.
8.3

Crane Operations

The Contractor will be using a crane during the gate repair operations. Prior to work
start, the Contractor will be required to submit his Critical Lift Plan, catalog cuts on the
crane that he plans to use with technical data on outriggers and loading charts, and a list
of loads planned for the job. The crane should not be mobilized onto the site until a crane
safety inspection has been performed. CENWP-EC-DS will identify outrigger placement
locations based on the Contractor submittals identified above. The protective barricade
along the east side of the spillway deck will need to be removed to allow crane access for
construction activities at each gate location. Once on site and setup has occurred, a
working load test should be performed.
8.4

Work Areas

The Contractor will be working on hoist assemblies and lifting devices associated with
the tainter gate system. Workers will be supported by Contractor design work platforms
secured to the interior gate piers on each side. The work will entail replacement of both
of the trunnion arm frames, trunnion yokes, trunnion anchor systems, replacement of the
existing bearings with new greaseless bearings, new hoist platforms, hoist systems, and
wire rope. The work area for equipment and crew operations will occupy the bridge deck
over the tainter gate bays. Egress will be limited to pedestrian traffic with site safety
monitoring the area.
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8.5 Sequencing of Work
It is envisioned that site electrical work required by this contract will be completed so as
to provide either temporary power or final permanent power within the spillway bays
where the mechanical and structural work is being performed. The interior piers at all
three gates have a hoist platform system that support both adjacent tainter gate hoists.
The structural and mechanical work will proceed with the start of Gate No. 3 in the
middle of the spillway of the dam, removing the replacing the hoist systems on each side
of the gate during the Gate repair sequence. The work will then proceed to Gate No.2,
completing all required work in similar fashion at this location.
If the option to repair the 3rd gate, Gate No. 4 and subsequently gate No’s 1 and 5 are
exercised, it will be necessary to issue the modification in sufficient time to allow for any
long lead items and provide for timely execution of the remaining work.
8.6 Operations During Construction
The assumption is that repairs can be take place with the gate on seal. Structural repair
on the gate cannot take place if the pool elevation is at or above the spillway crest; if the
pool elevation rises to 884.5 feet (3 feet below spillway crest of 887.5 feet), construction
activity on the gate will stop until the pool elevation recedes. The Contractor can
continue to work on the electrical, mechanical and other activities that do not impact the
ability of the gate to stay on seal. At least three gates will be operable during
construction and the gates will be used to insure the pool does not rise above elevation
910 feet.
Regulators and Operators will notify the Government Construction representative and the
Contractor when events are expected, or occurring, that may result in the reservoir
elevation reaching the spillway crest. The goal is to provide 72 hours notice prior to the
pool reaching elevation 860 feet, 24 hours notice prior to the pool reaching elevation 870
feet and 6 hours notice prior to the pool reaching elevation 880 feet. If the pool elevation
exceeds 880 feet, Regulators and Operators will notify the Government Construction
representative and the Contractor when the pool is expected to recede below 860 feet.
The Contractor will require windows where the pool is below 860 feet and the gate can
be exercised. These windows will be coordinated with Regulators and Operators at least
one week in advance. Regulators and Operators will make every attempt to meet the
Contractor’s requests for work but flexibility will be required depending on storm events.
Appendix F identifies the construction window for gate repair which is complicated since
this Project does not have stoplogs. The ‘best’ construction window is a tradeoff of
potential consequences based on risks associated with each window. The recommended
construction window to repair the two spillway gates at Lookout Point, based on
information provided in the following discussion appears to be 15 July to 15 November
2015. This window requires that the skin plate is used as a stop log up to an elevation of
910 feet. Construction is assumed to take 16 weeks, 8 weeks per gate. If the construction
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window is reduced, the start date would be shifted; the end date must not be delayed. If a
other optional gates are repaired, some work may be split on one of the gates while other
remaining gates would be completed during the construction window between 15
September to 15 November 2016.
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9

OPERATIONS AND MAINTENANCE

9.1 General
This section describes considerations to operations, maintenance, and safety associated
with Lookout Point spillway gates repairs.
9.2 References
EM 385-1-1 USACE Safety and Health Requirements Manual
9.3 Operations
The spillway gates will continue to be only operated locally. The controls will be
changed to utilize a removable pendant with “deadman” operation. The operator must
hold the raise or lower button depressed for the gate to move. The pendant will be stored
in a secure location to prevent unauthorized operation of the gates.
Local gate position indication will be updated to include staff gauges on gates and digital
displays. Connection for alternate portable power supply will be added to allow
operation of gates in the event of power failure.
9.4 Maintenance
Reliability and Maintainability of spillway gate components should be considered during
design. Where possible, components/materials that reduce maintenance requirements and
improve reliability should be selected. Components that require inspection, adjustment
or periodic replacement should be safely and easily accessible to maintenance personnel.
9.5 Safety
Components that will be used as isolation points for hazardous energy control should
have provisions for installation of clearance locks/tags. New equipment should be placed
in locations that do not restrict personnel access or require use of personnel fall protection
equipment for normal operation or maintenance of equipment. Spillway area lighting
will be repaired/improved.
All repairs or modifications to the spillway gates must comply with safety requirements
of EM 385-1-1 “USACE Safety and Health Requirements Manual”.
9.6 Environmental
Environmental protection should be considered during design of spillway gate repairs.
Risk of oil/grease spill into reservoir/river should be mitigated where feasible.
9.7 Documentation
Operations and Maintenance equipment manual(s) will be developed to reflect changes to
spillway gates. Lookout Point Station O&M manual will be updated to reflect changes to
configuration and operation of gates. As-built drawings should be provided reflecting
changes to spillway gate configuration. Existing drawings will need to be revised to
reflect the changes.
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Maintenance procedures will be updated as necessary for new or modified equipment.
9.8 Training
Prior to commissioning of spillway gates Project personnel should receive training on all
aspects of operation or maintenance that are changed by the repairs. Preliminary manuals
and drawings should be on hand during training
9.9 Commissioning
Commissioning testing should be performed following completion of repairs to verify all
functional aspects of spillway gates prior to placing gates in service
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10 COST ESTIMATE
10.1 Project Description
The scope of this project is to rehabilitate two (or three) gate(s) at Lookout Point Dam to
restore integrity and reliability in accordance with current codes, design criteria, and
standards for these critical structures. Spillway tainter gate girders, strut arms, bracing
members and related structural components will be strengthened with high-strength steel
components. All gate seals and related hardware shall also be replaced.
Recommendations from the Comprehensive Risk Assessment on electrical and
mechanical system repairs for both gates will be implemented.
Lookout Point Dam is an earthen dam with a gated concrete spillway and outlet works.
It was completed in 1956 and dams Lookout Point Lake, a tributary of the Middle Fork
Willamette River, to create Lookout Point Lake. The dam is 25 miles southeast of
Eugene, near the community of Lowell, in Lane County, Oregon. It is operated as part of
the Willamette Valley Project.
There are five spillway gates and four regulating outlets allowing water passage. The
spillway gate structural members have been evaluated and significantly overstressed
members were identified. The over-stressed members need to be strengthened to meet
current design standards so that full functionality can be restored. In addition, the
mechanical and electrical systems that operate the gates are old and have shown
significant degradation such that they need to be modernized.
Interim risk reduction measures have been implemented to limit the loading on the gates,
but these measures also significantly reduce the available flood storage capacity of the
reservoir. This reduced capacity significantly increases the risk of flooding downstream.
Rehabilitating one gate at Lookout Point Dam would restore capacity up to the largest
flood of record at the project (the 1996 flood event), would provide operational flexibility
during flood events as well as during the fill and drafting cycle of the rule curve, and
would provide redundancy when the pool is too high to use the regulating outlets.
Operation funding will be used to pay for this job, which is 100% federally funded.
10.2 Basis of Estimate
a. Basis of Design
Information from design engineers at the DDR Design Work/Issues phase.
b. Basis of Estimate
The estimate for this project was developed using information provided by the designers,
including plans and quantities. The estimate was prepared using MCACES MII Version

10-1 | P a g e

4.2, and was based on experience and data from previous Spillway Gate rehabilitation
estimates and construction records.
The MII estimate is arranged by groups of basic tasks such as mobilization and
preparation, structural work, mechanical work, electrical work and miscellaneous items.
This arrangement allows revision of the estimate to fit the future bid schedule. At this
time it appears the bid schedule will include mandatory work on one gate and optional
work of the second gate. Use of optional bid items will allow matching bids with
available funding.
The structural and electrical portions of the estimate were developed in detail using labor
and equipment crews, quantities, production rates, and material price quotes. The
mechanical portion of the estimate relies on historical data from previous repair jobs,
particularly the Big Cliff , Foster, Fall Creek, and Dexter Tainter gates rehabilitation jobs.
c. Assumptions for the Cost Estimate. The assumptions used in the preparation of the
cost estimate include the use of local fabricators for the steel components, subcontractors
from the local area, machinery from previously used sources for similar recent work,
other available sources for miscellaneous supplies and other consumables, cranes and
other required equipment from local rental companies, and labor resources from local
union halls if additional crew makeup is needed.
10.3 Construction Schedule
a. General
The construction schedule was prepared using MS Project software. A previously
prepared overall project schedule was used to set the construction notice-to-proceed date
of 30 Sep 2014. Tasks and durations were obtained from the MII estimate, an electrical
estimate prepared in Excel, previously prepared schedules for other tainter gate
rehabilitation jobs, and actual experience from ongoing jobs. Predecessors and lags/leads
were based on judgment, previous schedules, and experience from ongoing jobs.
Midpoints of project activities determined from the schedule were used on the Total
Project Cost Summary (TPCS) to compute escalation factors.
b. Construction Windows
The anticipated construction window is 15 July to 15 November 2015, with a second
season anticipated for 1 September to 1 November 2016, per the PMP.

c. Summary Construction Schedule
A summary construction schedule for this project is shown below.
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d. Overtime
Much of the work needs to be accomplished when the water level of Lookout Point Lake
is low because there are no stoplogs to dewater the gates. Pool elevations annually go
below the crest of the spillway ogees, which will allow work to be performed on the gates
in the dry. Extending the duration is limited due to the need to fill the reservoir to full
pool elevation, per the project Water Control Diagram (Figure 2-2), for the summer
recreation season. Due to the risk of flood events and the difficulty of extending the
duration of the contract, it is assumed overtime will be used. The estimate is based on a
schedule of 60 hours per week, using six 10-hour work days, Monday thru Saturday.

d. Acquisition Plan
The estimate assumes solicitation by best value or lowest price, technically acceptable
(LPTA) method. This assumption does not affect the estimated costs except that it
assumes the contractor will be well qualified to do the work. Award of a firm fixed price
contract will be made to the selected contractor.

10-3 | P a g e

10.4 Subcontracting Plan
The estimates assume the prime contractor will be experienced in mobilizing equipment
and labor; installing the required work platform and shelter; accomplishing lead paint
abatement and sandblasting; performing demolition of existing mechanical components;
and assembly, welding and painting of structural steel components similar to those to be
installed on this job. It is assumed subcontractors will perform the following tasks:
• Mechanical Subcontractor: Supply and refurbish in-shop or onsite required
mechanical equipment.
• Electrical Subcontractor: Supply and install electrical equipment and components.
• Inspection Subcontractor: Weld testing services.
• Load Testing Subcontractor: Provide water weights and load testing of cranes.
• Design Consultant: Provide design and detailing of contractor designed items.

10.5 Project Construction
Access. Access of personnel and material is by existing roadways, and work areas in and
around the project. Access is typical and not a special consideration for this type of
work.
Barrow Areas. Not applicable.
Government Furnish Property. Not applicable.
Quantities. Quantities were provided by the designers.
Construction Methodology. Weather will likely be cold and wet during the construction
period. Special measures must be taken to assure welding is performed at the correct
temperature and moisture conditions. A temporary work platform and shelter will be built
to accommodate required welding conditions. Most structural and mechanical pieces to
be handled weigh more than 50 pounds and will require assistance in handling, such as
use of a forklift, “come-alongs”, temporary bracing, jacks and cranes. Welding is
assumed to be slowed 50% from the Cost Book production rates due to potential
difficulties with access, rigging and weather.
Unusual Condition (Soil, Water, Weather). There are no stoplogs to dewater the gates.
Pool elevations should be below the crest of the spillway ogees, allowing work to be
performed on the gates, for about 4 months during the first season, but only two months
during the second season.
Unique Construction Techniques.

None.

Equipment/Labor Availability and Distance Traveled. Labor and equipment to perform
this work is available within a 200 mile radius of the project and includes the areas of
Eugene/Springfield, Oregon (22 miles), Bend, Oregon (130 miles), and Portland, Oregon
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/ Vancouver, Washington area (130 miles). Mobilization and demobilization is based on
an assumed 200 mile travel distance.
Overhead, Profit and Bond.
•

Prime Contractor Markups: Profit will be computed using the weighted
guidelines. Job office overhead (JOOH) will be calculated from the expected
field costs required to support this project. JOOH is average valued in this
estimate because limited pieces of equipment were included in it. Most equipment
will be on the job the entire contract period. Home office overhead (HOOH) is
based on “Rules of Thumb” markups based on similar work on other jobs. Bond
expense was computed using Bond Table Class B value.

•

Subcontractors’ Markups: Job office overhead is based a rule of thumb markup
of 12%. HOOH is assumed to be 8% based on the subcontractors being smaller
businesses, which tend to have higher HOOH than large firms. Profit for the
subcontractors is assumed to be about 10%.

10.6 Environmental Concerns
Existing paint on the tainter gates is expected to be lead-based paint, some of which is to
be removed. Costs are included in the estimate for removing these hazardous wastes and
passing on to the Government for disposal. During site work, the proximity of the water
requires additional attention to eliminate all spills and to control/cleanup debris to prevent
it from entering the water.
10.7 Contingencies/Risk Analysis
A contingency value of 20% is assumed for this preliminary estimate. An abbreviated
risk analysis will be used to determine the contingency for the upcoming DDR estimate.
10.8 Escalation
Escalation was computed on the Total Project Cost Summary sheet using CWCCIS
factors (EM 1110-2-1304). See Appendix “C”: Table C-1, Total Project Cost Summary
– One Gate, and Table C-2, Total Project Cost Summary – Two Gates.
10.9 Effective Dates for Labor, Equipment, Material Pricing
Effective date for all pricing is January 2013. The most recent Davis-Bacon labor rates
were used. The 2011 EP Region 8 Equipment Library database and the 2010 Cost Book
Database were used.
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10.10 Functional Costs
Functional costs for Real Estate, Engineering and Design and Construction Management
associated with this work were computed using percentages provided by the Task and
Project Managers as follows:
01 Account - Lands and Damages. None, since this job will be constructed on a Corps
project.
22 Account - Feasibility Studies. Not applicable.
30 Account - Planning, Engineering and Design.
(1) Plans and Specifications: This account covers preparing plans and specifications,
District review, contract advertisement and award activities.
(2) Engineering During Construction: This item consists of Planning and Engineering
Division support to the Construction Branch during construction, and participation in the
pre-final and final inspections of the contract.
31 Account - Construction Management. This account covers construction management
of the construction contract.
10.11 Expected Bid Competition
Not applicable for this preliminary estimate.
10.12 Major Cost Quotes
No quotes were solicited for this preliminary estimate. Quotes will be sought for various
project components during preparation of later phases of the DDR estimate and for the
IGE.

10.13 Working Project Estimate. The work included in the Total Project Cost
Summary in Appendix C anticipates base contract work for two complete gates,
with optional work for the remaining 3 gates subject to funding limitations.
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11

ACQUISITION STRATEGY

11.1 Detailed in-house Design
Performing a detailed in-house design allows for the best control of the rehabilitation of
the spillway gates, including optimization utilizing in-house expertise and experience
from past spillway gate designs.
11.2 Best Value
A best-value approach to solicitation will be used in acquisition of a contractor.
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12 RECOMMENDATION
12.1 Recommendation
Execute the recommendations aforementioned in the preceding paragraphs and sections
above.
12.1.1 Structural
a. Add cover plates to the strut arms and reinforce the outboard ribs
12.1.2
a.
b.
c.
d.
e.
f.
g.

Mechanical
Hoist Machinery and associated hardware and framework
Encoders
Inclinometers
(New) Gate staff gauges
(Remove) Dial Indicators
Limit Switches
Trunnion and associated hardware and equipment.

12.1.3 Electrical
a.
b.
c.
d.

Control systems
Power Distribution
Lighting upgrade
Spillway gate control Cabinets
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