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Outline

. Breakwater History
. Facility
. Materials

o Breakwater Condition
o Analysis
o Protecti g the Marina Options

2
COAST & HARBOR

ENGINEERING



This ohoto shows Point Hudson '
1950b. The structures on the ea:
1940s for W.W.ll. You can see .

more structures than what we sei,r

struc'tures had foot prints larger ti'r''
included one 80 foot long building "

build out in the early. ii) were built in the early
iie were at least a dozen
i,ote some of the'historiC

,;iqs today and even
-:e ground.

¡\.;¡



Breakwater History r Facility

o Original 1934 Construction by Military
. Creosote Treated Timber Piling
. Creosote Treated Timber Walers (2 to 3 Rows)
. Armor Rock
. Steel Cable Tiebacks

. Major Rehabilitation in 1969
. Conversion from Pier/Breakwater to Breakwater
. New Outer Piles
. New Center Cables Tied to Existing Piles

. Retrofit in 1996 - End 60' of S. Breakwater, Bend & End 12' of N.
Breakwater

. New ACZATreated Timber Piling

. Steel Cable Wrapped Around New Piling

. Supplemental Armor Rock

4Ø
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atv¡Breakwater History r

o Original Creosote Treated Ti ber Piling
. Typical Life Expectancy of 35 to B0 Years
. Excellent Quality Lumber

o Original Creosote Treated Ti

erials

ber Walers
. Typical Life Expectancy of 35 to 50 Years

. Galvanized Steel Cable Tiebacks
. Galvanizing Has Typical Life Expectancy of 20 - 30 Years in Marine

Environments, Then Rapid Deterioration Begins
o ACZATreated Timber Piling

o Typical Life Expectancy Much Less Than Creosote Treated T¡mber
Piling, Typically 20 to 35 Years

o Armor Rock
. Marine Basalt - Low Quality. Typical Life Expectancy of 20 to 40 Years

COAST & HARBOR
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Outline

. Breakwater History
o Breakwater Condition (Based on 2014 Site Visit)

. System Components (Breakwater & Walkway)

. Piles

. Walers

. Steel Cable Tiebacks
o Armor Rock
. S Breakwater End, Walkway
. Conclusion

. Analysis
o Protecting the Marina - Options
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Note: >75o/o Inner Piles (lg3s)Observed to be
Highly Deteriorated, Not Contributing to Structural
Stabilify. Assessment Focused on Outer Piles.

Breakwater Condition r Breakwater Components

Top Cable (1969)
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Breakwater Condition - Walkway Gomponents
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Breakwater Conditiorl - Outer Piles

. Marine BorerAttack

. Varying Levels of
Deterioration

o Decay Where Creosote
Treatment Penetrated by
Bolts, Thru Rods

fnner Pil
(1e34):

Decay at
Penetration

Ø
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Outer PiIe
(1e6e):
Marine
Borer
Attack
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Walers Completely
Deteriorated -
Minimal Load

Carrying Capacity

Walers Completely
Deteriorated -
Minimal Load

Carrying Capacify





l0o/o Cables Severed,
Remainder

Deteriorated, Areas
Exposed to Wave Splash

\Morst





Breakwater Gondition - Steel Gable Tiebacks

o Level of Deterioration
D¡fficult to Determine
Visually

o Caked on Rust
o Cable End Examined,

Estimated <10%
Capacity Remaining

o Cable Beyond Useful
Service Life

i¡ rr',$¡,;l'$,Ë.
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esAMalkway Leaning Seaward, Failed

:.r

I

I

Breakwater Condition - S. Breakwater End, Walkway
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r
.1,, ìtÇr ii

I
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\ /\ ,\ ,. Longitudinal
þrs..E.
7t- Cable Broken

^ --:. --
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Lost Stone Stringer Nlearly
Unseated, Pile
Cap RotatedCOAST & HARBOR
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Breakwater Gondition - S. Breakwater End

. Breakwater End Under Walkway Failing - Maintenance
Staff Needs to Closely Monitor Condition.

o Further Failure/Shifting May be Grounds For Closure of
Approx. 60' End Portion.

. Port Maintenance to Monitor Pile Caps, Stringer Splices for
any Change in Condition.

Ø
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ilIBreakwater Condition - Assessment S m ary

. Piles. Near End of Useful Life, Abrasion Damage, Marine
Borer Attack Damage, Decaying

o Walers: H ghly Deteriorated, No Longer Functional
. Steel Cab e Tiebacks: Deteriorated to Highly Deteriorated,

Some Already Failed, At End of Useful Life.
. Armor Rock: At Age of lncreasing Deterioration Rate,

Beyond Useful Service Life
o Overall Structural Svstem: Substantially Less Stable than

Original Construction, Higher Stresses
o S. Breakwater End: Walkway Stringer Nearly Unseated,

Entire 60' End Portion Failed, Leaning Seaward
. Walkwav: End 60' Near End of Useful Life , Needs

Monitoring. Remainder in Good/Moderate Condition

Ø
COAST & HARBOR
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Breakwater Condition - Assessment Summary

o Maintenance/Repair of Existing Structure is not
a Viable Alternative for lntermediate to Long
Term Solution

o Major Rehabilitation/Replacement Will Be
ired

COAST & HARBOR
ENGINEERING
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Outline

o Breakwater History
. Breakwater Condition (Based on 2014 Site Visit)
o Analysis

. Overall Structural System

o Protecting the Marina - Options

COAST & HARBOR
ENGINEERINGØ 31



// /,.t )

C ¡ri5¡-¡1 ç- '-

sr/ \\

./vt V )c¡ ¡j i

PruÉ

\ .- ì i

é

é

w ;\ t-â ß,
î-'f fi

¿" +iåi i;

Analysis - Overall Structural System

Orisinal Construction Current Condition

o Series of Cables
Minimized Pile
Stresses

o Only Top Cable
Remaining

Top Cable is
Deteriorated -
Reduced Capacify

Stability Heavily
Reliant on Pile
Capacity and Soil
Capacify

a

a Minimal Reliance
on SoiI Capacify

Minimal Reliance
on Pile Capacify
and Soil Capacity

a
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Breakwater Condit¡on - Analysis Summary

o System Capacity Significantly Reduced due to
Deterioration. System Degradation Leading to
lncreased Pile Loading

o Outer Pile Load Demand lncreased
Significantly due to

o Failed Walers (2 Rows)
o Failed Thru-Rods (2 Rows)

o Outer P¡les are Deteriorated Relative to New
Condition - Resulting in Reduced Capacity

oC cl usion : Replacement/Rehabi I itation
Recommended

Ø
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Outline

. Breakwater History
o Breakwater Condition (Based on 2014 Site Visit)
o Analysis
. Protecting the Marina

. Breakwater Replacement Options

COAST & HARBOR
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Breakwater Structu re Type Alternatives

o Alternatives for Marina Protection
o Vertical Pile Barrier
. Braced Ve cal Pile Barrier
. Closed Cell Wall
. Rubblemound
. Exterior Soldier Pile

COAST & HARBOR
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Gonsiderations for Structure Type Selection

o Habitat - Eelgrass, Forage Fish
o Wave Reflection at entrance
. Wave Protection of Boat Basin
o Nearshore Sediment Processes
. Entrance Chan el W¡dth Requirement
o Structure Height (bottom elevation)
o Public Access Requirement
o Regulatory Requirements
. Construction Cost
o Maintenance

COAST & HARBOR
ENGINEERING 36



WAVE

sEÀ 90ÉH4@8glQE

TOEFOCT(

slEA- PPE FT.Ë

STANDING WAVE

S€A SIDEHAFBOF SIDE



RT]BBLE MOUND IRMI BREAK\MATER

SEASIDEHARBOR SIDE

STONE

CLOSED CELL (CC) BREAK\ryATER



I

HARBOR SIDE

EXISTING BREAKWÀTER
ADDITIONAL ARMOR ROCK

SEASIDE

ld

\d

NEW OUTBOARD
PILE, ryP

Protecting the Marina r Options

EXTERIOR SOLDIER PILE
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RI]BBI,E MOT]ND IRM) BREAKWATER
MUDLINE EL.2O

SEASIDEHARBOR SIDE

RUBBLE MOUND (RM) BREAKWATER
MUDLINE EL ()

Protecting the Mari a Options

Footprint too large
- Not Feasible for
seaward
breakwater leg
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Breakwater Alternatives Matrix
South Breakwater

Shore Seaward

North Breakwater

Shore Seaward

VerticalPile

(VP) { )f

,/

,/ ,/

Braced Pile

(BP)

./ {{

Closed Cell

(cc)
./ ./ ./ ,/

Rubblemound

(RM} {
ìf { v

Exterior Soldier

P¡le (ESP)

./ v y./



Pre-Feas¡ b¡ I ity Eval uation

o Evaluation Conducted Relative to the following:

o P

o Structural
. Construction Cost

. Material, lnstallation, Mobilization, etc
o Previous Similar Project Experience

. Recent Puget Sound Areas Breakwater/Jetty Construction
. Depths (Total Height of Structure)

. Bottom Elevations
. O'MLLW, .5'MLLW. .10'MLLW, .20'MLLW

urpose:
o Determine Range of Feasible Concepts and range of cost

for project planning
o Evaluation of breakwater configuration not conducted in

this phase; next phase coastal engineering analysis to
evaluate new configuration

Ø
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Mudline EL -L3. 129'

Closed CelI ($8.3k/ft)
Braced Pile Wall ($6.9klft)

Mudline EL 3.

Vert. Pile Wall
Braced Pile
Closed Cell ($6.5
Rubble Mound ($4.
Exterior Soldier
Pile($8.8k/ft)

I

Protect¡ng the Mari a Options

.t t \. ' q,l r* ..'r

1i
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Vertical Pile Wall

Braced Pile Wall

Exterior Soldier Pile

Rubble Mound

Closed Cell

Mudline

ELO

EL -5

EL .10

EL -20
Mudline
ELO

EL -5

EL .10

EL.2O
Mudline
ELO
EL .5

EL .10

EL.2O

Mudline

ELO

EL -5

EL -10

EL -20

6,500.00

6,700.00

6,900.00
7,300.00

8,900.00

9,400.00

10,000.00

1 1 ,100.00

4,800.00
6,800.00

9,200.00

16,000.00

6,500.00

7,400.00

8,300.00

10,000.00

F$ll- lncludes

Demolition/Disposal

New Materials

Installation
Mob/Demob (6%)
Sales Tax (8.4o/o)

Contingency (15%)

Excludes
Engineering Fees
Permitting Assistance
Construction Ad mi n istration

Walkway Construction

South Bulkhead

LF

$

$

$
$
$l
$

$

$

$
F

F

$/l-
$
$

$

$

$/L

$

$

$

$

Order of Magnitude Upper Bound Cost Esti te
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Length
Segment Iftl

Potential
System

Mudline Low Cost
[EL, MLLW] $k/ft

High
Cost
$k/ft Low Cost High Cost

N. Breakwater

Shore Leg

Seaward
Leg

184
VP, BP, CC,

RM

VP, BP, CC,

ESP

1 4.8 6.5 $ 880,000 $ 1,200,000

100 -7 6.9 10 $ 690,000 $ 1,000,000

S. Breakwater

Shore Leg 129
VP, BP, CC,

RM, ESP
3.5 4.8 8.8 $ 620,000 $ 1,140,000

Seaward
Leg

129 BP, CC -13 6.9 8.3 $ 890,000 $ 1,070,000

VP - Vertical Pile
Wall

BP - Braced Pile
Wall

Total $3,080,000 $4,410,000

CC- Closed Cell

RM - Rubble
Mound

ESP - Exterior
Soldier Pile

Order of Magnitude Cost Estimate
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Cost Evaluation Summary

o Estimated Construction Cost - Breakwater
. $3 .25 M¡llion to $+.75 million

o Engineering, Data Collection, Permitting
. Typically 15%

o Walkway?
o To be determined

Ø
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Next Steps

. Data Collection
. Survey (Upland & Hydrographic)
o Geotec ical borings

al Alter atives Evaluationo

. Coastal Engineering Analysis
. Refine Entrance Channel & Breakwater Configuration

. Reduce Construction Costs & lncrease Entrance Safety & Maneuverability
for Larger Vessels

o Structural Engineering Analysis - Refine Design Concepts
. Refine structure type, size, alignment

o Preliminary Eng¡neering
o Analysis, Design & Cost Estimates

o Permit Application Documents

Ø
COAST & HARBOR
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Other Considerations

o Grant Funding
o WA DNR - Creosote Treated T¡mber Pile Removal Program
. RCO - Ovenvater Public Access Walkway
. RCO - Breakwater for Marina Protection

m
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