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History & BackgroundHistory & Background

Original structure designed and constructed by Original structure designed and constructed by 
Bureau of Public Roads, in 1958.Bureau of Public Roads, in 1958.
Built as part of the causeway across Lake Built as part of the causeway across Lake 
Cushman, Olympic Peninsula, Washington StateCushman, Olympic Peninsula, Washington State
Lake Cushman is a reservoir built for power Lake Cushman is a reservoir built for power 
generation by Puget Sound Power; formed by generation by Puget Sound Power; formed by 
damming the N. damming the N. FkFk. Skokomish River. Skokomish River
Bridge is on National Forest land abutting Bridge is on National Forest land abutting 
Olympic National ParkOlympic National Park
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October, 2002 photo 



November, 2002 inspection photo 



April, 2008 inspection photo 

Typical gabion bank protection 



Scour IssuesScour Issues

Developed from time of constructionDeveloped from time of construction
Lateral Migration scourLateral Migration scour
Contraction scourContraction scour
Local scour (debris)Local scour (debris)
Wave actionWave action

Many attempts to study and mitigateMany attempts to study and mitigate



Historic Scour MitigationHistoric Scour Mitigation
1968 1968 –– large riprap placedlarge riprap placed
1976 1976 –– gabion mats on lower fills and gabion mats on lower fills and 
around piers (piles exposed again in 1977)around piers (piles exposed again in 1977)
1981 1981 –– extensive gabion mats on fills and extensive gabion mats on fills and 
around piers (successful until 2007)around piers (successful until 2007)
Evaluated in 1981 by Hydraulic consultantEvaluated in 1981 by Hydraulic consultant

Encasement of piles 6 Encasement of piles 6 –– 10 feet below existing10 feet below existing
Extensive riprap and gabionsExtensive riprap and gabions
Recommended extensive check dam (this Recommended extensive check dam (this 
would mean no would mean no fishiesfishies could swim upstream!)could swim upstream!)

1986+  MONITORING1986+  MONITORING



Underwater InspectionsUnderwater Inspections

October, 2002October, 2002
March, 2006 (In conjunction with FHWA to March, 2006 (In conjunction with FHWA to 
develop an Underwater Inspection develop an Underwater Inspection 
Training Video)Training Video)
Both inspections performed by Collins Both inspections performed by Collins 
Engineers, Inc.Engineers, Inc.



Reserved for underwater inspection 
picture



Reserved for underwater inspection 
picture





Reserved for underwater inspection 
picture



December 3, 2007December 3, 2007

Stream Gage 1.2 miles upstream from Stream Gage 1.2 miles upstream from 
bridgebridge
Logged discharge at 20,100 Logged discharge at 20,100 cfscfs which which 
exceeds a 50exceeds a 50--year floodyear flood
Largest flow since construction of the Largest flow since construction of the 
bridge  (1934 bridge  (1934 –– 27,000; 1949 27,000; 1949 –– 24,200)24,200)
Highest flows occur in Nov/DecHighest flows occur in Nov/Dec——after after 
reservoir has been loweredreservoir has been lowered







ReRe--establish Accessestablish Access
Restoring access was politically charged:Restoring access was politically charged:

23 landowners with access rights (boat or road?)23 landowners with access rights (boat or road?)
FERC reFERC re--licensing of damlicensing of dam

Forest service Forest service –– land, trailhead, safety, land, trailhead, safety, 
decommissioning, fire management, decommissioning, fire management, 
administration (but maybe not?)administration (but maybe not?)
ShortShort--term term vsvs longlong--termterm

Factors of safetyFactors of safety

Funding Funding -- ERFOERFO



Evaluation ChallengesEvaluation Challenges

No drill logs at bridge itselfNo drill logs at bridge itself
No asNo as--builtsbuilts
Pay item for piles from original Pay item for piles from original 
construction contract increased 144% construction contract increased 144% 
(longer piles, more piles, driving costs?)(longer piles, more piles, driving costs?)
Center pier vs. end pierCenter pier vs. end pier
No deficiencies despite previous scour and No deficiencies despite previous scour and 
significant overloadssignificant overloads



Evaluation OpportunitiesEvaluation Opportunities

Baseline inspection of existing bridgeBaseline inspection of existing bridge
(post flood damage)(post flood damage)
Documentation of postDocumentation of post--construction construction 
changes to structurechanges to structure
Underwater inspectionUnderwater inspection
InIn--place testing of existing piles to place testing of existing piles to 
determine asdetermine as--built lengthsbuilt lengths
Drilling of site (pending)Drilling of site (pending)



Specialized Inspection/Evaluation Specialized Inspection/Evaluation 
through Collins Engineers, Inc.through Collins Engineers, Inc.

Underwater inspection and condition assessment of Underwater inspection and condition assessment of 
piles through diving.piles through diving.
Above water inspection and condition assessment of Above water inspection and condition assessment of 
piles through climbing and/or ladder accesspiles through climbing and/or ladder access
Determination of inDetermination of in--place pile lengths for both place pile lengths for both 
submerged piles and piles that are above water. submerged piles and piles that are above water. 
((MuenowMuenow and Associates as subcontractor)and Associates as subcontractor)
Specialized access (high ladder) to gather asSpecialized access (high ladder) to gather as--built built 
dimensions dimensions 
Specialized nonSpecialized non--destructive testing to determine the destructive testing to determine the 
location of steel components embedded in concrete.location of steel components embedded in concrete.
Assessment and reportingAssessment and reporting



Underwater inspection and Underwater inspection and 
condition assessment of piles condition assessment of piles 

through diving.through diving.









Above water inspection and Above water inspection and 
condition assessment of piles condition assessment of piles 

through climbing and/or ladder through climbing and/or ladder 
accessaccess









Determination of inDetermination of in--place pile place pile 
lengths for both submerged lengths for both submerged 

piles and piles that are above piles and piles that are above 
water.water.



InIn--place Pile Length Determinationplace Pile Length Determination

Based on sound wave theory Based on sound wave theory ––
“Pulse Echo Test” “Pulse Echo Test” –– inducer/receiverinducer/receiver
Measures length of a feature until a Measures length of a feature until a 
discontinuity that exceeds 50% of the discontinuity that exceeds 50% of the 
crosscross--sectional area is encounteredsectional area is encountered
The end of a pile would be read as a The end of a pile would be read as a 
discontinuity.discontinuity.



Graphic of Reflected Energy on O-Scope
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A. Initial Impact…Starts Timing Sweep

B. Reflection…Top of Pile or in cap

C. Reflection…Bottom of Pile or 
Reflection from discontinuity

Length of Pile is B to C: Time/2

MUENOW and ASSOCIATES, Inc.





Long cable















Gather asGather as--built dimensions and built dimensions and 
perform nonperform non--destructive testing to destructive testing to 

determine the location of steel determine the location of steel 
components embedded in components embedded in 

concrete.concrete.







Assessment and ReportAssessment and Report
Results of pile lengths translated to structural Results of pile lengths translated to structural 
capacity of entire bridgecapacity of entire bridge
Results of modifications regarding improved Results of modifications regarding improved 
overall stability/bracing from deeper capsoverall stability/bracing from deeper caps
Evaluation of slope stability for support of a Evaluation of slope stability for support of a 
loadload
Work within small factor of safety (FS=1.4) Work within small factor of safety (FS=1.4) 
with load restrictions (HS15) and site with load restrictions (HS15) and site 
managementmanagement



ShortShort--term Access Solutionterm Access Solution

““Bridge” the gapBridge” the gap
Used reduced factors of safety Used reduced factors of safety 

(minimum criteria but checked against historic (minimum criteria but checked against historic 
overloads and conditions)overloads and conditions)

Mitigation/management of siteMitigation/management of site
Control loads by gate accessControl loads by gate access
Annual inspectionAnnual inspection
PostPost--flood inspectionflood inspection
ShortShort--term = 5 years!term = 5 years!













SummarySummary

Foundation constraints for emergency access to Foundation constraints for emergency access to 
establish minimum design criteria (working with what establish minimum design criteria (working with what 
you have to move ahead)you have to move ahead)
Multiple inMultiple in--depth inspection techniquesdepth inspection techniques

Value within one firm Value within one firm One stop One stop ““shoppingshopping””
Availability of technologyAvailability of technology

It doesn’t have to look great…it just needs to do the It doesn’t have to look great…it just needs to do the 
job SAFELY!job SAFELY!
A longA long--term solution is still in planning.  All data will term solution is still in planning.  All data will 
be used in looking at alternatives.be used in looking at alternatives.
Documentation, documentation, documentation!Documentation, documentation, documentation!



CostsCosts

Inspection Contract Inspection Contract -- $24,700$24,700
Bridge Supply and InstallationBridge Supply and Installation

Supply  Supply  -- $93,685$93,685
Installation Installation -- $28,455$28,455

Being able to get to your cabin again:Being able to get to your cabin again:
PRICELESS?PRICELESS?


