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Evaluation and Design Guidance for 
Puget Sound shorelines

Marine Shoreline Design Guidelines
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Miles of Shoreline Armored – by County (2012)
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WDFW Permitted Armoring Projects 2005‐2012   (Number of Projects)
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New Armoring Permits by Applicant Type (# of permits)



Shoreline Armoring Permit length 2005‐2012   (meters)



Puget Sound Partnership – Action Agenda
~ Target for 2020 ~

“The total amount of armoring removed should be greater than the 
total amount of new armoring in Puget Sound.”



• Impacts of Armoring (Ch. 1)

• Stewardship (Ch. 2)

• Site Assessment (Ch. 3)

• Coastal Process Assessment (Ch. 4)

• Alternatives Analysis (Ch.5)

• Passive Management (Ch. 6)

• Alternative Techniques (Ch. 7)

• Monitoring (Ch. 8)

• Research and Development (Ch. 9)

• Case Studies (Appendix A)

• Literature Review (Appendix B)M
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Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

 Geology and 
Geomorphology

 Upland Surface Water 
Drainage

 Vegetation, Habitat, 
Species

 Cultural Resources

 Site Development 
Features

 Erosion Control 
Structures

(checklist on page 3‐6)

Site Visit and Characterization



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Types of Erosion?
Different types.

Different causes.

Photo: T. Mitchell, WDFW
Photo: T. Mitchell, WDFW



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Identify the Problem

 Beach/ Backshore Erosion

 Bluff Toe Erosion

 Mass Wasting (landslide)

 Rilling or Gully Formation

(checklist on page 3‐6)



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Erosion Rate?
Episodic!

Need data over long time scale

Photo: ABC News



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Preliminary Risk Assessment
Helps distinguish perceived and actual need for 

erosion control
EROSION POTENTIAL

+ =
INFRASTRUCTURE THREAT
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X

Y
x

risk 
score(“cumulative risk model” page 3‐19)



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Coastal Process Assessment
Develop understanding of natural conditions at site and 

to inform alternatives analysis and design

(data resources on page 4‐3)

1. Natural range of 
physical conditions

2. Assess current 
process degradation

3. Expected response 
to sea level change



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Identify the Problem

(questions on page 4‐10)

Due to 
natural
trends?



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Identify the Problem

(questions on page 4‐11)

Due to 
anthro‐
pogenic
trends?



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies
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Beach 
Nourishment

Large Woody 
Debris

Reslope/ 
Revegetate

Bulkhead 
Removal

Hard 
Armoring

Relocate Best 
Management 
Practices

Site Based Causes
(Natural)
Wave Attack ● ● ● ● ●
Bluff Geology ● ● ●
Deep Seated
Landslide ●
Site‐Based Causes
(Anthropogenic)
Vegetation 
Clearing ● ●
Surface and 
Groundwater 
Management

● ●
On‐site Beach 
Gravel Mine ●
Fill or Artificial 
Shoreline ● ● ● ● ●
Coastal Process 
Based Causes 
(Anthropogenic)
Decreased 
Sediment Supply 
or Transport

● ● ● ●
Altered Wave 
Action ● ●
Boat Wakes ● ● ●

Design Techniques for Common Causes of Erosion



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Alternatives Analysis
An ideal shoreline management technique will:

1. Address the causes of erosion 

2. Be appropriate for the level of risk

3. Match natural range of conditions

4. Avoid impacts to ecosystem

All Photos: T. Mitchell, WDFW



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Alt Analysis
Evaluate and select an 

appropriate management 
approach

types of approaches:

Restoration

Passive

Soft Shore

Hard Armor



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Passive Management
No or minimal engineering

1. Surface and Groundwater 
Management

2. Vegetation Management

3. Relocation of Infrastructure



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Passive Management
No or minimal engineering

1. Surface and Groundwater Management

2. Vegetation Management

3. Relocation of Infrastructure

Photo: T. Mitchell, WDFW Photo: T. Mitchell, WDFW



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Design Technique
‘Restoration’

Bulkhead RemovalPhoto: CGS



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Design Technique
“soft” shore protection

Beach NourishmentPhoto: CGS



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Design Technique
“soft” shore protection

Large Wood Photo: CGS



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Design Technique
“soft” shore protection

Reslope – Revegetation Photo: CGS



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Design Technique
‘hard’ armor

Vertical BulkheadPhoto: CGS



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Which Design Technique is Appropriate?

(decision tree on page 5‐16)

 Cumulative Risk

 Wave Energy

 Beach 
Alignment

 Backshore 
Width

 Shoretype

 Project Length



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Benefits of Design Techniques

LOW

HIGH

Be
ne

fit
s

Beach 
Nourish

Large
Wood

Reslope
Reveg

Bulkhead
Removal

Revet‐
ment

Vertical
Bulkhead

Enhanced 
Riparian 
Vegetation

Cost Effective

Enhanced 
Backshore 
Vegetation

Ecosystem 
Connectivity

Sediment 
Delivery

Erosion 
Control

(graph on page 5‐11)



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Impacts of Design Techniques

HIGH

LOW

Im
pa

ct
s

Beach 
Nourish

Large
Wood

Reslope
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Bulkhead
Removal

Revet‐
ment

Vertical
Bulkhead

Loss of Beach/ 
Backshore

Sediment 
Impoundment

Altered Beach 
Profile

Reduced LWD 
Recruitment

End Effects

Maintenance 
Interval

(graph on page 5‐12)



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

How can the MSDG be used at the local level?

MSDG is a voluntary set of guidelines
(Not required by state or local codes.)

Ask applicants to submit information

Reviewers use checklists

Many technical decisions are made before 
regulatory staff are involved



Geomorphology Site
Assessment

Coastal	Processes
Assessment

Alternatives
Analysis Case	Studies

Questions?

Theresa Mitchell
WA Department of 

Fish & Wildlife
Habitat Program / Restoration 

Division
theresa.mitchell@dfw.wa.gov


