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Columbia-Snake Rivers Inland Waterway System

Operation of The Columbia River Navigation System

350 miles of navigable waterways from Portland, Or to 
Lewiston, ID.

Seven to Ten Lockage's per day.

Scheduled Maintenance Outage occurs two weeks in 
March each year.

Two extended outages planned for 2011 and 2014

Presenter
Presentation Notes
High head, single chamber, 2 week maintenance every March Serves 36 ports; carries 40% of U.S. wheat 
485 miles of navigable waterways
35 million tons of cargo each year 
Exports & imports exceed $14 billion annually
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NWP has 1400 HSS

NWD HSS Community of Practice

National Technical Focus Team:
Phil Sauser, MVP, Team Lead 

National TFT PDT:
Larry Winters, SWL
John Jaeger, John J LRH
Tom North, NWP
Travis Adams, NWP
Cameron Chasten, NAP
William Wigner SAJ
Guillermo Riveros ERDC-ITL-MS
Peter Rossbach, Peter HQ02
Thomas Ruf MVS
Bruce McCracken NWD

Hydraulic Steel Structures 
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Fit for Service Criteria DocumentFit for Service Criteria Document

Provides methodology for  evaluation of existing structures.Provides methodology for  evaluation of existing structures.

Guide Specification (055913)Guide Specification (055913)

Improved Provisions for Contractor shop qualityImproved Provisions for Contractor shop quality

Improved Documentation for weld submittals and Improved Documentation for weld submittals and weldswelds

Fracture critical membersFracture critical members

Increased NDT and documentation of NDTIncreased NDT and documentation of NDT

Guidelines for Improvements in Steel DetailingGuidelines for Improvements in Steel Detailing

Better fatigue detailingBetter fatigue detailing

Incorporate lessons learned from  past projectsIncorporate lessons learned from  past projects

NWD Spillway  Gate Testing and Maintenance PolicyNWD Spillway  Gate Testing and Maintenance Policy

Hydraulic Steel Structures – Initiatives
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December 2010 through March 2011

Case Studies of Application of new HSS design guidelines and HSSCase Studies of Application of new HSS design guidelines and HSS specificationspecification

John Day Friction Sheave Replacement
John Day Tainter Valves Replacement
John Day Downstream Gate Replacement

The Dalles Tainter Valves Replacement
The Dalles Replacement Miter Gate Replacement

Extended System Outage Overview

Presenter
Presentation Notes
Also Lower Monumental Downstream Gate Replacement
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TEAM MEMBERS (JD GATE, TD GATE, TAINTER VALVES):

Travis Adams (NWP)
Matt Hanson (NWP)
Ron Wridge (NWP)
Matt Hess (NWP)
Dave Hamernik (NWP)
Bryan Mason (NWP)
Jeff Ament (NWP)
Daly Doucet (NWP)
Jason Chase (NWP)
Tom North (NWP)
Richard Amacher (NWP)
Kevin Hace (NWP)
Jordan Reimer (NWP)

Bob Hollenbeck (NWW)
Bruce Collison (NWW)

Bruce Barker (ERDC)
Guillermo Riveros (ERDC)
Richard Stockstill (ERDC)
Allen Hammack (ERDC) 

Norton Corrosion (Cathodic Protection)

Phil Fish and Associates (Design Review)

Presenter
Presentation Notes
In house
ERDC
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JOHN DAY LOCK

REPLACING: ONE DOWNSTREAM GATE; TWO FRICTION SHEAVES, FOUR TAINTER VALVES
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JOHN DAY LOCK – ORIGINAL D/S LIFT GATE, FRICTION SHEAVE

Nav Lock opened 1968

2,000,000 Welds on D/S Tension Flanges

Widespread fatigue damage

D/S GATE
Height 112  feet
Width 86 feet
2,000,000 lbs
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FOUR TAINTER VALVES EACH AT JOHN DAY AND THE DALLES
14feet x14 feet
45,000 lbs each

Cracking in Trunnion Plate & 
Spreader Pipe Welds

Cracking in Lifting
Eye Welds

Cracking in Lower Trunnion
Arm Welds

Cracks in Plug Welds

JOHN DAY LOCK – ORIGINAL TAINTER VALVES

Presenter
Presentation Notes
Nwp ops and ec became proficient at weld repair
Certifying welders and investing in equipment; notibly heat machines
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DOWNSTREAM GATE
Height 112 feet
Width 86 feet
2,000,000 lbs

JOHN DAY LOCK – NEW D/S VERTICAL LIFT GATE

Presenter
Presentation Notes
Eliminated d/s welds to tension flanges
Created bowstring truss
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JOHN DAY LOCK – NEW D/S VERTICAL LIFT GATE FABRICTION

Presenter
Presentation Notes
Simple fabrication
Fcm d/s side
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JOHN DAY D/S GATE INSTALLATION

Presenter
Presentation Notes
This photo taken several days ago
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REPLACING: ONE DOWNSTREAM GATE; TWO FRICTION SHEAVES, FOUR TAINTER VALVES

JOHN DAY LOCK – NEW FRICTION SHEAVE
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JOHN DAY FRICTION SHEAVE FABRICATION

Presenter
Presentation Notes
Hamer – send one crane photo and side by side
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JOHN DAY/THE DALLES TAINTER VALVES

Corps Design Guidance is 27 Years Old
• Does Not Address Fatigue
• Does Not Address High Head Situations

ERDC Recommend Modeling (CFD and Physical)
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John Day/The Dalles Tainter Valves

Presenter
Presentation Notes
Project reports that valves working great
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THE DALLES LOCK

REPLACING: ONE DOWNSTREAM GATE; FOUR TAINTER VALVES



BUILDING STRONG®PORTLAND DISTRICT 18

THE DALLES MITER GATE – ORIGINAL GATE

Constructed from 1954 to 1956 

Delivered in nine pieces and field spliced

Fixed/Rigid Diagonals – no adjustability

Leaf Weight: 678 kips
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THE DALLES MITER GATE – 1979 TO 2007 REPAIR HISTORY

1979

2005 2007

NOTE – All Cracks Shown All Years Were Repaired

Same Crack – Re-cracked 
Through Repair
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The Dalles Miter Gate – 1979 to 2007 Repair History



 
Miter gate does not make miter or quoin contact.  Load is 
being transferred elsewhere through the pintle area and 
into areas where the quoin/miter do make contact



 
The gate was not designed for this loading condition 

Quoin Block Showing No Contact Gate in Closed Position – No Miter Contact

Miter Block Eroded
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THE DALLES MITER GATE – 2007 INSTRUMENTATION

ERDC installs 60 strain gages, 4 tiltmeters,4 
accelerometers, and a data acquisition system which 
provides near real time remote access to 
instrumentation via web interface
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THE DALLES MITER GATE – 2009 EMERGENCY OUTAGE

Noise reported by Project

Instrumentation indicates sharp change in stress; likely cracking

Emergency Outage and Emergency Contract

Repairs 
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THE DALLES MITER GATE – 2009 EMERGENCY REPAIRS

Bolted Repairs to Bridge Failed Welds
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The Dalles Replacement Miter Gate

SELF LUBRICATING GUDGEON

ADJUSTABLE QUOIN BLOCKS

Height 106 feet
Width 54 feet
900,000 lbs each leaf

SELF LUBRICATING PINTLE

-improved  fatigue 
detailing

-Guide Spec. emphasis on 
shop quality & NDT

-Apply "SMART Gate" 
technology.

-Develop O&M manual

- grade 50 steel

Presenter
Presentation Notes
Same geometry
Improve details
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The Dalles Replacement Miter Gate – SMART Gate Technology

Instrumentation Summary:
- 6 Strain Gages on thrust web quoin side
- 6 Strain gages on thrust web miter side
- 8 Strain gages on flange and skin plate of G33
- 8 Strain gages on flange and skin plate of G34
- 4 Strain gages on flange and skin plate of G35
- 6 Strain gages on diagnals (one on each)
- 3 Tilt meters located on G1 and G34 as shown
- 2 RTD’s on G16 (co-located with strain gages)
- 2 RTD’s on G34 (co-located with strain gages)
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Presenter
Presentation Notes
Structural Monitoring and Analysis in Real-Time (SMART)
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The Dalles Replacement Miter Gate – SMART Gate Technology

Presenter
Presentation Notes
Structural Monitoring and Analysis in Real-Time (SMART)
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THE DALLES REPLACEMENT MITER GATE – FIRST LEAF
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QUESTIONS?

Presenter
Presentation Notes
Structural Monitoring and Analysis in Real-Time (SMART)
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Regional Navigation Design Team Meeting 
15-16 September 2010 

Paducah, Kentucky 

Applications of Self Lubricating and Materials 
The Dalles Miter Gate - Composites Material Use Quoin 

and Miter Blocks 

Portland District 

Prepared By: 
Ronald S. Wridge, PE
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Applications in NWP
NON-NAVIGATION
Bonneville Swing Bridge

Center Pivot Bearing
Centering/Lifting Wedges
Balance Wheels

Multiple Projects
Tainter Gate Trunnion Bushings
Tainter gate Thrust Washers
Tainter Gate Hoist Rope Anchorages
Numerous Applications in Fish Facilities, Power Generation, etc

NAVIGATION
Bonneville Floating Mooring Bit, Guide and Reaction  Rollers

Floating Mooring Bit, Lower Guide Plates
Filling and Emptying Valve Trunnion Bushings
Miter Gate Pin Bushings

The Dalles Filling and Emptying Valve Trunnion Bushings 
Filling and Emptying Valve Crosshead and Line Shaft Bushings
Sector Gear Pin Bushing
Sector Gear Support Roller Bushings (being fabricated)
Miter Gate Pin Bushings
Miter Gate Pintle/Gudgeons (being fabricated)

John Day Filling and Emptying Valve Trunnion Bushings 
Filling and Emptying Valve Crosshead and Line Shaft Bushings
U/S Lift Gate Reaction Roller
U/S Lift Gate End Guide Roller
U/S Lift Gate Counterweight Guide Blocks
U/S Lift Gate End Plate Rub Plate
D/S Lift Gate Reaction Roller
D/S Lift Gate End Guide Roller
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Typical Design Criteria/Parameters
Polyester Composites

Design Contact Stresses
Dynamic 5,000 to 10,000 psi
Static 15,000 to 20,000 psi
Crush 50,000 psi

Coefficient of Friction 
6% to 10% Actual
15% Design

Surface Texture of Mating Surface
16 micro-inch (frequent)
63 micro-inch (infrequent)

Mating Surface Material
Stainless Steel

Surface Hardness
35 (or harder) Rockwell C

Epoxy Bonded or Shrink Fit

Radial Clearance Rule of Thumb
0.001 inches per inch bore diameter

Chamfer Loaded Edges to Reduce Edge Failure
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Testing Results
USACE HDC/NWP, BC Hydro, and PowerTech (CERL Technical Report 99-104)

USACE HDC/NWP, BC Hydro Developed testing procedures, plan, and Rating System Wet/Dry 
Applications

Testing Performed by PowerTech

Manufacturers submitted samples

Materials ranked by performance

Panama Canal Commission and PowerTech September 2004

Self Lubricating Pintle Bushing 

200,000 cycles in brackish and silt laden water

11,000 psi
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Lessons Learned

Specify Materials That Have Been Successfully Tested By Independent Party (PowerTech)

Bonded in Place Performs Better Shrink Fit

17400 Stainless Steel is an Excellent Mating Surface

Marine Application in Brackish Water ---- 316 is Preferred

Graphite Should not be used as lubricant

Plugged Bronze are Less Effective

Use Stainless Steel Centering Wires to Center Bushing in Housing When Bonding

In-house Design
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Advantages, Disadvantages, Cost Differences
Advantages

Lower Coefficient of Friction (0.06 to 0.1)
Higher allowable loads
Reduce Environmental Impacts of Petroleum Based Lubricatns
Decreased maintenance 
Dependable Lubrication in the Loaded Zone
Surety of Lubrication System
Easier to Machine
Eliminates Galvanic Corrosion
Reduces the Occurrence of Stick Slip 
Allows For Easy Replacement

Disadvantages
Newer Technology, newer design paradigms
Typically Requires Stainless Steel Mating Surfaces
Recommended for Low PV Applications

Cost Differences
Capital Costs are roughly the same
Lower Life Cycle for Self Lubricating (advantage)
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Applications in NWP:
Bonneville Swing Bridge: Center Pivot Bearing, Centering/Lifting Wedges, Balance Wheels



BUILDING STRONG®PORTLAND DISTRICT 36

Applications in NWP:
Bonneville Swing Bridge: Center Pivot Bearing
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Applications in NWP: NAVIGATION
Bonneville: Floating Mooring Bit, Guide and Reaction  Rollers, Floating Mooring Bit, Lower Guide 
Plates
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Applications in NWP: NAVIGATION
Bonneville: Floating Mooring Bit, Guide and Reaction  Rollers, Floating Mooring Bit, Lower Guide 
Plates



 

Stick-slip operation of the FMB’s occurred immediately after the lock became 
operational in 1993



 

Initial FMB modifications were completed in 1994 


 

Significant stick-slip operation of the FMB’s  reoccurred within one year after initial 
modifications



 

Final FMB modifications were completed in March 1997
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Applications in NWP: NAVIGATION
Bonneville: Filling and Emptying Valves 
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Applications in NWP:
The Dalles: Filling and Emptying Valve Trunnion Bushings, Crosshead and Line Shaft Bushings, 
Sector Gear Pin Bushing, Sector Gear Support Roller Bushings, Miter Gate Pin Bushings, Miter 
Gate Pintle/Gudgeons
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Applications in NWP:
The Dalles: Miter Gate Pintle
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Applications in NWP:
The Dalles: Miter Gate Gudgeons
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The Dalles Miter Gate:
Composites Material Use in Adjustable Quoin & Miter Blocks: 
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