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PREFA CE

This report was prepared by Moffatt & Nichol , Engineers under
the direction of Dr. James R. Walker with assistance from
Mr. Peter J. William s and Mr . James W. Dunham. The interim
dredging program was developed with assistance from Mr. Wtllta m
Herron and dredging consultant 1 Mr. Ogden Beeman. Lalson with
the San Francisco District , Corps of Engineers, was with
Mr. Doug Pin e under the direction of Mr. H. Pape, Chief of
Eng ineering . Col. John M. Adsit was the district engineer. The
Santa Crur Harbor Master , Mr. Brian Foss, dredgerman, Mr. Phil
Stanfield and dredging inspector , Mr. Dave Dickson , pr ovtdt .d
assistance in developing and evaluating the interim dredging
program .
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SYLLABUS

This stud y was made to define the littoral processes and resultant
shoaling mechanism of Santa Cruz Harbor entrance channel and to
develop and evaluate alternative methods of mitig4ting the
shoaling effects. During the winter months, the Santa Cruz
Harbor entrance channel has shoaled almost completely since its
construction in 1962. The channel was maintained by annual
dredging in the late winter or early spring until 1977 when the
dredging procedure was changed. The study involved analysis of
shoaling mechanisms and dredging procedures. A new two—year
iterim dredging procedure was developed for the 1977 through
1979 winter seasons. The concept was to dredge the channel
periodically in phases each winter and thereby keep the harbor
open to navigation most of the time .

The littora l processes study led to the conclusion that the net
littoral transport rate was 300,000 to 500,000 cubic yards per
ve;lr from west to east. The wave energy—flux method of estimating
littoral transport rates indicated that a potential for a reversal
in transport exists but tha t the shoreline east of the harbor
was so oriented tha t reversals in transport during the winter
were not likely to cause significant shoaling in the channel.

‘ 
Observation of shoaling patterns, and analysis of dredging
records and condition surveys indicated that about 100,000 cubic
yards per year drifted around the head of the west jetty and
formed a tip shoal in the entrance channel. Other mechanisms,
accounting for an additional 50,000 cubic yards per year , include
leakage of sand through the voids in the west jetty, updrift
movement or reversal in littoral transport , wind transport over

• the west and east jetties , onshore transport of bottom material
drifting outside the harbor entrance , leakage through the east
jetty, and tidal current transport. Wave energy that propagates
through the harbor entrance distributes littora l drift along the
sides of the channel and farther into the channel.

~ A considerable quantity of littoral drift is believed to bypass
the harbor offshore by natural processes. This quantity Is
estimated to range from 175,000 cubic yards per year to 375,000
cubic yards pen year , varying with the wave climate and dredging
procedures. • ..
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~~~~~~~— - - ‘  Sixteen alternative solutions that could mitigate channe l siwaling
were developed and analy~ad. They were classified into bypassing ,
channel—maintenance and structural categories. The solutions
comprised concepts using eductor systems, standard dred ges,
Sauerman , d r a g l i n e  and clamshell dredges, offshore breakwaters ,
)ettv extension , w~ir jetty, updrift traps and enhancement ot
the ebb currents. The two most fea~lble long—term solutions
weI~~ a modificat :lqn of the 1977—79 multi—year phased dredging
program and periodic dredging of a ,sand trap cr ited by construc-
tion of an offshore breakwater. The annual cost of phased
dredging was estimated to be $580,000. This solution would be
expected to keep the harbor open for eleven months each year as
opposed to 8½ months under the current annual dredging program.
The offshore breakwater with annual dredging would intially cost
$15 ,500,000 and . ~s annual cost would be $1 ,510,000. However,
this solution would keep the harbor open throughout the year.
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SECTION A

THE STUDY AND REPORT

INTRODUCTION 4

A .l The small boat harbor at Santa Cruz was constructed in 1962
by dredging an entrance channel and berthing basin and by
constructing two jetties through a narrow beach. The jetties
and channel immediately began to interupt sand transport , forming
a fillet on the west (up—drift) beach , inducing erosion on the
east (down—drift) beach, and shoaling the entrance channel.
Within a few years, the entrance channel shoaled to the extent
that it was effectively closed to navigation for approximately
four months each winter. A dredge had to be mobilized to clear
the channel each spring. The channel would remain open for
navigation through the summer and fall until the severe winter
waves accelerated the shoaling. The House Document authorizing
construction of the harbor specified that a permanent sand bypassing
procedure be developed and turned over to the local authorities.

PU RPOSE

A.2 This study was conducted to define and document the littoral
procesaes and to develop a cost effective maintenance or sand
bypassing procedure. The study was conducted in 1977 and 1978
In three phases. The purpose of the first phase was to develop
an interim multi—year dredging program to maintain the channel
until a permanent solution could be found . The purpose of the
second phase was to d cument the littoral processes contributing

-c toward shoaling of the harbor entrance channel. The purpose of
the third phase was to develop and evaluate alternate long—term

• solutions for mitigating the shoaling and keeping the harbor
entrance channel open.

Al
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SCOPE

A. The length of shoroline studied comprised the coastal
reach between the San l.orenzo River and Black Point , and the
stu dy was limited in scope generally to an analysis of existing
dat a.

• A .4 The first phase dred g ing stud y was cond uc ted prior to the
• litt oral—processes study so that the interim dredg ing program

could he Imp lemented in the winter of 1977—78. Development of
• the interim dred ging program was based on review of government

furnished aerial photograp hy, condition surveys and historical
wave data; on rev iew of various sources of coastal data from
local universities , 1’. S. Geological Survey (NOAA) , CERC, and
WE:.; and on Interviews with WES personnel at Santa Cruz that
were conducted to ascertain the results of the Corps ’ experi-
mental sand bypassing program. Technical information
pertin ent to the multi— year dred g ing program included a determ i-
nation of the length of t ime harbor closure could be expected
or tolerated , the required size or discharge capacity of the
dredge or other equipment that might be used In the program ,
the critic al standby periods of the vt-ar , the minimum channel
dimensions to be maintained during winter, and the best loca-
t ion for sand disposal. This report documents the experiences
of the 1977—1978 dredging operation for input In future
dre lg ing sl ecifications.

A.5 The l ittoral processes study was conducted to clearly
define the specific local littoral processes that cause
shoaling of the Santa Cruz Harbor entrance channel. The study
was cond uc ted pr ior  to February 1978 and was updated for this
f inal report. A secondary work Item Involved an evaluation of
existing montoring programs and recommendations for their
mod ification in future applications .

A.6 The third phase study was conducted to develop a minimum
04 IS alternative solutions to the maintenance problem that
appeared reasonable from the standpoints of cost—effectiveness ,
of env i ronmental and social acceptability , of plan effective—
ness and of eng ineering practIcality . Preliminary plans and
cost estimates for the ~,1ternative solutions were prepared in
sufficient detail for preliminary engineering evaluation .
Costs were based on February 1978 price levels.

A2



THE REPORT

A. ? This report comprises six sections . Section A defines
the purpose and scope of study and summarizes prior reports.
Section B provides a description and history of the harbor and
def ines the problem . Section C is a detailed analysis of the
littoral processes. Section D describes the multi —year interim
dredging program , explains its formulation and evaluates Its
performance In the first veer . Section F presents lb alternative
solution s to mitigate the eftects of shoaling . Section F presents
the conclusions of the study and recommends the most appropriat e
course ot action to pursue, based t’n evaluation of the impacts
and cost of each ~lt e rna t ive .  References are l i s t e d  in appendix
I and e n e r g y — f l u x  c a l c u l a t i o ns  are contained In appendix 2.

PRIOR REPORTS

A .8 Federal. A report by the San Francisco District , t’orps
of Eng i neers , t itled “Beach Erosion Control Report on Cooperative
Study of Santa Cru: Area, Pacific Coastline of California ”.
dated Ja nu ary 20 , 1956 , indicated that the po*slhle sources ot
litt ora l material for the region are erosion in drainage areas
1w tributary streams , erosion of sea cliffs , and upcoast littoral
t r anspor t .  An exper imenta l  groin was constructed 400 fee t  west
ot  t he present s i t e  of the west j e t t y  to determine the l i t t o r a l
transport rate. From June 1955 to April l9St~, littoral drift
did not accumulate on the west side and a net loss of 7,000
cubic yards was observed on the east side. No determination (“t
the  sed i ment t ransport  ra te  was made because of the Inconclusive
results. The study stated that the Twin Lakes Beach shoreline
has experienced significant seasona l fluctuations , evidenced by
th~ shoreline reach fronting Woods Lagoon and Schwans Lagoon ,
which has receded as much as 150 feet durIng the winter season.
The eastern end of Twin Lakes Beach receded to the blufuline
dur ing the winter months and aggraded during the summer months .
The’ study concluded from a wave analysis  that Twin Lakes Beach
shoreline alignment is the result of the groin t’f tt ’ct of Black
Point.

A3
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A.~ A repo r t  by the San Francisco  D i s t r i c t , Co r ps of Eng i-
nt~ers , t itled “Survey Report , Santa Cruz Harbor 1 California ”,
dated May 1.957 , Indicated that three possible sources 1 littoral
material entering Santa Cruz Harbor are offshore deposits ,
tipco.tst and downcoast littoral transport of sediments derived
from bluff erosion , and coastal streams. The minimum estimated
net annual l ittoral transport rate of 25,000 cubic yards was
Inferred from the shoaling rate at Moss Landing of 47,000 cubic
yards and maintenance dredging at Monterey Harbor of 14,000

• cubic yards . An estimated maximum rate of 300,000 cubic yards
per year was calcuh.ted from analyses of sediment discharge
rates of streams between Halfmoon Bay and Santa Cruz and from
bluff erosion rates between Point Ano Nuevo and the San Lorenzo

• River . The study concluded that the jetties proposed by the
• survey report would act as littoral barriers which would trap

• sand , stabilizing the shoreline between Woods Lagoon and the San
Lorenzo River. Downcoast erosion was projected to be alleviated
by p lac ing materials dredged from Woods Lagoon during construction
on the downdrift beach to the east. Two methods of coping wi th
the shoaling were to construct an offshore breakwater to impound
sand and Intermittently bypass the entrapped sand , or to bypass
littoral drift by stationing a floating dredge in the entrance
channel.

A.1O House Document No. 357, 85th Congress , 2nd Session, July
3, 1958, authorized the construction of a light—draft harbor In
Woods Lagoon at the eastern boundary of Santa Cruz. The author-
ized project consisted of an entrance channel , an inner channel ,
a turning basin , two rubbletnound jetties, and a sand—bypassing
plant.

A. 1l A report by the San Francisco District , Corps of Engineers,
titled “Santa Cruz Harbor, Cal i forn ia , Design Memorandum No. 1,”
da ted December 1960, designed the improvements of Santa Cruz
Harbor as described in House Document No. 357, 85th Congress,
2nd Session. The designs f or project structures were based on a
design wave with a height of 21 feet and a period of 16 seconds.
The report stated tha t If the actual littoral transport rate
approached the minimum value of 25,000 cubic yards per year,
onl; normal maintenance dredging would be required . If the
actual rate approached the maximum value of 300,000 cubic yards
per year , then a floating sand—bypassing or maintenance plant
would be provided in accordance with the project document.

A4 
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A. I? A report submitted by V. t . Crauzi n is , Oceanographic
Consult ant f rom La Jolla , C a l i f ornia , ti tled “An An aly sis ct
St iche Conditions in Santa Cruz Harbor , C a l i f o r n ia , and Some
Implicat ions for the Proposed Harbor Extension ”, prepared for
the San Francisco District , Corps of Engi neers , under Contr act
N~~. flACWO ?— — C— C~O3.~, dated March 1968, reported the indings ot
.i study on long —wave . cxci tat ion in the exist i ng harbor and
predict ed rh .i t so icht condi t tons would occur in the new harbor
comp lex. One of the essential findings of the study was th at
the high sciche s occurring in the existing harbor ire the result
of the high levels of excitation in the adjoining portion of
Monterey Bay and are not due to sharp resonance ampli fic ation .
The investi gation also determined that the proposed co n i igura—
ti on of the harbor extension would reduce the seiche amp litudes
from those present in the existing basin.

~\.l l A report 1w the San Francisco District , Corps of Fngineers ,
t itled “Detailed Proje : Report , Ci ty of Capltola , Beach Frosion
Stud y, Santa Cruz County, California ”, dated December 1969,
stated that the impoundment of littoral drift by the west l e t t v
~itte r I ts construction and the protection afforded to the bluffs
al ong West Cliff Dr ive by the accreted beach may have caused
sonic ci the erosion In Capitola. However , the stud y concluded
that the main source of littoral material at Capitola was sediment
di scharge from Soquel Creek.

A . 1.. A report by the San Francisco Distri ct , ti tled “Det a il ed
Project Report , Extension of Existing Small Craft Harbor , Sant a
C m : , Cal i f orn ia”, Section 107 Stud y, dated October 1970,
recommended the extension of the existing small—craft harbor
into Woods Lagoon . The report justified the proposed extension
by the demand for additional slips and by an analysis which
indicated that the project was economically sound . The benefit-
to—cost ratio was estimated to be 4.0 to 1.0. The proposed
extension would add 455 slips and approxima tely 34 acres to the
existing small—c raft harbor.

A .lS A repor t by the San Francisco District , Corps of Eng i-
neers , titled “Office Report , Santa Cruz Harbor Sand Bypassing
Plant , Santa Cruz County , California ”, dated Augus t 1971 , re-
ported results of an investigation of the various methods of
sand bypassing considered for Santa Cruz Harbor. These methods

AS

______________________ - • •



~~~~~‘ . • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

f l e e ’ I ttde ’ ei : a i a i i  —mount  ed d r edge b c  :e ted on (lie’ west ~t t  t v
c i i’ l c w . i v  l , t i t ’k e ~ t s: a fixed suet i o n  dredge with a sul mt’rge d p i p.’! hw;
te nd te I 1—I uric h y d r a u l i c  pip e II no dredge’. The de~ I gte c a p a t ’  it 

~
‘ of

the ’  p t~~1n~~e’d bypassing p l an t wa s 300 , 000 cubie yards p e r  year
I hIs e - ap :%t I t v was det e rmin e d  f rom ( he ’ r a t e S  of sand impounded 1w

lie W i N  t l e t  tv at I c F  Its cons I rue t Ion.  The r epo r t recommended a
hv d ran i i c d redgi ’  I or the’ San Li Cruz  h a  rhor m a i n t e n a n c e  and
1’ v pass  I ug o p e r a t  ions . ‘1 1w p ropost’et ma I nt eniteic c dred ging scicedu to
~ t I p u l  a t~’d t h a t  d r e d g i n g  op e ’mnt Ion s  wot el  d no rma l !  Y not be’ per f ormed
In t wet ’n I ‘~ Ma v and l~ O c t o ber . A sed m e n  t storage lois I i i  w ou l d
lee ’ C r  c i t  c d  for t iec~ s tor m  season 1ev dri’dg lug I le e ’ eleanlec I 1(1 fee I 1
pro )c ’  - I d e p t  hs p i t o  overdep tb I n Novombe r or I) , ’c e nter c The’
m.’e m et e’ii atie e~ dr i ’dg I ieg sche ’du Ic’ also s I I pu l  a t  ed t h a t  t he’ channe l
W OCI l t ~ i - c ’ ii r i d g e d  t o  t he pro lO t ’ t d imc.ns I otis u t  th e ’  end of I leo
ot  i ’ l n t  o e ’ a o t e l i  in  A p r i l  or M a y  to provide :e n~ vig~ b i e  chann el
dci r I leg ( liij summe r neo n tics

A .  I 6 A r ep or t  by th ~ San I r an c  isco D i strict , Corps  of Eng tut ors
Ii I e t i  ‘‘Pro to I v1ec ’ St sib l i l t  v St udy (~I Quuedr I pod Armor tin •1 t s At

We’ ; t l e t  I v , San 1:1 Cru  z li st e’bor , S.int a C m i , C a l l  f o m n  In ’’ , d a ted
: \ t t ~~ t t O  t I’) 71 , at t e.mp ted t o  ‘it’ r II v e’xpo r m ont a l i v  (let t ’nn I ned 1
0 1 sib I l l  iv cee , ,  I fi r I o ut s  under prototype’ cotid It I nuN. ‘th e move—
t1%e ~fl I (~I I hi ’ quad r I pods p 1 sired on t lie w e s t  ¶ e ’  t t v and the (tic I —
d ent  wave’ height S were’ co’.- ortle’d . Co n e I us lvi’ ver  I t I eat Ion was
n ot  posa I b it . h,’t aeeoe I lit ’ I c c c l  dent wave lei ’ I g u t s  were’ neve r
I . 1 1  ge ’ r I 11811 I . 6 i c e ’ C wh 1 (h (a 6~ percent ol I he ’ des I gte wave
h.’ I g h t  t e l  .‘ I I ret

A . 1 / A r e ’pc F t  by (ice San Franc i St’o 1)1st r let , Corps t e l Eng I —

lii i’ I’ S • t i t t  od ‘‘ San t ie  C ret: Ilserbo r I l l  l i c e  Re port —— Sand Bypassing
Pl ant “ , die t i’d Fe b ru. rv I I , 1 7 4 , c’vn hue t t’d posts lb It’ sand—bypassing
S v ’; I e m s  and c t ie e ’i’ fleet teods t e l  mit tn t i i i  ning a navi gable channel 1.01.
I le e ’ tnt I t o  v ~‘a r . Ann 1 vs Is ot leydmog raple Ic Nil rveys f rom March
l’ t  / I t ,e t enet :, r v i~ / ‘e l’eve:e I i’d t lea I sleten Ii ug of the  t n t  rnne ’t’
e li :elieec ’ I big I ie~ ; at  t le t  t eestet  t e l  I lee ’ we ’st let ty and adv au eces Cc t iet ’
hc ’ .t d  ccl  t i e ,  r i o t  ) o t  I V .  R e v i e w  ci t ’ : t r l  icr hydrogr aphie’ surveys
1 11(1 I c at i’d t lest I ohosi 11 ug ci  I lee ’  ehuenne’ I con I I nuo~ and nil g tat es
I a  e I h e ’ r I l e t  0 t h e e  d ianne I wi t le :ult ’ceas I Vt’ w i n t e r  storm s • On t lie
loIs  t o  ci  ~ ~ i t i ~ i n s pe ct  Ion of t he ’ west  l e t  I v , l c ’ak agc ’  ot sand
hrnugie t ier l i l l y  was ~~~~~~ lin te l ,‘d t o he’ toss than ten leerct’nt

i i i ,  rcpor t ( ‘ ( ‘ t i e ’ I tided the t ) t ’t  — pump bypassi ng Wt )U lii hi ’ f l i t ’  itios
pr ic e’ t I t’te I and c ’ t t ’ l icm I 4.’81 ao l  Ut  ion ti e I lei ’ alcoa Ii ~eg p r o b l e m , anti
lint sea II teg (lee voids I n  I lie ’ I t ’t ty  Sh od I d  bt. tie ’IOl’i’ed untIl

s if t c i  .1 l cvpaoo  av e-e l i’m leteti hoi ’n In st a ll i’d .
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A. 18 A report by l i c e  San Franc  t~~eee 1)1 at r ie’t , Corps i i i  Fieg (moors
t I t  led “F.nv tronmental Statement , I)raf t , Main tenance’  f lr i ’d g m n ~
(FY L 974), Santa Crtez Harbor , Santa Crut., California ”, da t (’d
March 1976 , I de n t I f i e d  the following processes, l i s t ed  i l l  ct’d e’r
of magn i tude , as th e causes for  the shoa ling of t he’ ha rbor :  ( l~
bypassing of sand around the head of the vest j e t t y ;  (.1 leak age
of sand through the porous west jetty; (3) aeollsn transport te l
sand over the west jetty; and (4) transport of sand around the
east jetty during l i t to ra l  t ransport  reversals.

A .1 9  A report  by M o f f a t t  & Nicho l , 1ngineers , titl e d “interim
Dredging Program for Santa Cruz Harbor , C a l i f o rn ia ” , pr epa red
for the San Francisco Dis t r ic t , Co rps of Engineers , tinde r Con t ra ct
No. DACW O 7—77 — C—0 023 , dated November 1977, described a p lan for
a m u l t i — y e ar dred ging program a imed at m a i n t a i n i n g  the channel
open yea r—round u n t i l  ii permanent so lu t ion  to the’ shoaling
p roblem is implemented . The study recommend ed p er iod ic  dredging
in the entrance channel dur ing  the w i n t e r  w i t h  a dredge’ stationed
tel the harbor from November throug h May.

A ..~0 A report  by M o f f a t t  & N ichol , Engineers , t itled “I,lttornl
Processes Stud y fo r  Santa Cruz Harbor , C a l i fo rn i a ” , prepared for
San Francisco D i s t r i c t , Co rps of Eng inee r s , under Contract  No.
l)ACW07—77—C—0023 , da ted February 1978 , described the littoral
processes and estimated the quantities of sand sleoallng the
harbor entrs~’n’e channel. A net littoral transport rate off tl.e
entrance channe l of 300,000 cubic yards per year was estimated .
An estimated 100,000 cubic yards per year were forming a t ip
shoal in the entrance channel , 20,000 cubic yards were leaking
th rough the voids in the west j e t t y , and 1000 cubIc yards per
yea r were leak ing  through the east j e t t y .  Ate e st imat ed  sho al ing
c f  20,000 cubIc  yards per year was a t t r i b u t e d  to reversal in
t ransport , Includ ing the et fecta of rip current and offshore—
onshore transport at the head ii !  the east jc’t l v .  Wind  transport
and onshore transport from the offshore region were estimated t o
he 7000 and 2000 cubic yards per year respectivel y. Sand was
estimated to he bypassing the entrance channel at a rate of
175 ,000 cubic yards per year. Annual dredging , using the dredging
practices prior to 1977 wInter , was estimated at 150,000 cubIc
yards per year.
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A. .‘1 A r e p o r t  by Meef1~~tt ~~ Nich eo l , Eng in eers , l i t I i’d “l’e’ie slhi Itt ~’
St eidv t o  Ml ligate ’ Shieal lug in S ece e t  a Cr07  Ece t lance’ C h a n n e l ’ ,
i ce epa t i’d tt e I San Ft’mnc I sco I)Iste’l c I , Cor ps e e l Eng I flee ’ I a • tmdi’ r
Ccci t ea t ’ I No. DA CWO7— 7 7 —c ’--007 I , da t t’d March l~~78 , pt’ e’aent i’d and
e ’ V i  1 un t  eel I 6 .i I t  e ’e-nat (vi ’ so lu t tons t e e  I he alcoa I i  teg preeb I i’m . ‘rice ’
:el I r rise I I yes wt’i’e’ c lass  If it’d ies ma le d ensue.’ , bypassIng , 81id1
at  r ee ’ - total so I u t  t ons .  Eons ltd 1 it y  of cache sec lu t  I ccc was dt ’t ermi noel
t ea se d  on cost— oft i’d iveness , rel (abilit y , and env (roce mt ’nt a l
Inepa e ’ t The’ r ep or t  was prepared foe- ova lust Ion by the’ Fi’de r s l
V t  eta 1 f l v dr a u  t i c s  t ’iemmi I tee.

A, ,‘.‘ Ot h o c - s .  A I echu (cal repor t  1w T. F. \‘nnce of t ile’
i l v d r s i u l  I c  l u g  I noec’ lug l~nhorat cry , at the Universit y of Ca lit ot’id I it ,
Hi’rke’ I e’c’ , t ’~c I I t  or- n Is , F i t  led “ Recent Se d imen t s  ee l Mont crew Biev .
Ca l i t  oree I a” • di e t  od July 1969, repor ted that dii fereec t sediment

~- pcs In Mont e’re’\’ we’e’e found In three’ widespread hands wh Ich
generally were’ a l i g n e d  parallel to the suhnmrlne contours  ci
Mt ’e~ t Oee ’\ ’  Biev • The out  ct-most band w h ic h  predomin ately coecs I st s
01 e tOl t o e ’ g ‘- :c I nod steel Ime’nt a w i t  he some cobbles oe’i’urs a long the ’
‘t, ’,iw:e I ~l e’dgo c c i  I hi ’ e’ont [mont  at s h e l f  and range’s in w i d t h  I reese
, e~~ 1 to threi’ ml li ’s. ‘Ilee ’ mIddl e’ bseed which consists ief V e ’e y  I ieee ’
gi’ :cl ~e’d muil~ I s a p ~e e’ cx (ma t e ’ Iv I lir i ’e ’ t o  four mil es wide and was
I ceind I n  w a l e  I iIe’ p t h lee tween I ‘cO and ~OO fe’t’ I * The iunet’moat
1e ,i~e ei  a long  t let ’ p r esent  shore h Ide’ ciempr tat ’s coarse and med I use
ge s I t  ClOd sod ime ’nt a I hat  are lee’ tug worked 1ev waves e ld e st’ to sheen ’
l i t e ’ at  ccciv repeerted that the covet- sediment a wer e fleet a Imp ly

e ’wt e r k to l  In  p 1 t iL e’ , hut  t tea t MOe1 im~ nt  Is he’ I ng moved into de’ep~ i’
v at  or (t eem t h e  she er e~I the , and t ee Ing  sor ted 1ev s i ze , vi Ftc the
I lice’s I See1 t n wn t  a he tug c a r r i ed  far t he st  f rom t he shores l t n t ’,  ‘i’lii ’
I • ‘j e ~ ’i I Iei t ’nt ii I Oct three ma or sed iment sources for  Mont orev Ray
Vi t , ’ two In rg’’a C a ri’ th e  5,, 11 teas and Pa i c  rivers 511(1 lIce
I. cmi i In! ng son c-cc ’ I a downeoss t t e’anspeer t of beat’lc siteid in t he’
Icier  I h c ’r n  ;e or I t t ’ce ci the ilav . San l ,e er enzo R (yew wa~ e ce c t  d o t e ’ e’ —
m l nod I cc 1ev a a 1gm II I c -ant source’ ot sod Ineon ta . Invest F I g.’e t 11111 elf
in l i e , ’ e .e I p rev I ede ’e’s teed I cat ed that mote t sed tene ect a remit m e d  te e t he
1 i c c - i t  I ‘it ~‘s , with I oeege-eleore t ran ap eer t d tat rI teut lug t he ’ coie t’see’
st’el Imon Is In the’ 1 cen gslccr ce c l i  r~ c Ii c e l e .  Cral  ce—sI ze d is  F r ihu t  tons
I nd I i ’iet eel t l ent  large q u a n t i ti e s  ct sediment it were moving dl ret’ t ly
c i I sh e e n ’ I reese t h e  hene ’Iws

All
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A.23 A report prepared by Earl and Wright , Consulting Engineers ,
San Francisco , Caltt’orrcl,a, titled “flredgthg Report On Santa Cruz
Harbor , Santa Cruz , California”, for the Santa Cruz Por t  1)istrle’t ,
dated June 1 , 1970, reported on an I n v e s tig at i o n  of the  sh o a l ln g
problem of Santa Cruz Harbor. The report identified the movement
of sand from west to east along the Santa Cruz beaches as being
the primary cause of the shoaling. From observations of updr l ft
bench erosion and from sediment discharge volumes of the’ lien
Lorenzo River , it was estimated that the total volume of littoral
drift was approximately 300,000 cubic yards per year. The
report estimated that a bypassing system should be capable of
ha1 dUng 175 ,000 cubic yards per year. The remainder was
assumed to naturally bypass the channel mouth. The recommenda-
t ion with regard to the alleviation of the shoaling problem was
to acquire a 14—Inch floating dredge which would perform the
necessary sand—bypassing and maintenance dredging .

A.24 A Master ’s thesis by Richard G. Anderson, United States
Naval Postgraduate School, titled “Sand Budget For Capitola
Beach , California”, dated March 1971, determined from monthly
wave energy—flux calculations that the net littoral transport
for Cap itola was downcoast for the entire year. The major
source of sediment in the study area was found to be the upcoast
benches at Santa Cruz, Annua l potential drift rates of 352,000
and 310,000 cubIc yards per year were determined for the Santa
C m :  and Capltoin shorelines, respectivel y. The study conclude’d
that the depletion of sand from Ciep itola Bench in 1965 was thee
r e su l t  of c o n s t r u c t i o n  of Santa Cruz Harbor.

A. :s A report by Jon T. Moore of the Univers i ty  of Californi a
at Be rkeley , t i t l e d  “A Case History of Santa Cruz Harbor , Cali f o r n ia ” .
dated June 1972, reviewed the Santa Cruz Harbor Project and
maintenance problems since its construct ion.  The study described
the shoreline between thee San Lorenzo River and Soquel Creek
prIor to the construction of the harbor as being a silt ’ eel
.‘eet (ye’ e’r ees Ion . From a coneparisoee of p rof i les  measured along
the centerline of the channel , the study determined that shoaling
of the channe l starts at abou t the dogleg in ttee entrance’ channel.
Waves diffracting around the head of the west jetty appear to
t ransport material farther inside the channel. Calculations of
upconst drift bypassing around the east. jetty by waves

A9
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from the southeast  to sou th—southeas t  indicated tha t  shoaling
dur ing  reversals En l i t to ra l  t ranspor t  was not sig n i f i c a n t .

A. 26 A repor t  by Dr.  Douglas L. Inman , Scripps I n s t i t u t i o n  of
Oceanograph y ,  t i t l e d  “Summary Report Of Man ’s Impact On The
C a l i f o r n i a  Coastal Zone ” , for the California Department of
Nav iga t i on  and Ocean Development , dated November 1976 , s ta ted
tha t Santa Cruz is s i tuated near the southern terminus of a
li tto ral cell tha t begins at the mouth of San Francisco Bay .
The repor t concludes that of the total sediment supp ly to the
San ta Cruz area is 200,000 cubic yards of littoral drift per
year from upcoas t sources and an additional 100,000 cubic yards
per year by sediment discharge from the San Lorenzo River. The
report stated that the shoaling process appears to involve the
removal and deposi tion of beach sand offshore  by short—period ,
steep storm waves from the southwest; subsequent redistribution
of the sand by long—period swells from the west moves the drift
shoreward back onto the beach and into the channel. A number of
remedial ac tions were suggested , including overdredglng of the
entrance channel to provide storage for the littoral drift , the
creation of a sand trap seaward of the west jetty either by
overdredging or by the construction of a detached breakwater,
and the Installation of a crater—sink , fixed sand—bypassing
plant at the harbor entrance.

INVOLVED PARTIES

A.27 In January of 1951, the Santa Cruz Port District became
a legally cons ti tu ted public body. The goal of th~ District was
to improve the waterways and harbor facilities. The design of
the inner harbor , including bulkheads , revetments, berthing
f a c i l it ies , and public landing , was performed by an engineering
fires retained by the Port District. The operation of the
harbor since its construction has been the responsibility of the
Distr ic t .

A . 2 8  The par t ic ipa t ion  of the Waterways Experiment Station in
the Santa Cruz Harbor shoaling problem involved the instal lat ion
of an experimental je t—pump , fixed sand—b ypassing p lant  on the
west j e t t y . The project  was authorized in 1975 as a one—year
p ilot operat ion to test  the capabil i ty,  cost , and re l iabi l i ty  of
the jet—pump system . The system began operations in July 1976
and tests were completed in March 1978.

AlO
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SECTION B

THE PROBLEM AND ITS CAUSES

LOCATI ON AND DESCRIPTION OF STUDY AREA

8.1 Santa Cruz Harbor is located on the northern coast of
Monterey Bay , figure 81, about 65 miles south of San Francisco
and 14 miles north of Moss Landing. The project site is at the
eastern l imit of the city of Santa CruE , figure 112, in what was
formerly Woods Lagoon. Santa Cruz is a recreational resort
area , well known for its ocean and freshwater fishing , boating ,
golfing , riding, and swimming . Much of its income is derived
from outside sources, such as tourist trade and seasonal residents.
The city of Santa Cruz is bordered on the east by the cit of
Capitola. The Santa Cruz Mountains are to the north and the
Natural Bridges Beach State Park borders Santa Cruz on the west.

PHYSIOCRAPHY

B. 2 Regional Geology and Tributary Areas. A brief descrip-
tion of the regional geology and tributary areas is provided to
identify possible sources of littoral drift entering thee Santa
Cruz area. The Beach Erosion Control Report , Appendix 2, 1956,
details the geology and tributary areas. The shoreline region
lying northwest of Santa Cruz, extending from Halfmoon Bay to
Point Santa Cruz , comprises sea cliffs ftnd small pocket beaches
which occur mostly at the mouths of small creeks. Wave—induced
erosion of the sea cliffs is a possible source of littora l
material at Santa Cruz. Sea cliffs comprise shale and cretaceous
sediments In most of the southern two—thirds of this reach;
however , these sediments are not the significant contributors of
beach material at Santa Cruz. Marine terrace deposits overlay
the sea cliffs along the southern two—thirds of the region and
may be the primary contributors of beach material.

81 
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B. l )raii~a~ e- in the region is  t ypi C t ed by short , s t e e p —
gradient s t r eams  or Ig m a t  ing in the S.uet  .e ~ ru~ moun t  a In  r an ge
Ne’a r t he  ocean , t he rivers leave the c ha rae t t~ r o C d rowned r iv e r
vail t ’vs  . The s t reams have sm.e 11 d r a i n a g e  areas , and C lows a re

r ae  t er  I zed by lash f l o o d s .  No del  t as are f o u n d  ot C shore
because the  wave c l i m a t e  r ap id ly  removes sediments  and distr ibute -s
them along the’ beach and ot f shore .

B . -. The reach ot s hor e l in e  between Poin t  San t a  Cruz and
Sequel  P o i n t  inc ludes  Santa  Cruz Beach , the San Lorenzo R i v e r ,
:it td s t r e t c h es  et  sea c l i f f s .  The San l. erenze R Iv e r , 0 .5  m i l e s
west of Santa  Cruz  H arbor , has a drainage basin of 137 square
m i l es  and an annua l  r u n o f f  of 12 5 ,000 a c r e — f e e t .  The heavies t
r u n o f f  o c c u r s  d u r i n g  the  w i n t e r  months , October  through April.
E s t i m a t e s  made by the Corps of Eng ineers ( 1 9 7 4 )  In d I c a t e  that
th e annual sediment discharge of the San l .orenzo is between
88 ,000 and 133 ,000 cubic yards . t~ t t h i s  t o t a l , 20 percen t , or
18 ,000 to 2 ,000 cu b i c  y a r d s , was assumed to 1w el sand si ~~e’S

found on beaches in t he s t u d y  a r e - a .  lane e’\ ( 1  H ICS e l  so d et e r m i n e d
by study ing m i n e r a l s  of the  r i v e r  b a s in  and bo•iehe’s, that the
San I or enzo River  Is  not .e p r i m a r y  cen t  r ibu tor of lCe • l c l ,  sand .
The se-a c l i f f s  i m m e d i a t e ’ ly east o C the’ S~ n Lort ’n?o R I  v e t  ar e
M on t e r ey  sh~e Ic . The se ’ c l i f f s  are ’ not core s Id er od  to be a pr lmarv
son r e e - cC beach  mater ial because t hey nd t her cen t  a in  beach s i  :e
m a t e r i a l  nor are  they  exposed to severe wave at  t a ck .

B.~ The reach of shorel ine between Soquel Point  and Capttol.t
is c h a r a c t e r i z e d  1w sea c l i f f s .  The sea c l i f f s  east of Soquel
P o i n t , Opal C l i f t s , are act i v e l y erod ing. Marine  terrace deposits
b l a n k e t  t he  c l i f f s , w h i c h  comprise z~ poorly c on s o l i d a t e d  cla~’—
t o — g r a v e l  m at e r i a l .  Erosion ~ f these c l l t f s  may he’ an i m p o r t a n t
source of beach m a t e r i a l  for  beaches east of the c l i f f s .  Soquel
Creek , w h i c h  d i scharges  in to  Sequel Cove at (‘~ep i t o l a , has a
dra i nage basin of •~2 . .~ square m i l e s .  The f low of Soquel Creek
is  ephemera l In  n a t u r e , w i t h  f l a s h  f loods  o c c u r r i n g  d u r i n g  the
w i n t e r  season.  A sand load of 8, 000 cubic yard s per ~‘ea r was
e s t i m a t e d  by the ’ Corps of Engineers , us i ng the same f ac to r s
assrmeed in the  San Lorenzo River  ca lcu la t ions .  Because of the
r e l a t i v e l y  smal l  q u a n t i t y  of sand load and the location of
Soque l Creek to the east of the s tudy s i te , i t s  c o n t r i b u t i o n  to
the sediment budget is not an important  f a c t o r  In t h i s  s tudy .
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8. 6 c I t  C shore of the project si te Is  a na r r ow c olt t I nen t a I
sh t -  I w h I c h  drops  o f f  i n t o  the  Mont  er e ’v C a ny o n  1 .‘ca t ccl in t he ’
m hid Ic  of Monterey Ray . Figure 83 shows t h e ’ ge:~c ci hat fivm e’t r ie

e • I t  ure~s of t he’ San ta  Cru . ! embaytnent . The he’acie sI c’pes St e’ep I v
o the’ 20—foot d e p t h  con tour , then slopes very gent  Iv  to  th e ’

~c c i t h .  Fi le ’ b ot t o m  comprises hard rock ou t c r o p p in g s  which •er e -
p a r t i a l l y  over lain w i t h  unconso l ida t ed  sed iment .

8 . 7  S h o r e l i n e  Reaches.  For purposes of discuss ion , t h e  s tud y
sh or e l i n e  was d iv i d e d  i n to  three s h o r e l i n e  reaches: upcoas t ,
Twin Lakes Beach , and downcoast.  The uproast reach extends f r om
Point Santa  Cruz to the  San Lorenzo River . Poin t  Santa Cruz ,
which  is near the  nor thwes te rn  l imi t  of Monterey Bay, she l te r s
San t a  Cruz  Harbor  f rom ocean swell ar r iv ing from
t h e  n o r t h  and n o r t h w e s t .  The emphas is  of the stud y was concen—
t r a t e d  on the  Twin Lakes Beach reach, a highly developed recrea—
t j c ’rC , l l beach fr o n t i n g  S a n t a  Cruz  Harbor .  Twin Lakes Beach is
the r ea ch  t h a t  ex tends  f rom the San Lorenzo River  eas tward to a
headland known as Black Point. Th is headland acts as a natural
groin which stabilizes the Twin Lakes Beach shoreline . The
dew ncoast  shoreline reach extends from Black Point to the cit y
ef C a p i t o l a .  Soquel  Po in t , which  Is the wes tern  t e rminus  of the
Op e l  C l i f f s , is  l o c a t e d  in the  dowucoast reach.

8.8 rh e upcoast  reach of the  s tud y area c o n t a i n s  two d i s —
t i n c t l v  d i f f e r e ’nt sho re l ine  segments , a n o r t h — s o u t h  segment and
t h e  Santa  Cruz  Beach segment.  The n o r t h — s o u t h  segment consis ts
of sea c l i f f s  about  25 feet  in heig ht f ronted  by a wave—cut
terrace. The southern terminus of th is  segment is Point  Santa
Cruz , and the northern terminus Is Santa Cruz Beach. The Santa
Cruz  Beach segment , a highly developed recreational beach , is
aligned in an east—west direction. This sect ion of the  shoreline
is not h acked by b l u f f s .

B. ’-) The Twin  Lakes Beach reach can be f ur ther d iv ided  fo r
di scussion into two segments. The western or up d r f f t  segment  is
bounded by the San Lorenzo River to the west and by Santa Cru~
Harbor to the east. At the western terminus of this reach ,
immediately east of the mouth of the San Lorenzo River , a
natural rock groin projects from the shoreline. The updrlft
shoreline is characterized by low bluffs which are fronted by
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a wide sandy beach. Prior to the construction u l  tht~ Harbor
let t ies , the beach d i d  not p rotect  the bluf f from wave at tack at
high tide . The eastern or downdrift segment extend s f rom the
h a r b o r  ent  r anec to B l ac k  P o in t .  T h e  w e s t e r n  ha I f  of this segment
which fronts the harbor and Schwnns Lagoon, consists of a sand
he’ .ech approximately 2000 feet long . The eastern half of the
downdrift segment is backed for most of the distance’ by bluff s
about 35 feet  I n  h e i g h t .

B . l 0  The western and eastern boundaries of the downcoast reach
are Black Point and the city of Capitola , respectively. A
second prominent  headland , Soquel Point , is located one mile
east of Black Point. The shoreline between Black Point and
Sunny Cove east of Black Point is characterized by rocky ledges
which are resistant to wave attack. From Sunny Cove to Soquel
Point , the shoreline consists of bluffs which average 35 feet in
height. The bluff line is broken at two locations by Corcoran
Lagoon and Moran Lake.  The shore l ine  from Soquel Po in t  to
Cap itola is about 14,000 feet long and is hacked by the Opal
C l i f f s , which  range in he igh t  f rom 35 to 75 f e e t .  For most of
the year , the Opal Cliffs shoreline Is devoid of beach material ,
which  leaves the c l i f f s  exposed to wave erosion .

B . l l  Beach M a t e r i a l .  The size d i s t r i b u t i o n  of beach m a t e r i a l s
de t e rmined  f rom the L i t t o r a l  Envi ronmen t Ohs e ’rv at Ion  (LEO)
program are g iven  in t a b l e  Bi.  Data  were obta ined from sand
samples taken in the splash zone for various months in 1970 and
1971 ~t t  Twin Lakes Beach.  Sediment samp les were ’ also taken at
four  s ta t ions  shown on f igure  84 in the Santa Cruz Harbor
channel by the U.S. Army Corps of Engineers in May 19 7 1 and Jul y
1973. Size  d i s t r i b u t i o n s  fo r  these sediments , obtained by a
mechan i ca l  a n a l y s i s , are shown in the gradation curves In
figure 85. Size  d i s t r i b u t i o ns  fo r  these sediments are a lso
given in table 81. Sand sizes were medium—to—fine , with sediments
in the channe l being slightly finer than the sane found In the
splash zone.

B.12 Shoreline Alignment. The general east—west orientation
of Twin Lakes Beach reach shoreline is maintained at t h i s  loca t ion
by Black Point , a natural rocky headland 2,500 feet west of the
east jetty. The August 1977 shoreline azimuths of the eipdrlft
and downdrift beaches were 285° and 292°, respectively. The
shoreline azimuth is defined herein as the ang le measured
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Table 81.
SEDIMENT ANALYSIS STATISTI CS

Sou rce: LEO Program , Twin Lakes, CalIfornia (36 57.70N 121 9.76 W)

Phi* Phi Phi Phi Median
Samp le Mean Std. Skew— Kur— Dia.
Date Dia. Dew. ness tosis (nun )

2_28_70 .75 .46 .93 3.43 .65
3— 17—70 .81 .68 .22 2.66 .60
4—1 8—70 1.52 .40 .33 2 .64 .35
5—4 — 70 1.85 .38 .32 1. 97 .29
6—1—70 1.77 .45 .10 2 .42  .29
6—1—70 1.89 .40 .42 2 .56 .28
7—4—70 2. 10 .35 .52 2 .7 9 .24
1 1—3—70 1.60 .43 1.33 5.30 .35
11—17—70 1.82 .37 .66 2.86 .30
12—4—70 1.49 .53 .79 3.66 .37
10—31—71 1.95 .38 .65 4.13 .26
12—2—71 1. SS .36 .19 7.34

Sou rce: U .S.  Army Corps of Engineers

Phi Phi Median
Samp le Mean Std.  Dia.
Date Sta. Dia. Dev. (mm)

March 1971 B 2.02 .42 .26
March 1971 D 2 . 7 5  .57 .15
Jul y 1973 SC— i 2.16 .91 .26
Jul y 1973 SC—2 1.95 .66 .27

* Wentworth Soil Classification :

SAND
Very Very

(~ranular Coarse Coarse Medium Fine  Fine

—2 — l 0 1 2 3 4 Phl
units

4 2 1 • S .2 5 .125  mm
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clockwise from true north to the general trend of the s h o r e l i n e’
in the upcoast direction . The small difference between the
azimuths of the u p d r i f t  and downdrift segments indicates that
the shoreline has established equIlibrium in response to the
wave climate and sediment supply in each segment. The orientation
of the shorelIne is an important  fac tor  in defining the shore
processes.

SHORE AND HARBOR HISTORY

B. 13 The ear l iest  hydrographi c surveys of the Santa Cruz
region were performed by the U n i t e d  S ta tes  Coast and Ceodet Ic
Su rvey (U . S . C .  & C . S . )  dur ing the  period from 1851 to 1860. The
area  was resu rveyed by the U . S . C .  & G . S .  in 1932 . A Bench ~
Erosion Control  Report of Santa Cruz beach by the Corps ol
Engineers  in 1956 determIned by comparison ot the su rveys t ha t
shoreline and offshore depths from the San Lorenzo River  to a
point one mile east of Soquel Creek had experienced significant
erosion. Comparison of the offshore depth changes revealed that
a general deepening of the original Santa Cruz Harbor near the
municipal pier , one mile west of the Harbor, had occurred during
the seventy—two—year period between 1860 and 1932.

8.14 Reports of shoreline conditions for the years preceding
the construction of the harbor indicate that the bluffs backing
the western segment of Twin Lakes Beach had experienced signi-
fican t recession. The bluffs , fronted by a narrow beach , were
exposed to wave attack at hIgh tide and were eroded an average
of two feet per year from 1907 to 1958. The beach immediately
east of the harbor frontIng Woods Lagoon and Schwans Lagoon was
200 feet wide off East Cliff Drive in the summer. During the
winter months, the beach receded to a width of only 50 feet . :\
sandy beach formed in front of the b lu f f s  at  the eastern t e r m i n u s
of Twin Lakes Beach during the summer months. Erosion ot the
bluffs occurred in the winter months when the high—water line
receded to the foot of the bluffs.

B.15 Construction of Santa Cruz Harbor was authorized by Con—
gress under the River and Harbor Act of 1958 by House Document
No. 357, 85th Congress, 2nd Session, which provided for a
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ha t h o r  f o r  I igh t —di a t t v e s se l  s In Wood s I agoon .i t t h e  e t  s t - i n

he’tind .iiv of San t a C ru . The author I ieel improvement s I ne 1 tided
two rubh I emound le t  t I es I $00 I eel  long ~ind 810 feet long • on t h e
west and east ides s ’t an ent  r s lne ’e channe’ 1 , respe’e I I v e t  v ; an
en t r anee  s hanne ’ 1 app i-ox m a  t~~l v 900 feet long, 100 feet vi tie and

e.e’t deep .  rt’duc i ug t o  I ~ fee t  in d e p t h  at  the’ sarn~’ vi dt  hi I or
a n ad d i t  I ona 1 1 ‘O I e e l ; .  in  i n n e r  eh anne ’  1 , 800 I es I long • I “0
eel vi  ic’ , 1 S I eel  de ep, edus - ing o 10 t ee’t in d e p t h  a t  the

same v i  d t h I or in add I t I ~ma I t~00 I ee t ; a t u r n  t u g  1’.i sin a pp r o x  i—
mate’lv 100 I eet long . 250 f eet  w i d e , and 10 I t ’et deep ; and a
san~I— 1w p.i c~ lug p l a n t  . Ft  gu Es ’ 116 shows p t o  f e e t  s - a t  c i t  i -s . The
.1 rme’t tin i t  s o I the s e s~’ i  itt ide ot I l ie we-~ t i ’l l  v a t o  .‘S— ton
qeI . l ~L i  I posh~ . The v ’s  t le t  l v  a t  so h a s  i t one rs t e ’ s a p  ox t end i ii~~ t o

s -I eva t Ion + lb  I ee ’t Ml 1 W .

It • its t. ’ns t r ue  t i o n  01 the harbor was ( n i t  I at ed in Fehrua rv of
I ~H’ 2 with t he d re’dg i ng ot Woods l agoon ansI t ht ’ st  :Ir t oI work on
the west l e t  I v .  I i i , ’ w e st  et t v was ~~~~ I ~~~~ 0th in  1 e ’l~ru a r v  • I
t hen work beg-in on t h e  .- .sst l et  lv . and i t  was eomp le red  In  Ap r i l
1 ‘) ‘  1~ The ’ en t r .t u i - e s’h anus- 1 was dred ged I t ’ t he p ro  j e e  t d i m e n s ion s
in t h e  summer o I I 96 . (‘oi~~ t ru e t t on o I Saul a Cru -~ Harbor was
oomp I s ’ t .sl I ii Nove~mhe’ r 196 1 , w i t  hi the ’  e’xc op l i o n  s ’I I he sand—
b~ p a ss i n g  p 1 ant • Cons t ru e  t ion ot t h e ’ s and— isv passing p l an t was
d o t  e t t e d  nu t  I l  t h e  l i t  t o r . i I  d r i l l  t a t e  eeuld  hi ’ more’ a e e ur a t e l v
t ’ t  er mi  ned .

11. 7 Itu r lug m d  sut ’sequeu t t s ’ eomts  I rue t I on ot San t a  (~m u  Ha i- —
hot let ties , the’ 1’e~m eh west  01 t h e  l et  t h’s e xp e r i e n e’eel r ap i d

~~~~ t o t  i on , h u l l  ~i lug out I rem t h e  I ‘H~ - ‘ p r e — p i ~~ I e~ t shorel (us’
a hoem t 2 So leo 1w 1 ‘~6 S - m d  ab o u t  ,00) I e’e’ t 1w j t )  

~
‘ 7 The grow t hi

oI  t h e’ he -molit ’s has p r o t  e et e d  the  h I n t  I s  , i 1 o n ~’, Fast (‘ I I I  I D r i v e
ron rap t d e’ vs’s io n 1w ways’ t o t i on .  The he:i oh east of ( I t s ’

j o t  t los  soon r s -es ’dod 1 50 t o e  t and t h e  heaeht  ~i t t a p  i t oh a van I shed

It . 18 SIis ’a I t u g  o I I he o hanne ’ 1 l i i  t e ’qu I red attmiu.m I ma In I .‘:~a n ee
dred g i n g  r ep o r t  e’CI C s ’  l ’s ’ ou the orde ’t  ol 100,000 cub t~’ ~‘a t d s  pe r
v e a t  I t i e  e I ~6 S . In :mt ’eo rdauee wit It the’ act th or  I lug deie’umen I , .1

I •
‘ — I h e ’ll hv d r u m  I I o ii rt ’elge was ~~ I I  ve ’re’d I o the I i ’e a I in I ores t s in

I~~;.’ to m a t  i t t  m i m i  the ch a n ne l  . lk’weve’r • the dredge was not
su I I Ic  l e t  lv se ’awo t~ t liv 1 o ma tnt a in  I lit ’ t’hanut’ I d u r i n g  t h e

ill .‘
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winter , and It was transferred to another location. Subsequently
the annua l maintenance dredging was performed by a dred ge tinder
contract t the Corps of Engineers until 1977 when a multi—
year , per iodic  dredging program was imp lemented to ma in t a in  the
channel  d u r i n g  the w i n t e r  season . In add i t ion  to the maintenance
dred ging , an exper imenta l  l e t—pu m p bypassing sys tem was i n s t a ll e d
in 1976 by the Waterways Exper iment  S t a t i on  (WES) to a f i e l d —
test this new equipment. During the first year , sand was
aperiodically removed from an area between the jettIes but
outside the project channel. During the second year , an eductor
was placed in the updrift surf zone to bypass sand. The eductor
f i e l d  exper iment  was t e rmina ted  In March 1978.

NATURAL PHENOMENA

B.19 Tides. The t ides in Santa Cruz are semidiurnal , w i t h
diurnal inequalities. The datum plane Incorporated in this
report for tides and water depths is mean lower low water ,
MLLW . Tide da ta  fo r  Santa Cruz are presented in table B2.

Table B2. TIDE DATA FOR SANTA CRUZ

Hi ghest t ide (est imated) 8.0 fee t
Mean higher high water (MHHW) 5.3 fee t
Mea n hi gh water (MHW) 4 .6  feet
Mean sea level (MSL) 2.91 feet
Mean low water (MLW) 1.10 feet
Mean lower low water (MLLW) 0.0 feet
Lowest tide (estimated) —2.5 feet

8.20 Wind s. Wind records considered per t inen t  to the littoral environ-
ment at Santa Cruz were obtained from meteorological observations collected
from ships operating off the California coast. The results of these
observations are published in the “Summary of Synoptic Meteorological
Observations (SSMO), North American Coastal Marine Areas — Revised ,
Pacific Coast , Volume 5 (1976).” Santa Cruz is within Area 35, shown in
figure 87.
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B. .~ 1 .-\ v I  mi d r . ’s o summ a r I I ng the dat a  f ront Are a  1S Is shown In
figure 118. The period o I observa t ion f rom 193 S 15 ’ 1 ~ 7 e~’it I a Ins
more t han  58 , O ) O  esh se ’ rva t t ons .  P redominan t  w i n d s  5ire f r o m  t he
north and northwest. W eaker  amid less f req u e n t  w inds  occur f r o m
t h e ’ e ’~ l 5 t  and n o r t he a s t .  San t a  Crti ; ’  Harbor Is on a shoreline’
that genec t liv t o  I lows an e’est— t o—west  a l i g n m e n t  . The p r esence
ot  I .mmi d end or s ’gr aph Ic  f e a tu r e s  1 s ’ca I lv modi fy wind patterns
r i - l i t  I ye -  t o  ob se - m - v. m t ions at sea . Conse’quen t 1~- , w inds at  Sami I i
(‘ r t m z  e.mn he s l g u t l  icant lv d i f f e r en t  f rom t h e  w in d s  over the open
0 0 0 . h m i  . Howe’ve ’r • t he  wi  tids ove’r t he  w~iv 0—g ene t at lug .m Fe ’ m  a l e  5~ I
pr (mary concern In t is is repot -  t . W j  mid cIa t a f o r  i I and—based
we’a t i t e r  s t a t  i s ’S i t  I he’ Mont ere~’ A l c- port are ’ m l  so .ova (lab le , but
t lit ’ ~M(i w i  t ic! ~l.m I a .1 ie more app i i  cab 1 s~ due’ t o  their .ibs~ nct ’ ot
land oft cot s , t ist’ I v  longer da ta  base , and t h e i r  I c~O~t t ion s’V (~I~
the wave—generating area.

B. ~~ W ave  C ! i m a t e .  The wave ’s .m r r i v  lug at  S en t  a (‘r em ?. can he
d l v i  t Ied 1 mi t  o t h r e e’ c-a tegor ies accord Lug t o  o r i g i n :  N o r t h e r n
Hemisphere  swell , S o u t h e r n  Hemisphe re  swe’I 1 , and seas generated
hr l ocal winds. The geoms ’t ry and hathvtnetry oft Suit a Cruz
a l low s we l l  t o  approach f rom the south clockwise  through west—
nor thwes t , whereas locally generated seas can approach f rom the
e’ast c lockwi se  through w e s t — n o r t h w e s t .  The f o l l o w i n g  descri p—
tfou s’t the  wave climate Is taken from Marine Advisers (1961).

B. .‘ I N o r t h e r n  Hemisp here 511. Most e’l the wave’ e’ne’rgy
r e ac h i n g  Santa  Cruz  is from N o r t h e r n  Hemisphere ’ swell  generated
primaril y hr e x t r a — t r o p i c a l  c’Ve ’ lone’s in the  n o r t h e r n  Pac I t  I c .
These c v ch sn e s , a l s o  r e fe r red  to as J a p a n e s e — A l e u t ian  storm s, —
t y p i c a l l y o r ig in at e  In  the  v i c i n i ty  of Japan and ntove’ eastward
acrOss t h e’ h i g h e r  Lit  i tudes to the Cu if of Al : tska .  These
s torms are most  p reva lent  amid in tense’ dur tug the’ w i n te r  and
s p r i n g  seasons.  Infrequentl y , s torms or i g ina t ing in the vicinit y
of the H a w a i i a n  I s l a n d s  move eastward ac -ross the  m i d — l a t i t u d e s
and p r oduce swe l l  that reaches Santa Cruz . However , th is
southwesterly swell Is rarely as large as that produced hr the
J a p a n e s e — A leu t i a n  storms. Trop ical  storms and hurricanes ,
ca l l ed  chubascos , w h i c h  develop o f f  the coast of Mexico , dur ing
the months of J uly  th rough  October , ra re l y move as t ar nor th  as
Southern C a l i f o r n i a , although they do generat~’ moderate  swell
that reaches most of the Californ ia coast.
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B . 2 4  A s teep pressure gradient  over the eastern P a c i f i c  basin
can cause s t rong and persistent west—northwesterly to north—
westerly winds. This pressure gradient is due to the Pac i f i c
h igh—pressu re  cell which is the dominant meteorological f ea tu re
d u r i n g  the summer months .

8.25 Southern Hemisphere Swell. During the austral winter ,
storm s of great intensity and size occur in the high and mid—
l a t i t u d e s  of the southern Pac i f ic .  The storms are comparable
with the extra—tropical storms of the Northern Hemisphere , but
are often more severe. Swell genera ted by these storms occur
from May through October, but are most common during August and
September. Because of the great decay d istances , these waves
have low heights and long periods when they reach Santa Cruz.
Typical southern hemisphere swell has heights between 1 and 3
fee t and periods ranging from 13 to 21 seconds. These waves
approach Santa Cruz are from the south through southwest.

B.26 Seas. Locally ~tenera ted seas a t San ta Cruz are mos t
severe from December through February . Figure B8 shows that the
predominan t winds are front the northwest and north , although
seas generated in these directions are not refracted into Santa
Cruz. Seas arriving at Santa Cruz can originate only from the
east clockwise through the west—northwest because of land—mass
restrictions . Fetch lengths for seas generated from the south
clockwise through the west—northwest are limited only by the
di stance over which local storm winds blow. In energy—flux
calculations , fetch lengths for these directions were all assumed
to he 100 nautical miles. Fetch lengths for seas from the east
clockwise through south are limited to a maximum of about 20
nau tical miles by the configuration of the Monterey Bay shoreline .
Refraction of waves over the irregular bathymetry of the Santa
Cruz area has the effect of reducing seas approaching from the
east or the west relative to waves approach (ng from the more
southerly direc tions.

B.27 Tsunami. The first tsunami reported in the Santa Cruz
area occurred on April 1, 1946. It consisted of 12 waves, the
largest of which raised the tide level 7.7 feet above time
predic ted tidal stage. The water at the Municipal Pier

B18
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surged for three days following the arrival of that tsunami. In
1960 a six-foot rise in water level due to a tsunam i generated
by the Chilean earthquake was recorded , although no significant
damage occurred at Santa Cruz. The 1964 Alaskan tsunam i raised
the water surface ten feet above the predicted tide level in
Santa Cruz Harbor. As a result of this tsunami , a hydraulic
dredge used for maintenance was torn from its moorings, and it
sank after striking the east jetty . Thus, despite its apparently
sheltered position , Santa Cruz is susceptible to damage by
tsunamis approaching from the northwest. In fact , the runup at
Santa Cruz in 1964 was twice that experienced at Monterey
Harbor. This phenomenon is possibly due to r e f r a c t i o n  induced
by the deep submarine canyon which bisects the bay.

B. 28 Seiches and Currents. Two types of currents that occur
iii the Santa Cruz area are caused by long—period waves , or
se’iches , and un id i r ec t i ona l  currents  in the o f f s h o r e  sur face .
Se iches wi th peri ods ranging from 40 seconds to grea ter  than
four minutes have been measured in Mon terey Bay by wave gages at
Monterey Harbor and Moss Landing . These long—period waves have
been reported to occur at the Santa Cruz area , but have not been
measured by Instruments . The estimated wave height of these
seiches ranges from 0.5 feet to one foot.

8.29 Offshore surface currents in Santa Cruz Cove measured in
1925 and 1926 at the 40—foot depth contour were generally from
west to east. Currents measured at the seaward end of the
municipal pier were always directed shoreward . The maximum
current velocity recorded during the study was 1.2 feet per
second . No o ther  current  studies are available for the immediate
vicinity of Santa Cruz Harbor.

LITTORAL PROCESSES

B.30 Wave Transport. Littoral transport is the movement of
littoral drift due to the interaction of waves, winds, and cur-
rents with sediments. Modes of sediment motion are suspension,
saltation , and bed load. Wave action moves bottom materials up,
down, towards, and away from the coast, tending to establish
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a he - i c l i  and offshore p r o f i l e  that is in oqu i I Ihr  him w i t h  forces
d im e  t o  w a t e r  m o t i o n  and g r a v i t y .  D u r i n g  t h i s  process, a winnow—
In g  a c t i o n  occurs w h i c h  c ar r i e s  the f ine r  m a t e r i a l s  f a r t h e r
offshor e- and deposits the coarser particles on the’ beach.
Large , s teep waves tend to erode the beach and move m a t e r i a l s
o f f s h o r e - , whereas modera te— and low—hei ght  waves tend to move
m a t e r i a l  back towards the  beach. The d i rec t ion  in which  the
sediments  move p a r a l l e l  to the beach is largely de termined by
the d i r e c t i o n  of the Incoming waves. This d i rec t ion  can vary
f rom day to day and cause l i t t o r a l  mate r ia l s  to move both up
and down the coas t .  Longshore t ransport  occurs when beach
m a t e r i a l  Is  moved along a shoreline by the skewed uprush and
backwash of waves a r r iv ing  obli quel y to the shorel ine;  jus t
o f f s h o r e , longshore t ranspor t  r esu l t s  from longshore cur ren t s .
Movement occurs p r imar i ly between the breaker line and the wave
r u n u p  l i m i t .  Mater ia l  is also t ransported when waves s t i r  the
bot tom m a t e r i a l s  into suspension and bottom currents  t ransport
the material. The absolute sum of all longshore littoral
movements over a year gives a gross annual drift , whereas a
vector  sum of the longshore movements resul ts  in a net annual
d r i f t .  The d i rec t ion  of the net longshore t r an spo r t  is termed
“downdr i f t ” , and the opposite d i r e ct i o n, ”upd r i f t ” . At Santa
Cru- ’ , the  d o wn dr i f t  d i rec t ion  Is to the east.

B.3 l  The longshore movemen t of mater ia ls  is in terrup ted when
a j e t t y  or channel is constructed across the zone of l i t toral
t r anspo r t .  A long lettv will impound the net littoral transport

— on the upd r i f t  side of the structure, and an equal amount of
mater ia l  w i l l  theoret ical ly erode from the downdrif t  beach. A
channel w i l l  tend to trap the gross littoral transport due to
the decrease in water turbulence a channel provides.

B. 32 Wind Transport .  Aeolian t ransport  r e fe r s  to the process
wher eby beach materials are transported by wind . This process
is often evidenced by the presence of sand dunes on the back—
shore . Migra t ion  of these dunes landward can result  in a loss
of sand from the ac t ive  l i t t o ra l  zone. Prior to the construc—
tion of the Harbor, there was no evidence of aeolian transport
of significant amounts of beach material, although small dunes
were noted on the downcoast side of some streams and beaches in
the  stud y area . Af ter the construction of the je t t ies , wind—
blown sand accumulated against  the backshore part of the west
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) et  t v and m at er  l ; m I overtopped the  )et  ty  , subsequent l v  se -t  t 1 ing
in the e lian ne~ I

II. 13 In l e t  E f f e c t s .  One of the  obj ec t i ve ’s id coust r ;ict  lu g
e’t t f e ’ s  Is to c-omi t ro I the shoal Ing of a channel by I i t t  ora l

transport. Given an adequate tidal pri sm in t h e’ harbor , the’
channel will be m a in t a i n e d  by the scouring act  ton of the t Ida I
flows. The Santa Cruz Harbor jetties , as evidenced by t he
yearl y shoal i ng of the channel , are not adequat t ’lv  p r e v e n t i n g
the in f i l l in g  of the channel .  In the f i r s t  few years  a t  t er
c o n s t r u c t i o n  of the j e t t i e s , si g n i f i c a n t  shoa l lug  of the  in l e t  

—d id  not occur . Shoal ing of t i m e ’ t ’liannel Increased rap [d l v  when
the  Impounded f t  1 let  west of the west  j e t t y  aggraded t i m wi t h i n
300 fee t  of the  head of the j e t t y , suggest ing t ha t  sand was
bypassing around the end of t he’ short west let Lv into t ime -
en t rance  channe l .  This  m a t e r i a l  remained In the i n le t  b e -cau se -
t he  t ida l  f l o w  veloci t ies  were not of s u f f i c i e n t  magnitude’ (em
scou r the excess sand. The t ida l  prism is not large- enough to
m a i n t a i n  the desired channel dimension .

STATF~1ENT OF TIlE PROBLI-~’1

8. 14 C on s t r u c t  ion of San to Cruz Harbor and ma h i t  emi;mne’ e
dred ging  have m t  or fe red  w i t h  l i t t o r a l  t r anspo r t  In the
v I c In i t  v of the Hzi rbor and have a I t e’re ’d ho t li  t l ic ’ up dr I f  t and
downd r l f t  ben ch c o n f i g u r a t i o n s .  The up dr i  f t  beach he’ tWe ’t’n t ime
San Lore n -io R i v e r  and the west j e t t y  has exp e ’r icne’ed si g n i f  i—

re ’t  ion s i n c e ’  t h e  c o n s t r u c t i o n  of the j e t  t R’~~. Th iIs
ae ’c r et  ton is due to the fnmpoundnm e-n t of sand aga In s t  the west
jet ty  , wim I cli has OC ’ ted as a groin :mne l t ended to ot oh I l  i ~ .t ’ t ime
up dr I I  t sh ore I I ne’ recichi . TIme’ elownel m- I f  t be ’aelm , be’ t wee’Ii I l i t ’  cci S

i t t  v amid 81 ~m -  k Po I n t  , has a I so expe r  temwed long— t O flim - te ’c ret  ton
s ince  the ’ c on st r u c t  Ion of the  t’t t i e s .  ‘liii s accre’t ion m a y  I m e ’

due in p ar t  to the  construction of tin’ j o t  t Ie ’s between two
n a t u r a l  heael l antis , the  rock p r o j ec t  Inn east  of the San Ior on zo
Rive r  and Black  P o i n t  , which del Inc t h is  shore I the reach. The
new headland crea ted  by the j e t t  los reduced the’ dist :mmn’ t’ b~ twee’mi —

head lands b y forming two c o i l s , each w E t im incr eased capabi lity
to retain sand . This has more e f f e c t i v e l y stabilized (lie
shoreline . The t im ing of m a i nt e n a n ce  sand—bypass ing dred g ing

112 1 
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a f t e r  the major winter storm may also contribute toward the
a c c r e t i o n  on the  downdrift beach, One year after the  comp l e t i o n
of the Harbor , shoaling occurred in the entrance channel  and
dredging of the harbor was necessary. In subsequent years , the
entrance channel has shoaled during the winter season; dredging
in the spring has been required to maintain a navigation channel.

— Photog rap h 81 shows the channel at a low tide at the beginning
of a d redging ep isode. This procedure has resulted in closure
of the harbor between December and April until 1978 when the
dredging practice was changed to maintain the channel throughout
the year.

B . 3 5 The problem is to ident i f y the coastal p rocesses occur-
ring in the study area and to determine which processes are
directl y responsible for the shoaling of the harbor entrance.
Time possible causes of th e shoali ng problem ar e; longshore
sed imen t transport around the jetties, leakage of sand through
the jetties , aeoiian transport of sediment into the channel ,
onshore transport of offshore deposits , and tidal transport.
The purpose of defining the processes Is to provide criteria for
develop ing a method of mitigating the shoaling and maintaining
a safe , year—round entrance channel.

‘I
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SECTION C

LITTORAL PROCESSES

C.l The purpose of this section is to present and analyze the
available data on littoral processes in order to define the
mechanism of shoaling in Santa Cruz Harbor. The wave climate is
described to form a basis for wave energy—flux calculations and
for consideration in formulating and evaluating maintenance or
bypassing procedures. Wave energy—flux calculations are made to
estimate the potential for littoral transport. Bathymetric
surveys and dredging records are analyzed to determine historic
shoaling rates and to give insight into the shoaling mechanism .
Thus , based on available data and theory, the shoaling process
is synthesized .

WAV E CLIMATE

C.2  General. Several wave data Sets are available for Santa
Cruz. Characteristics of waves had been measured in sha llow
water visually and by wave gages; hlndcasts had been made for
wave characteristics at deep—water stations in offshore areas.
Four sources of measured shallow—water waves included visual
Littoral Fnvironxnental Observations (LEO), a Marine Advisers
wave gage off the Santa Cruz west jetty, a wage gage off the
municipal pier , and a wave—gage array installed by the Corps of
Engineers and State of California , Department of Navigation and
Ocean Development , as part of the California Coastal Engineering
Data Network. Four sources of deep—water wave statistics
included shipboard observations from the Summary of Synoptic
Meteorological Observations (SSMO), and three hindcast studies
listed below:

1. “Wave S ta t i s t ics  for Seven Deep—Water Stat ions Along
the California Coast”, National Marine Consultants ,
December 1960;

2. “Deep—Water Wave Statistics for the California Coast,”
Meteorology International Incorporated , February 1977;
and

Cl 
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3. “A S t a t i s t i c a l  Survey of Ocean Wave C h a r a c t e r i s t i c s  in
Southern C a l i f or n i a  Waters ” , Mar ine  Advisers , Jan uary
1961.

C .3 LEO Data. Visual observations of littoral processes were
taken by rangers at Twin Lakes State Beach on the east side of
Santa Cruz entrance channel. Daily visual observations of wave
height , period , breaker type, and direction of approach were
taken during a period from September 1, 1968, to February 16,
1972. Wave heights observed ranged up to 11 feet and wave
periods ranged up to abou t 40 seconds. Wave directions were
classified into 45—degree sectors with the majority of the waves
approaching from the southwest. The total number of wave
observations was 786. The largest and smallest number of
observations were taken in September and August , respectively.

C. + Mar ine  Advi sers Wave Cage. Marine Advisers installed and
monitored a wave—pressure gage located 425 feet southeast of the
head of the west jetty in a depth of 20 feet MLLW. The wave
gage operated between October 1, 1963 , and June 10, 1968. The
data were reduced manually. Within this time period , the maximum
measured significant wave height was 13 feet in December 1967.

C.5 Municipal Pier Wave Cag.~~ A step—resistance type gage was
mounted in February 1968 on the seaward end of the Santa Cruz
Munic ipal  Pier , about 1 mile west of the proj ect site , and
ope rated unt i l  May 1972. This gage was installed with the
objec t ive  of measuring extreme wave events; consequently, the
data we re not reduced on a routine basis.

C.6 California Coastal Engineering Data Network. A wave gage
s t a t i o n  was i n s ta l l e d  at Santa Cruz Harbor in September 1977 as
pa r t  of the Ca l i fo rn i a  Coastal Engineering Data Network sponsored
j o i n t ly  by the Department of Navigation and Ocean Development
and the U. S. Army Corps of Eng ineers. The sys tem comprised
four pressure transducers mounted at the corners of a 6—meter—
square frame connected by submerged cable to a shore—based
recorder. The system measures the momentum f lux and slope of
the wave—i nduced pressure f i e ld .  The wave height , wave—energy
spect ra , and longshore transport  ra te  were calculated by linear
wave theory using the data from the slope—array system and some
empirical data.

C.~
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Initially installed in 21) feet of water , the transducer element s
were incapacitated by large waves in late October , 1Q77 . The
system was repaired by February 1978; only five months ~t data
were available for analysis. However, the energy fl ux calcul ated
from the gage data generally agreed with that calculated from
the hindcast data set.

C.? SSMO . Visual observations of wave characteristics reported
by ships at see within Area 35 are summarized by the wave rose’
in figure Cl. The data are based on more than 16,000 ship
observations taken from 1963 to 1974. The maximum observed wave
height was 16 feet. The waves were predominantly f r om the
northwest. Two of the shortcomings of published SSMO wave d a t a
are the large geographical area over which the data were c~’1lecte’d .
much of which did not contribute to the Santa Cruz wave climate ,
and the format in which the data are presented. The published
data are presented in bivariate forma t ; one table gives the
height versus wave period and the other gives the height versus
wind direction. These shortcomings can be remedied by direct lv
accessing the data tapes, printing the’ data in trivartate
format wherein directions are classified into 30—degree se’cters
and wave heights , periods, and durations are classified by
seasons. In this manner , wave statisti c’s from a specit i~’ area
hounded by 36.ON by 17.3N and 121 .0W by 122 .9W , de’p hte’d by

heavy solid lines in figure 87, were compiled. A w ay s.’ rs.’st ’
representing this data set is shown in figure C.’.

C.8 National Marine Consultants. The National Marine C~’usu l-
tants (NMC) have developed deep—water wave statistics h~’ h i n d —
casting for seven stations off the California coastline . M e n t e r t ’~’
Bay lies mid—way between stations 3 and 4 shown in figure 87.
The NMC data set gives the wave height , period , and frequency of
occurrence of deep—water , Northern Hemisphere—generated sveS ll
and of locally generated seas at each station by 22.5—degree
sectors.

C.9 U.S. Navy Fleet Numerical Weather Central. Deep—water
wave statistics were developed by meteorology Internationa l , Inc .
from the U.S. Navy Fleet Numerical Weather Central (FNWC) data
for six stations off the California coast. Two of these stations
share the same locations and station numbers as stations 3 and 4
of the NMC report. Hindcasts of seas and swell were made from

C3
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wind [tel s.I ii eve’ loped I ron sh I phoa r d— ha rome t e’r and w i  nd—v e’ I os.’ I t  v
measurements. The W~t a base used In tIie’sc’ stat is t l es  ~~~
s ’e’ I i  c’s’ ted siv e r the’ time per Los.! from 1 9~ I to  1974. Wave’ cia t a a re ’
p resen ted  in tables givi n g freque’ns.’v di st ribu t Ion ot wave’ heig ht
versus wave per tod by mont ii and d i  re ’ s’ t ion. Wave dl s’ee’ t I otis a rt
g i v e n  in  100 sos.~ t ors . Ext rent’— event listing s are l i s t e d
s.’hrouo log I cal lv by max ! mum h e i g h t  and by maximum p er iod .
Nor t bern item I s pbs.’ rev sea , sw e l l  , and comb I nt’d sea and swell
stat 1st ic ’s are given. Combined sea and swell wave F O S s ’S I or
St at ions I and 4 ars.’ shown in  f i g u r e  C3.

C. tO Marine Ad\ ’ i ’;e’ r s . The NMC and F’NWC wave dat a as.’ counted
only for ways’s genera t:ed In the  Nor thorn  Ilemi sphere. Marl no
Adv t se’r s cons I dere’d Sou the rn  Hemi r~here storm s for  seve ’ra I
stat b u s  off the Sou t horn Ca Ii forn [a c’o:is t . 1)a ta from station
A , shown In f i g u r e  ( 4  • I os.’a ted about b 5 nati t I ca l  ml It ’s southwest
of San Cl e ’mt ’nt e’ I si and w i t h  coordl na te ’s 37 . 3° N , 119. 60W , were
use”eI t o desc r (be  the Southern hem i sphere—genera ted s w e l l  at
Sini a Crn ~~. A l  t houg h this station is st’vt’ra I hundred nil es away
[ron the proj c’s ’ t s i  to , t h i s  add i t !  orni I d 1st  am’ e Is re 1 at I ye iv
small in compar [son W I  th the great di St ans.’es t h a t  t liese waves

rave I from the i i . genera t I ~~ :i rca s in t lit ’ Southern Pat’ I I  Ic
Os.’ ean . St at I st ics for Son [hi’ t ’n lien ! sphere’— gen er a t e d  waves show
wave lie ight s o f o u r  feet and per iods  r an g in g  f rom I 2 to 22
seconds . C a l  s.’ti tat ion of height decay and e’hanges of direct Ion
ci app r oac h due t o  t ransposing this.’ stat Ion revealed tha t c’on—
si der~i t Ion of I nd—m as s I nt e ’r fer ence was the onl y ad) ustment
t’e’qul red.

C . 11 I ) ’ r  iv t ’s .I  Wave C l i m a t e .  A c o m p o s i t e  wave’ cl imate ’ for the’
San ta (tuz los.’a Is ’ was ds’r Ivcs.l from the’ various dat a sources that
most :u’ cci rat (‘lv c le~;s ’ r I he t lie No r t h e ’rn lien isphe’ re SWC’ I 1 , Sou t hero
lIs ’ m I ;p h ’ r s ’  Swi ’ I I anti I os ’a I Ss ’a . F’ I gure’s CS and C6 present wave’—
per I oil t i I t og rants t ie ’ r I ved I ron lie ’ v a t  I otis sources. The SSMO
wave ti :t so we’re tie I vte’d :t f t or t’ompa r I son of wave’ pet’! otis
wIt I sb I nd i s .’ at c’s! that t lit’ SSMO wave p er i o d s  tended  to ref Is ’s.’
short —pe’r I od , steep w I  IRI waves and to I goen’e’ the swe’ I I wh I e’h
ri rae t s ! n to t he’ San t a C ru z s’mhaymen t . ‘rhe I FO dat a We ’ re’ t 00

spa rse t o all ow (level opment, of a v m b  Is.’ wave c I i mat e ’; a I so, the
wav e—gage’ measurements were not reduced on a rout m e  has I s , nor
was d i r e c t i o n  of approach reported . The F’NWC data set was t i t ’ t

pub I i  slit ’s.! a t  the  t i m e  of t h I s  analysis and was therefore not 
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considered further for the energy—flux calculations. The slope—
array gage data were of too short a duration to be used for an
average annual prediction of the wave climate, Therefore , the
wave climate was compiled using the hindcast National Marine
Consultants description of Northern Hemisphere swell and the
Marine Advisers description of the Southern Hemisphere swell.
Local seas were described using the National Marine Consultants
data set for waves from the south—southeast to west and were
hindcast using the SSMO wind rose for effective fetches exposed
to the east and southeast. Although this wave climate description
is based on hindcast and sparse measurements of southern swell ,
It is the most reliable and accurate description available at
th i s  time . The wave gage system recently installed in Monterey
Bay should provide more accurate data after a few years of data
collec tion and analysis.

C.l2 The wave clima te for the harbor site was derived by ref rac—
tion and shoaling analysis of the deep—water waves. Tables Cl
and C2 show the refraction coefficients and directions of wave
approach at the 18—foot depth contour in the vicinity of the
Harbor. Swell more northerly than northwest had refraction
coefficients less than 0.2 and were deleted . Seas from the
northwest and north of northwest were also deleted for similar
reasons. Swell from directions east of south were deleted due
to shadowing by Pt. Pinos on the south f lank  of Monterey Bay .
Monthly cumulative wave—height distributions , shown in figures
C7 through C18, compare the measured waves at the wave gages
with the transformed waves. The graphs present cumulative
distributions of sea, swell and the joint occurrence of sea and
swell. February has the greatest occurrence of high waves. The
wave—height distributions from the municipal pier exhibited a
wide scatter in two years; this scatter bracketed the derived
wave climate. The Marine Advisers gage, which reported a single
height and period as opposed to the combined sea and swell, more
closely dup licates the individual distributions for long—recurrence—
tnterva l waves. The cumulative probability distribution of
combined sea and swell was developed assuming that seas and
swells are independent events and that some simultaneous arrivals
of sea and swell superpose linearly to produce a locally greater
wave height.
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TABLE Cl

REFRACTION COEFFICIENTS

AZ*
T 135 157.5 180 202 .5  225 2 4 7 . 5  270 292 .5

5 .90 .94 1.06 1.00 .94 .61 .15 .00

7 .89 .93 .96 .96 .95 .61 .20 .00

9 — .91 .93 .86 .96 .61 .30 .15
11 — — .90 .88 .89 .64 .39 .20

13 — — .91 .91 .81 .65 .48 .24
15 — — .92 .91 .84 .88 .43 .26
17 — — 1.10 .90 .87 .92 .39 .29
19 — — .89 .81 .89 .95 .62 .24
21 — — 1.22 — — — — —

TABLE C2

WAVE RAY AZIMUTHS AT 18’ CONTOUR

AZ*
T 135 157.5 180 202.5 225 247.5 270 292.5

5 149 ° 166° 183° 201° 214° “17° 230° —
7 160° 171° 184° 197° 207° 2110 230 ° —
9 — 175° 184° 195° 201° 205° 213° 214 °

ii — — 185° 195° 202 ° 201° 200° 214°
13 — — 184° 196° 203° 205° 208° 214°
15 — — 184° 195° 202 ° 204° 204° “l”°
17 — — 186° 193° 200 0 203° 197° 209°
19 — — 184° 189° 199° 202° 198° 215°
21 — — 177 ° — — — —

*AZ is azimuth index relative to N.
T is wave period in seconds.
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C.13 Measured wave data from the slope—array gage are also
plotted for September and October 1977 and February, March , and
April 1978. The maximum dail y significant height is presented
for a comparison of the predicted and measured climates. The
shapes of the cumulative distributions of the predicted and
measured data are in general agreement; however, the wave gage
indicates that the occurence of low waves is under—predicted in
the hindcast wave climate. Several factors can explain the
discrepancy . Low—height waves from several sources may arrive
simultaneously at the gage, all of which may not have been
considered in the hindcasts. The wave gage measures water
pressure and transforms the data into a surface wave spectrum .
Several theoretical assumptions must be made to convert the
pressure distributions into a description of surface waves.
Some of these assumptions are not necessarily valid in shallow
water near the breaker line. The samp ling procedure also may
bias the results because most measurements of the spectra were
taken during daylight hours when the daily breeze may generate
small waves. A rigorous analysis of the wave—gage data and the
predicted data is beyond the scope of this study, but such an
analysis should he made before several years of data are obtained .
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LITTORAL TRANSPORT

C.14 Energy—Flux Calculations. The potential for waves to
transport littoral drl t along a beach can be estimated by
applying an empirical fac tor  relating littoral transport to the
longshore component of wave—energy flux. The longshore component
of wave—energy flux is primarily a function of the angle of wave
approach relative to the depth contours and of the square of the
wave height. Appendix 2 describes the method used to transform
the incident deep—water wave climate to a breaking—wave climate
at the project site. Basically, the method applies refraction
and shoaling coefficients and change of direction of propagation
to the deep—water wave to determine the wave climate in 18 feet
of water offshore from the harbor. By assuming straight and
parallel contours seaward and shoreward of this depth , additional
refraction and shoaling are calculated until the wave satisfies
empirical wave—breaking criteria. The assumption of a constant

-

‘ 
shoreline orientation, which in reality varies spacially and
temporally, renders the method an approximation.

C.l5 Wave—energy f l ux was calculated for each data point in
the sea and swell components of the wave climate for each month.
Figures Cl9, C20, and C21 show variation of longshore energy
flux as a function of shoreline alignment between azimuths of
270° and 300°. A negative sign denotes an eastward transport
and a positive sign denotes a westward transport. The calculations
show the degree of sensitivity of the littoral— transport rate as
a function of swell and assumed shoreline azimuth for each
month. The results given in figures Cl9, 20 and 21 show tha t
the calculations are not highly sensitive to the range of shore-
line azimuths characteristic of the harbor area. The longshore
energy flux of the Northern Hemisphere swell is an order of
magnitude greater than that of the Southern Hemisphere swell.
The plots also show how the waves are attempting to realign the
beach toward zero transport each season. During the summer, the
Southern Hemisphere swell is attempting to align the beach on a
283° to 288° azimuth, whereas during the winter the Northern
Hemisphere swell is attempting to align the beach on an azimuth
between 290° and 296°.
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C.16 The shoreline orientation varies at the project site
seasonally and spacially. Table C3 summarizes the energy—flux
calculations for Northern Hemisphere swell, Southern Hemisphere
swell and local seas, for a shoreline trending toward a 287°
azimuth. The total energy flux, longahore and onshore components
of energy f l ux , and resultant vector angle, are presented . The
uni ts of energy are ft—lbs per second per foot of beach. Whereas
the total energy flux indicates the relative amount of wave
energy arriving at the breaker zone during each month, the long—
shore component represents the potential for longshore littoral
transport. Monthly variations of the longshore energy flux are plotted
in figure C22. The local seas and the Northern Hemisphere swell
are the dominan t factors during the winter between December and
May . February shows the most active wave—energy flux and great-
est longshore component of energy flux.

C.l7 Littoral—Transport Rate. The littoral—transport rate may
be estimated by applying an empirical factor to the longshore
component of energy flux. The Shore Protection Manual (1973)
recommends the equation :

O = 7 .5 x lO 3 Pis

where 0 is the longshore transport rate
in cubic yards per year; and T’ls Is the
longshore component of energy flux in
ft—lbs/sec/ft of beach.

The coefficient 7.5 x l0~ is an empirical factor. The data
points used to determine the factor display a large scatter . In
a previous publication, Shore Protection, Planning, and Design
TR—4 (1966) , the factor  was one—half the above value. The in—
crease in the empirical factor therefore nearly doubles littoral—
transport rates determined by previous investigations. Applica—
tion of the above equation predicts an upper bound to the poten—
tial longshore littoral—transport rate.
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C.l8 Results. Potential littoral—transport rates may be esti-
mated by applying the above equation to plots of longahore
energy flux. The ordinates of figures C19 through C21 show the
potential for littoral transport as well as longshore wave—
energy flux. Table C4 summarizes the monthly distribution of
total energy flux, the longshore component of energy f lux , and
the potential longshore— transport rate. This table was derived
from table C3, by swmnarizing the Northern and Southern Hemisphere
swells and local seas to derive a composite net monthly littoral—
transport rate. The potential net littoral—transport rate is
488,000 cubic yards per year to the east. Approximately 80
percent of this occurs during the winter, between December and
April.

C.19 Reversals in littoral transport, or the tendency for lit-
toral drift to move upcoast contrary to the net direction of
movement, are summarized in table CS. This table presents the
net westward and eastward energy—flux factors. The Northern
Hemisphere swell results primarily in uni—directional eastward
transport because the primary source of waves is from the
northwest. The eastward transport is an order of magnitude
greater than the westward transport. Seas and Southern Hemisphere
swell are more balanced. During January, February, and March
the seas tend to cause a reversal, similar to that found for the
Northern Hemisphere; however , this reversal Is of weaker magnitude
than that for the predominant Northern Hemisphere swell.

C.20 Data from the array gage system have been used to calculate
the energy flux for October 1977 and February 1978. The results
are presented in figures C23 and C24. The net littoral—
transport rate for October 1977 was 2600 cubic yards toward the
east; however , the transport was toward the weet for most of the
month . During the month of February , the wave—gage analysis
predicted the potential l i t toral—transport rate to be 35,000
cubIc yards toward the east with only a small reversal. This is
considerably lower than the estimated 145,000 cubic yards for a
typical February . Differences lie in the short period of wave
measurements and in orientation of shoreline selected for analysis.
In the wave gage analysis a shoreline oriented due west was
assumed, whereas in the calculation a shoreline oriented 287°
true north azimuth was assumed. Referring to figure Cl9, one
would expect this 17° difference in assumed shoreline orientation
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~1TABLE C4

TOTAL NET MONTHLY LITTORAL-TRANSPORT RATES

Tot ~ I Etwr~ v Longshore 1. i t t  oral 1— -
F l u x  Component Tr~insp or t  I th te ’

Month f t — 1b/ s ’~ / f t  f t — l b / s e c / f t  cu . y d .  h r .

Jan.  284 — 6.95 — 52 , 125
- 

Feb . 
- 

519 -19.34 -145 , 050

March 
- - 

163 — 4.49 
- 

— 33 ,675 
- -

April 140  —13.23 — 99,675

- 
M~iy  164 - 4.61 - 34 , 575

June 67 — 1.48 — 11 ,40()

Ju ly  149 — 2 . 2 5  — 1~~,875

- 
Aug . 

- - 

119   — 1.05 — 7 ,875

Sep t .  156 + 0 .42  + 3 , I~~
)

Oct  . 121 — 0.03 — 2 2 5

—- 
38 — 3 03 — 22 , 72S

118 — 9.04 — 67 ,800

Total 2 .038 — 65.08 
- 

—488 , 100

TABLE CS

NET WESTERLY AND EASTERLY ENERGY-FLUX FACTORS
( f t — l b  per sec per f t )  

_____________________

N or t h e r n  Hemisphere Southern Hemisphere

- - 
Swell 

-
~~ 

- 
Swell  

- 
Sea 

-

M on t h  Westward Eastward Westward__- Eastward I~estward Fasts.’ard - -

r n .  
— 

2 .07 13.86 
- - -  

—  — 6.89 2 .68

0 .08 26.86 —   11.41 3. Q8

Mar~ 
• 

.1 . 51 8 .14 — 3.36 2 .2 1

~~‘r t l  0 .00 12 .30 — — -

~~ 1.42  
- 

2.35

3. 55 1.20 2 . 4 3  0. 52 1.00

- - (1 .01) 0.45 0.64 1.36 0.01 0 . 3 2

0. 0~ 1.58 3 .64 0.00 0. 10

- -

~~~~ 

0j ,~ 1 I ( ~  2 . 93 0.00 0.06

I .:7 1 . 87 2 .28 0.40 0.30

I - ~L) 0. -.:’ Ø _ (~~ 2 0. 73

I • ‘) )  — — 0. 52 0. Y~

- I - —  1.00 1. 5 1

—
~~~ - -  - 
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to y ield sign i f i c a n t l y d i f f e rent resul ts .  If the resul ts  of the
wave—gage analysis prove more representative, the littora l
transport rate estimated from the derived wave climate should be
considerably lower than tha t estimated in this study. The
derived wave climate includes a considerable contribution of
energy flux by waves greater than seven feet in height. Further—
more , the littoral transport analysis did not assume Airy theory
for wave shoaling to the breaker point as does the wave—gage
analysis. A more complex set of wave transformations was used
in the analysis of the derived wave climate to account for the
effects of non—linear shoaling and refraction. Additional years
of data acquisition are required for a more meaningful comparison
or re—estimation of littoral transport rates.

BATHYMETRIC CHANCES

C .2 1  The seasonal and long—term changes in bathymetry are
discussed in this section to give insight into the shoaling pro-
cess. The long—term growth of the f i l l e t  formed on the west
side of the west jetty and the seasonal shoal development in the

-: harbor entrance channel ~re discussed .

C.22 Pats. The analysis of beach and contour changes was
based primarily on hydrographic surveys which were taken along
various range lines between the San Lorenzo River and Black
Point. Table C6 summarizes the survey data that were available
between 1953 and 1978. The shoaling patterns were analyzed by
comparing condition surveys and hydrographic surveys In the
vicinity of the jetties. In later years these surveys were
taken on a monthly basis, permitting an investigation of
seasonal changes in beach alignment , contours, and shoaling
patterns . Aerial photographs were used as supplemental tools to
Interpolate and extrapolate measured shoreline data.

C.23 Shoreline and Bathymetry Changes. Plates 1 through 5
show the evolution of the mean lower low water shoreline and the

• 6— , 12— and 18—foot depth contours as determined from the survey
data. Figure C25 shows the shoreline growth that occurred at
three profiles west of the west jetty. By 1977, the shoreline
200 feet west of the west jetty had aggraded nearly 500 feet

— seaward of the pre—project shoreline. The shoreline growth was
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rapid in the first three years after construction and ceased
along the west jetty when the shoreline came within 100 feet of
the angle point of the j e t t y .  The shoreline east of the east
j e t t y  to Black Point had a more complex and variable evolution
than that of the west beach. Figure C26 shows the evolution of
three shoreline positions east of the east jetty. The jetties
appar en tly shadow the predominan t ly westerly waves in the winter
and form a crescent—shaped beach near the east jetty. Disposal
of maintenance—dred ging material  and the Waterways Experiment
Station (WES) bypassing system have also influenced the shape of
the shoreline seasonally. Because of these complicating factors,
it is difficult to segregate the effects of the jetties from the
effects of the bypassing efforts on littoral transport. Comparison
of the summer and winter shoreline configurations in plates 1
and 5 and photographs Cl and C2 shows that the summer shoreline
tends to rotate about 6° clockwise relative to the winter shore-
line. This result was predicted in the littoral—drift calculation.
The 6— , 12— and 18—foot depth contours show similar patterns of
change. In 1963, the 18—foot depth contour near the San Lorenzo
River was farther seaward than in later surveys, reflecting
results of recent flooding. The increased supply and trapping
of littoral drift from this 1963 flooding may in part account
for the rapid initial increase in beach width west of the west
jetty after construction. The severe winter of 1978 did not
have as dramatic an impact on shifting the contours below MLLW
as it did on eroding the beach above MLLW. The most dramatic
change is advancement of the 18—foot contour in 1978 as shown in
plate 4.

C.24 Profile Changes. Comparative profiles presented in plate
6 document the long—term bathymetric changes on the updrift and
downdri ft  beaches . Comparison of these profiles, taken in the
winter or at the end of summer , indicates that depth changes are
primarily limited to depths less than 20 feet. The winter
profiles indicate no evidence of a longshore bar, but show a
steadily decreasing slope from the berm to depths greater than
20 feet. By the end of August 1977, the profile had moved
seaward , having a slightly steeper slope than that of the winter
profiles. The February 1978 survey, reflecting the effects of
the wave attack during high tides of December and January , shows
that the updrift beaches eroded above the five—foot depth contour
and material accreted offshore from —5 feet MLLW to —20 feet
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Photog raph Cl: Summer Shoreline Configuration, October 20, 1977
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- Photograph C2: Winter Shorel ine Conf iguration, January 20, 1978
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MLLW . This change in profile normally occurs every winter;
however , in 1978 it was more severe than in other recent winters
of record . The downdrift profiles eroded five fee~t deeper, but
material was deposited within the 20—foot depth contour.

C.25 The profiles show that the nearshore slope averages 1 on
30 at the west jetty , Range 2+00. Bathymetric profiles off the
head of the west jetty were constructed from condition surveys
and are compared in figure C27, which illustrates the long—term
stability of the salient offshore of the west jetty. The winter
profile seaward of the doglegged west jetty is steeper than 1 on
15. This slope intersects the jetty at about —2 feet MLLW.
Seasonal profile changes are more dramatic, as shown in figure
C28. The salient intersects the jetty at about —7 feet by the
end of summer (October), but shoals during the winter. The two
figures indicate a relative long—term stability achieved prior
to January 1969. The lack of data prior to this time prevents a
more detailed determination of when this salient became saturated .

C.26 Channel Shoaling. The shoaling patterns of the entrance
channel have been documented by condition surveys taken monthly
over the past five years, pre.- and post—dredge surveys, and
repetitive hydrographic surveys. Plates 7 and 8 show the monthly
progression of the MLLW and the 10—foot depth contours in 1975—
1976 and 1976—1977 winter seasons, respectively. The patterns
developed in similar fashion each year, with a tip shoal developing
and then extending from the head of the west jetty across the
channel toward the head of the east jetty. By January, the 10—
foot depth contour had closed across the channel and the beach
to the east had receded. The influx of material into the channel
during the winter appears to result primarily from sand bypassing
the head of the west jetty. Support for this hypothesis is
evident In plate 8 from the advance of the 10—foot depth contour
east of the west jetty from September to January and the recession
of the 10—foot depth contour off the east jetty during the same
period . Recalling the clockwise shift in beach alignment from
summer to winter and the recession of the beach at the east
jetty in the winter, the primary source of shoaling appears to
be from a net eastward littoral transport. Littoral drift
bypassing the west jetty forms a tip shoal, allowing part of the
material to bypass the channel to the downdrift cell. The
growth of the bar across the channel between the two jetty heads
is shown in figure C29 by cross—sections taken monthly during
1976—1977.
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C.27 The minimum navigation depth between the jetties is an
important parameter to boaters. The monthly change in center-
line controlling depth from 1972 to 1977 is illustrated in
figure C30. The depth decreases at a linear rate from the 20—
foot project depth after dredging each April to above MLLW on
occasion by February. A slightly greater shoaling rate occurs
between October and February. This figure indicates that the
controlling depth does not suddenly decrease with a single
storm , but steadily decreases after maintenance dredging. It
also shows that the shoal develops relatively consistently

— through the years.

VOLUMETRIC ANALYSIS

C.28 The objectives of the volumetric analysis were to deter—
mine the quantities and rates of littoral transport and to
determine the shoaling mechanisms. The history of the fillet
impounded by the west jetty leads to a minimum estimate of the
net eastward drift. Analysis of monthly volume changes documented
by condition surveys in the navigation channel reveals the rate
of shoaling as a function of time. The WES bypassing experiment
and maintenance—dredging records are also presented in this
section to develop a better understanding of how much material
is in motion. Detailed description of the 1977—1978 winter is
deferred to Section D where the results of the first year of the
interim dredging contract are discussed.

C.29 West Jetty Fillet. A fillet accreted west of the west
jetty after the jetty was constructed in 1962. Generally, the
measurement of a fillet impounded by a long groin over a long
time period is an excellent method of determining the net
littoral—transport rate. This method was ~nployed by plani—
metering areas of accretion on beach profiles taken between the
San Lorenzo River and the west jetty. Volum e changes were
calculated by the average—end—area method. An October 1962 pre—
project survey was compared with nine surveys listed in table
C7. Profile area changes were measured between the berm at
about +10 feet MLLW and the —20 foot contour. The 20—foot depth
contour was selected based on review of profiles that indicated
profile closure about this depth. Between the +10— and 20—foot

C4 7
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Table C7.

WEST JETTY IMPOUNDMENT VOLUMES

Cumulative Volume Different ia l  Volume Rate
Date (cu. yd.)  (Cu. yd.) (cu.yd .fyr.)

26 Oct. 1962 0
265 ,000 466,000

22 May 1963 265 ,000
— 55 ,000 -170,000

17 Sep. 1963 210,000
275 ,000 608,000

21 Feb. 1964 485,000
36,000 57 ,000

17 Oct. 1964 521 ,000
—129 ,000 —129,000

16 Oct. 1965 392 ,000
9,000 22 ,000

12 Mar. 1966 401,000
33,000 73 ,000

23 Aug . 1966 434,000
227 ,000 23 ,000

6 Aug . 1976 661,000
— 18,000 — 17 ,000

19 Aug . 1977 643 ,000

1 Feb . 1978 652 ,000 9,000 2 ,000

C49



— --—.- -~~~~~~~
—- --. .,—.-- - —-- -‘

d ep t h  ou t  ours , t he bot torn slopes a r e  on the order  of I on 30.
The slope changes abrupt 1 v between he’ 18— to 20—foo t  d e p t h
con tour ~nd f l a t te ns  to si opes gen t icr than I on 80. A l so , in
d e p t h s  g rea ter  t h an  18 t o  20 I ee’t , t he  bottom f l u ct t i . i t e s  p lus  or
m thus two I oe t wi th no recogn i ~ah 1 e t rends. Ttit ’se I tic t cia t Ions
coti Id result from wave— induced motions of t lit’ survey boat
Changes in depths great or than 20 feet  wo re’ not considered
re’ 1 inhlv :;ccura Ce and therefore ’ could not he’ used t o  draw si gni —
[ leant conclusions.

C. 30 The impoundment  vol times measured hot we’en t he San I.orenzo
R tve r  and the  we’s t j e t  I v a it ’  p lo t  I t ’d in figure C II  as a func  t ion
of t ime . ~~ t t er I ~t l was impounded .t t ~i rap Id rat c in the  I i  m t
two years .  In the  I irs t seven m o n t h s  d u r i n g  t he’ w i n t e r  se:cson ~i

o t a I of 2b 5 ,000 cub It ’ v :I rds :1cc ret ed . Through tin’ summer
55 , 000 cubic y a r d s  eroded I rout the f i l l e t , res u lt Ing in a net
ga in I or the f i r s t  year of 2 10 , 000 cub Ic y a rd s .  Be tween Septemb er
I 963 and I”chruarv 1964 , spann lug pa r t  of the w i n t e r , an add it tona l
21 5 ,000 cubit ’ yar ds accumulated. liv Octo be r of l%4 , 521 .000
cubic ya rds had .iccrcted ove r the’ two—year period , account ing
for  :in average  annual net impoundment of 260 , 000 c u b i c  ya rds .
The p lot of Impoundment vo l ume versus t ime for the II rs t two
y ea rs during the winter months indicate short—term filling rates
of 600 ,000 cub ic y ards per y ea r fo l  towed 1w moderate ’ losses each
summer. The t ime p l o ts  of bench bui ld—out in f igure C2 S show
th a t t he  w est  I f i l e t  was nearly s atur ated 1w October 1964 and

ht’reat t er cant inue’ d t o  acc ret e at  :t f ra ct ion of t he’ In it i a l
f i l l i n g  ra te .  Mainten ance dred g ing was performed in l965 for
the  t I rs t t ime’, I tid lent I ug that sand had bypassed the west • j et ty
during the  t irs t two ye ar s  at  I er the  harbor  was cons t rue ted .
Pesp f t c  t he’ eros ion of i t s  e’nt ire bench tact ’  above MLLW dur ing
the 1978 winter  • the f i l l e t  s t i l l  cant inued to  increase in to ta l
vo lume

C. I L  The c lo s e  prox imi t v of the San l.oren.~o R iver , which has a
h f gh h ’  var i ab l e  f lood and sediment disch arge ’, comp i te s tes  the
ana l ys is of t h e  Impoundment r at  o of the  we’s t le t  t y .  The vol U—
m e t r i c  ana l vs is I n d I c a t e d  a rap Id imp oundm ent  during the w i n t e r s
between 196:3 and 1965 ~nd erosion in the sunune rs ot 1963 and
1965. P eta l led s e d i m e n tat i o n  stud ie s  of he San Lor enzo Ri ver
for the ’ p e r i o d  of record are not a va i l a b l e ’; however , an e s t i m a t e
of t he  re la t ive ’  sed iment  d i scharge ’  can he made by examining the
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stream —f low records. Two parameters that may he i nd ica t i ve  of
the R i v e r ’s sediment contribution are the maximum ann ual di scha rge
rate and the t o ta l  annual discharge. However , bed load movement
Is  mo re sensitive to  a hig h s h o r t — t er m  discharge rate than it is
to  a low , hut c o n t i n u o u s , d i s c h a r g e .  Therefore , the maximum
annua l d i scharge  ra tes  of the San Lorenzo R ive r  s ince 1937 are
p l o t t e d  in f igure CL’ t o  give an Indicat ion of the r e l a t i v e
annual sediment c on t r i b u t i o n  from the San Lorenzo R i v e r .  The
init ial high rates ot f i l l e t  impoundment may pa r t ia l l y be
a ttr ibuted to a re latively severe flood In 1963 which had .‘ peak
d ischarge ra te  of 13 ,400 cubit ’ t eet per second as compared to
t he’ long—term average of the  annual maximum discharge rates of
7 ,961 cub ic fe t~ r per second. A reasonable liv pot  l ies t is that a
de l ta was formed by sediment which had accumulated in the riverbed
since f lood contro l  works we re construc t ed in 1958. The fine
mater ial was rapidly moved of fsho re’ , hut much of the coarser
mate r ial d r i f t e d  to the east Lw winter—wave action and became
I rapp e ’J by th~’ w est  t o t  t v . I’Iie’ rive r (it’ It a cont inue’d t o
contr ibute’ more matet  .cl to the’ littoral stream than it contributes
in an average year. Therefore , th e measured impoundment rates
may he greater than the average net littoral transport rate.
Also , the )ett ie s .ire’ toe) short to impound all the transported
ma tet ta l over a time period long enough to y ield a reliable
estimate of that rate .

C. 12 Losses of material reported in table C7 may be attributed
to loss of fines offshore and seasona l revers als in drift rates.
Because of the close proximit y of the river , ma terial impounded
by the lett y may not have helen exposed to wave action long
enough for the waves to sort out all the fines. The fines were
even t ua l l y winn owed out and carried offshore , resulting In a
vol ume loss front the’ beach.

C . 11 Prof lies were not taken west of the’ San I.orenzo River.
The growth of the westernmost profile indicates a long— term
ac c r e t ion of 300 fee t  between the time the’ harbor was built and
the winter of 1977— 1978. The quantit y of sand that accreted
wes t of the San Lorenzo Riv er , along San ta Cruz Beach , canno t
therefore he accurately determined. Plate 5 shows the growth of
the shoreline along Santa Cruz Beach as determined from aerial
ph otographs . This accretion can he attributed to a number of
d if ferent li ttoral processes , such as discharge of sedimen ts
fr om the San Lorenzo River , the groin effect of the’ na tural rock
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prominence just east of the River , and the groin e f f e c t  of the
Santa Cru~ Harbor west jetty. The beach between Pt. San t a  Cruz
and Black Point orig inall y had a cresent—shaped shoreline , and
Black Point was the end—point tha t controlled its shape. Con-
struction of the jetties created two cells of cresent beaches,
interposing a new end—point closer to the San Lorenzo River.
This has resulted in accretion farther west of the River than
tha t which occurred before project imp lementation .

C . 34 channe l Shoaling . The quan ti ty of littoral drift tha t
has shoaled in the entrance channel was determined through ana-
l ysis of condition surveys and maintenance—dredging records.
Detailed and comprehensive condition surveys have been taken on
a monthly basis since 1972. The following analysis focuses on
the five—year period between 1972 and 1977. The 1978 records
are analyzed in Section D.

C. ~S Shoaling rates were calculated from cross—sections con-
structed from the condition surveys within the boundaries shown
in plate 9. The boundaries for the quantity calculations extend
beyond the authorized project channel boundaries because shoa ling
occurs in areas outside of the project channel boundaries.
Volume changes were calculated by planimetering cross—sectional
areas relative to an arbitrary base line and normalizing the
results to the May 1973 survey, the first year condition surveys
were taken frequentl y and in detail. The successive profile
l ines did not completely close in all cases within the boundaries
of the control area.

C. 3~ The shoaling history within the survey area front June
1972 to April 1978 Is shown in figure C33. The accumulation of
material in the measurement or control area increased during
each winter and was dredged in late winter or in the spring.
The dashed line represents volume changes computed between
c o n d i t i o n  surveys. By October 1977, the residual volume was
50,000 cubIc yards in excess of the 1973 base. This indicates
that material is accumulating in areas outside the project
channel boundaries , but within the harbor entrance.

C.37 The shoaling rates are plotted as a function of months
for each year in figure C34, The rates show a gradual increase
in shoaling from April to December , then a rapid increase in
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shoaling from December until the maintenance dredg ing episode.
The 1975 line shown is a straight—line interpolation between
July and February , but the actual shoaling was presumed to
follow trends similar to those of other years. The plot also
shows tha t the period of maintenance dredging has varied .
Dredging was initiated in February 1973 and comp leted before
April 1973. The most active shoaling occurs during these months.
When dredging was performed during this time period , considerable
quantities of material may have entered the area during the
dredging episode. The 1977 dredging episode was the latest
annua l dredging episode of record , and it may reflect the sand-
trapp ing potential of the harbor more than the dredging eipsodes
of other years because the harbor was allowed to shoal for a
longer period before dredging was initiated . Figure C35, which
p lots volume shoaled as a function of the number of days after
dredging, exhibits a greater scatter of plotting points than
figure C34, During the 1976—1977 winter season, the WES experi-
mental bypass plant removed an estimated 45,000 cubic yards from
within the control areas.

C.38 Shoaling rates shown in figure C34 occurred in consistent
seasona l patterns with little variation from year to year.
Figure C36 presents a smoothed shoaling—rate curve giving the
average monthly accretion rates and the upper and lower bounds
for the five—year period from 1972 to 1977. Monthly shoaling
rates derived front figure C36 are summarized in table C8.

C.39 Dred~ing History . Two types of dredging operations have
been in effect at Santa Cruz: channel maintenance and experimen-
tal bypassing . Annual maintenance dredging was initiated in
1965 to remove sand from the project channel. The experimental
b~passtng operation was a field test of a fixed—plant j~ t—puntp
(eductor) system conducted by Waterways Experiment Station
(WES). This operation was initiated in the winter of 1975—1976
to remove sand from areas inside the entrance but outside the
Federal—project channel limits , and from the updrift beach. The
experiment was completed in March 1978.

C.40 The maintenance dredging program comprised mobilizing a
hydraulic dredge in the late winter to clear the channel by the
end of spring . Typically, a 12— inch hydraulic pipeline dredge
was used to discharge material 1000 feet east of the east
jetty . After each demobilization , the channel slowly shoaled
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Table C8

MEAN MONTHLY SHOALI NG RATES
BASED UPON 5—YEA R PERIOD 1972—1977

Q IN 1000 CUBIC YARDS

- 

MAXIMUM AVERAGE MINIMUM
Date Cum Q Monthly 0 ~um 0 Monthly .0 Cum Q Montl~j y _ Q

Apr il l 0 0 0

9 5

Mav l 9 5 2

9 S 1

June I 18 Ii) 3

7 3 2

July 1 25 13 5

3 3 2

August 1 28 16 7

4 3 3

Sept. 1 32 19 10

4 6 5

Oct. 1 36 25 15

9 10 8

Nov . 1 45 35 23

15 13 12

Dec . 1 60 48 35

29 25 33

.Jnn . 1 89 73 68

29 27 17

Feb . 1 118 100 85

27 29 25

March 1 145 129 110

25 28 24

Apri l I 170 157 134
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I,

during the sunvuer , build log a h,cr across the ent rance hanne’ I
The rate ’  o shoa 11 ng increased rapt dlv in Novt’mhe’ r , and on I v a
small t ida l  channe’ 1 remained open from January until the ma tii
t enance dredging was resumed . This dredging program was modified
in 1977 when a series of multi — year , phased dredging programs

were Imp lemented. Under the first two—year coi)tract , material
was dredged in phase’s during the 1977—197 8 winter to maintain
the’ channel open to  naviga t ion throughout tha y e a r .  TIi is w i l l
he repeated in the’ 1978— 197 9 winter.

C . 41 Ma lot enance_dr edg tug records arc summar i-it’d In table (‘i)

and plot t e~d in f igure’ C I? . l’av  yardage’ represents the quant it y
of material tha t the Covcrnment ~igreed to p~ y the’ contractor ,
which was not net’essarilv t’qual to the quantit y of material
removed . The dredgerman .‘st imat ed that they dredged as much as
t w i c e ’  the pay y a rdag.’ pri or to 19 7Q when pay qua n t i t i e s  were’
do term i ned by c ompar I ng p re—d re’dg I og and post—dr e dging sti l v  cv s
1’Ii Is gave ci roneous re’su I t s when the dredging las ted seve ra l
mont hs in I at &‘ viii t er and spring when shoa l ing oct ’ut• red during
the dredg ing ope ’ rat  Ion. Past pract ice re’qu ired the’ cont ract or

o hid on shoal quant i t ies determined from a November survey .
Pre—dred ging surveys taken in January or Febru ary were then used
as a basis for determining quant ities of pay yards. Cons 1derah1c~
sh ore 1 ing occurred prior to and during the actua l dredging operat ion
and in some cases after dredging , prior to the post—dredging
survey . The longer the dredging operation and the sum I ler the
pump i ng capae’l t v of  the dredge , the greater was the potenti al
or cI~edg ing more yardage than the Government a 1 towed for payment.

In the spring of 1977 , the dr edg i ng iogs Indicated that a 1?—
inch dredge rem~’ved 100,000 cubIc yards , hut the contractor was
paid for removing ‘ n l v  14P ,000 cubic yards. The hid was based
on (i.’,OOO cubic yards.

C . 42 Rev I ew o f f I gure C 17 shows that the In it i a 1 quant it v of
dredged materi al In 191-cS was large. The quantity decreased in
1966 and Increased thereafter until 1970 after which the pay
yardage averaged about 100 ,000 ~-eib Ic yards • w i t h  1 I t t  It’
f luc tuat ion. The re la ti ve l y large amount dredged in 19t-c ’c includes
shoa l ing that occurred during two post—constructIon years. The
Increase in pay yardage with t ime up to 1970 re f lec ts  the
decreasing capacity of the vest fil let t o  store materi al.

C1-c l
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Table C9. MAINTF.NANCE-DREDGINC “PAY YARDAGE”

Cubic Yards
Date Dredged

f Hay—August , 1965 70,000

June—July, 1966 34,000

May—June , 1967 57 ,000

April—May , 1968 60,500

March—A pril , 1969 79,000

April—May , 1970 94,700

May—June , 1970 (Clamshell dredging to remove
kelp mat) ii ,soo

May—June , 1971 108,300

May—June , 1972 90,000

Feb—March , 1973 109,000

March—April , 1974 60,000

April-May, 1975 91,000

March—Aprf 1, 1976 98,000

April—June , 1977 147 ,000

Dec —June , 1978 162,000
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C .!, I WES Sand—Bvpas ~~~~~~P l a nt . The Waterways Experiment
S t a t ion (WES) experiment al let—pump sand—bypass ing plant started
operating on June 2(~, 1976. The bypassing p lan t was equipped
with three- neovab it’ jet pumps ope’rat ing In the channel of f  the
w e st  j e t t y ,  a movable jet pump at t he’ head of the west j e t ty ,
and a stationary jet pump on the west side of the west jetty.
Locat ions of the pump house and eductors art- shown in figure
C 18. The pumphouse contained two hydrau l  Ic pumps w h i c h  had a
ot a I c a p a c i t y  of 2000 gal Ions per minut e . The system was

c april-c It- of  bypass lug .ehou t 100 cub Ic yards pe’r hour. Vert I cal
nu c te ar ci ens it v mc’ ers measured sod ime’nt concen t rat ton between
1~’ and I S p erci- n t thei r I ng peak proclnc t ion pt - r i m is. The dl st harp e’
0 rca was I ~tX ) I cot dow-ndr If t of t he cot rance on the ore s t beach.

( ‘.44 The WES p lant bypassed approximately 37 ,000 cubIc yards
ot sand I ron June .‘b, 197 6, t o  December 10, 1976 . From .lanuary
to  .Iulv 1977 , t he’ p lant bypassed an addItional 12 ,000 cubic
yards of sand • for  a to ta l of 52 ,000 cubic yards for the 13
neon ties. The 1 ow product I on ra te ’  for Lice f I rs t ha if of 1977 was
cr~tese-d by sand shonling over the water—Intake pipe from mid—
January t o  the’ end of Apri l . To prevent further shutdowns, the
in take p ipe was relocated tarther inside the harbor. In the
next year f rom October through Ap r 11 10, 1978 , the number five
Jet pump bypassed 12,500 cubic yards and the jet pumps within
the’ harbor bypassed an additional 42 ,500 cubic yards for a total
of 55 ,000 cubic y~ rds. The primary d i f f e r ence in the f i rs t and
second \‘ears was bypassin g of the material from the’ west beach.

c .45  The plant was designed and operated to test and develop
techniques utilizing ti e.- jet—pump system under field conditions.
Re’vlew of d a i ly  logs Indicates that several probl ems cur tai led
output .  Bedrock encountered abou t 20 feet below MLLW limited
the e depth to which the j e t  pump could sink and , therefore ,
reduced the’ amoun t of sand that could get to the stationary
pumps. In addition , violen t wave action prevented easy reposi-
t ioning of the movabl e, buoyed jet pumps , especially during
storm s when the system was needed the most. Also , the drylocking
of the water Intake caused a shutdown of the plant operation
until the intake was moved to another position. The density
meters had to he recalibrated several times , but the daily logs
were apparently left uncorrected . The quan titie s of sand
pumped dur ing given t imes by ca ch e pump were no t comple tely docu-
mented. Mater ial pumped from the number one unit during the
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fir st vt’.er at the head of the west jetty created a crater where
the tip shoal usually forms. The pumping operation could have
either bypassed sand that would have entered the channel or
could have pumped some sand which normally would have bypassed
the’ channel naturally . By creating a crater at the head of the
jetty, sand could have been induced to enter the channel to fill
the crater. Comparing shoaling histories with and without the
bypass plant does not reveal significant differences in shoaling
patterns or rates with and without the plant. This supports the
hypothesis that either the operation did not pumped as much sand
as the daily logs indicated or that much of the material that
was pumped would have naturally bypassed the entrance had the
pump ing system not been operated. In the second year , material
removed by the west be-rich eductor a lso could have naturally
bypassed the entrance ’. Operation of the WES plant during the
1g77—l9 78 season cannot he evaluated to accuratel y quantif y
either the experimental results or the’ littoral processes involved
because of the comp lexiti es introduced by the phased dredging
program and the unusually severe winter.

SHOAL iNC PROCESSES

C.46 Shoaling of the Santa Cruz Harbor navigation channel can
be~ attributed t o  a number ‘if disparate littoral processes,
includ ing: bypassing a satu ated groin , leakage through voids
in the $ett ies , updrtft movement , wind transport , tidal—current
transport , and onshore transport. This section describes each
process and analyzes the history of shoaling to estimate their
relative importance. The nature of the available data and the
state—of—the—art of defining littoral processes render it difficult
t o  assign a definitive percentage or quantity of littoral transport
to each process. However , for design purposes, it is often
necessary to make certain assumptions in areas where precise
quant ification Is not possible in order to prepare a plan to
miti gate’ shoaling . Therefore , estimates of the quantity of
littoral transport attributable to each of the processes are
made for design purposes. Further evaluation of the shoaling
process must take into consideration modification of the maintenance
or bypassing procedures.
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C.47 Bypassing a Saturated Groin. Sand bypassing the head of
the west jetty is analogous to the classical case of sand bypas-
sing a saturated groin. This process is believed to be the pri-
mary source of channel shoaling . Immediately after construction
of the west jetty , a fillet formed on its west side at the rate
of 250 ,000 cubic yards per year for two years , and beaches east
of the harbor entrance experienced severe erosion. The shoaling
occurred at a rate of about 600,000 cubic yards per year during
the winter. Channel maintenance dredging was at a low rate
during the first two years , averaging 35,000 cubic yards per
year.

C.48 The minimum net littoral—t ransport rate at the harbor
site is estimated at 285,000 cubic yards per year , based on the
early growth rate of the fillet and assuming all maintenance
dredging was from bypassing the west jetty or transmission
through and over it. Within three years after construction of
the jetties , the west fillet had grown to the angle point of the
doglegged west jetty. As the west beach continued to move
seaward during this period , maintenance dredging pay yardage
increased to quantities more than 100,000 cubic yards per year ,
fillet formation decreased to less than 25,000 cubic yards per
year , and erosion of the downdrift beaches decelerated when they
were nourished with the larger amounts of dredge spoil that
became available in la ter years . The water depth at the head of
the wes t jetty decreased rapidly , and within a few years sand
bypassed the head at a greater rate than it was being trapped in
the fillet. The method by which sand entered the channel can be
gleaned f rom a review of the monthly condition surveys taken
since 1972. Plates 7 and 8 summarize two years of this analysis.
A tip shoal extended progressivel y from the head of the west
jetty across the channel to the head of the east jetty. A small
t idal channel remained open along the east jetty. The cross—
sectional area of this channel compared with the area predicted
by the O’Brien formula (1968). Evidence of littoral drift
entering the channel from the east or from tidal—induced currents

• cannoç be found by observing the growth of a shoal in the channel
or of sand build—up along the east jetty. The formation of the
shoal across the navigation channel permitted littoral drift to
na turally bypass the channel. The shoal had been present for
mos t of the winter months when storms actually had the greatest
potential for littora l transport. This suggests that considerable
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bypassing must have occurred and that the dredging quantities
represent low estimates of the gross littoral transport.

C.49 The theoretical net longshore transport rate determined by
energy—flux calculati ons is 488,000 cubic yards per year toward
the east. The gross transport rate is estimated to be 1,168,000
cubic yards per year. The total longshore—transport rate is
related to energy flux by an empirical factor ; however, the
distribution of littoral transport through the surf zone is not
well known. Longuet—Higgins (1970) formulated the longshore
current—velocity distribution through the surf zone. Komar and
inman (1970) related sediment transport to the longshore current—
velocity distribution , and Koinar (1971) summarizes the state—of—
the—art for estimating the longshore sediment—transport distri-
bution. The total load comprises suspended and bedload . The
suspended load is about 20 percent of the total and has been
found to occur primarily within the surf zone.

C.50 Approximately 80 percent of the sediment transport occurs
within the surf zone, and 95 percent occurs within one and one—
half surf—zone widths. At Santa Cruz, waves break with heights
of less than 20 feet 98.9 percent of the time, and 80 percen t of
the sediment transport occurs on the steep nearshore slope at
depths of less than 20 feet. The predominant littoral forces,
however, are not produced by the exceptionally high waves of
shor t dura tion , but by smaller waves of greater duration. Wave
heights of 8 feet are exceeded 17 percent of the year. Under
these conditions, less than 1 percent of the littoral drift is
transported in depths greater than 20 feet. Wave gage data
indicate that these statistics may greatly over—estimate the
occurrence of high—wave activity.

C.51 The preceding theoretical considerations indicate that the
primary zone of littoral transport is on the steep 1 on 30
nearshore slope between the berm and the 20—foot depth contour.
When constructed , the head of the vest jetty was in 20 feet of
water , and initially the jetty intercepted littoral drift quite
efficiently . However, figure C27 indicates that by 1969, the
shoal off the outer leg of the jetty extended from the —2.-foot
elevation at the top of the core of the jetty to the 20—foot
depth contour . Waves breaking on this slope could readily
transport large volumes of sand both through voids in the outer
leg of the jetty and around its head. Sand bypassing the
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head of the jetty can both enter the channel and bypass the
entrance and deposit on the downdrift beach. The tendency to
bypass the entrance increases as the shoal in the channel builds.

C.52 Leakage through Voids in Jetties. Aerial photographs
taken from 1963 to 1967 after construction of the harbor show
that waves and wind transported littoral drift over and perhaps
through the jetties . Leakage through the jetties had apparently
d im inished by 1970 af ter sand shoulders had formed inside the
entrance , lining the perimeter of the channel. Profiles taken
through the centerlines of the west and east jetties are shown
in figures C39 and C40, respectively. The “A” armor stone and
“B” underlayer stone have porosity ratios of approximately 35 to
40 percent. These high—void areas are shaded in the figures to
highlight the penetrable regions of the structures. Sand can be
washed throug h the voids directly by flow— through of sand—laden
water and by the pumping action of alternating pressure differ-
entials induced by successive wave arrivals on the fluidized
sand at lower levels. Waves diffracting in the entrance channel
can distribute the sand along the channel farther inland . In a
similar manner , sand entering the channel from around the head
of the jetty can be transported along the shoulders. Existing
data are insufficient to determine the rates of shoaling along
the shoulder attributed to each mechanism.

C.53 Transport of material through groins and jetties can be
reduced or prevented by constructing an impermeable core to an
elevation above the swash zone or by sealing existing porous
jetties with a concrete grout. The need to seal an existing
jetty often becomes obvious after shoaling occurs in a channel
opposite the flanking beaches . Review of photographs taken in• 
the first few years after construction offer evidence that this
occurred at Santa Cruz; however , as the beach moved rap idly
seaward , the rate of leakage appeared to decrease. Review of
the ahoaling patt erns in plates 7 and 8 provides the most reliable
insight into the rates of material leakage through the voids
rela tive to other transport mechanisms. If substantial quanti—
ties , say on the order of 25 to 50 percent, of the material
shoaling the channel were passing through the voids in the west
jetty , the shoal would have built progressively toward the
channel from stations seaward of about station 16+. Examination
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of the shoaling contours in plates 7 and 8 and review of the
shoaling patterns in other years indicate that instead , the
shoaling occurred primaril y by formation of the tip shoal which
mi grates into the channel. The shoulders did not grow signifi-
cantl y until the tip shoal formed. Based on this observation ,
and lack of any supporting evidence to the contrary , either
theoretical or documentary , the leakage through the jetties is
considered to be a small fraction of the shoaling mechanism .
Approximately 10 to 20 percent of the shoaling in the channel is
assumed to be from leakage through the voids. Most of the
leakage is probably through the breakwater seaward of the
angle point where waves impinge nearly normal to the breakwater.
The offshore profiles show that the sand line has not built
above the core elevation in this reach, supporting the concept
that the core may function as a weir. The east jetty profile
indicates that that structure is a more efficient barrier than
the west jetty because of its higher core and the milder wave
climate to which it is exposed.

C.54 Additional observations indicating leakage through the
jetties have been made. These are briefly discussed , but they
provide no information on the rates of transport. Undocumented
dye studies were conducted, where dye placed in the water was
observed to pass readily through the west jetty . Sand in suspen-
sion observed in the entrance near the voids in the jetties
seaward of Station 16 has been interpreted as evidence of trans-
port through the jetty . However, this may also be temporary
suspension of sand from the shoulder by interior waves. Small
sink holes have been observed in the beach along the west side
of the west jetty, indicating the pumping of sand through the
voids by waves in the entrance. The operation of the WES eductor
system indicates that sand from unidentified sources has refilled
the crater near Station 16 at pump number 3. A comprehensive
field study would be necessary to estimate shoaling rates through
the voids. The evidence indicates that leakage through the
vo ids is a secondary shoaling mechanism, but this should be checked
in more detail prior to any sealing attempt.

C.55 Updrift Movement. Although the direction of net li ttoral
transport is from west to east, temporary reversals are caused - •by seas from the southeast and by Southern Hemisphere swell.
The wave energy—flux calculations indicate that the ratio of
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westward to eastward longshore transport potential is 0.4. Ovt-r
one—half of the westward energy flux occurs during January and

• February as a result of locally generated southeasterly seas.
This indicates that there is a large possibility for sand to
enter the channel during reversals. However , the quantity of
material entering the channel by this process is estimated to be
considerably less than 40 percent of the total. During the
winter when the shoaling occurs, the beach normally recedes
along the east jetty. This recession is a realignment of the
littoral cell in response to the northern Pacific swell. Any
sand that is moved in the updrift direction is usually trapped
by the jetty during short periods of storm activity. Movement
of suspended sand seaward of the east jetty head , by rip currents
and by saltation—transport across offshore bar or shoal formations,
may account for the passing of some material into the harbor.
The depths off the head of the east jetty normally increase in
the winter , as shown in plates 7 and 8. This indicates predomi—
nance of eastward transport in the winter and therefore less
potential for updrift transport to shoal the entrance than the
energy—flux analysis indicates.

F: C.56 During February 1978 high seas from the southeast made it
net~essary to close the harbor to navigation . A large eddy of

F discolored water was observed on the east beach , and it was
feared that the channel would shoal in direct response to this.
However, infor.nal sounding by the harbor master detected no bar
off the east beach nor significant shoaling in the harbor channel.

F This supports the theory that updrift movement is not a major
direct cause of shoaling . A few days after the southeasterly
storm , a northern hemisphere swell did shoal the channel but
this was due to downdrift, not updrift movement. Nonetheless,
when dredged material is deposited on the east shore during the
winter , the east beach builds seaward , and this does increase
the potential for sand to be carried westward back into the
harbor . Therefore, the phase relationship between dredging and
storm activity will influence the rate that material returns to
the harbor.

C.57 During the summer, the east beach near the east jetty
builds seaward in its normal realignment due to the change in
wave climate. The water depth at the head of the jetty shoals
to 5 feet or less. This gives the appearance that reverse
bypassing is greatest during a southeasterly sea or a southern
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hemisp here swell in the summer. Shoaling records , however ,
indicate that onl y minor rates of shoaling from the east occur
during the summer. The tip shoal formation off the west j e t t y
and its growth during the winter support the contention that
most of the shoaling occurs as a result of material bypassing
the head of the west jetty. Based on the above discussions , the
amount of littora l drift bypassing the head of the east jetty in
reverse longshore transport is estimated to be on the order of
magni tude of 10 to 15 percent of the total drift entering the
harbor. This rate is variable and is probably greater when a
late spring dredging episode discharges material close to the
east j e t t y .

C.58 Wind Transpor t. Aerial photographs taken in 1963 show
evidence of wind transport over the west jetty. A parapet
constructed on the west jetty has trapped wind—driven sand . The

— wind—driven sand has also buil t low—lying dunes on the upcoast
beach. The slow formation of shoals in the channel where the
sand is being transported by the wind indicates that the rate of
w ind transport over both the east and west je t t ies  is minor.
The potential for wind—blown transport was calculated by using
the method proposed by Johnson and Kadib (1965). A wind rose
obtained from the Natural Bridges Park LEO station from April 3,

- • 1968, to November 24, 1970, was used to calculate the transport
over the west jetty and east jetty. The calculations indicate a

• potential for 6600.cubic yards per year to be transported eastward
over the west jetty and 2200 cubic yards per year to be trans—
ported westward over the east jetty . The formation of the small
dunes on the west side , the presence of considerable debris on

• the beach occasionally, the trapping effect of the small parapet
on the west jetty , and the lesser degree of wind exposure of the
harbor relative to that of Na tural Bridges Park , supports lowering
the calculated estimates to 5000 and 2000 cubic yards per year,
respectivel y.

C.59 Onshore—Offshore Transport. Beach and offshore—bottom
profiles are dynamic and seldom reach a true state of equi-
librium . Changes in wave climate induce changes in the alignment
(~f the beach as well as its profile. High, steep waves generally
strip material from the beach face and transport it offshore,
of ten forming bars and shallow troughs. The bars induce waves
to break offshore and reduce the amount of wave energy transmitted
to the beach. This process continues until the beach reaches a
new quasi—equilibrium. During episodes of low—steepness waves,
the bar and offshore materials are transported back onshore.
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This mechani sm probab ly occurs at t he’ prol cc t s i te - . Rev I e’w ot
profiles taken t o  depths of 40 feet has not revealed the presence

~‘f a bar. The nearshore ’ bottom siop i’ to the 20— t oot depth
appears to be too steep for a bar to  form . The slope Is very
t iat in depths greater than 20 feet , and the waves are too small
to form a bar at these depths . Some’ material may he distribut ed
in a thin layer over the offshore area, hut no evidence exist s
to support this theory . Offshore prof iles are not accurate
enough to detect minor changes reliably.

C. 60 Dean (1 ~7 3) developed a mode’ I to cal cut ate- the response’
of norma l and storm profiles to a given wave’ -eteepness , U /1 .
Assuming sand with a median diameter of 0. 1 nun , and spplv ’?ng~
f igure 4—31 of the Shore Protection Manua l (l97l’~, a winter
prof ile should occur for local seas of height gre-ater than about
2 feet , for northern swell of height greater than 4 t e’et , and
for southern swell of height greater than 6 feet. Assuming this

F to he corre ti, the sununer southern swell is generally the’
primary source of onshore movement. Most northern swell Is 1
feet or greater when channel shonling is most rapid. No evidence
(a available that documents bar—form ation at the Harbor entrance-
with subsequent transport of the’ material hack into the’ channel.

C.61 The 1977—1978 winter had a severe- impact on t he’ Cali-
fornia coast line. At Santa Cruz , the’ east beaches eroded It ’ the
base of the cliffs. Much of this erosion occurred during periods
of high astronomical tides coincident with the’ arrival ot swell
well in excess of 1 feet. Many other beaches alone the Caliio rnia
coastline suffered similarly. During the’ high tide ’s, large
breakers eroded material from above the’ — S—fo ot M1.LW elevation
and deposited it offshore. Plate (~ documents thi s pr~ filc
modification at Santa Cruy. Volumetric calculat ions indicate ’
that between Black Point and the San lorenro Rivet 180 ,000 cubic
yards were eroded f rom the beach face and 270.001) cubic yards
were deposited between MI.LW and —20 feet Ml.l.W . The’ deposited
materia l did not form a bar within the’ surveyed art’s , hut me’re’ lv
f lattened the slope. A net accretion ot 9000 cubic vat-da oecurre’et
In the updrtft shore segment and a toss of l’J ,000 cu b ic  yards
occurred in the downdrift shore segment . Most ot t he’ d o wmmd rt i t
loss is postulated to have been transported around Black Point
or of fshore’ beyond the — 20— foot contour . The’ record—high p1cc (p 1 —

tat ion rates for the state In 1978 may hay.- caused an unetsus l i v
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high depos it ton of sediment I ron the San Lorenzo R1ve~r in to the’
l i t t o r a l sy stem . However , the harbor did not shoal at unusus liv
high rates during till S v t-a r  - in any event , Lb is aqomo b u s
w inter shots 1 d not he’ ts ~~e’d it’  exp I alit the general shoa l I ng
me-chan ism. Onshore’ t ransport due’ to seasonal prof lie adj ustments
is not cons ide’red a primar y cause’ of shoal lug .

( .  I’,’ RI p currents  a re— a secondary mode of onshore—offshore
transport . Ri p currents have bet- n observed at both the ’ east and
the west  j o t t  ics. A rip current along either jetty can transport
mat erial f ron t he’ beach to the ot I shore’ and deposit it where it
can 1 a~ ci he ~‘srr te ’d into t h e ’  channe- 1 by a combination of wave
ag I ta t  ion and Ida 1 in!  e’t • - ‘

~ r ~~-nt s. Dur ing the ’  summer , a rip
current Is o f t  e’n generated ne-ar the head of the’ east j e t t y
during a southt’rn swell , hut only minor shualing occurs under
tht’se’ cond it ions .  During the winter , r ips are o f te n observed
along the ’ west j e ’t iv . ‘huits Is a normal mechanism associated
with sand bypass lug a saturat  -d groin. Some’ of t he.’ rap id t ip—
s h o t  I growth in winter and spring may result I ron the landward
re-turn of mater ia l  moved of fnhore’ by the’se’ west—beach rip
currents; however • this mechanism has been identif led as a
hypiissfn~ of the’ west ) e ’t t v  and not ,ts onshore transport of
bottom material.

C. n I A th rd mode of ~nshort’ transport Is th e’ movement of sand
in depths gre -ate’ r than .‘t) I eeL • E’ I shermen re-port sand movements

• cove ring their ne’t s  in dep ths as great as t~O f e e t .  Assuming
tha t a ho t tom velocity of U.S t e ’e ’t pt’i~ second is ruqutred to
in i t i a te  moveme’nt , sand motion should be Induced by one—foot

wav es in as much as th i r t y  fe - c ’  t of water .  The’ sand mo t ton would
i-c osc ill at or~’ , 1w t superpos I t Ion o I a st e’iid — s tat  t ’ hot tom
c ur re n t  wou ld t end to move t h e ’  ag it a t -ct mater ia l  t i nt—
cii re-c ’ t I ~nn l iv al ong t he’ o f f shore ’  hot tom. Whilt’ considerable
~;,tc icI move- me-nt is known t o  occur of fshore , i t  general ly takes the
I orm 01 a s tow mt gra t ton ot ripp les in a sal tat  ion process.

• ~‘crv li tt le is knowit abou t offshore’ bot tom current structure in
t h.’ study area or even the chis rae ret of sod Imen La on the of fahore

- 
I 

hot torn. \‘asme ’V (1968) , however , conc luded tha t movement In the
o t t  shore - re’g i on was primarily the seaward loss ot fines to deep
wate r.
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, tc4 gt ise ’ e’v dat a are not suf I Ic It-nt lv re l ish he oh I Sitnt a t ’res:
to dcte’c o t t  shie ’ re- sand m o v e m e n t s .  Of fahore prof t i es  in dept ha
rang ing I rom 20 t o 10 I cci  show vertical f l u c tua t ions  oh t h’
hot torn .s -~ L i  rt~, .eq ~~~~ t cot  . Thi~’s~’ t 1 net nat (otis ah’p0 1 t ( ii
the’ Oe’ t ohe’r l9t~4 soundings and may he’ me-asurement a of wave -s
rat her than act cia I changes In hot torn cit-vat iou . The absence- o
ant t i e  lent seIrve-v dat a or adequate quantif icat ion of ripp le—heel
movt -me’n t re’neters it t i l t f t  cult to assi gn a percent age to the
port ion oh shoal! ng in the’ channe l that is due’ to onshore— t rans—
port oh mater ial I rom depths greater than 20 fee t .  However , t t
is cons tde-re ’d ama Ii in comparison wi thi that due’ t o  longahore
transport

i~ . t~ lids ! Exchan~~~. TI eta 1 in lets t hurough sandy shore- I (ne-s
may t rap and at ore sed Imt’nt s tier tve-d I rem th e’ 11 t t oral c’nv i ronnie-itt
through the act [on of t idel— Induced currents. Tida l currents
a u-e a poss ible cause of the shoal lug ot the Santa Ciu~ Harbor
t ’nt rance’ channe’ 1. Al though no measu re ’me-nt a of t idal  Vt ’ b c  it tea
have been reporte-d , ca lculate- ct t idal curre’nts for the pro ject
e-hanne I have’ a maximum ye toe (iv In the’ order of 0. lt~ t cc’ t pe’ r
se-conch . Tida l curre’nts become important on lv a f t  e- r the shoal
has formed and a small equilibrium channel through it has bee’it
t ’s tab it stied . Only then are the t Ida 1 cur re’nt s at tong enough to
t ransport add it tona l material into the ’ harbor on flood t ides.
Surge induced currents also would contr ibute’ toward ahoaling .
Fv (deuce of t ide— I ndue’e’d or surge— in duet- ti current t ransport
would he the growth of a shoal at the inner end of th e’ e.’onst r I c ted
t i dal channel, The absence of such au inner shoal indicates

t tha t th is mechanism is of minor importance.

C.i~t~ Lt t to ral—Transport _ Rates. Th e- preceding discussion is a
summary o f the available data on li t tora l  t ransport . 0rdor — t ~t —
magnitude quantif tcat  ions of each shoal ing proc ess Were ’ made
based on anal ysis of the’ data and appi icat ton theoret ical  conce pts.
A more definitive quant if teat (on on which to base the’ desi gn ot
structures or development of maintenance’ programs would he
desirable. However , sufficient quantitative chats are not available ’
to refin e , the analysts. Significant v a r i a ti o ns  in quanti t ies
may occur from year to  year as a result of change’s in the bypassing
and main tenance procedures , flooding of the- San h,ot-e’n:o River ,
and variations in the wave clima te.
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C .t ~7 Based on th e’ energy—flux calculations, which predict  an
upper hound for net littor al—tran sport rates of 488,000 cubic
yards per year , and the early impoundment rate at the west j e t t y
fillet and channe l shoaling of 285 ,000 cubic yards per year , the
net longshore transport rate is estimated at 300,000 to 500,000
cubic yards per year. The documented high occurred in the
winter of 1977—78 when 162,000 cubic yards were transmitted to
the e’,lst beach by the phased dredging program and about 55,000
cubic yards were transported by the WES plant. The hypothesized
quantification of transport into the channel and on to the east
Is depicted In figure C41. Wind transport Into the channel Is
estimated at 5,000 cubic yards per year over the west jetty and
2 ,000 cubic yards per year over the east j e t t y . Transport
t hrough voids in stonework is estimated at 20,001) cubic yards
per year for the west j e t t y  and 1,000 cubic yards per year for
t h e  better sea led east j e t ty .  Most of the material that enters
t he’ channel Is believed to he that which bypasses the head of

• t he west j e t t y  and form s the tip shoal. The quantity is estimated
• at lOO 000 cubic yards per year. It is estimated that an addi—

tion.i.I 175 ,000 to 375 ,000 cubic yards a vc’ar naturally bypass
the head of the west jetty , traverse the outer face of the tip
shoal , cross the tidal channel and the shoal off  the east jetty,
and continue on to the east beach. Tidal currents and onshore
t ransport are estimated to account for an additional 2 ,000 cubic
yards of fines entering the channel. This 2,000 cubic yards may
he low, hut this mechanism is closel y related to reversal of
transport and bypassing the west jetty. Updrift littoral trans-
port f rom the east bench around the head of the east jetty via
ri p currents and wave induced onshore transport Is estimated at
20,000 cubic yards per year. The average amount of maintenance
dredging deposited on the east beach Is estimated at 150,000
cubic yards per year , even though “pay yards ” are bu t two—thirds
of this figure. The 175 000 to 375 ,000 cubic yards that have
naturally bypassed , plus the 150,000 cubic yards of maintenance
bypassing , minus the 23 ,000 whIch re—enter the harbor , leave an
additional 2 ,000 cubIc yards which are returned to the offshore
from the dowudrift beach. The budget is balanced with 300,000
to 500 ,000 cubic yards going downdrift around Black Point.
These f igures were developed prior to the phased dredging program.
As w i l l  he e’xp lained In Sect ion 1), the more current dredgings
w i t h  more frequent surveys Indicated that the natural—bypassing
cat lun a te sh ou l d  he reduced and that the harhor—shoaling est imate
should he increased ; however , this may he a severe winter
shoaling ep isode- and may not ref he-c t long—term trends.
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C.68 The preceding analyses of surveys , dredging re-cor ds and
theory were d i re ct ed toward bu i ld ing a hypot hesis of the shoaling
process. Data are generall y available to determine shoaling
rates on ly on a mon thl y basis; however , observers have noted
that the channel has closed on occasion during a two— or
three—day storm . The data indicate tha t the sbioalfng occurs
s lowly  most of the vt-ar but increases rapidly during the winter
storm season. F igure C42 p lots hourly potential l i t t o ra l—
transport rate’s on an open beach as a function of the breaker
height for two assumed breaker angles , the ang le between wave
crest and shoreline at breaking . Data points for the p lot were
calculated by energy—flux methods described in Appendix 2. The
p lot indicates the sensitivity of the littoral—transport rate to
both wave height and breaker angle. A one—day storm with a
significant breaker heigh t of 10 feet arriving with a breaker
angle between five and 10 degrees could transport from 24,000 to
48,000 cubic yards per day . The slope—array wave gage analysis
predicted a maximum of about 4000 cubic yards per day for two
storms in February , 1978, where the maximum recorded wave height
was only seven feet . The sediment—bud get anal ysis predicts that
less than half of the material in transport would enter the
channel If a tip shoal were present across the channel to permit
natural bypassing . Thus, a sing le severe storm could potentially
shoal the channel to less than navigable depths. Monthly condition
surveys indicate that the theoretical estimates for short—term
transport rates are t he correct order—of—magnitude range.
Extreme monthly shoaling rates have averaged about m ,OOO cubic
yards. Therefore , considering natural bypassing , the true net
transport rate could he as high as 60,000 to 150,000 cubic yards
in a month.
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MON I TOR I NC }‘R~~:RAMS

C . t~9 Fhe- pre-c( -d t ug ana lvs is was l~a ~e~d on ~la t a a v a i l  ah~ I • I ct
this st udv ct it t  to  ra 1 p roe-c -s acs at S.w t a (‘u u: . St-vt-va I i~hueu~ m -na
we-re h I scusst’el which could have- heeu~ he’ t t cv dt-se’r I bed hi~l moue ’
eta t a been .cv allah I ~ . On the other hand , some ~ta t a we i- c t ake-u in
more detail than necessary for this study. The’ purpose’ ci th is
St ’ e’ t Ion is to provide a bri c-I descr ipt ion of ongoing mont toring
programs and proposed modif teat ions to these programs and to
sugge’s t new programs that would provide’ da t a in t he’ I u t CU I~ t o
bet t er dc-se ’ v i  h-  the- I I t total processes and sho:u I I ng me -chant anus

C . ‘() (
~1ge~jn~ Pr~~ rama - Mont tor lug programs current lv in

e~t t c- ct Include condi t ion surveys of the entrance’ chann - I and
v i e - m lt v , heach—e’rosion surveys , aerial photography , wave—gage
mi-asuremen t a , and daily v I anal  observa t ions e’ f co,u St  a I phenomena .
The cendi t to n surveys have’ v ie ’ld e’d the’ most bent-f ( e t a  I da ta
t oward clef thing the’ littoral processes. The condit ton surve-va
have been t aken In the navigation channel and ~00 feet updr if
and downdri ft ct the’ harbor along range’ l ines spaced SO f ee- t
apart and extending 1000 f~ e’t of fshore’ The-se surveys are take-n
month lv in the w tnt -r and eve rv ether month In the’ summer . Each
survey costs approx m ate Iv $5 , (100 and take’s appre’x (mate’ ly two to
three- days to comp le te .  Beach—eros ton surveys , consist tug ci
beach profiles and hydrographic surve’vs , are taken at approxi—
mately ten ranges between Black Point and the San Lorenzo River.
Rang e l i nes , approx (mate lv 200 to 1000 f c ~e’ t apart , ext end 3000
feet se-award to the 30—foot contour. Surveys are take-n on the’
ave’rage of tw ice  a ~‘ear , at a c’ost ci $ 17 , 000 per surve’v

C - /L Fut nrc’ stud it -s and documenta t Ion c I l i t to ral processes In
the v I c i n i  tv  would he’nef it 1w tak lug surve’ a more cons tat cut lv ,
both in t (me interval  and in location of range’ 1 Inc’s . In add i—
t ton , the area I coverage’ should be expanded to allow monitoring
ci c hanges in the San Loren?o River delta and in the beach and
shoa l o f f  Black  Poin t . The 50—foot range 1 the- spacing used for
the condition surveys outside of the harbor more than adequately
describes relatively regular hathvmetry. A modified program
cemhtntng the condition surveys , beach profiles , and hvdrograph (c
surveys Is suggested. The 50—foot range—line spacing in
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the channel is required , but the distance between
range lines could be increased in areas outside the channel.
The first two profiles on either side could be spaced at 300
feet and beyond them at 500 feet extending westward to the east
side of the San Lorenzo River delta and eastward to Black Point.
Analyses of previous surveys did not reveal meaningful results for
soundings taken in depths greater than 20 feet. Therefore, the profiles
need not extend beyond the 25—foot contour , except for infrequent
extensions to the 40—foot contour to document long—term changes.
The condition—type surveys should be taken on a monthly basis
from November through March and in July and September, and
should extend only to the first two profiles on each side of the
harbor. The phased dredging program may, however , dictate the
timing of the surveys. The hydrographic beach—profile surveys
should be taken in September and March to document the summer
and winter beaches. Provision should be made for a pre— and
post—storm survey of the harbor and San Lorenzo River delta to
document changes due to a single event. This is most adaptable
to the first major storm of a season which follows a scheduled
survey -

C .72 An extensive aerial photograph y monitoring program is
currentl y being conducted . The program comprises twice monthly
flights over the area from Natural Bridges Beach to New Brighton
State Beach. The photography program costs about $2,500 per
flight.

C .73 The photographs are useful in interpolating and extrapo-
lating shoreline configurations; however , the MLLW line cannot
be accuratel y determined from analysis of the photographs because
of wave runup and a six—foo t tide range. The photography program
could be reduced to two or four flights per year and coverage
only between Point Santa Cruz and Black Point without signif i—
cantly decreasing its usefulness. The scale should be about
1:5000.

C.74 An extensive wave—gaging program is being prepared to
monitor waves in Monterey Bay. A four—gage array was installed
in September 1977 by the State of California and the Army Corps
of Engineers , off the west jetty in 20 feet of water . The
purpose of the gages is to measure directional wave spectra
twice daily . The cost of the program is $14,000 per year per gage .
Several other wave gages are being installed in Monterey Bay , in
about 20 to 30 feet of water off the piers at Santa Cruz , Capitola ,
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Sea d lii , and Monterey , and off the Moss Landing breakwater , as
part of an overall wave—measurement program in Monterey Bay. A
wave—rider buoy Is to be installed in 200 feet of water southwest
of Santa Cruz off the Natural Bridges State Beach.

C. 75 The overall wave—monitoring program in Monterey Bay is
intended to better describe the shoaling problem and coastal
processes so that operation and maintenance of coastal harbors
may be made more cost—effective. The present slope—array gage
system off the Santa Cruz breakwater gives a detailed statistical
description of the wave—pressure field. Several years of sta—
t lsttcs are required to reliabl y predict long—term trends in
wave climat e . The wave gage experienced operational problems in
March 1978 during the first winter season of the phased dredging
program . I)ata from the gage should be analyzed in detail to
verif y samp ling te-chniques . Early verification of samp l i ng

ce- hut ques and proce dures could lead to minor .id l us tmen t a ct the
program tha t would render the resu l t s  more’ meaningful.

C . ~
‘t’ Dai l~’ v isual  observations of littoral phenomena are’ per—

formed under the Littoral Environmental Observations (LEO) pro-
gram . Presently four stations are in effect: two between the
harbor and the San Lorenzo River , and two between the harbor and
Black Point. This program is scheduled to con tinue , at a cost
of $2 ,000 per year. The LEO data collected in the past have
been of relativel y little value because they were not collected
and reported in a consistent manner. Adequate supervision and
better—trained observers should eliminate this defect and possibly
provide data useful for future planning.

C . 7 7  Suggested Additional Programs. The shoallng p roces s  can
h-- documented as a function of incident waves inexpensively and
easily by photographs from a t ime—lapse camera mounted on a
bluff or on a pole near the harbor. Frames taken hourly to four
t imes a day over the period of a year would v i sua l ly  document
wave act ion and beach and shoal response. A 15—second burst ci
movie film once a day at the same time would provide additional
information . These simple programs can he a powerful tool in
describing shoaling and beach changes.
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C 78 The suspected presence of large quantities of sand in the
offshore regions represents a large unknown in the littoral
regime of the area. Large quantities of material may be in
littoral transport offshore. The first step in determining the
importance of onshore—of f8hore transport would be a sampling
program to determine the size distribution and depth of uncon-
solidated bottom sediments out to the 30-foot depth contour . If
material is in transport from deep—water off Point Santa Cruz
onshore to the beaches in the vicinity of the project site, the
size distribution of the beach and offshore material should
compare . This should be done to supplement Yancey (1968) in
more detail of the project site. The sampling program should
also include sieve analysis of the shoaling material in the
harbor to compare it with that of the up— and downdrift beaches
as well as that found in the river delta. The sampling program
could be expanded to include a sand dye—tracer study if the
results indicated that materials in the offshore area were of
the same gradation as that of the onshor~ shoaling material.

C.79 The rate at which sediment leaks through and over the
jetties can be estimated by dredging a portion of the shoulder
lining the perimeter of the channel. By dredging 200—foot—long
pockets and taking frequen t soundings, the rate of infilling due
to various wave episodes could be determined . Careful analysis
of the manner in which the pocket fills would lead to a better
estimate of the leakage rate through the jetties.

C.8O Other possible monitoring programs include: side—scan
sonar, dye—tracer sand studies, and bottom current measurements.
Side—scan sonar has been suggested as a possible method of de-
tecting offshore movement of sand waves. Review of profiles
indicates tha t the offshore changes in depths greater than 20
feet have a vertical range of less than about two feet. Side—
scan sonar is not suited to detecting movements of slow—moving
and small-amplitude sand waves. Dye—tracer sand studies could
be implemented to detect the direction of sand movement. Dye—
tracer studies are generally expensive and often lead to frustra-
tion when the dye patch suddenly disappears. Current meters
could be used to measure offshore bottom currents; however,
reliable current meters that segregate orbital velocities of
waves from uni—direct ional flow are expensive . Several current
meters would be required to plot the current structure with
sufficient accuracy to make a meaningful analysis, and the cost
of such a program would be prohibitive.
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SECTION P

MULTI -YEAR I NTFR IM l)REPC INC PROGRAM

BACKC ROUND

0.1 Ceneral . The preceding sections described the shoaling
mechanism and the general dredging pract ice from 1965 untIl
1Q77 . The annual dredging procedure had not been sat Isfac tory
to the’ heaters who use the harbor. The channel either had
been c losed to navigation for the winter or hazardous cond It Ions
e~~iste’ d in the entrance channel. Photograph Dl shows a typical
winter condition with an eight—foot wave breaking across (he t i p
shea 1 in the entrance. Tb Is condition occurs frequent Iv and
has caused broaching of several bonts and rendered dredg ing
operations difficult. The tip shoa l has created a surf shoal
across the entrance channel resulting in conflicts between
surfers and boaters. Commercial fishermen who use the harbor
as a home port experienced difficulties in some years of not
being ab l e  to get to sea for the opening of salmon season on
April 15.

1L2 This study was undertaken to develop a means of fu l f i l l ing
t he long—range oblect ive of the authorizing document of turning
ever to the Port District for operation and maintenance an
e f fec t ive sand—bypassing system . The f i rs t  work Item was to
d evelop a mul • t—ve’ar dredging program to shorten the longevit y
of entrance —clogging shoals , with their attendant navigation
hazards , pending development of a long—term solution. A
mul t i—yea r  dredging contract was awarded to the successful
bidd er , Shelimaker , Incorporated , in November 1977 t o  prosecute
a two-year phased dredging program as devel oped In a report .
“Santa Crel? Harbor, Multi—year Interim Dredging Report ,”
November 1977. The basis of that program development is

- i presented in this section as a new philosophy regarding maintenance
dredg ing at Santa CruE Harbor. The program that evolved from

11 the study was consider ably differ ent from the standardized
procedures n enna l l v  developed by the Distr ict , and Insuffi-
cient t ime was available to detnil it to the sat isfac t ion  all
part ies Inv o lved prior to request for bids. Furthermore , the
teconmwnded plan required dredging outs idi’ the pro j cc t boundaries ,
and the WES bypassing experiment was concurrently in progress.

. 1 Dl 
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These factors necessitated some minor procedura l ckinge ’a at the’ last
minute; consequentl y, the originally conceived p lan wa. prosecuted
In concept , but not in full detail. The remainder of this sect ion
describes the philosophy of the plan, the basic changes , and the
experience gained from the first year of operation . This first—
year experience was useful in developing and evaluating alternative
long—term so lutions and possible modification s of future multi-
year interim dredging programs .

0.3 Scope of Multi—Year Program. The basic requirement was to
develop an interim, multi—year dredging program that would hi’ more
responsive to the needs of boaters by maintaining a navigable
channel for a greater part of the year than in the past. The
program was to be developed prior to the completion of a detailed
study of littoral processes. Its purpose was to reduce dredge—
mobilization costs by awarding a contractor a long—term agreement.
Part of the problem was to define the optimum length of the
multi—year contract.

0.4 Bypassing at Other Harbors. A study of dredging efforts at
other small—boat harbors was made to illustrate the relative
magnitude of bypassing efforts at Santa Cruz as compared with
those at other harbors. The goal of sand bypassing activities at
Santa Barbara, Ventura Marina , Channel Islands Harbor, Santa
Monica and Oceanside is to bypass all littoral drift and to
continuously ma intain a safely navigable entrance. Table Dl
shows that the annual bypassing at these harbors averages 4 7
cubic yards per berth. Santa Cruz Harbor has historically bypassed
only 110 cubic yards per berth per year. Assuming a gross drift
rate of 400,000 cubic yards per year , the 900 berth marina could
conceivably require the bypassing of 444 cubic yards per berth to
be comparable to the other harbors referenced . On the other
hand , the actual bypassing rate required is a function of the
local net annual rate of littoral transport, gross rates in each
direction , impoundment effects of harbor structures, channel
depths and their relation to natural bypassing , etc . The rate
per berth is only inc idental to these controlling factors.
Nonetheless, a review of dredging statistics shows that signifi-
cantly greater quantities of sand have been bypassed at other
harbors than have been programmed for bypassing at Santa Cruz
Harbor to date.

D3
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TABLE Dl.

OTHER SAND BYPASSING EFFORTS

Annual Ouantity

Cubic Yards in Cubic Yards
Harbor No. Berths Bypass per Berth

Santa Barbara 800 300,000 375
Ventura Marina 1,260 700,000 555
Channel Islands 1,540 1,300,000* 422
Oceanside 794 400,000 504

Total 4 ,390 2,050,000

Average — 467 cubIc yards per berth.

*Thjs effort bypassed two harbors (Channel Islands and Port
Hueneine) ; credit 650,000 C.Y. to each.
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DESCRIPTION OF THE PLAN

0.5 General Requirements. A plan was formulated based on the
history of shoaling and dredging and on discussions held with the
harbor manager and with representatives of the commercial fishermen ,
the most frequent users of the harbor in the winter season . The
strongest plea of the commercial fishermen was to have the dredge
available during the winter to clear the channel and particularly
to be able to use the channel for the salmon season which starts
15 April. Salmon catches are one of their major sources of
income. The fisherman agreed that the harbor entrance should not
be used during storms or high—wave episodes and stated that they
could accept about a five—day delay after a storm for removal of
hazardous shoals. They defined a minimum acceptable depth of 10
feet MLLW and, though not definitive about width, they indicated
that a 50—foot channel might be acceptable. However, considering
dredge efficiency and problems of breakers in the channel when
waves approach at an angle, a 100—foot wide channel was selected
as a minimum dimension to be maintained .

0.6 A review of the dredging and accretion histories of Santa
Cruz Harbor for the period between 1972—1977 indicates tha t
shoaling rates decrease between April and November and that
dredging of the navigation entrance to the full project width and
depth in April results in a navigable channel through the summer
and the busy boating season. Periodic maintenance dredging would
be required between November and April to keep the channel open
to navigation. A total sand bypassing program with the existing
harbor entrance configuration would not be feasible because there
is neither adequate protection to keep a dredge operating during
storms nor sufficient storage capacity to create an effective
sediment trap . Two conflicting criteria evolve. The channel
should be wide and deep enough for safe navigation, yet narrow
and shoal enough to maximize the natural bypassing of littoral
drift during the winter. A compromise between these conflicting
criteria would be to reduce the project depth , at least during
the winter. For example, if the navigation channel could be
maintained at a depth varying between 10 and 15 feet MLLW over a
width of 100 feet , it should be reasonabl y safe for navigation
(except during storm wave episodes) and yet not completely inter-
fere with the movement of littoral drift that naturally bypasses
the harbor entrance seaward of the 10-foot depth contour.
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0. 7 The general requirements for the interim dredging p rog r a m
(ml i cat  c that a f l oa t  Ing hvdrau 11 c dredge should be mo bil ized I~or
effective channel maintenance. 11w existing WF.S plant or .1
drag line operation were not considered suitable to dredge the
areas where shoaling occurs. Therefore, an alternative program
was developed based on using a floating hydraulic dredge with
disposa l on the east beach.

P.S W ES Plant. The Waterways F~cperimen t Station has beentesting the use of “eductors” as a continuous, f ixed bypassing
system . Santa Cruz was the site of the third of a series of
field tests. During formulation of the interim dredging program,
this test was in progress and was scheduled to continue through
the winter of the first year. The production of the WES plant
varied from zero to about 1,000 cubic yards per day with little
consistency of performance, as is required for a reliable system
to ma intain a harbor. The WES plant was operating on the west
beach , bypassing sand to the east beach. This procedure interferes
less with channel maintenance operations than with systems using
eductors Inside the harbor and it should not seriously affec t the
Interim dredging program. However, the WES experimental system
was not considered reliable at this stage either as an interim
solution or as a part of it. The interim program had to be
developed without relying on the WES program and yet , to cause
m inimal interference with it.

rL~ Length of Contrac t. While a multi—year contract has some
advantages over a one—time contract , the longer the contrac t the
more clearly working conditions must be imown to ensure a fa i r
and economical contrac t without an excessive risk of change
orders or claims. On the other hand, few dredges of tile 14— to
27 -Inch class are in operation on the West Coast. More bidders
might be attracted by offering a contract that lasts for more
than one year. This procedure should reduce mobilization and
demobilization costs, which comprise a large percentage of the
overall cost of a small , short—term dredging effort.

0.10 A two—year program was selected as being optimum for the
first contract. In subsequent years, the time span may be adjusted
based on the knowledge gained from the first contract. The
contract period selected was from about 1 November 1977 to 1 May
1979. The contractor would be required to have his dredge in

‘I
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Santa Cruz Harbor mobilized for work by 15 November l9~ 7 and to
keep it there either working, or in working condition, until
April—May 1978, unless released earlier by the Contracting
Officer. He would be free to remove the dredge during the
summer, but would be required to have it back on site and ready
to work again by 15 November 1978. Any change in equipment would
require the prior approval of the Contracing Officer. This
arrangem ent would not save much in mobilization and demobilization
costs, as compared to two one—year contracts, but would assure
the bidder of work for two years and an opportunity to bid more
competitively on the Moss Landing maintenance program scheduled
for 1978. This advantage should partially offset the cost of
keeping a dredge In Santa Cruz Harbor the entire winter season.

D.ll Dredge Capacity. The dredge must have the capability of
dr edging the entrance channel to a depth of 10 to 15 feet MLLW
within a 5— to 15—day period, but must not be so large as to
entail excessive standby charges. Based on experience at Redondo—
Malaga , Oceanside , Ventura Marina, and previous efforts at Santa
Cruz Harbor , the dredge should be capable of working in 3—foot
seas on wires. Examination of figure C36 shows that from December
through March, the monthly rate of accretion can exceed 30,000
cubic yards and the daily rate can be as high as 2,000 to 4,000
cubic yards for short intervals. Therefore, the rated capability
in calm water should be at least 250 cubic yards per hour, or
4,000 cubic yards per day , based on a 16—hour day with 3,000 feet
of discharge line. Considering this minimum production capability
and the severe wave climate, it was not likely that a dredge with
a discharge line of less than 14 inches could be used . The required
capacity gives the contractor incentive to promptly dredge the
channel to contract depth, and then revert to standby time with
related reductions in crew, and operating costs. Unfortunately,
the Corps of Engineers ’ normal practice of using “Liquidated
Damages” covering the costs of inspection crews after completion
due—dates to encourage timely performance has little effect on
dredging contractors because of their high plant and operating
costs. If liquidated damages could include losses incurred by
the users of the harbor *s well as losses by the Corps, the
penalty for late completion could be a more effective tool to
ensure prompt and effective dredging.
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0.12 The least costly sand—bypassing program at Santa Cruz
Harbor schedules the dredging of littoral accretions from the
entrance once each year , in March or April. This historical
procedure has not been satisfactory to the boaters. The most
desirable program is one which would effect a constantly main-
tained project depth of 20 feet MLLW. This would require almost
daily dredging of the gross littoral transport. As a compromise ,
additional dredging episodes between November and April would
maintain the harbor reasonably safe for navigation throughout
the year. However, short periods of closure should be expected
to allow time for the dredge crew to re—mobilize after a severe

• winter storm .

D.13 The desired solution falls somewhere between once—a—year
dredging and continuous dredging . The adopted plan must , however,
assume that presently available equipment will be used. Over—
depth dredging or creating a trap did not prove feasible because
of the limited capacity of the entrance channel to store sand
between the jetties and because of the underlying strata of clay
or hardpan. An intangible factor of serious concern was the
possibility that any method of channel dredging might divert
into the navigation channel a s i g n if i c a n t  port ion of the littoral
drift that formerly bypassed the harbor naturally, thereby
increasing the total amount of sand to be dredged. Inevitably,
this will happen to a certain extent; the objective is to minimize
this effect. Natural bypassing can be facilitated by limiting
winter dredging to reaches shoreward of the 10-foot natural
depth of the ocean floor off the entrance except for the final
dredging in April .

0.14 Table C8 shows that an estimated average of 43,000 cubic
yards accumulates in the control area between April 1 and November 15 ,
after which the channel shoals to depths less than ten feet.
The intensity and frequency of storm waves increases after
November 15 and an additional 114,000 cubic yards accumulates in
the control area to April 1. Hence, an average of 157,000 cubic
yards of dredging would be required. This is c lose to the one—
phase 1977 dredging quantity. However, if the material were
removed during the winter , additional shoaling of the channel
could occur through diversion of natural bypassing. The amount
of this additional shoaling can only be determined through
experience.

D.l5 In a phased dredging program , the contractor would be
required to mobilize his crew aperiodically. The cost of these
mini—mobiliza tions could be reduced by having fewer of them. In
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order to assure the contractor of reasonably economic dredging
operations at such times , each should involve not less than a
30,000— to 50,000—cubic—yard effort. Based on 4 ,000 cubic yards
per work day , this becomes 8 to 13 working days per episode
including down time for foul weather and equipment breakdown
periods. The proposed dredge schedule shown in table 02 and
figure Dl comprises three dredging episodes of 50,000 cubic yards
each between November 15 and March 15, plus a final dredging
episode in mid—April to maintain the channel open to navigation
throughout the summer season. Construction of table 02 was based
on the shoaling rates in table C8. Table 02 gives the minimum ,
average and maximum accretion rates assuming the dredge has a
capacity of 4,000 cubic yards per day . The final dredging in
April would leave 6,000 to 43,000 cubic yards to dredge , plus an
unknown quantity of sand that might be drawn into the entrance by
diversion of natural bypassing.

0.16 Dredge size and efficiency should not basically affect the
concept of three dredging episodes (phases) of 30,000 to 50,000
cubic yards each, plus a final phase in April. A small—capacity
dredge would take longer to clear the channel and would have
fewer standby costs than a larger dredge, but a larger dredge
would open the channel sooner and lose less operating time because
of high wave action. The larger dredge, by clearing the channel
quickly , would pump less sand because less time would he available
for more sand to enter the channel during dredging operations .
However , after each phase, more sand which otherwise would
naturally bypass the harbor could be trapped . Mobilization ,
demobilization, and standby costs would , of course, be higher
with a larger dredge.

0.17 The littoral transport rate fluctuates from year to year ,
and the dredging requirements sh~uld be flexible enough toaccommodate these fluctuations. Figure Dl illustrates the
potential effects that the dredging program could have on shoaling
volume, assuming that 50,000 cubic yards would be dredged per
phase and that the harbor would shoal at the maximum observed
rate. A net amount of 20 ,000 cubic yards could aecrete by April
10 at the start of the final dredging episode. In contrast ,
assuming that only 30,000 cubic yards would be dredged per phase
in conjunction with the minimum assumed accretion rates, a net
amount of 43,000 cubic yards could accrete by April 10.
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0.18 The fina l dredg ing to project depth starting on Apr il 10
could include 6,000 to 43,000 cubic yards of inter—phase accretion
in addition to that quantity required to bring the channel to
full project depth and width out to its ocean end . Final dredging
may exceed 50,000 cubic yards. Table D2 lists approximate figures
f or estimating purposes.

D.19 In order to give flexibilit y to the dredging program
he~ a~ise of var iations in shoaling rates , the speci f icat ions - •

should al low the dredgerman a base of 30 ,000 cubic yards and with
an opt ional 20 ,000 cubic yards. This could avoid the necessity
of overdredging the impounding area to s a t i s fy  a minimum quantity
of 50 ,000 cubic yards or overpaying a substantial amount for
mater ia l not removed . The hazard in this approach is that if an
accret ion pattern similar to that which occurred in 1976 is
encountered , with slow rates of accretion until December and then
very rap id accretion the remainder of the winter, a change order
may be req u ired a t about the time of Phase III dredging either
for an additional dredging episode or for an increase in Phase
I I I  dred g ing beyond 50,000 cubic yards. The actual dates of each
ep isode should not be specified because variations in shoaling
rates can be expec ted.

0.2(1 Dredging Procedure. The purpose of the first three phases
of dredging is to allow as much natural bypassing of li ttoral
dr ift as possible as well as to maintain minimal naviga tion
depths in the entrance channel through the winter. This is done
by attempting not to interrupt sand in littoral motion that would
na tura l l y bypa ss the harbor each winter if there were a shoal
across the entrance. This goal could be achieved by limiting the
area and depth where dredg ing occurs. The 10—foot depth contour
extends to  abou t Stat ton 22+50 in winter. Dredgi ng should there—
for&- he confined to areas landwar~l of  Station 22+50. A minimum

wid th  of nav igation c hannel of 100 feet was established and a
minimum depth of 10 feet MLLW is required for reasonably safe
navigation during low wave conditions . The dredging area should
not be confined to navigation project lines , but rather to the
boundaries shown on plate 9. Dredging outside of the pro—
sect channel is necessary in order to  obtain the 30,000 to
50,000 cubic yards of material that Is programmed for each of the
three dredge phases. The greater the quantity of material dredged
on a given phase, the greater the crap area and the longer the

012 
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period of time the harbor would remain open . A wint er proic~ct
dep th of 14 fee t MLLW with allowable overdepth dred ging of 2
feet is recommended . An average channel depth of 15 Ieet should
resul t. If the quantity to be dredged does not fall within the
desired 30 ,000 to 50 ,000 cubic yard range, then the taking area
should be deepened , concentrating first in areas inshore of
Station 19 to get the minimum quantity of material. This change
should be direc ted by the Contracting Officer and designed to
take the maximum amount of sand while minimizing the diversion
into the channel of littoral drift that would otherwise naturally
bypass the channel.

D.21 In order to provide reliable quantity payments and reduce
the need for cos tly surveys, i t is sugges ted tha t the con trac tor
be permitted to establish adequate range or station lines, bo th
parallel  and perpendicular to the centerline of the channel.
Pay yardage estimates may be computed using the following procedure:

1. A standard pre—~lredg ing survey would be the responsibility
of the contractor. -

2. Progress payment measurements could be made by the
Contracting Officer using leadline soundings from the forward
portion of the dredge barge and averaging the soundings.

3. Side slope payment would be accepted as an assumed one
vertical on three horizontal slope from the limit of swing in
each direction .

4. The standard ±15Z “Variation in Estimated Quantities”,
as stated in the Special Provisions of standard contracts, would
app ly to these three phases of dredging..

D.22 In planning the program, a fixed time schedule, approximately
as shown in table D2, should be assumed. However, the program
should have enough flexibility so that if a sudden shoaling to
depths of less than 10 feet occurs before a dredging phase is
scheduled to begin, the contractor could be ordered to start
that phase sooner. The specifications should provide for such
an eventuality , assuring the contractor adequate advance notice
(say five days) for each early start. With these provisions, it
is anticipated that minimum depths of 10 to 16 feet could be

Dl3 
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throughout the projec t channel must be achieved by April 15 in
rder t o  open the harbor for the fishing season. The remainder

i t t  ~~~~ channel could be dredged later.

P. 1S Q~~~ s I o f Dred~ed Material. Requirements for disposal
of dredged material on the east beach would he the same as those
specified for previous maintenance efforts. Material was custom-
ar t lv transported by pipeline about 1000 feet east of the channel
and deposited on the beach over the berm and into the wave
uprush zone. The primary disposal area for the phased program
should be as far east of the channel as possible. This would
encourage movement of sand around Black Point and reduce the
quantity of sand re—entering the channel from around the east
letty during periods of southern swell and local seas from the
southeast. The contractor could be given the option of burying
the discharge line along the beach or, if approved by local
authorities , using a surface line and removing It from May
through October.

D. 26 Dredged material should be deposited a minimum distance of
1 ,800 feet downdrift of the east jetty from November to March ,
and this distance should be increased to 2 ,200 feet In March and
April. The normal method of using a Y in the discharge line
should provide the necessary flexibility for depositing sand

- 
- uniformly along about 700 feet of beach . The east beach opposite

Schwann Lagoon normally recedes several hundred feet In February .
When this occurs, the discharge could be diverted by a ‘1’ to re—
nourish the beach in this area . A diffuser at the end of the
discharge line need not be required unless the pipe is larger

~~ than 18 inches. However , sand should be injected d lioc t l v Into
the surf zone to facilI tate its movement around Black Point.

P.27 The history of the beaches east of the ~et tv  indicates
tha t the sand normally moves on downcoast around Black Point.
It would be desirable to enhance this downcoas t progression by
scheduling dredging episodes early in the year when waves :trt’
generally from the northwest and , therefore, more conducive to
passing the material beyond Black Point. During later months
when the waves have a more southerly direction , extension of the
discharge line over , through , or around Black Point would reduce
upcoast migration of sand into Santa Cruz Harbor. The nost of
routing the discharge In such a manner would he excessive.

D i s
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D.28 Coordination with the City of Santa Cruz, State Beaches
and Parks, the California Coastal Conservation Commission and
other agencies is required to establish the disposal site in a
location that will best satisfy requirements of all agencies
Involved .

D.29 Standby Time. For purposes of this project , “standby
time” is defined as the time when the dredge and its support
equipment are required to stay in the harbor and be In working
condition . It does not include t ime for repairs or delays due
to  rough weather. The dredge would essentially he In caretaker
st atus , and the contractor could expect at least a five—day
warning before being required to initiate a new phas e of dredging .
The Harbor Manager has informally Indicated two areas where the
dredge could be moored during standby periods. He has also
indicated a location where the dredge could stay between May and
November if the contractor elects not to remove it from the
area . Tf standby time is not shown as a bid item , the contractor
must increase his unit price for dredging , based on his own
estimate of standby—time losses. Inclusion of the “standby
time” bid item removes this element of guesswork from the bidding
process.

D.30 Bidding Schedule. Table P3 presents the recommended bid
schedule. While approximately two weeks are allowed for each
dredging episode , actual standby time will vary according to
actual length of dredging ep -b s’ode. A daily standby rate is used
to encourage the contract~or to shorten his dredging time , which
would be an operational benefit to the harbor. If a lump sum
standby item were used , a proportionate reduction of standby
t ime would have to be given for the time any dredging operation
was slow and overran the start of a standby period.

D.Jl Pre—Bid Conference. This proposed maintenance procedure
is unusual. The dredging fraternity must thoroughly understand
the goals and anticipate problems to be encountered . A pre—bid
conference not only would encourage and enlighten potential
bidders , but their feedback frequent ly helps to improve the
wording of the final specifications to the advantage of all
concerned .

Dl 6
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Table D3.

PROPOSED BIDDINC SCHEDUL E

MAINTEN ANCE DREDGING
SANTA CRUZ HARBOR,

SANTA CRLJZ COUNTY , CALIFORNIA

Item Estimated Unit Estimated
No. Description Quantity Unit Price Amount

1977 — 1978

1. Mobilization and
Demobilization 1 Job L.S. $

________

2. Phase I Dredging
a. First 30,000 C.Y. 30,000 C.Y. $

____ 
$
_______

b. Over 30,000 C.Y. 20,000 C.Y. 
____ _______

3. Phase II Dredging
a. First 30,000 C.Y. 30,000 C.Y.
b. Over 30,000 C.Y. 20,000 C.Y. 

— ______

4. Phase III Dredging
a. First 30,000 C.Y . 30,000 C.Y. 

- —~~

b. Over 30,000 C.Y. 20,000 C.Y. 
_ _ _ _ _ _ _-

5. Standby 100 Days 
____ ________

6. 1978 Final
Seasonal Dredging
a. First 50,000 C.Y. 50,000 C.Y. 

_______

b. Over 50,000 C.Y. 30,000 C.Y. 
________

1978 — 1979

7. Phase I Dredging
a. First 30,000 C.Y. 30,000 C.Y. 

________

b. Over 30,000 C.Y. 20 ,000 C.Y. 
— _______

8. Phase II Dredging
a. First 30,000 C.Y. 30,000 C.Y. 

—  _______

b. Over 30,000 C.Y. 20,000 C.Y. 
—  _______

9. Phase III Dred ging
a. First 30,000 C.Y. 30,000 C.Y. 

— ________

b. Over 30,000 C.Y. 20,000 C.Y. 
— _______

10. Standby 100 Days 
____ ________

11. 1978 Final
Seasonal Dredging
a. First 50 ,000 C.? . 50 ,000 C .Y .  

____ _______

b. Over 30 ,000 C.?. 20,000 C.Y. 
— ________

L~~~ 
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EVALUATION OF 1977—1978 DRE~~:INC PROCRAM

D.32 History . The winter season in 1977—197 8 was the first
year of the two year interim dredging program . Because of
difficulties encountered in preparing plans and specifications
for bids , implementation of the first phase of the dredging
contract was delayed one month. The dredging contract was
awarded to Shelltnaker , Inc., on November 2, 1978, and the first
phase of dredging began on December 19, 1978. The Sheilmaker
dredge was a 12—inch plan t with a pumping capacity of 300 to 400
cubic yards per hour. The dredge was equiped to work on wires.
Two major modifications were made on the dredge to render it
more seaworthy . The floatation was increased by adding a collar
around the hull , resulting in three feet of additional freeboard .
The 27—foot long ladder was extended to fifty feet to flatten
the angle of the ladder while dredging . The ladder was damaged
when subjected to a large bending moment during the first phase
while dredging on the south side of the harbor. The ladder was
repaired and shortened to 40 feet for subsequent phases. During
the three scheduled phases, the one special phase, and the final
phase , 162,000 cubic pay yards were dredged . The WES plant
pumped an additional 55,000 cubic yards from August 1977 to
March 1978.

D.33 Changes in the Dredging Plan. The final dredging plan
and specifications did not conform fully to the plan described
in the “Santa Cruz Multi—Year Interim Dredging Report ,” 1977.
The boundaries of the taking areas were modified as shown In
plate 9 by the dotted line. The primary changes werc to limit
the taking area inside the protected area to the project channel
width and to extend the taking area outside the protection of
the jetty an additional 150 feet to station 24+00. The priorities
for remova l of material were as shown in plate 9. The change in
boundaries and priorities were made for several reasons. One
Involved the difficulties encountered in changing the project
dimensions. For example, widening the channel inside the protected
area could have interfered with the WES experiment. The side
shoals that border the channel were postulated to reduce surge
in the harbor ; it was considered desirable to leave them in
tact. These changes in the boundaries and priorities altered ,
in part , the princip le of operation of the plan as originally
conceived , which was to remove as much material as possible
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within the protected area of the west jetty so as to maximize the
storage potential while minimizing interference with the natural
bypassing. The implemented plan was focused more on intercepting
sand outside of the protected areas and channel. Considerably
less storage area was created within the harbor where shoaling
interferes with navigation. Insufficient time was allowed to
predict the possible impacts of these changes on tile dredging
phases.

D.34 The primary disposal site 2500 feet down drift of the east
jetty could not be used because of the difficulty of obtaining
permits and easements on short notice. Therefore, the disposal
area was at the secondary site 1000 feet down drift of the east
jetty .

D.35 Dredging Experience. The quantities dredged during the
first year of the multi—year interim dredging program are listed
in table P4. A volumetric analysis of the control area shown on
plate 10 and used in developing the interim dredging program was
based on the condition surveys that were taken in the 1977—1978
winter. The results are plotted in figure D2. Figure D3 also
includes quantities removed by the WES experiment and quantities
removed by maintenance dredging. The shoaling rate within the
control area actually decreased between July and mid—October , and
the final survey revealed 10,000 cubic yards less material in the
control area than in April, 1977. This is partiall y attributed
to the WES plant , which removed approximately 20,000 cubic yards
from the west beach and from areas within the harbor during the
periods. Because the first phase was delayed one month, the
amount of material that shoaled in the control area was about one
month behind schedule. The first phase lasted 12 days and removed
28,000 pay yards. During the dredging operation, storm waves
damaged the dredge. The inspector was taking soundings as work
progressed, and pay yardage was based on his soundings in lieu of
the customary post—dredging survey . Immediately after completion
of this dredging a series of storms and large waves hit the Santa
Cruz area, and the harbor shoaled rapidly. The second phase was
initiated near the end of January 1978, and two additional phases
plus the final phase were completed during tile first winter.
The full impact of the program during the winter of 1977—78 is
difficult to assess, but it did allow navigation through the
entrance during most of the winter , a feature that was not
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characteristic of harbor operations in several preceding years.
In this regard the program was successful. The actual number of
days that the harbor remained open for navigation is questionable ,
although the harbor master did take frequent soundings to deter-
mine the controlling depth. A graph summarizing the soundings
and minimum depths along the centerline of the channel is presented
in figure D3. Depth ranges of less than 2 feet , 2 to 5 feet and
greater than 5 feet MLLW were selected by the harbor master as
indicative of poor , marginal and acceptable navigating conditions
respectively. The minimum depth along the centerline ,’ as revealed
by the condition surveys, is also plotted in figure P3. The
comparison with previous years indicates that the dredging plan
was part- tally successful; however, periods of closed—entrance
conditions existed .

P.36 Plate 10 displays the fluctuations of the 0— and 10—foot
depth contours in response to dredging and shoaling during the
1977— 1978 year. The plate was prepared using all condition
surveys taken during the interim dredging program . The shoaling
pattern that developed was similar to that of previous years.
Most of the shoal material appears to be that which bypassed the
head of the west jetty. The connection of the 10—foot contour
to the east beach indicates a strong possibility that material
bypasses the harbor naturally during certain periods between
dredging episodes .

P.37 Operational Problems. Several problems arose which
either hindered the dredging operation or kept the harbor closed
longer than necessary . In general , the most significant problem
was high surf , which in January and February prevailed over long
periods of time . When the surf died to less than about f ive
feet , a survey had to be taken to determine predredging conditions.
The second phase was delayed about two weeks because the seas
were too rough, even in the harbor, for the survey crew to make
an accurate survey . The dredgerman claimed that he could have
dredged and opened a channel , but that the survey work delayed
him . Another problem resulted when the dredge was caught working
In the open waters in high surf. The dredgertnan claimed that it
was difficult to dredge seaward of about station 22+00 and most
troublesome in the priority area 3 o f f  the east beach (see plate
9). The easiest dredging was in the protected area on the lee
side of the jetty. The second easiest dredging was in priority

P22

-
~~~ - - -  

- 
~~~~~~~~~~ - -



z
C
~-4I-
.4:

.4:

~~ z - U)

_ _ _  _ _ _  _ _  

~~~~~~~~~~ I
_ _ _ _  _ _  

U)

~~~~~~~~~~~~~~~~~~~~ 
.—  

~
~~A~~~ v ! - .4:

\\s ~~~~~ ~~~~~~~x I

I W L ’ ~~~SsJ 
/o a  ~~~~~~~

_  

~~~

~~~~~~~~~~~~~ \ :~;~~~~~~~~
UflI

~~~~~~~~~

I ~~~ ti.J -

c.~~~~~~/ I \r-. ‘ I
- 

I 
0

ifl _ _ _ _ _ _  _ _ _  
I
_ _ _  _ _ _  — —

z
4 1’:

I
’

~i_
i

~~~~

M11PI *0138 i33~i NI H1d30

D2~ 

- 
- 

_____



— ----------- •_
_•_____ _ _ _ _ _ _ _ s - 5 -~~~~~~~ i_-~ —.———----- -- - -- —,-- -‘-.——-.--.—-—----—,. - -- — -—-.--—--. ------—-- .- -- —-. ,—•-, . ---,-------- ‘-..——— 

~~~
—‘-, -- .--—--‘

I

area 2 between station 22+00 and 22+50. A dred ge can operate in
higher seas heading directly into them or quartering with them .
but when the waves are broadside , the resulting vessel motion
induces lateral stresses the ladder and exposes the pipeline to
large bending moments. This problem could have been avoided by
following the originally conceived p lan and not dredge in priority
area 3. High surf during high tides also broke the discharge
line on the beach. However , this was the result of an unusuall y
severe storm which caused damage over most of the California
coast. The frequency of this type of damage could be reduced by
burying the pipeline or by building the beach berm to a higher
elevation.

P.38 As a result of union agreements , dredging c rews are hired
by the week . The dredging episodes last for a week or two at
the most. The dredgerman experienced difficulty in keeping
crews on station as needed for this spot work.

D.39 No dredging was attempted En priority area 4 until the
final phase. The dredgerman found it extremely difficult to
dredge from station 11 to about 16 because of debris, including
logs, embedded in the sand . This mat of debris could not be
removed by a suction dredge and had to be extracted with mechanical
equipment. The record rainfall of the previous winter may have
discharged large quantities of debris from rivers and allowed
waves, during the exceptionally high tides, to redistribute
debris stored on beach berms. This problem was not serious in
prior years, and future dredging episodes may be more successful
if the channel is maintained to project depth shoreward of
station 204-50.

P.40 The channel in the winter is narrow and difficult to use
during high surf. Al though boaters should be discouraged from
using the harbor during dangerous conditions, occasionally they
become caught in undesirable situations. Entering the harbor ,
they must turn so as to take the waves on the stern quarter.
This induces broaching , which may result either in capsizing or
driving the boat into the jetty or onto a shoal inside the
dogleg area. Removal of this shoal could reduce the frequency
of accidents , but maj or modification of the entrance would be
required to prevent broachings during high—surf conditions.

P24
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RECOMMENDATIONS

P.41 The experiences gained during the first year of the interim
dredging program should be utilized to develop better programs
for the future. The following program roughly outlines the
recommended procedure that would result in more cost—effective
maintenance dredging .

P.42 Dredge Capacity. The pumping capacity of the dredge is
not the primary concern. The dredge should be seaworthy enough
to work in at least three—foot seas or 5—foot , long period swell
on wires. The pumping rate should be at least 4000 cubic yards
per day . The modified , 12— inch dredge proved marginally acceptable.

P.43 Dredging Procedure. The recommended dredging boundaries,
priorities and depth are shown in figure P4. This procedure
closely follows the logic of the program guidelines in paragraphs
Dl through P31. Priority I is to dredge the main channel to —20
feet MLLW between stations 17+50 and 20-4-50 and to —14 feet MLLW
between stations 20+50 and 22+50. This is the primary area that
shoals and hinders navigation. This procedure attempts to estab-
lish a good balance between increasing trap capacity and minimizing
the disturbance of natural bypassing. Priority 2 is to dredge a
trap to some depth between 14 and 20—feet off the west je t ty .
The trap should not extend seaward of the area shown because that
would tend to reduce natural bypassing and increase dredging
quantities. Priority 3 is to create a trap in the area of channel
where the dredge is protected by the west jetty. This area is
outside the project channel but is the key to increasing trap
area in protected areas where natural bypassing is not affected
by dredging. If done within the boundaries shown, a sufficient
sand shoulder should remain on the seaward side to attenuate wave
energy entering the harbor. Priority 4 is similar to priority 3
but on the other side of the channel. Priority 5 is to maintain
the channel to 20—foot project depth from stations 14 to 17+50.
These priorities are assigned for the phased episodes. The goal
is to collect a minimum volume of sand and to create as large a
trap as possible to depths specified for each priority area.
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P.44 Disposal. The disposal areas and procedures outlined in
paragraphs P.25 through P.28 are recommended.

P.45 Stand—by Time. Inclusion of an item for stand—by time as
described in paragraph D.24 could result in a contrac t more fair
and reasonable to both the dredgerman and Government.

D.46 Method of Payment. The standard pre—dredging and post—
dredging survey procedures are not satisfactory for this type of
phased dredging. The method used in the 1977— 1978 dredging in
which the inspector takes soundings from the dredge should be
continued . This assures the dredgerman that he will be paid for
material removed , even in the event a storm suddenly causes a
suspension of the operation. Another possibility would be to
include a bid item establishing an hourly rate for dredging
during times when quantity measurement is not practical. This
would give the contracting officer the option of removing shoal
material immediately after a shoal is formed without having to
wait for a pre—dredging survey. This hourly rate could apply to
dredging in priority ~~~- ea 2 where sand may enter the trap as fast
as it is removed. This item should receive only minor considera-
tion in bid selection, but it would prov ide a method of achieving
more efficient use of the dredge and its crew. It could result
in a much greater number of days that the channel would remain
open.

P.47 Schedule. The dredge should be mobilized by November 15,
and the first phase should be implemented when the depth becomes
less than 10 feet as specified in the original plan. Also, the
estimated taking yardage in the bid document should be a minimum
of 30,000 cubic yards with an additive option of 20,000 cubic
yards. A bid document similar to table P3 with the addition of
an hourly rate should be adopted.

D.48 It should be noted that if the dredging boundaries are
reduced and priorities are changed from those shown in figure PS,
smaller quantities of material will be dredged. This reduces the
trap size and , consequently, increases the number of phases
required. It also reduces the length of time the harbor will
remain open.

I
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SECTION E

FEASIBILITY OF MITIGATING SHOALING EFFECTS

INTRODUCTION

E.1 Formulation and Evaluation Criteria. The primary objective
in formulating and evaluating solutions was to keep the channel
open to navigation at the least cost, while minimizing adverse
effects and maximizing beneficial effects. In the littoral
processes study estimated the rate of littoral transport was
estimated and the shoaling mechanisms that had occurred in
previous years under dredging practices in effect at the time
were explained. Changing dredging procedures or altering the
littoral regime by modifying the harbor protective works may
substantially alter the quantity of material that would shoal in
the channel. Therefore, each alternative was evaluated in light
of how it could alter the shoaling processes and thereby affect
the navigability of the channel.

E.2 The primary evaluation criterion was cost—effectiveness ,
which relates first costs and annual costs, including interest,
amortization, maintenance, and operations costs , to the effective-
ness of the system in maintaining the navigability of the channel.
Consideration was also given to the needs of the commercial
fishermen, who require a navigable channel by April 15 for
salmon season. Effectiveness incorporates consideration of the
number of days the harbor remains open to navigation, which is

• different for each alternative because the alternatives function
on different princip les.

E.3 Each alternative has potential environmental and social
impacts . The primary impacts of each alternative on water
quality, habitat , noise levels, and aesthetics were considered.
The primary social considerations included obtaining easements,
acceptability to the community, safety, and preservation of
updrift and downdrift beaches. A secondary, but important,
beneficial impact was the potential for improvement of the
navigation channel either by providing additional protection to
the entrance channel or by quieting the harbor basin.

El
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E.4 In evaluating plans, consideration should be given to plan—
effectiveness , which is the ability of a system to do a task as
anticipated . All of the proposed alternative should be engineer—
Ing ly feasible; however, certain risks that could render the
program ineffective are inherent in each. Aside from the ability
of the program to meet the primary objective of keeping the
channel open, two bas ic determinants of i ts ef fect iveness are
reliability and certainty . Reliability relates to the degree of
success the system has experienced in the past. It assesses the
susceptibility of the system to mechanical breakdown, strikes,
delays in funding , etc .  Certainty relates to the probability of
success of .i system assuming tha t the equipment is reliable. In
evaluating certainty, it is assumed that the solution operates
reliably , but consideration is given to the possibility that the
littoral processes have not been defined accurately or that
there is a large annual variation in littoral transport rates.
An alternative whose effectiveness is independent of the littoral
processes responsible fo~ shoaling the harbor has a high certainty .
One which is highly dependent on the presumed mechanism of
shoaling has a low certainty.

E.5 Alternatives. Alternatives were classified into three
categories: maintenance, bypassing , and structural. Mainte-
nance pertains to the removal of material from the project
channel and disposal of the material on the downdrift beach.
Bypassing is a maintenance preventive, wherein sand is trapped
or intercepted outside of the project channel and transported to
the downdrift beach. A structural alternative either provides
protection for a dredge or prevents material from entering the
harbor. Structural solutions must be supplemented by some form
of maintenance or bypassing . Several combinations of structural ,
main tenance , and bypassing systems are possible. The most
effec tive combinations are presented and evaluated. Sixteen
alternative solutions are listed in table El. These alterna-
tives were developed from analysis of the shoaling process and
from evaluation of many possible solutions to the Santa Cruz
problem .

E.6 Disposal Sites. Most of the alternative solutions have two
features in common: (1) sand must be removed , and (2) it must
be transported elsewhere. Descriptions of the alternatives
include the methods of removal and quantities involved. A

‘: -) 

- - - - • -~~~~~~~~~~~~~ 
—-

~~~~~~~~~~~~~~~~~~~ -~~~~ -- 



_ - -i_ ___~ 
- 

~~
-• —--

~~
— 

~~~~~~
— -~~----~~~~~~~~-- ,•--~~ -~

-
~~ 

•
~~
- • • - _ -.,--~ --~~ - •~~-~~~ --.- ~~~~ —,-- .- - ~~-~~~~~~~--~~~ ~‘

TABLE El

ALTERNATIVE SOLUTIONS

Maintenance

I. Annual Dredging — Floating Plant

2. Phased Dredging - Floating Plant

3. Hopper Dredge — “Gurrituck”

4. Mechanical Dredging Systems

5. Fixed Hydraulic System — Eductor

6. Fixed Hydraulic System — Zipper

Bypassing

7. Fixed Hydraulic System — Eductor

8. Mobile Hydraulic System — Eductor

9. Fixed Hydraulic System — Zipper

10. San Lorenzo River Sediment Trap

Structural

11. Long Offshore Breakwater — Annual Dredging

12. Short Offshore Breakwater — Continuous Bypassing

13. Extend West Jetty

14. Modify Both Jetties or Construct a New Entrance

15. Weir Jetty or Groin — Continuous Bypassing

16. Enhance Ebb Currents

E3 
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common disposal site is used for most of the alternatives. In
order to reduce erosion of downdrift beaches, the disposal site
must be in the downdrift littoral zone, not in the offshore
area. Black Point is a headland 3,000 feet downdrift of the
harbor. Passing a discharge line around or over this headland
would be major engineering task. Therefore, the primary disposal
site is limited to the reach between the east jetty and Black
Point. In past dredging episodes, material has been discharged
approximately 1,000 feet downdrift of the east jetty. The
interim dredging plan recommended disposal of the dredged material
as close to Black Point as possible. The farther the sand is
placed from the channel, the less it is apt to re—enter the
channel. Two features prevented adequate discharge line extension
during the first year of the two—year interim dredging contract.
First , easements could not be obtained to extend the line more
than 1,500 feet downdritt of the east jetty. Second , a series
of severe storms concurrent with periods of high astronomical
tides eroded the beach berm in December, 1977 , eliminating the
original discharge pipeline route.

E.7 The following disposal plan is recommended for most alterna-
tives. The primary disposal site is 2,500 to 3,000 feet downdrift
of the east jetty on the beach near Black Point as shown in
figure El. Disposal of material at this location increases the
potential for waves to naturally bypass sand around the headland
because the sand is at the downdrift end of the littoral cell.
The discharge line should be buried approximately two to three
feet beiov the beach for aesthetics and safety, as well as for
protection of the pipe from unusually high wave runup. During
the winter of 1977—1978, the beach was eroded to the base of a
reveted bluff located about two—thirds of the distance to this
disposal site. Therefore, the pipeline would either have to be
buried in hard pan for about 500 feet along this bluff or be
subjected to occasional wave runup , which could destroy it.
Also , a discharge line must be rotated periodically, which is a
difficult chore if the line is buried. The secondary disposal
site is 1 ,000 feet east of the east je t ty which would control
beach erosion within the cell during severe winter storms and
provide an alternative disposal site during repairs. Disposal
of sand at the secondary site during the severe winter of 1977—
1978 was required to protec t the hinterland from erosion.

E4
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E.8 The location of the primary disposal site , near Black
Point, reduces the probability of sand returning updrift and
having to be rehandled. Additional disposal sites are feasible
for certain solutions and are discussed individually in the
description of these alternatives. Whether disposal of the
material is 1,000 or 3,000 feet downdrift of the east jet ty is
not critical to the feasibility of a solution because additional
booster pumps would not be required for pumping the material an
extra 2000 feet.
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MAINTENANCE ALTERNATIVES

E.9 Alternative 1 — Annual Dredging — Floating Plant. Alterna-
tive 1 involves annual dredging of the entrance channel, which
was the primary maintenance procedure at Santa Cruz until 1977—
1978. The philosophy has been to mobilize a dredge in the late
winter or early spring so as to remove the material from shoals
in the channel. Periodic dredging is the typical maintenance
procedure for many harbors around the world ; however, this
method has not been successful at Santa Cruz Harbor because of
its small capacity for storing littoral drift.

E.10 The alternative comprises awarding a contract for dredging
early in the calendar year, with work to begin in mid—to—late
March . A 12— to 18—inch dredge is required , based on experience
at Santa Cruz. Wave conditions during this period require that
these dredges be equipped with adequate freeboard, extra—
strength ladder , trunions, and swing gear, and that they have
the ability to operate from wires and to excavate using a straight
suction bell. The dredging boundaries are shown in figure El.
The acceptability of this system can be improved over past
performances by optimizing procedures. The preferred procedure
is to dredge a small pilot channel to a ten—foot depth initiall y
to allow boat traffic to navigate the channel by April 15.
Then, over—depth and over—width dredging within the confines of
the jetties is recommended to increase storage capacity and
thereby to extend the time period of channel navigability .
Shoals or bars that accrete outside of the confines of the
jetties should be removed as the last operation, when the waves
are calmer.

E.il Based on experience gained in previous dredging operations
at Santa Cruz, a bid on the order of $150,000 for mobilization
and $1.50 per cubic yard of excavation could be expected for
this work. Previous “pay yardages” have been for 100,000 cubic
yards , although 150,000 cubic yards have been estimated to shoal
in the channel. Therefore, the bid at this price is assumed to
reflect the bidding expertise of the contractor. No first costs
are associated with this alternative; annual ccsts are given in
table E2.

E7
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TABLE E2

COST ESTIMATE — Alternative #1

Floating Plant—Annual Dredging

February 1978 Costs

Item ()uantity Unit Unit Price Cost Estimate

FIRST COST - NONE

ANNUAL COST

Mobilization 1 LS $ 150,000

Dredging
(Pay Yard s) 100,000 CY 1.50 $ 150,000

TOTAL ANNUAL COST $ 300,000

II
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E.12 In the past , periodic maintenance dredging has resulted
in long periods of channel closure which has not been acceptable
to boaters and fishermen. Under this alternative however, the
floating pipeline in the channel would not interfere with
navigation, since the dredge would be in the channel for a short
time and only when the channel is already shoaled. The pipeline
would be on the beach only during non—peak beach use in winter.
Benthic organisms in the channel would be removed and organisms
in the sand at the disposal site would be covered by the fill ,

• but this has been ongoing for a number of years and is not known
to have caused any major environmental problems or loss of
endangered species. Disposal would not have a significant
effect on kelp beds offshore because the dredging season would
coincide with the period of low growth rates of kelp. This plan
minimizes the quantity of material to be dredged because the
shoal that forms across the mouth of the harbor in winter would
not be disturbed and natural bypassing would not be reduced.

E.13 Alternative 2 — Phased Dredging — Floating Plant. The
philosophy of phased dredging is to maintain the entrance channel
for a greater length of time each year by removing the shoals
periodically during the year rather than once annually. Section
D describes the phased—dredging plan in detail. A phased dredging
contract would be awarded late in the calendar year to mobilize
a dredge onto the site by December. The dredge would be activated
several times between December and April at times when the
channel has shoaled to a minimum depth of ten feet. A final
dredging episode in April would bring the channel to over—depth
and over—width project dimensions to create as large a storage
capacity as feasible with the present entrance configuration so
as to maintain the channel until the following winter season. A
12—inch to 18—inch dredge would be used, because sea conditions
during winter dredging would be more severe than during a one-
time spring dredging plan. Cost estimates, based on removing
200,000 cubic yards per year, are given in table E3. Dredging
boundaries are shown in figure El. Care must be taken to verify
the capability of the dredge to work in sea and swell conditions.
A first cost item is also provided for purchase of a dredge to
be permanently stationed and operated at Santa Cruz as a sub-
stitute for contract dredging.

E9
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COST ESTIMATE — Alterntive #2

Floating Plant-Dredging Program

February 1978 Costs

Item Ouantitv Uni t  Uni t Price Cos t Estimate

FIRST c s r  — NONE 
- 

-

ANNUAl. COST

Mobil Izat Ion
(Dec . 15—Apr. 15) 1 LS $ 150,000

1.ayup 2 Months 65,000 $ 130,000

Dredging 200 ,000 C? 1.50 $__300,000

TOTAL ANNUAL COST $ 580,000

NOTE :

A dredg e could he purchased an ’ operated by
The Santa Cruz Harbor Port District. The
resu 1 t ing F I rst and Annuz~ I Cos ~ would then be $ 700 , 000
m d  $584 ,000 respect Ivelv .
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E.14 ~~ie 1977—1978 interim dredging program used the phased
dredging program and has revealed several problems, as discussed
in Section D. The phased system proved more effective than
annual dredging; however , dredg ing episodes could not he Initiated
as desired because of severe wave conditions that delayed pre—
dredging surveys. Pre—dredging surveys could be eliminated by
renting the dredge on an hourly basis or by having the Port
District operate its own dredge. Alternative 2 has the advantage
of high reliability and certainty. The dredging methods can be
refined with experience to reduce costs and increase harbor
usage.

E.1S Environmental impacts of Alternative 2 would be the same
as those of the one—time dredging method described for Alternative
1. However , because the dredge would be in operation more often
in periodic dredgings, the impacts would occur over a longer
time span. The channel would be usable for a greater total
length of time each year than it would under Alternative 1. The
key to success with this system is to employ a fully competent
contractor who has proved that he can work In rough sea conditions
and to use an inspector who understands the shoaling process and
sea conditions at Santa Cruz. Disposal of dredged material
would be spread—out over the winter season. The phased dredging
concept more closely approximates the natural littoral transport
regime and would have a greater potential for stabilizing dowudrift
beaches and mitigating possible damages to them. A multi—year
contrac t could reduce costs. If a new dredge were purchased , it
could be use in conjunction with other projects to absorb some
of the costs of debt retirement. Several years of multi—year
contrac t experience shouI~d be obtained prior to considering the
acquisition of a new dredge for the Port District to operate.

E.16 Alternative 3 — H~~yer Dredge — The “Currituck”. Many
harbor entrances are maintained by hopper dredges. The princi ple
of operation is the removal of material by a self—propelled
suction dredge in open water. The hopper dredge has the capability
of working in rougher seas than a pipeline dredge. It is possible
that a small hopper dredge could maintain the channel at Santa
Cruz and do minor bypassing from areas indicated in figure E2.
Generall y, hopper dredges discharge their hoppers in deep water;
however , the Wi lmington District of the U.S. Corps of Engineers
has developed a split—hull hopper dredge, the “Currituck” , that
has the capability of depositing -its dredged material in the
nearshore zone.

El 1
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E.17 The agitation dredge works on another princi ple, and has
been used successfully in special cases where fine material and
moderate currents are found. The material is agitated by
propeller wash , with or without a deflector , and currents are

- 

- 

relied upon to remove the material. The characteristics of
some recent hopper dredges and agitation dredges are given in
table E4.

E.18 The two large conventional seagoing hopper dredges on
the west coast whose characteristics are given in table E4, the
“Pacific” and it s planned replacement referred to as the “New
Dredge”, are too large to work Santa Cruz Harbor efficiently.
The narrow channel severe ly restricts the maneuverability of a
large dredge. Although the new dredge would be equipped with a
bow thruster , allowing it to turn virtually within its own
length , the only turning area available would be inside the
jetties in the existing basin. The channel is only 100 feet
wide , with less than 160 feet between the two jetties at the
entrance. It would be extremely hazardous to maneuver either
of the two large dredges in this confined opening on other than
a calm day with no wind . The New Dredge is designed for use at
a harbor on the Chetco River at Brookings, Oregon, where the
jetties are about 200 feet apart and a 250—foot wide turning
basin is provided at the inner end of the channel.

E.l9 The dredge “Currituck”, with its 140—foot length and 32—
foot beam is probably the largest that can be used in the Santa
Cruz Harbor channel, It would be restrained from working
either in the dark or when combined sea and swell heights
exceeded 4 feet. Operations would be limited in January and
February ; however , considerable work could be accomplished from
October to December and from March to April. The “Currituck”
is basically a split—hull barge equipped with twin engines,
pumps , and drag arms designed for self—loading . However, it
can be loaded by another dredge. The split—hull feature makes
it possible to bottom—dump in shallow water by beaching the bow
of the vessel, splitting the hull into the open position , and
backing—off as the material is discharged . This allows the
dredge to deposit material in shallow water near the beach
where it can be moved by littoral forces as opposed to deep—
water dumping.

E.20 The “Currituck” was constructed in 1975 at a cost of
about $600,000. Its present rental rate is $1200 per day for
300 days of work per year. Production from the dredge is

E13 
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TABLE E4

CHARACTERISTICS OF SOME RECENT HOPPER AND AGITATION DREDGES

“SANDWICK” “PACIFIC” “NEW DREDGE” “CURRITUCK”

Type Agitation Hopper Hopper Hopper

Length (ft) 74 185 200 140

Beam (ft) 21 38 45 32

Draft (ft) 5 9 8 4

Light — 11.5 12 8

Hopper
Capacity (cy) — 500 800 300

TABLE ES

PRODUCTION RATES OF THE “CURR ITUCK”

Cubic
Yards

November: 95% x 4 weeks x 10,000 = 38,000

December: 85% x 4 weeks x 10,000 = 34,000

January: 80% x 4 weeks x 10,000 = 32,000

February : 55% x 4 weeks x 10,000 22,000

March: 80% x 4 weeks x 10,000 — 32 ,000

April: 85% x 4 weeks x 10,000 — 34,000

To tal During Winter 192,000

E 14
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approximately 2000 cubic yards per day, or 10,000 cubic yards
per week based on a 10-hour work day and a 5—day week. Rough
weather would necessitate suspension of its operation. Assuming
the dredge would only work when combined sea and swell height
are less than 4 feet, work times and production would be as
given in table ES. The pumping rate is less than the 4000
cubic yards per day specified for the interim dredging program.

E.21 Assuming that the “Currituck” could be used on other
projects during the year at other locations and that the rental

— rate is $36,000 per month, dredging costs would be $1.20 per
cubic yard . Cost estimates based on dredging 200,000 cubic
yards a year and a 10—year life are given in table E6.

E.22 This system has been undergoing tests on the east coast
in the Atlantic by the Corps of Engineers. Although test
results have been encouraging , the question remains as to
whether the system would be effective at Santa Cruz. The
channel is narrow and the wave climate is rough, with high
waves and winds occurring during the periods when the dredge is
needed the most. A major disadvantage of this sytem is the

4 : possibility of a severe winter storm closing the harbor thereby
landlocking the dredge, which requires a seven—foot depth for
operation. A pump—out system perhaps could be devised; however,
this would increase costs and its feasability has not been
explored.

E.23 The system has a distinct advantage of being capable of
bypassing material farther downdrift past Black Point if required ,
without the necessity of placing an unsightly pipeline on the
beach. However, nearshore wave action may force the dredge to
deposit the material farther offshore than desired . This sytem
has potential , but several unknowns and possible modes of
failure suggest a low reliability.

E.24 The environmental impacts of the hopper—dredging alterna-
tive are modest. Material would be placed in the littoral zone
which would cause temporary turbidity and discoloration of the
water and cover benthic organisms. However, this Is a zone
where continual sand movement is taking place under natural
conditions. The dredging equipment would be in the channel

El 5
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TABLE E6

COST ESTIMATE — Alternative #3

Hopper Dredge

February 1978 Costs

Item Ouantity Unit Unit Price Cost Estimate

FIRST COST

Construction
Cost—Based on
Cost of “Curri—
tuck” LS $1,500,000

Contingencies
(157) $ 225 ,000

Subtotal $1,725 ,000

Engineering &
Design (10%) $ 172,000
Supervision &
Admin. (77,) $ 121,000

TOTAL FIRST COST ~2,0l8,O00

ANNUAL COST

Personnel
(Nov.—Apr .) $ 118,000

Fuel & Oil $ 15,000

Maintenance ~ 75,000

Support Personnel
& Misc. $ 50,000

Interest (6— 5/87,) $ 134,000

Amortization (20 Yr.) $ 52 ,000

TOTAL ANNUAL COST $ 444 ,000

E16
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much of the winter , but the dredge does not connect to a pipeline
and has maneuverability to avoid other traffic using the channel.

E.25 The other sea—going dredge selected for analysis is the
“Sandwick”, owned and operated by the Portland District of the
Corps of Engineers. This vessel is a converted Navy LCM which
has a deflector mounted on the stern. The vessel is anchored
in place and the deflector is lowered. The throttles are then
opened and the resulting propeller wash is directed towards the
shoal. This agitation dredging method is particularly effective
with fine sand and silty material when strong river or tidal
currents are present. The dredge is capable of displacing 200
to 500 cubic yards per hour and moving it several hundred feet
at costs generally under $1.00 per yard. However, Santa Cruz
does not have fine material or an adequate current to carry the
dislodged material out of the channel. Therefore, agitation

• dredging was not considered to be engineeringly feasible for
this project.

E.26 Environmental impacts of using the “Sandwick” primarily
relate to the turbidity caused by the dredge when it dislodges
the material. However , because the material is sand with few
fines , this impact should be neither long lasting nor serious .
Anchoring the dredge in the channel would cause some hazard to
navigation, but if the anchors were judiciously placed , this
should not be any greater problem than that created by pipeline
dredging.

E.27 Alternative 4 — Mechanical — Shore—Based Dragline/Crane.
Mechanical systems comprise operating a dragline, a crane with
a clamshell bucket, or a Sauerman system from either or both
jett ies . Excavatiqn by dragline or crane is a common earth—
moving procedure that need not be described in detail. In
principle , a Sauerman bottomless bucket is pulled back and
forth over the borrow area by a system of winches, fairleads
and sheaves on a head tower or crane on the near side and on a
deadman, such as a tail tower , anchor barge, dolphin system on

• the far side. When pulled , the bucket excavates its load and
drags it to the stockpile area. When dragged back to the far
side, only the bucket moves, leaving its last load on the
stockpile. The direction can easily be reversed to move the
material to the far side by simply reversing the attachments to
the bucket. The Sauerman system extends the reach of the
dragline or crane.

El7 
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E.28 The Sauerman principle could be applied at Santa Cruz in
several ways; two ways are shown in figure E3. A pair of dolphins
or an anchored barge would have to be stationed offshore to act
as a deadman. Assuming an average pull length of 800 feet with
a 10—cubic yard bucket operating ten hours per day at 40—percent
bucket efficiency in mild waves, the rated daily capacity is 640
cubic yards. This system has been used successfully in slack or
protected water ; however , the system is essentially unproven for
work in the surf zone. The impact of the wave energy and long—
shore currents on the bucket would be severe and could make it
impossible to dredge except during low—wave episodes. Even if
the system were feasible and could be proven to operate at Santa
Cruz , the material would have to be rehandled at the inshore
end . A fixed or floating dredge, or truck haul, would be required
to transport the material across the channel and down the beach .
Reversing the attachments for disposal on the offshore stroke
could pose a potential navigation problem by creating a dangerous
shoal. Because of the unproven nature of the equipment , the
fact that the material would have to be rehandled, and the
hazards to navigation , it was concluded that this system did not
have sufficient viability to warrant making detailed cost estimates.

E.29 Another mechanical dredging system analyzed was a crane—
mounted clamshell or a dragline working from the head of the
east or west jetties, or from both, as shown in figure E4 .
While equipment is manufactured that could swing a dragline
bucket far enough to cover nearly all shoal areas in the project
channel , this equipment is very specialized and probably would
not be available for working intermittently during the year. An
alternative solution would be to build a trestle extending from
the jetty which would allow a smaller dragline to reach the
channel . Another alternative would be to mount the dragline on
the east jetty and have a truck—mounted , single—drum winch on
the west jetty. The truck—mounted winch would manipulate a tail
line to haul the dragline bucket beyond the radius of the boom.
In this manner nearly all of the channel areas subject to severe
shoaling could be reached by the dragline bucket. The largest
feasible capacity for this type of operation, assuming a 4 cubic
yard, 60—percent—full bucket, and a one—minute digging cycle,
would result in production of 150 cubic yards per hours. The
production rate for a 10-hour uay, with 20 percent down—time,
would be 1 ,2000 cubic yards per day. Cost estimates are given
in table E7.
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TABLE E7

COST ESTIMATE — Alternative #4

Dragline/Crane Operation

February 1978 Costs

Item Quantity Unit Unit Price Cost Estimate

FIRST COST - NONE

ANNUAL COST

Rental Cost

Dragline Crane
4 CY (Rental
includes
operator) 10 Hr. 150.00 $ 1,500

10 CY. Trucks
(3) (Rental
includes
driver) 30 Hr. 35.00 $ 1,050

Truck Mounted
Winch (Rental
includes
operator) 10 Hr. 30.00 $ 300

Foreman or
Supervisor 10 Hr. 15.00 $ 150

Oiler 10 Hr . 13.00 $ 130

DAILY OPERATING
COST (10 Hr. day) $ 3,130

Cost per C?. $3,130/Day/l200 CY./Day = $ 2.61/C?.

Dredging Cost 200,000 C?. x $2.61/C?. — $522 ,000

TOTAL ANNUAL COST $ 522 , 000

E21 
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E.30 The drag line and cables would be working essentially
• across the channel. This would hinder navigation . The line

could be dropped to allow passage of individual boats; however,
the already low production rates would decrease. Trucking
material along the beach to the disposal area would be both
unsightly and dangerous. The area along the east jetty and
along the beach would have the appearance of a construction
project for the entire time that work was underway. This would
be incompatible with the level of recreational use during good—
weather periods.

E.31 The system has several other drawbacks. Production of
1 ,200 cubic yards per day would probably no t keep pace wi th the
rapid shoaling during storms. A long period of time would
elapse after a storm before the channel could be restored to
project d imensions. This system has a low degree of reliability
working in breaking waves. The lateral force of the breaking
waves against the bucket could result either in partial bucket
loads or a cessation of work.

E.32 Al ternative 5 — Fixed Hydraulic Sys tem — Eductor. An
eductor or jet pump system is a recent development in sand by-
passing methods. Clear, high—pressure water is pumped to a
nozzle which converts it into a high—velocity , low-pressure jet
stream. The suction created by the partial vacuum induced by
the jet entrains sand, which is mixed with the water jet and
discharged through a pipeline. The sand and water mixture is
then pumped to the downdrift beach, aided by a booster pump.
The basic princip le of operation has been to lower an eductor
into the sand and allow the eductor to excavate a crater. Wave
action and currents theoretically feed the crater. This system
has been used experimentally at Mexico Beach, Florida , Rudee
Inlet , Virginia , and at Santa Cruz by WES as described in
Section C.

F.33 The experimental system was not designed to maintain, nor
has it maintained , the Santa Cruz channel. Figure E5 shows a
possible application of the eductor system at Santa Cruz designed
to maintain the channel. The principle is to install ten eductors
at 60—foot spacings in the project channel at a 37—foot depth.
Operation of one eductor at a time would create a line of over—
lapping craters to maintain project dimensions. A pump house
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would have to he bull t at the head of the east o t t  y .  W ES
personnel in dica te that the pumps pr e sentl y used in the’ i’xpi’rt—
mental operi%t Ion are not large enough and tha t beach losses
in cr ease rapidl y with distance from the eductor t o  t he  pump . A
new system should he designed increasing the centrifuga l pump
horsepowe r from 300 t o  700 and Increasing the j et pump dimensions
f rom a 4” x 4” x 6” s Ize to a 6” x 6” x 8” sIze . Optiona l
educ torte p laced in the bar o f f  the bend of tht ~ west j e t ty  coed d
remove the’ shoa l, which wou ld de cr ease ’ wave breaking in the
channel  and create more ~ stor ag. in th e e’ve ’ut of a system f a i l u r e .

F. ~ •fl is svs tern ha s two dl st I tic t adVan t age’s over a I I o:i t ng
plant . Atmet.t I mobil I :.:et Ion coat s arc e’ I [minat ed and t It e •e~’a t e ’m can
work In any k End of wave act  ion . Assuming tha t t he’ esduc tors ito
not become’ clogged w ith gravel or debris , th~’ mnlnte’nanct’ yardage’s
w il 1 he’ larger t hnn with the other systems because’ the natural
bypassing wi ll he reduced by the elimination of the’ offshore bar
front tug the harbor. Natural bypassing could be I zec l ilt  nt eel t o
a ce r ta i n degree’ by 1 caving a small bar at ’ rosa t he ’ channel
during the winter. Tnhle’ E8 Is a cost est im ate ’ based on pump ing
‘SO ,OOO cub ic yards per year. The channe l should he’ maintained
open t ’xt ’ept for a total of about 15 days eacl~ wi nter when severe’
storms t ransport sand at greater rates than the svste’m cirn
handle.

1. l” i Fxpor I one’ e gained f rom the’ W ES e’xper Iment re’vea t oil some’
dot Ic tone te’s in the system. The educ t ors n~ e’tI by WES con I 1 not
he 1 owe re ’eI de’t’p lv enough into t he’ sand to ~ rea l e’ a larg~ enough
i’ ra t  or because of a hard pan subsurface. Figure F6 shows the
ii e’pt h to hard pan in t hi’ channel to he gre ’z% t or t han 40 I i’e’ I . in
the’ WES operat ion , the mobile oductors could not be repositioned
in wave action . The proposed system has fixed eductors , but
e’xper h’nce’ shows that fixed eductors tend to become e’Iogge’d by
dt’hr I a and rocks which accumulate around th e ’ tnt zikc . The remedy
Ia  to he’ able’ to move’ the eductor . Therefore , the’ system has
low re liabil i ty .  It has a med ium degree of certainty because it
removes sand from the’ channel independe’ntiv of the li ttora l
process , hut sand can enter areas of the channel where there are’
no edeec to rs . Either another maintenance system or a mobile
e’ductor would have to ho employed to remove’ mater ia l  shoalc’d in
tither areas of the channel. This system has minima l environmental
and soc m l  impacts and is not a hindrance’ to nay Iga t ion. ‘l’ie I

E24
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TABLE E8

COST ESTIMATE — Al ternative #5

F.duc tor—Channej. Maintenance

February 1978 Costs

Ite m Ouantity Unit Unit Price Cost Estimate

FIRST COST

Pumphouse

Cap Stone
Removal $ 9 , 200

Bed Grout $ 50 , 750

Concrete $ 51 , 500

Roof $ 20 , 000

Subtotal $ 131 , 500

Clear Water Intake

Intake Structure $ 15,000

Buried Pipe $ 4 , 500

Riser Section $ 4,000

Top of BW Run $ 38,500

Subtotal $ 62,000

Pumping Equipment $ 100,000

Jet Pumps 10 EA 2,000 $ 20,000

Installation $ 25,000

Misc. Piping $ 50 ,000

Connect Power s 45,000

Subtotal $ 240 , 000

E25
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TABI .E E8 (Cont inued )

l t t ’m ()uantity Unit Unit Pr ic~ ‘~ s t  Est tm~ t e

Injection 6
Return Lines 7,000 l.F SO $ 350 ,000

Trenching &
Connec t ions $ 100,000

Shore Discharge
Line 2,500 LF 50 $ 125,000

Trenching &
Anchors S 50,000

Subtotal $ 625,000

Construct ion
Contingencies (25%) $ 264,000

Subtotal $1,322 ,000

Engineering &
Design (10%) $ 132 ,000

Supervision 6
Admin. (7%) $ 92~00O

TOTAJ.~ FIRST COST $1,546 ,000

ANNUAL COST

Power
(250 ,000 CY/400 CY/1IR) X 1575 HP X $0..055/KW—HR $ 54,000

Maintenance $ 50,000

Pipe Turning $ 15,000

Personnel $ 50,000

Interest (6—5/8%) $ 102,400

Amortization (10 yrs.) $ 114,000

TOTAL ANNUAL COST $ 385 ,000

NOTE:

Optional Fductors would add $135,000 to the
First Cost and $19,000 to the Annual Cost.

~26



-~~~~~~~~ ~~~~
-
~~~~~~~~~~~~

-
~—- .-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

i i i ’  I
APPR OX I MATE I I
TOE OF J ETTY ~~~~ -_- _ _

~ \

I !  
____ENTRANCE CHANNEL+

EAST J ETTY
WEST J E T T Y

f t

I
\\\

~.—AUG UST 1977 \ I. ~ \ 
\

#~~~SH0REL INE I l \ \ \  \

~ >~
<.
~~/ /

I / ~~\ J \\~~~~~~~~CONTOURS REPRESENT . I \ .DEPTH BELOW M LL.W. 
~~ I

TO HARD—PA N SUBSURFACE . \‘...

CONTOURS TAKE N FROM CORPS ‘\~ \ ,
OF ENGINEERS , SAN FRANCISCO ,‘ / \,,— . ...~DISTRICT DWG. NO.83-9-2(FEBJ962) J 1j .... ’ 

/7/ ’  
~~~~ 

( ((~~~~~~~~2o

4 ~~

1N 200’
o iO 20 40

Figure E6. Depths to Hardpan

F2 7



-~ ~-r-~~~~~~~~-~’-” — - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~ —- . — -,

would be the ideal system if the reliability were higher. Care
should be cxercised in placing the eductors to ensure that the
jetties would not be undermined .

F.1(-’ Alternative 6 — Fixed Hydraulic System — Zipper System.
The Zipper System is similar to the eductor system in that it
operates on a crater—sink principle. A manifold pipe is buried
in the sand and a centrifugal ptnnp pulls clear water through the
first manifold intake. Sand enters the intake adjacent to the
clear water intake and becomes entrained in the clear water
flow . After a crater forms off the first intake , sand at the
remaining intakes becomes entrained . The channel may be main-
tained by installing several manifold pipes in the areas desired
t~ he maintained . This system has been tested and operated at a
power plant in Rosarito Beach, Mexico , to maintain a cooling
water intake channel. This system was installed in 1968 and has
operated intermittently to date. The primary problem encountered
h~is been stones, rubber tires and seaweed clogging the intakes.
Clogging problems ‘ave been remedied by installing high—pressure
water jets which c1~ar the debris from the intake area.

F.37 Figure E7 shows one of several manifold pipe layouts that
could be employed at Santa Cruz. Three 1 50—foot long , 20—inch
diameter pipes with 10—inch diameter intake holes at 15—foot
Intervals would be buried three to five feet below the level of
the intake ports. Wave—induced forces on the manifold pipe
would be mitigated by burying it deeply and using riser pipes
for ports. A fourth optional pipe could be installed off the
vest jetty to remove the shoal that induces waves to break In
the channel . A 750—horsepower centrifugal pump would be located
In a pump house at the head of the east jetty. A clear water
intake line would he installed 500 feet up the channel. The
pump ing capacity is not adequate to maintain the channel during
.i severe storm; and , giving allowance for mechanical breakdowns,
the system is assumed to maintain the channel for 11—1/ 2 months
out of each year.

E28

- 
—  . .. .. - . .

~~~~~~~~~~
. . . . .

~~ 

..,_
- --



-
~I...

—

w
0

0
1,1 ~ ~~~~~ 

.-~ ~~~~~~ ~
..1’

4 •

~4 -~~~~~~~ ,

o
i~a _ _ _ _ _ _ _ _ _ _ _

~I ~~~ 

.~

•
• 

/

1 

-~ :~! ~ii ~k!\~’ I

:1 ‘- ~~~ / -J~~ 
).

~~~~

3 h i~_ .
~

•‘
•
:1 I —~ 0

E29

_ _ _ _ _ _  ___ .



F.38 This system should be able to dredge 350 cubIc yards per
hour , which Is comparab le to the proposed eductor system . The
coat estimate in table E9 is based on dredg ing 250,000 cubic
yards per year. The advantages and disadvantages are also about
the same as for the eductor except that the Zipper has a longer
experience record and is less susceptible to Intake clogging .
However, the entire manifold might have to be replaced If some-
thing were to clog it whereas only one eductor might have to be
rep laced . Therefore, the system is rated as having medium
reliability and medium certainty. It has minimal environmental
and social impacts and does not hinder navigation . This system
would be idea l If it had greater reliabilit y and certainty
because it can operate under all wave conditions.

E30
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TABLF F’)

(‘(1ST ESTIMAT E - A l te rnat ive  #6

‘(pper Channel Maintenance

February 1978 Costs

Item Ouantltv Unit Unit Price Cost Estimate

FIRS I’ COST

Pumphouse

Cap S t l ~tw
Remova l $ 9,200

Bed Ci ~ut ~ SO ,? SO

(‘onc retc  S 51,500

Roe~f ~‘ 20 ,000

Subtotal q 131,500

Sand Intake
l ines ( 3 ’~

Manifold Line
I.E 200 $ 90,000

Jet System 4~ 0 LF 12’~ $ Sb ,2S0

Slide Valve 5,000 S 15 ,000

Pipe Runs t o
Pump I FA ‘.000 S 21 ,000

Place Pipe’
I i f lt ’5 660 IS 150 ~ 211 !000

Subtotal $ 41 1.250

Water Intake l ine $ 62 ,000

F31
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TABLE F~ (Con t tuned ‘I

Item Ouant itv Unit Unit Prlc ’ Cost Estimate

Pumping Fquip—
men t

Pump & Motors LS $ 50 ,000

Connec t Power $ 45 ,000

Controls $ 100,000

Mi sc . Piping $ 60,000

Subtota l $ 2 5 5 ,000

Disc harge’ l ine 2 ,500 IS 50 $ 125 ,000

Trenching &
Anc ho rs IS  ~ 50,000

Subtotal $ 17.5,000

Construction
Con ti ngencies
(.‘5~ ) $ 259 ,000

Subtota l $1 ,296 ,000

Fng ln eerin g E,
DeSIgn (lOfl $ 130,000

Superv ision ~
Admin. (‘ ‘

~~~ $ 91,000

TOTAL FIRST COST $l,~~l7 ,000

ANNUAL COST

Power
(250,000 CV! 150 CY/HR) X 750 PP x $0.055/~~—HR $ 30,000

Maintenance $ 50,000

Pipe Turning $ 15 ,000

Per sonne l 
~ 50 ,000

Interest ( i .—S/R’ ~ ~ 100,000

F.32
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TABLE F’) (Cent inued )

Item Ouantity Unit Unit Price Cost Estimate’

Amort Izat ion
(10 vrs.) $ 112 ,000

Royalty 250,000 CV $0.20 $ 50,000

TOTAL ANNUAL COST $ 407 ,000

NOTE:

Optional Sand Intake Line will add $229,000
to the First Cost and $32,000 to the Annual Cost.
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BYPASS I NC SYST FI1S

F. IQ ( e n t r e l. The l i t tora l  processes s~ udv Indicated that
must of t he s;tnd enters the &‘hane I by pass lug round the head of
the’ west lettv or by leaking throug h it s vo ids . :\ typ ical

~o1 Ut ion is o Install .e t i xed bypassing plant on the updri f t
he’~ ch to bypass mat or Ia I that accumu la t ’s In a I i l l e t  impounded
1w the updr if t ~ettv . This was the apparent Intent of the
Author izing Doc ument. Three’ schemes presented below •ire based
on Instal l  ing a permanent plant to  ope rate from the west ~ot tv
The bypassing plants must hav~ capab i l i ty to pump sand at a
e~reIt enough r i t e  t~~ prec lude sand from bypassing the j e t t y  and ,
consequent lv , ~hoa 1 lug the channe I. The W ES educ t or experiment
~‘v passed sand in this manner in 1977. Prior to the severe
w inter , i ts  resu lt was a decrease of sand entering the control
area used for vo hnnetric calculations. The f i rs t  storm , however ,

any apparent e f f e c t s  of this e f f o r t .  The separate e f f e c t s  of
the edu~~tor  and dredge system s could not he assessed properl~’
for lack of data s u f f i c i e n t ly  detailed t’or such an analys is and
because of the seve r i ty  of the winter .

~~~~ A l ternative 7 — Fixed Hydraul ic System — Eductor. The
‘ia~ or disadvantage of existing f ixed bypass ing  p lants is their
Uihi lit v  to reach all material in l i t toral  t ransport .  The
p lant’ generally have booms with reaches loss than 100 fee t .
These p lants are usually located on short j e t t i e s , and sand
t e i d  i lv hvp:is~~~s them via offshore bars and rlpcurr&’nts . Se~ ora l
tec hniques including Installation of f luidizing lines or drag lines
to extend t he reach of the system may be promising , hut they
have not been proven in the f ie ld . Figure F8 shows a proposed
bypassing system w ith f ive  eductors located on the updri f t  side
of t he west j e t t y  to create a sand trap . The west beach could
he controlled by pumping from eductc’rs progressive1~’ from the
o f f s hore unit to the inshore unit. Waves generating longshore
currents would transport material to the trap . Eventually the
beac h would recede to the 1Q65 pos ition. Severe storms would
fill the f i l let , but only a f ract ion of the volume that pre-
sen t ly moves around the head of the west j e t t y  would still
bypass that structure. The cost es t imat e ’ g iven in table ElO ,
is based on using the same basic eductor system as proposed
for the eductor maintenance program. A malor d i f ference

F14
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TABLE ElO

COST ESTIMATE — Alternative #7

F.ductor Bypassing System

February 1978 Costs

- 
I 

Item Quantity Unit Unit Price Cost Estimate

FIRST COST

Pumphouse

Cap Stone
Removal $ 9,200

• Bed Grout $ 50,750

Concrete $ 51,500

Roof $ 20,000

Subtotal $ 131,500

Water Intake
Line $ 66 ,000

Pumping Equip-
ment & Je ts $ 195 ,000

Connect Power $ 45,000

Injection &
Return Lines 3,400 LF 50 . $ 170,000

Trench ing & Misc .
Connections $ 100,000

Flexible Line 1,000 LF 50 $ 50,000

Floats 10 EA 250 $ 2,500

Subtotal $ 322,000

Discharge Line

Top of 8W Run 500 LF 50 $ 25,000

Anchors ~ 10’ 50 EA 350 $ 17,500

E36
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TABLE ElO (Continued)

Item Quantity Unit Unit Price Cost Estimate

Channel , Crossing

Riser Sections 2 EA 4 ,000 $ 8,000

Pipe 10” O-Buy &
Place & Bury 350 LF 90 $ 11 ,500

Shore Run

lO” ø—Buy &
Place & Trench 2,000 LF 50 $ 100,000

Subtotal $ 177,000

Construction
Contingency (25~) $ 234 ,000

Engineering &
Design (lOX) $ 117,000

Supervision &
Admin. (fl) $ 82 ,000

TOTAl. FIRST COST $1 ,370 ,000

ANN~AL COST

Power
(300 ,000 CY/ 400 CY/HR) X 1575 HP X $0.055 KW—HR $ 65,000

Maintenance $ 50 ,000

Pipe Turning $ 20 ,000

Personnel $ 50,000

Interest (6—5/8X ) $ 91 ,000

Amort I2at ion
(10 yrs.) $ 101 ,000

TOTAL ANNUAL COST $ 377 ,000
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between the bypassing system and the maintenance system is that
five eductors are used in the bypassing program versus the ten
in the maintenance program . Some sand would bypass around the
head of the jetty, and shoaling due to other littoral processes,
such as updrift and onshore transport, would continue. A portable
eductor for removal of shoals in the channel is included in the
cost estimate. This eductor would be positioned by a small boat
during periods of low—wave action.

F.41 This system is rated low in reliability because it is not
proven. Sand can enter the channel from sources other than the

• eductor area, and the eductor craters provide insufficient
storage to preclude shoaling during a severe storm. The certainty
is low because the solution relies heavily on the hypothesis
that channel shoaling results only from sand bypassing the west
letty or s.md l eaking through th e voids In it. Environmental and
social effects of dredging the west beach back approximately 300
feet would be objectional to many persons.

E.42 Alternative 8 — Mobile Hydraulic System — Eductor. The
reach of a fixed bypassing plant could be extended by using a
track—mounted mobile dredge on a trestle, or a truck—mounted
crane on a jetty. Figure E9 shows an envelope that a series of
craters could create by suspending an eductor from a 100—foot
long boom on a truck—mounted crane. The truck would operate on
the cap of the west jetty. Power and pumps would be located on
a trailer attached to the mobile crane. The discharge line and
clear water intake line would be permanently attached to a fixed
manifold which would be located on the west jetty. The system
would operate primarily on the updrift beach as a bypass system.
However, by swinging the boom to the channel side of the jetty,
the shoulder of the channel could be dredged and maintained.
The salient fronting the west jetty dogleg section around the
head could also be dredged during calm wave conditions. Main-
tenance dredging in the navigation channel to maintain the
project dimensions could be performed by a float—mounted eductor
using a floating extension of the suction line. Cost estimates
given in table Eli are based on the assumption that 250,000
yards of material would be bypassed and 50,000 yards of material
would be removed by maintenance dredging.

E.43 The system is not reliable in adverse weather conditions.
High winds and overtopping waves would keep the crane from

E38
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TABLE El I

COST ESTIMATE — A l tsrnattve 114

Mob I to Edue to r Rvpasss Lug Srs tern

February 1Q78 Costs

It em Ounnt ity t in t  t tint I Pr tt ’t~ Cost Est tn~ate

FIRST COST

Water Supp ly

Intake Structure I F.A $ 15 ,000

Intake Line
• Underwater ,

tiur I i’d SO LF 90 $ 4 , 500

Riser Sect ion I EA $ 4 ,000

Run On 11/W

Buy & Place
PIpe 800 IS 50 $ 40,000

Anchors 80 FA iso $ 28 ,001)

Pickup Flanges 18 F.A 250 $~~~~~ O0

Sub to tal $ Q6,000

Discharge Line

Run On 111W 800 iF 40 $ 12 ,000

Run Across
Channel .150 IF 90 $ 12 ,000

Risers 2 F.A 4,000 $ 8,000

Anchors SO F~ 150 $ 28 ,000

Pownco~st Run 2,000 15 40 $ 80,000

Trench ing _‘,000 I F  1 $ I 4,000

Subtotal $ 1Q4 ,000

F.4 0



— • -~~--~.- .  --~~~~ -~~~~ - -~ 
-
~ -~ -~ ---—• • — - ---——~ 

-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE F.11 (Continued)

Item Quantity Unit Unit Price Cost Estimate

Mobile Dredge/
Pickup Diesel
Powered Crane
80 T Lima F.A $ 190,000

Revamp $ 80,000

Pumps & Eductor

Buy & Install.
Allow $ 80,000

Pipeline On
Boom 260 LF $ 15,000

Trailer Mount
• & Fuel Tank $ 75,000

• Floating Extension
Flexible Line 500 LF 50 $ 25 ,000
Floats 8 EA 250 $ 2~OO0

Subtotal $ 467,000

Contingencies
(25X ) $ 189,000

Subtotal $ 946,000

Eng ineering &
Design (lOX) $ 95 ,000

Supervision &
Admin. (7%) $ 66,000

TOTAL FIRST COST $1,107,000
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TABI,E El i (Continued )

Item Ouantity Unit Unit Price Cost Estimate

ANNUAL COST

Fuel—
Bypassing

(250 ,000 CY/200 CY/HR) X 1000 HP X 1/8 CAL/HP—HR
x $0.25/CAL. $ 39 ,000

Harbor Maint .
(50,000 CY/100 CY/HR) X 1000 HP X 1/8 CAL/HP—HR
X $0.25/CAL. $ 16,000

Pipe Turning $ 20 ,000

Personnel $ 90,000

Maintenance $ 30,000

Interest (6—5/8%) $ 73 ,000

Amortization
(10 yrs.) $ 82,000

TOTAL ANNUAL COST $ 350,000

E42
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operating during periods when it is needed the most . This would
necessitate creation of a storage area by cutting the west beach
back by overdredging , which is environmentally and sociall y
undesirable. The craters on the beach would pose a safety
hazard to beach users, and they might undermine the jetty. The
crane on the west jetty would be aesthetically displeasing and
noisy . The reliability is judged medium because the eductors
are portable , facilitating cleaning debris from the jets.  The
system is also considered to have a medium degree of certainty
because it is flexible enough to remove sand either from shoals
in the channel or near the east jet ty.  Because of the inability
of the system to work during severe storms, it is anticipated
that perhaps as much as one month of channel shoaling could
occur , resulting in closure of the harbor. This system has a
very distinct advantage in that its components are salvageable
and could be re—used in a more permanent bypass system .

E.44 AlternatIve 9 — Fixed Hv~drau1ic — Zt.D~er. The Zipper
system proposed as a maintenance alternative can also be used as
a bypass system . Figure ElO shows one of several possible pipeline
arrangements and table E12 is a cost estimate. This alternative
has a low certainty because the success of the system relies
heavily on the hypothesis that the primary source of shoaling is
sand that bypasses the head of the west jetty. The certainty
could be upgraded to medium by installing manifold intakes in
the channel to remove shoals that accrete from other sources,
but that is basically the maintenance alternative. This bypass
system is less efficien t and less reliable than the maintenance
alternative , but it also has fever adverse environmental ef fects
than some of the other systems. The beach would not have to be
cut back as much as in alternative 8 to provide storage because
this system can operate during storm conditions whereas the
mobile hydraulic system cannot. The harbor could be open for an
estimated 11—1/2 months of the year, being closed only after
storms when the infilling would greatly exceed the pumping
capacity .

P.45 Alternative 10 — San Lorenzo River Sediment Trap. The
San Lorenzo River , 3,000 feet updrift from the harbor , is
believed to be a source of sediments , although detailed sed imen—
tation rating curves for it have not been calculated. The river
discharges an estimated 18,000 to 27 ,000 cubic yards of beach

E43
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• TABLE E12

COST ESTIMATE - Alternative #9

Zipper Bypassing System

February 1978 Costa

• Item Quantity Unit Unit Price Cost Estimate

FIRST COST

Pumphouse
(Inside of West
Jetty—See Alt.6)

Stone Removal 1 LS $ 10,000

Bed Crout $ 50 ,000

Concrete $ S2 ,000

Roof $ 20,000

Subtotal S 132 ,000

Sand Intake
Lines (3)

Manifold Line
20”Ø — Buy 450 LF 200 $ 90,000

Place Intake
Lines 660 LF 350 $ 231,000

Jet S~ stem—B uv
• & Place 450 LF US $ S~~,2S0

Slide Valve I F.A 5,000 $ 15,000

Pipe Runs to
Pump 3 F.A 7.000 $ 21,000

Subtotal $ 413 ,000

0 F45



-- • -
~~~~~ -~~~~~~~~~~

TABLE Fl.’ (Continued )

Item Quantity Unit Unit Price Cost Estimate

Water Intake
System

12”O Pipe Run
to 8W (Buy ,
Place & Bury) 50 LF 90 S 4,500

Riser Section 1 FA LS $ 4,000

iop of SW Pipe
Run 500 LF 50 $ 25,000

Anchors ~ 10’ 50 F.A 350 ~ 17,500

Intake Struc . $ 15,000

Subtotal $ 66,000

Pumping Equip-
ment

750 HP Pump I PA LS $ 20,000

750 HP Motor 1 PA LS $ 30,000

Controls LS $ 100,000

Misc . Piping &
Installation 62 5 60,000

Connec t Power $ 45,000

Subtotal $ 255,000

Discharge Line
(18”Ø) ($150 ,000
for lO”Ø) LS $ 200,000

Pipe Run Across
Channel 350 LE 90 5 31,500

Risers 2 PA LS $ 8,000

Subtotal $ 240 ,000

P46



TABLE P12 (ContInued )

Item Quantity Unit Unit Price Cost Estimate

Construct ion
Contingencies
(25’) S 276 ,000

Subtotal 51,382,000

Engineering &
Design (l0’~) $ 138,000

Supervision &
Admin. (7%) $ 97 ,000

TOTAL FIRST COST $1,617,000

ANNUAL COST (See Alt. 6)

Power (850 Hr X 750 HP X $0.055/KW.-HR $ 36,000

Maintenance $ 50,000

Pipe Turning $ 20,000

Pei~sonnel S 50 ,000

Interest (6—5/8T) $ 107,100

Amortization
(10 yrs.) S 119,100

Royalty 300,000 CY $0.20 $ 60,000

TOTAL ANNUAL COST $ 442 ,000

E47
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~~iz t  m.it er Lii per year Into littoral zone . Wave energy transports
the coarser material dowodrift into the harbor area and moves
the fines offshore. The river could be used as a trap for flood
borne sediments and for littoral drift transported to the river
mouth area from updrift beaches by wave action . The lower
reaches of the river could be dredged to provide a protected
area where a dredge could be stationed to remove these deposits
.is they accumulate and to pump them to the disposal area east of
t he harbor.

E. 46 FIgure F.ii shows a scheme based on using the San Lorenzo
River as a sediment trap . Initiall y. 200 ,000 yards would be’ removed
from the river to create the trap . Annua l bypassing from the
trap area and channel maintenance dredging at the harbor would
total approximatel y 400,000 cubic yards per year. The 100,000
cubic yards in excess of the net littoral—drift rate of 300,000
yards would be due to f ines in the river bed that are normally
carried into the offshore region by the winnowing action of
waves. The cost estimate Is given in table F.13.

E.47 This alternative relies heavily on the theory that most
of the l i t toral dr i f t  will enter the river channel. The concept
has a very low reliability because the river would be an ineffi-
cient trap, and shoaling could occur in the harbor from other
transport mechanisms. The large delta offshore of the river
mouth provides a mechanism to bypass littoral drift past the
river mouth. Rivers have highly variable sedimentation rates
from year to year. The river trap might work well during years
of low discharge but would not be effective during years of
excessive river f looding.

P.48 The beach between the river and the harbor would take
several years to ad jus t  to a point where it ceases to be a
source of harbor shoaling . This would extend the length of time
that the channel would be closed or necessitate pre—dredging the
west beach. The certainty of the system is low because the
success of the concept depends heavily on the hypothesis that
the harbor—shoaling mechanism is primaril y littoral transport
from the updrift beaches. Depositing fine river sediments on
the downdrift beach would degrade the quality of sand. Clearing
of the river basin, however, would be aesthetically pleasing and
beneficial to the flood control project. Removal of the material
f rom the channel has several benefits that are not necessarily
related to the shoaling problem .

E48
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• TABLE P.13

COST ESTIMATE - Alternative #10

San 1.orenzo River Sand Trap

February 1978 Costs

Item Ouantity Unit Unit Price Cost Estimate

FIRST COST

Dredging of Sand
Trap In the San
Lorenzo Rlver* 200,000 CY $1.20 $ 240,000

Contingency (15%) $ 36,000

TOTAL FIRST COST $ 276 ,000

ANNUAL COST

Mobilization I PA LS $ 150,000

Annual Dredging 400 ,000 CY $1.50 $ 600,000

Layup 2 PA $65 ,000 $ 130,000

Interest (6—5/8%) $ 18,300

Amortization
(10 yrs.) S 20,300

TOTAL ANNUA L COST ~ 19,000

* Mobilization to be included in Annual
Maintenance Dredging of Harbor.

P50
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STRUCTURAL SYST~ 4S

P.49 Cenera l. The maintenance dredging and bypassing alterna-
t ives were based on the assumption that the harbor configuration
would not be changed . None of the solutions are antici pated to
maintain the harbor open for navigation year round . The present
harbor conf iguration provides neither adequate wave protection
for a dredge nor adequate storage for high shoaling rates during
severe storms. Modification of the harbor would be required to
accomplish these purposes.

E.5O Sealing the Jetties. In the analysis of littora l processes
it was estimated that approximately 20,000 cubic yards of
littoral drift shoal in the channel in an average year by leaking
through the voids in the armor and underlayer stone of the west
jetty . Leakage through a quarry stone structure can be retarded
by sealing the voids by pumping a thick , fast—setting concrete
through holes drilled through the armor stone to seal the voids.
Table P.14 gives a cost estimate for sealing the seaward 800 feet
of the west jetty. This is not an alternative solution in
itself , but it does contribute to the solution. The effectiveness
of the sealing depends upon which overall solution to the shoaling
problem is adopted . Jetty sealing would not be necessary with
the Zipper or the eductor maintenance systems because they are
designed to handle material that leaks through the voids.
Sea l ing the .letties alone would only partiall y reduce the quantity
of sand that enters the harbor. Most of the material blocked

• from entering the harbor by sealing would merely be forced to
bypass the head of the jetty. Part of that material would then

L 

enter the harbor and part would naturally bypass the channel
over bars. Seal ing the west .letty would be desirable for each
bypassing alternative and for those maintenance alternatives
that include periodic channel dredging . No method Is available
to measure accurately the quantity of sand passing through the
voids. Prior to sealing the west letty, a monitoring program
should he implemented to determine the rate tha t littoral drift
enters the harbor through the jetties. This could be accomplished
by digging a trench on the shoulder of the navigation channel

4 and sounding it to determine its rate of shoaling. The east
j e t t y  is shorter , has a higher core , is exposed to milde r waves

Psi
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TABLE P.14

COST ESTIMATE — Sealing of West Jetty

Station 13+00 To 21+00

February 1978 Costa

Item Quantity Unit Unit Price Cost Estimate

From 13+00 to
16+00

Grout ing -
Buy & Place* 1200 CY 100 $ 120,000

From 16+00 to
21+00

Crouting -
Buy & Place* 500 C? 100 $ 50,000

Contingencies $ 25,000

$ 195 ,000

* Includes cost for drilling .

P.52
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and Is estimated to be a better littor~.l barrier than the westj e t t y .  Therefore , sealing the east j et v is not considered
necessary .

P.51 Ajternatiye JJ - Q h ~ r~ Brealcwater - Azuiual Dredging. A
proven solution for harbors along shorelines with high rates of
littoral transport is to construct a breakwater offshore of the
updrift beach designed to trap littoral drift and to provide
protect io~ for a large hydraulic dredge. This dredge would then
periodically remove the accumulated sand . Examples of this
solution on the West Coast are Channel Islands Harbor and
Venture Harbor.

E.52 Figure P.12 shows an offshore breakwater at Santa Cruz
designed to form a sediment trap in the updrift beach. The
breakwater should be about 1 ,800 feet long and have a cross
section as shown in f igure P13. The armor units should be S—ton
dolos on the trunk and 10— ton dolos on the head to withstand a
22—foot design breaking wave. The sand trap is estimated to
have a capacity to store approximately 900,000 cubic yards;
therefore , a large hydraulic dredge would only have to be mobi-
lized once every three years to bypass the accumulated sand.
Table E15 is a cost estimate for this structural system , assuming
that dredging would be required every three years.

P.53 The concept is highly reliable because the breakwater
will alter the wave climate at the harbor entrance thereby
reduc ing shoaling from several sources. Through careful analysis
with the aid of model studies, the breakwater can be aligned to
diffrac t waves in such a way that wave energy does not transport
l ittoral drift into the harbor. Diffraction patterns shown in
figure P.12 illustrate this concept. Waves would tend to transport
sand along the west jetty and form a spit on the updrift beach
away from the harbor entrance. The breakwater would be so
positioned that waves in the entrance channel would have about
one—third the height they would have wi thout the structure.
Leakage of sand through voids in the west jet ty and onshore
transport would also be reduced due to the change of wave climate.
Although it would be desirable to move the breakwater farther
eaet to provide more protection for the harbor , this would move
the trap too c lose to the entrance channel. The certainty of
the system is high because the small amount of material that

P.53 
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TABLE P.15

COST ESTIMATE — Alternative #11

Offshore Breakwater — Periodic Bypassing

February 1978 Costs

Item Quantity Unit Unit Price Cost Estimate

FIRST COST

Breakwater

Dolos (11 tons) 7,225 EA 830 $ 5,997,000

B3 Stone 56 ,200 Ton 26 $ 1,461,000

Core Stone 158,000 Ton 24 ~ 3,792,000

Bedding Layer
(5 .6 tons/LF) 10,100 Ton 25 5 252 ,000

Contingencies
(15’) $ 1,725,000

Subtotal S11 ,227 ,000

Aids to Navi-
gation $ 15,000

Eng ineering &
Design (l0~) $ 1,323 ,000

Supervision &
Admin. (7~) $ 926 ,000

TOTAL FiRST COST $15,511 ,000

ANNUAL COST

Interest (6—5/8 7 ) $ 1,028,000

Amortization
(50 yrs.) $ 43 ,000

P.56
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TABLE EiS (Continued)

Item Quantity Unit Unit Price Cost Estimate

Dredging
(Every 3 yrs.)

Mobilization 1/3 LS 225 ,000 $ 75 ,000

Dredging
(900,000/3) 300,000 C? $ 1.20 $ 360,000

TOTAL ANNUAL COST $ 1,506,000

P57 
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escapes the trap and that which enters the channel from other sources
can he removed during the periodic dredging episode.

P.54 The shoreline along the updrift beach will widen as far as the
mouth of the San Lorenzo River because of the groin—effect of the trapped
sand ; however , the beach—berm height should not increase . The slightl y
wider beach would have a negligible influence on the effectiveness of
the flood control project.

E.55 Bypassing large quantities of material infrequently may produce
adverse envlronxner.tal ef fec ts .  The downdrlft beaches would temporarily
lose their source of sand , then large quantities of sand would be bypassed
in a short period of t ime , If the material were bypassed after the
winter waves that naturally transport littoral drift around Black Point ,
the east beach would build considerably. Under these conditions , updrift
movement would tend to shoal the channel at a much greater rate than
under present conditions. Each of these effects can be remedied by
annual in lieu of triennial dredging at a slight increase in annual cost
due to more f req uen t mobilization and demobilization charges.

P.56 Alternative 12 - Short Offshore Breakwater — Continuous Bypassing.
The princ ipal advantages of an offshore breakwater are that it provides
protection for a dredge and increases the storage capacity for littoral
drif t .  The primary disadvantage of an offshore breakwater , aside from
i ts high initial cost , is the adverse environmental effec t of beach and
cl i f f  erosion that could result from intermittent bypassing . Downdrif t
beaches would alternately be undernourished for two years and overnourished
for one year. Considering that there appears to be a much greater
energy potential for littoral transport than there is littoral material
to be moved , this could result in erosion of the c l i f f s  to the east .
These e f fec ts  could he mitigated by combining the offshore breakwater
concept with a continuous sand—bypass ing system . If continuous bypassing
were imp lemented , a smaller storage capacity and hence a shorter break-
water wou ld be required .

E.57 Figure P.14 shows a 1000—foot offshore breakwater with a 100,000
cubic yard trap. The breakwater is in shallower water (—20 feet MLLW)
than In Alternative 11. Several methods of bypassing are possible. The
cost estimate in table P.16 is based on bypassing with a semi—permanent
eductor system . The eductrn could be handled with shore—based equipment
and could be serviced more readily than the eductor system s proposed
for the maintenance and bypassing systems in Alternatives S and 7.

P.58
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TABLE F.16

COST ESTIMATE - Alterna t ive #12

Of fshore Breakwater — Continuous Bypassing

February 1978 Costs

Item Ouantity Unit Unit Price Cost Estimate

FIRST COST

Breakwater

Dolos 3,800 F.A 830 5 3,154,000

R~ Stone 25 ,000 Ton 26 $ 650,000

Core Stone 63 ,000 24 S 1 ,512 ,000

Bedding Layer
(5.6 Tons/LF) 5,000 Ton 25 $ 125 ,000

Contingencies
(157) $ 816,000

Aids to Navi-
gation $ 35,000

Fngineering &
Design (107) $ 626 ,000

Supervisison &
Admin. (7fl $ 438,000

Subtotal $ 7,356,000

Bypassing System
Movable Eductor
(1)

Pumphouse (See
Table) $ 132 ,000

Water Intake $ 66,000

E60
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TABLF P.16 (Continued)

Item Quantity Unit Unit Price Cost Estimate

Pumping Equip.
& Jets $ 40 ,000

Connec t Power S 45,000

Inj ection &
Return Lines 2,000 LF 50 $ 100,000

Floats 25 F.A 250 $ 6 ,250

Riser 1 F.A LS $ 4 ,000

Subtotal s 393 ,000

Discharge Line
(See Table 9) $ 177 ,000

Contingencies
(257) $ 142,000

Engineering &
Design (107) $ 71,000

Supervision &
Admin. (77) $ 50,000

Subtotal $ 440 ,000

TOTAL FIRST COST S 8,189,000

E61
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TABI.E E 16 (Continued )

Item Quantity Unit Unit Price Cost Estimate

ANNUAL COST

Power
(300,000/150 CY/HR) X 750 HP X $0.055/Kw-HR $ 82 ,000

Maintenance $ 50,000

Pipe Turning &
Replacement $ 40 ,000

Personnel $ 50,000

Interest (6— 5/ 8%) $ 545 ,000

Amortization

Breakwater (50 Yrs.) $ 20 ,000

Bypassing System
(10 yrs.) $ 64 ,000

TOTAL ANNUAL COST $ 851,000

E62
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A portab le eductor could also he extended into the harbor t o

r emove shoals tha t form as a result of mechanisms other than
bypass ing of the west lettv.

F. ~S The short o f f s hore breakwater would not provide additional
protect ion t o  the harbor , as its east end would have to he
farther west than tha t of the longer breakwater in Alternative
11 in order to keep the trap well updrift of the navigation
channel and to create the desired wave diffraction pattern . The
concept is rated high In reliability and certainty and should
maintain a year—round channel.

p .5q Alternat ive 13 — Extend West Jetty . The storage capacity
of the west ~ettv could be increased by extend ing it seaward .
The primary advantage of this concept is that additiona l storage
can be provided without cutting back existing beaches. In order
to be effective , this structural solution must be supplemented
w ith some type of sand—bypassing system . A 400—foot jetty
ext ens ion shown in figure ElS would prov ide storage capacity for
approximate ly 500,000 cubic yards between the west j e tt y and the
San Loren zo R iver and approxima tely 15 ,000 cubic yards on the
east s ide of the west j e t ty .  Several bypass ing systems could he
used ; however , the mobile hydraul ic  system of Alternative 8 was
select ed a being the most reliable and ef fect ive.  The existing
and proposed jetties should be sealed for this system to function
pr operl y. The cost estimate is given in table P.17.

E.60 Extend ing the jettY reduces bypassing requirements during
the first year or two. When the beach aggrades sufficiently
however, sand would naturally bypass the end of the jetty at the
same rate as under present conditions unless intercepted by the
artificial bypassing system. The primary advantage of this
alterna t ive is tha t updrif t beaches would be preserved and the
shoal would form fa r ther of fshore , outside the navigation channel.
The sys tem has a hi gh rel iabil ity but medium certainty. Certainty
Is reduced because the system addresses only the pr imary source
of channel shoaling and does not prevent shoaling from littoral—
drif t reversals or from onshore transport of off—entrance deposits.

P.63
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TABLE P.17

COST ESTIMATE - Alternative ill I

Ext ension of West Jetty—Continuous Bypassing

February 1978 Costs

Item Quant ity Unit Unit Price Cost Estimate

!~~~
T COST

Jetty Extension
(4O0 ’~

Dolos 1 ,300 EA $ 1,079,000

AlO Stone 8,731 Ton $ 244 ,000

B3 Stone 24,622 Ton $ 640 ,000

Core Stone 51 ,650 Ton $ 1,240 ,000

Bed d i n g  l.ayer 2,888 Ton $ 72,000

Concrete Cap 533 C? $ 39,000

Concrete Crou t 767 CY $ 74 ,000

Seal Exist. West
Jetty
(See Table 14) $ 170 ,000

Contingencies
( 15%) $ 534 ,000

Aids to
Nav igation $ 25 ,000

Engineering &
Design (10%) $ 409 ,000

Supervision &
Admin. (7 2) $ 286,000

Subtotal $ 4,787,000

— P.6S
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TABLE EU (Continued)

Item Quantity Unit Unit Price Cost Estimate

Mobile Fductor
System
(See Table 11)

Additional
Equipment $ 440,000

Pickup Flanges 6 EA 250 $ 1,500

Supply &
Discharge Line 800 LF 50 $ 40,000

Cont ingencies
(25%) $ 120,000

Engineering &
Design (102) $ 60,000

Supervision &
Admin . (7%) $ 42 ,000

Subtotal $ 704,000

TOTAL FIRST COST $ 5 ,491,000

ANNUAL COST

Fuel (300 ,000 CY/200 CY/HR) X 1000 HP x 1/8 CAL/
HP—HR X $0.25/CAL.) $ 47,000

Pipe Turn ing  $ 20,000

Personnel $ 90,000

Maintenance $ 30,000

Interest (6—5/8%) $ 364,000

Amortization

Jetty Extension
(50 yrs.) $ 13,000

Bypassing Sys.
(10 yrs.) $ 52,000

TOTAL ANNUAL COST $ 616,000

E66
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F.t~l Alternativ e 14 — Mod i f y Both Jetties or Construct *~~~~~!~~~~E~ •
The narrow Santa  Cruz entrance channel has very low s torage
capac i ty for littor a l dr ift. Littoral drift that bypasses the
head of the west jetty presentl y forms a tip shoal in the
navigation channel. The storage capacity could be enlarged by
widening the channel. Removal of the west jetty seaward el the
ang le point and extending the je t ty  seaward would be very
expensive and was not considered because the same efft-i .’ts could
be obtained by just adding structures.

F . b2 Several entrance configurations that would Improve the
harbor  from both maintenance and navigational viewpoints were
considered. Figure F16 shows a modification of the entrance
tha t would c rea t e  a storage area and provide room for the tip
shoal to form outside the project channel. This unusual conf igura—
tion Is a modified arrowhead breakwater system . The proposed
new east  j et t y  would reduce channel shoaling by the mecha n i sm
of reversals in l i ttoral dr i f t  and onshore transport. The
arrow head configuration a lso provides secondary benef i t s  of
wave attenuation in the harbor. Table P.18 g Ives the cost
estimate of the proposed jetties. Littoral drift would have to
he bypassed or removed by maintenance dredging. Several of the
ma intenance or bypassing systems mentioned in Alternativ es I
through 10 could he used effectively to maintain he channel.
The storage capacity of the protected area would he increased
as muc h as f ive times over the existing capacity ,  t hereby
increasing the length of t ime It takes for the channel to
shoal. The most c o s t — e f f e c t i v e  system would he annua l dredging
by a large hydraulic dredge; however , the cost es t imate  Is
based on imp lementing a phased dredging program which wou ld
have higher reliability and certainty. The greater st o rage
capacity would allow the dredge to mobilize later in the ~‘ear
and demobilize earlier , thereby reducing the time required for
the dredge to be on the site. The added wave protec t ion would
allow the dredge to operate a greater percentage of the year.
These factors would improve navigation and would reduce annual
dredging costs.

E.63 Alternative 15 — Weir Jetty or Croin — Con t inuo us B~passIn~~.
A weir jetty is a semi—permeable jetty which traps sed iment In
a sheltered area and maintains the up d r i f t beach profile. Weir

P.67

___________________ — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -



.5 5-— ~~~~~~~~~~~~~

— —~~ ~~ - — - — — — — -_, 

~~-&~~~~I? - _ L.’i \ (I)

- 5 ’~~
_
~ 

— — — — —7 — —
, P 

•

~~~
_ 

.- -

I— I
I
, 

L

- 
w 

w 

L

~~~ 

I I:
I
I

:
~~- : . ..L ~~~~~~~~s - I ~

—

P.68

~~~~~~~~~~ -~~~~~~



~~~~U IIUPUUUIU5~~W~~ 
.---‘—-.-—~~- ~~~~~~~~~~~~~ - ‘~ ‘ ~~~~~~~~~~~~~~~~~ -~‘-‘~~~~~~~ ~~~~~~~~~~~~~~~~~~ r~~-~,- .~ ~~~~~~~~~~~~~~~~~~

TABLE E18

COST ESTIMATE — Alternative #14

Modify Both Jetties

February 1978 Costs

Item Quantity Unit Unit Price Cost Estimate

FIRST COST

West Jetty
Extension
(See Table 17) $ 3,388,000

Seal Exist.
West Jetty $ 170,000

New East Jetty

AlO Stone 8,500 Ton 28 $ 238 ,000

B3 Stone 20,200 Ton 26 $ 525,000

Core Stone 20,700 Ton 24 $ 497,000

Bedding Layer 4,500 Ton 25 $ 112,000

Grout 1,800 C? 96 $ 173,000

Subtotal $ 5,103,000

Contingencies
(15%) $ 765 ,000

Aids to Navi-
gation $ 35,000

Engineering &
Design (10%) $ 587,000

Supervision &
Admin. (7%) $ 411,000

TOTAL FIRST COST $ 6,901,000
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TABLE E18 (Continued)

Item Quantity Unit Unit Price Cost Estimate

ANNUAL COST

Mobilization
(Jan—Apr 15) 1 LS $ 150,000

Layup 1 Month 65,000 $ 65,000

Dredging 275 ,000 C? 1.50 $ 412 ,000

Interest (6—5/8 %) $ 457 ,800

Amortization
(50 yrs.) $ 19,000

TOTAL ANNUAL COST $ 1,103,000
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letties constructed at Masonboro , Ponce de Leon, and East Pass
Inlets have not been totall y effective. Experiences are limited
and concepts are being further developed , but consideration is
given here to weir—jetty and weir—groin systems.

E.64 One possible method of constructing a weir jetty is to
expand the harbor boundaries as shown in figure E17. An offshore
breakwater connected to the west jetty would be required to
t rap sand and to provide protection for a floating plant. A
l ow— sill or weir section wIth a crown elevation along the
des ired updr i f t  beach prof ile , would permit wave action to fill
the trap area without eroding the updrift beach. A floating
p lant would he mobilized to perform maintenance and bypass
dredging . Table E19 Is a cos t est ima te based on pumping 300,000
cubic yards per year.

F . 65 This system Is rated low in reliability because it Is
not proven and low in certainty because the system is primarily
effective only in bypassing littoral drift from the west beach
to the east beach. It does not prevent shoaling of the channel
by transpor t—reversals and onshore—transport mechanisms . Advan-
tages of this system would be that the dredge would have a
protected area in which to work and that it could also be used
for maiptepance dredging. A smaller dredge would bypass sand
more cont inuously than other systems , inducing a lesser impact
on downdrtft beaches. The sand—trap basin could also be used
ir’ summer as an anchorage for transient boats.

E.66 The weir jetty concep t is not well suited to this site;
however , by creating a trap with a weir groin instead of a weir
j etty, Costs can be lowered . Figure P.18 shows a plan view of
suc h a system . The weir groin constructed on the updr if t beach
would maintain the desired beach profile while an eductor
system could continuo~is1y bypass sand that enters the trap .
Permanent eductors would be positioned in excavations into the
hardpan to form the primary sand trap. A portable eductor
could be used to remove material from other areas surrounding
the t rap and from the channel as required . A cost estimate is
given in table E20.

E.67 The concep t is rated low in both reliability and certainty
because fixed eductors have not proved successful and because
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* TABLE P.19

COST ESTIMATE - Alternative #lSa

Weir Jetty

February 1978 Costs

Item Quantity Unit Unit Price Cost Estimate

FIRST COST

Protective Jet ty

Dolos 1,450 FA 830 $ 1 ,204,000

AlO Stone 25,200 Ton 28 $ 706,000

B3 Stone 35,200 Ton 26 $ 915 ,000

Core Stone 29,500 Ton 24 $ 708.000

Bedding Layer
(5.6 Ton/LF x
700 LF) 1,920 Ton 25 $ 98~O0O

Subtotal $ 3,631,000

Weir Section

Concrete Sheet
Pile (Buy &
Place) 900 LF 1,000 $ 900,000

Sand Trap—
Dredging 150,000 CY 1.50 $ 225 ,000

Contingencies
(15%) $ 713 ,000

Aids to Navi-
gation $ 35,000

Engineering &
Design (10%) $ 547 ,000

Supervision &
Admin. (7%) $ 383 ,000

1. TOTAL FIRST COST $ t- ,434,000
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TARLF F19 (Continu ed)

— Item Quantity Unit Unit Price Cost Est imate

ANNUAL COST

Mobilization 1 LS $ 150,000

Dredging 300,000 C? 1.50 $ 450,000

Interest (6—5/8 2) $ 426 ,000

Amortization
(SO yrs.) $ 18,000

TOTAL ANNUAL COST $1,044 ,000

p.74
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TABLE P.20

COST ESTIMATE — Alternative #lSb

Weir Groin

February 1978 Costs

Item Quantity Unit Unit Price Cost Estimate

FIRST COST

Weir Groin
Sheet Piling 

2Buy 16,500 ~tx 38 lbs/ft 627 ,000 lbs. 0.40 $ 251,000

Place 600 LF 50 $ 30,000

Concrete Cap 355 C? 250 $ 89 ,000
Buy & Place

Contingency
(15%) $ 56 ,000

Engineering &
Design (10%) $ 37,000

SupervIsion &
AdinIn . (77) $ 26 ,000

Subtotal $ 489 ,000

Sediment Trap

Craters (Hard—
pan) 4x3000 C? 12,000 C? 5 $ 60 ,000

Dredging of Trap 83,000 C? 1.20 $ 100,000

Contingency
(15%) $ 24 ,000

Subtotal $ 184,000
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TAP.I.E F’.~O (Cen t i nu ed)

Item Quantity Unit Unit Price Cost Estimate

Bypassing System—
Eductor (4)

Pumphouse (See
Table 10) $ 132 ,000

Water Intake
Line $ 66 ,000

Pumping Equip.
& Jet Pumps $ 195 ,000

Connect Power $ 45 ,000

Discharge Line
(See Table 10) $ 177,000

Injection &
Return Lines 3,200 LF 50 $ 160,000

Risers 4 EA 4,000 $ 16,000

Trenching &
Connections $ 100,000

Contingency
(25%) $ 223,000

Engineering &
Design (10%) $ 89 ,000

Supervision &
Admin. (7Z) $ 62 ,000

Subtotal $1,262,000

TOTAL FIRST COST $1,938,000
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TABLE 1-’.~l

COST ESTIMATE - Alternative #16

Enhance Ebb Currents

February 1978 Costs

Item Quantity Unit Unit Price Cost Estimate

PUMPS : (100 cfs) 30 CFS 1o ,oo~ $ 3 ,000,000

Contingencies
(15%) $ 450,000

Subtotal $ 3,450,000

Engineering &
Design (10%) $ 345 ,000

Supervision &
Admin . (7%) $ 242 ,000

TOTAL FIRST COST $ 4 ,037,000

Interest (6—5/8%) $ 268,000

Amortization
(10 yrs.) $ 297 ,000

TOTAL ANNUAL COST $ 565,000

DIESEL ENCINES: $ 7,364,000

Contingencies (15%) $ 1,104 ,000

Subtotal $ 8,468 ,000

Engineering &
Design (10%) $ 847,000

Supervision &
Admin . (7%) $ 593,000

TOTAL FIRST COST $ 9,908,000

Interest (6—5/8%) $ 656,000

Msortizatlon
(30 y ra.) $ 

- - 
112 ,000

TOTAL A NNUAL COST $ 768,000
E80
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TABLE E21 (Continued)

Item Quantity Unit Unit Price Cost Estimate

FIRST COST

Pumps $ 4,037,000

Diesels $ 9,908,000

Intake Structure $ 6,318,000

TOTAL FIRST COST $20,263,000
5

ANNUAL COST

Pumps $ 565,000

Diesels $ 768 ,000

Intake $ 444 ,000

Fuel $ 1,520,000

TOTAL ANNUAL COST $ 3,297 ,000

I
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sand . These low velocities may not be adequate to maintain the
channel to project dimensions even with the stirring action of
waves . Generally, channel velocities between 2 and 3 feet per
second are required to scour sand in steady flow. The concept
could be used to reduce infilling during storms, but even an
order—of—magnitude less pumping and equipment would not be
economically feasible because a dredge would still be required
to clear the channel to project dimensions. Therefore, the
reliability of the system is rated medium, the certainty is
rated high because material would be removed from the channel
independently of how it shoaled.
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SUMMARY

E.71 Ceneral. S i x t e e n  a l te rnat ive  solutions for mit igat ing
the shoal tug of Santa Cruz harbor have been described and
ev8iU~1tC(I - ‘rzthlt ’ 1:22 presents a sunussary of the cos ts , of I c c—
t Ivoness , ret tab iii ties , certainty, and impacts of each alt t’rts:t—
t Lye. FIgtsrs’ E19 provides a method of determining cost t’ffeotltt’ —
ness by p lotting annual cost versus risk Risk was defined as
the inverse 01’ the overall evaluation of r e l i a b i l i ty and
certainty.

E.72 Review by Comm i ttee on Tidal Hydraulics. The shoaliug
processes and the alternative solution—studies were presented
to the Comnsittee on Tidal Hydraulics at Vicksburg , Mississi pp i ,
for discussion and evaluation. The committee evaluations were
based on technical feasibili ty without consideration of cost.
Tabl e E23 summarizes the results of those evaluations. Alterna-
t ive 2 , implemen ta t ion of the phased dred ging pr ogram and
Alternative 11, construction of a long offshore breakwater w i t h
harbor maintenance by a large floating plant , were most techi’ i ica l lv
feasible.

-4
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P1710 HYDRAULIC 3Y5TEM-ZOUCTOR 300 4370,000 377~000 I//i LOW LOW

C
5

M~~~~~LE HYDRAULIC 5YSTEM -MDUC TSR 3-00 I,I07.000 .350,000 II MEDIUM MEDIUM

a

PIlED HyDRAULIC SYSTEM — ZIPPER 3-00 1.517, 000 442,000 /2 LOW LOW —

IAN LQ.ERNZO RIVER .~~DISWENT TRAP 400 27C 000 ff ~. 000 6 LOW LOW A IDS fLOOD CONTROL PROJECT. lId
ENHANCE S fISH RUINS-

S7RCiCTQ~~A L

~~ P3,~~~ E l~~~A~~WA7tR-ANNLUL DREDG1NO 300 Lf~5I/,00O 4506,000 /2 1//GM N/5H PERIODIC 3ATL/447C)N I’ STAR VA 77ON CI
OP DOW//DRIFT SEAC#IES DUE TO 8i
PERIODIC 5yPASD,NG.

Q) ~~P~~hOQe ~~ R4RiM4 7IR- C0i/T#4~~Ji DYPASSNI6 ~00 S IRIXO 661,000 12 NIGH NIGH CQ’ITINUOUI 3 STPASS’/IG WILL C
CAUSE LEAST ADVERSE EffECTS 71
ON OOWNDQ,f I

RA’Y,ENO v.~~3’7 JR ?Ty 900 54740e0 5I~, 000 Ii N/GM MEDIUM M’/IlIMAL P1

A~~0lPy SO7W .~~ TT,t3- Niw ENYR.4fr.Cf 275 4~7 01,000 1,103,000 /2 NIGH #1/6k MINIMA L

W~~IR GRDIN - CONTINUOUS SYPA$7Ifr16 800 4?39,00 468,000 11* LOW LOW CONTINUOUS 3YPASSING WILL El
CAUSE LEAST ADVERSE EFFECTS 01
~~i OOWAIORIFT 6EACHES.

EMI,.AAICP 181 CU*REN7S — zO,253,00 3a~Z 000 /2 MEDIUM NIGH HIGH ENERGY CONSLMVP’TIOlJ OA
*10/S Y OPERA I/ON ARC
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TABLE E22
EVALUATION OF ALTERNATIV ES

LNV/ R(I’,IW(AITAL ‘MPACTS SOCIAL IMPA C 75 NAVIGA7IO/ ,1 I Q ~~~ M E ‘1 7’ S
IA R OO~ PROTECT/ ON

W 7y

H-NOR IMPACT ON 3-IOTA, FERICIOC SOC/Ac DISSATI$PACTIOW Ait TO /,IAVIGATI01l MAY BE RESTRICTED MOST E~.PERIENCE
34 ji .: O*- I STARVATION Of Xu~~ JFT PA5T IMPL5ME#J TA 1/0*1 OF DURING HP TEE HO/Ir is BY THE
BEACHES A/f ID PRRIOA’C DEIXING TN/S A - TER*/A ‘T/Vf PORMA TIC?,’ Of A TIP 311041.

GREATE R POTE/ITUI. TO PROVIDE NAVIGATION IS RE5TR,c760 DUdE ID 1*1171* 7W PROCED JR.f IN 1377-  97R SE A SON
YEAR 101/ND HARBOR 0/RING 1144 TIP SHOAL PRESENCE Of 00E06E
WRITERS T’IAN ‘5114/AL 01(06/116 DDES HOT WORSEN SITUATION.

NO EA5EMEN 7 DR PIPELINE MINOR HINU7ER4NCE TO REQUIRES COAISTR(.ICTION OF 1/EN HOPPER 062061
t4Et~UIREO NAVIGATION.

VI TRUCK, HAUl, ON BEACH -.~vL’fg5 AIA V GAll ON EQUIPMENT ~O OPER A TE ON 4 RENTAL DAB/S

COA-ITI/IUOCJS SYPASSI’IG WILL 
DANGEROUS I UNSIGHTLY

CAUSE LEAST ADVERSE
E~ -flEC7S 0N DOWNDEIPT MINIMA L *10 1/INDERANCE ‘70 SYSTEM PRESENTLY UNOERGO,N6 FIELD EVA JA TION,

l,IAVIG,47,OI,.I EDUCTORS ARE SUBCEPTIBLE TO ~1.O64lAAR.

4 MINIMAL 11/0 NINDERAAICE TO DYPASSI#,t6 SYSTEM HAS /0 YEARS OPERATING EKPER,E#SCE AT
NAVIGATION ROS A Rile 3-EACH , MEXICO

MN A 1/ *IOGRA*l C TO PRESENCE OF DEBRIS ON UPDRIFT W IL1. INCREASE POSSIBILITY 
-

I AM U. I OF SHUT DOWN Of BYPASS/NO PLANT DuE TO EDUC TOES CL064INO.
CRA TERS ON BEACH 4~~~ 

NAVIGAT ION .

SA F ETY  HAZARD.
coAl ‘TINUIOUJS ~TpA S2 #1.16 

MINIMAL HIP’JQERANCE FLEXIBLE COMPONENT SYSTEM WITH REL..1UG&y

3-EACH WIDTH DURING MAIAITENA NCL HIGH SALVAGE VA I.L/E
- PROCEDURE.

— _._ J...~. /10 NINOERA/,,C5 TO ADDITION OF 2 MAINT EN *NcC P’Pf3 WOucD 400
NAVIGATION. 41.1 ADDITIONA L 8 344,000 TO FiRST COST

AIDS FLOOD CONTROL PROJECT. IMPROVE APPEARANCE NO HINDERANCE TO A 200 ’ EKTEN5’ON OF AIA TU/RA L GROIN WOILO ADO A-N
ENHANCES FISH RUNS OF CNAAINEL NAV,GA7IOP.l A P)OITIOAIAL S ~~C4OLUO ~~/ R 57 CO.S7 V WOULD INCREA SE

EFFICIENCY OP 7RAP 70 A SMA LL DEGREE

PERIODIC 3471/RAT/ON f STAR VA’TIC.V CREATES A SHEL TER PCI PROTECTS ARBOR PROW LARSE PROVEN EPFECT~VE AT duAl/NIL ISLAND HARBOR

OP DOW//DRIFT BEACHES DUE TO BATHERS NW SWELL , Au OPP&R.S 1.10
PERIODIC BYPASSING. PROTECTION PROM ww s e

SBAS.DOES NOT k/HOER NAy/OAT/S
CC?17.*uuOCiS IYPA5SING WILL CRATERS DANGEROU S MINOR HINOEQANCE TO NAV GAT OAI ALTERNAT IVE AL LOWS A MORE PERMANENT ByPASSING
CAUSE LEAS T ADVERSE EFFECTS TO BATHERS ‘ SYSTEM TO Ol INCLUDED /11 Ti-If FL/YULE
ON OOWNDR,PT

MINIMAL PRESERVES (IPORIFT PROTECTS #AED0R PRO/H LARYJE NW 1k/AVE PROTECTION COULD BE IMPROVE WITH A DIFFERENT
BEA CHES. SWELL. SHOAL STARTS TD PORM GJT. ALIONMENT OF THE JETTY EXTENSION.

SIDE Of P10./ICY CHANNEL

MINIMA L PRESERVE S UPORIP 7’ BEACHES MINOR OOTURBA/-C( 10 .~~W6A 7/ON INCREASED SAND STORAGE A T El/T EA l/ C E MAY ALLOW
PRov,Ce5 5HE4, TE R FOR OARING DZEXrnO. PROTECTS M~RXE ANNUAL DREDGING TD REPLACE PHASED DREDGING
BA TImERS. FROM LARGE NW SWELL. S0511 5TH 75 R!DUCIM 5 COST.

ID FORM 0(175/OR Of PROJECT CHANNEL

CONTINUOUS BYPASSING WIL l. ESPWOP%1M715 fUdPLIC. NO HINOERAP,,Cf TO THE SAME RESULTS C4111 BE OBTAINED W/ ~~”
CAUSE LEAST ADVERSE EFFECTS ODACHEB. NAVIGATION FIXED BYPASSING A T  LESS COST
ON ~~~WVO9.IPT BEACHES.

H/GIl ENERGY CQVSU.VHPTIOAJ DANGEROUS AREA NEAR INTAFUE MINIMAL. EFFECTS NOT PROVEN- MAY U1#IOEREST ,h A A 7E  CAPAB L ‘TV TO
NOIS Y OPERATION AND DISCHA RGE STRUCTURES. SCOu R CHANNEL 0’. FACTOR OP .5
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TABLE F23

ASSESSMENT OF ALTERNATIVES

BY COMMITTEE ON TIDAL HYDR AULICS

CATEGORY A: (PROVEN TECHNOLOGY, ADEOUATE S Y S T F2 I )

Alternative 2: Phased dredging , floating plant.

Alternative 11 : Long offshore breakwater with a large floating plant .

CATEGORY B: (FEASIBLE CONCEP T BUT TECHNOLOGY NOT PROVEN)

Alternative 7: Fixed bypassing hydraulic system — eductor.

Alternative 8: Mobile bypassing hydraulic system — eductor.

Alternative 9: Fixed bypassing hydraulic system — zipper.

Alternative 12: Short offshore breakwater with continuous bypassing .

Alternative 15: Weir ettv or groin

CATEGORY C: (TECHNICAL FEASIBILITY IN DOUBT)

Al te rnative 3: Hopper dredge — Cr
~~rritucku .

Alternative 5: Fixed maintenance hydraulic system — eductor.

Alternative 6: Fixed maintenance hydraulic system — zipper.

CATEGORY D: (NOT SUITABLE ON BASIS OF CRITERIA FURNISHED COMMITTEE) —

Al ternative 1: Annual dredging—floating plant.

-~ - Alternative 4: Shore—based dragline.

A l t e rna tI ve 10: Sand trap at San Lorenzo River.

Alternative 13: Extend West Jetty.

Alternat ive  14: Modif y both je t t ies  or construct new entrance.

Alternative 16: Enhance ebb currents.
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SECTION F

cONCLUSIONS AND RECOMMENDATIONS

CONCLU S IONS

F. 1 The net l i t t o r a l  transport rate at Santa Cruz Harbor is
300 ,000 to 500 ,000 cubic ya rds per year from west to east.  The
primary shoaling mechanism is the transport of sand around the
head of the west jetty forming a tip shoal in the entrance
channel. After the tip shoal forms, considerable quantities of
littoral drift may bypass the harbor by natural processes.
Dredging the bar that forms across the harbor entrance decreases
natu ral bypassing and increases shoaling rates.

F. 2 The f i r s t  year of the two—year , mul t i—year  interim dredg ing
program succeeded in keep ing the harbor open through most of
the winte r; however, the program can be improved to increase
its  effect iveness  at less cost to the government and at less
risk to the contractor. The trap capacity of the harbor entrance
is too sm a l l ;  and , considering present l imitations of dredging —
technology, only a major modification of the configuration of
the harbor structures would prevent closure of the harbor
du ring a severe storm or series of storms . More pay yardage
was dredged f rom the harbor entrance during the first year of
the interim two—year dredging program than in previous years.
This can be attributed to several causes including a severe
winter , severance of the bar that conveys natural bypassing ,
and diversion of more littoral drift into the entrance as a
result  of bar—severance. Also , the use of more appropriate
methods of estimating pay quantities may have resulted in
accounting fo r some yardage that  would not have been reported
under pas t practices .

RECOMMENDA TIONS

F.3 Several monitoring programs are in effect either in the
Santa Cruz area or throughout Monterey 3ay. They include beach
surveys, condition surveys, hydrographic surveys, aerial photog— —
raphy , and wave—gaging . These programs have several purposes,
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i n c l u d i n g  the  monitoring l.f beach erosion , dred ging effects
and , in the past , the WES operation. In view of their multi-
purpose nature , it is recommended tha t these programs he reviewed
to determine whether any of them can be combined to save costs
or can be conducted on a more routine basis to give more useful
results. The dredging operation should be monitored and kept
under constant scrutiny to develop procedures and controls that
would make the system more effective.

F.4 Two methods of maintaining the harbor channel are recoin—
mended for further consideration. The first and most feasible
at the present t ime is through continuation of the phased—
dred ging plan. Each contract should be limited to two to three
y e ar s  until mor..- experience is gained to ensure that the program
can work and that fair and reasonable contracts are consumated .
The second method is construction of a long offshore breakwater
and periodic dredging of the protected sand trap which It will
c r . .’~ttc. More detailed studies of these solutions should be
underaken. It is further recommended that model studies of all
structura l solutions deemed feasible in this report be conducted
using a setni—inoveable—bed model in order to op timize configura—
t ions and to evaluate their ef f e c t i v en e s s .
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APPENDIX 2

ENERGY FLUX CALCULATIONS

The longshore energy f lux , Pt5 , was calculated using methods
described in Shore Protection Manual (1973) for each wave con-
dit ion given in the wav e climate , by use of the fo rmula :

____ nC cos ab ) ~~~ (1)

A Where 
~b 

= angle of wave crest relative to
bottom contours at breaking;

H,1, = breaker height;

p = density of water;

g = acceleration due to grav ity ;

nC = group wave velocity.

The breaker height and angle of approach at breaking were deter-
mined by simultaneous solution of the following five equations
which describe wave transformations. The breaker height is
given by an empirical equation developed by Le M~hau t~ and Koh
(1966):

.76S1’ &’r”) 
—1/4 (2)

Where S = the bottom slope ;

H = the deep—water wave height ; and

L the deep—water wave length.
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This relation der ived  f rom empi r i ca l  da t a  given in Shore Protec-
tion Manual is valid in the r egions whe r e:

1/5 ~ S ~ 1/50

and

.09 ~ ~o -‘ .002
L

0

I n  the data set describing the wave ci Imate most of the  wave
s tt ’epn&’sses , II /L  , a iid beach s1 °N’~ are vi thin these I imt s
The oxcept1ons°we~e for some of the  Southern Hemisphere swell ,
which had steepnesses below the v a l i d i t y  l i m i t .  In t h i s  case ,
the  r e f r a c t e d  and shoaled h e i g h t  f o r  d 18’ was doubled and
used as The e q u i v ale n t  deep— water  wave height , hi ’ , was
taken into consideration 1w app lIcation of the refrac’tion
coefficient which assumed straig ht and parallel bottom contours .
h ence:

I I ’  Ices
( 1 ’)hI u cos a

0 V

The angle of the breaking—wave crest relative to the shore l ine ,
is determined by:

sin 
~
‘t
b = t anh k

b
d
h 

sin ~ (4’)

2ii dWhere k = b
b -i -

L
b 

= wave length at breaking ; and

dh — breaker depth.

The wave le ngth  at  b re ak ing  Is:

= L tanh (k hd h
) .  (5 ’)
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The breaker depth was assumed proportional to the depth of water ,

or:

d
c (6)

H
b

The value of c ranges from about 1.3 to .7, depending on bottom
slope and wave steepness. A value of unity was used in the
calculations as being representative of the range of predominant
wave conditions expected at the project site. Equations (2)
through (6) were solved simultaneously for ab, H,1,, and Lb. 

The
method described incorporates the effect of refraction from
deep water to the breaker point and solves for H

b
/H
~ 

as a
function of H’ at the breaker point. A computer program was
constructed to determine the breaking—wave—energy flux f-~r each
wave condition given in the wave climate.

The preceding procedure calculated the height and angle of ap—
proach at breaking from empirical relationships. The shoaling
coefficient , K , was not used to determine H since it underpre—
d i c t a  wave sho~ling by as much as a factor of 2 near the breaker
point for longer period waves. The method requires use of a
slope, S; constant , c, relating breaker height to depth ; and
determination of L~. Small variations of slope, S, have minor
influences on breat~er height. Because of composite slopes
found in natural beaches, the bottom slope generally steepens
for smaller waves. An average slope of 1 on 30 was used in the
calculations. The value of c depends on the incident wave
conditions; however, a value of unity appears to fit the data
set and beach slope. The wave length at breaking can be 25
percent longer than given by equation (5), which is based on
small amplitude theory. The effect of variation in the above
variables can lead to differences of approximately ‘25 percent
in results of the energy—flux calculations. More accurate
expressions could be employed. The slope could be given as S =
f ( H

b
), c f(S,H/L ), and Lb = f ( k d,H ); however , the wave

data  a re not accura~ e enoug h and the sI~ore1ine conf igu ra t ion  is
too variable to lustify such detailed calculations.
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The data base used in the energy—flux calculations was given in
terms of deep—water wave s t a t i s t i c s  in the form of a three—
dimensional ma t r ix  of direction , height , and pe riod . Wave
t ransformat ions  were performed to obtain wave statistics at the —

brea ker l ine so that  the energy f l ux at the breaker line could
he computed . Transformations were made primarily through
consideration of refraction and shoaling. The effect of bottom
f r i c t i o n and percolat ion on the reduction of wave heights was
assumed to be of secondary importance.

Refraction diagrams were drawn using the graphical procedures
described in the Shore Protection Manual. Periods ranging from
5 to 21 seconds were considered along with waves approaching
f rom the southeast clockwise through northwest. The wave rays
were brought into the 18—foot contour, where the wave angle and
refraction coefficient were measured . The equivalent deep—
wate r wave height , H ’ , at the 18—foot depth was used as deep—
wate r input to the program. Therefore , the ef f ec t s  of irregular
ba th ymet ry f rom deep water to the 18—foot depth were accounted
for in this analysis.

The wave c lim a te  data  are grouped by increments of deep—water
H , T , and a for  each month of the year. The calculation of
energy f lux  was done by choosing representative parameters.
The given data were transformed into representative heights ,
H , pe r iods , Tr and directions. The representative value
s~ lected f or calculat ion is defined as those values of H, T,
and a that  yield the same energy f lux as that calculated for an
even distribution of parameter values over each increment. The
wave period increment is two seconds, and the average period of
each increment was selected as representative , but determinations
of H and a was more comp lex .r r

Equat ion 4—36 of SPM gives the following formula for calculating
the longshore energy flux where offshore contours are straight
and parallel:
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1’ = 18 .3 H 5/2 (cos ) l/4 sin 2a18 0 0 0

This  may be wr i t t en :

— c F ( H)  F( cz )

Where c = 18.3;

F ( H )  = H 5’2; and

1/4F( ct ) — cos a sin 2a ; or
0 0 0

5/4F(cz ) = 2 cos a sin ct
0 0 0

Given a range of H and a , representative values H and ao o or or
must be selected . These values are chosen assuming H and a

0 0
are evenly distributed over their incremental ranges and are
bounded by upper and lower bounds denoted by subscr ipts “u ” and
“ I ” , respectively.  F(H or ) is th en determined by the fo l lowing
integral :

H
F( H )

i
f

OU
H

5/2 dHor ~H o 0.o H ot

The so lution is:

F(H ) = (H 7/2 - H 7/2
or 7tuH ou ot

0

The representative H is then:or

— H — ri.... ~~ 
7/2 H 

7/2 )12 /5
or L7

~
11O ou ot J
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Table 1 lists the representative wave heights for given incremental
ranges:

Table 1. REPRES ENTATIVE WAVE HEI GHT

Southern Hemisphere Swell

Ht. Ran~~ Representative Ht.
— (ft) (ft)

. i — .9 .57
1—1.9 1.48
2—2.9 2.47
3—3.9 3.46

No rthern Hemisphere Swell & Seas

Ht. Range Representative Mt.
( f t )  ( f t)
1—2.9 2.06
3— 4.9 4.01
5—6.9  5.99
7—8.9 7.98

9—10.9 9.97
11—12.9 11.97
13—14.9 13.97
15—16 .9 15.96
17— 18.9 17.96
19—20.9 19.96
21—22.9  21.96
23—24 .9 23.96
25—26.9 25.96
27+ 27 .96

Because of the irregular bathymetry of f  the Santa Cruz coast ,
could not he used di rect ly  in the deep—water energy—flux

formula. Instead the refracted direction at the 18—foot contour
was se lected as the representat ive wave direction .
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