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PREFACE

This report is published to provide coastal engineers recent field expe-
rience with the design and construciion of €floating breakwaters on the west
coast of the United States. A similar report will be published on field expe-
rience with floating breakwaters on the =ast coast; both reports should pro-
vide practical guidance for coastal engineers, The work was carried out under
the U.S. Army Coastal Engineering Research Center's (CERC) Design of Floating
Breakwaters work unit, Coastal Structure Evaluation and Design Program, Coast-
al Engineering Area of Civil Works Research and Development.

The report was prepared by Professor Eugene P. RKichey, Department of Civil
Engineering, University of Washington, Seattle, Washingion, under contract
with the U.S. Army Engluneer District, Seattle., J W. Heavner, Graduate Stu-
dent, Department of Civil Engineering, University of Washington, assisted with
field surveys and data collection.

W.N. Seelig was the CERC monitor for this effort, under the general super-
vision of Dr. R.M. Sorensen, Chief, Coastal Processes and Structures Branch,
and Mr. R.P. Savage, Chief, Research Division.

Technical Director of CERC was Dr. Robert W. s#halin, P.E., upon publica-
tion of the report.

Comments on this publication are iavited,

Approved for publication in accordance with Public Law 166, 79th Congress,
zoproved 31 July 1945, as supplemented by Public law 172, »58th Congress,
approved 7 November 1963.

Colonel, Corps of .ngineersm';\ -
Comnander and Dttec;ot’ .
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT

U.S, customary units of measurement used in this report can b: converted to

metric (SI) units as follows:

_ AR
Multiply 7 by To obtain
iaches 25.4 willimeters
2.54 cantimeters
square inches 6,452 square centinecers
cubic inches 152,39 cubic centimeters
feet 30.48 centimeters
0.3048 neters
square feet 0.0929 square metecs
cubic feet 0.0283 cubic meters .
yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters
miles 1.6093 kilometers
square nmiles 259.0 hectares
knots 1.852 kilometers per hour
acres 0.4047 hectares
foot-pounds 1.3558 newton meters
atllibars 1.0197 x 10=3 kilograms per square centimeter
ounces 28.35 grams
pounds 453.6 grams
0.4536 kilograns
ton, leng 1.0160 metric tons
,f ton, short 0.9072 metric tons
i
B degrees (angle) 0.01745 vradlaas
.,
3 Fahreaheit degrees 549 Celsius degrees or Kelvins!

A w1
170 obtain Celstus (C) temperature readings €rom Fahrenheit (F) readings,
i wse formmla: € = (5/9) (F =32).
To obtain Kelvia (K) readings, use formula:

K - (5/9) (F '32) + 273-15.
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FLOATING BREAKWATER FIELD EXPERIENCE, WEST COAST

by
Eugeme P. Richaey

I. INTRODUCTION

The increased demand by the boating public and industry for more moorage
facilities challenges the planners and designers of small-craft harbors to
explore all alternatives in developing harbors that have adequate protection
from wind waves and boat wakes. Most of the natural harbors developed near
population centers, where boating demands are greatest, are ovorcevowded,
Floating breakwaters have become an alternative with an active potential in
future harbor-marina design. The floating breakwater has been adopted at a
number of sites where water depth or other constraints render a fixed struc-~
ture too costly, and is proposed for countless others. Although there are
other uses for floating breakwaters, such as in waterfront construction aad
operation, log rafting in the timber harvesting industry, beach erosion con-
trol, etc., the most prominent applications relate to the small-craft harbor
or marina.

On location, the floating breakwater is subject to random wave loadings
which can induce motions with components in all directions. The intended job
of the breakwater is to reduce the incident wave system to an acceptable
level. The transmission characteristics of this reduction capability are
very sengitive to the period (or length) of the incident wave field. Numerous
reports on model tests of transmission characteristics are available, but
reports on actual field experiences with floating breakwaters are few.
Although several floating breakwaters have beenr in use for as long as
8 years, there has bean little information excharged as to the type of break-
water, the anchorages, and the connections between units, These are con-
sidered major points of interest in improving the design of floating break-
waters.,

To cover these points, the following questions were established as a
checklist for evaluating field experieace with construction aad subsequeat
performance of floating breakwaters:

(1) What were the site conditions and why wa- the fioating
breakwater chosen?

(2) tow was it deployed?
(3) Were there any unusual installation problems?
(4) What anchoring and coanector systems were used?

(3) Have there becen any fouling, corrosion, or fatiguing probd-
lems®

(6) What maintenance has been carried out?

(7) Have any eaviroameatal problems (shoreline changes, 1icing,
stability) been encountered?




(8) Does the structure serve functions other thun wave attenua-
tion?

(9) What changes ia any step from design to operdtion would be
done differently now?

(10) Has the structure served its intended purpose?
This report provides an evaluation of 11 floating breakwater installations
located in the Pacific Northwest--~the thrust nf the evaluation being the ques-
tions listed above. The results of each site evaluation are _resented, and

a list of conclusions summarizes the overall field performance of floating
breakwaters,

I1. FLOATING BREAKWATER SITES

1. Ketchikan, Alaska.

a. location. The Bar Point Harbor breakwater is located on the north
gide of Tongass Narrows, a fjordlike waterway, at Ketchikan, Alaska (Figs. 1
and 2). There are 390 moorage spaces planned for both pleasure and fishing
craft. Most of the boating activity occurs in the period 15 June to 1 Novenm-
ber, which spans the seasons for tourism, pleasure craft, and fishing.

b. Site Conditions. The fetch toward the southeast is about 8 miles,
about a half-mile across the waterway and practically unlimited toward the
northwest. Strucrures along the shoreline shield the breakwater along the
southeast-northwest line. The wind waves travel nearly parallel to the break-
water, and sustained windspeeds of 45 to 50 miles per hour with gusts to 70
miles per hour are to be expected most winters,

Tide data are as follows:

Highest (estimated): 19.5 feet

Mean higher high water (MHHW): 15.4 feet

Mean: 3.0 feet

Mean lower low water (MLLW): 0.0 foat

lLowest (estimated): =5.0 feet
Tidal eurrents are frem south to nerth oa both fload and ebb, with macimum
about 6 knots according to harbormastecr; National Oceanie and Atwmospherie

Administration (NOAA) tidal cuvveat data report only 1.2 knote. Bottom ele-
vatioas are as follows:

Along ianer vow of anchors <20 to -60 feet
Aloag breakwater: =50 to =70 feet
Along outar eow of auchors: =100 to =110 feet
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a. Main entrance to Bar Harbor.

b Main floatiang breakwater, south %0 aocth view.

Figure 2. Photos of floatiag breakwater, ketehikaa, Alaska.
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No recordings of wave conditions have been made, Boat wake loadinge are
frequent, becruse boat traffic is heavy, with vessnls ranging fu size from
suall pleasure ccaft to the fishing fleet size, iuncluding heavy trawlers,
purse seiners, oceangoing crnise ships, ferries, and freighters.

¢. Breatwater Description.,

(1) Design. The structure is of the Alaska-catama:in or ladder type,
23 feet wide and 6 feet deep, made of posttensioned, foam-filled modules of
lightweight reinforced concrete (Fig, 3)., The main breakwarer is 963 feet
long, parallel to the shore (and Tongass Narrows)., A separaie 120-foot sec-
tion was positioned off the end of a rock breakwater forming Bst Harbor No. 2
to attenuate waves from the south, The layout is shown in F:i..te &. A 165~
foot section planned at the northern end was omitted to avoid .caflict with a
loading pier. Anchor chains at $0~foot iatervals counect th. bhreakwater to
concrete anchor blocks weighing 18 tons on the inside and 60 * ns ou the out~
side; 100~ton anchors hold the 120-foot sectionm.

(2) Inzrallation. Installation began in Octohret 1979, Storm damage
occurred during construction to unassembled units moc:ad at the site. The
cost (1980) of the breakwater was $1,400 per foot. Those respousible for the
breakwater design, construction, and operation ace as follows:

Owner-Qperator: City and Borough of Ketchikan, Alaska

Designers: U.S. Army Engineer District, Alaska
Anchorage, Alaska

Tryck, Nyman and Hayes
Anchorage, Alaska

Builder: Concrete Technolagy
Tacoma, Washingtos

Ingtallevs: Pawgon Constructien
Bellingham, Washiungtoa

Smart Crang Coapany
ketechikan, Alaska

The following comments on installationm werve abstracted from an interview
wvith oae of the installevs of Smart Crane Coapaay (B. Saare):

The major difffculty experienced was stringlag, flushing, greas-
ing, aad sealing the posttenston cables in the scress-sterand duets.,
Holes betueen adjacent aodules tavely lired up. The general asseadly
tecinigue was a difficult procedure to carey out ja fieid coadi-
tfons., Larger diaseter, lewer wteessed palvanized rade swould havs
been easter to use. tThe l-inch cable with threaded studs used Eo
Jotn 240-foot seectioas wss difficale to cighten, Rinee the eable
gatated as the auts were turued. Towiag of the 240-foat seg¢tlions was
very difficult exeept at a very low speed. A skiff was almost as
effective a8 a tug., The 4deeurate placeseat of the outer fow of
aachovrs oa a stable eite vas difficult bdecause of the aachor wights,

11
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bottom slope and bottom conditions; 6- to 8-ton steel anchors would have
been much better, Special receptacles for navigation lights should be
designed into the breakwater units,

The following comments on the design and installation of the £floating
breakwater were provided by the U.S. Army Engineer District, Alaska:

Use epexy coatings over steel reinforcement to reduce corco-
sion., Provide positive locking devices at the ends of connecting
cables, Obtain sufficient bottom data to allow workable anchorage
designs., Some prcblems with anchor placement were experienced owing
to a lack of good topography and knowledge of what materials the
anchors would be set on., Consideration should be given to prcvidiug
a method of regreasing tendons and cables. This design was made with
the premise that vessels would not be allowed to tie up to the break-
water. The design must provide heavy wales and recessed bolts to
allow for protection of the breakwater from vessels that tie up tem-
porarily. Provide for connections on end units for possible future
changes in configuration. These can be tewmporarily sealed with
knockouts,  Adequate 1lighting should be provided for foul weather
viaibility of the breakwater to supplement U.S. Coast Guard furnished
lights, Radar visibility should also be provided. Better quality
control should be achieved to eliminate careless slopping of grease
on concrete surfaces adjacent to the prestressed cable anchors., Pre-
paration of construction specifications should consider the require-
ment for a specific assembly method, such as on a sinkable barge, or
in the water, or in a8 dredged area which can be flooded., Materials
and procedures used should be compatible with the assembly method.
Construction problems were experienced during the process of capping
the prestress cable heads in the water., Further consideration might
be given to a cofferdam design which would allow this to be accom-
plished in the dry. Consideration should be given to monitoring
anchor chains to determine actual nmooring forces to coapare with
dasign forces.

(3) Performance, The boat slips had not been installed as of Sep-
tember 1980, so there are no data on breakwater effectiveness. The harbormas-
ter expressed the opinion that the breakwcter deces perform as expected. Pre-
vailing wind waves attacking the breakwater are at a high iucident angle, and
the alinement scems good, with lower transmission than for normally incident

waves,

The iastaller (B. Smart) was on a barge tied to the breakwater during a
storm with gusts up to 70 knots. HNe reported wave periods of 3.5 to 4 scconds
and wave heights to 4 feet, based on the height of the barge rail above mean
water level: “. . . the breakwater really knocked the waves down.” Three
wavelengths were observed in the 100~foot barge length, which would correspond
to about a 2.7-secoad period, rather than the 3 to 4 seconds reported.

logs up to 2 feet in diameter have worked their way into the intevier

spaces of the breakwater, but have convenlently worked their way out, There
has been rapid marine growth on the submerged surfaces,

14
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Althovgh Coast Guard regulations require lights only at the ends of the
breakwater, intermediate lights and radar targets would be helpful to naviga-
tors because the breakwater profile is low, long, and difficult to see in the
dark, stormy weather that is so frequent at the site., The breakwater has only
a 12-inch freeboard, instead of the 18 inches called for in the design. A
fabrication error is believed to have caused the overdraft,

Wakes from vessels moving down Tongass Narrows from north to south move
directly through the opening between the end of the rock breakwater forming
Bar Harbor No. 2 and the southern end of the floating breakwater, causing
motion of the slips and boats in Bar Harbor., The breakwater reduces the reg-
ular boat wake quite well, but the potential exists for the large fishing ves-
sel, tug, or freighter tn set a wake that will be very evident behind the
breakwater.

d. Discussion. The water depths at the site indicate the floating break-
water is the logical type to meet the local need for additional moorage
space, In the design of future breakwaters of this rype, attention should be
given to the difficulties encountered in the field in carrying out the post-
tensioning operation, the connection of modules, and the placement of the
heavy anchors., The omissiou of the breakwater section at the north end of the
harbor (Fig. 5) means that some of the mooring area will receive undamped wave
energy. Possibly, the placement of slips in this section should be delayed
until altecnative protection is provided.

South-traveling wind waves and boat wake readily pass into Bar Harbor
No. 2 between the south end of the floating breakwater and the north end of
the rock breakwater. Some corrective alternatives are as follows:

(a) Add a stub section about normal to the south end of the pres-
ent Eloating breakwater., Alinement would have to give due regard to
waves from the south beiag reflected in adverse directions.

(b) Reinstall the log breakwater (or similar) that previously
shieided Bsar Harbor No. 2.

(c) Adiust the anchor system of the main breakwater to allow it
to be rotated about 5%, and add an extension to narrow the hacbor
entran.e from its present 400-foot width,

A pragmacic view 1s to adapt the floating breakwater to accommodate tran-
slent moorings, As it is now, transient boaters remeve covers frow the anchor
chain wells, fasten liues to hawse pipe or chains, then leave without veplac-
ing the covers, Tiedown cleats, thicker walers, camels, or other feandering
systems would be required, along with a walkway to make a coanection with the
main fleats. Thirs econnection could oe removed during the off-gseason,

2. Sitka, Alaska,

a. lopcatich. Thomsen Harbor is on the east side of the waterway between
Japonski Island and baranof Island, where Sitka . located (Figs. 6 and 7).
The waterway is about 1,390 feet wide and 40 feet deep. The breakwater is
used for transient wmoovage and has a filsh-cleaning facility (see Fig. 8) fov
the convenience of the harbor users.
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a. Hdorth end of harbor.

b. South end of harbor.

Figure 5. Photos of gaps at beth north and
south of harbor, Ketchikan, Alaska.
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a. Floating breakwater.

b. Fish<cleaning facility.

Figure 8. Photos of facilities at Thomsen Harbor,
Sitka, Alaska.
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b. Site Conditions, The principal wave window lies in a 45° sactor cen-
tered about the northwesterly direction, and has a fetch cluttered by small
islands out to about 3.5 nautical miles, then opens into Sitka Sound. The site
is effectively shielded from other directions, The winter low-prescure sys-
tems off the Alaskan coast generate high winds. Local lore reports that
speeds of 60 knots are common. However, the annual summary of winds at Japon-
ski Airport (see Tahble) indicates that 40-knot winds are rare (Amerman,
1980)! . The many islands in the path of the winds must create highly non-
uniform wind fields.

Table., Winds at Japonski Airport, Sitka, Alaska (Amerman, 1980)2
Windspeed (kn)
Direction 0-3 4-10 11-21 22-27 28-40 40+ Pct, Avg.,

N. 1.6 0.5 0.1 0.0 0.0 0.0 2.1 3.0
NNE. 0.2 0.1 0.0 0.0 0.0 0.0 0.2 4,1
NE. 1.7 1.7 0.4 0.0 0.0 0.0 3.8 5.3
ENE. 0.3 0.6 0.3 0.0 0.0 0.0 1.3 6.6
E. 3.4 6.3 1.6 0.1 0.0 0.0 11.3 6.5
ESE. 1.0 4.7 4.0 0.3 0.1 0.0 10.1 10.7
SE. 3.7 10.0 4,1 0.2 0.1 0.0 18.1 7.9
SSE. 0.3 0.9 0.3 0.1 0.0 10.1 8.1
S, 3.3 4.7 1.4 0.1 0.0 9.5 6.4
SSw., 0.5 1.6 0.3 0.0 0.0 2.5 6.6
SW 2.2 4.6 0.6 0.0 7.3 5.6
WSW, 0.2 0.7 0.1 0.0 0.0 0.0 1.0 5.4
W 2.1 2.1 0.1 0.0 0.0 0.0 4.3 442
WNW, 0.6 1.6 0.4 0.0 0.0 0.0 2.6 6.8
NW, 3.1 5.5 1.2 0.0 9.9 6.0
NNW. 0.3 0.4 0.1 0.0 0.0 0.0 0.8 6.0
Calm 13.4

Total 24.5 46.2 14.8 0.8 0.2 0.0 86.6 6.0

L

The harbor serves a fishing fleet and pleasure craft with moorage fees at
$6 per foot per year, with a 2-year waiting list. The mix of boats is shift-
ing toward larger sizes.

Tide data are as follows:

High: 12.0 feet MLLW
Diurnal range: 9.4 feet

Mean range: 7.7 feet

Low: 5.0 feet MLLW

LAMERMAN, R., “Sitka Small Boat Harbor Site Study,” State of Alaska, Depart=
aent of Transportation and Public Facilities, Division of Harbor Design and
Construction, Apr. 1980.

“AMERMAN, R., op. cit.
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Tidal curreats are 1 knot maximum'on both flood and ebb, Bottom elevations
are =35 feet MLIW under the long leg of the breakwater and -6 feet MLLW at the
shoreward end of the short leg.

Waves estimated at 4 feet in height have been reported coming in from the
northwest. Thesa strike the breakwater at an appreziable angle and are atten-
uated quite effectively, Ocean swell penetrates the offshore islands and
passes through the breakwater., Boat wake is a common loading from the pleas-
ure craft, fishing vessels, and the occasional tug which ply the channel,

c. Breakwater Description,

(1) Design. The structure was the second one built of the Alaska-
catamaran or ladder type, and consists of 3~ by 5- by 18-foot reinforced,
lightweight concrete pontoons cast over solid polystyrene foam blocks. Three
pontoons were posttensioned on site to form 60-foot modules, whilch were then
linked with & chain-rubber back fender counnector as 1illustrated in Figure 9.
The main leg of the breakwater is 685 feet long; the shorter one is 275 feet
long, with a 3.5-foot draft,

Anchoring was accomplished with 1-1/4- and 1-3/8-inch galvanized stud-link
chain at each module fastened to stake piles., Where the stake piles could not
be driven to adequate penetration, as determined by jetting tests before
installation, concrete blocks were added to increase lateral resistance; 29-
ton units were used on the windward leg of the north-facing (short) leg of the
breakwater, and 12-ton units were used on the west-facing (long) leg. A space
of about 6 feet is maintained between the two breakwaters at the junction of
the "L" base. This design feature was used to avoid stress problems likely
with a positive conaection,

(2) Installation, The breakwater was installed in 1973 ar a cost of
$480 per foot. Those responsible for the breakwater desigm, < ... . 7.on, and
operation are as follows:

Owner-Qperator: Owned by State of Alaska, but operated
by City of Sitke

Desiguer: State of Alaska, Juneau
Division of Harber Design and
Construction

Design Enginee-: D.S. Miller

Fabricator:, Bellingham Marine Industries
Bellingham, Washington

Installation: Units were fabricated ia Bellingham and
barged to the site. Basic dimensions
of the breakwater were chosea to facil-
ttate shipping and onsite erection with
equipment readily available in the
arca. T.0. Paddock Company, Juneau,
was the erection coatractoy.
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a. Module connection,

b. Hodule conncetion with feader wissing.

Figure 9. Photos of module connections, Thomsea Harbdor.
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(3) Performance., The users are satisfied with protection afforded
by the breakwater. Mooring lines and diepositions are adapted to accept the
swell and boat wake that enter the harbor,

No underwater components of the breakwater have bdeen checked. The only
maintenance provlem has been repairing and replacing worn chain links con-
necting the modules; several rubber bumpers, part of the connecting systems
between modules, have disappeared (Fig. 9). There is some correlation between
wissing bumpers and worn chain links. Although the breakwater is not consid-
ered the responsibiity of the harbormaster, he has been welding worn connect-
ing links and checking for other stress points.

Lightweight concrete was used in forming the breakwater wmodules. There
are several spall areas that have beean attributed to bangiag of corners, etc.,
during transport and construction. Some of these were successfully patched
with epoxy shortly after construction. Some of the reinforcement is exposed
and rusty, but spalliang is slow, if at all,

Because of the shortage of mooring spaces, large trawlers tie up to both
sides of the breakwater, and may be the cause of the noniinear breakwater
alinement observed, The mass per foot of the trawlers may exceed that of the
breakwater. A differeantial draft has developed on some sections, with 14
inches of freeboard on one side of a pontoon and only 12 inches on the other
side. No explanation is offered. Marine growth at §Sitka is not as active as
at Ketchikan.

d. Discussion, The breakwater has perform~d satisfactorily during itse
7-year life, Although the swell transmitted into the harbor has been a nui-
sance, the users have adapted. Maintenance problems have been minor, mostly
involving replacing worn chain links. Underwater components should be inspec-
ted. The present 3-link chain-rubber bumper module connections should be
replaced with & newer, improved design such as that employed in the revisions
at the Tenakee Springs breakwater, discussed in the following section., Tran-
sinnt boats usually tie up at a floating breakwater, whether or not such use
is authorized. Designs should recognize this pattern or operations personael
should be given time and authority to restrict tie-ups.

3. Tenakee Springs, Aiaska,

a. location. Tenakee Springe, Alaska (Fig. 10}, is 2 small village about
60 miles southwest of .Jlunean, Alaska, with about 80 permanent residents who
ave income~dependent upon fishing, crahbing (cannery receatly closed), log-
ging, retivrement incomes, and liatted tourism.

b. Site (onditions. A mmall natural harbar 1§ unprotected froa the
west with @ teteh of about $ miles out of Crab Bay areund to the southeast
win.ve the fetch is about ) wiles from Corner Bay. Storms from these divee-
tions are comwon winter occurrences. Theve are =0 wind recovds for the slte,
but aceording to local resideate, speeds rvanging from 60 to 70 miles per hour
have occucred.

Tide data include a maximum vange from =5 te 20 feet MNilW, Tidal cur-
venta ave less cthan 1 kaot at the bdreakwiter site. Sottom elevatioas are 4
follous:
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Figure 10.
Teaakee Spriags, Alaska (frvoa NS chart 17320)
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Along inner row of ancliors: <~15 feat MLLW
Along breskwater: ~30 feet
Along outer tow of anchors: <45 to ~55 feet
A wave monitoring program was in operation during the wiater season of
1973-74. However, maximum windspeeds recorded were only about 30 kaots, which

is not representative of the usual winter season when, acrording to local res-
idents, waves 4 feet aud higher occur, Boat wake is not a problem.

g The harbor 1s without power or other amenities. There i8 no harbormaster
‘ nor designated official on the site. The operation is best described as "Alas-—
ken informai.” Long~time local resideats are a good source of information ou

4 the harboc.

J ¢. Breakwater Description.

(1) Design. This structure was the first of the Alaska-catamaran or
ladder type, consisting of 3- by 5- by 1l5-foot retnforced, ligntweight con=
crete pontoons with solid polystyrene foam core. Units of 15 feet were post-
tensioned with 1-1/2-inch galvanized bars to form the ladder module, 5 feet
deep, 21 feet wide, and 60 feet loag, witk a draft cf about 3.5 feet., Five
modules were coupled with chain lioke and compression bumpers to form a shal-
low V-shaped break.aster 308 feet loang, as shown in Figure ll. The V-joint was
a weak link in the system, and vas removed in 1977. The alinement was then
gstraightened (see Fig. 12,a) with module comnectors of a modified design shown
in Figure 13, and an additional 60-foot section of breakwater added to help
close off a wave window from the southeast,

BAELUS ntecanioc o

Anchor chaing of 1-3/8-inch stud links at each of the five 60-foot moduies
are attached on the harborside to 26-ton comcrete anchors and to two 26-ton
, anchors on the geaward side. A shallow ¢oil layer over rock vuled out the uge
h of stake piles at the site.

>y

(2) Installation. The breakwater was installed in the fall of 1972
at a cost of §473 per foot. It had been desigaed for fleld assembly where
facilities and equipment size were limited. The peuntooas aad other coapoaents
- were barged to the site,

Assembly probleas were czused primavily by nensquare £acee on surfaces
- that were to be matched. Some spalliiang of concrete accurred during the devel~
opaent 0of the specified pos’.reasioned foreces and was attributed to daproper
. location of rveianforcing stedl ducing fabrication. Dizeastons for the comfecw
- ting medules wust be accurale to aveid asscmbly delays., Those rvesponsible for
the breakvater desiga, coasteuztion, and opevatioa are as follows:

F Designer-OQuner-Operator: Stete of Alaska
Divisioa of Ports aad Hachoes

Pivision of Harbor bDesign aad
Conztryetion
Juaean

! bealgn Cegineer: D.S. Miller
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Figure 1l. Floating breakwater layout, Tenakee Springs, Alaska.
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a. Floating breakwater alinemant.

b. Module connection.

Figure 12. Photos of floating breakwater, Tenakee
Springs, Alaska.
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Builder: Bellingham Marine Industries
Bellingham, Washington

Installer: Martinsen Builders
Petersburg, Alaska

(3) Performance, The wusers are satisfied with the protection
afforded by the breakwater. Prior to its installation, winter moorage was
risky and the boats often had to be moved to wmore sheltered waters during
storms. The outer chain on the base of the V-section in the initial
breakwater layout broke during a storm (D, Miller, personal communication).
This connection has been eliminated by the new alinement and new connectors
have been installed (see Fig. 12,b).

Some wire and rod reinforcement 1is exposed and rusted where the concrete
has spalled off, as {illustrated in Figure 14, but no progressive deterioration
is apparent, The spalling seems to have been the result of construction hand-
ling and installatiomn, rather than from use-~oriented causes.

d. Discussion, The breakwater design is well matched to the site condi-
tions for construction as well as to exposure and use, In 8 years, the only
maintenance has been the straightening of the dog-leg alinement, a well-recog-
nized weakness in the initial design layout, The new module connectors also
promise to eliminate another weakness-—-the slack condition that develops as
the rubber fender unit loses its resilieuncy.

4. Auke Bay, Alaska.

a. Location, Acke Hay (Fig. 15), located about 20 miles north of Juneau,
Alaska, is a popular moorage for pleasure fishing craft of area residents and
transient boats during the summer season.

b. Site Condition:, The upper end of the bay, the bruakwater site, is
wvell-sheltered except toward the southeast, where doghlan Island limits the
fetch to about 2.5 miles, except for a very narrow window of about 6 miles,
There are no data availlable on either tides or currents. Curreats at the
breakwater are not likely to be a concern. No recordiungs of wake couditiens
are available,

¢, Breakwater Description,

€1) Design and Installation. One 60-foot and two 120~foot lengths of
48-inch-diameter oil pipe surplussed from the Alayeska project were designed
as 3 replacement for a decayed log breakwater shielding a small, privately
owned marina at the head of Auke Bay. The breakwater sections were fubricated
in Seattle and barged to Juneau where they were off-loaded, as showm in Figuve
16, for to.ing to Auke Bay. A wooden walkway on the pipes provides access to
24=-inch pipes, also with walkways, which sevrve as boat slips. The pipes ware
ballasted with seawater to a l-foot freeboard.

The breakwater was installed in July 1980 at a cost of §400 per foot.
Anchor chain connection holds the breakwater in place. Those responsible for
the breakwater design, construction, and operation are as follows:
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a. Exposed reinforcement.

b. Epoxy pateh.

Photas of deterioration aud pat:hiang,
Tenakee Springs, Alaska.
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NOTE C

Numerous uncharii] mooring buoys
are loCANed in the northesst comer of
Auke Day.

Figure 15. Auke Hay, Alaska (from NOS chart 17315).
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Owner: Robert Weens
Designer: David S, Miller

(2) Performance, There are no data available.

d. Discussion. The breakwater {is an innovative use of surplus mate~
rial., The pipe and anchor chain, available at scrap metal prices, should pro-
vide better protection than the old log breakwater it replaces. The design
allowed the owner to do the towing and much of the installation which mini-
mized costs,

5, Friday Harbor, Washington (Port of Fridqx Harbor) .

a., Location., Port of Friday Harbor, Washington (Fig. 17), is a major
stopping point for pleasure craft encoute to Canadian waters as well as to
cruises in the San Juan Islands. It is also a stop for the Washington State
Ferry System, which serves the islands, and is a connection to Vauncouver
Island (Canada). Fishing vessels also use the harbor.

b, Site Conditions. As shown in Figure 17, there are two windwave expo-
sures--to the southeast with a fetch of ibout 1 nautical mile and to the
northeast with a fetch of about 2 nautical miles, Windspeeds associated with
the northeaster that affects the region every few years reach the 50-knot
range with gusts to 70 miles per hour and impose the critical design condition
for the breakwater because of the longer fetch in that direction. A set of
spead-duration curves is shown in Figure 18,

Tide data are as follows:

Highest (30 lecember 1952): 1L.00 feet MLLW

MHHW: 7.70 feet
Mean: : 4,75 feet
MLIW: 0.00 foot

Lowest (135 January 1949): =3.80 feex
Tidal currents are less than 1 knot, Bottom elevations ave as follows:
Along inner row of anchors: =52 feet MLIW
Along main breakwater: =42 feet
Aléng tnner vow of anchors: =30 feet
Wave helghts and periods of 2.9 feet, 2.8 seconds from the northeast and
2.9 feet, 2.4 seconds from the southeast were measured by the U.S. Army Engi-
acer District, Seattle, during an observation period 1969-71. Siwmilar wave
measurements were recorded from Dacember 1974 to March 1975 by a University of

Washington project., However, neither of these monitoring periods was opera=
tional whem the critical northeaster occurred. Wakes from boats are a common
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occurrence. Large ferries elther approaching or leaving the laading, pass
close to the breakwater, while moving at a considerable speed.

¢eo HBreakwator Description.

(1) Design and installation. The floating breakwater at the Port
of Friday Harbor and the one at Tenakee Springs were the firset two such stpue-
turves of major dimension designed fov the Pacifie Northwest and were tastalled
at about the same time in Octeber 1972. The Friday Harbor strueture, a dif-
ferent type than the Alaskan ladder style, uses four vows of polyalefin pan=
toons about 5 hy 5 by 10 feet in overall dimeasion, linked by a timber mateix
to form a 24-feot=wide seection draftiag about 18 {achen. A stmplified crass
seetion is shown {x Figure 19. The breakwater is laid out ta an L-shape to
face inte the eritical wind wave directions. The northeast-factny leg ia 627
feet loag (see Fige. 20 aad 21); the southeant leg is 227 feet loag,

The anchor system coasists of 18 paies of aachor limes spaced about 50
feet apart. The limes have three aeetiens, a 3I2-foot leagth eof 1/8=iach
welded alloy ehaia attached to the byeakwater, ther a length of braided ayloa
line, with another leagth of ehata comneeting to stake piles. Tiw stake pile
eystem was chosen beeayee of the deep, sgoft material ar the stte. The scape
of the seawaed side ia about 1 oa 7, the laudward side is about 1 an .

The iastalled cost of the floatiampg breakwater was $320 pep (et (1972).

Those vesponsible for the bepeakwatee desiga, eoastruction, and opueatios dee
as follews:
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a. Dock to floating Lreakwater,

be Loag leg of floatiag breakwater.

Figure 21, VPhotos of Pory af Friday Harbor floatinmg
heeakwater,
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Owaec=Operator: Port of Friday tlarbor
Feiday Harbor, Washington
(Jack Fairweather, harbormaster)

Designer: Reid, Middleton and Associates
Edmonds, Washington

Fabricator: Polystatering, Iuc.
(manufactured pontoons)
Mouree, Washingtoa

Inscaller: Ametican Pile Dreiviag Co., Inc.
(assembled breakwater)
Everett, Washiagton

The breakwster was assembled in Everett, Washington, and towed to the
stte.

(2) Pecformances Boat wake scems Lo cause as muech concern as wind
wave transmission. This respouse {s aot surprising, siace the boating activ-
ity occurs uwore often in the milder scasons. Wind wave Cransmission on the
order uf 1 foot ts considered tolerabdble.

Maintenance costs have been high. The structutre was damaged extensively
in 4 storm on 7 December 1972, barely 2 months after the installation; 34 of
the pontoons eracked and came loose frum the steucture (21 on the outer Tuw,
12 e the second vow, awd 1 on the third row), causing it to lose buoyansy.
The fallures were due to material fatiguc where the poatoons were supported by
the timber structure. Other pontoons have fatled from similar rauses. Reeent
replacenents have heen with ecastiags of Marlex plamtic whiech have not shown
any aign of distress. Fifteen poatoons wers replaced in the spring of 1980 ac
& untt cost of $1,000,

Plans are undervay for an ealarged harbor aad eeplacement beeakwater of
the couerste calssen type. The aew breakdater is beiag desigaed by +he (.S,
Army Engineer Distriet, Seattle, and, {f authoeized, will be coastructed by
the Corps of Eagiaecrs under Seetion 107 of the 1960 River and Harbor Act.
University of Washingtoa is ceviewlng the desiga.

de  Discudston. The performance of the bhreakwater has beer less Cthaa
hoped for by the usees. The maln problems were assoefated with a desiga coa=
flguration that relied os a esterial and fabrication teehaique whiek did act
produce the expected Farigue-vesistant charsctesiztics. ThePe was a push to
get the breakwster iate place and praducing facome, which overtighteaed the
designecoastruction xohedule for sueh a aovel amd {arovative caneepts LEf the
proposed havbae expansion is authorized, the existiag becakuater eas be put o
goad use for faeilittes withia che farbdor.

6. Friday Harbae, Waehispron (Uaiveestty of washiastea Decanasraphie Laborae

3 tof¥}.

3. Location. The Univegsity of Wishingtoa Oecanugraphic labagatuey beedk=
wacer is abour 3 k3l eile aurth of the Pore of Feiday Haeber (Fig. 197, the
s8lE0 in opes o the east Foe abaut Vo) miutical miles. The BDecakvafcf wis
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constructed to allow the marine-related activities in the research programs to
be operational year round.

b. Site Conditions. Tide data are the same as Port of Friday Harbor.
The breakwater was designed for a 1l.5-k.uot current,

The design parameters were 46-knot wind, fetch-limited, significant wave

height of 3.0 feet, period of 3.5 seconds, current of 1.5 knots. Boat wakes
are common,

c. Breakwater Description,

(1) Design and Installation. The breakwater is a reioforced con-
crete caisson cast over a polystyrene foam core with a cross section 4.5 by 15
feet with an 18-inch freeboard and is L-shaped with two 130-foot sections on
the long leg parallel to the shove, and one similar section on the short leg
{see Fig. 22). The anchor system is laid out to maiatain about a 6~foot space
between the sections to avoid linkege problems. Short gangways provide access
between units. The breakwaters are used as staging areas to handle nets and
other gear, and also to provide a protected mooring area. The surface of the
units was left rough for good footing.

The anchor system cousists of two anchor lines of i-inch stud-link chain
at each end of each section, with one line to the outside at 45° to the break-—
water, and the secund at the same angle to the inside.

The bottom conditions at the site, a shallow covering of rock, led to
restraint supplied by attaching clump weights to the anchor lines. These were
concrete blocks 4.5 by 4.5 by 3 feet. The main anchors were concrete blocks £
by 8 by o feet.

‘. The breakwater was installed in 1979 at a cost of $790 per foot. Those
X responsible for the breakwater design snd operation are as follows:

- Owner-Operator: University of Washington
Oceanographiz Laboratory
Friday Harbor, Washington

B Designer: ABAM Engineers
R 1127 Port of Tacoma Road
3 Tacoma, Washington

X (2) Performance., The users are satisfied with the breakwater per-

: formance which has made possible the desired year-round operation of the labo-

- f ratory activities., The roughened surface provides good footing, but is hard

,//l P to clean. An unforeseen benefit from the view of the marine bioclogist is that

g j the breakwater has attracted marine growths and animals distinctly different

e from those around the Port of Friday Harbor breakwater, only a few huundred
.- yards distant,

Some adjustments in the breakwater were necessary after installation,

The gangways between the sections had to be redesigned to provide greater
. freedom of movement to avoid being overstressed. One of the sections did not
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a. Access ramp to floating breakwater.

¢ Bull rail detail.

Figure 22. Photos of University of Washington Oceano-
graphic Laboratory, Friday Harbor.
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,,,

float with the required uniform freeboard ana had to be ballasted with Styro-
foam billets. Presumably, 2z form slipped during casting, resulting in a heav-
ier and nonuniform unit,

The 2- by 4~inch tie piece on the bull rail is too light for ite purpose
and has broken in a few places. This member should be at least 4 by 4 inch-
es, The installation of the anchors required extra, expensive site prepara-~
tion which might have been avoided with more informative foundation surveys
and better matching of anchor type to bottom couditions, No special mainten-
ance problems have developed.

d. Discussion. The breakwater type is very appropriate for the site and
has met the users' expectations,

7. Blaine, Washington.

a., lLecation. Semiahmoo Spit Marina is located in Drayton Harbor {see
Fig. 23) at blaime, Washington.

b. Site Conditions. Drayton Harbor (Fig. 23) is quite shallow; the
warina site had to be dredged to -l0 feet MLLW. The site is exposed only to
the southerly quadrant, with a high tide fetch of 1.5 nautical miles to the
south and 2 nautical miles to the southeast.,

Tide data include a mean range of 5.9 feet and a diurnal range of 9.5
feet. MNo data are available on tidal currents.

Data on wind waves used for design are not available, The exposure to the

south and southeast 1s likely to experience winds in the more than 40-knot
raage every winter, with 50-knot speeds on occasioun,

¢. Breakwater Deascription.

(1) Design and Installat.on. 'The breakwater is of the concrete cais-
son type cast in 4.5- by 15~ by 15-foot units usirg polystyrene foam blocks as
interior formwork and for positive flotation, with a 3-foot draft. The total
length of the breakwater, arranged in a U-shape (Fig. 24), will be 3,500
feet, The marina will have 840 slips for pleasure craft and fishing boats.

The units are truck-hauled to the cite where four of the units are post-
tengioned together to form G60-foot modules, which are then coupled by a chain-
rubber feunder counnector as illustrated in Figure 24.

The anchor system makes use of clump weights on anchor lines consisting of
successive length of nylon rope and chain to stake piles, as shown in Figure
25, with a set of lines at each wmodule connectilon. Figure 26 {llustrates the
units and comnections. Those responsible for the breakwater design, construc-
tion, and operation are as foilows:

Owner--Operator: Port of Bellingham
P.O. Box 728

Zgllingham, Washington
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Figure 23. Semiahmoo Spit Marina, Blaine, wWashington (from NOS Chart 18421),
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Figure 24. Module cenncetion, Semiahmoo Spit floating breakwater.
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Figure 206.

Photaos of the module detail of the
Seaiahmoo breakwater.
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Designer: URS
4th and Vine Building
Seattle, Washiangton

Designer-Fabricator: Bellingham Marine Industries
Bellingham, Washington

(3) Performance. No information is available., The breakwater was
under construction in February 1981,

d. Discussion. Module connections have been a source of concern for many
floating breakwaters. The design for the Semiahmoo coanectors provides for
testraint, flexibility, adjustments for maintaining a no-slack connection, and
also appears to be easily assembled in the field.

The Semiahmoo site could be a good site for a field measurement program to
collect data on breakwater structural, kinematic, and hydraulic respouses.
The input data would be limited naturally by the shallow-water conditions and
probability of storm and high tide coexistence.

8. Langley, Washington.

a., location, Langley, Washington (Fig. 27), is a small community on the
southeast side of Whidbey Island and faces Saratoga Passage,

b, Site (onditions. The fetch is long, 8 to 12 nautical miles to the
northwest and about 4 nautical miles to the east-northeast, Wind data spe-
cific to the site are not available, buc the speed-duration curves for Puget
Sound (Fig. 28) should be representative for design purposes.

Tide data, gathered at Tulalip, Washington, include a mean range of 7.6
feet and a diurnal range of 11.2 feet.

c. Breakwater Description,

(1) Design and Installation. The breakwater is the Goodyear module
floating tire type, composed of tire groups banded together with belting and
nylon bolts, with Styrofoam added to the tire crowns for extra buoyancy. The
northwest-facing section has a planform of 52 by 230 feet; the east-facing
section is 65 by 216 feet. Figure 29 is an east-facing view of the installa-
tion, The breakwater is anchored by cables fastened to piling.,

Those responsible for the breakwater design and operation are as follows:
Ownmer-Operator: Port of Whidbey Island

Designer: Parametrix, Inc,
Everett, Washington

(2) Petformqggg, The breakwater reduces the short-crested waves sat-
{sfactorily, but transmits too much energy i{n the lower frequencies. Connec-
tions in the boat slips were overstressed, and boats have not been permitted
to use them, The slips were removed for the  980-8l winter season., The north

end of the east breakwater has been sinking, possibly due to the combination
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: Figure 29. Photo of floating tire breakwater,
;? Langley, Washiagton.

of current drag and loss of buoyancy. Reports on other Styrefoam=filled tire
breakwaters state that the foam breaks down uader the coutinuous ¢lexure expe-
rienced in the wind wave exposurc.

The owner-operator fs not satisfled with the performance of the break=
water.

d. Diseussion. The site, with its lomg fetch up Saratega Passage and

the frequency of winds from that direction, experiences more savere conditians
than are appropriate for the type of breakwater iastalled.

9. Everett, Washington. .

_ a. locatien. ‘the breakwater i3 at a large small-eraft harbar that lies

¢ along a watepway in the Poet of Bverett (Fig. 30). The watervway {8 only about

' 800 feet wide; thus, the breakuater serves peimarily €0 protect the harbor
from boat wake.

b. Site (oaditions. Tide data taclude a mean range of 7.4 feet and a
dluraal range of li.l feet. Tidal eurrvents ape cstimated at 1 to 2 kaots.

¢e Breakwater Deseeiptien.

(1) Design and incrallation. The breakwatsr s of the caresete
eaisgon=iype east Over 4 Styvofodm cofé haviag 4 ceoss seclioa 3 by L0 feer
and draft of 1oy feets The north gectton (vee Figs. 30 aad 31) is 530 feet
loag: che south scetica is 6D foet loag.
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b.  Ring guide wupport.

% Figure 3. Photos of rhe floating breakuater at the Poet
N of Everett, Washingtosn.




The breakwater was fnstalled ia 1979 at a cost of $5273 per foot. The
breakwater 1is aachored by pile beants, as illestrated in Figure 31, Those
responsible for the ULreakwater design, coustruction, and operution are av

follows:
Ownier<gpecator: bPort of Everett
Everett, Washington
Desigier: Reid, Middleton and Assoclates

Edmonds, Washingtoen

Breakwater Uesigner—-Fabricatew: Belliongham Marine ludustrioes
Bellinghaa, Washington

(2) Performauce, The breakwater has performed favorably. Tue boat
channel is easy to keep uwuder gurveillance, so boat speeds ate held tn check,

10. Port Orchard, Washington,

a. iocation. Port Orchard (Fig. 32) lies across Slaclair Inlet from
Bremncrton, Washiungton.

b. Site Gonditious., ‘The prevailing winds {n the arca dre from the south,
so the harbor site is well shieclded from that direction. The main cxposuves
are to the southwest and the northeast with fetches 1.5 and 4 nuutical ailes,
respectively. The wiadspeed-duration curves i{n PFigure 28 are the best asail-
able data.,

Tide data are as follows:

Highest (estimated): 14.7 tfect MLLW

MiHW: LL.7 feet
Mean: 6.8 feet
MLLS: 0.0 foot

fowest (estimated): 4.5 feet

Tidal currveats ave less than 1 krot,

€ a_,z;eakuate: Des_ggipti_m\.

(1) Desiga and lastallation. The breakwater {d laid ocut ia two
esctions, as shawn in Figures 12 and 13, The be-shaped section i& 1,500 feet
lang and compased of lightweight, reinforeed coaceete poutosis east over solid
Styrofea cove uaite 3 by 12 feet and 20 feet long, with a desft of 1.8 feer,
Theee of these pontouds were posttensiomed together to farm 63=-faot wodules
hieh were thea joined wvith the zoarsctors shown wehesgitiesliy {a Figure %
four coaneceore were osed ot eaeh joint.  The west section is of gimilae
cuastruction But the wunifts ave § by 8§ by (2 feet aad carnected by woodes
walecs for a iength of J20 fewt.
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Figure 33. TFloating breakwater and marina, Port Orchard, Washington.

Bolt Connactor

b

Rubber Donut

Flgure 34. Sehematic drawing of module comnection, Port
Orchard floating breakwater.
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The I-shaped section is anchored by a composite 24-inch anchor line of
3/8~inch welded alloy chain, braided nylon line and a lower length of chain
fastened to stake piles. The chains cross beneath the breakwater to provide
as much clearance as possible close to the breakwater. The west section is

restrained by pile bents. A deep, soft muck is the typical foundation mate-
rial at the site,

Those responsible for the breakwater design, construction, and operation
are as fullows:

Owner/Qperator: Port of Bremerton
Bremerton, Washiagton

Designer: Reid, Middleton and Associates
Edmonds, Washington

Fabricator: Bellingham Marine Industries
Bellingham, Washington

(2) Performance. The management and boat owners expressed satisfac-
tion with the breakwater., Storm damage has been handled well since installa-
tion, with the exception of the western section which has been hit by two
storms with reported significant wave heights of 4 feet—-well in excess of
design values., When the waves Incideat to the west breakwater exceed heights

of about 2 feet, there is a greater transmission than desired, but this is not
a severe problem.

The north breakwater has performed very well., One connection failure was
probably due to a faulty fabrication detail; it was successfully repailred.
All the anchor chains have courroded badly and are being replaced. The orig-
inal ones were made of 3/8-inch chain, with no cathodic protection; the
replacements are of 1/2-inch chain, with zinc anode sacrificial blocks 2 by 2
by 30 inches with two placed on each anchor line. The cost of the anchor lirne

repalir 1is estimated at $30,000. Figure 35 illustrates the piling and chain
counections,

Some of the anchor piles have been attacked by marine borers. Replace-
ments will be cut off below the mudline, to be out of reach of these borers.
There is ounly a small area of concrete spalilng in the center of two poutoons.

g d. Discussion, The west breakwater was apparently underdesigned for
K the wave climate that develops from the west, Other design aspects have
4 worked out well, except for the anchor chaina. The new design with both a
heavier chain and cathodic protection should ensure a much longer life than
the 6 years for the initial system, Boat wake from the larger vessels passes

through the breakwater, but users appear to have adapted to this incoaven-
ience.

ll. Camas-Washougal, Washington,

L LR Ry 4

4. Location, The breakwater at Port of Camas-Washougal, about 20 miles

ot -

the (olumbia River, and serves Lo protect a marina catering largely to pleas-
ure craft.,
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b. Corroded anchor chain with nylon anchor llhe.
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¢e Ruplacement anchor line,

Figuee 35. Photos of anchor chaiuns at the Porr
Ovehacd floating breakwater.
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b. Debris harrier and maln floating breakwater.

Figure 37, Photos of the Port of Camas-Washougal
floating breakwater.

b




b. .'ii.t‘g“_(b.@_qg.itions. The important winds come downriver from the east
where the fetch is about 1.9 miles. MNo tidal current measurements have been
wade at the site, but speeds of 3 to 4 knots have been estimated, with higher

speeds possible during periods of peak flood flows.

Winds blowing down the (olumbia River develop waves that break and pass
over the top of the breakwater, but have not caused problemus with woored
boa‘so

c. Breakwater Design,

(1) Design and Installation. The breakwater is a caisson-type struc-
ture constructed of 'llght.weight, reinforced councrete cast over Styrofoam
blocks in units 3 by 10 feet in the cross section and 12 feet long, drafting
about 18 {inches, The units are held together with timber walers, The main
section parallel to the shore (and river) is 1,073 feet long, and is held by
guide pile dolphins spaced about 84 feet apart (Fig. 38). A 233-fout section
of breakwater is set at about a 45° angle to the upstream end of the main
breakwater to serve as a trash deflector (Fig, 37,b). The breakwater is
designed to provide transient moorage and public access with special fishing
facilities provided, It was installed {a early 1979, Those responsible for
the breakwater design, construction, and installation are as follows:

Owner-Operator: Port of Camas-Washougal,
Wachington
Project Designer: Parametrix, Inc,

Van:ouver, Washington

Breakwater Designer-Fabricator: Bellingham Marine Industries
Bel .inghan, Washiagton

(2) Performance. The wind waves wucve nearly parallel to the break-
water, so they are eftectively attenuated. The only problem reported {s that
from the boat wake geaerated by vessels pasaling close to the breakwater at
high speeds. The trash deflector is not effective. logs tead to jam up en {t
and then work underneath tt and move into the marina. The river current keeps

the breakwater saugged up against the pile restraints,

d. Discussion, The overall system scems to be performing very well, and
the owner {s satisfied. fThis site could serve as a field monitoring station
for forces on pile-restratued breakwaters, although the river cuegent would be
an ever-present additive to the wave loadinge froa wind ar boat.

Iil.  SUMMARY AND CONCLUSIONS

re of the move perplexing oroblems facing the designee fov a floatiag
becakwater is the apecification of a realistic wave elimate. Local data ave
varely available and coatemporary methods of developing an appropriate design
spectra for the vaviable feteh conditions usually eacouitered at potential
floating break.ater sites leave much subjective freedoa in apeciiying princi-
pal prameters. Hopefully, the two-diacasional wawve aodels beiw developed
vill nareow the present zone of uacertalaty,
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a. Upstream view.

be Guide pile detatl.

Figure 38. Photos of the main section of the Port
of Camas-Washougal floatiny breakwater.
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At some sites, boat wake loadings may be more important than those from
the wind-generated waves. Better models depicting wake loadings are needed.
The floating breakwater transmission characteristics are sensitive to the wake
from certaln hull-speed distance-orientation cases,

The recently developed analytical methods treating the floating breakwater
as a dynamic system are an ilmprovement over static methods, but field data are
still needed to refine the values of the various coefficients in the analyses
and to verify the general methodology. Possibie field installations should be
screened as potential field measurement sites, The system belng fabricated
for Semiahmoo Spit Marina, Blaine, Washiagton, looks promising because the
exposure 1s such that frequent winds of the 30- to 50-knot range should occur
most of the winter seagson., The water depth is shallow, which will restrict
wave builldup.

The users of the floating breakwaters of the coacrete caisson or ladder
(Alaskan) type seem to be quite satisfied with thelr effectiveness and main-
tenance costs., Some of this satisfaction is likely attributable to an adjust-
ment 1in expectation of what can be accomplished 1in rveducing wave heights
within a given budget, developing adequate mooring techniques, and an aware-
ness of crowded conditions at all moorage sites. The use of this type of
breakwater seems to be confined to the westera Pacific coast,

Tenakee Springs, installed in 1973, followed by Sitka and Port Qrchard
{installed in 1974), are the sites with the longest history of performance for
the concrete units, Early problems at Tenakee related to alinement and module
connections have been corrected; anchor cha..s are being replaced at Port
Orchard. Present design knowledge would have avoided these twe problenms.
Otherwise, the units have perforwed very satisfactorily.

The other early breakwater of major dimension (for the area surveyed) was
the one at Friday Harbor (installed in 1973), consisting of large plastic flo-
tation tanks with a timber deck. A major storm shortly after installation
caused extensive damaje. Plans are underway for replacement with a concrete
caisson and an enlarged coafiguratioa to accommodate the expanding demand for
moorages .

The floating tire breakwaters should be restricted to sites where wave
conditious are quite mild. FExperiences to date show that, when subjectad to
an active wave climate, there is a rapid deterioration in buoyancy due to
breakdown of flotatlon and fatiguiag of the systems used to hold the tires
together., Marine growth will aiso diminish scructural buoyancy.

Hottom conditions at a proposed site should he deterwined carefully tuo
provide a sound basis for specification of another (ype. Extra costs have
been itucurred at Ketehikan and at the Friday Harbor Ocesnographic Labocatory
site due to unforeseen foundation conditions,

No damage to anchor systews from wave loadings has been reported., Thor-
ough anchor taspections are difticult because of sarine growths and sedimen=
tation, However, there are wmany instances where an danchor line coula e dis-
conneeted at the breakwater and be partially exposed tor a wmore detalled
lonk. The one data point on longevity of anchor chain {s that Feam the Part
Orchard {astallatlon, where a veplacement after 6 years bas been aecessary.




However, the new design with larger chaln and cathodic protection is expected
to last a long tinme.

The connections between wodules bave been the "Acnille's Heel™ in floating
breakwater design., Experience has had to substitute for analysis fn evalua=
ting the loadings to be transferred between wmodules. The recent dywnanmic
structural respcnse modules are expected to provide realistic design values,
thereby replacing the costly empirical experience approach., Some design pro-
gressions show up in the i{nstallations covered in this report, The rubber ia
the chain-bumper system of the initial Tenakee design took a permanent set and
allowad slack to develop. ‘The rteplacesuat design eliminated the set problem
by connecting the flexible rubber feader rigidly to each module. The connec-
tions of the breakwater deck to the flotatfon wmodules i{n the Friday Harbor
breakwater f{nvited stress reversals and concentrations vith subsequent fatigue
feilures, The layout of the connections for the Semfahmoo Marina looked like
a practical way of providing a resilient, flexible connection well suited to
fleld assembly. Its pecformance, however, suggests it was underdesigned for
the loading imposed by the high winds experienced in the 1981-82 winter, The
current design tread for the caisson-type breakwater is to rveplace the flex-
ible connectlon by posttensioning modules to form a continuous structure,.
Although more expensive, fabrication and field assembly procedures are moce
exacting; therefore, the final preduct should be cost-effective,

Design data for the pile-restrained breakwater have & rather weak base.
Logical assumptions about wave loadings on such piling can lead to forces
that do not appear to develop in the ficld. Dynasic snalysis will require the
resolution of the f{ateraction between the piling and the breakwater; such a
synthesis would bhe alded greatly by some prototype data. The floating break-
water at Camas-Washougal would be a pessible site for field experimeats, as
would the unit at Everett Harbor. A euergy absorbing connection between the
pile collar and the breakwater would relieve some of the dynamic load. A sug~
gested design would be conceatric annular rings, with the annulus taken up by
rubber fendering material.

The pros and coas of lightwelght versus regular weight concrete may have
been resolved by market coaditions. Suitable lightweight aggregate has becoue
very expansive.

Some standavrdization of breakwater dimensioas could lead to lower desiga
and fabrication costs.

those breakuwaters where the freeboard (s more than 1 foot should have
safety ladders provided at iatervals of about 150 feet to allew a pereoa to
climb ento the breakwatur uadssisted.,

Navigation av radar targels shovld bhe placed at wore frequent iateevals
than those required by it.S. Coast Guard regulations, The floating breakwater
is difficult to see under dark, storvay coaditloas,

Some designers stroagly pecfer chala or chain-ayloa line anctwr liaes over
cable, which i{s likely to be more vulnerable to coreusion.

Quality control in fabrication is very laporfanf to casure adequate cover-
age of velaforeesent and strict adherence to dimeustons so the uaits will
float with unifora and specified frechoard,
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Nefther of the installations at Sitka oc Tenakee Springs has experienced
any teing of ronsequence. The Puget Sound sites are {ce<free.

Water quality problems that could arise {n a small«craft harbor enclosed
by an {mpermeable barriec arve avoided by the floatlng breskwaters. In many
cases, the floating breakwater aud anchor lines enhance or provide additional
hﬁbltato

Some designs for the concrete caisson breakwater have proposed & hkollow
structure, thus eliminating the cost of the usual Styrofoam core, and then
crelying on the integrity of the coancrete shell and inspections to aveid loss
of buoyaney throagh leakage. The foam core provides a good form for casting
and also allows the box to be formed by a continuous pour. However, care amst
be oxercised to asswure that the feam does not rampress during the pouring
operations, thereby altering the design freeboard levels. It is suggested that
fabricators bhe allowed the option of which method Is the most economical, or
that close cost comparisons be made before a design is fixed. The foam core
is goed insurance against floodiag.
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