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Grays Harbor Navigation Project
• 24 mile deep draft channel (from Bar to Cosmopolis, WA) 
• 2.5 million cu. yd. dredged annually (1.2 mcy from outer harbor)
• 2 rubble mound jetties built near turn of 20th century

Federal navigation 

channel



Grays Harbor Entrance Features



History - Morphologic changes 
following jetty construction

North Beach South Beach

Accretion after jetty construction
North Beach ≈ 3000 ft
South Beach ≈ 7500 ft

from Kraus et al. (2003)



1949
CRENULATE SHAPE BAY KNOWN AS 

HALF MOON BAY FORMS FOLLOWING 
FIRST MAJOR REHAB TO SOUTH JETTY

PT. CHEHALIS

WESTPORT

History – Formation of Half Moon Bay

from Buijsman et al. (2003)
ACCRETED LAND



Recent morphology

South Beach Shoreline 
Erosion ≈ -10 ft/yr



STEADY NARROWING OF SPIT 
CULMINATES WITH BREACH 

THROUGH SOUTH BEACH 
ADJACENT TO SOUTH JETTY

HALF MOON BAY

SOUTH JETTY

History – Breach occurs in December 1993

17 DEC 1993

PACIFIC OCEAN



History – Observed impacts of breach

• Large flood tidal shoal forms in Half Moon Bay 
• Scour channel adjacent to terminus of south jetty develops

AUG 1994 
(prior to closure)



History - Local concerns 
pressure breach fill (March 1994)  



SEP – DEC 1994 - BREACH FILLED 
(600,000 CY SAND)

12 DEC 1994

History – Breach filled late 1994  



Grays Harbor Long-term Management 
Study (LTMS)

Problem Statement:
Assess the threat of a breach 
to the federal navigation 
project and recommend the 
most appropriate long-term 
strategy to maintain and 
protect federal navigation 
project features.



Challenges
Large uncertainty involving breach dynamics

Estimated threat to the navigation features has largely 
relied on engineering judgment 

O&M Authority
1993 breach occurred on accreted land
Protective measures for storm damage reduction is limited 
to historic land (not accreted land) without local cost-
sharing 

Environmental constraints
Prior plan to extend jetty was halted in 1997

Low public trust



Opportunities

Evaluate plan alternatives while incorporating 
uncertainties surrounding a breach

Address potential system-wide consequences

Risk-Informed Decision Framework (RIDF)
Example: Louisiana Coastal Protection and 
Restoration (LACPR)

Multi-Criteria Decision Analysis (MCDA)



Risk Analysis

(1) Damage to the south jetty. 
(2) Damage to the Pt. Chehalis revetment 

and groins. 
(3) Increases in annual O&M dredging. 
(4) Adverse impacts to navigation safety.
(5) Large scale changes to sediment 

pathways impacting the sediment supply 
to the north jetty.  

Pt
Chehalis

Time to develop into threat?
ITR concludes: limited data 
available to calibrate breaching 
model.  Uncertainties regarding 
breach evolution remain.

Potential consequences of a breach

from Wamsley et al. 2006



LTMS Plan Alternatives
Current practice (periodic breach fill maintenance)
Beach nourishment of South Beach and Half Moon Bay
Modified jetty extension
No preventative action (i.e. close breach when threat to 
navigation features are observed)

Metrics used for plan evaluation
1.Annual maintenance costs
2.Residual risk
3.Sustainability
4.Environmental acceptability
5.Local acceptability
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Severity of Consequence 

5. Westport marina breakwaters are damaged from 
increased wave energy

6. New flow patterns alter sediment bypassing 
around the head of the south jetty.  Littoral drift to 
the north is disturbed resulting in adverse impacts 
to the north jetty  (i.e. scour, larger waves, etc.) . 

Scenario 1: A breach occurs through South Beach into Half Moon Bay and the navigation channel is its current alignment.  The 
breach is defined as a hydraulic connection between the ocean and bay during mean tide. The following summarize plausible 
consequences to the navigation project in the event of a breach.  The associated probability and severity of the consequence are 
listed to convey the likelihood of occurrence and the magnitude of the consequence should it occur

1. The breach prohibits safe navigation before 
annually scheduled dredging  commences

2. Increased shoaling in the navigation channel 
occurs from the breach requiring greater 
volumetric quantities of maintenance dredging 

3. Currents through the breach begin to undermine 
the root of the south jetty creating jetty failure 

4. Pt. Chehalis revetment and groins are damaged 
from greater wave/current energy associated with 
the breach

Probability
Probability

Probability
Probability

Probability
Probability

Risk analysis
for without project
condition
(Scenario Analysis)

Scenario development
Scenario 1: Present condition
Scenario 2: Re-aligned channel
Scenario 3: Larger storm intensity
Scenario 4: Sea level rise



Risk-Informed Decision Framework

Qualitative (Scenario Analysis) Quantitative (Beach-fx, Monte Carlo, etc.)

Inventory and forecast conditions

• Relies on engineering judgment
• Subjective
• Can be difficult to estimate and 
communicate residual risk

• Can be subject to scrutiny

• Probability based 
• Robust
• Confidence of residual risk bounded

FUTUREPRESENT

GOOD GREAT



Risk based support tool needs

Coastal structure and dune reliability

1. Better understanding of time component of damage 
progression for different failure modes

2. Validate and implement physics-based beach/dune 
response models forcing life-cycle tools (i.e. Beach-fx) 

3. Re-think use of stationary probability distributions functions 
for extreme value waves and water levels.  

4. Invest in long-term morphological predictors (analytical & 
numerical)



Risk based support tool needs

Performance metrics & limit states

1. Minimum acceptable levels need to be determined
Coastal structure damage
Navigation safety
Flood risk

Seek input from FEMA, U.S. Coast Guard, PIANC, and ASCE



Questions?



Back-up slides



Damage Types – Dune Failure

Eriikson et al (2007)

Half Moon Bay Shoreline South Beach shoreline

Toe undercutting 
by wave notching

Half Moon Bay

South Beach



Dune overwash / breaching

From Donnelly et al. (2006)

Grays Harbor Breach (Aug 1994)



Coastal Structure Failure – Toe 
undermining

CEM (2003)

South jetty undermining - Grays Harbor Breach 



Coastal Structure Failure – Toe 
displacement

CEM (2003)


