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'EXECUTIVE SUMMARY

The(major stormssof the winter of 1983 caused s1gn1f1cant damage to
,coastal structures . along the ent1re Ca11forn1a coast.. Prior to maklng

: ‘repalrs, afcomprehen51ve condltlon survey of each‘structure wasfordered;

These surveys were comprehen31ve evaluatlons of the structures, des1gned to

lead to (l) effectlve short ~term repa1r and malntenance efforts and

k (2)‘10ng-term programs for inspectiontaﬁd«monitorihg of structures.

This condition survey of Crescent City Harbor Inner Breakwater and Sand
Barrier was made during 1986 and the spring of 1987. It contains
recommendations for repairs‘to some segments of the sand barrier and a

~ recommendation for long-term monitoring.

There weremvery»few problems identified’at éresceut City Harbor Ihner
Bréakuater caused by'the 1983‘winter storms;ﬁjThe’breakwater‘and,sahohbarrfer
»were found to be generally sound. The evaluation of overail breakwater
’stab111ty determlned that the structures face no maJor long—term stab111ty

problems.u,
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'COMPREHENSIVE CONDITION SURVEY
'CRESCENT CITY HARBOR INNER BREAKWATER

 AND SAND BARRIER =

1.  INTRODUCTION
1.1 BACKGROUND TO SURVEY

In 1983 maJor 'storms caused damages to many coasta1 structures 1nc1ud1ng'

‘the 1nner breakwater and the sand barr1er 1n the Crescent Clty Harbor.

: Th1s condrtlon survey has two obJect1ves.b F1rst, the present cond1t10n
'and make up of the breakwater and the sand barr1er has been estab11shed
:’Second, a long-term program for mon1tor1ng and rnspectlon of the two
‘,vstructures has been developed To meet these goals,'many factors were
'evaluated 1nc1ud1ng wave. forces,'eros1ve currents, toundatlon cond1tlon and
the - structures themselves. A long-term benef1t from th1s study and related
'study of the condrtlon of other coastal structures, wou1d be a better'
‘ dunderstandlng of how to de51gn, bu11d and ma;ntaln such structures in,areasho

»isubJect to very high wave,forces,
1.2 AUTHORIZATION - R LT S ey

The report has been prepared under author1ty of the Public Law 98 8

.(H R. 1718), 98th Congress, First Se351on, March 24 1983



‘1.3 SCOPE OF STUDY .

The f1rst goal of the cond1t1on survey was to determ1ne the present
-,'cond1t1on and make up of the breakwater and the sand barr1er.n To,accompllsh~;‘::

~thiss

(1) An 1ntens1ve reV1ew of all preV1ous reports was made.g Data on

‘\des1gn, constructlon, damage h1story, and repa1rs were collected and

'xﬁk‘organlzed ' Data about mater1a1s and the1r sources were cataloged Compar1ngff,d

“?‘hlstorlcal data to f1e1d data collected dur1ng th1s study made 1t poss1ble to

'determlne, for example, whether stone was deterloratlng (under stress) ni

flj‘addltlon, th1s data made 1t poss1ble to track stone movement due to storms.

JiFrom th1s rev1ew of h1stor1cal data, 1t ‘was poss1ble to 1dent1fy forces whlch

fk,lhad the potent1al to damage the breakwaters, and thus to evaluate the L

stab111ty of the breakwaters. ;;u‘
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(2) Extensive. field studies have been undéftékeﬁ;‘including side scan

‘sonar and inspectibn‘divés., These studies were intended to:
(a) Determine bathymetry around the structures.

(b)) 'Locate holes, slumps) or other major irrigularities in underwater

'érﬁor:positionvaﬁd/br’sldpévdf:the ?réakwétgfs.
'(ﬁ)’ Locaté‘argotéloss véids{
(d)  Loéaté blowhblgs éﬁd cqfe'efbsibﬁ;i
“(e) ~Determiﬁéltﬁeiihteriqrtcom?ositidn'dfktﬁe:éttuétﬁféS{7
(f) ‘Identify aﬁykseparatipns of éép»ffom the.éQr§.

v
)

(g) Determine if materials were weathering significantly.

(3) The data has been anélyzed,td‘detéfmine‘the e#ﬁen; and
'éériousneéé‘of démag§8‘énd”th¢;;biiity of‘ﬁhé,breékwaéers to
Qithsfand wave and‘othéf foréeé ééﬁiﬁgroﬁ it}‘f

5 o
The Shore’Proﬁec;ion‘Mahda£ (1984),”h#s‘béén the‘Basiskfor efforﬁS'to méet‘
3thé’developmeﬁt and rehabi1ité£ipn7bléﬂyfo;:ﬁhé breakwaﬁeré.’:In:addition; -

'méﬁy’bf\the é#pérté who pérticipétéd in'ghe~sﬁfyey were cénSgltedkaﬁd made

A

.repair recommendations.

'The long-term inspection and monitoring.pfbgrémywas then devéloped,'taking
into account the damage history of the breakwater and the sand barrier and the

. lessons learned during this condition survey. Routine inspection procedures

t



‘1were supplemented by procedures for 1nspect10n follow1ng maJor storms,k
: tsunaml, or se1sm1c events. A manual 1s ava11ab1e under separate cover.yh'
i 1,‘4"-APARTI‘Cﬂ:IPANTSV IN '»THE,»COND'I"I'"‘ION,‘_‘S‘__URVEY:'AND ANALYSIS G

Th1s has been a. mu1t1-d1sc1p11nary study w1th many part1c1pants, from both

'k\’publ1c and pr1vate sectors.' The h1stor1ca1 rev1ew and f1nal ana1ys1s has been

f_carr1ed out by Los Angeles D1str1ct staff.k F1e1d stud1es were conducted by.‘

Aer1a1 Photography

Aero-Cartographlc [ f{1~75."l‘

Santa Rosa, Cal1forn1a '

Survey conducted 1n November 1983

'Mapping;k L
-’” Aero-Cartograph1c, Walter Assoc1atesfb,f“
Vii» Santa Rosa, Ca11forn1a if

Work completed 1n November 1983

Photography and Comp11at10ns
Barton Walters and Assoc1ates, Inc.;:
; Canoga Park Cal1forn1a

Work done 1n November 1983 and March 1984

 Sonar
N S bArmy Eng1neers Waterways ExperlmentdStatlonif”

o Coastal Eng1neer1ng Research Center (CERC) S
V1cksburg, M1ss1ss1pp1‘

Survey done in July 1984



WeneiAnalysis
" U.s. ~Army Englneer Waterwsys Experlment Statlon "
Coastal Eng1neer1ng Research Center (CERC)
. V1cksburg, M1s51s51pp1_«* |

' Work.completed in Ju1y~1984;1

Coastal Processes Study k

B Noble Consultants, Inc.c

bv,'M111 Valley, Ca11forn1a

7Wcrk completed in‘March 1988" 



2. STUDY AREA DESCRIPTION
2.1 GENERAL GEOGRAPHY AND GEOLOGY

Crescent Clty Harbor 1s located 17 m1les south of the Oregon Border

'*l(f1g. l) in the lee of Battery Po1nt., The harbor lS bounded by the maln or

"fsﬂouter breakwater extendlng from Battery P01nt on the west to souths1de, the

- fsand barr1er on. the southeast from shore out to,Whaler Island and the 1nner'

"i]f.breakwater extendlng west from‘Whaler Island (see f1g.,2) The sand barr1er o

hg was constructed 1n 1939 and has a 1ength‘of about 2 500 feet, a crestzf‘
,kzlevat1on of +l3 MLLW and a deslgn crest w1dth of 9 feet.‘ The‘1nner p*”“‘

Ji;breakwater was constructed in 1946 to a length of 1100 feet and a 400 foot
ffdog—leg’extens1on was later constructed 1n‘1972 j The breakwater has a crest

:;f elevat1on of +18 feet MLLW and a crest Wldth of 12 feet (15 feet on the;;d;k
: fextenSLon) In thls report the constructlon and de51gn features of each

k'segment of‘the'lnner breakwater'lsudlscussed separately.« However; they are

;71;treated as a total un1t in asse551ng the1r present cond1tlon. "An,assessnentf

ﬁ;of the ma1n (outer) breakwater was. completed 1n 1984

| The’entlre north coast is classlfred as moderately selsnlcally acttve,bbut
1tkls‘not -as. act1vevas areas‘borderlng the San Andreas Fault, whlch ends about!
}”;100 mlles to. the south.{ There are local faults w1th1n the Crescent Clty
ﬁk;areas, the largest known fault belng the South Fork Mountaln Fault whlch 1s"f’
the boundary between the Klamath Mountalns and the Coast Ranges.” No faultsp_
Tare known to under11e the breakwater or occur w1th1n 6 m11es of 1t.»”Thei:f~
_{earthquakes predlcted for thls‘area w1ll not haveka magnrtude to cause‘severe“

li:damage to the breakwater. f



g The"bedrock‘in the bay‘is‘a'heterogenous ﬁikture of altered Sedimentary'
rocks and 1ntruded volcanlc .rocks, mostly graywackes and volcan1c basalts.
There is -a thin 1ayer of sedlments overlylng th1s bedrock : Sand is trapped in

" the harbor by the breakwater. The fact that the inner breakwater and the sand

'barr1er 11e on bedrock prec1udes foundatlon erosion. and s1ump1ng.,.
2.2 WEATHER

v The ent1re north coast ‘is exposed to uaJor Pac1f1c bcean storms which
~'produce h1gh w1nds and tldes.\ Swe11s reach1ng the outer breakwater w1T1 be as
h1gh as 41 feet (7 0 foot st111 water 1eve1 MLLW) _Air and water
“temperatures are - re1at1ve1y stable, but generally w1th water tenperature«
"ranglng from 50°F ‘in January to 59°F in August. Mean’alr temperaturesfrange
from 47°F in January to'62°F in September.~ Temperatures in the coasta1 zone
vdreach a maximum of about185°F*and a ninﬁnum of;ZLQF;hTPrevallrng w1nds‘are-
A.ifrom the southeastkdﬁring'NoVemberfFebruarj,landdfrom theknorth‘orknorthwestJ
,;‘during‘the~rest offthe pear. MaXimum sustainedfwind»speed~is_expected to be
49 knots;'occurring<during the;winter.v | | |
2.3 BATHYMETRY/ |

;.’Before construction of.the outer breakwater,bthe floor of Crescent!City
tharbor was bedrock with shallow'patChes'ofbsand overlying thevbedrock.ftSince
construction, the'bay haswexperienced sone shoaTing,paithough no sand buildup#

" has been reported along the oceansidefof the breakwater.



2.4 WAVE _CONDI'T‘IoNs i

ngh loca11y generated storm waves and h1gh swe11 both reach the coast at,f:'
' ‘Crescent Clty. The 1nner breakwater was de31gned for break1ng waves of
: 16 feet w1th an occurrence 1nterva1 of 100—years.o S1nce constructlon there

ahave been numerous storms w1th ‘waves of 18 20 feet 1n helght at the outer" ‘

breakwater and the 1nner breakwater has experlenced 1ts de31gn wave.x Max1mum»~ :

*'ﬁfdally wave helghts of 10 15 feet have frequently been measured by a: gauge; L

v

‘olocated in 15 feet of water (MLLW) dur1ng the perlod of September 1980 t0f,

. January 1983 Waves approach from the south (1800) to the northwest (3150), Tf;;i

w1th waves from 1900 to 270o subJect to refractlon by shoa1s,‘wh1ch 1ncreaseSf’«'
:;wave he1ghts.’ The 1argest waves expected to approach Crescent Clty are’ from
J‘,200o to 220o whlch is c01nc1denta11y the angle most affected by shoallng,f o

:b’W1th waves amp11f1ed by as. much as. 31 percent.,]iffff"“'ﬁ

lf;flotf[bp;lfi’fd} :




3. CURRENT STATUS AND MAKE—UP OF :

CRESCENT CITY INNER BREAKWATER AND SAND BARRIER

| The inner breaRwater is a rubb1e mound structure 1100 feet long w1th a
400—foot dogleg exten31on bu11t in 1972 " The breakwater has a crest elevatlon
of +18 feet MLLW and a crest w1dth of 12 feet.» The dogleg exten31on has a
..crest w1dth of 15 feet.‘ The sand. barr1er is also rubble mound structure was.
‘;constructed in 1939 and has a 1ength of ahout ‘2, 500 feet, a crest elevatlon of,

| -'+13 MLLW and a de51gn crest w1dth of 9 feet._»

Both structures have been damaged several t1mes 31nce they were
;constructed. A fu11 descrlptlon of the damages and repalr h1story for the
’ msand barrler .and the ‘inner breakwater is found in Geotechn1ca1 Appendlx,

:.Appendlx B
3.1 PERTINENT DATA

Sand Barrier -

Length 2,500 feet
‘LCrest Eleuation : . f‘ ' 1 ': . ;>,+l3 feet :
" Slope Lo . lemnl.s-

Inner Breakwater

’Length, ‘ o B il 2,100 ‘feet -
Crest Elevation : ,: :'v S 418
Slope . leonls

. ’1 lv. .



o Memeelewel  sgter
Extremehlgh water 9. 1feet
| Batreme Towwater 25 feer
‘.fdﬂeanidinrnal’tidaitrangefdftiif_dﬁ'17.fi 5;fff[7ﬁdf£§éc°‘
b}.;Desrgn storn condltlons (naveihelght) ‘dhd:;fiff?§f3f.h SR
Sand barr1er.\?‘ﬂcuf!; f#fib;fenir:xfdd{{;:;fdiﬁiéiféeth

| In‘»‘%"-?; breakater . 16 feer
'ikj¥3i2}i:5$and’barrder.37
The sand barr1erﬂfoundat10n cons1sts of sand varylng in. th1ckness;fromf

1

”?};25 feet at the shore end to 1. 5 feet near the m1d—polnt of the structure.‘i‘5ai :

f‘Underlylng the sand 1s bedrock cons1st1ng of weathered sandstone and b1ack]
sha1e, a1ternate1y bedded

“:d3,2.27fInner,BreakVater

The 1nner breakwater is a1so constructed on bedrock cons1st1ng of

qfrweathered sandstone and b1ack shale, alternately bedded




4. PROBLEM ANALYSIS
4.1 SCOPE OF ANALYSIS
' 4;1.1,Ade Phases of Analysis

.”‘The‘first,phase’of’prohlem anelysis'ihVOIVed identifioation:shd essluation

.'ofkindiyidoal;oemage areas. Each’ damaged area was explored and an approprlate

,repsirﬂstrategy’Wasgdeveloped.‘ Repalr and ma1ntenance recommendatlons for the
"breakwater merepbeseo on thisiprohlem-by—prob}em‘ahalyslsfp’The'problems

‘Qidentified were predOmihately:_

‘1., Missing armor units

2. Voids_(both large and sma11)k$

fEach'of these problems is described‘ihldetail’ih‘the,Geotechnical Appendix

(Appendix B).

‘ - The second phase of problems ana1y31s 1nvolved ‘an evaiuatloh of the
fvfbreakwater s overall condltlon breakwaterkstablllty glven.the forces expected
from maJor storms. The‘causes of 1nd1v1dua1 problems«were‘explored ano‘the

geherai conditioﬁ of stone was e;eluated. There were two‘results of thrs
,eQaiuation. (1) the overall present cond1t10n and. stab111ty of the breakwater
vvwasrestsblmshed as-a basellne for future study, and (2) a detalled‘mohltorlng
and inspection programvmas.deVeloped;:one‘which focoses‘inspeCtor's attehtioh
on the most 1mportant type of problems 11ke1y to occur “at the breakwater.~
”’, This mon1tor1ng program is summarized in thls report.t A manual for 1nspect10nu

', and monitoring is available under separate cover.

13



i;Q4;1;2;?Field:Investiéations:'

The f1e1d evaluatlons made 1n thlS cond1t10n survey 1nc1uded 51de scan

"fjsonar, bathymetry,'sub—bottom prof111ng, above—water 1nspect10n, and d1v1ng
v};54,1;3f1Eva1uationaofﬁBreakwater Stability;fik

Thereﬁare”a number of factors to con31der 1n‘eva1uat1ng thellong—term o
stab111ty of a rubb1e~mound structure, 1nc1udrng (1) shape, welght, and
"f;condltlon of armor un1ts, (2) degree of 1nterlock1ng and nest1ng, (3) slope‘of;
tthe structure, (4) core. cond1t10n, (5) foundatlon stab111ty, (6) 51ze and

'.f;orlentatlon of the structure to wave attack,‘and (7) wave dynamlcs. fﬁ‘

E:Present analvsisdtechniqueS‘do‘not ﬁéavidet; method}forkdetermihfné‘the;hw:u
v”forces requlred to d1sp1ace 1nd1v1dual‘unmts’from the cover laver;ilﬁmpir{ca1{~ﬁ
'V*fjmethods have been developed (such as Hudson s equatlon) that,.lf used w1th ;.;5
ffcare;,w111 prov1de’satlsfactorv’estlmate of the stab111ty of‘the overall
structure when undervattack by‘storm waves;; These methods were developed‘for
;de31gn of new structures;knot for eva1uat1on of exrstlng ones. Stab111ty
"model test1ng 1s another technlque, but 1t is d1ff1cu1t to construct a model
’fwhlch rep11cates the’stab111ty of an ex1strng structure wh1ch has been p"ﬁl

f“fsubJected to wave attack and has fu11y settled.

‘; Currently; a stab111ty determlnatlon for an eklstlng structureyls made “}.‘
“malnly on the bas1s of qualltatlve evaluatlons based.on data from many
'_,sources. v1sua1‘1nspect1on, hvdrographlc surveys; storm‘damage andbrepalr e
'~hlstory, 31de scan sonar, diver observatlons;'aerral photography and surveys,lfh
core borlngs,randvknowledge‘of wave c11mate.f These factors are welghed by the7't

lexperlenced evaluator rather than be1ng factors 1n a prec1se mathemat1ca1

L express1on.jn*



" To ‘evaluate the staBility:of the Inne;_Breakwater,vthe;breakwater was
~divided into 5 segments. The’segments were‘deEermined‘to have similar shapes;

type and size of armor units, and repair histories.

?qu'each>sggﬁen;,7typicéi créSgrsécgioﬁs/wereidngIOpéd ffoﬁ sﬁfvey,data,
» and‘thg cha;aéféfié;iés of core, armérf5£6né Qere:desériﬁéd;f Hudson's |
,_equatioﬁ Qas USedbﬁo ﬁbagk;ca1¢u1éte" fhé{maximpm‘&;vektﬁe'stfuctufe,would:f
1ikei§-withétaﬁd giveﬁ“éurigntwgymdrfVéight; §ondi;ioﬁ,vs1ope'ofj£hek, {

~ breakwater, and other’ factors.

A fu1i~déscription of the eValuatioﬁ'procedurefiskédnﬁained(in‘thg Coastal
 Processes Appehdix and Géoteéhhicalprpendix (Appéndiéeé A énd’B,

irespectively);
4.2 PROBLEMS IDENTIFIED
4.2.1 Sand Barrier -

-~ Evaluation of available déta'and1oBservatioﬁsadfythéjéaﬁd barrier's
:“ pfesént éohaition indiéatevthe_§t;u§ture'is in saﬁiéfﬁétor& ¢ondi£io§;;
;althéugh,it contéins‘§everélldeficiénciés;,'The greafes£ deficiéncyViélthe
reach béfweén statiogs 21+95’ahd 24+35,whefe'the afmér_w#éiécalpéd'in'1984‘to
construct a sméll éroinunearﬁyf' Bésides;the 5ca}pedW20pes, seVerai‘indiQiduél
érmor;stones*are’missing:on the.oceanuslbpe between staﬁionsv3‘and él Thése
are of limited importance aﬁbchis'tiﬁé and'dqlnot mé#ériall&lafféct-thef’

integrity of the structure.
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:"i‘f4,2;2lhlnner‘Breakwater;hﬁJ

The results’of th1skassessment 1nd1cate the.1nner breakwaterrls in ﬂ;
:;hbéexcellent cond1t10n;bcapable of performlng sat1sfactory.for at‘least another‘?:”
‘f50 years. The one def1c1ency 1s ﬁlnor‘eros1on along the d1aphragm“wa11 from
‘:;tstatlon 13+85 on the ocean s1de and l4+15 on the harbor s1de to statlon 15+00‘:
b’near 1ts‘end Also,.several d1slodged stones were‘observed’on the ooean floorf{

S nearkthe sectlons repa1red 1n 1984 and a larger zone‘nhere‘the arnor was

. removed

1n 1972 to add the 400 foot extens1on.
LG SeaRr e S ;

4.3 ARMOR STONE STATIC SLOPE STABILITY

" This assessment’checks the stablllty of thens10pe under statle‘condltlonsl\
k,The stablllty of the snbnerged portlon of the armor stoneislopes was analyaed v."
in Aprll 1986 The survey 1ncluded 2 foot 1nter§a1 contoors along the exposed
,:sand barr1er ocean s1de slope and along‘the 1nner breakwater harbor and ocean

is1de slopes. In general, the breakwater and sand barr1er slopes are stable.,




5. RECOMMENDED REHABILITATION AND MONITORING
5.1 REHABILITATION

‘The recommended short term rehab111tatton’program’for Crescent C1ty Harbor
Inner Breakwater and Sand Barrier conslsts of replacementbof m1s31ng ‘armor
: fstones for the reach;between statlons‘21+95‘and 24+35.n For theflnner .
breaknater the‘program-is torrepair thederoded sectionfagainstlthe diaphragm o

4 using concrete.f
5.2 MONITORING PROGRAM SUMMARY

Theqfuli’inspection andvmonitoringiprogram is(describedrin detaiiﬂin the
manual for the onter breakwater and can:be used,fordthevinnerkbreaknater‘and{',
ftheVSandpbarriervas’weli;’tThe'recommended plan‘isbsummarized'here‘for'
.convenience; ’The snmmary provides a general overriew of'thetmonitoringland
hlnspectlon whlch w111 be requ1red to ensure that the breakwater cond1t10n is

N

known 1n t1me to prevent structural fa11ures.

The recommended ld—year monltorlng program w111 prov1de essent1a1 data
i about»the breakwater and the sand barr1er. The relat1ve stab111ty of the
' \('breakwater dur1ng the maJorv1983 storms will be 1mproved upon with the d
h“knowledge gained from long-term monltorlng and inspection. The proposed
program.ishoutlined'indtable 1.

L

bjAsdafpart of the monitoring and inspection'program,van interim report of
wprésults will‘be prepared atfapproximately'S years'into'the program. A final
\report w111 summarize the findings of the lO-year program, and will make

/ recommendatlons for repa1r, reconstructlon, or 1mprovement of the breakwaters.

17



ifaS;ZQIV;Hydrosurvey"fyh d\fh

""BeéAusé the'Crescent CitinnnernBreakwater'is»buiit;mostiyVon bedroek\and\fﬂk

,scour 1s not a: problem, per10d1c surveys are' not essent1a1 and may be

fconducted as needed pr1mar11y after maJor ocean’ storms.~;7 -

e A recommended hydrosurvey program 1nc1udes survey at 200—foot 1nterva1s on S

'hsboth the ocean 51de and the harbor 51de of the 1nner breakwater and the sand

barr1er. 3

'r]Table‘l;"ﬁecommended‘Monitoring:?rogram{x:

;Qrésk.a

fseheduie!'d

VPrepare:beiowrwater‘profi1e1ofyali o

uifranges included in'this report.m
";Vlsual 1nspect10n program :

r;~Aerlal Photography
:hsiqésscaﬁ;sbééf Suryeytéii_
D1v1ngSurveys FEER T
:Mép entirekstrueture o

Measure settlement of structure

»Vf,jdEverygénd;yearyfstartyl988.,f

=,After maJor storms
Vi ment is suspected.‘

- 'Afterimajor‘storms
‘o ment is suspected.

fTuicefa'yearn(ﬁaroh‘

;“f.After maJor storms
. ,‘;ment is: suspected.-

:‘fAfter maJor storms*
.ment is: suspected,v}

.ky7“After maJor storms:
’:,v:ment 1s suspected.

&QSeptemher),f.e

or. when"mQVeé-_f

or’ when move-—

or when move-

or when move-

o

or when move- -

;;ﬂié,r;a




5;2;2’fSlope Surveys

‘ Steep slopes are a potent1al problem at Crescent C1ty Harbor, and slope
» surveys to 1dent1fy slumplng should be made every second year beg1nn1ng in:
b1988 In add1t10n, the slope should be checked fOIIOW1ng maJor storms ,

‘suspected of caus1ng damages.

5.2.3" Visual Inspection

K Visual inspeCtion.byfa-qualifled coastal engineer'and geologist should‘be'n

.,"made tw1ce a year, 1mmed1ately before and 1mmed1ately after the storm season

‘.~(August—March, respect1vely) Breakwater\1nspect1on should‘alSO»follow any

ma jor stormvwhlch rs suspected of'causing damagesf"
5.2,4 Aerial ?hotographlc,Program_f"

. Aer1al photogrammetr1c technlques can be used to obta1n)an accurate

ppenmanent record of all v1s1ble armor un1ts.' Th1s record can be analyzed or‘

surveyed" n1th stereoscop1c photogrammetrlc comp1lat10n 1nstruments to reveal»
the.movement of 1nd1v1dualfarmor un1ts. Important items tokcons1der are the
;precls1on’of the equ1pment and 1nstruments usedv the sk111 of the photo—"'
_grammetr1st and pllot, ground control surveys, t1da1 level (should be. flowen
’at low t1de), and accuracy of the stereo photogrammetr1c comp11at10n. Aer1al
a’photographs should be comp1led at a- scale of 1: 1200. This w1ll prov1de‘~
:» horlzontal or vertlcal movement of armor to w1th1n 10 3 feet and 2 foot
control 1ntervals; ‘The‘aerial surveys should be conducted'followlng ma jor -

‘storms when damage or movement has occurred or is suspected.

.19



©'5.2.5/ Side Scan Sonar

Thls brogram to eheck the toe and 31de slopes”shonld be‘condueted Vdf:b'
'ﬁffollow1ng every second major storm.i Results shou1d be checked by d1v1ng :!ihevbf
s:b51de scan should be done 1n two stages;? The f1rst stage shou1d cons1st of two“b
‘arnns.:kone of the . toe and another of the upper s10pe.~‘These runsdshould eoverfb
'ﬁfrtotalrlength of revetments.‘ After exam1nat10n of pre11m1nary resnlts,“?&fhhd

"add1t10na1 1nvest1gatlons w111 be needed for a11 cr1t1ca1 10catlons where‘b

‘”jchanges_oeeurred.,

',5,2;65;n1ving??fogfamg,? |

D1v1ng, d1ff1cu1t 1n the turb1d water of the breakwater, should be used to

yverlfy poss1b1e fa11ure means (Geotechn1ca1 Appendlx B)

’!‘j5;2,7v1GeoteehniCal,Monitoringyh

A thorough geotechn1ca1 mon1tor1ng effort 1s essent1a1 to 1dent1fy1ng s

»""pr°ble"‘ aress. Such a program should imvolve:

1. ;MeaSnring settlements.y"~’”

".e'2{'”Installationband'uselofia tilt monitoring system.. -

90
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 APPENDIX
FINAL ﬁEPonT
CONDITION SURVEY e
INNER BREAKWATER AND SAND BARRIER‘

' CRESCENT CITY HARBOR S
CRESCENT CITY, CALIFORNIA

1.0 INTRODUCTION

1.1 Purpose and Sc;pe

\ The purpose of this appendix is to- examine the wave climate'
at the inner breakwater of Crescent City Harbor and to evaluate
the stability of this structure. The scope of work includes the
following: evaluate the deep,and”shallow water wave climate,
including a frequency analysis, based upon available information;
determine wave transformation within the harbor area as required;
"determine the stability of the structure, including the primary

cover layers, underlayers and the toe of the structure at
stations for which cross-sections are available; analyze areas of
instability, if any; assess the condition of the structure; and, °
present recommendations for repairs and monitoring.'

1.2 Location and Description‘

, Crescent City- Harbor is located within the City of Crescenti
City in Del Norte County, California. -The harbor has three.
protective structures, a main or outer’ breakwater, an inner
‘breakwater and the sand barrier, as shown in Figure 1.  This
.study evaluates the inner breakwater and the revetment fronting
the sand barrier. The inner breakwater is about 1500 ft in
length, the main section is about 1100 ft and the dogleg measures
approximately 400 ft. The main section has: a crest_elevation of
+18 ft MLLW and a width of 15 ft, while the dogleg portion of the
inner breakwater has an elevation of +15 MLLW and a crest width
of 15 f¢t. The sand barrier is about 2500 ft in:length with a
revetment crest elevation of +13 ft MLLW and a crest ‘'width of 9
ft. . L . S



- 2.0 WAVES

2;1 Offshore Wave Data

The offshore wave data used in establishing the deepwater
wave climate was obtained from Wave Information Study (WIS)
Report 14 (CERC, March 1986). The data was derived from
numerical hindcasting on historical wind and surface pressure
records of the North Pacific between: 1956 and 1975. WIS Station
6, located approximately 45 miles southwest of Crescent City at
41.08 N and 127.3 West, was used as the source of offshore wave
‘data. The data for Station 6, which was used for this study, is
included as Attachment 1. Figure 2 1is a plot showing the
relationship between the number of wave cases (3 hourly hindcasts
over -the twenty year record) and direction of approach at Station
6. As, shown in Figure 2, ‘the direction of approach for the
offshore waves at Station 6 is concentrated between 180 and 360
degrees. Theeexposure<window from which waves can approach the
site is l1limited by the presence of Point St. George to the north,
which eliminates waves approaching: from northward of 315 degrees.
Although waves with a direction of approach between 180 ‘and 225
degrees have a low number of cases (low frequency of occurrence),
these waves have a significant impact upon the harbor (Hales,
1 985) and cannot be neglected.. :

The distribution of mean and largest significant wave
heights by direction is shown in Figure 3. The higher mean
significant wave heights and the higher df'the‘highest
significant wave heights have a direction of approach centered
around the southern boundary of the exposure window, with
decreasing amplitudes as the direction moves to the north. In
terms of the offshore significant wave height, the direction 'band
>covering from 180 to 225 degrees is the critical direction since
this segment has the highest mean and largest significant wave
~ heights. The frequency of occurrence distribution shown in

Figure 2 shows the predominant direction of approach ‘as being
ﬁfrom west- northwest, supporting ‘the intuitive line of ‘thinking,
. but the wave height distribution of Figure 3 seems indicative of
something else. The low frequency of occurrence of waves from
the south-southwest indicates that events which produced the high
‘waves while infrequent are quite severe. Typically storms.in the
"North Pacific have a counter-clockwise rotation. The ‘storm
generates a rotating wind field with varying directions and wind
velocities. As the storm rotates it will generate waves with a
direction of approach of 180 to 225 degrees. The occurrence of
these. events, as previously stated, is low. As shown in the
plots of Figures 2 and 3, the predominate directions of approach
(270-292.5), while not having the highest wave heights, still
have largest 'significant wave heights "higher than . 32 ft with
~mean significant wave heights higher than 10 ft. Since the

2



frequency of wavesforiginating‘outtof’this:sector is higher than
from the south, this directional band'must'also'beeconsidered,

202401 Wave TranSformation

- ‘Waveftransformation from deepwater up to the outer
breakwater at Crescent City was performed by Hales (1985) using

the numerical model RCPWAVE (Regional Coastal Processes Wave

Transformation Model) developed ‘by. Ebersole, Cialone and Pratner
- (1985). The model predicts the transformation of monochromatic
‘waves over a . region of complex bathymetry, using a finite

”fd1fference solution. The RCPWAVE model computes coefficients
‘over the entire grid area, and not just points along the waveray.
The model includes the effects of refraction, diffraction and
shoaling as it computes the wave height ‘and angle of approach
throughout the wave field. The bathymetry grid used by Hales
extended 93 cells (46,500 ft) offshore and 90 cells (95,000 ft)

‘alongshore, with each cell measuring 500 ft x 500 ft. A grid
with these dimensions was considered to be sufficient in

~ providing the resolution to accurately define the bathymetry of
”'the region, ; , . ,

The study ‘done by Hales examined the wave conditions at the
dogleg of the outer breakwater (see Figure 1). The RCPWAVE model
was run for 224 different conditions, composed of 14 different
poffshore wave directions, 8 different periods, and two stillwater

. levels. . The offshore directions for which the model was run

‘were: 180, 200, 205, 210, 215, 220, 230, 240, 250, 260, 270,

280, 290 and 315 degrees. The periods were: 5.2, 7.1, 8.8,
- 10.1, 11.2 12.6, 14.4 and 16.8 seconds. The concentration of’
" -runs between 180-220 degrees resulted from an earlier analysis,
" which 1ndicated an amplification of wave heights for certain
periods of waves originating from this window. ‘The periods used
" correspond to the mid band of the WIS offshore period groupings.
"‘the two different stillwater elevations were +10 ft and -1 ft

MLLW, which represent a- maximum storm surge level at -high tide
and a low tide for Crescent City Harbor., »

The bathymetry grid was established with the offshore axis
perpendicular to the outer breakwater as shown in Figure 4. " To
determine the wave climate inside the harbor, wave conditions
must first be established outside the breakwater and then
diffracted around the outer breakwater. Initially, to define the
wave climate outside of the breakwater, an average of the wave
height coefficients from cells I=1,2,3, and J=42,43 were computed
for the cases run. The coefficients are presented in Table 1.
However, due to insufficient data from ‘these cells another grid
area was chosen for determination of wave conditions outside the
breakwater. The wave climate outside of the breakwater was
~obtained by averaging the cOefficients in-cells I=z4, and
' J=39,40,41 (see Figure 4), The cells were chosen due to their

‘location relative to the dogleg section of the outer breakwater. -

3 N



Tables 2 and 3 present the wave height coefficients from Hales
(1985) for stillwater levels of +10 ft ‘MLLW and -1 ft MLLW,
respectively. - The coefficients in Tables 2 and: 3 from 220
degrees northward are generally higher than those listed in Table
1 at an area closer to the harbor mouth. In the direction band
from 180-220 degrees, the coefficients are approximately equal
with some coefficients at the harbor entrance being higher and
some coefficients at the dogleg being higher. Overall, the wave
height coefficients at the dogleg of the outer breakwater are
similar to those at the harbor entrance, therefore‘the-dogleg
~coefficients can be used to describe the wave conditions in the

vieinity of the harbor entrance.

In most cases there is a reduction in wave height as the
wave moves from deep to shallow water. For periods«higher,than,
10 sec and directions southward of 220 degrees there may be an
amplification of the wave height, as shown,in‘TableS'Z,andVB.

The amplification of these waves 1s caused by an offshore shoal
- to the southwest of Crescent City. Severe wave conditions can
occur -at Crescent City Harbor when this amplification occurs in
conjunction with the large waves at WIS Station 6 for approach
directions within this band. '
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‘2.2.2 Wave Transformation to Inner Breakwater -

A wave diffraction analysis was performed to transform the
- waves around the outer breakwater and across the entrance channel
to the inner breakwater. The diffraction analysis was based on
the diffraction diagrams presented in the Shore Protection Manual
(1984), Four points were picked along the length of the inner
breakwater (as shown. in Figure 1), for which diffraction
coefficients with wave periods of 5, 10, 15 and 20 seconds and
stillwater elevations of +10 ft and -1 ft MLLW were computed. At
‘Points 1 and 2, for wave directions between 180 and 220 degrees,
diffraction was first considered around the outer breakwater and
then around Whaler Island; while from 230 degrees northward,
diffraction was taken only around the outer breakwater.  Polnts 3
and 4 are sufficient distance from Whaler Island such that -the
effect of the island on waves 1is minimal. Therefore, at Points 3
and 4 ‘diffraction for all wave directions was taken only around
the outer breakwater. .

In transforming the waves from the outer breakwater to the
inner breakwater, shoaling as well as diffraction‘must be
considered. The relative shoaling coefficients from the outer
breakwater to the inner breakwater were computed for the four
different points and the two wateéer levels. Refraction inside'the
entrance channel will also affect the waves as they approach the
inner breakwater, The bathymetry in the entrance channel, while
not varying much in depth, (from 17 to 21 ft) is contoured such -
- that bending of the diffracted waves will occur. Qualitatively,
the contours will cause the wave rays to spread out, thereby
reducing the wave energy and wave -height.  Wave height reduction

due to refraction in the entrance channel will be most evident at
Points 3 and 4.

: To obtain the wave height coefficients at the inner
breakwater, the RCPWAVE coefficient (Kpep) was multiplied by the
diffraction coefficient (K4g) and the relative shoaling
coefficient (Kgp). R A o

Kip = Krcp ijd % Ksr

'This result was then multiplied by the offshore wave height from
WIS Station 6 to obtain a resultant wave height at the structure
(Hip):

‘ Hip = Ho * Kip

The process outlined above was used to perform the frequency
analysis done for each of the points on the inner breakwater.
‘The frequency tables shown in Tables U4-7 list the resultant wave
height frequency distribution at four points along the inner
breakwater using offshore wave conditions from WIS Station 6 for
a stillwater level of -1 ft MLLW. Tables 8-11 list the
distribution for a stillwater level of +10 ft MLLW.  The wave
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Crescent: City Condition Survey
Stlllwater Level = -1 ft MLLW
| Point 1

Wave Height Frequencies
Percent Occurrence (X1000)

- ... Per, sec

Ht, , , R - R - :

B 3 A 5. 10 E 15 o 20 - TOTAL .
5 7481 8807 .35 0 16323
1.0 1180 15612 3263 0 20055
1.5 371 7188 5927 0 13486
2.0 283 3174 6795 0 10252
2.5 97 1477 3303 3 4880
3.0 1 592 4750 5 5348
4.0 99 1263 ‘5867 10 7239
5.0 193 717 2726 0 3636
6.0 42 382 996 0 1420
7.0 94 342 489 0 925 -
~3-0 77 573 331 0 981
9.0 0 703 115 0 818
10.0 40 462 172 0 674
12.0 -0 55T 210 0 “767
14.0 -0 290 22 0 312
16.0 R O 107 79 0 186
+18.0 0 19 108 0 127
+20.0 0 5 30 0 35

o Depth Limited Wave Helght 15 ft e water depth of 18 ft
~® Height is upper limit, ie .5 =0 to .5 ft.
® Period is mean of group, ie 10 is for 7 6 - 12 5 sec.



Table 5.

Créscent:City‘ConditionQSurvey ’
Stillwater Level = -1 ft~MLLWk”
Point 2 |

Wave Height Frequencies
Percent Occurrence (X1000)

‘Per, sec

Ht, \
ft 5 10 15 20 TOTAL
.5 8152 13710 272 0 22134
1.0 826 17018 8945 0 26789
1.5 339 5394 9322 3 15058
2.0 194 1220 5898 5 7317
2.5 194 771 5943 10 6918
3.0 0 689 1967 0 2656
4.0 97 929 1508 0 2534
- 5.0 42 825 721 0 1588
6.0 63 374 256 0 693
7.0 11 295 129 0 435
8.0 30 218 17 0 265
9.0 10 310 20 0 340
10.0 0 307 T1 0 378
12.0 0 137 107 0 24y
14.0 0 68 B2 0 110
+16.0 0 5 07 0 5
“+18,0 0 0 0 0 -0
+20.0 0 0 ‘ 0 0 0

+ Depth Limited Wave. Heigﬁt =15 ft e water depth of 18 ft
* Height is upper limit, ie .5 = 0 to .5 ft.
» Period is mean of group, ie 10 is for 7.6 - 12, 5 sec.
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‘Table 6.

Crescent City Condi£ion Sﬁbvey.ﬁ

Sti

llwater Level = -1 ft MLLW

" Point 3

Wave,Héight FrequenciéstL

- Percent Occurrence (X1000)

OXALENOWV OOV EWMNN = 2
@8 8. 0. @ 0 2 B @. 0 9 S o e 8 e & o
Oo0ococoo0cooco0OOCcOoOOUVIOoOVIOoWn

N = b cd cd a

‘Per, sec
10 15 20
22660 311 0
11366 10722 .0
3197 13106 '8
1078 4621 10
623 3873 -0
68 979 -0
1100 758 0
T4y 376 0
736 207 .0
467 - 48 0
199 79 S0
27 108 -0
5 = 0 0
.0 30 . 0
0 0 0
0 0 0
S0 0 -0

* Height is upper limit, ie .5 = 0 to .5 ft. = o
» Period is mean of group, ie 10 is for 7.6 - 12.5 sec.
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 Table 7.
Crescent City Condition Survey
Stillwater Level = -1 ft MLLW
Point 4

Wave Height'Frequénciés ,
Percent Occurrence (X1000)

Per, sec

Ht,
£t 5 10 15 20 TOTAL
.5 8636 23498 2546 0 34680
1.0 779 11990 12970 3 25742
1.5 290 2710 12277 15 15292
2.0 139 1146 4830 -0 6115
2.5 . 63 818 1247 0 2128
3.0 11 938 729 0 1678
4.0 4o 695 391 0 1126
‘5.0 0 4o1 141 0 542
6.0 0 51 87 .0 138
7.0 0 23 0 0 23
8.0 0 0 -0 0 0
9.0 0 .0 0 0 0
10.0 0 -0 .0 0 0
12.0 0 0 0 0 0
14,0 0 0 -0 0. 0
16.0 0 -0 0 0 0
18.0 0 -0 -0 -0 0
20.0 0 0 0 0 0
TOTAL 9958 42270 35218 18 87464

'® Height is upper limit, ie..5‘=’0 to .5 fﬁh\- ,
A Period is mean of group, ie 10 is for 7.6 - 12.5 sec.
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Table 8.
'Crescent City Condition Survey
Stillwater Level = 410 £t MLLW
Point 1

 Wave Height Frequencies
Percent Occurrence (X1000) -

-~ Per, seec.
Ht, o -
ft 5 10 15 20 TOTAL
5 6451 5601 35 =0 12087
1.0 2185 18703: 3264 0 24152
1.5 396 7303 5918 -0 13617
2.0 283 3058 6803 3 10147
2.5 97 1593. 6421 5 8116
3.0 1 592 4787 0 5380
4.0 99 1270 3058 10 4437
5.0 193 710 2596 0 3499
6.0 42 690 817 0 1549
T.0 94 555 674 0. 1323
8.0 77 63 225 o 365
9.0 0 740 171 o 911
10.0 40 569 141 0 750
- 12.0 0 574 9y -0 668
14,0 0 217 86 0 303
+16.0 0 27 98 0 125
+18.0 0 5 30 0 35
+20.0 0 0 -0 =0 0

H
o
—
e
e
©
©
n
©
=
n
X'
S
‘o
w
u
n
-
©
-t
®
©
-3
4
o
=

; + Depth Limited Wave Height = 15 ft -8 water depth of 18 ft
% Height is upper 1limit, ie .5 = .0 .to «5 ft. ~
* Perlod is mean of group, le 10 is for 7 6.- 12, 5 sec.,,



Table 9.
- Crescent City Condition Survey

Stiilwater'Lével': +10 £t -MLLW

Point'2 

"Wave Height Frequencies
".Percent Occurrence (X1000)

+ +

Per, sec .
Ht, ' o
ft 5 10 15 20 TOTAL
.5 7185 11138 .69 0 18392
1.0 1793 19462 9148 0 30403
1.5 339 holye 8874 3 14162
2.0 194 1796 6335 5 8330
2.5 1 985 5954 10 6950
3.0 193 476 $ 2131 0 2800
4.0 97 1131 1518 0 2746
5.0 42 622 548 0 1212
6.0 63 379 277 0 719
7.0 11 385 ,124 0 520
- 8.0 30 277 14 0 321
9.0 10 294 77 0 381
10.0 0 166 62 0 228
12.0 0 140 .45 0 185
14,0 "0 ‘50 o 42 0 92
16.0 0 23 0 0 23
18.0 -0 -0 0 0 0
+20.0 0 0 ' 0 0 -0
TOTAL 9958 42270 35218 18 87464

+ Depth Limited Wave Héightj 15 ft @ water depth of 18 ft
* Height is upper limit, ie .5 = 0 to .5 ft. '
® Period is mean of group, ie 10 is,for 7.6 = 12.5 sec.
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Table 10.
"Crescént City Conditioh"Surveygh
Stillwater Level = +10 ft MLLW
~ Point 3

. Wave Height‘FrequehcieS
- Percent Occurrence (X1000)

‘ Per, sec
Ht, S
ft 5 10 15 20 TOTAL
"5 8394 18185 311 0 26890
1.0 638 15842 10711 0 27191
1.5 380 2563 11923 8 1487y
2.0 100 1491 - 5607 10 7208
2.5 193 748 4081 0 5022
3.0 42 241 - 978 0 1261
4,0 160 1005 787 0 1952
5.0 41 820 371 0 1232
6.0 10 730 141 0 881
7.0 0 - 396 89 0 4 85
8.0 0 175 - 91 0 266
9.0 0 51 98 0 149
- 10.0 0 18 0 0 18
12.0 0 5 30 0 35
14.0 0 0 0 0 0
16.0 0 0 0 0 0
18.0 0 0 0 0 0
20.0 0 0" 0 0 0
TOTAL 9958 42270 35218 18 87464

* Height is upper limit, ie .5 = 0 to .5 ft. =
® Period is mean of group, 1le 10 is for 7.6 - 12.5 sec.
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Table 11.
Creséent City Condition Survey
Stillvater Level = +10 ft MLLW

Point‘ﬁ

- Wave Height Frequenciesv -
Percent Occurrence (X1000)

Per, sec
Ht, e o ' R - : k k
ft : -] ‘ S10 00 15 o 20 . -TOTAL
.5 8133 21516 378 0 30027
1.0 1282 13704 15130 0 30116
1.5 289 2787 - 11421 -8 14505
2.0 113 1326 4687 10 6136
2.5 27 791 1932 0 2750
3.0 74 4T 878 0 1699
y,o. 4o 882 555 0 1477.
5.0 0 364 150 0 514
6.0 0 130 45 0 175
7.0 0 18 42 0 60
8.0 0 5 0 0 5
9.0 -0 0 S I 0 0
10.0 0 0 0o 0 0
12.0 .0 -0 o 0 0
14,0 0 0 0 0 0
16.0 0 0 0 0 0
18.0 0 0 0 0 0
20.0 0 0 0 0 0
TOTAL 9958 42270 35218 18 87u64
* Height is upper limit, ie .5 =0 to .5 ft.

* Period is mean of group, ie 10 is for 7.6 - 12.5 sec.
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height distribution for a stillwater of -1 ft MLLW at Point 1 on
the inner breakwater shows wave heights in the 20 foot class,

which represents all wave heights higher than 18 feet.,,Wave.a

heights of this magnitude should not occur at Point 1 due to
~depth limiting conditions (see Section 2.3). "~ In performing the
frequency analysis, wave refraction in the entrance ehannel was
not con31dered which should reduce the wave heights.'

At Point 1 the wave height distribution shows a shift to

“;higher wave heights at the -1 ft MLLW. stillwater elevation when

compared to the distribution of the +10 ft MLLW. At a stillwater
elevation of -1 ft MLLW, 1.43% of the waves are greater than 10

~ ft; while at the +10 ft MLLW level, 1.13% of the waves are

greater than 10 ft. The difference in the percent occurrence of

wave heights greater than 10 ft between the two water elevations

is insignificant and the frequency of occurrenoe of these can be

equated for the two water elevations. The principle difference

~between the two distrlbutions is that the -1 ft MLLW has wave

_heights in the +20 ft wave class and the +10 ft MLLW does not.
The frequency of occurrence of the +20 ft. events is 0. Ohi

The distribution of ‘wave heights at: Point 2 for both

r,stlllwater ‘elevations are basically ‘equal.  The maximum wave

height 1is in the 16 ft class for both water elevations, and the
. percent occurrence of events with’ wave heights: greater than 10 £t
is 0.36% and 0.30% for the -1 ft MLLW and the +10 ft MLLW
stillwater elevations, respectively., The distribution at Point 3
shows 'the same characteristics as the distribution at Point 2.
The maximum wave. height for both elevations is in the 12 ft group
and the percent. occurrence of events with wave heights greater
than 10 ft is 0. 03$ and 0.04% at stillwater elevations of -1 ft
MLLW. and. +10 ft MLLW, respectively. At point 4 the maximum wave
height lies in the 7.0 ft group and has a frequency of occurrence
~of '0.02% at a stillwater elevation of -1 ft MLLW. At a
stillwater elevation of +10 ft MLLW, the maximum wave height is

~'in the 8 ft. class and has a frequency of occurrence 1ess than
0 01% : / S

Essentially,'the stillwater elevation has no effect on
significant wave height distribution seen at the inner
breakwater. The stillwater elevation will: become 1mportant in
kdetermining the depth 11mited waves at the structure.

‘2 2. 3 Wave Transformation to the Sand Barrier

‘ The exposure window'of'the;sand barrier is significantly
~less than that for the harbor entrance. ' The northward limit. of
" ‘the window is limited by - the alignment of the sand barrier
~(approximately 215.5 deg) and the presence of the outer
breakwater (see Figure 1). The wave window for the sand barrier
is from 180..to 215 degrees. The combined- shoaling/refraction
fcoefficients for the sand barrier were obtained using Figure 5

17 .



(Shore Protection Manual, 1984). A shallow water wave angle was
obtained from the RCPWAVE output and then a deepwater .angle was
back-calculated using the curves on the graph. Using the

deepwater wave angle, the wave period, and a water depth of 15
ft, the combined refraction/shoaling coefficient (KpKs) was .then
determined. . The RCPWAVE shallow water wave angles were obtained
for the same conditions as listed in Table 1. Angles for other
conditions were linearly interpolated. Table 12 lists the
- estimated wave height coefficients at the mid-point. of the sand
_barrier for wave directions of 180 and 215 degrees.

Table 12.
Wave Height Coefficientsfet‘Sand Barrier

Direction  Period KrKs, € d=10'" MLLW ' - ngs, @ d=5' MLLW
(deg) (sec) - SWL=+10" SWL=-1' - SWL=+10 sw2=-1'
180 5 1.25 1.60 1.40 1.90
10 1.1 1.30 1.13 1.55
15 1.3 1.50 1.140 1.80
20 1.145 1.75 1.54 2.30
215 5. - 0.92 . 1.60 . 0.92 -~ 1.90
: 10 1.10 1.30 1.13 1.55
15 1.30 1.50 1.140 1.80
20 1.145 1.75 - 1.53 2.30

‘ The wave height coefficients obtained for the sand barrier
. (Table. 12) are higher than those at the harbor ‘entrance (Tables 2
& 3) for the same directions. . Similar to the analysis for the
~inner breakwater, Whaler Island will impact the wave conditions
~along the sand barrier. Refraction and diffraction near the
island will decrease heights compared to that: 1nd1cated by the
coefficients in Table 12. '

fz.3 Depth Limited Waves

In view of the large wave height coefficients calculated for
‘both the inner breakwater and the sand barrier, consideration was
given to the maximum wave height that could be supported by the
local water depth. . ,

AS waves move shoreward their maximum height is limited
prior to breaking and is a function of wave perlod - water depth
. and -sea floor slope. The breaking wave height is descrlbed by

'»the equation from the Shore Proteetion Manual (198#)

18



Hp = dp

1 + da
gt2
a = 13.75(1 -'ee19h)j
’b = 1 56/(1 e-19 5m)

. ; A breaking wave height estimate for the inner breakwater and
“sand barrier was prepared by CERC at the request  of the Los
< Angeles District in January of 1987. The CERC estimate, included
--as Attachment 2, predicts a breaking height of 11 ft in 13 ft of

" water at the sand barrier. At a +10 ft MLLW stillwater level a

‘water depth of 13 ft is about 80 ft from the sand barrier, at its

closest. This results in a wave height estimate that is overly

‘conservative since the wave breaks at a distance seaward far from
the Structure. At the same stillwater elevation the 11 ft
contour is about 40 ft from the breakwater, which is still a fair
‘distance from the 'structure. Therefore the breaking wave height
calculated based on this depth will be - conservative.;

The sand barrier is provided with two 'sources of natural
protection against wave attack. The trunk of the structure is
protected by the accumulation of material ‘on the seaward side.
The depths in this area will prevent large waves from .reaching
““the structure. The protection provided by the shoal extends from
the shore out to about Station 17+00. From Station 17400 to
Whaler Island, the sand barrier is sheltered by the finger of
Whaler Island that extends westward (see Figure 6). The
" bathymetry between Station 17+00 and Whaler Island will support a
breaking wave height of 9.6 ft, It is unlikely, however that
this wave would occur due to the natural protectlon prov1ded by
the. projection of Whaler Island

At the inner breakwater a depth of 18- ft was chosen as the
controlling depth for the depth limited wave "height. - The 18 ft
~depth contour at a +10 ft MLLW tide runs along the breakwater toe
for the entire length of structure (see. Figure 6). A breaking
"wave at this contour would directly impact upon the structure,
resulting in the most severe condition to be experienced by -the
inner breakwater. - The analysis shows that the maximum breaking
wave height is approximately 15 ft and therefore should be
: considered to be the controlling wave height '

The wave he1ght estimate. performed by CERC for the Los
Angeles District ‘estimates a non-breaking wave of 16 ft for the
inner breakwater. It was assumed that diffraction around the
breakwater would reduce the wave amplitude ‘by about 50%. - The
wave height was based on WIS Station 6 data and the RCPWAVE wave
height coefficients for directions south of 220 degrees, which
resulted in a-wave height of 32 ft at the harbor entrance. ' '
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3.0 STABILITY AND CONDITION OF STRUCTURE

3.1 Stability

The stability of a structure, while dependant on many
factors, can be grouped into three main areas. The first’ is the
breakwater itself. The breakwater Should be examined in terms of
its armor stone size and shape, the armor layer thickness,
placement of the armor units, degree of interlocking among the
_armor units, slope of the structure, overall dimensions of the
structure (height, width), crown type, condition of the core and
the quality of the. construction. The second area is the local
sea floor. The local bathymetry can have the effect of
concentrating or dispersing the wave energy approachlng the site.
In addition, the sea floor material must be able to carry the
load placed upon it by the breakwater without suffering excessive
settlement or risk of a slip failure. The third area to consider

is the wave climate in the viecinity of the structure. - The
' -breakwater must ultimately be designed to withstand the waves

~that will impact upon the structure whether these are breaking or
non-breaking waves.

-~ It is not possible to assign each factor a given weight in
the design or analysis phase to predict the stability. In view
of this, empirical methods of determining the required armor
stone weight to provide a satisfactory degree of stability -have
been developed (Shore Protection Manual, 198%4). The ‘empirical
formula is based on extensive small scale model testing and a
small amount of large scale testing performed by the U.S. Army
. Corps of Engineers, Waterways Experiment Station (WES). - The
armor stone weight obtained through this empirical formula is a
function of the wave height, the unit welght of the stone, the
slope of the structure and a stability coefficient .obtained from
model testing (shown in Table 13). The formula presented by WES
has the following form: ' o L

W= ' 'Wr.H3v
Kq (Sp - 1)3 COT 0O
“Where W = 'weight of individual armor stone (pounds)
‘ Wp = unit weight of .rock (pounds per cublc foot)
H = wave height (ft)
Sp = specific gravity of rock (Wn./wy)
‘0 = slope of structure measured from horizontal
Kg = stability coefficient from model testing

Stability of the armor units was considered at the four
"'stations selected along the inner breakwater for the wave height
analysis .(see Figure 1).  Points 1, 2, and 3 are all located near
where repair work has been performed in the past, and Point U4 was
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. Table1d
Armor Stone Stability Criteria

' Sugglted &) V-Ius.for use in k:eﬁiﬂng arsor ﬁlit,ﬂ"i‘h‘tlo

So-Dasage Critaris and Niser Owertopping
. - : : .. Berueture Truek S Structure Mead
Arsor Waits ¢ - : -’ Plascamsnt Co l,"‘ & . ‘ . Slope
[Breshing - Usabreakisg Breaking .nmu.‘ Cat 0
tave Mave Bave Weve -
Sacoth younded 2 | endon 1.2 2.4 1.1 1.9 1.5 &2 3.0
Secoth reunded » | tsdm 1.6, 2.2 EEA 3 :s -
Rough amgular 1 | Uasdem ] R 8.0 : 8.3 -
: o ! ‘ C ) 1.0 3.2 i %)
- Weugh magular 2 Bandem . 2.0 4.0 SRS ¥ B 2.8 2.0
; « O RN B % 2.3 3.0
Rough sagulat 2 | destem o 3.8 . e, . 83 | ez . Y
Bough magulaer o 2 | Specia 5.8 - 7.0 . re R 8
Paralislepiped 2 Spectal 70200 S5-80.0 | = - v .
straped ' . ) W : . X 6.0 3.9
pe) 18 | Sasdem . 1.0 8.0 - g8 ‘3.3 130
driped . . . P ' .5 40 s X
: ’ : : 83 1 8.0 ST 3e8
Pribar 2 | Bendam ] 0 a0 R 83 . 2.0
, : . 60 63 3.0
baee 0 2 emim [ B na® Yy - 36.0 . X =
aE ‘ . B 10 .0 : 30
101ed eube 2 | msndes B8 1.3 —_— 1 s 3
pod 2 | mandon 0 . a3 8.0 2.0 3
orkane 2 | Mendom 3.0 - . 3.0 - - -3
thar 3 | waifers T L 7.8 88 -9
rryetone  (Kpg) : - s ‘ B
Graded aagulst - fandon i . 3.3 - -

’ CAUTION: Me lp valuer sbown u ‘tauu are wmsupportad by tast uaulu ad are only wm‘-d tor
prelininery  desipn purposes. ) :

-2 ppplicable to sloyes wanging fram 1'en 1.3 to 1 & S.
3 » h the -kr of wite -ytlolu the mel-n of m armor hyer.

. The mse of aingle layer of quarrystone armor wnits s mot secomsended for structures nb_k:t u meu waves,
end n!y wnder specisl conditions for nmtunl ub’ct to mhul.lu w-ves. When lt u -ed l.b: nonc
should be earefully placed.

s Doti) more fnformation §s evailable en the waristion of Ry, walue with olopc. the e d lp .houu be linited
to slopes xanging frow 1 ev 1.5 80 3 en 3.  Some atnor wnits tested su s structure hesd fadicate & lp-nlope

dependence. : :
. ¢ Special placement with bu axie d stone Pplaced prpnﬂenhr to structure. hu e

7 Parsllelepiped-shaped stone: lovg .hb-uh n.ne with the l-u dimension sbout 3 u.u the ohortest lhnun
(Mnue and hv“un, 1979). . -

s Refers oo -o-‘nne eriteris (C5 percent dl-phu-nx. wocking, .u.), u [ ] n:uu ((: prcnt) 1 buna
zeduce - Ry 30 percent (2sadorn aad ‘lll llohrk, mz).

.9 luuuzy of dol»u e olopes steeper than § L3 2 should k uhuntuud by -no-puu: n‘cl uno.

" Reference: Shore’ Protection Manual, 1984
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- selected because typically the head section of breakwaters are
critical sections. Table 14 shows the wave height, stability
coefficient, slope of the structure and the specific gravity of
the armor stone used in computing the armor stone size using the
empirical formula. The wave height used in computing the armor
‘Stone size at each point was the maximum wave height at that
-point based on the frequency analysis, except when the wave

height from. the frequency analysis was larger than the depth
limlted ‘wave, in which case the depth limited wave height was
used. At Stations 1 and 2 the frequency analysis showed wave.
heights in the +20 ft height range, however the depth limited
wave is 15 ft, therefore the depth limited wave height was used
in determining the required stone size. . The required armor
.stone size for these two stations is about 20 tons, which is
larger than the existing stone size as stated in the Geotechnical
Appendix. As discussed in the section pertaining to wave
transformation to the inner breakwater, Whaler Island has a
significant impact on reducing wave heights at Points -1 and 2.
The existing armor stone in this area has an. average stone size
of 6 tons ‘and a maximum stone size of 17 tons. . A detailed
history of construction and maintenance given in the Geotechnical
- Appendix reveals that no repair work was performed on the inner
breakwater between its construetion, in 1949, and 1983 when it
suffered damage.  During the interval between 1949 and 1983,
severe waves from the critical directions and periods did occur
and no damage was. sustained. The most frequent waves at the
project site are from the west-northwest and are significantly

. reduced by the time they reach the inner breakwater.

At Points 3 and u the wave heights are not as’ high as they
are at Points 1 and 2 due to the effects of diffractlon and.
shoaling. The waves reaching these points are also probably
reduced by refraction in the entrance channel. The required.
armor 'stone weights calculated for these points was computed
using the hlghest wave heights obtained for the wave height
‘distributions at each point (see Tables U4-11). . The required
stone sizes fall within the design range and the field measured
~range. The original design called for armor Stone with a minimum
size of 5.8 tons and an average of 8.3 tons. Subsequent repairs
called for a minimum size of 9 tons and an: average of 12.8 tons.
The breakwater extension was constructed using a minimum armor
stone size of 9 tons and an average size of 11 tons. ) ‘

“The performance,history of the inner breakwater'Seems to
indicate the structure has a high degree of stability. The
infrequent high waves from the south to southwest can cause
damage to the structure, however the frequency of their
" occurrence is low. The 15 ft breaking wave is the maximum depth

supported wave height at these stations and is therefore
conservative.f‘ : ~ o ‘
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Table 1A.
Armor StonelWeights On Inner Breakwater

Point Slope Kq Sp Wwr o H W
(1Von H) (pef) (ft) (tons)
1 1.5 2.0 2.7 178.8 15# 20
2 1.5 2.0 2.7 178.8 15#% 20
3 2.0 2.0 2.7 178.8 12+ 7.6
3 2.5 1.6 2.7 178.8 8+ 2.2

 #*Depth limited wave € d=18"
+Maximum wave from frequency analysis

: The sand barrier was constructed using an armor stone size
~of 4 to 6 tons. Subsequent repair work used 3-7 ton stones. The
-~ required stone size for the maximum breaking wave height of 9.6
ft is about 6.2 tons. This value should" be conservative since
,this,stone size was‘calculated ‘using the maximum depth supported
. wave height in 11 ft of water._ The: frequency wlth whlch a wave
of- this height occurs is very low.v~9' :

"l‘3 2 Condition f

Information on the condition of the 1nner~breakwater and
sand barrier were obtalned from the Geotechnical Appendix.

3.2,17 Inner Breakwater

~The inner breakwater is in excellent condltion above ‘water
with only very minor deficiencies.  Since the orlginal
construction in 1946, and the 400 ft extension in 1972, the
structure has changed little. The original section (1120 feet
long) is constructed of Whaler Island greenstone, and is in
excellent condition. ' The edges of the armor rock at the water
line have rounded somewhatr:~A bedrock knoll, whiech . is an
extension of Whaler Island, is built into the ocean side of the
"structure between Stations 1400 and 2+50. It rises to near the
‘‘erest elevation - at Station 2+80 and extends laterally to 30 ft
from the centerline. .The only repairs that have been made to the
structure occurred in 1984 at the three locations shown in Table
15, the present statlonlng is- offset 20 feet. from the origlnal
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Table 15.
1984 Inner Breakwater Repairs

Present Stationing . Original Stationing - Area Repaired

- 3+30 to 3+65. : ’ 3+50 to 3+85 ‘ across crest
3+95 to 4455 : 4415 to 4475 - 7 across crest

10+70 to 11+40 o 10490 to 11+60 . - - ocean slope

‘ In addition to the above‘repairs, eXtra'stone has been
placed on the sea side corner between the: knoll and the foot of
the breakwater. >

Throughout the  breakwater, the above-water slopes are
regular and contain no pockets, holes or missing armor. At about
Station 6425, the ocean slope has a slight jog, and steepens .
slightly up-station. A concrete dlaphragm  wall, approximately 2
feet wide, extends from Station 10+95 to 15+15 along the
centerline. The wall is in excellent condition and contains only
.one crack. The crest stone adjacent to the concrete wall tends
to be smaller than the design in other areas because of the wall,
thus numerous cobble sizes occur in this area. This small stone
has washed out along the wall from Station 13+85 to 15400 on the
- ocean side, and at Station 14+15 on the harbor side, leaving up
‘to 3 ft of the wall exposed. This oondition is not considered
: serious -and in need of 1Emediate repair.

N ) . )
: Left over road base.from the.1984 repair, caps the crest for
most of its length, except between Stations 6425 to 9+75, and
“beyond Station 11+10 where no road was constructed. Numerous
small scraps of weathered and unusual rock types exist in the
reach between Stations 6+25 and 9+75, inferring road base once
~existed there. This has been mostly washed off.

‘A large part of the harbor slope above approximately Station'
12400 contains small angular rock from the crest to the water
line where a small bench has formed. The bench is especially
distinet around Station 14+00. The stone that forms the bench is
not core material, but is small crest material that was: placed
adjacent to the ooncrete diaphragm that has been washed out.

. A side scan survey was performed on July 25, 1986 (see
Geotechnical Appendix). The results of the survey indicate that
no deficiencies exist in the below-water slopes. A small
detached bedrock pinnacle about 40 feet in diameter occurs around
~Station 4475 roughly 20 feet from the breakwater toe on the
seaward side. The toe and slope, for the most part, are slightly
undulating with patches of detached stones along the toe around
Stations 3+50 and 10+450. The former location is the site of one
of .the 1984 repairs. The latter patch is likely from the 1972
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,construction when the armor was removed from the original head at

Station 11420 to Join the extension to the trunk. Around the
-present head and along the harbor.:'side, no unusual features were
noted. Kelp on the harbor side masks the ‘'slope of the breakwater
between Station 14+OO and 15400. :

The ocean floor is mostly exposed bedrock from Station u+00'
to about Station T+00. Beyond Station 7+00,,the floor :‘becomes
more sandy with some silt., Almost all stone on the ocean floor
"was ‘armor size except for a patch of one-foot diameter stone in a
swale 4 feet across at about Station 11+450. This stone had been
‘there for sometime as it was covered with marine. growth and kelp.
A patch of armor stone at Station 10450 extended out some 50 feet
from the toe of the breakwater, was lying on the sand and as with
the other stone, indicated little change has occurred in the
- floor on the ocean side.; In the slope itself, no-holes, slumps‘
or other ‘irregularities were noted. Around the head into the
harbor, shoaling has raised the floor from elevations of -20 and
-30 ft to about -6 £t MLLW. No diving was performed between the
end -of the breakwater and Station 14400 because of the heavy
kelp, shallow floor and very bad visibility. It was noted,

‘. however, that armor on the harbor side protruded through the sand

_and that the sand contained more silt than on the ocean side.

3 2 2 Sand Barrier

“Since constructed in 1939, ‘harbor improvements and shoaling
“have covered much of the sand barrier. The only portion visible
is the crest and the ocean slope above elevation -1 ft MLLW. For
" the most part, the sand barrier is in ‘good condition and has

‘incurred little deterioration since “last repaired in 1965.1 The

barrier was designed to be 2,640 feet long, however, 'its present

length is approximately 2,500 feet. The shore end just before
-.Station 0+10 appears to be the original end, ‘but the Whaler
~Island end i1s obscured. Quarrying‘and‘subsequent harbor |
construction have modified that end and, .above Station 24435, the
‘armor is smaller and blends with scattered piles of quarry stone,
road base and rock on the adjoining beach. Between Stations
;U21+95 and 24435, the armor has been scalped and used to construct
‘a short groin from Whaler Island about 200 ft to the south. The
scalped slope is about 1V:3H, covered mostly with core size
material from gravel to 6 inches. An estimated one-third of the
slope contains scattered remnants of small armor, generally about
2 cubic feet (350 1bs) with the largest size being 10 cubic feet
(1700 1bs). Apparently the scalping, which occurred in ‘1984, was
allowed because of ‘the area's protected: location by the island
and . the. groin. This end has sustained no storm’ damage in the
past 2 years. o -

et The crest of the revetment along the sand barrier averages
about 10 ft in width from the edge of the adjoining road £filli.
The crest is full width at about Station 3400, narrowing to a
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one-stone width of 3-4 ft at the shoreward end of the barrier. -
The sand barrier has been repaired twice, both times to the
crest. The first repair, done in 1949, extended from about
Station 11+00 to 15+QOr(19H9 stationing of 9+75 to 13+75). The

second repair, done in 1952, covered from Station 15+00 to 24400,
As mapped in 1986, the actual 1949 repair began at Station 9+75
instead of 11+00. The present up-station end abuts the 1952
repalr at Station 14+450. ' The actual 1952 repair, in present
stationing, extends from Station 14450 to beyond 21495 and may
have included 50 ft of the 1949 repair. . Another patch of the’
1952 repair extends from Station 9+25 to 9475 (present
stationing). During the 1952 repair. work, the crest in the

‘repair sections was raised to a full +13-foot elevation.' It is
not known when the remainder of the crest was raised to a full
+13 feet MLLW, although the 1949 repair also appears to have
raised that reach of the crest. From Station 17+65 down to about
11+00, pieces of greenstone from Whaler Island to 6-cubic foot
size are scattered along the crest near the road. The stone may
be related to the~r0ad‘construction rather than barrier repairs.

Throughout the ocean slope of the sand barrler, the armor
stone is in very good condition, especially below the mean high
tide line where the surface deterioration is 1ight' although the
edges may be slightly rounded, pieces remain angular. The armor
is significantly rounded in a small zone around Station 21400
where cobbles on the adjoining beach have worn them. Overall,
little armor is missing on the barrier and is limited to between
Stations 3400 and 8+00, except for the area scalped for armor
_beyond Station 21495. Single stones are missing at Stations
3430,  6+00, 6+45, T+35 and T7+85, and two stones are missing at
Station 4+60 where some smaller stone is ‘exposed. The small
stone has been exposed for some time, as they are rounded, but
does not indicate a weak area in the structure. Below water
investigations were not conducted for the sand barrier due to
~-shoaling that has occurred on the seaward slope, and,the harbor -
slope has been backfllled. ) o
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5.0 CONCLUSIONS.

4,1 Inner Breakwater

-In general the structure is in satisfactory condition. The
only repairs that are recommended at this time would ‘be to
replace material that has been washed out adjacent to the
concrete diaphragm wall between stations 13+85 and 15+00 on the
- seaward. side and between stations 14415 and 15400 on the harbor
~side. A monitoring program for the inner breakwater could easily
~be tied into the existing monitoring program for the outer
breakwater. It would be cost effective for surveys of both:
~structures to be done at the same time, which would include
aerial photographs and ground survey. The'frequency with:'which
the inner breakwater should be surveyed should be less than that
of the outer. breakwater, perhaps every 3-5 years. A visual
inspection of the breakwater should be made at least yearly, and
after severe storm events. .This inspection can be made by the
local authorities who can then report their f1ndings to the
responsible district personnel. v

4,2  Sand Barrier

The sand barrier is in satisfactory condition. ‘Shoaling of =~

. material on the seaward side of the barrier serves.to protect the

structure against direct impact of waves. The protection
provided by the sediment accumulation is not ' permanent and can
vary seasonally. It is therefore recommended that the barrier be
repaired along its entire length, where deficiencies exist.
Armor stone should be replaced at stations 3+30, 4460, 6+00,
6+45, 7+35 and at 7+85. The reach between stations 21+85 and
- 24435 on the seaward side should be evaluated in terms of its

‘erosion potential and posslble effects on the stability of the
structure. L , , .

The monitoring program»for the sand barrier should coincide
‘with the program for the inner breakwater. Surveys and
evaluations should be conducted at the same time. SR
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L . WAVE HEIGHT ESTIP‘IATE ch : RAFT

SAND BARRIER AND INNER BREAKWATER

CRESCENT CITYl CALIFDRNIA

"The coastal engineering works of improvement at Crescent
City, California, have experienced periodic and recurring =
structural damages since their initial construction. The outer
breakwater, which receives the overwhelming majority of wave
energy arriving from the North Pacific, has suffered the greater

damage... The inner breakwater, which is significantly shielded by
‘the outer breakwater, has experienced considerably less damage,

. although occasional large damaging waves are able to enter the -
“harbor complex. and cause accrued stone displacement to this
-structure also. The sand barrier is subjected to waves arr1v1ng

from a southerly ‘directién which strike the armor stone at an
angle and create an unraveling effect, with resulting stone
displacement. Because this is a shallow water surf zone

- location, the waves which strike the sand barrier often have :
breaking—-wave character15t1c5, requ1r1ng larger stone fnr’?' o
5tab111ty than non—break1ng waves. Co :

‘ Sand Barriér

i ' Deepwater wave hindcast statistics for the 20-year period
- 1956-1975 by US ‘Army Engineer Waterways Experiment Station (WES).
Wave Information Study (WIS) Sea-State Engineering Analysis

. System' (SEAS), Station P B1-@4, indicate that waves arrive from

“the open ocean direction of 180 deg azimuth w1th heights up to .

3@ ft and periods up to 13 sec.:  As these waves approach the:

-~ structure and shoreline, changes occur due to refraction and
shoaling which significantly alter these deepwater
characteristics. The waves which ultimately strike the sand
barrier are depth-limited waves whose height depends entirely on
the water depth at the structure, d , the slope of the beach in
front of the structure, m , and the period of the approaching 1
wave train. The expression relating these independent var1ab1es
is glven by Shore Protectlon Manual (CERC 1984) as: -

db

FH -
1+ 9——82,
where . R
a=43.75 (1-e '
-and E ‘
' B 1.56.
b= -?9.5m ’
1+ e " )-
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» The depth of water at the toe of the. structure varies along
~the structure spatially, and also varies with time at specific
locations along the structure, as differing wave climates induce
differing current effects which tend to alternately scour and
fill depressions. These locally varying depths do not in
themsel ves cause instability to the structure, but do affect the
height of the wave at that particular location. From the most
recent nautical charts of the region, it appears the greatest
water depth along the sand barrier is approximately 3 ft mean
lower low water (mllw). The most damaging condition will occur
at the greatest storm tide elevation; therefore, by utilizing a
storm tide of +18 ft mllw, the depth. of water for estimating
breaking wave conditions at the structure is 13 ft. The bottom
slope in this vicinity can be approximated as m =-9.0187 . For
the wave period band centered about 12.5 sec (11.8-13.3 sec) (WES
Miscellaneous Faper CERC-85-3, "Water Wave Refraction/ ,
. Diffraction/Shoaling Investigatinn, Crescent City, California, }
- (CERC 198%), the fgllowing parameters are obtained '

8 25
2.84 -

13 £t
0.92107
12.2 sec

43 a0w
mnnnn

l resulting in the breaking wave height;at;thetstructure;

H 11.@ ft, (breaking wave)

. for the greatest water depth alang the sand barrier at extreme

high storm tide of +1@0 ft mllw.

A The stone size for stability, W ,'requiredAto withstand a ‘
breaking wave height of 11.8 ft can be estimated from CERC (1984)

9 W H3
W= 3
) K(s-1
where y
H = wave height = 11.8 ft = &
w = unit weight of rock = 165 1b/cu ft
kK = Stability Coefficient = 2.8 for. breaking wave on. a
: structure trunk :
. 8 = specific gravity of armor unit = 1. 65
-cot = angle of sea51de slaope of structure = 1.5
—As i , .
Iheee results an average stone size of B.l,ton,(say

Vo
W= 8 tons

When the cover layer is two quarrystones in thickness, the stones
comprising the primary cover layer can range from about 08.75 W -
to 1.25 W, with about 5@ percent of the individual stones
weighing more than W . This indicates the minimum size stone

N



“_shou‘ld be"about é tons. SRR - ‘ DRAFT -

innér Breakwater

: Waves wh;ch strike the inner breakwater arrive from south of
about 220 deg azimuth, diffract around the outer structure, and
propagate through the entrance channel to the harbor complex 4 <
toward the inner breakwater. SEAS statistics and CERC (19 )
indicate that waves can approach the entrance to the harb
complex with significant heights up to 32 ft. D1#fract1on

~through the entrance channel causes a reduction in wave he1ght of

approximately 50 percent along the inner breakwater structure.
There results a non-breaking wave condition where the s1gn1f1cant'

fwave height for the maximum storm t1de of +18 £t mllw is

H = 16.0 t

Prev1ous phy51ca1 madel tests ut111’1ng earlier wave :
hindcast data from a much more limited time period had indicated
thevmaxlmum‘wave height at the inner breakwater would be around:
15 ft. It is believed the SEAS statistics are far more

' cnmpreh?ps1ve than the previous hindcast, and the results of CERCV

(198 F? dicate these deepwater waves arrive at the entrance
channel essent1a11y unattenuated in height, although the

-frequency of their occurrence is low.. Refraction alters the

direction of approach slightly, so that the waves pass into the

- harbor complex from a direction essentially perpendicular to the
‘outer breakwater extension. For a non-breaking wave height of

16 ft, and "cot ="1.75 , the stone,si;E-for‘stability is

W= 10.7 ton, say:

"w'= 11 tons

- There éxist other waves in thé specfrum which;afriVe with
heights in excess of these significant heights, although their

~ frequency of occurrence is exceed1ngly small. Their actual

heights, however, can be up to twice the significant height.
Even though they occur very rarely with short durations, their
presence is occasionally sufficient to dislodge individual stones.

‘of the structure which leads to later dislocation of additional

stones. For this reason it would not be unreasonable to have a
range.of‘stone‘sizes whichfvary frbm @.75 W to 1.25 W..

Summary and CDhclUSans

" Rased on this preliminary analysis;n{ existing data, the
following conclusions have been reached. It is emphasized that a
far more extensive investigation should be conduction prior to
any rehabilitation structural works at either the sand barrier or
the inner breakwater. WES can perform a more comprehensive
in—depth analysis in a relatively short time frame which will
provide more definitive results, if requested. At present ‘the
preliminary conclusions are: : -

A



' Sand. Barrier

11.0 ft

H=
W =8 tons
d =

13 £t

Inner Breakwater

H=16.2 t
W =11 tons
d: =

26 £t

DRAFT

- {breaking wave height, K = 4 )

(average stone size) :
(storm tide elevation = +10 ft mllw)

‘(non-break1ng wave he1ght, K=2)
. {average stone size) -

(starm tide elevation = +10 €t mllw)

Lindell Z. Hales, FPhD, P E.
Research Hydraulic Eng1neer
Coastal Engineering Research
Center _
US Army Engineer Waterways T
Experiment Station
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WIS STATION 6
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WIS STATION 6
Significant Wave Helght vs. Direction
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Comprehens1ve Condltlon Survey

Geotechnlcal Appendlx »CfsﬁfngvV'

db?p] Crescent C1ty Sand Barrler and Inner Breakwater

o mTRODUCTION

1.1 fPurpose‘and'Scope}

‘ The purpose of thls appendlx is- to present an assessment of thek)

’fgeotechnlcal condltlon of the Crescent Clty Harbor sand barr1er and the 1nnerf”

*,',breakwater. The assessment was made 1n 1986 by the Los Angeles D1str1ct at

'1the request of the San Franclsco Dlstrlct. The scope of thls appendlx is.
.ythreefold F1rst to determlne the present condltlon and make—up of the two ;o,
5 structures, secondly, to develop a’ rehabllltatlon program to address necessary ff

“,~‘repa1rs and th1rdly, develop a monltoring and malntenance program to outllne ;'

IR expected repalrs and preventatlve malntenance measures for an addltlonal 50—

'j;year perlod of serv1ce.

e 1s23becation and'ﬁescription{f‘f»77"'

Crescent C1ty Harbor encloses a portlon of the coastllne on the southern ¢t
‘Vedge of Crescent City, see plate 1. Other than the shore, the harbor 1s‘,

"fbounded by the maln, or outer breakwater, extendlng from Battery Polnt on the

]l‘west to south s1de, ‘the sand barrler on the southeast from shore out to Whaler,‘,

ﬁrfIsland and the inner. breakwater extendlng west from Whaler Island.; The sand

";f"barrler was’ constructed in 1939 and has a length of about 2 500 feet a crest 3

‘~elevatlon of +13 MLLW and a des1gn crest w1dth of 9 feet : The 1nner breakwater» !

f%was constructed 1n 19”6 to a length of 1100 feet and a MOO foot dog—leg



’extenslon was later constructed in: 1972.H‘The breakwater‘has a crest‘elevatlon :
o of +18 feet MLLW and a crest w1dth of 12 feet (15 feet on the extens1on) ,_In
.thls report the constructlon and deslgn features of each inner breakwater
‘segment are discussed separately. However, they are treated as a, s1ngle un1t
‘inﬁasseSS1ng their presentlcondition.» An assessment of the main- (outer)

'breakwater was completed,in 1984,
2. GEOTECHNICAL SURVEY PROGRAM
2.1 General.

~ The geotechnical investigatlons employed for the determinatlon of the .

__present condltion and make-up, 1nclude an assessment of the 1nterlor and

exterior of the two structures, the foundation conditions, des1gn and the rock o

~ f»wperformance (both‘armor'and core) The 1nvest1gatlons 1ncluded both field and.f

v,office studies; Related work but not necessarily geotechnlcal, 1ncludes
;~evaluation of recent surveys (both above and below water) bathymetry and

; photography (both aerial and ground)

2,2, Office'Studies andyLiterature Search.

In order to fully assess the ex1st1ng condition of the sand barrier and
o the inner breakwater, first a rev1ew of avallable llterature was conducted to"

;’determine‘the sources of the,stone used,:design criteria, the methods,of
construction and,the locations of subsequenttrepairsiand‘any‘other pertinenti»A
information relevant,to their construction and(maintenance.,ﬁlhe Annualy
Reports ofithe Chiefiof Engineers, the San Francisco‘District’Chronicle’

o "Engineers at the Golden Gate"‘(Hagwood,_1981) and.district files and drawingS‘



: 7'prov1ded most of the informatlon. Addltlonal 1nformat10n was obtalned from ?f,ﬂ”‘\

;pgllbrary records of Crescent Clty s newspapers, the Tr1p11cate and the Crescenta: =

"rfAmerlcan, personal communlcatlons w1th 1nvolved personnel and the Federal ;5?~»~f

"“fArchlves., The accumulated data, comblned w1th f1eld 1nvest1gatlon results,» B

‘Vfﬁrwere assessed to determlne the present condltlon of the structures. It was~f7'“

‘f{f’recognlzed early 1n the task that some data conf11cted and that other were fff';sr

"zﬂlrretrlevably lost such as the actual dates and 1ocatlons for the sand barrlerhy"

'4"repa1rs and the stone sources used for those repalrs..ﬂ

s 'Field*Investigati'ons.: b

ubfxé 3 1 Condltlon Mapplng.. For th1s study, San Franclsco D1str1ct re surveyed fi

bfthe sand barrler and 1nner breakwater, settlng monuments on 200 foot centers

'”‘the full 1ength of both structures. New statlonlng was also establlshed.“‘Forglr'

~fthe sand barrler, the new statlonlng 1s w1th1n a couple of feet of the

'.orlglnal ‘ However, on the 1nner breakwater, the orlglnal statlons O+00 to

"9”11+20 on the trunk and 0+00 to 4+00 on the extens1on were comblned 1nto one

"oreach from statlon 0+00 to 15+20. Thls new statlonlng 1s also 20 feet off :

”ffrom the orlglnal so that orlglnal statlon 11+2O 1s now 11+00 Followlng

‘f,completlon of the new survey, the above-water features of both structures weref

vh:assessed u51ng the monuments for control On 30 Aprll and 25 July 1986 the,xfl”'

_:structures were fully 1nspected from stat;on 0+00 at the foot of the 1nner
i_breakwater to 15+20(+) at the head and below statlon 0+00 at the foot of the
| 5'sand barrler to beyond 24+00 (the last monument) at Whaler Island The ‘
k"i‘mapplng‘cons1sted of notlng rock types and thelr condltlon, areas and j* pj‘l’uu

”"condltlon of past repa1rs where identlflable, general areas presently m1531ng

VTarmor, poss1b1e dev1atlons from the des1gn areas of transm1ss1b111ty through 5



" the structures and abnormal spaclng or gaps between armor stones.' The results
" are plotted on the new survey sheets at ‘a’ reduced scale of n = 80! w1th an ,

[

' accuracy of about 5. feet, see. plates 2 and 6.

2, 3 2 Slde Scan Sonar.: This investigation was employed‘toVSurvey theltoe of '

.‘the 1nner breakwater,ylts underwater slope and the ad301n1ng ocean floor. lhe~'
',dpurpose was to locate 1rregular1t1es in the- structure such as slumps, dlslodged
, armor, pockets of small rock and other‘such features.‘ 0r1g1nally, 51de scan
vwas not con51dered as a formal 1nvest1gatlon for th1s assessment because of
vrthe llmlted area for which 1t could be used However, the Waterways :
Experiment Statlon was in the harbor demonstratlng s1de ‘scan on the outer
breakwater to SPN and the 1nner‘breakwater was 1ncluded. 'Because no
kelectronlc pos1tlon1ng ‘was used ‘the p051tlon of the structure s toe could not
be plotted w1th reasonable accuracy.-

(S
Y .

Slde scan sonar is a marlne geophy51cal system wh1ch graphically potrays

“i ocean bottom features s1m11ar to an obllque aer1al photograph The system:

,ttransmlts s1multaneously, from transducer elements 'in a towflsh two 100-kHz
fbursts of sound in fan-shaped beams.: Each beam 1s orlented at rlght angles to

‘the survey vessel trackline. Reflected 31gnals from the ocean floor are

- detected by the towflsh and electronlcally processed to produce sonographs."

The side scan system used 1n this survey ‘'was-an EG&G with a Model 260
plotter.~ Slx,passes were made around the 1nner breakwater from aboutfstation
2+00 on the ocean 51de to about 3+50 on the harbor 51de.y All passes were made

"w1th the towflsh about mid- depth and the data plotted on a 50-meter scale. No

51de scan sonar was conducted on the sand barrler because the ocean 51de toe

: f; is- above water at a -1 foot MLLW t1de. e ".‘v R—— ’~ﬁ,;“f~ =



": 2;3;3:fbiviﬁg. D1v1ng was conducted only on the ocean S1de of the ‘inner 5‘

:‘L,’breakwater.‘ No d1v1ng was conducted on the sand barrler s1nce the complete

;"],harbor s1de 1s 1naccessible and the exposed ocean 31de 1s v151ble above water

3oa*fat low t1de. The purpose of the d1v1ng was. to 1nspect the underwater slopes,_r:

'ffj supplementlng the 51de scan sonar results, and note any features wh1ch would '

T help determine the structure s phys1cal condltlon.; The ex1stence of such
“'features as’ slumps, dlsplaced armor, exposed core materlal, extracted core on

f'suthe slope or ocean floor and any other def1c1enc1es were also ascertalned.‘Lf]

D1v1ng was accompllshed over roughly the outer half of the 1nner
"':breakwater, 1 e., from statlon M+OO on the ocean 31de to 1M+OO on the harbor i

“H51de.’ The 011 dock and Coast Guard fa0111t1es as well as the kelp and shallow'u‘

f;water prevented further 1nspectlon of the harbor 31de.! From the head to the e jf

‘f‘fCoast Guard dock whlch is not a Corps of Englneers constructed faclllty,athe

'harbor floor elevatlon 1s less than —6 MLLW and falntly v181ble from above; *;:‘

"fi;water at Low tlde.,g,?:

;‘l-32 3 M Armor Study., The armor study 1nvolved several tasks 1nclud1ng the‘« ,~7'

'E'piquallty and 81ze of the armor and locatlon and hlstory of varlous rock types : f’5'

;used No phy51cal studles were made of the core materlals,‘but rather, they
'f_were evaluated based on de51gn and constructlon data and the present condltlon
“of the structures,vnamely,ylack of dlstress 1n the core zone as v151ble -on the~g~‘

’3”‘exter;or.‘4f]

“r‘j2 3 M 1 Rock Quallty. Assessment of the quallty of the rock formlng the

}_olnner breakwater and the sand barrler was made by (1) determlnlng the stages o

L ,of constructlon and repa1rs and 1ocat10ns of the rock sources (quarrles) for ‘

fthem (2) determlnlng the present condltlon of the respectlve materlals at




“theirusource‘and‘(3) fidentifying the‘respective‘rock types'inhthe‘structures'

and evaluating their condition.‘ To perform thls task the histories of the

- sand barrler and the 1nner breakwater were re-constructed and the stone

U

.sources 1dent1f1ed. Th1s was followed by 1nspectlons of both the quarrles and ,
the structures. The latter s slde slopes and crests were photographed at
‘ scattered locatlons to record the condltlon of the varlous materlals for

vfuture evaluatlon. ~

~>2 3. H 2 Armor Stone Gradatlon. A-study to establish;the'gradation'of'the

armor stone was conducted 1n order to evaluate the ablllty of the structures

to perform in accordance w1th de31gn crlterla. The analy31s covered the area -

L of'each'structurevabowe the'prevailingiwaterisurface from the‘head to theh U

o point‘ofhcontact:with the shore. Usuallydto effectivelyjestimatevgradations

~of large’numbers,of'stone over long reaches,'aerial'photographs are taken of
: the armor slopes and stone dlmen31ons are measured from the photographs.
"’Durlng August 1986 when the fleld 1nvestigatlons were conducted the weather .

vcondltlons did not allow for aerlal photography and therefore photographs were

N

 taken from‘a boat As w1th aerlal photographs, dlmenslons were taken and used
,.to compute the stone gradatlons us1ng a volume-dlmen31on relatlonshlp
f~prev;ously establlshed.wlth f;eldvdata. A statist1ca1 procedure was used

~which correlated‘stone,dimensions“in the'fleld w;th‘data obtalned from the

photographs. Details of this methodologyfare discussed;in’Attachment31. "The -

‘methodology has been used for previous:condition‘surveys and’giwesbresults

which nearly‘reflect the-actua1 stone weightso Thefresults have proved to be

. con31stent and accurately reflect the relatlve dlstrlbutlon of stone

‘welghts. Armor sizes could not be determlned underwater, except by dlvers

along the inner ‘breakwater. toe._'



© '3. CEOTECHNICAL SURVEY RESULTS =

3 BaCkg‘round’Data-,‘I e

‘"jj3y Phys1ography. California 1s diVided 1nto 11 distinct geomorphic

u'prov1nces.’ Crescent City 1s located in the Coast Ranges prov1nce at 1ts"

';Anorthern boundary with the Klamath Mountains prov1nce. Although both

'e prov1nces are characterized by rugged topography and bold steep cliffs along

”ﬁ,:the shore, the Klamaths contain flatter upper slopes and crests, approximating:‘f~

ufﬁ;a general but well dissected plain The city occupies a- wide terrace some 50 £

'1_feet above the ocean.‘ The terrace proaects a max1mum 6 miles from the general;

"‘,mountain front an unusual width for the prov1nce whose terraces are narrow ;;i'_j

dfand short The shoreline 1s typical of the northern coast in being rugged

very steep and peppered with sea stacks, "rocks" and 1slands‘~ The south 51de':j;f

~a'of the Crescent City terrace dips gently to the shoreline which has a small

' ﬁ',bay and a sandy beach.v The harbor occupies the north and west s1de of the bayi*d']

'a“.against a. rock headland known as Battery P01nt.‘ The harbor 1s then contained e

'xby three protective dikes known as the outer breakwater, 1nner»breakwater and'f

: 'lthe sand barrier.‘ The most 1mportant structure 1s the outer breakwater which

'fd‘extends southeasterly from Battery Point to water depths of -30 to ~MO feet

CCMLLW., The other two structures are connected to Whaler Island a "rock" some TVEQ

’li;100 feet high 1/2 mile off-shore and east of Battery Point The sand barrieryvfw
’extends from shore to the 1sland on. a submerged tombolo or ridgelx Presently,‘l‘
construction’on the harbor’s1de has covered that s1de of the barrier to the
‘a[crest elevation at” +13 feet MLLW.‘ Shoaling on the ocean 81de has raised the
‘toe from an original elevation of‘about -7 feet to a low p01nt of about -1

h\»foot MLLW 1ocated towards the 1sland.‘ The inner breakwater extends fﬂ,



northwesterly from the 1sland perpendlcular to the sand barr1er ‘across water'
depths of‘about -20 feet MLLW. The harbor floor 1nclud1ng that under the- ‘
breakwater iS'yery,irregularfand‘composed mostly of bedrock; patches:of sandn~
'on the\bedrock are variably thick, especially‘againstfthe:breakuater; and"
hoccasionally need dredglng. Under'the'sand barrier, the rldge; composedﬁof‘t‘

: ‘sand var1es in thlckness from 1.5 to 10 feet over ‘the bedrock.

:3 1 2 Geology. :Thefklamath‘Mountains are composed of mostly pre-Paleozoic
:and Pale0201c age rocks while the Coast Ranges contaln younger Jura351c to
Cretaceous age rocks known as the Fran01scan formatlon. At the harbor, the
. terrace and adJacent shore are under1a1n by Franclscan rocks wh1ch are exposed
/‘1n the cllffs and on the ocean floor. The formation is'a. heterogeneous )
rpmlxture of altered sedlmentary rocks and 1ntruded volcanlcs.‘ The sedlmentary”
, :‘rocks are: graywackes, a type of sandstone and a few zones of altered shale._ S
i,‘These are mlxed w1th bod1es of volcanlcs Wthh were basalts and ‘are now f'
altered to greenstones.' Some of the graywackes resemble greenstones and are
'idlfflcult to be dlstlngulshed from them. Most of the bedrock is hard
are31stant to erosion and sufflclently durable to be used in constructlon of
coastal structures;, Whaler Island is composed mostly of greenstone whlch waS' '
}used to construct the 1n1t1a1 leg of the 1nner breakwater.g Other hllls along.
: the shore locally supplied slmllar‘materlal forpother structures,in the

t‘ harbor .

The bedrock 1s overlaln by sedlments of 1ate Tert1ary age on the terraces'
the oldest belng the St George formatlon of shallow marlne orlgln. Lylng

iunconformably on it 1s kthe Battery formation which caps the terrace locally.



”Af!:‘This formation is composed of non-mar1ne and weakly 1ndurated conglomerates,iigm

”V"isandstones and 511tstones. Along the beaches and near shore, recently 557

‘:dep051ted sand covers the bedrock 1n pockets of var1able thicknesses and in. 4

:.the tombolo under the sand barr1er. The general littoral drift 1s from the T B

"'inorth although construction of the outer breakwater locally altered the‘g‘~u,"

fipattern. ThlS alteratlon causes shoaling 1n the harbor and also agalnst thegg

" outside of the'sand barrler,_‘

he f3 1 3 Faults and Seismicity. Reglonally, the geologic structure and

‘teseismlcity is governed by plate tectonlcs as’ 1s the rest of the west coast

g eThe Junction between three of the plates forming the earth's crust forms an~ :

‘lescarpment extending west off Cape Mendocino less than 100 miles south of o

‘ CrescentﬁC1ty; The Pacific Plate to the south is mov1ng laterally against the]p;.‘

"fGorda Plate to the north. The Gorda Plate; 1n turn, 1s be1ng subducted or'
'{Vthrust under the North American Plate which forms most of the North Americanihwjb
jcontinent" The Junction between the latter two plates extends roughly |
‘,fnorthwest 50 miles offshore from Crescent C1ty along the Continental Margin;,,u
'?lhThe shelf between the margin and shore off northern California is a region of;.d
;structural transition containing northwest trending faults.1 These latter ‘

'tifaults are caused by lateral movement along the San Andreas fault south of

- __7Cape Mendocino into the shelf to the north. Most seismic activ1ty is fffd

/'fl_generated along the Continental Margin and the San Andreas to the south.A The'ﬂ"

San Andreas fault however, is considerably more act1ve than the continental &
iﬁmargin.v Around Crescent C1ty, faults occur but none are known to underlle

V;theuharbor or,occuriwlthln 6‘m11es'offit;; The largest fault 1s the South Fork”“

l:fk5Mounta1n fault which forms the boundary between the Klamath Mountains and the'tk

‘Coast Ranges prov1nces., However, act1V1ty on 1t 1s 51gn1f1cantly less than on;"



‘)the'San Andreas'and other Zones;to'the south;’ Since'the'degree of‘regional |
seismlcity is. con31dered moderate, Crescent City is: on the borderline between
- seismic zones 2:and 3 on Algermissen s seismic risk map. Earthquakes w111 |
'4occur within the next 50 years, but realistically, not greater than in the
Rlchter magnitude 5 range. This would not cause;damage to either the sand
 barrier or the inner'breakwater'other’than dislodgement'of:occasional’*‘.
’~'stones. ‘The most llkely selsmic 1mpact to the structures would be from
activity around Cape Mend001no. However even though the event could be
»greater than a. magnltude 5, attenuation to: Crescent City would subdue the S
'energy to non destructive levels, although‘mlnor damage, as mentioned above,

is. p0831b1e. e ‘; : S

' .3 1.4 Des1gn Armor Stone Gradations.f The -design stone gradatlons for the

structures are based on data obtained from drawlngs of prev1ous constructlon'
;,and repairs, see p1ates u, 7, 9, and 10. The outer zone of~the,sand barrier
ﬁxcons1sts of "A" rock ranging in size from y to 6 tons.s Subsequent repairs
- con51sted of stone from 3 to'7 tons in s1ze,_ The or1g1nal 1nner breakwater
’armor cons1sted of theffollowing' ocean s1de, Class "A" stone of 70 cubic
 feet (5. 8 tons) or larger ‘with an average of 100 cubic feet (8 3 tons), and s
' harbor 31de, Class "B" stone wlth a range from 25 to 70 cubic feet (2 to
- 5.8 tons) with 50 percent of the stone largerfthan,50 cublcvfeet (H»tons).
, Subsequent inner breakwater repair‘consisted of thevfollowingﬁ ,ocean side,
o Class‘"Ah‘stone of 110 cubic feet (Qgtons)‘or larger;with)an average of‘l55'
cubic feet (12 8 tons), and harbor 31de, Class "B" stone wlth a range from 25
’to 70 cubic feet (2 to 5 8 tons) of 50 percent of the stone larger than 50
cubic feet’ (H tons) . Armor stons for the 1nner breakwater extens1on cons1sted
of a minimum size of 9 tons, an average size of 11 tons and a maximum size of :

(
13 tons.



"'h_B;JLS )ConStruction‘and‘Maintenance“HiStory{ﬂpfffgrff Sl

"4f"3{lr5;ly Sand Barrier;:t”1f;;75i,pﬁf“i“f?

f71935— Construction of the sand barrier was authorized 1n House Document

fi No.VUO After the main breakwater was completed in 1930 the harbor began

i shoaling with about 180 000 cubic yards of sand a year. The predominent sand _f

'vrmovement 1s north from the adJacent long beach down coast.‘ Initial shoaling

”'Wsteepened the beaches 1n the harbor out to about -12 feet MLLW then began

‘fispreading over the entire harbor hampering ship movement.; It was expected p7

| "that a sand barrier would be effective for only about 11 years. j S

"fll933- In April Congress appropriated $135 000 to construct the barrier f‘Inyfjhlh

r;May, the Corps of Engineers mapped the proJect area and conducted probings on j"

"‘f'the submerged tombolo along the barrier alinement between Whaler Island and

~fishore.. The exploration 1ndicated the barrier would be underlain by from 1 5
Twito 25.0. feet of sand over bedrock, see plate 3 Also, at this time, the
';hHarbor District negotiated with Eric Lynders to purchase Whaler Island and
\bimade a contract w1th Hobbs-Wall and Company to furnish stone (royalty—free forh‘
mhIthe U S ) for $0 10 a ton from Preston Island quarry on the coast 2 miles -

'bnorth. A road was graded 1nto the quarry to replace the train trestle

‘spreV1ously used In December the contractor Hanrahan and Connelly, started R

. 7.; construction of the sand barrier which was expected to take 6 to 8 months to

o complete.‘ The Contractor S, bid for the stone was $1 78 a ton placed

v'1939-' The barrier was. completed by m1d-year with a total of 67 H58 tons of
o stone at a. contract cost of $106 516 75.( The final section constructed was a a

'modification of the de51gn section and is as shown on. plate 3

A1




,19&9;:- The OCE annual report for FY- 19”9 and draW1ng no.p8 9-27, see plate H
i 1nd1cate repalrs were made to the sand barrler crest.y Roughly between

‘rstatlons 11+00 and 15+00 2 163 tons of stone were placed at a cost of

e $10 721 15 No detalls ‘were found on the contractor or the quarry -from whlch‘

"'the material was obtalned.v No mentlon of the repalrs was made in e1ther

‘ Crescent Clty‘newspaper other than on,February 8, 1952, the Trlpllcate notesﬁ”“:A’~m-\
- ‘that the sand‘barrierdagaln needed,repairs,-and had beenbrepaired in 1946

h,(51°) about the time the 1nner breakwater was constructed The actual repalr'

date 1s vague, but most likely was. late sprlng of 19”9, at the start of

| constructlon of the outer breakwater exten51on by Macco and Morrlson-Knudsen.

“1952-; funds in the amount of $35 000 were approprlated for repalrs to the
lsand barrier., Agaln, no detalls of the repa1r are avallable other than the
Trlpllcate noted on March 28 that the contractor was waitlng for the weather

’ to 1mprove in order to start work It 1s noted in.an SPN office memo dated 1H
‘Aprll 1952 that the proposed advertlslng date for the repalrs was 1 May

1952, . Ultlmately, 2 382 cubic yards of stone ‘at a contract cost of $50 622.62

p,were placed in a 900 foot long reach extendlng shoreward from Whaler Island

' see plate 5 these repairs: modlfled the crest by ralslng 1t ‘to the top of the

1‘ rock parapet at elevatlon +13

,1961-’ A DF dated 17 August 1961 presents stone requirements for: maintenanceh
- to the sand barrler as’ 51 tons (30 cub1c yards) for core materlal and 81
'tons (MB cubic yards) for armor.‘ No locatlons or other documentatlon iS~ -

given.for the need of these repa;rs.,
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o 1965-,‘ A 1962 1nspectlon report states that the barr1er had sustalned damage

: :*fs1nce last repalred 1n 1952.v Also, the crest elevatlon 1n several locatlons,

fhad lowered to between +6 and +8 feet MLLW (from a mod1f1ed elevatlon of +13

.,’_feet MLLW) An 1nter1m report for nav1gat10n publlshed in' 1965 states that

'77;’the sand barr1er has not measurably reduced shoallng in the harbor,ialthough

vlb‘lt has offered protectlon from h1gh waves. No mentlon is- made of damage from S

~vthe 196H tsunaml |

"f1970-'y A letter from the Crescent Clty Harbor Comm1s31on to the San Franclsco"
ﬁf D1str1ct states that the easterly sectlon of the barr1er at Whaler Island is

'”fln need of repalr and that sectlons are H feet below grade.; Photos taken from e

'g7p'Whaler Island show dredge flll along the harbor s1de from shore out about 500

)‘p; feet but no 1ndlcat10n of damage. A DF of a Corps of Englneers 1nspectlon of‘”

,17 June 1970 d1d not mentlon any deflclen01es 1n the sand barr1er other than f.;":

‘,stones on the crest near shore were shattered poss1bly due to heat cracklng

}nthem when dr1ftwood was burned after the 196M tsunam1

'~T972;1 The Harbor Commlss1on applled for constructlon of a seawall 1n the
'charbor 200 feet from the barrler and para11e1 w1th 1t The wall 1s to extend f‘

‘l_hto Whaler Island and the space between f111ed wlth 76 000 cub1c yards of

,;dredged sand.;df

"*S198l- f Storms caused damage to the access road and parklng area recently

'7constructed adJacent to the sand barrler crest the barrler 1tse1f was not
l ,damaged See flgure 1 for a typlcal cross-sectlon of the sand barr1er at the ff'*

‘“1present t1me.”



‘p 1983¥" A shoaling study conducted by the San Franclsco D1str1ct reports that'
average shoallng was approx1mately 180 000 cy annually prlor to the
)‘uconstructlon of the sand barr1er and has averaged between 80 000 and 100 00 cy

since that time.

1984—' Armor ‘was scalped off the westerly 250 feet or s0 of the barrler and
"used to start a gr01n from Whaler Island a couple hundred feet south of the o

H,barrler.

3.1.5.2 Inner Breakwater.

1939- - A proposal was. made for harbor 1mprovements to. 1nclude another e
Ibreakwater extendlng northwesterly from Whaler Island towards Flat Rock for a’

”‘Ndlstance of about 1100 feet

“,~19u5-l Constructlon of: the 1nner breakwater was authorized on Marech 2, 19”5

o in a report on file 1n the Offlce, Chlef of Englneers, the ‘same date as House S

.Document ‘No. 688 76th Congress, 3rd se531on authorlzed extendlng the maln ,
breakwater to Round Rock The orlglnal de31gn called for a structure‘
f1100 feet long wlth a crest w1dth of M feet at a crest elevatlon of +20 feet |

MLLW.

1946; Contract was awarded to Basalt Rock Company’of Napa Callfornla ~who
yobtalned the stone for the structure from Whaler Island. The f1rst quarry
blast was on May 17 for whlch the c1ty had a blg celebratlon.' The breakwater
was constructed w1th 86 280 cub1c yards of stone for a length‘of 1120 feet, a‘
‘-.crest wldth of 15 feet and 1n water depths to a max1mum -20 feet MLLW, sSee L

plate 7 The flnal contract cost was $252 186

-



’":1965-‘7 An SPN interlor report states that the 1nner breakwater has had no_f; ;
27ma1ntenanoe S1noe constructed ThlS 1s because the structure 1s protected by 5

: Athe outer breakwater however, some surglng between the two structures was 5

T fcau51ng problems to faollltles and boats 1n the harbor. To reotlfy thls,~

‘5;300 foot long exten51on was proposed.; The new sectlon was to be sem1—perv1ous:'p‘
T'p'to most wave perlod ranges and essentially the same de51gn as the ex1st1ng

,‘-fbreakwater 51nce it has been trouble free._ﬂ‘-,, ok

-:f,197o_ An 1nspectlon of the 1nner breakwater 1ndicated 1t was 1n good :

‘ ;‘condltlon w1thout any need for repa1r."'

T?1972-p Contract No. DACW07 72-C 0026 was awarded to the Sllverberger Corp.sivf
: tInc., to bulld a HOO foot long exten51on at a b1d pr1ce of $966 7”0 00.‘ The

kTspeclflcatlons oalled for placing 102 000 tons of stone and remOV1ng and

“‘v] replaclng 2, 900 tons of armor to t1e the exten51on to the ex1st1ng breakwater, v

'«fsee plates 8 and 9 Speolfled stone 51zes are shown on these plates.,-

1];\ Stone for thevflrst half of the exten51on was greenstone Trom the‘MoVay
‘quarry, depletlng 1t The outer half of the extens1onvls oomposed ongabbro»

'T;from the Gardner Rldge (Bankus) quarry also near Brooklngs, Oregon. In an.
'fjlnspeotlon on 6 Apr‘ll 1973 the‘exten51on was oomplete except for cleanup.,;Itvﬁ"
lk,was noted that the rook 51zes and slopes conformed to the plans and | e
‘7;‘;spe01flcat10ns. The‘actual contract cost and f1na1 quantlty of stone forvthei“

'k; exten51on was. not glven 1n the 1973 Annual Report of the Chlef of Englneers. ;;[T[

B 1977-; An 1nspectlon made of the 1nner breakwater found 1t was 1n good

‘ condltlon.; On the exten51on, some of the flll materlal border1ng the oonorete;f‘o

“‘d1aphragm had eroded leav1ng the d1aphragm some 2 1nches h1gher than the'f}«‘*'

‘"]pcrest./ S



980-,= A post-earthquake inspectlon of the inner breakwater on 2 December‘,
1980 1nd1cated the strong shock that affected northwest Callfornla d1slodged 3

‘stones from the. structure ] crest.

1983 Storms in early 1983 caused sllght damage to’the inner breakwater ““
'wh1ch was repalred by Contractor A. K. Tonkln under contract no.rDACWO7 83~ C—"
0025 Repalrs were’ made at three locatlons comprlslng a flnal quantlty of

>:1 4y tons of "A" stone and 399 tons of "C" stone, another 6HO tons of
ex1st1ng "A" stone were reset, see plate 10 - The. new materlal was greenstone
from Tonkln's Llscom Hlll quarry near Blue Lake. :Total contract;costvwas

'$75 458.13.
1 3.1.6 Quarries.

, f§ better evaluate the performance of the stone materlals oompr1s1ng the
) sand barrler and the 1nner breakwater, the quarrles supplylng the stone were
also 1nspected.‘ The intent was ‘to compare the performance of - the materlals in
‘the quarries with ‘their performance on the structures andbln'theﬂouter'
’breakwater, 1f they had been used there also. For thetsandlbarrier, one
’mnquarry, Preston Island was used in the or1g1na1 constructlon in 1939 and
',poss1bly for' the 1949 repalrs. Presumeably Sugar Loaf quarry was used for
erepalrs 1n 1952 although no reference to the source has been found.
Greenstone from Whaler Island was used- to construct the orlglnal sectlon of
“the 1nner breakwater in 19&6 When Lt was extended ‘in 1972 1973,,greenstone‘
'nwas obtalned from McVay quarry for the first half and- gabbro from Gardner

| Ridge in Oregon for the last half Armor for the 1983 inner breakwater
fpepairs is greenstone’from'LlscomlHlll quarry. 'The followlng paragraphs,

= describe/the observed conditions in each quarry and-laboratory dataris,given,'
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yliwhen available. Materials from Preston Sugar Loaf and Liscom Hill quarries |

'also were used in the outer breakwater.. The 198” evaluation presented in that:

‘;'fConditlon Survey report are restated in this appendix with updated information L

'fvwhere available.v Quarry locatlons, except for Liscom Hlll are presented on w~>

.Y;plate 1.

PRESTON ISLAND QUARRY Material from this source was used to construct
'“the sand barrler 1n 1938 1939 and for constructlon and malntenance of the

-ikouter breakwater between 1923 and 1930 and again 1n 19”7 The source was -

' ’f‘apparently depleted 1n 19"9 w1th the repalr of the sand barrler..The quarry

; 1551te lS access1ble by a paved road off Pebble Beach Dr1ve about 2 miles north

I‘fmof the sand barrier., The quarry was a sea stack some 200 yards across and 100 g

fv,feet high progecting from the shore.» Presently, all that remains is a floor _g

'“'at about elevatlon +10 MSL.

The rook 1s greenstone (metabasalt), light green 1n‘color with random :5'

“:;White quartz seams up to:2 1nches wide.i In the outer breakwater armor, 1n
VIlesser amounts, is dark 8ray medlum grained graywacke‘and a few pieces of a
'j?dark maroon colored shale wlth random white quartz seams, but only theqjif

,yfgreenstone was observed 1n the sand barrler.v In the quarry, the shale oocurs E

rf171n 1rregular bands that are totally sheared compr1s1ng over 1/3 of the

-ffloor.b Interestingly, there is no waste at the s1te.3 It is speculated that’
"the waste, including the sheared shale, was placed in the sand barrler core‘iy~r7
:zone. The exposed greenstone has deteriorated somewhat by dlssolutlon or ‘

<f7mechanlcal er051on, g1v1ng the rock a "fuzzy" appearance., Although pieces

"remain angular no sharp edges ex1st and surfaces show considerable etching.y,'ff"

Laboratory data indicate that the greenstone 1s not Similar to that 1n the

T‘*af“jT;fb




'Trinidad and.Liscom.Hill quarries.~ Of the Preston Island greenstone; two‘

ssamples tested have a bulk SsSD spe01flc gravity of 2 63 and 2. 69 w1th a

‘relatively high absorptlon of 3 0 and 2 8 percent, respectively. The

greenstones from Tr1n1dad and L1scom Hlll have a con51derably hlgher speCific

. grav1ty of 2. 85 and 3 15, respectlvely, w1th absorptlon about 0.1 percent. "f
;The Preston Island greenstone was less dense and more "granular" whlch w1th a:
"sllght d1fference in the chemlcal compos1t10n accounts for its deterloration

N

- on exposed surfaces.

SUGAR LOAF QUARRY The quarry 51te is located on P01nt St George about R

"/mlles north of the sand barrler. The source waS‘yet another shorellne "rock" S

'-;'that has been leveled to about +10 feet elevation. Material was apparently

used for sand barrler,repairs in 1952 The rock in the old quarry floor is- o
;nearly massiyefgrayuacke‘with several’conglomerate zones and shale beds.{ The'
‘lexposed rock is light gray green to brown mass1ve, hard and moderately dense o
and in excellent condition. Surfaces exhlbit no deterioratlon, ‘edges are
sharp‘and'noyetchingiﬁas observed.‘_Along the water;line;lonly slight_rounding
of the edges‘has‘developed. yIn zones'with shale clasts,~the softer¢shale has
.eroded out g1v1ng the graywacke a ve31cular appearance.} Someiof the rock:
fexhlbits open seams which resultAfrom‘eroding of dissolvable materlal in the
ostrong'planaryjoints;‘ Considerable splitting of the’rock oceurs w1th1n the
ouarry floor much of whlch is a result of the blastlng, but these cannot ‘be ,'
[rdistlngulshed from those spllt by’ weatherlng. Laboratory testlng‘results

| findlcate,the bulk SSD spe01fic gravlty is about\2;72:with_a-0.1“percent |

-absorption;‘
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‘ ;’~ffor whlch no data or descrlptlon ex1sts 1n the San Franclsco Dlstrlct quarryfg;

About half a mlle south of Sugar Loaf there is: an un1dent1f1able quarry_}'

; /

‘sbflles. Th1s may be the McNamara quarry, and 1s not a "rock" as the other Y

Tvquarrles were.» The material is agaln graywacke, 31mllar to the Sugar Loaf

'v;cimaterlal but 1s dlstlnctly bedded the thlckest stratum belng about three

'ﬁ,‘:the breakwater. The rock 1s greenstone, a llttle more dense than that from

::feet. However because the beddlng 11m1ted the s1zes avallable for armor, 1t

s doubtful whether any was used for crest armor repalr 1n the sand barrler.;'

: S

”WH‘ALER I‘Sl.AN’D' oiJARRf'.‘ ';Materialffromx the f'i'sl';.d};;as' ’usedk toconstruct tkhé'
fu1n1t1al 1120 foot long segment of the 1nner breakwater.‘ The breakwater is thef:

tionly known prOJect us1ng stone from th1svsource., Although the Corps of
'ffEnglneers has a perpetual easement from the c1ty for materlal, encroachment oflk\v'

,~harbor fa0111t1es and enV1ronmental con51deratlons llkely pre-empt further c5"‘

exp101tatlon of the source.. Some 86 280 cublc yards of stone were placed 1n

;1iPreston”Island? It is reported that graywacke also occurs on the 1sland but5;
‘fhlﬁéhe occurs 1n the quarry except for a few p1eces from another source dumped
"along the toe. The rock 1s a mottled gray green w1th color varlatlons to

,?blulsh green and almost a tan. J01nt and fracture surfaces are strongly
L coated w1th rust and ox1datlon whlch tends to hlde the natural rock color.‘v
't’Surface colorlng 1s what dlstlngu1shes the appearance of the Whaler Island _ffb -
J’ greenstones,‘from other greenstones, although the Llscom Hlll stone 1s k
~:somewhat s1mllar. Of the three faces 1n the quarry, the most materlal waslf
Tataken from~the'center. Hhen 1nspected in Aprll 1986 _none- of the rock has ;v
'h.deterlorated slnce exposed HO years ago, although the surfaces have sllghtly
':dlscolored No or1g1nal test data or quarry evaluatlons could be found Af'

‘vsample ‘of the mater1a1 was tested at SPD 1aboratory and found to have a bulk

.-‘



B speciflc gravlty of 2 67 and an‘absorptlon of‘O Y percent no abras1on.test
Vfwas ‘made. The principal constltuents are chlor1te, quartz and plagloclose

e feldspar, see Attachment No. 2. Numerous fine sub-parallel ve1ns, contalnlng
bmostly 1ron ox1de d1ssect the rock | | |

McVAY QUARRY. Construction'of the'inner‘breakwater ektension,in“1972,wasbg

‘ ’begun w1th stone from McVay quarry, depletlng 1t.‘ TheVSite,vanother sea stack |

 located on the shore 2. 5 miles south of’ Brooklngs,“is nowﬁleveled andvthe“only .

‘remnant is a small ridge of waste.- Houses now dot the surroundlng area, pre-‘

ﬂ.empting further excavation below the ground surface. The floor and waste;pilefv

'are mostly grown over, but the rock VlSlble is a(hard and" dense undeterlorated

greenstone.» Although no speclflc laboratory data was found, 1n the 1972 Bas1sk"

“for Des1gn it was reported that the spec1f1c gravity (Bulk SSD) was 2 67 to |

2 79, absorption was 0.5 to 1. 3 percent and the abras1on loss (L A Rattler)

,; was 7.9 to 13.1,percent. These data were furnlshed by the North: Pa01fic

Division as the:Portland District used McVay stone,prior t0'1965,<

GARDNER RIDGE (BANKUS) QUARRY § The'outer half:' ofthe inner -breakwater‘

: extens1on was completed with material from this quarry whlch is’ located a few

"a_miles northeast of Brooklngs along the Chetco River The quarry still

'contains material but appears to not have been in operation for. a few years;;
pos31bly since 1973 Accordlng to SPD laboratory testing, the. rock is a

. mottled dark green meta-hornblende gabbro w1th a. specific gravity (Bulk SSD)
of 2 82 absorptlon of 0.1 percent and a magnes1um sulfate loss of

0.9 percent. It is “hard, dense and d1ssected with fractures whlch have been
‘sealed.with ca101te and chlorite. The 1972 Bas1s for Des1gn also states that_'

the:abrasion'loss (L.A. Rattler) is:9,1jto 10.8 percent, as conducted by North
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T:flPac1flc Div1s1on laboratory., An 1nspect10n of the quarry faces and several

‘&stock plles in Aprll 1986 1nd1cated that the rock has not deterlorated afterjf_

‘uf14 years exposure, it 1s fresh durable and the edges remaln sharp.

~LISCOM HILL'QUARRY For the 1983 repalrs, stone was placed from Llscom R
"Hlll quarry, located near Blue Lake.‘ The rock 1s greenstone used frequently‘
'for repalrs ‘on the Humboldt Bay Jettles s1nce the 1960's and on the Crescento.’

101ty outer breakwater 1n 1979 and 1985 86 The rock 1s a dark gray-green

‘g_color w1th scattered whlte quartz streaks, hard,‘somewhat br1ttle and very

afdense.: It has a spec1f1c grav1ty (bulk SSD) of 2. 88 to 3 15, absorptlon of i

1‘0 2 percent abra51on loss (L A. Rattler) of 1” 9 percent magne31um sulfate
'-;{loss of 0 9 percent and no deterloratlon by the wettlng and drylng test wlth;
ivfelther fresh or. salt water.g Materlal on the Jettles and outer breakwater 8

fflnspected 1n 1984 showed no ev1dence of deterloratlon.f When the quarry was

'Thlnspected in~ 1985,’1t was nearly depleted and materlal was belng extracted for f«'*

"*;the outer breakwater repalr.

- 3f1;7'fFound5tioﬁ Conditions. =

¢}3 1. 7 1 sahdsna}fiéf. The sand barr1er foundatlon con51sts’of sand varylné oyf
'r1n thlckness from 25 feet at the shore end to 1 5 feet near the mldp01nt of f
'»_.the structure.} Underlylng the sand 1s bedrock consistlng of weathered kb
:U'sandstone and black shale _alternately bedded, plate 3 shows a proflle of the”f

'f;foundatlon.;de

";\3 1. 7 2 Inner Breakwater.‘ The 1nner breakwater 1s also constructed on

"'ybedrock con51st1ng of weathered sandstone and black shale alternately

iibedded In part thls rock 1s covered by th1n dep051ts of sand up to 10 feet o



f‘thick 1bivingeinvestigations,kwhichfwill’be'discussed-later, éive;indication
: :that the foundation is exposed bedrock from Whaler Island to about station’
'7+00 Recently drilled borings (1979) in the 1nner harbor adJacent to ‘the
v 1nner breakwater further reveal the sand dep031t is loose and also con51sts of )
.,,pgravels and‘shell fragments,‘varving amounts of»organic material and o
j occa31onal cobbles and boulders.' It'also”reveals‘the“bedrockfunderlving the
‘sand depos1t is'a soft bedrock, composed mainly of shale which 1s often
l ;sheared to claylike con31stency, containing frequent slicken31des, and closely"

Vspaced fractures and JOlntS. h

3.2 Field Investigation Results.

‘3.2;1 Above-Water Conditions,'

3.2.1.1 Sand Barrier; Since conStructed‘in 5939,xharborpimprovements andf

‘shoaling have: covered much of the barrier. The only portion visible is the
_crest and the ocean slope above elevation -1 MLLW, see figure 1. The‘toe was
fully exposed on both mapping days 30 April and 25 July 1986 when the low

, tide was -0 5 feet MLLW.‘(

i For the most part; the sand barrier is in goodiconditionkand has'incurred

‘little deterioration since last repaired in 1952.‘ The barrier was deSigned to

. ,be 2, 6#0 feet long, however, 1ts present length is approx1mate1y 2, 500 feet.

vThe shore end Just before station 0+10: appears to be the original end but the
’Whaler Island end is obscured Quarrying and subsequent harbor construction‘
have modified that end and above station 24+35, the armor is smaller and
‘blends with scattered piles of quarry- stone, road base and rock on the

;adJoining beach;;see photo‘1. Between stations 21+95 and 2M+35, the armor haS»



Jgfzbeen scalped and used to construct a short gr01n from the 1s1and about ,yf;f

;200 feet south, see photos 1 thru H The scalped slope 1s about 1V 3H coveredt‘f*
VTmostly w1th core s1ze mater1al from gravel to 6 1nches.l An estlmated one-_:V

3s5-th1rd of the slope contalns scattered remnants of small armor, generally aboutaﬁi

12 cub1c feet w1th the largest s1ze belng 10 cub1c feet ' The few larger p1eces=:"

r,d are the orlglnal Preston Island greenstone,vbut the 2—cub1c foot stone 1s fﬂ‘

‘?ﬁfdarker and more dense, s1m11ar to the Whaler Island stone., Much of the =

”‘l~exposed small stone 1s also darker greenstone and therefore, llkely 1s not

a~core mater1al but was added after the scalplng._ Approxlmatley half of 1t is

\t,:weathered brown and sllghtly rounded as 1f 1t was re-cycled quarry waste. tThe '

"f:”materlal does not appear to extend under the 1n—place armor down statlon of

W]21+95 Apparently the scalplng occurred 1n 198M and because of the area s
1protected locatlon by the 1sland and the gr01n, thls end has sustalned no ﬂd

f;ﬁgstorm damage 1n the past 2 years.,gft"'?

The crest averages about 10 feet 1n w1dth belng sllghtly w1der or

' v;‘narrower from the edge of the ad301n1ng road flll.\ The crest 1s full w1dth

fabove statlon 3+00, see photo 5 narrow1ng down statlon to a one stone w1dth
lrat the shoreward end. The sand barrler has been repa1red tw1ce, both tlmes to,if‘

: :the crest Accordlng to the contract plans,‘see plate Nos..u and 5 the 19M9,.7'

->7,repa1r although vague, extended from about statlon 11+00 to 15+00 and the

;,‘ 1952 repair from statlon 15+00 to 2M+00 As mapped in 1986, see plate No..

_fthe actual 19H9 repa1r bagan at statlon 9+75 1nstead of 11+00 The present up' e
'statlon end abuts the 1952 repalr at statlon 1H+50.; The actual 1952 repalr,
‘~‘7then extends from statlon 1H+50 to beyond 21+95 and may have 1ncluded 50 feet,“

*:fof the 19H9 repalr., Another patch of the 1952 repalr extends from statlon ,? S

'”~cfg9+25ito;9+75,. Included w1th the 1952 repalr, that portlon of the crest was ; ;;,



fralsed to a full +13‘foot elevatlon behind the parapet;’see‘plate No.IS,TVIt

'15 not known when the remalnder of: the crest was ralsed to- a full +13 feet
"'MLLW although the 19”9 repalr also appears to. have ralsed that reach of the

”'crest.v The crest contalns Whaler Island stone down statlon of 9+25 to shore,l
- whlch must have been placed some tlme after 1972 when the island wasvflrst

quarried. The 19”9 repair was made with Preston Island greenstone s1milar to

r;' the stone,comprlslng the or1g1na1 structure.g»The 1952 repalr»was made Wlth

"graywacke whlch is easlly d1st1ngu1shab1e from the greenstone, See photos 6

' rand T The graywacke is a gray brown Wlth occa51onal whlte seams and strong

*'very planar j01nts wh1ch form flat faces. The\greenstone is more of a gray
green but frequently the surfaces are ox1d1zed a darker color above the surf

5zone,~resemb11ng the graywacke. The surfaces, however, are not usually planar

2 and are- rough or etched from surface d1s1ntegratlon. Most of the graywacke .

has not deterlorated but an estlmated 10 percent have spllt, see photo 8. It
is also estlmated about half of the graywacke has through-g01ng seams with a
;potentlal for spllttlng. Pleces range 1n s1ze from 75 to 100 cubic feet w1th ‘
_fa few~pieceS‘as small as 10 and.as large‘as 150 cublcgfeet. ~Fromistatlon!»
0 17+65‘down to about;l1¥00, pieces’ofjgreenstone’fromiWhaler’Island to'6ecubicf
ffootasiae’aredscattered1along the eagé'éf the road Th1s materlal is 1h’
V'eXCellent‘condltion’and shows noysigns“of deterloration.‘ The stone is llkely
related‘to;the road construction,rather.than barrier'repairs,b51nce‘none is -
‘found on‘thefbarrier itself. ’ A‘“Af - | 5 i |
Throughout the ocean slope, the Preston Island greenstone is~ln:very good
condltion, especlally below the mean high tlde 11ne where the surface‘ |

" deterloratlon is light‘ although the edges may be sllghtly rounded pieces

remain angular, The armor 1s s1gn1f1cantly rounded 1n a small zone around '

ooy



'7statlon 21+00 where cobbles on the ad301ning beach have worn them.; Overall

v QT;llttle armor. is: mlss1ng on the barrler and 1s llmlted to between statlons ufgiw'”

‘“ﬁl3+00 and 8+00, out51de of the area scalped of armor above statlon 21+95

":ff81ngle stones are m1s31ng at statlons 3+30 6+00 6+H5 7+35 and 7+85, see w%h7 "

louw;;photo 9, and two stones are m1551ng at statlon H+60 where some smaller stone

l:t,(core°) 1s exposed, see photo 10 The small stones had been exposed for some_ﬁ |

‘t1me as they were rounded and do not 1nd1cate a weak area 1n the structure.‘jh‘

”fb3 2. 1 2 Inner Breakwater.v The breakwater 1s in excellent condltlon above Ab:frh

l"uf'water w1th only very mlnor deflclencles.ﬁ Slnce constructed 1n 19"6 and

'5"extended 1n 1972 the structure has changed llttle, see photos 11 thru 1u

e Two modlflcatlons are the Coast Guard faclllty whlch covers the lower two- ‘1‘

| :'ithlrds of the harbor 51de slope for about the flrst 600 feet and fuel dock

’é;’ﬁfaCllltleS attached to the harbor 31de between statlons 7+50 and 10+00 the

:*)Tlatter has 11ttle altered the breakwater, see photo 12. The trunk (1120 feetr””

J'long) 1s constructed of Whaler Island greenstone, see photo 15 The stone 1s i
¥;1n excellent condltlon and contalns no deterloration or wearlng, edges have

'3~Irounded llttle along the water llne.t Between statlons 1+00 and 2+50 on the'

‘ ocean 51de, a: bedrock knoll outcrops on the ocean slde, an/exten51on of Whaler .

| Island., It rlses to near crest elevatlon at statlon 2+80 and extends f*
a;laterally to 30 feet from the centerline. The only repalrs made to the

”‘n]structure were in 198H at the follow1ng three locatlons.

f[Presen£MSte£iehinngflllf;1 ﬁfffx‘ﬁ oflglne1kséetioﬁinsk}f5°"
3+30 to 3+65 ‘dfbfif:?r{ie?; 3+50 to 3+85 %d59rdss&¢ré5??if‘”
3+95 to H+55 iﬁfi”sj»n‘lsz H+15 ‘to H+75 :‘acrossccrestf 7
l 10+7o to 11+uo ’flji37f~;fp>H0+9o to 11+60 ;;eeeae;exepei:.i



‘The repalrs are not readlly d1stlngu1shable as. the stone used from Liscom Hlll
is slmllar appearlng to the Whaler Island stone. In addltlon to the above'
repa1rs,rextra stone has been placed 1n the sea s1de corner between the knolle
“and the foot.of the breakwater.f In the repalr around statlon 11+00 thek
sLlscom Hill stone has been somewhat mlxed with the McVay stone on the
"extens1on and the Whaler Island stone further compllcatlng d1st1ngu1sh1ng
”between the three greenstones. From statlons 11+00 to 13+00 the breakwater
'1s composed of the McVay greenstone whlch shows no s1gns of deterloratlon
' other than the usual very minor roundlng at the water llne, see . photo 17
JBeyond station- 13+00 to the head of the breakwater, the structure is composed
luof gabbro from the . Gardner Rldge (Bankus) quarry. Th1s materlal also is in
~ excellent condltlon exhlbltlng no deterloratlon and remalnlng hard, in fact ‘

and durable, see photo 16.

; Throughout the breakwater, the above-water slopes are regular and conta1n
yno pockets, holes or m1s31ng armor. At about statlon 6+25 the ocean slope i
'takes a sllght jog steepenlng sllghtly up statlon. A:concrete d1aphragm wall’
‘;approxlmately 2 feet w1de-extends from statlon’10+95 to'l5415}along the '
‘ centerline,vsee photo’17.l;The walliis in excellentycondltion‘andbcontains'
~ only one crack which is thin. The '»'erest7_s;¢ne' tends to be smaller vbecause of.
}the'wall and numerous,cobble sizes occur along‘lt; Stone has washed out.along
fthe wall from statlon 13+85 to 15+00 on the ocean s1de and 1H+15 on the harbor
‘f,side leav1ng the wall exposed up to 3 feet hlgh,‘see photo 18 ‘Road. base from
the 198H repairs caps the crest except from statlon 6+25 to 9+75, above |
: statlon 11+10 no road was constructed Numerous small scraps of weathered and

“unusual irock types exlst 1n the reach between statlons 6+25 and 9+75 1nferr1ng

road base once ex1sted there also, but has been partlally washed off. A large
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e,:part of the harbor slope above approx1mate statlon 12+00 contalns small f; -

1"1angular rock from the crest to the water line where a small bench has formed

/,

"‘Tfsee photo 1& The bench 1s especlally dlStant around statlon 1M+00 the ;

"~stone 1s not core materlal but small crest materlal from adJacent to the

inp{dlaphragm and old road base. e_fifil"‘?.i

',3 2 2 1 Sand‘Barrier. Because the harbor slope 1s covered wlth flll for the :v;
""jharbor facllltles and the ocean slope has shoaled to elevatlon -1 foot MLLW

,"fno underwater 1nvest1gatlons were conducted. . 1{"

"‘,13 2.2, 2 Inner Breakwater._ The 51de scan survey conducted on 25 July 1986

lij 1nd1cated no. deflclencles ex1st 1n the below-water slopes.~ On the ocean 51de,?

'the rock knoll is” ea51ly dlstlngulshable from the "nubby" 51gnature of the ;r"i"““

>Xi}breakwater armor on the records by 1ts more smooth and ma551ve face. A small

”r:udetached bedrock p1nnacle about UO feet 1n d1ameter occurs around statlon M+75

'”);and roughly 20 feet from the breakwater toe.f The toe and slope for the most

:‘”’part are sllghtly undulatlng w1th patches of detached stones along the toe

‘faround statlons 3+50 and 10+50. The former locatlon 1s the 51te of one of the S

);198H repalrs and is probably from storm damage. The latter patch 1s llkely
from constructlon in 1972 when the armor was removed from the orlglnal head at

' statlon 11+20 to JOln the exten51on to the trunk., Around the present head and‘l

“‘lyrfalong the harbor 31de, no unusual features were noted although kelp on the

"*harbor 31de down statlon from 15+00 masks the slope."'

The dlvers conflrmed the data obtalned by the s1de scan sonar., They found
~the ocean floor was mostly exposed bedrock from the beglnnlng of the d1ve at b

.gdfstatlon M+00 to about statlon 7+00.‘ Up statlon from there,,the floor becomes

v‘d~927i;ﬂi;rﬁ?f°ff;fff'ﬁhsllh'\: ‘



:more sandy w1th’some s1lt.’ Almost all stone on’ the ocean floor”was armor 51ze‘*v
'except for a patch of one- foot dlameter stone in a swale H feet across at
“about statlon 11+50.' ThlS stone had been there for sometlme as 1t was ooveredff
w1th marlne growth and kelp., A patch of. armor stone at statlon 10+50 extended
o out some 50 feet was lylng on the sand and as was. the other stone, 1ndlcat1ng
llttle change has occurred in the floor on the ocean s1de. In the slope_zg
‘itself‘ no holes slumps or‘other 1rregular1t1es*were noted Around the head
lkvlnto the harbor, shoallng has ralsed the floor from elevatlons of 20 toa-30
feet to about 6 feet MLLW. Dlving was d1scont1nued down statlon of 1H+00
because - of the heavy kelp, shallow floor and very bad v1s1b111ty.; It was
:"noted however, that armor on the harbor side protuded through the sand and

'that the sand contalned more s1lt than that on the ocean s1de.‘

73;2.3 lArmor Stone'Gradation;i

3. 2 3.1 Sand;Barrier.« Five stationslwere surveyed'for”stone‘size

“determinatlon on -the ocean S1de of the structure., Because of 1naccesslb111ty
,to take photographs of the mlddle reaches of- the structure, v1sual

) .observatlons were used to compare the relatlve sizes of stone with adJacent

'reaches. It was determlned that the stone gradatlons are\representatlve of

o the average stone sizes.of statlons 9f00 and’20+00. Table 1 llsts the stone
egradations’and the auerage was conputed by'using ahueighted‘average of.results
.obtainedrfrom~evaluation of the entire'structure;':With the»exception‘of"

"station‘2M+00,'ten percent of the stone welghs,less than 0,5‘tons, the average

stone ueight‘is about ]§6 tons,‘and the maximum stone welght'is abouthu tons.
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',;3 2 3 2 Inner Breakwater. Elght statlons were surveyed for stone 31ze
,_,”determlnatlon for the 1nner breakwater. Gradatlon results for the survey are

”1ncluded on Table 1 For the harbor side of the structure, between statlons f"

"f140+00 and 10+00 the gradatlons are only representatlve of the stone belleved

f7j to be part of the or1g1nal constructlon, 1n that the maJority of thls stone

’~has been e1ther removed or: subsequently covered w1th smaller 51zed rubble and ,'1
”;material representlng that of typlcal quarry waste., The gradatlon survey for (7

jfrthe harbor 51de of the structure,'at statlons progre531ng beyond the exten51on’v

7u,f’(slopes meetlng the water), revealed 10 percent of the stone to welgh less

'fthan 1 ton the average stone welght to be about 3 2 tons, and the maxlmum
*:stone 51ze to be about 7 5 tons,~ The ocean 51de of the structure survey had‘
'}10 percent of the stone welgh less than 1 5’tons, the average stone 51ze to be‘f

iabout 5 tons,‘and the maxmum stone 31ze to be about 17 tons. Statlon 11+00 ofbt
'.Lthe ocean 51de revealed the flnest materlal W1thout thls statlon 1ncluded 1nrd
7,1the‘average, 10 percent‘of the stone welghs less than 2 tons and the average

‘fstone we1ght is about 6 tons.’f;f&liv\

4. DESIGN ASSESSMENT..
: M,lr’Settlement.° AT

Settlement of the structures can take place due to sub51dence, ,,[ (7
fconsolldatlon or mlgratlon of the foundatlon 501ls, or consolldatlon of the

\'irubblestone w1th1n the structure 1tself. L1m1ted survey data is. avallable forff

'-the 1nner breakwater and only current survey data 1s avallable for the sand

“','barrler. Th1s data along wlth the 1nformat10n known about the foundatlon

”-condltlons are analyzed in order to assess settlement of the structures.if



’H;l.1“‘Subsidence. Subs1dence is a form of regional settlement 1n‘wh1ch areasi.

'cons1derab1y larger than that of these structures lower 1n elevation. The
"most common causes are from fluid extraction (011 or water) which consolidates
. the underlying strata, or tectonic, resulting from differential movement of
tthe earth'svcrust.‘ Although there is 11kely tectonic movement occurring, 1t slp

rate is slow enough such that 1t would not effect the structures during their

:;,‘life span. Fluid extraction is also not a factor, since the bedrock con51sts

k of well consolidated materials and no extraction from the bedrock oceurs.
1ocally. No other subS1dence-cau31ng mechanisms are known to be w1th1n close '

, ‘prox1m1ty to the harbor, 1ndicat1ng sub31dence does not 1nfluence the -

structures.

,M 1.2 Settlement During Construction. As preV1ously mentioned the 1nner

breakwater was. founded on a sand 1ayer)(0 to 10 feet thick) underlain by
leedrock During construction the stone being placed 11kely 1nduced an 1n1t1a1.
'.settlement 1n the unconsolidated sands. This settlement took place entirely
'jduring construction as th1s 1mmed1ate settlement is characteristic of coarse-‘
Agrgrained foundation s01ls.,’The d1v1ng 1nvest1gation revealed that from station
4+00 of the inner~breakwater»to about'station’7400»the‘ocean floor is mostly
iexposed bedrock which 1ndicates the foundation in th1s area is also likely to
be bedrock. There would be no foundation settlement where the structure is

constructed directly on bedrock.

The sand barrier is constructedion a sand'layer (O‘to 25 feet thick)l‘
funderlain'by weathered sandstone~and shale.a During construction, the stone

‘Abeing placed also 1nduced a settlement 1n th1s unconsolidated sand layer.-
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"M 1 3 Post-Constructlon Settlement Very 11m1ted survey data 1s avallable on

;othe*structures., Prlor to the Aprll 1986 survey, the only survey data ff;f_'f;\

'“¢°‘ava11able pertalns to crest elevatlon at two locatlons of the 1nner‘;bwby*

7fg‘breakwater.v The avallable survey data for the 1nner breakwater and sand

'\xbarrler are summarlzed Ain- tables 2 and 3 None of the benchmarks have been ,?T‘
‘isurveyed more than once ok the only settlement analyses wh1ch can be made arev‘

‘”Ft“a comparlson between the des1gn elevatlons and the present survey data.-r

'~fH 1 3 1 Sand Barrler., The de31gn crest elevatlon of the sand barrler 1s +13“"

;ifeet MLLW. Some of the survey data of Aprll 1986 (monuments SB 1 through SB-:'”
ly2U) were taken along the road approx1mately 15 to 30 feet north of the sand
'fy;barrler crest centerllne., Theserdata showed elevatlons ranglng from +13 5 to'ie
11+1H 9 feet MLLW ‘ Addltlonal survey measurementskwere made along the sand
:”barrler crest centerllne but are not 1dent1f1ed w1th monuments.ﬁ These data
’:are presented 1n table 3 and show a range of elevatlons along the crest from
 $12.5 feet at statlon 18+85 to +1u 9 feet MLLW at statlon 1+oo Slnce the =
iefoundatlon condltlons are s1m11ar to that of the 1nner breakwater and th1s e
'Jstructure does not 1mpose as large a. load on’ the‘foundatlon as the 1nner )f
‘,'breakwater,_the sand barrler probably has not settled | It is llkely the

TT:,fvarlatlons (-0. 5 to +1 9 feet) 1n crest elevatlon are due to constructlon and*

o repa1r.~:f

‘qu 1. 3 2 Inner Breakwater.~ The des1gn crest elevation of the 1nner breakwater‘1

"sdls +18 feet MLLW. The recent survey data 1nd1cate the crest ranges Ain- R

f;elevatlon from 16 8 feet at the head to 20 M feet MLLW at statlon 3+00.,yThe“e5

‘.dlaphragm wall ,constructed through the armor to the top of the 1nner L

'\breakwater exten31on's core zone, has only one crack : Had there been ;,



‘differential settlement in the foundation or; consolidation‘of the pubbiegtqﬁé
- w1th1n the structure, or. mlgratlon of foundatlon materlals, more severe
cracking would have been ev1dent It 1s probable that the structure was not
i constructed to an exact des1gn crest elevatlon of +18 feet MLLW and there has;

A"been no settlement.
4.2 Stability.

The stabmlity of the’structures agalnst wave veloclties and pressures 1s a
'~{concern of both the coastal englneer and the geotechnlcal englneer.‘ ThlS |
geotechnical appendlx presents a qualltatlve assessment of stab111ty based on
a nonrlgorous method to 1llustrate the relatlve destablllzlng effects of wave’
'“ve1001ty and pressure; The wave velocltles and pressures, as determlned from g
"the limlted wave data made avallable, are utlllzed in th1s appendlx as only |
t'one factor 1n asses51ng ‘the modes’ of fallure and performance of the
structures._ Quantltatlve conclus1ons are not to be drawn from th1s cursory
;analys1s, rather the 1ntent of this stabillty assessment is to 1dent1fy
poss1ble modes .of wave attack and thelr effects on- the condltlon of the-i
Vvstructure, and to provide‘recommendatlons‘for address1ng these condlt;ons_in

future repairs or designs.

4201 ’Wave Characteristics. ‘This‘stabilitv asSessment is‘based upon wave

‘data by WES (Wave Helght Estlmate, Sand Barrler and Inner Breakwater, Crescent-
;.C;ty, Cal;fornla, 1987). Waves arrive from the south at about 220 degrees'il
azimuth, diffract around the outer‘breakwater'and propagate«through the
entrance channei,‘striking'the innerlbreakwater.p Non-breaklng wave condltlons,
‘prevail.where the 31gn1f1cant wave height (at a maximum storm t1de of +10 feet

~ MLLW) is'16ffeet,'w1th a perlod ofv12.2‘seconds.ﬁ,Waves striking the sand
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sf7jbarr1er arrive from the open ocean at an az1muth of 180 degrees. Shoallng

o s1gn1f1cantly alters these waves. Due to the shallow water surf

"*'f character1st1cs at th1s locatlon waves wh1ch str1ke the sand barr1er often

‘llfhave breaklng-wave character1st1cs.‘ The most damaglng condltlon wlll occur athp v

7h{ a maxlmum storm t1de of +1O feet MLLW and a perlod of 12 2 seconds., Th1s w111,f’

y o

‘7;result 1n a breaklng wave helght of 11 feet at the sand barrler..i,7”

h}‘iﬂ 2 2 Stablllty Agalnst Slldlng From Wave Impact.h Basednon‘wave pressure‘
‘diimethodology developed by Galllard and Molltor (1935) the inner breakwater and“ﬁ°;
“iexten51on were assessed for lateral stablllty agalnst wave pressures.h Th1s k
fghmethod/computes the total (statlc and dynamlc) pressure 1mposed by an g
Zﬁ.nunobstructed wave strlklng a vert1cal wall. Slnce the breakwater and sand
‘fszbarrler have 1ncllned s1de slopes rather than vertlcal walls, the pressure

'ft'would be decreased for the case of the 1nc11ned s1de slopes.’ Addltlonally, ‘b :

: the wave pressures are calculated assumlng the waves str1ke normal to the

h‘fstructures. Any dev1at10n from the normal angle of wave attack would decrease fff

~5the wave pressures. Therefore, the pressures obtalned 1n thls method are f,"

‘/Tﬂ_fconservatlve and can be safely used For the structures to be con51dered

o laterally stable, the frlctlonal forces wh1ch develop between the structure i
: :and foundatlon should exceed the wave forces by a substantlal amount., Thls
}; assessment 1s not made for the sand barrler because 1ts harbor slde has been e

Tvbbackfllled and would not be susceptlble to lateral movement by the

N

:comparatlvely small wave pressures actlng agalnst 1t To determlne the factor;yf'

jlof safety agalnst slldlng for the 1nner breakwater, the followlng assumptlons T«:]

‘ ~were made°‘~ Eae




(1) The height of the structures are equal to the differences in
'elevation between the foundation and the'crest'of‘the’structures\as determined

from typical cross-sections.

7(2)“The,specific gravity‘oféthe rock“is 2. 67Lfor‘both the'original’inner

-breakwater (constructed from Whaler Island quarry greenstone) and inner “

”~vﬂbreakwater exten51on (constructed from McVay quarry greenstone and Gardner

f‘iﬁidge quarry gabbro)

f' (3) - Thefweizht_of the rock below the w?ter'is‘decreased by Gvacf due to

.its”submersion,;‘
(4)  The significant waveaheightiis.that characteriaed,in‘paragraph’u.2}1.

(5) The‘coeffiCientrof the friction between the,stone and foundation
is O.H;' A

“Using the above‘assumptions, the,factors of safety‘against sliding are

2. 3 for the inner breakwater trunk and 3 1 for the exten31on. Figure 2\‘

'graphically depicts the wave pressure distribution at the structure. Givenv

the conservative assumptions of this assessment and that the factors of safety el

. are greater than 1 0, sliding is not a stability concern.

4.,2.3 Stability of-Armor Stone. Against Wave-Induced‘Shear Forcesg

-'4‘2'3 1 Overtopping. When a wave overtops a rubblemound‘structure; thebv
"limpact p01nt on the back slope of the structure 1s critical as the remaining
energy in the water w1ll be diss1pated at that p01nt, p0351bly displacing
:armor or capstone from the harbor side: face. The forces aoting at this 1mpact
p01nt have contributions from horizontal and vertical components for

fivelocity.: The horizontal component will ‘not exceed the-wave propagation

o



~:,velocity wh11e the vert1cal veloc1ty 1s due to grav1ty.3 The 1mpact forces

:fitffrom these overtopplng waves are llkely to be large enough to dlsplace the ;}

: ~dex1st1ng armor stones from the harbor side slopes at the 1nner breakwater. yo!w At

“.Thus far, thls structure has not been damaged from overtopplng waves.5{d ”

At the sand barrler,‘overtopplng waves‘have‘caused damage‘prlor t¢'19u9‘
‘f}and 1n 1952, see plates M and 5 for typlcal cross-sectlons of necessary

flrepairs.« 0r1entation of the sand barrler is such that wave attack normal to
: it is. impossxble;‘ However, southerlvaaves bu11d up as they travel toward S

lf‘-shore along the seaward face of the structure caus1ng 51gn1flcant overtopplng .

vand have previously resulted in- d1splacement of the armor stone.‘ The harborvﬁlﬁ ‘

‘7s1de slope is no longer subJect to the overtopplng waves because of the

‘regentfly'°°ns'°r“°ted adjacent road and parking area.’ .

“ffu 2. 3 2 Drawdown.; The‘poros1ty of aArubblemound structure generally 1s a o
L{;factor in the stab111ty of the ocean 31de slope dur1ng drawdown because the
fseepage forces 1nto the slope tend to 1ncrease the apparent welght of thel
°ivarmor stone. For small waves w1th low propagatlon velocltles, the small
’4amount of water remalning on the slope face after the passage of the wave Wlll h
‘ffdulckly d1sappear through the v01ds.f However,‘large waves w1th hlgh &
‘_propagatlon velocltles f111 the v01ds and cover the‘slope face and crest w1th ;
Hf;water. In addltlon a1rborne water falls back on the structure.: Because of
f'ithe hlgh propagatlon veloclty, the wave trough has already arrlved at the,’l~r
;1:structure, allowlng the water on the slope and the returnlng a1rborne watervto [~:
‘run down the slope.‘ The veloclty of the water runnlng down the slope 1s'a
'~p;funct10n’of the stat1c head of water remalnlng on- the.slope after the passage”w

7[;of the wave.f The veloc1ty as determlned by the statlc head is the same as the'

“vertlcal component determlned for overtopplng. Therefore, drawdown veloc1t1es¥




) willfbe_less,than the resultant;velocities ocCuringpfor the overtopping case
',at the inner breakwater and inner breakwater extension. The effect of
' {drawdown ve1001t1es should not effect the stability of the inner breakwater.

,"

At the sand barrier, drawdown velocities are not 1ikely to ereate forces :
1large enough to displace the ex1sting armor stones and should not be a threat

to its stability. '

~4.2.3. 3 Runup Velocities. As a wave makes contact with the. structure,,water‘

{runs up the ocean 31de slope trying to loosen and displace the armor stone.
‘The runup velocity is a component of the ‘wave' S horizontal propagation 3
‘velocity as determined in the assessment for stability against sliding.“The
fstones near the top of the slope would experience the max1mum runup ve1001ty

,'equal to the wave s-horizontal propagation velocity. These -are the probable :

bf'wave forces which displaced armor stone near the crest of the 1nner breakwater

B when it was damaged in 1983 Runup velocities are likely to cause the largest

: o waverforces acting on ‘the ocean 31de slope for the 1nner breakwater. These
vforces wouldllikely be large enough‘to-displace the smaller-Sized existing
farmor stoneiused’in constructingithe innerjbreakwater and a more significant

7amount-of’existing armor'stone at'the,inner‘breakwater extenSion;i
' At the sand barrier,vrunup ve1001t1es from the breaking waves will be less
than the. velocity of wave as it 1n1t1ally 1mpacts the structure. -Although

»less critical than the forces induced by the breaking wave at impact these

: forces are likely to be large enough to displace the ex1st1ng armor stone. '
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KTM 2 3 H Impact of Breaklng Waves.‘ ThlS partlcular assessment perta1ns to the il

':fi ‘breaklng wave condltlons present at the sand barrler.‘ As a: breaklng wave

“i’ystrlkes a rubblemound structure, the energy 1n the wave 1s d1ss1pated and has E

vr'an unravellng effect on the armor stone; tendlng to dlsplace 1t Th1s mode ofgfd’

| fallure was llkely exhiblted when the sand barr1er was damaged in the late f o
rlt19u0'5 (see plate “) and asaln PPlOP tO the 1952 repairs.: Dlsplacement of
';exlstlng armor stone due to the 1mpact of an: 11 foot breaklng wave can be‘

:expected and represents the most crltlcal mode of fallure at the sand barrler.h;fj

M 2 3 5 Scour. The 51de scan sonar survey 1ndlcated that there was no

lev1dence of scour at the 1nner breakwater and that there 1s shoallng around,‘;

T‘Ql‘the head 1nto the harbor. ThlS was conflrmed by the d1v1ng 1nvest1gatlons.j'ﬁp

B .11he sand barr1er has been effected by shoallng, whlch protects 1ts toe from o

"aapotentlal scour.f‘~"

"'lih 2 M Armor Stone Statlc Slope Stablllty. Th1s assessment checks the

T“fstablllty of the slope under statlc condltlons.3 The stablllty of the

‘*submerged portlon of the armor stone slopes was analyzed using the 1nf1n1te _I,;,,

"r]slope method assumlng that the 1nternal angle of frlctlon ¢ (phl) for the

lfﬁstone is H5 degrees.‘ The survey conducted 1n Aprll 1986 1ncluded 2 foot
'dlnterval contours along the exposed sand barrler ocean 51de slope and along
”rkthe 1nner breakwater harbor and ocean s1de slopes.‘ Evaluatlon of these data“”
l1ndlcate the s1de slopes are generally flatter than sp601fied in the des1gn.
f‘The de31gn slopes of these structures were used 1n thls analys1s’and are shown”k?
‘“llion plates 5 7, and 9 The factors of safety are 1 3 to 2 0 at the 1nner"‘
t‘breakwater;and 1.3Uatwthefsandfbarrler.i In.general,\,thebrea‘kwaterand“sand",ifi

‘]f_barrier‘slopes'are’stable.Tf‘ ‘




"4.2.5' ‘Bearing Capacity. In a‘letter dated 1950, it was reported by SPD t‘hat‘

the bearing capacltles of the foundatlon materlals at both structures are not
known. - The 1nner breakwater 1s bullt on a varlable layer of sand (O to 10
'_feetkthick)-over rock, whlle‘the'sand barr;er 1svalso,bu11t on a varlable‘ t
layer’o} sand (1‘5 toe25'feet’thick):over‘rOck., The: 5011 pressures apPlled by\
1 the structures to- the foundatlon are calculated by assumlng the water surface
‘is at +0 feet MLLW the speclflc grav1ty of the structures are 2. 67, and ‘the
"v01d ratlo of the structures are 0.4, Conservatlvely estlmated s01l pressures :
ﬁﬂk3 1 and 1. 6 ksf for the 1nner breakwater and sand barrler, respectlvely) are
not llkely to exceed the bearlng capaclty of sand and definltely wlll not ‘

“exceed the bearlng capaclty of the bedrock.

; ”4256 higpgtlon;’ When a iayer of,coarse~material“(soil orlrock) 5veflay$.é‘»t
layer of finer material,fit 1s pcssible the[fine naterialdnay‘nigrateﬂthrough
’the’yolds‘ofvthe coarse material.l Compatibility1between“these materials’such'
- thatkthe‘finer materialﬂdoes not migrate"through thedyoidslof the‘coarse ; |
materlal can be checked by cr1ter1a presented 1n the Shore Protectlon
Manual‘ At the 1nner breakwater, foundatlon s01ls can mlgrate through the
| lcOrestone due ‘to the absence of a fllter layer. Mlgration could have:occurred
‘durlng constructlon untll the stone was embedded in the sand. 1However; itvhas‘v
"~ not llkely happened 31nce because the>t1dal and wave actlon hasnttiappeared to'
“have dlsturbed the foundation soils near the toe._ The inner breakwater‘; :
Yextens1on was constructed on a fllter layer whlch prevents the mlgratlon of
foundatlon soils through the structure.. The varlous layers cfvrubblestonepa
used in the 1nner breakwater satisfy the cr1ter1a such that mlgratlon of
k‘rubblestone withinvthe,structure won'tyoccur.f Migratlonfof sands, transmltted -

5throughlthe structure via wave action,'is.not prevented;
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Ve Foundatlon 301ls can potentlally mlgrate throughvthe sand barrler due to e

‘H;ffthe absence of a fllter layer, however, shoallng at the toe of the structure ;fc*

fhprotects the foundatlon materlals from wave actlon and mlgratlon 1s not llkely‘s:

.'ﬂitO‘occur.» Mlgratlon could have occurred durlng constructlon untll the stone L

?'was embedded in the sand and after constructlon untll shoallng had bullt up
' to protect the foundation materlals.' Currently there 1s approx1mately H to 8 ”ff

- feet of shoaling bullt up at the toe of the structure between statlons 8+OO

‘»‘;.and 24+OO Rubblestone w1th1n the structure satlsfy the crlterla such that o

'""mlgratlon of rubblestone w1th1n the structure won't occur. The maln purpose of{"
'the sand barrler was to reduce shoallng 1n the 1nner harbor area whlch was d:t‘

Voccurrlng after constructlon of the outer breakwater. Sand dredged from the

"rf,lnner harbor area has been depos1ted as’. flll adJacent to the sand barrler

: if,511;quand Barrief;gr .

’{‘crest 1n order to construct the parklng lot.a Thls fill should substantlally
‘:reduce the shoallng 1n the 1nner harbor due to transm1s31on through the sand S

"fbarr1er.f~’

5. SUMMARY AND CONCLUSIONS =

Evaluatlon of avallable data‘and‘observations of‘the‘sand barrler s
”ppresent condltlon 1ndlcate the structure 1s in satlsfactory cond1t10n,5'
nalthough 1t contalns several deficlencles, most of whlch are mlnor.n'The'
i'greatest def1c1ency 1s the reach between stations 21+95 and 2M+35 where the
rarmor was scalped 1n 198” to construct a small groln nearby.‘ The exposed
_:slope 1s composed of mostly s1zes less than 6-1nch d1ameter w1th a few df

‘ -vscattered remnants of small armor;f Slnce thls reach abuts Whaler Island; 1t‘

“'tris somewhat protected by the 1sland and also by the new gr01n, however, a;



| 'coastal ‘engineeringvanalysls‘n"eeds t_obe made of the vulnerability ”oyf this
' reach. Although the‘barrierjwas'designed,to be‘2‘6ﬁ0ffeetflong, subsequent .

quarrying of Whaler Island and constructlon of harbor facllltles have obscured

the seaward end The structure-now appears to be not over 2 500 feet long,_t

,vcurrent statlonlng 1s w1thin a foot or two of the orlglnal Slnce the

‘ barrler s constructlon in 1939, much of the structure has been bur1ed with

] harbor facllltles and shoaling, only the ocean slope above elevatlon -1 MLLW
‘and the crest are exposed Presumably durlng the repalrs in 19”9 and 1952
'the crest has been modlfled by filllng 1n behlnd the orlglnal rock parapet

,ralslng the crest from an elevatlon of +10 feet to a full +13 feet MLLW.

- The stone compr1s1ng the armor is greenstone from Prestonllsland w1th a
veneer of graywacke from Sugar Loaf quarry on the crest mostly between
' statlons 1H+50 and 21+95. Both materlals are serv1ng well and can be expected
; to remaln in satlsfactory condltlon for another 50 years. The greenstone has
vsllghtly deterlorated on the surface glving 1t an “etched“ appearance and the
‘;edges have rounded sllghtly, however, 1t bas1cally remains durable, angular
' and of adequate 31ze. The graywacke comprlses a very mlnor percentage of the
“‘structure.‘ It also remalns durable although ‘an estlmated 10 percent has spllt
vvalong strong seams. It has also been estlmated that roughly half of the
'graywacke contalns these strong seams, but 1t is deduced that 1f they have not -
Spllt after belng in place 34 years, they likely Wlll not. The spllttlng is
Lattrlbuted to weak materlal in. the seams, as spllttlng was. also observed 1n R
'the quarry, and not to burnlng of driftwood as was once surmlsed. It is |
. assumed that the core materlal is-the same Preston Island greenstone as the
armor. None has been observed although the small materlal in the scalped area :
"may be core materlal The quarry floor contalns numerous zones of a weak

altered shale and there 1s no waste at the quarry. The;pos51bll;ty,ex1sts

oo



fthat’this=material‘mavebeuin"the‘coreQ Although unde51rab1e, 1f 1t does

7ifrekist 1t 1s not affectlng the performance of the core and therefore, 1s not -

flfia'concern.k Be51des the scalped zone, several 1nd1v1dual armor stones are

Tu’m1s31ng on the ocean slope between statlons 3+00 and 8+00. These are of no~‘777

"Fllmportance and not materlally affectlng the integrity of the structure. L

Slnce the sand barrler was last repalred 1n 1952,,subsequent 1nspectlons“”

fdfeluded to settlement of as much as 6 feet Evaluatlon of the topography

7g’fdeveloped for thls survey 1nd1cates no such condltlon eXIStS and the barrler,73"

pcrest 1s fully above elevatlon +12 feet and mostly about +13 feet MLLW.‘ Thediw

V:T‘lowest crest elevatlon surveyed is +12 5 feet MLLW 0 5 feet lower than the' :

‘f modlfied orest helght This settlement 1s most llkely due to a dev1atlon fromvf‘
V'Lfde81gn helght durlng constructlon and repalrs.u Future settlement 1s not

»lexpected,v

The waves approachlng the sand barrier are 1nf1uenced bv a shallow‘water L
‘Isurf zone and consequently they are often breaklng waves.; Prev1ous damage was;_f
Cllncurred to the sand barrler (late 19&0'5 and 1952) from waves overtopping the_'
'ipstructure and the breaklng waves unravellng the ocean s1de armor stone.p»,’ |

id5p0vertopp1ng waves are no longer a threat to the harbor 51de slope since 1t was;jl

S backfllled and constructed upon., However, the sand barrler 1s Stlll subJected',j

r‘to the unraveling effects of the breaklng waves.ﬂ The 81gn1f1cant max1mum ~T

:f:breaklng wave expected at the sand barrler represents the condltlon whlch 1s S

ffl most threatening to the structure and 1t appears the ex1st1ng armor stone is

not large enough to re31st d1sp1acement.: Th1s condltlon doesn't warrant e

ffolde51gn changes to the ex1sting structure due to 1ts satlsfactory performance.




.eThe'foundatlon consists of alternatelv bedded;weathered sandstone’and A
black shale;’overlain,by;a»sandvlayer varyingﬁin:thickneSS from71.5 to,éS
rfeett;'These’materials are satisfactory and,should'not‘consolidate or exhibltﬁ‘;‘;
bearing fallure. ’Mlgratlon of sandy foundatlon materlal 1s pos31ble at the .
'pstructuresdue to the absence of a filter layer. However, shoaling at the toe
e of the structure protects the foundatlon from wave actlon and this 1s not '

- likely to occur. =

l5.2;»lInner'Breakwater.

“The results\of‘thls assessment indicatevthe‘inner’breakwater is in
' excellent condltlon; capable of performing satlsfactorily for at least anotherV
‘50 years. The one deflciency is minor erosion along the dlaphragm wall from
-'station 13+85 on the ocean side and. 1M+15 on the harbor s1de ‘to statlon 15+OO
1 near 1ts end. The wall is exposed up to 3 feet hlgh where the adJacent small
j rock used to form the wall has washed out The eroded material together w1th‘
old road materlal on the crest have collected on the harbor slope and formed

‘ ‘a sllght bench around the water llne, partlcularly up statlon of about

"‘11+00 Down statlon of 11+OO the fuel dock and especlally the u. S Coast

. ‘Guard fac111t1es have altered a good portlon of the harbor slope. Out to the: ‘

'“‘ dog-leg at statlon 11+00 the breakwater is composed of Whaler Island

,f‘greenstone, a very dense ‘and durable materlal that exhlblts no deterloratlon |
,{other than very mlnor roundlng of edges ‘in the surf zone.‘ The last«MOO feet
vof the breakwater 1s composed flPSt of 200 feet of McVay quarry greenstone and -

'k then of Gardner Ridge gabbro. Both materials are also in excellent condltlon;

w1th no evldence of deterioratlon after belng 1n place 31nce‘1972.l The Liscom

"‘Hlll greenstone used for repalrs in 1984 has an excellent serv1ce record on ;

X other coastal projects and is- expected to: contlnue satlsfactory servlce for at;
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f“'least another 50 years. The structure 1tself contalns no 1rregular1t1es other: S
'5thhan the mlnor eros1on along the dlaphragm. The slopes and crest contaln no

fim1s31ng armor, slumps, d1slodged armor or extracted core mater1al : On the 7"

f*ffocean 81de, the slope steepens sllghtly at statlon 6+25 above water, but thls Ao

‘dcannot be detected below water. Several d1slodged stones were observed on thefyb

rbocean floor near the sectlons repalred 1n 198& and a larger zone where the

‘Qfﬂarmor was removed 1n 1972 to add the HOO foot exten31on.; The floor 1tself 1s ;f‘f

"ﬂlexposed bedrock S1m11ar to the knob that forms part of the breakwater around

' _statlon 2+00., Up statlon from about statlon 7+00 on the ocean S1de,\the floorV

\T:becomes covered w1th s1lty sand Around the head 1nto the harbor the sand

ﬁfthlckness 1ncreases markedly, ra1s1ng the floor elevatlon from -20 feet and

"?-30 to -6 feet MLLW w1th the sand becomlng f1ner gralned and more 51lty, kelp‘av

L falso becomes prevalent and obscures the breakwater slope., It was observed

'fthat stones on the ocean s1de were restlng on the sand whlle those along thef7~

*:harbor toe were protrudlng through 1t bm-ufu mjwwlxi“”””

Because of the bedrock foundatlon the 1nner breakwater has not , oy
‘Tnexperlenced settlement 1n the foundatlon. The structure appears stable as thej
“,'concrete dlaphragm had only one crack. The design crest elevatlon for thls

'\,structure 1s +18 feet MLLW and recent survey data (Aprll 1986) revealed the ‘,,

‘*'};lowest crest elevatlon 1s +16 8 feet MLLW The apparent settlement of up to

';l 17 feet 1s llkely caused by a dev1ation from des1gn height durlng

: ;;ficonstructlon., Future settlement of the structure is not expected. f jﬁ

The foundatlon cons1sts of alternately bedded weathered sandstone and o
:Kblack shale, overlaln by a sand layer up to 10 feet thlck The foundatlon .

“,“from Whaler Island to about statlon 7+00 1s most llkely exposed bedrock.; The ;f

":Fifoundatlon materlals are satlsfactory and should not consolldate or exh1b1t
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bearing'failure.i Migration of,Sandy"fbundatidn'material'isprSSible at the .
' orlginal 1nner breakwater due to the absence of a filter layer.v'However,'
diVing 1nvest1gations revealed no. ev1dence of scour or disruption of ocean

floor materials around the structure so migration of these 501ls is unlikely.

‘wave characteristics are such that the significantfmaiimum‘wave at,thej

kt:iinner breakwater would be a non-breaking‘wave."The most'threatening failure"gi'

o mode to the harbor 51de slope is waves overtopping the structure.f TheSe wave
forces are likely to be large enough to displace the ex1st1ng armor stones;‘

! Forces due to wave runup are the most threatening forces to the ocean side -
slope.: These would probably be large enough to displace a 51gn1f1cant amount
-of the ex1sting armor stone. Runup wave forces are the likely”forces which
damaged the structure in 1983 However, it is unlikely the structure has been

'subJected to the full magnitude of forces which the max1mum 51gnificant wave
" would 1mpose. Past performance of the structure 1ndicates the.overall
stability of the structure 1s adequate under the wave conditions experienced
:to date, Even though_these‘forces’could displace armor stone, the structure‘

has performed adequately and does not warrant changesgto its existing design.

5.3 Armor Gradation Assessmentsf’

'lThe'following table sunmarizesithe’design gradations and'results’of the
: survey gradations for armor stone on the surfaces of the’structures. ’Surveyed
' results represent the overall gradations of the structures and do not take
‘ ,1nto account the different gradations used for repairs or. those used above and.

below elevation 0 0 feet MLLW..



v'jf Inner Breakwater

S I R R De31gn Stone Sizes (tons) gSurvey Stone Slzes (tons)
"Structure and'Location‘ng Mlnlmum Range ;‘Averagei_ i Mlnlmum Range ~Avera

e 0.5_ 6

‘Original harbor s1de g-dff‘“i;5f72+5;8{fmh . S
e 2 Sy e

~ Original ocean slde N L
_ Repair harbor side. - . 25,8
. 'Repair Ocean side .- 9.0 ...
" Extension, above E1.0' . 9213 - 11.0
_;;Exten31on below E1.0' . 2.9 N,
. Extension, harbor side = . . . e
’V,Exten81on, ocean 31det,;

iy .

Sand Barrleri o e
Orlglnal constr..z, '
Repalr constr.

o ’

| * medlan stone welght .
‘In general the results 1nd1cate the stone-for‘the structures to‘be S

“{fllghter than the varlous gradatlons requlred 1n the de31gn plans. The sand
‘ii{barrler stone was found to be S1gn1f1cantly llghter 1n overall gradatlon.‘ Foriwo

‘.ivthe breakwater, the absence of 1arge stone used for repalrs 1s apparent and : ‘

J'fgfwthe overall gradatlons appear sllghtly less ln welght than the mlnlmum

“‘,gradatlons requlred for the origlnal constructlon.l‘fwffff°f~

“.6.T;f General.

As’a(result of thls condatlon suruey; the followlng recommendatlons arek‘

t,jprov1ded for rehabllitatlon and future monltorlng and malntenance of the ]f

ftﬁCrescent City Harbor sand barrler andllnner breakwater.; These recommendatlons
'flnclude discu531ons of those repalrs whlch should be made orfcan be deferred
.‘what monltorlng should be establlshed to fully deflne the condltlon of the fbi

: J;‘\tstructures, and what type of malntenance routlne should be establlshed. oy ‘



6}2. pRehabilitation.

‘ The follow1ng two paragraphs 11st seven areas of the sand barr1er and two
,areas of the inner breakwater requlrlng repalrs u31ng approprlate armor
'~stone. Also llsted for the sand barr1er is a reach where a fleld evaluatlon

is required

Although as dlscussed ln the report,bsome local stone dlsplacement has
occurred armor stone Stlll remains in sufflclent quantlty to reta1n 1nterlor
. stone. Therefore 1mmed1ate repalrs to the sand barr1er and 1nner breakwater ;
V_are not requlred and can be deferred untllvfuture damages or analyses flnally<
!warrant them. It is also recommended that replacement stone for the sand
- barr1er be larger than the armor stone speclfled in- the orlglnal des1gn. A
minlmum average stone size of 8 tons, hav1ng a range of 6 to 10 tons, should s
~be speclfled ‘for the armor stone repalr. Replacement stone for the 1nner
7vbreakwater should meet the gradatlon and quallty requlrements of" the stone
«fspeclfled for the 1nner breakwater extens1on. Assess1ng the scalped area onp

'dthe sand barr1er is beyond the scope: of the geotechnlcal appendlx.‘f”

6.2.1 Sand Barrier.

1. Station 3430
f‘- Replace one mlssing armor stone.
;2.‘ Statlon H+60
_-‘Replace two,mlssing armor stonesd
3;>VStation 6+00

- Replace one missing armor stone
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“*T,,ﬂ.l;Statlon 6+00 ﬁf

-*- Replace one‘m1ssingvarmor.stone’gfd.-:;“

:'T;fS.AdStatlon 6+u51
Ldtf- Replace one?missinglarmorlstoneuul
l~;;rﬁeplace:one.missingdarmorhstoneriff”b*’
vyf_,7;jiStation 7+85 Lff’* 5 | -
'ftv; Replace one nissing aruorfStone4liffigﬁ‘” L
l;SLJYStatlon,21+85 to 24435 2

el Evaluate sectlon scalped of armor ffofJfﬁf;“f

:‘l 6.2;2;:Inner“BreakwaterLQLr'°

Statlonv13+85 to 15+OO/ocean s1de :;;‘;
‘ ”“_ Repalr the eroded sectlon agalnst d1aphragm ulth‘concrete
né» Statlon 1N+15 to 15+00/harbor s1de | | ‘
n;,filf- Repair the eroded sectlon agalnst dlaphragm‘w1th concrete f{dl T

6.3 Monitoring.f”; o

A monltorlng program should be establlshed for the Crescent C1ty Harbor :

",sand barrler and 1nner breakwater. On some regular ba81s,'recorded s1tefﬁ"

'~v”v1s1ts should be conducted (suggest‘f 5-year 1ntervals and follow1ng damaglngto'
'fistorms) wh1ch would be supplemented w1th aerlal photography and ground surveyid
7‘(suggest « 10-year 1ntervals) Any deflclencles noted 1n the regularly

‘]scheduled monltorlng should be 1nvest1gated as necessary,,w1th supplemental~'

*‘f‘jd1v1ng or bathymetrlc surveys.' The use’ of 81de scan sonar to observe'
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'condltlons‘below water 1s limlted to a small portlon of- the 1nner breakwater
and would not be: practlcal unless 1t is done in conJuctlon with 31m11ar
1,surveys on the outer breakwater. It 1s also recommended that the amount of
hspllt graywacke on the/sand barrler crest be re—estlmated for growth every’

,10 years. No 1nstrumentatlon has been found to be necessary.” It is expected
that as a result of monltoring, addltlonal recommendations may be necessary inl

regard to maintenance or latent deflclencles.y' :

- 6.4.. Long-Term Maintenance.

No scheduled geotechnlcal long term malntenance 1s recommended for e1ther

structure. Repalrs should contlnue to be made on an "as needed" ba31s.

The only malntenance ant1c1pated for the sand barrler and 1nner‘breakwater
'wlll be the ‘occasional replacement of armor stone.‘ Replacement'crlterla
‘should be establlshed that requlre the 1mmediate addltlon of armor stone
whenever elther structure has exposed 1nterlor stone. No_de31gnvchanges»are :
" neceSSaPy and Peplacement armor stone should meet the:gradationsfrecommended

in section 6.2.
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‘ . mEE1 | e
CRESCENT CITY SAND BARRTER AND INNER BREAKWATER
MEASURED ARMOR STONE. GRADATICNS, AUGUST 1986

SAND BARRTER . o
"~ Percent Smaller by Weight N A PR
Weight R at Each Station : R : - Rarnge Average
(Tons)  1+00 4+99 9400 20+00 24+00 \ﬁ.' S - Min Max -
5.0 - 100 100 100 100 . 100 Note S‘l:ation 100 100 . 100 -
2.5 78 4 91 72 100 - 24+00 is not 44 . 91 71
1.2 67 10 24 50 100  included inthe 10 67 38
0.8 - 41 0 15 15 100 range and . 0 4 18
0.4 22 0. 1 3 72  average. The 0 22 7
0.2 1 0 o 0 33 station isnot 0 1 0
0.1 0 0 0 0 0 o -0

13 representative.

INNER BREAKWA‘IER OCEAN SIDE : ’ ‘
Welght ‘ PercentSmallerbyWeimt ateadistaticm L Range - Average
- (Tons) 1+00 3+00 5+00 7400 9400 11+00 13400 15+00 M:I.n Max .

20.0° 100 100 100 - 100 100- 100 100 100 100 100 100

15.0 ~ 8 100 100 88 87 100 100 100 86 100 95
10.0 63 100 100 8 71 100 88 100 63 100 88
7.5 63 62 9 64 59 100 61 8 59 100 73
5.0 41 49 73 23 33 100 61 57 23 100 55
2.5 6 19 19 5 8 74 20 24 5 74 22
1.2 1 s 5 2 0 17 2 6 .1 17 5.
0.8 0 1 2 1 0 9 1 1 o0 9 2
64 0 0 0 0 o0 1 0 o o0 1 0
0.2 0 .0 0 .0 0o o0 o o 0 o0 0
0.1 0 o o 0 0 0 0. 0 0 o0 0

V‘INNERE?EAKWATER HARERSIDE

- Weight Pe.rcent Smaller by Weight at’ each Station S Range Average
" (Tons) l+OO 3400 5+00 7+00 ‘ S+00 11+00 l3+00 lk5+00,ﬂ Min Max L

7.5 100 100 100° 100 100 100 100 100 100 100 100

5.0 100 100" 100 100 89 100 62 100 62 100 94
2,5 100 100 9 59 37 70 23 47 23 100 66
1.2 69 20 43 16 11 26 6 7. . 6 69 - 25
0.8 69 17 22 6 .7 .13 - ‘1 3 1 6 - 17
0.4 27 5.3 2 1 1 o0 1 0 27 . s
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, ; TagLe 2 :
INNER BREAKWATER SURVEy ELEVATIONS (feet, MLLW)

" DATE OF SURVEY ; ‘ 4 : -~ MONUMEyT and STATION
TB-1 ROKE 153 , B B ¥ = 59 T3-11 - T5-13 TB-15
1+00.00  2+38.13 - 3+00.00 4+99 - 4+99.83 -, 7+04.45 9+05.59 . 10+06 . 11+00.00 = < 12+34.35 14+82.42
CApril 1952 . | 20.94
May 1964 . ~20.94
August 1965 o EEIRR o S SR | 16.97
| Not Given? 20.94 176 . 16497 g
~ (Repair 1983) = R e o e o e i S ’ )3
April 1986 20.19  20.9% - 20.35 L e 19.77 . 17.43 . 17.46 17.88 -+ 17.93  16.83
1 - 'ROK' is project benchmark.
7'2 — This data is from April 1968 Drawing; Horizontal and Vertical Control. i
3 f~(R)i_~This area was repaired on’détg'indicated. : ¢
the:VIApril 1986 Survey 1is appfoximately'ZO' offsetffrom original;' For éxample,lthe present statiop~11+00 was:originally 11+20.
. - SAND BARRIER SURVEY ELEVATIONS (feet MLLW) :
’, ; R ':1 ‘ , * (These monuments are located 15%303feet~north»ofkthe crest centerline)
DATE OF SURVEY . . . T WONUMENT and STATION | i
| SB-l - SB=3 ' SB5 ' SB-7 - SB-9 ' sm-11 __ SB-13 - SB-15  SB-17 _ SB-18 B30 S22 SB-24
1+00.00 3+00.00 *- 4+99.99 - 7+00.01 9+00.01 11+00.00 - 12+99.96 -~ 14+99.96 16+99.96 = 18+07 .9Q - 19}'*‘99.87 21+99.84 23+99.80
April 1986 14.91  14.77 -7 14.45 0 14.20 . 14.18  14.78 14.85  14.66  14.28 13.94 . 13,83 13.52 14.26
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| TABLE 3
" 'SAND BARRIER SURVEY ELEVATIONS, APRIL 1986 (feet, MLLW)

"1~,(LdéatedfappfOXimaﬁely along'centerliné of sand barrier).

f,"AppfOXimate‘,'k R ;,': . Elevation :
Station . .. . o (feet, MLLW)

1400 L g
70
RS U T e ey e
" .2+75 : % T A5 : i ,‘13.8'_4
T TP
Chess f g‘ :“¢‘ '.zf,14;1 S
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"~ COMPREHENSIVE CONDITION SURVEY
| METHODOLOGY OF ARMOR STONE GRADATION

,‘ 'PURPOSE AND SCOPE

The purpose of this attachment is to summarize the
‘methodology used for determining gradations of armor stone above
water on coastal structures. The gradations are used to evaluate
armored coastal structures and their ability to perform in
- accordance with current design criteria. This methodology
~entailed physical measurement of stone samples, photography of

‘the complete structures, and determination of the size of stone
. from the photographs. It covers each structure from its head to
-its point of contact with the shore. Pertinent data used in the
study were the size, shape, specific gravity, and weight of the
- armor stone. Grouted stone and stone not visible at the surface
are not included in the gradation analysis. ;

INTRODUCTION

Armor stone surveys require methods that give consistent
‘results of stone sizes on coastal structures. This study is part
‘of the final phase of development for a standard method which '
would be employed to evaluate armor stone on all coastal.
structures. The first phase was carried out as part of the
comprehensive condition survey for the Humboldt Bay Jetties and
Crescent City Outer Breakwater. This phase, described herein, is
~used for the subsequent condition surveys conducted since July
»1985. , ,

The determination of,gradations of large’in-place armor

stone can be a difficult and costly procedure. Currently, no
~attempts, prior to the development of the method presented
~ herein, are known to determine gradations other than by
physically removing and weighing individual stones. Removing and
weighing individual stones would be prohibitively expensive and
runs the risk of being unrepresentative if enough areas are not
sampled. Stone gradation records of past construction and repair
can be used to confirm results obtained, if they are complete and.
‘well documented. However, construction and repair records are '
often sketchy and vague. In light of this, the most effective
basis for the evaluation method is aerial photography with ground
- control and sampling. Photography taken from boats has given
’Acomparable results. e :

: ‘on projects where stone gradation data may have been well
_Ndocumented during construction, the standard method would be

further refined, if necessary, to obtain results comparable to
‘known data. In every use of this method, data collection and

1



sampling would be performed to arrive at correlations suitable
for obtaining armor stone gradations at a particular project.
'FIELD PROCEDURBS , T

General. Aerial photographs of the armor stone were taken-
perpendicular to the plane of the structures slope. To interpret
the photographs properly, ground control points were marked and
premark angles for scale determination were placed prior to

photographing. Also, three dimensions were measured, by hand, of,‘

‘selected. samples of the armor stone at several stations.

. Sample Heasurements. As a control, three dimensions were
measured on armor stones in selected: sampling locations on the
structures. - More than ten stones were measured at each location
on the structure(s). Dimensions on these stones, in mutually _
perpendicular planes, were measured with a tape and were noted as

to which were visible when viewed from above. Large numbers were

then painted on the stones for identification in the aerial
photographs. :

, In order to obtain a shapeévolume-weight relationship for
-stone, a sample consisting of 45 stones of known weight and
specific gravity from the Los Angeles and San Gabriel Rivers was
analyzed. Dimensions of these stones were also taken in three
mutually perpendicular planes and the shape-weight relationship
“was established for the methodology. ,

Marker Layout. Occasional 100-foot intervals were- marked
with white paint along the structure. Premark rectangles were
‘placed at representative locations on the armor stone slope to
provide a reference for size comparison and scale determination
in the photographs. The premark rectangles were constructed of
two-inch diameter P.V.C. pipe to form a ten by twenty foot shape,
and were marked with black stripes at two-foot intervals.

- Photography. Photographs were taken using a 35 millimeter
camera. Aerial photographs were taken perpendicular to the plane
of the structure's slope to avoid excessive foreshortening
effects. Overlapping, or panoramic photographs were taken at
approximately 75-feet altitude resulting in an average photograph
scale of about one inch to 20 feet. :

L mmi ANALYSTS

General. Using data of known stone dimensions, specific
gravities, and weights, statistical analyses were performed to
find correlations between the two dimensions that are visible
from photographs and the actual weight of the stone. This
required establishment of a relationship of the shape of a stone
and its weight with the dimensions of a stone measured in the
photograph. Dimensions were taken from photographs of armor stone

Y



| in the study area. When the established relationships were
applied to these dimensions, the estimated armor stone gradation

. was found from photographed portions of the structure. -

Theory of shape and weight relationships. The dimensions of
a stone are defined as the outside dimensions in three mutually

. perpendicular planes, with Z being the longest, X the shortest

. and Y the intermediate dimension (i e.,the dimensions of a-
’Ac1rcumscribing box) . , ,

.~ Stone shapes may vary extremely, from cubical to spherical
to flat or any combination thereof. Further, as discovered with
‘the stone samples from the Los Angeles and San Gabriel Rivers,

~ two stones with the same circumscribed dimensions may have

significantly different weights. However, by using a
sufficiently large sample of stones of known dimensions and
weights, a "true" average relationship between three measured:
dimensions and actual weight can be determined. The steps
~involved were as follows: : .

_ (1) First, the actual gradation, by volume, of the stone
sample was plotted using the known weights and specific grav1ty,
.where o R ‘ . - ; :

va_-_W/(sc)(w)

‘ where° . Va = volume e -
, . .8.G. = gpecific gravity S
~w = weight of water = 62. 4 lb/cf
W ‘-pweight of stone =

, (2)' Then, the volume of a box of,the dimensions“of each
stone was calculated by. Lt D

vb - ZYX |
| where:‘ Z2,Y,X = the three stone dimensions

(3) Finally, a gradation was plotted using the volumes of
these boxes, and a linear regression analysis was performed on a
set of corresponding points from the two gradations.. The linear -
regression analysis relates: the box and actual volumes by the R
following: , . e ‘

Va = 'o 3vb +.0.34 (v in’ou.?ft,) w O eq. 1
or by substituting, Vb = XYZ. B |
Vy = 0.3 (XYZ) + 0. .34 o eq. o2

Theory of visible‘and actual'dimension relationships{ It



' has been observed that the "visible" dimensions measured from a
- photograph of a stone on a coastal structure often vary

~ significantly from the "actual" dimensions of the stone measured
in the field. This variance results from the foreshortening
effect in stone faces not perpendicular to the line of sight of
the photograph and from partial obscuring of one" stone by =
another. The stone samples which were measured on the structure
were identified from the photograph by a large painted number,
and were used to determine a relationship between the "VlSlble"
and "actual" dimensions of a stone. ‘ :

Since only two dimensions can be measured from a photograph
the intermediate, unknown, dimension is described as a function

’7;of the average of the largest and smallest dimensions, and a

shape factor q and is represented by the following relationship.
Y -vq(Z+X)/2; SR L I S

;Substituting this relationship into equation 2 gives. o

| ‘va 0.15q (Z+X) 2ZX + O. 34 | . eqg. 3

S Using. equation 2- above, the volumes were computed and a
‘gradation plotted for the three dimensions measured in the field.
Using equation 3 above, the volumes were computed and a gradation
plotted for the two dimensions measured from the photographs. A
linear regression analysis was then performed on a set of
corresponding points from the two gradations. The linear

- regression results verified the following relationship which

- allows the use- of a variable correction factor for different

- structures:

Va = Vp/8 |
where: S = 'the gradation correction (shift)
: . tactor
Vp = volume obtained from the
5 ”photograph measurements
‘Substituting this correction relationship into equation 3 yields:
Vax = 0.15 (q/S) (Z+X) ZX + 0. 34 / s ' eq. 4
Obtaining the weight via specific gravity Ylelds." |

Wy = (s G.)(62.4 1b/cf) [ (0. 15)g(Z+X)ZX + 0. 0.34] cf
2000 1b. /ton C 'S

Wa = n(s.G.),[o.00468g(z+x)2x +0.01] eq. 5
L T8 s



where: = Wp = estimated weight of a stone, in
i ' tons, measured from a
e , photograph.
‘g = Y / (2+X/2) = 'shape factor'
'representing the variation of
‘actual intermediate dimension
‘from the average of Z and X.

§ = Vp / Va = gradation
~ correction factor
- representing variation of
gradation obtained from
photographs versus gradations
obtained from the field.

Procedure. Short reaches ofvapproXimateiy 40 feet were

- selected at about 200-foot intervals along each structure. .Each

~reach included at least 25 stones to ensure that a representative
- gradation could be obtained. The two visible dimensions of every
- stone was measured within each reach. :

; ‘A table was constructed for each structure, where the stone
sizes were compiled corresponding with the two visible

" dimensions. The weights were then computed by equation 5 above,
using a visible to actual correction factor "s" and a shape

~ factor "g" and the specific gravity typical of the particular .
structure. These weights were then compiled into representative
gradations of ‘the armor stone at each reach. These results,: along
with the average and range of values, are presented in the main
_body of this report. _ S v :






~ ATTACHMENT 2







2P . . 5 O 7 TSN . TEAGMATNS " 3, 5 . —-' el SRS 4

o\ OB 115, : RIPRAPFP ""SnE" X TR SPDL

CpAtg gyt NIRONGE s 1ot _DATA SHEET _ [oATe: August 1984
| LAS SYMBOL NO.: CCRCS—WI-84 . TYPE OF MATERIAL: LDDSE Rock Mj_t.m
| Project: Crescent City Harbor, Inoner Breakwater Condition Survey
! - ey 1984

| Samples Received: -t August 1984
1 S8ources - Whaler Island Quarry
,L:u;axJ;u1;__J::ja5:£u1t.J111q¢;.$thm1_EJJ$4v

PROCESSING BEFORE TESTING:

None

GEOLOGICAL FORMATION AND AGE: Turacssic—-Triaseic Frangibanjnr'mafinm

‘ TESTMETHOD - : RESULTS
BULK SPECIFIC GRAVITY S$SD, (CAD.C 1non ) : S L ; ' . =] ‘ L7
ABRSOAPTION, % (CRD-C 107} . : [T L : 0.40%
WT. AV. % LOSS, 5 CYC. MGSO, (CRD-C 137} ~ LT ‘ e N/A
L A, I\BHASION LOSS, % {CRD C 145 OR RTH-116), GRAD'NG 1. : : . o “N/A
[OniT WT., LB/CU FT (CRD-C 107} ‘ . ‘ .
WETTING AND DRYING, %, 35 CYCLES « , R S ~ NZA
FREE;E AND THAW, % (CRD-C 144) 20 CYCLES ‘ :
EXPANSION IN ETHYLENE, GLYCOL (CRD-C 148}

PETROGRAPHIC DATA (CRD-C 127) Meta Basalt (Greenstone)

Marcoscopic: Sample is greenish gray (5GY 6/1) on the fresh surface and mottled

moderate brown (5YR 4/4) and greenish gray (5GY 6/1) on weathered surface. The

texture is aphanitic with the principal constituents consisting of chlorite, quartz
and plagioclase feldspar. The sample exhibits no weathering and is very hard and
strong. Numerous sub-parallel veins b1sect the sample wlth iron cxxde as the

principal mineral. : : : :

Microscopic: Sample consists of subparallel microlites and irregular masses of
plagioclase feldspar of albite composition interlocked with irregular masses of
chlorite, gquartz, iron oxide, and clinozoisite.fEumpellYite occurs as needles within
the quartz masses indicating metamorphism to greenschist facies. Numerous micro-
fractures bisect the sample in random orientations and are filled with an aphan1t1c
opaque material, This aphanitic material contains fragments of the surrounding rock
'and appears to follow the m1cro—fractur1ng pattern.

REMARKS
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