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PREFACE

The study reported herein was authorized by Intra-Army Order Number

*. CIV-81-13 for Reimbursable Services dated 29 October 1980, from the US Army

"- Engineer District, Los Angeles (SPL).%. ~... *1 Jp

This investigation was conducted during the period I December 1980

through 30 September 1981 by personnel of the Hydraulics Laboratory of the ,jJ

US Army Engineer Waterways Experiment Station (WES) under the general

supervision of Hr. H. B. Simmons, Chief of the Hydraulics Laboratory;

Hr. F. A. Herrmann, Jr., Assistant Chief of the Hydraulics Laboratory;

Dr. R. W. Whalin and Hr. C. E. Chatham, former and Acting Chiefs of the Wave

Dynamics Division, respectively; and Mr. D. D. Davidson, Chief of the Wave

Research Branch. The Wave Dynamics Division was transferred to the Coastal -'

Engineering Research Center (CERC) of WES on 1 July 1983 under the direction

*, of Dr. R. W. Whalin, Chief.

Mr. Claude Wong and Ms. Jane Fulton were the SPL Technical Monitors

during the preparation and publication of this report. Coordination of this

effort with other SPL investigations was maintained through discussions with

Mr. Robert Nathan, Moffatt and Nichol, Consulting Engineers, Long Beach,

California. Dr. L. Z. Hales, Research Hydraulic Engineer, performed the L-

investigations described herein and prepared this report.

Commanders and Directors of WES during the conduct of the investigation

and the preparation and publication of this report were COL Nelson P. Conover,

CE, and COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASURE4ENT

U. S. customary units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply BY To Obtain

acre-feet 1233.482 cubic metres

acres 4046.856 square metres

cubic yards 0.7645549 cubic metres

feet 0.3048 metres

feet per second 0.3048 metres per second

feet per second per 0.3048 metres per second -

second per second

foot-pounds per foot 45.35924 kilogram-centimetres

per second per metre per second

miles (U. S. statute) 1.609344 kilometres

pounds-second-second 52.5540137 kilograms-second-second

per foot per foot per metre per metre

per foot per foot per metre per metre
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POTENTIAL EFFECTS OF NEW ENTRANCE CHANNEL TO BOLSA CHICA BAY,

CALIFORNIA, ON UNSTABILIZED ADJACENT SHORELINES

,0

PART I: INTRODUCTION

Project Location

1. Bolsa Chica Bay, California, is located south of the Los Angeles-

Long Beach Harbor complex and north of Newport Beach (Figure 1). The specific

portion of California coastline encompassed by this study begins at approxi-

mately the eastern jetty of Anaheim Bay and extends east and southeasterly for

a distance of approximately 6 miles* to the city of Huntington Beach (Fig-

ure 2). Bolsa Chica Bay is connected to the Pacific Ocean through Anaheim

Bay. Tidal flows have access to Bolsa Chica Bay from Anaheim Bay through

Huntington Harbor at the Warner Avenue Bridge. Currently, tidal flow is con-

trolled by three tide gates at the entrance to Bolsa Chica Bay. General con-

cepts for increased marsh area subject to tidal action have been developed by

the U. S. Army Engineer District, Los Angeles (SPL), in coordination with

other Federal, State, and local agencies. These general concepts include

plans that maintain tidal access through the existing channel, through a new

ocean entrance, or by a combination of a new entrance channel and the existing

channel. Proposed marina developments are included in plans with a new

navigable entrance channel, and proposed saltwater marsh restoration only is

included in plans with a new nonnavigable channel.

2. This study region consists of a portion of the San Pedro littoral

cell as defined by Inman (1976) (Figure 3), which extends from Point Fermin

on the northwest to the Newport Submarine Canyon on the southeast. The di-

rection of net longshore transport of material in this vicinity is con-

sidered to be southerly by most researchers, for example, Emery (1960),

Shepard and Wanless (1971), and Inman (1976). Any material that may be

drifting southerly pass Point Fermin will be deposited in the deep water of

San Pedro Bay outside the Los Angeles-Long Beach Harbor breakwaters.

• A table of factors for converting U. S. customary units of measurement to

metric (SI) units is presented on page 4.

5
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Correspondingly, any littoral material drifting southerly pass Newport Beach

will be lost from the system, as it is either moved offshore into deep water

or trapped by the Newport Submarine Canyon.

3. A littoral cell is defined as a coastal segment that contains a con- ,O

plete sedimentation cycle including sources, transport paths, and sinks. The

San Pedro littoral cell satisfies these requirements; i.e., the source being

the feeder beach located immediately east of Anaheim Bay (Surfside-Sunset

Beach) and infrequent transport to the beach by flooding of the Santa Ana

River to the south of Huntington Beach, the transport path being the surf zone

energized by breaking waves, and the ultimate sink to the southeast being

either the Newport Submarine Canyon or the steeper nearshore bathymetry of the

Newport Beach region. No firm quantitative figures exist to define precisely 4 .

what happens to the sand, and this question contributed to the establishment

in 1978 of a 5-year monitoring program by SPL (U. S. Army Engineer District,

Los Angeles, 1978b). The monitoring program consisted of biological moni-

toring and physical monitoring (wave gage program, hydrographic surveys, and

sand sampling and analysis). The entire beach between Anaheim Bay and Newport

Bay Harbors (about 90,000 ft) had hydrographic and topographic surveys made

on a quarterly basis. Sinks also exist to the north in the form of Anaheim

Bay (for material potentially transported into the bay by tidal currents) and

the beaches sheltered by the Long Beach breakwater from wave energy which

could transport material back to the southeast. Sources of material for

transport to the northwest are the beaches along the entire cell and the in-

frequent transport to the beach by the Santa Ana River.

4. The Santa Ana River enters the Pacific Ocean at approximately the

midpoint of the San Pedro littoral cell and has historically contributed a

significant amount of sediment to the surf zone. An analysis of U. S.

Geological Survey sediment discharge data for the Santa Ana River for the --_

period 1941-1971 by Kroll (1975) indicated the mean annual volume of coarse-

sediment discharge to be 190,000 cu yd of material. Howver, in recent years,

periods of prolonged drought and the construction of floodwater retarding

structures on the river have drastically reduced the amount of river-

transported sediment to the ocean (Brownlie and Taylor 1981). Reduction in

the supply of sand to the beaches has resulted in severe erosion, beginning at

Surfside and propagating downcoast. This has necessitated extensive beach

nourishment and creation of a feeder beach in the Surfside-Sunset Beach area

9 *.-.-
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(U. S. Army Engineer District, Los Angeles, 1978a), with a renourishment in-

terval of approximately 5 years.

Statements of the Problems

5. The problems of this region are multifaceted and interrelated. J
Huntington Harbor, California, is an intenbeLy concentrated recreational boat-

ing complex. Access to the open ocean is obtained by passage through Anaheim 0.

Bay, which is heavily used by the U. S. Naval Weapons Station, Seal Beach,

California. Concern has existed for many years about the possibility of acci-

dental encounters between civilian and military craft in this area where am- -

munition off-loading and storage are routine practices. Local interests

have requested SPL to investigate the practicality of the construction of a

new entrance channel connecting Bolsa Chica Bay with the Pacific Ocean. Addi-

tionally, in August 1972, the State of California executed a land agreement

with Signal Property, Incorporated, regarding tidal lands in Bolsa Chica Bay.

Points of the agreement pertinent to this study were that: (a) the State re-

ceive fee title to a 327.5-acre area of the Bolsa Chica Bay along the Pacific

Coast Highway, (b) Signal Property, Incorporated, provided to the State the

right to use, starting in 1973 and for a period of 14 years, an additional

230-acre area of Bolsa Chica Bay adjacent to the 327.5-acre area, and (c) the

State will receive fee title to the 230-acre area provided a navigational

channel with a minimum width of 300 ft be constructed connecting the Pacific

Ocean to the Signal Property land during the 14-year period. In 1973, the

State of California developed a conceptual plan utilizing the 557.5-acre area

of the Bolsa Chica Bay for a public marina and saltwater marsh restoration.

Navigable entrances located at two possible sites along the Bolsa Chica Bay

shoreline (Figures 4 and 5), and a nonnavigable entrance for the purpose of

tidal exchange with a saltwater marsh, are considered in this study.

6. Functional requirements of such a proposed new entrance channel will

necessitate stabilization by the use of a parallel or arrowhead jetty system.

Otherwise, the large net downcoast drift of littoral material will rapidly

close the entrance channel and preclude navigation. At the same time, any

jetty system will interrupt the transport of littoral material in the surf

zone and deplete the downcoast (in terms of net transport) beaches of their

nourishment from upcoast sources. Consequently, a sand bypassing concept must

10
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be developed to operate in concert with a jetty system. The jetty system is

necessary for navigational channel stabilization and the sand bypassing system

can be designed to mitigate effects of the jetties on the recreational beaches

of Bolsa Chica Beach State Park.

Project Authorization

7. The Bolsa Chica Bay project was authorized by two congressional 9

resolutions. The first of these two resolutions was requested by Congress-

man Richard T. Hanna, adopted in 1964, and reads in part:

.... Resolved by the Committee on Public Works of the

House of Representatives, United States, that the Board

of Engineers for Rivers and Harbors is hereby requested
to review the reports on the coast of southern California,
with a view to determining the need for a harbor for
light-draft vessels in the Bolsa Chica-Sunset Bay area,
California....

The second resolution was requested by Congressman Mark W. Hannaford, adopted

in 1976, and reads in part:

...Resolved by the Committee on Public Works and Trans-
portation of the House of Representatives, United States,
that the Board of Engineers for Rivers and Harbors is
hereby requested to review the reports on the coast of
southern California for light-draft vessels with a view
to determining whether any modifications therein are war-
ranted in the Bolsa Chica-Sunset Bay area, California,
and to conduct a study to determine the feasibility and
desirability of creating a tidal marsh upon the state-
controlled lands in Bolsa Chica Bay for increasing its * . .
value for fish and wildlife. This study is to include .-:
evaluation and investigation of levees, jetties, break-
waters, and other works needed to provide and maintain ..
tidal waters within the proposed marsh....

Purposes of the Study

8. Wind-generated ocean waves produce the most critical forces to which P
coastal structures are subjected (except possibly for seismic sea waves), ac-

cording to the U. S. Army Coastal Engineering Research Center (CERC 1977).

The wave height that a structure should be designed to withstand depends in

part on whether the structure is subjected to nonbreaking, breaking, or broken

15 -.-.--
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waves. The type of wave action experienced by a structure may vary with posi-

tion along the structure and with water level and time at a given structure

section. Critical wave conditions that result in maximum forces on structures

such as jetties may be found at a location other than the seaward end of the

structure. Jetties constructed of rubble-mound stone are considered to be

flexible structures (CERC 1977), and their design wave height is usually the

significant wave height, H * at various locations along the structure
s

(various water depths in the absence of the structure, at the site where the 0

structure is intended to be constructed). The significant wave height (or

wave spectrum) at a site includes the effects of refraction and shoaling.

Statistical wave data are normally available only for deepwater hindcast sta-

tions, and refraction/shoaling analyses are necessary to determine wave .

characteristics at a nearshore site. The direction of approach, 6 , and wave

period, T of the highest significant wave height (or wave spectrum) defines

the direction of approach and period of the design wave (or spectrum).

9. When jetties are constructed across the littoral zone, where a sub- .

stantial portion of the total transport takes place, the downcoast beach will

experience erosion unless bypassing techniques are employed. At the same .-

time, sand will accumulate on the updrift side of the jetty, and the accumula-

tion may progress to such an extent that material passes around the seaward

end of the jetty and into the navigation (or nonnavigable) channel. The Bolsa

Chica Bay region appears to exist in such a littoral environment; hence it is --

imperative that portions of littoral drift which accumulate in the fillet and

on the adjacent shoreline on the updrift side of the jetty system be system-

atically and timely transported to the downdrift beach in order to prevent

detrimental accumulation on the updrift side and erosion downcoast. A tem-

poral fillet will also develop on the downcoast side of the jetty system, and

sand may occasionally have to be bypassed to the updrift side of the jetty

system during periods of prolonged upcoast transport. The resulting shoreline

configuration that develops will be in response to the blocking ability of the

jetty system and the effectiveness of the bypassing system.

10. The purposes of this study are to: (a) estimate the nearshore wave -

climate in the vicinity of potential new entrance channel construction for

* For convenience, symbols are listed and defined in the Notation

(Appendix E).

16



structure design wave determination, and (b) to adapt computer simulation

modeling of longshore transport of littoral material to estimate the resulting

shoreline evolution from jetty construction and material bypassing at Bolsa

Chica Beach State Park region, California.

.......................................



PART II: WAVE CLIMATE ESTIMATE FOR STRUCTURE

DESIGN WAVE DETERMINATION

General Considerations .

11. Incoming surface gravity waves not only directly affect the opera-

tion of marinas and harbors but also affect longshore transport of littoral

material in the surf zone and erosion of adjacent shorelines, and are poten- (

tially damaging to structural engineering works of improvement. Wave height,

period, direction of travel, frequency of occurrence, and energy of wave

groups are wave characteristics that affect the nearshore processes. In turn, -

the-e wave characteristics are directly influenced by such physical factors S

as wave exposure, island sheltering, refraction, and shoaling. All these

factors determine the height and angle of the incoming deepwater waves at the

specific nearshore site.

12. Damage to flexible rubble-mound structures is usually progressive,

and an extended period of destructive wave action is required before a struc-

ture ceases to provide protection. Waves higher than the significant wave

height, H , impinging on flexible structures seldom create serious damage for
s

short durations of extreme wave action. When an individual stone is displaced 0

by a larger wave, smaller waves of the train tend to move it to a more stable -

position on the slope. It is necessary in selecting a design wave to consider

both frequency of occurrence of damaging waves and economics of construction,

protection, and maintenance. On the Atlantic and Gulf coasts of the United

States, hurricanes may provide the design criteria. However, it may be un-

economical to build a structure that would withstand the hurricane conditions

without damage; hence H is a more reasonable design wave height (CERC 1977).
s

The Pacific coast of southern California is somewhat shielded by the offshore

Islands of San Nicholas, San Clemente, Santa Catalina, and Santa Barbara from

the extreme wave conditions generated on the open ocean. The resulting near-

shore wave climate for this region is strikingly similar to that of the Gulf

coast of the United States (CERC 1977) (Figure 6). Therefore H appears to
s

be a reasonable design wave height for the BoLsa Chica Bay region, and is

used as the design wave in this study.

18
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Wave Exposure

13. The degree to which a site is open to the directional spectrum of

wave energy from distant and local storms is called wave exposure. The amount

of wave exposure along the coastline of southern California from Anaheim Bay

.,. to Huntington Beach is dependent on the configuration of the mainland and on . -

the location of the offshore islands. Wave exposure from the northwest is

reduced by the shielding effect of the orientation of the coastline south of

Point Conception. The Los Coronados Islands off the coast of Mexico have a

minimal effect, and the Tanner Banks and Cortes Banks probably do not affect

the wave transmission to the coast of interest since they lie directly in

front of San Clemente and Santa Catalina Islands.

14. Different locations along the coastline are exposed to different

wave climates due to the fact that the physical orientation of the coastlines

and the islands permit wave exposure windows to vary as one proceeds southerly -s--'

from Point Fermin to Huntington Beach. In general, the study area is exposed

to open ocean swell from two different directions. Southern hemisphere swell

penetrates the Gulf of Santa Catalina through the southern window which ex-

tends from San Clemente Island to the mainland (Figure 7). Some swell gener-

ated in the northern hemisphere also propagates northward through this win-

dow, but the predominant wave energy that enters this window is southern swell

which produces a northward transport of littoral material in the region of in-

terest. The western exposure window between Santa Catalina Island and Point

Fermin allows a large amount of northern hemisphere swell to propagate di-

rectly down the San Pedro Channel and onto the shores of the study area. Ac-

cording to Emery (1960), the highest waves of the region ordinarily occur in

the area between Point Arguello and San Nicolas Island, and these waves are

commonly up to 2 m in height although larger waves up to 6 m high have

occurred with some regularity. The northern hemisphere swell propagating

through the western wave exposure window causes a significant amount of

* southern transport of littoral material along the coast of interest. Local

sea breezes also generate shorter period waves (up to 10 sec) from all direc-

tions that contribute to both a northward and southward transport of material.

Local seas are unaffected by the sheltering islands; however, the swell

arriving from beyond the islands must be analyzed in light of sheltering

effects.

20
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Island Sheltering Effects

15. If the southern California coastline from Anaheim Bay to Hunting-

ton Beach were not sheltered by the offshore islands, waves would arrive from

a wide range of directions, even if the direction of the wind in the gener-

ating area were relatively constant. According to Arthur (1951), variabil-

ity of wave direction makes a path of at least 45 deg on each side of the

wind. A directional beam pattern of wave intensity of the form (1 + cos 28) 0

has been used to approximate this spreading function. The result of shelter-

ing is to prevent certain parts of the wave rose from reaching the protected

area.

16. In investigating island sheltering, the first consideration is to

determine which directions of approach are open to waves of various periods

and which are blocked. This cannot be accomplished by simply inspecting the

sea level contours of the islands, for shoal water can act as a barrier just

as effectively as an island shore. The blocking action depends on both water

depth and wave period, with long-period waves requiring deeper water for pas-

sage than short-period waves. As a result, any given opening between two is-

lands will present a narrower portal to a long-period wave than it will to a

short-period one. With the aid of precise bottom-contour charts, all such

avenues of approach were determined for the coastline between Anaheim Bay and

Huntington Beach. The effect of sheltering on the wave climate was evaluated

at the midpoint of the section of coastline being considered in this study.

17. The island sheltering theory yields not only height-reduction

ratios but indicates modification in direction as well. Periods are assumed

to remain unchanged. The direction modifications are necessary because, in

some cases, sheltering will block out part or all of the central portion of

the direction sector of a train of approaching waves. When this happens,

the wave energy reaching the hindcast point will come from around the two ends

of the barrier. The resulting modified wave train will come from a direction

within the original sector but will be modified toward that end of the barrier

around which the larger part of its remaining wave energy came. The island
sheltering coefficients, or the percent remaining of the original deepwater

wave height, and the direction-of-approach alterations were applied to the

deepwater wave climate being used in this analysis. The resulting sheltered S
deepwater wave climate was then refracted shoreward to the study area. The

22
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sheltered deepwater depth in all cases was 600 ft, which was the depth where

the refraction analysis was initiated.

Data Sources

18. In recent years, questions have arisen regarding the applicability

of using a singular wave model for the determination of wave statistics. Most

knowledgeable researchers agree that the spectral approach should be signifi-

cantly better, and indeed, the U. S. Army Engineer Waterways Experiment Sta-

tion (WES) is presently engaged in a 5-year project to provide, through hind-

casting, a numerical directional spectral wave climatology for all continental

United States coastlines and Hawaii. This wave climatology will ultimately be

available to all Corps of Engineers (CE) Districts in the form of a computer-

based Sea-State Engineering Applications System (SEAS) with the capability to

perform nearshore wave transformations such as those necessary for this study.

However, initial computations for the coast of California from this new wave .

study will not be available until the latter part of 1983; hence it was not

possible to delay an investigation of the wave climate and coastal processes

taking place between Anaheim Bay and Huntington Beach until this comprehensive

daia set becomes available. Consequently, the only viable alternative at the

present time is to proceed with analyses based upon the best information cur-

rently available.

19. For this particular region of coastline, the best available wave

data at the present time are believed to be the hindcast wave data of National AL-

Marine Consultants (NMC 1960), and Marine Advisers (MA 1961). Data stations

from these two investigations are at locations that are more directly repre-

sentative of the wave climate at the coastal region of interest than hindcast

studies of other investigators. Results and conclusions of this study can be

revised and updated, if necessary, as more precise wave data become available.

Indeed, some results of the postconstruction monitoring program at Surfside-

Sunset Beach which was initiated in 1978 (U. S. Army Engineer District,

Los Angeles, 1978b) could be used to supplement the existing data base. This .

monitoring program also has established Littoral Environmental Observations

(LEO) stations along the coastline from Anaheim Bay to Huntington Beach; how- ."P-7

ever, the data base is quite limited at the present time and cannot be satis-

factorily adapted to this particular study. The Office of the Chief of _
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Engineers (OCE) also is sponsoring through its Field Data Collection Program

a coastal data program along the coast of California. This program, known as

the California Coastal Data Program (CCDP), is being implemented to provide a

3-year determination of the wave climate along the entire California coast, B

and to make an extensive uniform collection of data to identify coastal pro-

cesses. Again, these data are incomplete at the present time.

20. An evaluation of the adequacy of the hindcast data base upon which ".

wave-height estimates for structure design wave determinations, and longshore "

computations, are founded would require the establishment of confidence limits

during the actual hindcasting procedure. Wave hindcast data in use at the

present time have not provided this information because of the inherent limi- :

tations. Marine Advisers (1961) discussed the fundamental limitations of B

hindcasting wave data from weather maps. When weather maps are used, two

limiting factors are involved. The first concerns the accuracy of the map.

Opportunities for error, both human and mechanical, exist at many places in -

the chain of activities stretching from the weather itself to the symbols on

the map. The initial observation may have been correct, depending upon the

skill and experience of the observer and the condition of the instrumentation.

The second major limitation concerns the subjectivity of weather analyses in

general. In considering the oceanic regions of a weather map, the weather .

forecaster inevitably encounters large areas where data are scant or non-

existent. Under these circumstances, it is obvious that no two forecasters

will produce identical analyses. Such uncertainties can affect a wave hind-

cast, since moderate differences in isobar spacing can result in significant

differences in the wind speeds they imply. The wave hindcasters for Marine

Advisers (1961) accepted the work of their meteorological predecessors and on

it imposed their own set of subjective interpretations, among which include

the size and persistence of fetches, the intensity and direction of winds,

and the duration of wind velocities that produce the wave hindcast. Under

these limitations, confidence limits for past hindcast efforts are not

available.

21. The southern California coastline from Anaheim Bay to Huntington

Beach is exposed to deepwater waves propagating from the open ocean from

southerly and westerly directions. The orientation of the coastline and off-

shore islands limits the approach of deepwater waves from other directions.

Wave hindcasts have been prepared by Marine Advisers (1961) for three specific

"* 24
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locations, one of which (Station A) is located in open water beyond the shel-

* tering islands (Figure 6). This station is exposed to open-ocean influences

from the southeast through west to north-northwest, and is considered to be

representative of conditions outside the offshore islands. The other tw sta- ---

tions are located between the sheltering islands and the mainland. One of

these stations (Station B) is positioned approximately 8 miles directly off- %

shore from Newport Beach, and contains information regarding both local sea . -

generation nearshore and decayed sea transferred past the sheltering islands t

from Station A. National Marine Consultants (1960) Station 7 is located di-

rectly west of the beach of interest, and experiences the wave climate propa-

gating onshore between Santa Catalina and Point Fermin. The information of

these three hindcast data stations is indicative of the wave climate along .

the shore of interest.

22. Marine Advisers (1961) Station A data contain the only information

regarding swell waves generated in the Southern Hemisphere. Accordingly,

these data were transferred past the islands by sheltering techniques. That

Northern Hemisphere swell from a southerly direction was also transferred past

the islands from Station A. The Northern Hemisphere swell from a westerly . -

direction was used directly from Station 7 since this station sensed those

waves propagating down the San Pedro Channel. Sea (local sea and decayed sea)

was obtained from Station B located inside the sheltering islands directly

offshore from Newport Beach.

Northern Hemisphere swell

23. The main source of wave energy for southern California waters is

Northern Hemisphere swell originating from winds of Japanese-Aleutian storms

that move from west to east across the North Pacific at relatively high lati-

tudes, often stagnating in the Gulf of Alaska. Hawaiian storms that also move

from west to east in middle latitudes generally do not produce as large a

swell as do the Japanese-Aleutian storms. Tropical hurricane-type storms,

which develop off the west coast of Mexico, move in a westerly direction at

first and then usually curve to the north and northeast. These occur almost

exclusively during the months of July through October. The resulting swell

rarely exceeds 6 ft, but a strong storm will occasionally move far enough

north to cause destructively high waves in portions of southern California.

Steep pressure gradients around the Pacific high pressure cells can cause

strong and persistent north and northwest winds over the extreme eastern

25
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Pacific Ocean that result in significant Northern Hemisphere swell.

Southern Hemisphere swell

24. Southern Hemisphere swell is generated by winds associated with

storms of the austral winter in the South Pacific, storms of even greater size

and intensity than those of the Northern Hemisphere. This swell is most coN- ,.....

mon during August and September (Marine Advisers 1961) but occurs signifi-

cantly from May through October. The frontal storms of the South Pacific that

produce Southern Hemisphere swell can be classified as either southern storms

which move from west to east across relatively high southern latitudes, or

New Zealand storms which originate in the general vicinity of New Zealand and

move eastward across the middle latitudes. Other types of Southern Hemisphere

storms contribute little or nothing to the swell that affects southern Cali-

fornia. The Southern Hemisphere swell that reaches the area of interest has

periods which vary from 12 to 20 sec, but with heights which rarely exceed

4 ft.

Sea

25. Sea is the term applied to short, steep waves that are still in or

near the area in which they were generated, as distinguished from swell which '.

refers to longer, flatter waves that have left the generating area and have

begun to change their physical characteristics through frequency dispersion.

In order to forecast sea, it is necessary to have information on the winds

over the water area immediately windward of the forecast location. Wind con-

ditions vary greatly offshore from the southern California coast with a

characteristic transformation from relatively mild winds over the inner chan-

nels to strong, gusty winds outside the islands. The transition zone extends

southeastward from Point Conception in a direction roughly corresponding to

the California coastline. Station A lies in the region of strong winds, while •

Station B is in an area where the winds are usually light. Some of the sea

waves outside of the islands are of considerable size and even after having

been reduced by decay and island sheltering, their effect on mainland coasts

is not negligible. In order that the statistics resulting from the hindcast S __

efforts should reflect this phenomenon, decay and island sheltering coeffi-

cients were applied to the sea information from Marine Advisers (1961) Sta-

tion A data and results were added to the sea information which had been ob-

tained for Station B by applying the Sverdrup-Munk-Bretschneider theory to lo- S

cal winds. Hence the sea statistics of Marine Advisers (1961) are actually a

26

* . % . % % ~ * * % * * . * ~ ~ . . .,., ...



composite of local sea plus decayed sea that has not been sufficiently removed

from the generating influences to be called Northern Hemisphere swell.

26. The open-ocean deepwater wave statistics for Northern Hemisphere

swell and Southern Hemisphere swell used in this study were extracted directly

from National Marine Consultants (1960) and Marine Advisers (1961) and are

presented in Appendix A. After these open-ocean deepwater statistics have

been transferred past the sheltering islands, the sheltered deepwater wave -

statistics of Appendix B resulted. This appendix also contains the sheltered ,

deepwater sea statistics (both local and decayed sea) that were available at

the sheltered deepwater location a priori, and thus did not require trans-

ference past the islands.

Refraction and Shoaling Effects

27. The phase speed of a surface gravity wave depends on the depth of

water in which the wave propagates. As the wave celerity decreases with

depth, the wavelength must also decrease for the period to remain constant.

Variation in phase velocity occurs along the crest of a wave moving at an

angle to underwater contours, because that part of the wave in deeper water

is moving faster than that part in shallow water. This variation causes the

wave crest to bend toward alignment with the contours. This bending effect,

called refraction, depends on the relation of water depth to wavelength. It

is analogous to refraction of other types of waves, such as light or sound.

28. As waves propagate from deep water into shallow water, changes

other than refraction take place. The assumption generally made is that there

is not loss of wave energy and negligible reflection. Thus the power being

transmitted by the wave train in water of any depth is equal to the power be- ':.

ing transmitted by the wave system in deep water. The wave does not experi- -

ence a lateral flow of energy across orthogonals, and the period remains

constant in water of any depth, whereas the wavelength, celerity, and height '-

vary.

29. The transformation of irregular ocean waves is a complex process

that is not fully understood. The usual method of treating the problem (which

is both practical and relatively successful) is to represent the actual system

by a series of sinusoidal waves of different heights, periods, and phases.

Such a system now has a two-dimensional energy spectrum. The wave statistics

27
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being analyzed in the present study are treated in this manner by the method

of Dobson (1967).

30. Refraction and shoaling effects are important for several reasons.

These phenomena determine the wave height at any particular water depth for a P

given set of incident deepwater wave conditions (i.e., wave height, period,

and direction-of-approach in deep water). Refraction and shoaling, therefore,

have a significant influence on the distribution of wave energy along the

coast. The change in wave direction of different parts of the wave results in

convergence or divergence of wave energy and materially affects the forces

exerted by waves on structures in varying water depths. Also substantially

affected is the wave's capacity to transport sand either alongshore or

onshore/offshore.

Wave Climate at Proposed Structure Site

31. The purpose for the construction of a jetty system at locations

* such as that shown in Figures 4 and 5 is to stabilize navigation (or nonnavi-

gable) channels from the Pacific Ocean to Bolsa Chica Bay and to prevent the

channels from closing by an influx of littoral material. The extension of the

jetties through the surf zone for a distance sufficient to reach a water depth

where wave motion will not be felt on the bottom is, of course, impractical.

More realistically, the jetties should extend to a depth such that bottom *1.

movement will be experienced for only a small percentage of the time. Thus,

because of the low frequency of occurrence, the total volume of material moved

will not be untenable, considering the jetty system is conceived to be

operated in concert with a weir sand bypassing mechanism if the entrance chan-

nel is constructed to allow navigation. The nonnavigable concept envisions an

offshore bar bypassing mechanism with an accompanying allowance for a small

percentage of material to be bypassed by dredging from the inner bar to nour-

ish the downdrift beach. The proposed layouts of the navigable entrance chan-

nels of Figures 4 and 5 assume that the jetties are oriented essentially

perpendicular to the offshore contours to minimize jetty length. The amount

of wave shadow zone near the jetties, and thus the temporal stability of the

fillets that form near structures of this nature, are directly determined by

the jetty orientation. Other structure planform layouts may provide varying

degrees of wave shadow.
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Navigable entrance channel depth

32. The entrance channel to a harbor is intended to provide a pathway

for boats free of breaking waves. This requires that either the jetties extend

seaward beyond the zone of wave breaking or the channel be deep enough to pre-

elude the breaking process. Additionally, the channel should be deep enough :. -

to prevent the keel of the largest boat from striking bottom as it traverses

the channel at low tide through the incipient wave climate. The analysis of

SPL (in preparation) for determining the depth of a new entrance channel to

Bolsa Chica Bay was based primarily on wave effects, but prototype closure ex-

perience of other harbors on the Pacific coast of southern California was also

considered.

33. A navigation channel can become unsafe as waves approach the break-

ing process, and complete breaking is not necessary for closure. Ahrens (1977)

determined that the Rayleigh distribution was appropriate for wave height dis-

tribution in the surf zone. Waves arrive in groups of high and low heights

with a statistical distribution of period and direction. Potentially, the most We

dangerous situation arises when the significant wave height is not breaking,

but higher waves in the spectrum arrive in groups. The channel should be

dredged or extended to water of sufficient depth to prevent the less frequently

occurring waves from breaking in the channel. The entrance channel should be

designed with a depth such that less than 1 percent of the waves break in the

channel. The number of hours per year that the significant wave, H and
5

the 10 percent and 1 percent of the waves equal or exceed a breaking wave

height across the proposed entrance channel locations are given in Table 1.

Based on the Rayleigh distribution and the 1 percent exceedance frequency,

SPL determined that if the channel were in 16 and 18 ft of water, closure would

occur 4 and 2-1/2 days per year, respectively. The channel would be closed by

the 1 percent exceedance wave in 20 ft of water about 1-1/2 days per year. S

34. These results were comparable with the experience of other proto-

type marinas along the southern California coast; however, depending on the

location, all marinas have slightly different wave exposures due to the shel-

tering effect of the offshore islands and existing protective structures at

the entrance. The marinas of Oceanside, Newport, Ventura, Long Beach, and

Marina del Rey all have project design depths of 20 ft mllw. Oceanside is

the only one of these five marinas that has ever been officially closed,

closing on the average about once each year. Newport experiences about 2 to

29 % -
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Table 1

Average Annual Hours of Wave Breaking
Across Proposed Entrance Channel

Bolsa Chica Bay, California

Duration, hr
Depth H H H1
ft mllw s 10

16 4 7 103

18 2 4 63 0

20 * 1 34

22 * * 17

• Less than 1 hr per year.
Source: U. S. Army Engineer District,

Los Angeles (in preparation)

3 days each year of dangerous conditions, while Ventura reports 5 to 10 days

each of dangerous conditions, although the exposure window of swell approach-

ing from the west is greater than that at Bolsa Chica. Long Beach and Marina

del Rey experience only minor disturbances each year due to breaking waves.

35. According to Dunham and Finn (1974), the minimum channel depth,

d ,should be great enough to allow all craft to safely pass through at
min
low tide. This depth should allow for the draft of the largest vessel, heav-

ing (approximately one-half the wave height), squat, and 1 to 2 ft of over-

depth. Hence

d D + -H + z + OD ()
min 2

where

D - vessel draft, ft

H = wave height, ft

z - squat, ft

OD - overdepth, ft

For a typical 8-ft maximum draft operating in a relatively severe 10-ft wave

climate, and considering a 1/2-ft squat and a 2-ft overdepth, the minimum

channel depth should be about 16 ft. Allowing for possible shoaling or other

obstacles, to reduce the occurrences of wave breaking in the entrance channel, 7-7

..30.
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and based on the experience of other nearby marinas, SPL (in preparation)

determined that the design channel depth for the proposed new entrance to

Bolsa Chica Bay, California, should be 20 ft mllw.

Structure site significant
wave height, H , estimate

36. Based on wave effects, nearby prototype marina closure experience,

and CERC design guidance, the design depth of the entrance channel should be

20 ft mllw. This implies that the stabilization jetties should terminate in a ,

water depth of 20 ft mllw. Due to the fact that additional structures in the

form of offshore detached breakwaters of rubble-mound construction may be re-

quired to reduce the amount of wave energy propagating through the entrance

channel, computations of the significant wave height occurring at the proposed .

sites of Figures 4 and 5 were extended to a water depth of 30 ft mllw.

37. Wave heights at various locations along the proposed jetty system

depend directly on the deepwater wave height, deepwater wave period, and di-

rection of approach. The shallow-water values of wave height and wave angle at --

locations along the proposed layout were determined by a refraction analysis.

Because this study was conducted partially in conjunction with the Santa Ana

River enlargement project, the area covered by the refraction analysis is sub-

stantially larger than that shown in Figures 4 and 5. The section of southern

California coastline and the nearshore zone extending from Anaheim Bay to

Abalone Point (near Laguna Beach) were included in the refraction analysis.

The latest hydrographic survey data for this region were overlain by a 600-ft-

square depth grid covering an area 14.3 miles by 30.0 miles. The 30.0-mile

direction was alongshore, and the grid penetrated into the ocean approximately

14.3 miles. This grid size provided adequate detail and permitted the wave

ray computations to proceed to the breaker zone for all wave conditions.

38. The entire 30.0-mile section of coastline was included in the ray

computations so that the effect of all local topographic effects on wave

amplification could be determined. Those rays that approached the shoreline

in the vicinity of the proposed structure determined the wave heights to be

expected along the structure. The highest waves in the period bands for the

various directions of approach were considered, and the refraction and shoal-

ing coefficients for those waves were obtained in water depths of 30, 25, 20,

15, and 10 ft; these data are tabulated in Tables 2-6, respectively. Here it ... .

is shown that for the deeper water depths, the product of the refraction and

31
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shoaling coefficients is substantially less than 1.00. The maximum wave

height at the structure for all waves is less than the depth-limiting breaker

wave height for water depths of 30, 25, and 20 ft. The proposed structure

will be subjected to nonbreaking waves in those water depths. As the wave -

propagates shoreward, however, the product of the refraction and shoaling co-

efficients increases dramatically; and the wave heights approach the depth-.

limiting breaker height. Those portions of the structure will be subjected to

breaking waves of various periods from certain directions of approach. Hence •

the design wave height will vary along the structure length, depending upon

the water depth. Before construction of the proposed jetty and breakwater

system, stability analyses of the structures should be performed through

physical model testing. -

39. Because the data on which the refraction analyses were performed

are significant wave statistics based on a finite period of record, SPL (in

preparation) determined that the design wave for the offshore breakwater

should be the 50-year return period wave obtained from an analysis of

13 storms occurring from 1900 to 1958. For preliminary design purposes, this

wave height is approximately 15.5 ft, and is a nonbreaking wave in 25 ft of

water. As this design wave propagates shoreward from the proposed breakwater

location to the jetties located in shallower water, the wave shoals and breaks.

Hence, portions of the jetties will be subjected to nonbreaking, breaking, and

broken waves. The design wave varies along the length of the structure, de-

pending upon water depth. Breaking wave heights of 15.5 and 17.0 ft were de-

termined to be appropriate for the jetty head and truck, respectively.

40. The jetties necessary to stabilize a nonnavigable channel would

extend to a water depth of 5 ft below mllw. The design wave used for armor-

stone calculations was determined to be a depth-limited, 11.8-ft, breaking

wave based on the 50-year return period wave obtained from the analysis of -

13 storms occurring between 1900 and 1958.
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PART III: POTENTIAL LONGSHORE TRANSPORT

Surfside-Sunset Beach Nourishment Background

41. The supply of beach nourishment material to the San Pedro littoral

cell has been severely restricted in recent years by the construction of dams

and debris basins on the Los Angeles, San Gabriel, and Santa Ana Rivers. While -

the Los Angeles-Long Beach Harbor breakwaters prevented much of the material

transported into the harbor by the Los Angeles River from being carried down-

coast, some of the sediments transported by the San Gabriel River could pass by

Anaheim Bay and nourish the Surfside-Sunset Beach area prior to the construction

of the Anaheim Bay jetties. Erosion of the shoreline at Surfside-Sunset Beach

has been a relatively continuous problem since the mid-1940's, according to the

Los Angeles District (1978a). In 1945, the U. S. Navy constructed 600 ft of

stone revetment downcoast from the Anaheim Bay east jetty to retard the erosion

but had to reinforce it the following year. In 1947, the revetment was ex-

tended farther and a wood sheet-pile bulkhead established to strengthen the

shore road. Throughout the 1940's, material in the amount of 1,422,000 cu yd

was placed on the beach. Additional material placed along the Surfside-Sunset

Beach shoreline later included 874,000 cu yd in 1956, 4,000,000 cu yd in 1964,

2,260,000 cu yd in 1971, and 1,644,000 cu yd in 1979. Volumetric analyses of *.:.:': 1

the beach nourishment and downcoast area by the Los Angeles District (1978a) for

the 5-year period 1965-1970 show that 1,500,000 cu yd of sand was lost from this

stretch of beach by a predominant downcoast littoral drift producing a constant

erosion and the area south of 18th Street undergoing minor accretion from up-

coast nourishment. This feeder beach nourishment area is shown in Figure 8.

42. The bathymetry of this region, and the sheltering effect of the off-

shore Islands of San Clemente, Santa Catalina, San Nicholas, and Santa Barbara,

is such that waves generated on the open ocean can approach the coast in this

region only from the due-west sector and the south-to-southeast sector. The

Bolsa Chica Beach State Park region is more protected from southerly waves

than is Newport Beach, which is located approximately 17 miles downcoast.

Hence the amount of material transported to Bolsa Chica Beach from the south

is less than that at Newport Beach. Simultaneously, the orientation of the

beach at Newport Beach is such that the divergence of wave energy from the west

does not transport nearly as much material in a southerly direction here as at

38
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Bolsa Chica Beach. The result is that a loss of material is being experienced

at Bolsa Chica Beach consisting of a net downcoast littoral movement. Most of

the beach nourishment material placed on the feeder beach at Surfside-Sunset

Beach is gradually transferred downcoast and eventually out of the system.

Empirical Longshore Transport Estimation

43. Potential longshore transport is defined as the amount of littoral

material that a specific wave climate will transport in the presence of an un-

limited source (supply) of material. If the source is not unlimited, then the

actual longshore transport will be less than the potential transport. When the

feeder beach at Surfside-Sunset Beach has been nourished, an essentially unlim- -+

ited supply of material exists for transport past Bolsa Chica Beach State Park.

44. Most investigators have attempted a correlation between wave charac-

teristics and measured longshore transport rates. Intuitively, the rate at

which a transport process takes place should be related to the total wave

power, or energy flux, available for transporting material alongshore in the

surf zone. The alongshore energy flux is approximated under the assumptions of

conservation of energy in shoaling waves and application of the Airy theory for

small amplitude waves. Based on these assumptions (CERC 1977), the energy flux

at the breaker zone, P , is:

ls

Pl 5 ~HC sin 2%) (2)

where

Pls alongshore component of wave energy flux per unit length of
beach, ft-lb/ft/sec

p = density of salt water, 1.99 Ib-sec2/ft

g = gravitational constant, 32.174 ft/sec2

Hb = breaking wave height, ft

C= group velocity or the velocity of propagation of wave energy,
g ft/sec (in shallow water, Cg = C , the wave celerity)

= breaking angle of wave with shoreline, deg

If the wave speeO at breaking can be approximated by solitary theory:

)1/2'-:-"C = C -- (2 g H (3)

where C = wave celerity, ft/sec. Equation 2 can now be expressed in terms of

the wave breaking characteristics of breaker height, Hb , and breaker angle, a
a , as:
b

40



<7 -7 -7 -7717 7 W-7 17 k7 -.

5/2
P 32. 11 H; sin 2 ab4

following the development of CERC (1977).

45. A number of empirical equations have been advanced since the early

1950's that relate the longshore component of wave energy flux, Equation 4,

with measured values of volumetric longshore transport. The relationship de- C.

veloped by CERC, based entirely on 23 field observations and no laboratory

data, is:

Ql 7,500 P18  (5)

where Q i potential longshore transport, cu yd/yr. Equation 5 is displayed

graphically in Figure 9, which also shows the field data.
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Bolsa Chica Bay Region, California,
Potential Longshore Transport Estimate

46. In order to apply Equations 4 and 5 to determine an estimate of the . .

potential longshore transport occurring along the Bolsa Chica Bay region

(Surfside-Sunset Beach to Huntington Beach), the wave breaker height, H b

and the breaker angle, ab , must be known for each element comprising the
b

sheltered deepwater wave statistics matrix (Appendix B). The breaker height,

Hb depends directly on the deepwater wave height, H , and the deepwater

wave period, T , as also does the breaker angle, ab . These breaker values

of height and angle were determined by the refraction analysis discussed in

PART II. Wave ray computations were conducted from deep water to the breaking 0

point along the entire section of coastline under consideration. Breaker

height, Hb , and the corresponding breaker angle, ab , for each element were

determined and are presented in Appendix C, which also shows the potential

longshore transport calculated by the use of Equations 4 and 5.

47. Typical examples of the effects of refraction on wave characteris-

tics are shown in Figure 10 for an 18-sec wave approaching from the south and

in Figure 11 for an 18-sec wave approaching from the west. These are the two

dominant directions of approach for this entire section of coastline, and the

bathymetry causes significant convergence and divergence of wave energy at*. ..... €

various locations.

48. Summaries of the potential longshore transport computations for the

Bolsa Chica Bay region are presented in Table 7, based upon the detailed cal-

culations of Appendix C. This table is arranged to display the influence of

sea, Southern Hemisphere swell, and Northern Hemisphere swell on the overall

net and gross transport on a monthly basis. The computations indicate a net

southerly transport of 275,900 cu yd/yr which is in qualitative agreement with

other similar investigations, for example, Emery (1960), Herron and Harris

(1962), Inman and Frautschy (1965), and Shepard and Wanless (1971). The gross -..

transport rates also are the same order of magnitude as previously reported.

49. The net southerly transport rate in the vicinity of Bolsa Chica

Beach State Park (275,900 cu yd/yr) appears somewhat less than the average

amount of beach nourishment material that is known to have historically been

placed on the beach (about 350,000 cu yd/yr). It must be understood that the

net southerly transport rate of 275,900 cu yd/yr was determined for the -

42
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average (equilibrium) beach orientation for the entire finite section of coast-

line under consideration. When material is initially placed upon the feeder

beach at Surfside-Sunset Beach, the coastline in this region is oriented at a 0

much larger angle with respect to predominant incident waves than is the aver-

age coastline where material has not been placed. Thus the rate of transport

from this region is initially larger than transport rates along the average

coastline. As the feeder beach erodes back toward its equilibrium orienta- - :

tion, transport rates approach those along the normal coastline. However, by

that time, the erosion has become so severe in the Surfside-Sunset Beach re-

gion that renourishment of the feeder beach must be effected which again ac-

celeratec transport from the Surf side-Sunset Beach region. Calculations in

PART IV of this report quantify this aspect.

50. Additionally, part of the material disappearing from the feeder

beach may be transported out of the system into the Anaheim Bay entrance chan-

nel. Based only on dredging records of the Anaheim Bay entrance channel, this

material cannot be precisely accounted for, as other deposits take place i''

the channel from Anaheim Bay proper. A portion of the material placed on

Surfside-Sunset Beach also may be transported offshore as fine material and

may not return to the littoral zone. Because of the periodic beach nourish-

ment activities in this region (as the need arises), essentially an unlimited

amount of material is available for littoral transport. Hence the potential

longshore transport computations (which are strictly applicable only to a re-

gion where an unlimited source of transportable material exists) should fairly

well approximate the actual longshore transport process in this vicinity.

51. In order for potential longshore transport computations to provide

useful information for the design and deployment of sand bypassing systems at

harbor entrances or beach erosion studies, it is necessary that seasonal or

monthly transport rates be determined. Accordingly, the annual quantities

were decomposed into the components occurring, on the average on a monthly

basis, and those data are displayed in Figure 12. Table 7 indicates that a

significant amount of material moves both northwesterly and southeasterly

each month of the year, although there is practically no northwesterly trans-

port in April and November, and only relatively minimal southeasterly trans-.

port from June to November. The winter and early spring months of January,

February, March, and April (particularly February) exhibit the greatest amount

of both gross and net potential longshore transport. Figure 12 indicates a

46
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large gradient of southeasterly movement during the early months of the year,

and this appears to be the appropriate period for bypassing material across

the proposed new entrance channel to the downcoast beaches. ,O
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PART IV: COMPUTER SIMULATION OF SHORELINE EVOLUTION

Computer Simulation Model

52. The evolution of a shoreline as a result of longshore sediment

transport may be estimated by dividing the shoreline into cells, determining

the transport in each cell by using Equations 4 and 5 of PART III, and apply-

ing continuity conditions. This method has been used in the past by Pelnard- 0

Considere (1956), Komar and Inman (1970), Komar (1973), Rea and Komar (1975),

Komar (1976, 1977), and LeMehaute and Soldate (1980). The method divides the

shoreline into a series of cells of finite and uniform length, Ax , each with

an individual width, yl I Y2 , etc., beyond some arbitrary baseline, in the

manner of Komar (1977) (Figure 13). The narrower the cells, the more nearly

the series of cells will approximate the existing shoreline at the beginning

of computation. Changes in the shoreline location are produced by littoral

drift, QIN i , or QOUT. , which shifts material from cell i to cell i+l . - .
1 1 .th

The net change in volume of sand in the i cell is given as

AV. = (QINi - QOUT.)At (6)

QOUT....

.... ... -.. ..- -.

.~~~ ~~~ . . .- , ... ... I

Volume, AV" d , Ax AY

Figure 13. Shoreline cell illustrating how a change in sand
volume within the cell produced by littoral drift into and
out of the cell results in a change in the shoreline position,

Ay (after Komar 1977) 0

49



where

AV. = net change in volume of sand in cell i

QIN. = littoral drift of material into cell i from cell i-l
QOUT. = littoral drift of ma 2-rial from cell i to cell i+l

At = time increment .-.-.

The change in volume, AVi , will be positive or negative depending on the " .

relative rates at which sand is transported into and out of the cell. When

the rate into the cell is equal to the rate out of the cell, AV. = 0

53. The change in volume, AVi , also equals the change in position of

the shoreline, Ayi , times the length of a cell, Ax , times the average

water depth at which erosion or deposition occurs, d .

AV. = d Ay, Ax (7)- 1 1 ".'.

The parameter, d , is not known a priori, but can be determined by relating

known volumes of material erosion or deposition with known values of shoreline
changes during historical events. Thus the computer simulation model must be

calibrated for a specific location from historical events. From Equations 6

and 7,

Ayi = (QIN. " QOUT.) A
1 1 1 Ax~ 8

The littoral drift quantities, QIN i and QOUT. , are determined from Equa-

tions 4 and 5. Thus when the parameters At , Ax , and d have been selected

for a particular region of coastline under investigation, the values of Ayi

can be determined for each cell. If the cells have other sources of sand

supply (such as a river mouth or sand bypassing at an inlet or navigation

channel), these quantities are linearly additive.

54. It is important in this computer simulation model that values of

Ayi remain relatively small so that there will be no discontinuities in the ...

shoreline configuration. This restriction implies that the time increment,

At , be kept small. The proper sign convention must be strictly adhered to

in order to obtain the proper breaker angles, ob , and transport directions.

In the longshore transport model, the angle a. which the shoreline makes

with a parallel to the x-axis, between the i and the i+l cells, is

taken as

50
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tan a. = I
1i " i+l"- "J' '

1 Ax (9)

When the breaking waves make an angle a with the x-axis direction, then S

the breaking angle , ab at the shoreline is

ab = a. ± (10)
i 0

Thus

tan f. ± tan o"
tan 0 0

tan ab I tan a. tan a
1 0

This computer simulation model of Komar (1977) is essentially one-dimensional -

in that it does not allow for onshore or offshore movement of material under

wave conditions. For the application to longshore transport mechanisms (the

reason for its development), one of the principal advantages is that this

model allows the parameters to be varied through time and space. This pro-

vides a probabilistic aspect with an otherwise deterministic model.

Calibration at Bolsa Chica Bay Region

55. The computer simulation model for shoreline evolution developed

by Komar (1977) was adapted for the beaches of the Bolsa Chica Bay region .

(Surfside-Sunset Beach to Huntington Beach), and is listed in Appendix D.

The section of coastline modeled by this approach is shown in Figures 4 and 5.

Three hundred cells, each with a width of 100 ft, were used to model this

coastline. A time period of 5 years was considered (the anticipated Surfside-

Sunset Beach renourishment interval), and a time increment, At , of I hr was

used. The model shoreline begins with cell 1 adjacent to the east jetty to t..."7

Anaheim Bay and extends downcoast for a distance of 300 cells to approximately

the northwestern limit of the city of Huntington Beach. ..-

56. Three sections of shoreline are being investigated: (a) the ero-

sional coast (Surfside-Sunset Beach region); (b) the depositional coast (the -_

fillet and temporal accretion on the updrift side of the west jetty); and

(c) the variational coast downdrift of the east jetty (which oscillates in '..-

response to the shifting transport directions). Known quantities of material

have been placed on the feeder beach in the Surfside-Sunset Beach region, and S
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periodic cross-sectional surveys reveal the temporal manner in which the

nourishment material is being eroded away. Figure 14 displays typical rep-

resentative beach profiles indicating the extent of beach fill during the most -

recent nourishment activities (1979) at Surfside-Sunset Beach. The nourish- ..

ment region extended from the east jetty at Anaheim Bay for a distance of ap-

proximately 6,000 ft downcoast (to about cell 60).

57. The hindcast wave statistics of Appendix C were used to determine

the amount of potential longshore transport (net and gross) on a monthly

basis. In the absence of knowledge of the time of occurrence of the various

waves each month (i.e., which wave came first), it was assumed that the equiv-

alent wave height each month which produced the known quantity of transport

would be appropriate for use with the computer simulation model of shoreline

evolution. The computed quantities of material of Table 7 have been deter-

mined to be the average for the entire section of coastline under considera-

tion (Surfside-Sunset Beach to Huntington Beach), with the breaker angle,

determined from the equilibrium beach orientation. The equivalent

breaker angle which produced updrift or downdrift transport was determined by

applying the average annual breaker height, Hb , which produced updrift or

downdrift transport, respectively, to Equations 5 and 6 (since the total up-

drift and downdrift transport quantities are known a priori). Then the equiv-

alent monthly wave breaker height was obtained by solving Equations 5 and 6,." .

for wave height with the monthly transport quantities and equivalent breaker

angle known. These equivalent wave breaker heights were then used on a

monthly basis in 1-hr time increments for determining the shoreline evolution.

After each time increment, the shoreline location would be updated, and a new

wave breaker angle would be computed.

58. From historical beach-fill records, the Surfside-Sunset Beach "

region appears to have been filled to acceptable standards in 1956. Since
that time, the material quantities of Table 8 have been placed on this beach.

On the average for the 22-year time interval since 1956, approximately

7,904,000 cu yd of beach-fill material has been placed in this region, or

about 359,300 cu yd per year. The computer simulation model previously de-

scribed was operated for a time interval of 5 years (the intended periodic

beach nourishment interval), starting with the shoreline location in the 1979

postnourishment position and beginning the model operation at the first of

January. The computer model (with the parameter d adjusted such that the
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Figure 14. Two typical beach profiles indicating the
extent of beach fill during the 1979 nourishment

activities at Surf sIde-Sunset Beach
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Table 8

Feeder Beach Nourishment Material

Placed on Surfside-Sunset Beach

Year Quantity, cu yd

1964 4,000,000

1971 2,260,000

1979 1,644,000 0

22-year interval since 1956 7,904,000 cu yd placed on
Surfside-Sunset Beach

Average quantity - 359,300 cu yd/yr

total volume over the 5-year interval agrees with known quantities) indicates

that the quantities of Table 9 would be removed after the indicated time in-

terval. On the average, for the 5-year interval of operation of the computer

model, approximately 1,812,800 cu yd of material was removed from this region,

or about 362,600 cu yd/yr. This value appears to compare favorably with the

359,300 cu yd/yr of material known to have been placed on this beach region,

on the average, and the computer simulation model was considered to be cali-

brated within acceptable limits for this region.

Table 9

Computer Simulation Model Indication of Material -

Removed from Surfside-Sunset Beach

Year Quantity, cu yd
1 558,300

2 379,300

3 322,700

4 288,600

5 263,900

5-year interval 1,812,800 cu yd removed
from Surfside-Sunset
Beach

Average quantity - 362,600 cu yd/yr

"I
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59. Immediately after beach nourishment activities, the feeder beach

shoreline location is in a nonequilibrium position. The angle that the beach

makes with the winter wave conditions is much greater than the average beach

orientation for the Bolsa Chica Bay region. Hence, in the early years after S

nourishment, the wave climate is capable of removing much greater quantities

of material than in later years when the shoreline angle has had an opportun- ..

ity to moderate and become more nearly equivalent to the average shoreline

orientation. With the passage of time, the quantities of material removed 9
from the beach decline in an asymptotic manner, such that after about 5 years

the quantitites removed from this region are about equivalent to the potential

longshore transport for the entire section of coastline extending to Hunting- "

ton Beach (Table 9). The rate of beach erosion has decreased significantly . t
after approximately 5 years; however, the extent of the actual beach erosion

in the interim has left a severely depleted beach that would be susceptible to

property damage n the event of a high-intensity storm occurring under these

conditions. For this reason, it is necessary for continued recurring beach

nourishment activities along this unstabilized beach region. Figures 15-21

are the computer simulation model indication of the rate and extent of the

beach erosion in the Surfside-Sunset Beach region, beginning with the post-

construction beach location of June 1979 and operating for a 5-year time

interval in 1-hr time increments.

5 .-
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Figure 15. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, end of December
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Figure 16. Computer simulation model indication of the rate and extent : ::''

of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,California, end of May
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Figure 17. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfaide-Sunset Beach,

California, after 1 year
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Figure 18. Computer simulation model indication of the rate and extent

of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, after 2 years I
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Figure 19. Computer sihnulation model indication of the rate and extent

of beach erosion at the nourishment feeder beach, Surfsde-Sunset Beach,

California, after 3 years "" "'
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Figure 21. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfaide-Sunset Beach,

California, af ter 5 years
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PART V: PROPOSED SPUR GROIN AT ANAHEIM BAY EAST JETTY

60. The localized region where the Anaheim Bay east jetty connects with
-4 0

the shoreline is subjected to severe scour and erosion by certain wave charac-

teristics and approach directions. There exists the possibility that the east

jetty landward end may be breached if the erosion near this jetty is allowed

to continue unabated. Similar problem areas have developed at other jetties

and groins (i.e., Big Bay Harbor, Michigan; Grand Traverse Bay Harbor, Michi-

gan; Black River Harbor, Michigan; and the upper entrance to the Keeweenaw

Waterway, Lake Superior) and appear to be the result of the "Mach-stem" phe-

nomenon (Hales 1980). The problem arises when the wave approach is such that

the wave crest propagates along the section of jetty or groin, increases in

amplitude along the Mach stem, and terminates as a geyser of water plunging . :

over the crest of the structure at the shore end. Depending on the intensity

of the wave attack, the water plume may reach 10 to 12 ft in height. Result-

ing dynamic forces are seldom sufficient to severely damage or destroy a prop-

erly designed rubble-mound breakwater or jetty; but it occasionally is neces-

sary to rehabilitate such structures, and vertical sheet-steel walls have been

completely destroyed.

61. For incident angles (the angle between the direction of wave ad-

vance and the structure) greater than 45 deg, the reflection pattern is normal

(Wiegel 1964). The incident and reflected waves are slightly disturbed near

the structure; but the angle of reflection is equal to the angle of incidence,

and the reflected wave height is only slightly less than the incident wave

height. For angles of incidence less than 20 deg, the wave crest bends so

that it becomes perpendicular to the structure and no reflected wave appears.

62. When the angle of incidence is greater than 20 deg but less than

45 deg, the reflection of water waves off structures appears to be of the type

called a Mach reflection in acoustics. In this case, three waves are present:

(a) the incident wave, (b) the rltected wave, and (c) a wave crest approxi-

mately perpendicular to the structure, the extent of which grows in length as

the wave travels along the structure. The height of the portion of the wave

perpendicular to the structure (called the Mach stem) is greater than the

incident wave height, and may reach its maximum height at the structure of

twice the incident wave height. The wave climate existing in the Gulf of

Santa Catalina and San Pedro Channel is sufficiently adequate to generate

60
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waves that approach the Anaheim Bay east jetty with incident angLes varying

from essentially 0 to 90 deg. Hence, the Mach-stem and resul.ting phenomena

are expected to exist in this Location, and appropriate measures should be

taken to preclude breaching of the east jetty at Anaheim Bay.

63. Because continuous nourishment of beach replenishment material is

not available for this particular Localized region (nourishment is of a pe-

riodic nature), any solution of this Local scour must he of the structural

type. Any existing beach location may probably be stabilized at that posi-

tion by the construction of a properly designed spur groin erected perpendic-

ularly to the Anaheim Bay east jetty and oriented essentially parallel with

the general Surfside-Sunset Beach shoreline. Such a proposed spur groin

Location is shown in Figure 22, positioned at approximately the after-1979

beach nourishment configuration.

64. The length of the spur groin section should be optimized with re-

spect to extent of stable beach section deemed essential to prevent breaching

of the Anaheim Bay east jetty. The existence of such a spur groin should not

". materially affect the volume of beach nourishment required to maintain the

recreation beach in the Surfside-Sunset Beach region. Accordingly, the corn-

puter simulation model for shoreline evolution was operated for a 5-year time

interval in 1-hr time increments starting with the after-beach nourishment

location of 1979. Two different lengths of spur groin were installed in the

numerical model (a 500-ft length and a 1,000-ft length). These spur groin

sections did not significantly affect the erosion volume from the beach, and

these data are presented in Table 10. Because of the influence of the breaker

angle on longshore transport, the longer section of spur groin permits a

sLightly smaller volume of erosion from the beach (approximately 120,000 cu yd

over a 5-year time interval); however, this slight reduction in total volume

should be optimized with consideration of the initial cost of the spur

groin.

65. Results of the computer simulation model indication of the effect

of the two sections of Apur groin on the rate and extent of erosion of the

recreational beach at Surfside-Sunset Beach are presented in Figures 23-46.

The effect of the 500-ft length of spur groin is presented in Figures 23-29,

and the effect of the 1,000-ft spur groin is shown in Figures 30-36. Compari-

sons of the existing condition with these two sections of spur groin are pre-

sented in Figures 37-41 after 1 to 5 years at the end of December. Similar

61
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Table 10

Computer Simulation Model Indication of

Material Removed from Surfside-Sunset Beach,

Existing Conditions, 500-ft Spur Groin and 1000-ft Spur Groin O1

Existing 500-ft 1,000-ft
Condition Spur Groin Spur Groin

Year cu yd cu yd cu yd

1 558,300 554,900 552,000

2 379,300 367,200 354,500

3 322,700 306,500 290,500

4 288,600 271,600 254,200

5 263,900 246,800 242,100 0

Total, cu yd 1,812,800 1,747,000 1,693,300

Average, cu yd/yr 362,600 349,400 338,700

comparisons for the end of May are presented in Figures 42-46. While neither

groin will eliminate the requirement for periodic beach nourishment, neither --

adversely impacts significantly on the existing condition situation. It ap-

pears either section of spur groin will offer satisfactory protection to the

localized scour area where the Anaheim Bay east jetty connects with the shore-

line of southern California.

7
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Figure 23. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, end of December, for a 500-ft spur groin
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Figure 24. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach, :i

California, end of May, for a 500-ft spur groin
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Figure 25. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, after 1 year, for a 500-ft spur groin
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Figure 26. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, after 2 years, for a 500-ft spur groin ,
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Figure 27. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, after 3 years, for a 500-ft spur groin
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Figure 28. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, after 4 years, for a 500-ft spur groin
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Figure 29. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, after 5 years, for a 500-ft spur groin
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Figure 30. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, end of December, for a 1,000-ft spur groin
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Figure 31. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, end of May, for a 1,000-ft spur groin
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Figure 32. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,

California, after I year, for a 1,000-ft spur groin
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Figure 33. Computer simulation model Indication of the rate and extent. ... ,.
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach, .. ':-..

California, after 2 years, for a 1,00-ft spur groini-'-'-'
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Figure 35. Computer simulation model indication of the rate and extent

of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,
California, after 4 years, for a 1,000-ft spur groin
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Figure 36. Computer simulation model indication of the rate and extent
of beach erosion at the nourishment feeder beach, Surfside-Sunset Beach,Califoian ftro Anyaheim Bay Eas Jettyft spu 100i
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Figure 37. Comparison of computer simulation model indication of the rate
and extent of beach erosion at the nourishment feeder beach, Surfaide-Sunset
Beach, California, after 1 year, end of December, for existing condition,

500-ft spur groin, and 1,000-ft spur groin
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Figure 38. Comparison of computer simulation model indication of the rate

and extent of beach erosion at the nourishment feeder beach, Surfaide-Sunset

Beach, California, after 2 years, end of December, for existing condition,

500-ft spur groin, and 1,000-ft spur groin
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*Figure 39. Comparison of computer simulation model indication of the rate :.:
and extent of beach erosion at the nourishment feeder beach, Surfside-Sunset :- -. "

Beach, California, after 3 years, end of December, for existing condition,
500-ft spur groin, and 1,000-ft spur groin :-'-'-
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Figure 40. Comparison of computer simulation model indication of the rate ..

and extent of beach erosion at the nourishment feeder beach, Surfside-Sunset
Beach, California, after 4 years, end of December, for existing condition,

500-ft spur groin, and 1,000-ft spur groin
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1200 Shoreline location after 5 years
End of December"; ."

* 4'

1000 Existing Condition
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Figure 41. Comparison of computer simulation model indication of the rate

and extent of beach erosion at the nourishment feeder beach, Surfside-Sunset

Beach, California, after 5 years, end of December, for existing-condition,
500-ft spur groin, and 1,000-ft spur groin
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Shoreline location after 1 year
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Distance from Anaheim Bay East Jetty, ft x 100

Figure 42. Comparison of computer simulation model indication of the rate
and extent of beach erosion at the nourishment feeder beach, Surfaide-Sunset
Beach, California, after 1 year, end of May, for existing condition, 500-ft

spur groin, and 1,000-ft spur groin

73

............................:-_,:c: -. :: :zz: :c .... ":. "... .... .._ :.: . *: ,.:; , *-;, ,. . .:k- :-.-2* * -". - :-. * .



1200 Shoreline location after 2 years
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Figure 44. Comparison of computer simulation model indication of the rate
* and extent of beach erosion at the nourishment feeder beach, Surf8ide-Sunset

Beach, California, after 3 years, end of May, for existing condition, 500-ft
spur groin, and 1,000-ft spur groin
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1200 Shoreline location after 4 years

End of May. .
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Figure 45. Comparison of computation simulation model indication of "
the rate and extent of beach erosion at the nourishment feeder beach,
Surfside-Sunset Beach, California. after 4 years, end of May, for

existing condition, 500-ft spur groin, and 1,000-ft spur groin

1200 Shoreline location after 5 years
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Figure 46. Comparison of computation simulation model indication of
the rate and extent of beach erosion at the nourishment feeder beach,
Surfside-Sunset Beach, California, after 5 years, end of May, for

existing condition, 500-ft spur groin, and 1,000-ft spur groin
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PART VI: WEIR JETTY AND SAND BYPASSING CONCEPT

66. Construction of jetties to stabilize entrance channels to bays,

harbors, or estuaries usually interrupts the natural longshore transport of

sand. The resulting starvation of the downdrift beach may cause serious ero-

sion unless measures are taken to transfer or bypass sand from the updrift side

of the entrance channel. One method of accomplishing this sand transfer to .

the downcoast region is with the construction and operation of a weir jetty,

with the accompanying transfer mechanism consisting of a sand bypassing system.

Sand that passes over the weir into the deposition basin can be removed from

the deposition basin and placed on the downdrift beach during periods of down-

coast movement of littoral material in the surf zone. The weir Jetty and sand

bypassing concept has been discussed by Weggel (1981) for optimum systems

operating under idealized conditions.

67. The key elements of the weir jetty system include (Figure 47):

(a) an updrift jetty comprised of a sandtight landward section, a weir section

with an elevation near mean waterline (mwl), and a seaward section having a

typical jetty cross section; (b) a downdrift jetty that normally has a con-

ventional jetty cross section without a weir section; (c) a deposition basin;

(d) a navigation channel; (e) an updrift beach; and (f) a downdrift beach that

normally also serves as the dispocal area for sand removed from the deposition

basin. The weir jetty system is intended to keep to a minimum the amount of

sand required to be bypa3sed. Optimally, this amount should be the net sand

transport moving downcoast; realistically, the amount of material that re-

quires bypassing was found to be dependent on the length of the sandtight

landward section of the updrift jetty and on the time (number of years)

since construction of the weir jetty structure. These two factors govern the -0

growth of the updrift fillet to maturity, since the fillet does not completely

fill during the first year but continues to grow and asymptotically ap-

proaches an ultimate equilibrium configuration. After the fillet reaches

maturity, the amount of material passing over the weir will approximate the

ne, downcoast movement of littoral material. Prior to the growth of the fil-

let to maturity, however, the amount of materiai. entering the deposition basin

will be less than the net downcoast movement. Because the net quantity should

be placed on the downdrift side of the proposed new entrance channel to pre- S

vent erosion of the downcoast beach, any difference between the required net
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*quantity and that amount actually passing over the weir into the deposition7

* basin should be obtained from an externail source.

Quantity of Material to be Bypassed

68. The quantity of material that will pass over the weir section into

the deposition basin each year will be the difference between the volume of

material which is eroded from the Surfside-Sunset Beach region and the volume

of material which accumulates in the updrift fillet (and along the shoreline

* during the early years after jetty construction until the fillet grows to ma-

*turity). This quantity of material, therefore, is governed by the length of A

the sandtight landward section of jetty between the veir and the existing

shoreline (schematized in Figure 48). For the interruption of the littoral

drift along an equilibrium coastline such as the location of the proposed new

entrance channels to Bolsa Chica Bay (Site A, Figure 4, or Site B, Figure 5),
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Figure 48. Schematic of weir jetty system prior to fillet growth

the shoreline downcoast will respond in an asymptotic manner to the existing .

condition (in the absence of any bypassing), as in Figure 49a. Near the

Anaheim Bay east jetty, the beach nourishment provides a localized nonequilib- -.7

rium orientation where material removed is greater than the transport capacity

of the equilibrium beach farther downcoast (Figure 49b). The result is a

temporal accretion along the existing shoreline that will gradually dissipate

with time as the nonequilibrium section returns to an equilibrium condition

and the transport out of the Surf side-Sunset Beach region decreases. The sit-

uation more nearly approximating that condition which will exist after con-

struction of the proposed new entrance channel at either Site A or Site B

(Figures 4 and 5, respectively) is schematized in Figure 49c. Here the tempo-

ral accretion along the shoreline will become obscured with time as the

fillet near the proposed jetty grows.

69. Starting with the after-nourishment beach orientation of 1979, the

computer simulation model was operated for a period of 5 years in 1-hr time

increments to observe the effect of proposed new entrance channel structures

at Site A and Site B on the unstabilized upcoast shoreline. The quantity of

material eroded from the Surfside-Sunset Beach region (Tables 11 and 12), the

quantity of material accumulated in the updrift fillet as the fillet grows

asymptotically to maturity (Tables 13 and 14), the volume of material passing

over the weir into the deposition basin (Tables 15 and 16), and the quantity
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Table 11

Computer Slimulation Model Indication of

Erosion from Surfside-Sunset Beach

Proposed Entrance Channel Located at Site A

Length of Sandtight Landward Section
Existing 50-ft 100-ft 150-ft 200-ft 250-ft

During Condition Section Section Section Section Section
Year cu yd cu yd cu yd cu yd cu yd cu yd

1 558,300 558,200 558,200 558,200 558,200 558,200

2 379,300 378,000 376,600 375,400 374,600 374,100

3 322,700 319,600 315,000 310,600 306,800 303,600 .

4 288,600 285,200 277,300 270,200 263,600 257,600

5 263,900 260,700 251,600 242,400 233,900 225,800

Total 1,812,800 1,801,700 1,778,700 1,756,800 1,737,100 1,719,300

Table 12
Computer Simulation Model of

Erosion from Surfside-Sunset Beach

Proposed Entrance Channel Located at Site B

Length of Sandtight Landward Section
Existing 50-ft 100-ft 150-ft 200-ft 250-ft

During Condition Section Section Section Section Section
Year cu yd cu yd cu yd cu yd cu uyd

1 558,300 558,300 558,300 558,300 558,300 558,300

2 379,300 379,200 379,100 379,100 379,100 379,000

*3 322,700 322,100 321,300 320,600 320,100 319,700

4 288,600 287,400 285,400 283,500 281,700 280,400

5 263,900 262,200 258,800 255,600 252,600 249,800

*Total 1,812,800 1,809,200 1,802,900 1,797,100 1,791,800 1,787,200

.211
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Table 13

Computer Simulation Model Indication of

Accumulation Upcoast of Proposed New Weir Jetty

Proposed Entrance Channel Located at Site A

Length of Sandtight Landward Section
Existing 50-ft 100-ft 150-ft 200-ft 250-ft

During Condition Section Section Section Section Section
Year cu yd cu yd cu yd cu yd cu yd cu yd

1 164,200 245,900 325,300 400,000 466,900 522,100

2 78,400 85,800 122,200 159,900 199,700 242,600

3 14,600 12,200 36,600 61,900 88,700 117,800

4 -23,300 -31,000 -14,500 3,300 22,100 42,500..

5 -48,300 -56,700 -44,400 -31,900 -18,200 -3,500

Total 185,600 256,200 425,200 593,200 759,200 921,500

Table 14

Computer Simulation Model Indication of

Accumulation Upcoast of Proposed New Weir Jetty

Proposed Entrance Channel Located at Site B ..-

Length of Sandtight Landward Section
Existing 50-ft 100-ft 150-ft 200-ft 250-ft

During Condition Section Section Section Section Section
Year cu yd cu yd cu yd cu yd cu yd cu yd

1 164,300 246,100 325,5r3 400,200 467,100 522,300

2 81,800 93,800 131,500 170,200 210,600 253,700

3 23,700 32,200 60,300 89,200 119,100 150,700

4 -12,800 -8,600 13,800 36,600 60,300 85,200

5 -39,600 -38,700 -20,700 -2,200 16,900 37,100

Total 217,400 324,800 510,400 694,000 874,000 1,049,000 .,,
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Table 15

Computer Simulation Model Indication of

Material Entering Deposition Basin

Prior to Fillet Maturity

Proposed Entrance Channel Located at Site A

Length of Sandtight Landward Section
Existing 50-ft 100-ft 150-ft 200-ft 250-ft

During Condition Section Section Section Section Section
Year cu yd cu yd cu yd cu yd cu yd cu yd

1 -- 312,300 232,900 158,200 91,300 36,100

2 -- 292,200 254,300 215,500 174,900 131,500

3 -- 307,400 278,400 248,700 218,100 185,800

4 -- 316,200 291,800 266,900 241,500 215,100

5 -- 317,500 296,000 274,300 252,100 229,200

Total -- 1,545,600 1,353,400 1,163,600 977,900 797,700

Table 16

Computer Simulation Model Indication of

Material Entering Deposition Basin

Prior to Fillet Maturity

Proposed Entrance Channel Located at Site B

Length of Sandtight Landward Section
Existing 50-ft 100-ft 150-ft 200-ft 250-ft

During Condition Section Section Section Section Section
Year cu yd cu yd cu yd cu yd cu yd cu yd

1 -- 312,200 232,700 158,100 91,200 6,000

2-- 285,400 247,600 208,900 168,500 125,300

3- 289,900 260,900 231,400 201,000 168,900

4-- 296,000 271,600 246,900 221,500 195,200

5 -- 300,900 279,500 257,800 235,600 212,800

Total -- 1,484,400 1,292,300 1,103,200 917,800 738,200
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* of material returned to the Surfaide-Sunset Beach region from dynamic storage

in the fillet (Tables 17 and 18) were determined for the transition period as

the fillet grows. These estimations were obtained for five different lengths

of sandtight landward sections of the weir jetty (50, 100, 150, 200, and

250 ft). All computations were performed under the assumption that the struc-

tures were instantaneously placed into position at the beginning of January

with no initial fillet formation.

70. During the period of time from initial jetty construction to the •

conclusion of fillet formation, portions of the material moving downcoast as

net littoral drift will be retained as fillet growth, and portions will be

transmitted over the weir into the deposition basin. That material being

deposited in the deposition basin will be removed and placed on the downcoast ....

beach to preclude erosion of this region; however, the material accumulating

in the deposition basin during the growth of the fillet to maturity will not

be sufficient to completely prevent some erosion of the downcoast region from

occurring. Hence, supplemental material will be required to be placed on the

downcoast beaches during this transition period. The volume of supplemental

material required to satisfy this demand will ideally be the difference be-

tween the net downcoast movement of littoral material and the volume of mate-

rial which accumulates in the deposition basin, assuming this accumulated

material will be expeditiously removed and placed on the downcoast beach.

These quantities are displayed in tabular form in Tables 19 and 20 for pro-

posed navigation entrance channel locations at Site A and Site B, respectively.

71. From the data of Tables 11-18, it appears that Sites A and B are

not significantly different in their effect on the unstabilized upcoast shore-

line. Selection of either of these sites as the location for a proposed new

navigable entrance channel to Bolsa Chica Bay from the Pacific Ocean will be

based on additional criteria. The structures with a 50-ft sandtight landward 0

section do not duplicate the existing conditions; and furthermore, the 100-ft

sandtight landward section is only marginal until the updrift fillet matures.

After that time (about 4 years) either the 100-, 150-, 200-, or 250-ft sand-

tight landward section at Site A or Site B will provide a quantity of material

for updrift transport from temporary dynamic storage to approximate the exist-

ing condition of no structure at the proposed new navigable entrance channel

locations. The 150-, 200-, and 250-ft sandtight landward section structures

will provide adequate temporary dynamic storage during the first year after
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Table 17

Computer Simulation Model Indicatin of

Material Returned to Surfside-Sunset Beach

Proposed Entrance Channel Located at Site A

Length of Sandtight Landward Section
Existing 50-ft 100-ft 150-ft 200-ft 250-ft

During Condition Section Section Section Section Section A

Year cu yd cu yd cu yd cu yd cu yd cu yd

1 73,900 33,100 65,400 74,100 74,100 74,100

2 89,000 55,700 86,800 91,000 91,500 91,900

3 96,800 68,400 97,800 100,600 101,700 102,600

4 102,600 75,500 104,000 106,900 108,400 109,800

5 106,400 78,600 108,300 111,200 113,200 114,800

Total 468,700 311,300 462,300 483,800 488,900 493,200 .

Table 18

Computer Simulation Model Indication of

Material Returned to Surfside-Sunset Beach

Iroposed Entrance Channel Located at Site B

Length of Sandtight Landward Section
Existing 50-ft 100-ft 150-ft 200-ft 250-ft .'*

During Condition Section Section Section Section Section
Year cu yd cu yd cu yd cu yd cu yd

1 73,900 31,500 64,800 74,600 74,700 74,700 •

2 89,000 48,400 83,400 89,900 89,900 90,000

3 96,800 59,300 93,600 98,200 98,500 98,700

4 102,600 67,600 101,100 104,600 105,100 105,500

5 106,400 73,200 106,400 109,400 110,100 110,800

Total 468,700 280,000 449,300 476,700 478,300 479,700
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Table 19

Computer Simulation Model Indication of

Supplemental Material Required to be Placed on Downcoast Beach

in Addition to Material Removed from Deposition Basin

Proposed Entrance Channel Located at Site A

Length of Sandtight Landward Section
Existing 50-ft 100-ft 150-ft 200-ft 250-ft

During Condition Section Section Section Section Section
Year cu yd cu yd cu yd cu yd cu yd cu yd

-- 0 43,200 117,800 184,800 240,000 .. j
2 0 21,800 60,600 101,200 144,600

-- 0 0 27,400 58,000 90,300 •

4 -- 0 0 9,100 34,600 61,100

5 -- 0 0 1,800 24,000 46,800

Total -- 0 65,000 216,700 402,600 582,800 ..

Table 20

Computer Simulation Model Indication of

Supplemental Material Required to be Placed on Downcoast Beach

in Addition to Material Removed from Deposition Basin

Proposed Entrance Channel Located at Site B

Length of Sandtight Landward Section
Existing 50-ft 100-ft 150-ft 200-ft 250-ft

During Condition Section Section Section Section Section
Year yd cu yd cu yd cu yd cu yd

1 -- 0 43,300 118,000 184,900 240,100

o 2 0 28,400 67,200 107,600 150,800

3 -- 0 15,100 44,600 75,100 107,100

4-- 0 4,500 29,200 54,600 80,900 -

5 -- 0 0 18,300 40,500 63,300

Total -- 0 91,300 277,300 462,700 642,200
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construction, assuming construction occurs during the summer months so that

the southerly transport during January, February, March, April, and May will

be retained in the fillet. However, all these sandtight landward section

concepts tend to restrict the material which enters the deposition basin.

Therefore the 150-ft sandtight landward section may provide the optimum con-

figuration, considering the desirability of passing the net downdrift quantity

of littoral material past the proposed new navigable entrance channel and

also allowing for temporary dynamic storage of that material which moves

northwesterly during the summer months. The data of Tables 11-18 apply only

during the period of fillet growth to maturity; after that time, the net down-

coast movement of littoral material will enter the deposition basin and will

require bypassing to the downcoast region to prevent serious erosion from

occurring east of the proposed new navigable entrance channel jetties.

Deposition Basin

72. Characteristics of the deposition area that must be determined in-

clude: (a) basin location and shape and (b) basin capacity. Basin location

and shape are dictated by navigation channel geometry and desired location of

the navigation channel. The deposition area should be adjacent to the weir

section so that the eductor system of sand bypassing will function effectively.

An important factor in selecting the deposition basin location is the expected

response of the navigation channel to the sheltering afforded by the jetties.

.- Providing room for a deposition basin between two jetties usually requires

- somewhat of an "arrowhead" jetty layout. If the navigation channel has a

tendency to meander, its movement into the deposition basin is possible. In

that case, a training dike may be required to fix the channel location between

the jetties in the reach adjacent to the deposition basin. Two typical ex-

amples of the "arrowhead" jetty layout are shown in Figures 50 and 51. Fig-

ure 50 shows a weir jetty system that has a sandtight landward section, and

Figure 51 presents a system that does not have such a sandtight section con-

necting the weir portion with the shoreline.

73. Two factors that influence the required deposition basin capacity

are: (a) the longshore transport rate over the weir into the basin; and ,,-
(b) the estimated frequency and rate at which the basin will be excavated.

A reserve volume large enough to accommodate the entire downcoast net movement

86

.2 . .,



(March 1972)

Daircn. SysNte hSn aet sandtih adadscincnncigtewi oto
with the shorelino(afterirERec1977

Depositon B87

................................... Jetty Sa-onS

- ~ G L 0 F. ME IC S.' C. ALpEIFEET )*.*~ ... * %~ '



(October 1970)

O F
Pe rdid'o Bay M EXI/CO0

Direction of Net
Longshore Transport

Florida Point

Terry

Cove -

Alabama Point \\ 60/

BayouSCALE (FEET)

300 0 300 60O 000

Figure 51. Perdido Pass, Alabama, weir jetty alignment and deposition
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the wir portion with the shore]line (after CERC 1977)
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of littoral material, net (275,900 cu yd/yr), is not necessary. Ideally,

the deposition basin should only be large enough to hold that material which

flows over the wir in excess of the rate of an adequately designed bypassing

system. The example sand bypassing program discussed subsequently indicates

* that the deposition basin in this instance ideally should be required to

*' temporarily store only about 80,000 cu yd of material. Short-term influx

rates during storms may be much higher than average values; hence additional

storage capacity for unexpected events should be provided. In all cases, the

deposition basin capacity should be optimized in conjunction with the bypass-

ing system design rates.

Weir Structure ,

74. Factors involved in designing the weir section of a jetty include

determining weir crest length, orientation, elevation, type of construction,

and location of the landward end of the weir itself. The length of the weir

section should be selected so that it will extend through the normal surf zone

and thus intercept most of the sand in transport along the beach. Experi-

mental studies (Seabergh 1983) indicate that much of the sand transported

across a weir structure will cross near the shore face, and that the beach

profile adjacent and updrift of the weir will adjust and flatten to allow

significant bedload transport over the weir in the region of the beach where

the weir and the waterline intersect. The location of maximum transport on

the beachface will change with tidal stage. The amount of transport over the

weir is sensitive to the weir elevation, tide stage, and level of wave activ-

ity. In order to intercept the transport over all ranges of conditions, the

weir section should extend beyond the normal breaker location.

75. The length of existing weir jetties reflects the designer's concern •

about the possible "sanding-in" of the weir section should large slugs of sand

move up against the weir during storms and not be effectively transported over

the weir into the deposition basin. Observations of the performance of exist-

ing weir jetties (Murrells Inlet, South Carolina; Masonboro Inlet, North 9

Carolina; Ponce de Leon Inlet, Florida; Destin East Pass, Florida; Perdido

Pass, Alabama) suggest that this may not be as great a problem as first be-

lieved. Generally, the weir elevation has been set at mean tide level (mtl)

in areas where the tidal range is about 2 ft to 5 ft (Atlantic coast), and at S
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mean low water (mlw) in areas with a relatively low tidal range (Gulf of Mex-

ico). This appears to have been a satisfactory compromise, and a weir eleva-

tion of mwl should be acceptable for the Pacific coast (extrapolating from

previous experience). ,

76. A critical jetty design factor is to establish the location of the .-

landward end of the weir section. The section of jetty connecting the weir

with the shoreline should be sandtight to hold the updrift beach in a dynami-

cally stable planform. The length of the sandtight shore section is deter-o -

mined from the desired updrift beach configuration and from the necessity

to hold a volume of material in active storage to prevent it from passing

over the weir section into the deposition basin. If the sandtight landward

section is too short, erosion may occur over a significant area upcoast of .

the structure; if it is too long, a large volume of sand will be held in

permanent storage along the updrift beach. Ideally, the amount of sand in

storage along the updrift fillet should be the amount needed to replenish

updrift beaches when the longshore sand transport is in the updrift

direction.

77. Figure 52 is a 1981 photograph of a weir jetty system located at

Murrells Inlet, South Carolina. In this region, it was concluded that the

dominant direction of littoral drift was to the south. Since there was be-

lieved to be only a limited amount of material moving to the north, the weir

section was positioned so that the weir extended all the way to the shore-

line; and this configuration appears to be working successfully to this time

at this location. WES has performed comprehensive experimental studies of

weir jetty systems (Seabergh 1983), and the model configuration of Figure 53

indicated that for large reversals in transport direction a finite sandtight

landward section should exist near the desired resultant shoreline.

78. Portions of the material in active storage may accumulate upcoast

of the weir section during downcoast movement and then be displaced back up- :.-',-'

coast duringperiods of drift reversal. Hence it appears the landward end of

the weir section should start at least 100 to 150 ft seaward of the existing

mwl in order to provide a stable attachment at the shoreline. The resulting

fillet that will form on the west side of the weir jetty will have sufficient

capacity to store, on the average, the volume of material which is presently

being transported westerly under existing conditions.

79. It is necessary for a finite weir section to accumulate longshore
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material in a localized region for a weir jetty and sand bypassing concept to

operate successfully at the proposed new entrance channel to Bolsa Chica Bay,

California. The average annual breaking wave height for this region is ap-

proximately 2 ft; however, there are waves that break with a height approach-

ing 15 ft. In order to intercept the material transported over this range of

wave conditions, the weir crest length should be about 400 ft to cover the

range of water depths where this range of wave heights breaks in the vicinity

of proposed new entrance channels to Bolsa Chica Bay, California. The jetties

for stabilizing the proposed navigation channels probably need not extend be-

yond the 20-ft water depth contour referenced to mean lower low water (mllw).

Wave Transmission by Weir Structure -

80. The amount of wave activity that can be tolerated in a deposition

basin is determined by the operation characteristics of the dredge performing

the material removal or bypassing operation. When the bypassing system being

utilized is a jet pump system, the level of wave action may not be as critical.

In either case, the degree of wave action in the deposition basin, for a given

weir crest elevation, can be estimated from available wave transmission formu-

las, following the method of Weggel (1981). Assuming no wave energy enters

between the jetties, and none passes through the weir section, wave transmis-

sion is by overtopping of the weir crest only. In that case, the expression

for wave transmission, Ht/H, , over the weir crest can be applied (Goda,

Takeda, and Moriya 1967; Goda 1969; Seelig 1976).

Ht  h - d.-.''.'S= 0.5 1 sin + (12)

where

Ht = transmitted wave height, ft

H. = incident wave height, ft

h = height of weir structure crest above the bottom, ft .

d = water depth at the weir structure, ft :

a and are empirical coefficients that depend on the structure's charac-

teristics. For a thin vertical wall (sheet pile) weir section, a = 1.8 and

0.1 . For rubble-mound structures where transmission is by overtopping of S
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the weir crest only, the transmission coefficient, Ht/Hi, has been given by

Seelig (1980) as:

Ht )( s (13)

(0. - 0.11

where B is the crest width of the structure, and R is the wave runup

height above the still-water level that would occur if the structure crest

were above the limit of runup. For a rubble-mound structure, the runup is

* given by Ahrens and McCartney (1975) as:

R= a H. (14)
1,l+b) 1_ 3

where

= surf parameter given by:

=tan 0 (5

a,b empirical coefficients equal to 0.692 and 0.504, respectively,
for a structure with two layers of rubble armor ':.

0 angle the seaward face of the weir section makes with the
horizontal

deepwater wavelength given by L = gT2/2n , with T the0 incident wave period and g the acceleration due to gravity

81. Wave heights in the deposition basin vary with tidal stage as the

weir crest submerges and emerges from the water. Maximum wave transmission

occurs at high tide; however, the maximum wave transmitted by the weir at all

tide elevations is determined by the depth-limited breaker wave height con-

trolled by the water depth at the structure location. The average beach pro-
file in the vicinity of a potential new navigation entrance channel to Bolsa

Chica Bay is given by Los Angeles District (in preparation) as Figure 54. The

water depth beneath the weir crest varies with distance along the jetty, with

the average depth for the weir section being 5.2 ft below mllw (8.0 ft below

the weir crest which is positioned at mean sea level (msl), or 2.8 ft above

mllw). The diurnal tide range of 5.4 ft is assumed to vary in a sinusoidal

manner above mllw and is displayed in Figure 55.
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82. For a sinusoidally varying tide with an amplitude of 5.4 ft at a

vertical sheet-pile weir, the solution of Equation 12 is given in Table 21

and presented graphically in Figure 56. The maximum wave transmission occurs

at high tide (d. = 10.6 ft) with the transmitted wave height, Ht , of 4.9 ft.. .

The maximum wave height which can occur at the weir is given approximately by

* the condition that (H ) -0.78 d .Therefore (H ) -0.78(10.6)i max s imax
- 8.3 ft. The transmission coefficient, H /Hi , at this high tide is 0.59.

ti
Hence the maximum wave height, (Ht )max , transmitted by the sheet-pile weir .

* into the deposition basin region is approximately (H ) 0.59(8.3)
t max" 4.9 ft. Since it is assumed a priori that no other wave energy penetrates

the navigation entrance channel, this maximum wave height of 4.9 ft, based on

a depth-limited condition, decreases in magnitude as the wave energy disperses

* away from the weir.

83. If the weir section is constructed of rubble-mound material, the " -

solution of Equation 13 is appropriate and is given in Table 22. This

Table 21

Wave Transmission by Weir Overtopping

Sheet-Pile Weir

Depth Below Breaker Transmission Transmitted
Time Weir Crest Wave Height Coefficient Wave Height

(Percentof ft H ft H/H H ,ft
Tidal Period) ds i ti t

0 5.2 4.0 0.18 0.7

5 5.3 4.1 0.19 0.8

10 5.7 4.4 0.24 1.1

15 6.3 4.9 0.31 1.5

20 7.1 5.5 0.38 2.1

25 7.9 6.2 0.45 2.8

30 8.7 6.8 0.50 3.4

35 9.5 7.4 0.54 4.0

40 10.1 7.9 0.57 4.5

45 10.5 8.2 0.58 4.8 - -

50* 10.6 8.3 0.59 4.9

• Because of symmetry of tidal curve, solution is symmetric about
time -50 percent.
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Table 22

Wave Transmission by Weir Overtopping

Rubble-Mound Weir

Transmission TransmittedTime Surf Coefficient Wave Height
(Percent of Parameter Wave Runup H /e

Tidal Period) _ _ ft tHi Ht

0 10.18 4.60 0.12 0.5

5 10.06 4.70 0.13 0.5

10 9.71 5.02 0.16 0.7

15 9.20 5.53 0.21 1.0

20 8.68 6.15 0.26 1.4 "."

25 8.18 6.85 0.30 1.9

30 7.81 7.45 0.33 2.3

35 7.49 8.03 0.36 2.7

40 7.25 8.52 0.38 3.0 .

45 7.11 8.80 0.39 3.2

50* 7.07 8.90 0.39 3.3 . ..- -.

Because of symmetry of tidal curve, solution is symmetric about

time = 50 percent.

solution is also presented graphically in Figure 56. Here the maximum trans-

mission coefficient, Ht/Hi , produces a maximum transmitted wave height into , ..

the deposition basin of (H) = 3.3 ft.
t max
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PART VII: ESTIMATED EFFECT OF PROPOSED BOLSA CHICA BAY
NAVIGATION ENTRANCE CHANNEL JETTIES ON

UNSTABILIZED ADJACENT SHORELINES

84. When channel stabilization jetties are constructed in the sandy .

nearshore zone, they will alter the natural movements of beach sediments.

Such modifications upset the natural equilibrium, and the shoreline undergoes " ''

changes in response. These changes are most severe when there is a net drift

of sand along the beach under a predominant wave direction. Sand will accumu-

late on the upcoast side and erosion will occur on the downdrift side. The

section of southern California coastline under investigation (Bolsa Chica Bay

region) experiences a twice annual reversal, on the average, in net longshore

transport direction (Figure 12). Strong southerly transport occurs during the

months of January, February, March, and April. Anticipated accretion should

occur on the west side of the proposed west jetties at the navigation entrance

channels of Site A or Site B. Erosion is expected to occur on the east side

of the east jetties unless there is sand bypassing to the eastern side or

material input from an external source. During the remainder of the year,
mild westerly transport reverses the process, and the east side of the east

jetty temporarily becomes the accretion side. Accordingly, the west side of

the west jetty then should experience some degree of depletion as material

previously accumulated in the fillet will drift upcoast toward the eroding

feeder beach at Surfside-Sunset Beach.

Effect on Shoreline West of Proposed
Navigation Entrance Channels

85. The two critical times of the year in the Bolsa Chica Bay region

are toward the end of May (following a large volume of southerly transport
movement) and toward the end of December (at the end of the northerly trans-

port season). At these times, the shoreline will have advanced or retreated

to its farthest position during the year's oscillations. The length of the

sandtight landward section of the proposed navigation channel west jetty be-

tween the preconstruction existing shoreline and the weir determines the extent

of fillet formation that will evolve and ultimately the volume of material

that will be available for transport back upcoast toward the erosional beach

100
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I* area. In the early years following construction, the updrift movement of ma-

terial under average-to-extreme wave conditions may be sufficient to breach

the land end of the west jetty. To investigate these phenomena, five dif-

ferent lengths of sandtight landward section (50, 100, 150, 200, and 250 ft)

were analyzed. These data from the computer simulation model indicate the

- rate and extent of the fillet formation on the updrift side of the various

potential structures and are displayed in Figures 57-80. Here the data are

addressing the formation and growth of the fillet proper, and the dotted por-

tions of the computer-generated lines indicate that region away from the fil-

let proper which will experience oscillations due to the temporal accretion

along the shoreline (even under existing conditions) and is therefore not a

part of the fillet per se. All material accumulating in the temporal accre-

tion and fillet are considered as being retained by the west jetty. Similarly,

all material that moves westerly into the Surfside-Sunset Beach erosional area

(from either the temporal accretion or the fillet) is considered as coming

from the accumulation updrift of the west jetty. These quantities have been

presented previously in PART V of this report.

86. The computer simulation model computations were commenced at the

beginning of January, assuming the jetties were installed immediately prior

to that time. Hence the west jetty will initially experience a period of fil-

let accretion. In the early years following construction, the upcoast drift

of material movement under average-to-extreme wave conditions may be sufficient ,'-'

to breach the land end of the west jetty. While all sections (50, 100, 150, .-. "

200, and 250 ft) of sandtight landward portions evaluated approached an upper

filling limit, the shorter section (50-ft sandtight landward section) suffered

a breaching of the existing shoreline and would not provide enough return flow

of littoral material to the eroding coast to replicate the existing conditions

at the end of the year. The 100-ft sandtight landward section structure re-

produces the existing condition after being in operation for approximately

4 years, whereas the 150-ft section and larger structures permit an adequate

amount of material during all years, whether the proposed new navigation en-

trance channel is located at Site A or Site B. The effect of positioning the

proposed new entrance channel at Site A is not significantly different from

positioning the channel at Site B, with regard to fillet formation. From these

considerations, it appears the sandtight landward section existing between the

present shoreline and the weir section should be at least 150 ft long. A-1
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Figure 57. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation entrance channel
locations to Bolsa Chica Bay, California, at the end of May after 1, 3,

and 5 years of operation with a 250-ft sandtight landward section " -
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250 ft from original shoreline
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Distance Upcoast from New Entrance Channel West Jetty, ft x 100

Figure 58. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation~ entrance channel
locations to Balsa Chica Bay, California, at the end of December after 1,
3, and 5 years of operation with a 250-ft sandtight landward section
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Distance Upcoast from New Entrance Channel West Jetty, ft x 100-. .

Figure 59. Computer simulation model indication of fillet formation on iiT!T.!
updrift side of west jetty at proposed new navigation entrance channel
locations to Bolsa Chica Bay, California, at the end of May and December "':

after 1 year of operation with a 250-ft sandtight landward section
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Figure 61. Computer simulation model indication of fillet formation on :-.-
updrift side of west Jetty at proposed new navigation entrance channel.."-.'".
locations to Bolsa Chica Bay, California, at the end of May and December '

after 5 years of operation with a 250-it sandtight landward section _.
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Figure 62. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation entrance channel
locations to Bolsa Chica Bay, California, at the end of May after 1, 3,

and 5 years of operation with a 200-ft sandtight landward section
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Figure 63. Computer simulation model indication of fillet formation
on updrift side of west jetty at proposed new navigation entrance
channel locations to Balsa Chica Bay, California, at the end of
December after 1, 3, and 5 years of operation with a 200-ft sandtight

landward section
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Figure 64. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation entrance channel
locations to Bolsa Chica Bay, California, at the end of May and December

after 1 year of operation with a 200-ft sandtight landward section -.9
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Figure 65. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation entrance channel
locations to Bolsa Chica Bay, California, at the end of May and December0
after 3 years of operation with a 200-ft sandtight landward section
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Figure 66. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation entrance channel
locations to Balsa Chica Bay, California, at the end of May and December

after 5 years of operation with a 200-ft sandtight landward section
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Figure 67. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation entrance channel
locations to Bolsa Chica Bay, California, at the end of May after 1, 3,

and 5 years of operation with a 150-f t sandtight landward section
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Figure 68. Computer simulation model indication of fillet formation
on updrift side of west Jetty at proposed new navigation entrance
channel locations to Bolsa Chica Bay, California, at the end of
December after 1, 3, and 5 years of operation with a 150-ft sandtight

landward section
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Figure 69. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation entrance channel
locations to Bols Chica Bay, California, at the end of May and December

after I year of operation with a 150-ft sandtight landward section
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Figure 70. Computer simiulation model indication of fillet formation on

updrift side of west Jetty at proposed new navigation entrance channel

locations to Balsa Chica Bay, California, at the end of May and December

after 3 years of operation with a 150-ft sandtight landward section
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Figure 71. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation entrance channel
locations to Bolsa Chica Bay, California, at the end of May and December
after 5 years of operation with a 150-ft sandtight landward section

116



-. . -. o-..- - .o-

-- .- 
. .

1000
p 0!

-0u -Shoreline Location

1End of May

0

Original Mean Sea Level,
(elev 2.80 ft mllw)A 

.e1 a

0.. -. -.

0 0
• ~~~~ ~fe 1 year3yas ,- :.:50

4j.

44 ~ After 3years
100

* After 5 years
* 0

.'0
0 j-

U 150 SitA
Site A

200

Weir Crest begins
100 ft from original shoreline

250
60 50 40 30 20 10 0

Distance Upcoast from New Entrance Channel West Jetty, ft x 100

Figure 72. Computer simulation model indication of fillet formation on

updrift side of west Jetty at proposed new navigation entrance channel

locations to Bolsa Chica Bay, California, at the end of May after 1, 3,

and 5 years of operation with a 100-ft sandtight landward section .0
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Figure 73. Computer simulation model indication of fillet formation
on updrift side of west Jetty at proposed new navigation entrance
channel locations to Bolsa Chica Bay, California, at the end of
December after 1, 3, and 5 years of operation with a 100-ft sandtight .

landward section
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Figure 74. Computer simulation model indication of fillet formation on *-

updrift side of west Jetty at proposed new navigation entrance channel
locations to Bolsa Chica Bay, California, at the end of May and December

after 1 year of operation with a 100-ft sandtight landward section
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Figure 75. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation entrance channel
locations to Bolsa Chica Bay, California, at the end of May and December

after 3 years of operation with a 100-ft sandtight landward section .
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Figure 76. Computer simulation model indication of fillet formation on

updrift side of west Jetty at proposed new navigation entrance channel

locations to Bolsa Chica Bay, California, at the end of May and December - -

after 5 years of operation with a 100-ft sandtight landward section
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Figure 77. Computer simulation model indication of fillet formation on
updrift side of west Jetty at proposed new navigation entrance channel
locations to Balsa Chica Bay, California, at the end of May after I and

5 years of operation with a 50-ft sandtight landward section
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* Figure 78. Computer simulation model indication of fillet formation on ..

updrift side of west Jetty at proposed new navigation entrance channel
locations to Bolsa Chica Bay, California, at the end of December after
1 and 5 years of operation with a 50-ft sandtight landward section
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Figure 79. Computer simulation model indication of fillet formation on
updrift side of w~est Jetty at proposed new navigation entrance channel
locations to Rolsa Chica Bay, California, at the end of May and December

after I year of operation with a 50-ft sandtight landward section
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87. It is pertinent to realize that the longer the sandtight landward

section becomes, the more material will accumulate in the updrift fillet which

was originally provided as beach nourishment material for Surfside-Sunset

Beach. Hence, to maintain a noneroding coastline southeast of the downcoast

jetty, additional quantities of beach fill material must be placed from ex-

ternal sources. Because the structures with the longer sandtight landward

sections retain a greater amount of the downcoast drift, less material actu- L.

ally passes over the weir into the deposition basin for transfer to the

starved downcoast beach during the process of fillet growth to maturity.

Thus an optimization must be performed under the dual considerations of an

adequate storage of material for return flow upcoast and a sufficient supply ....

of bypassed material for beach nourishment downcoast.

Effect on Shoreline East of Proposed
Navigation Entrance Channels

88. Existing conditions indicate that the construction of a w~eir jetty

system at the proposed new navigation entrance channel locations (Site A or

Site B) to Bolsa Chica Bay, with a sandtight landward section, will institute

the formation of an updrift fillet of littoral material which would otherwise

be transported into the deposition basin. The precise location of the weir

section will govern the ultimate equilibrium shoreline configuration that de-

velops. Without sand bypassing to the downdrift beach from the deposition

basin, the average wave climate is sufficient to erode the downdrift coastline

(analogous to the situation at Surfside-Sunset Beach). Even with an effective

bypassing program (one which transfers all the net southerly transport), the

existing regime will have been interrupted, and the gross oscillations of ma-

terial movement will not occur under the same conditions as when the proposed

new jetties did not exist. Northerly transport of material during the summer

months will create a fillet on the east side of the east jetty, and the shore-

line orientation will be altered in that region. This directly affects the

rate of transport into and out of the area. With systematic bypassing an-

nually (assuming repetitive wave conditions each year), the beach will ulti-

mately respond with a new equilibrium configuration.

89. The computer simulation model developed by Komar (1977) and adapted

for this study was utilized to ascertain the effect on the shoreline east of ,
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the potential new navigation entrance channels of a representative example by-

passing program and placement distributions. These computations were performed

under the basic assumption that the structure was installed during the summer

months and thus retained on the east side of the east jetty all littoral mate-

rial that would have been transported northward during this time, starting

with the shoreline at the existing condition location. The same result would

have been deduced by assuming that the computations were initiated at the

beginning of January, with the placement of enough material on the beach east 0

of the proposed new east jetty to maintain the shoreline at the existing con-

dition location.

90. Technology exists in the area of materials handling by slurry pro-

cesses to adequately design a satisfactorily operating sand bypassing system OWL

at this location. Detailed designs have not been performed at this time, how-

ever, and the following example bypassing program is presented for illustra-

tive purposes only. Many other rates of transfer can be handled by the equip-

ment and techniques presently available, and all bypassing programs should be JO:_

evaluated to ascertain their effects on the shoreline downcoast of the pro-

posed new navigation channel. This example bypassing program recognizes that

during the month of January the downcoast movement of littoral material from -

the Surfaide-Sunset Beach region will be entirely utilized in replenishing the __.

available dynamic storage capacity of the fillet on the west side of the west

jetty. If the deposition basin is empty at the beginning of January, no mate-

rial will be available during this month for placement on the beach east of

the entrance channel. The majority of the material to be transferred will be

bypassed during the months of February, March, April, and May. A relatively

small amount of material will be bypassed to the downcoast beach during June

in order to empty the deposition basin in anticipation of the next southerly

transport season.

91. The example bypassing program evaluated consists of the following

transfer rates: (a) February 98,500 cu yd; (b) March 50,200 cu yd; (c) April

50,200 cu yd; (d) May 50,200 cu yd; and (e) June 26,800 cu yd. Results of the '.

computer simulation model application of this example bypassing program to

ascertain the effect on shoreline configuration east of the proposed east

jetty are presented in Figures 81-100 for uniform placement distributions of

300, 500, 1,000, and 2,000 ft. As the distribution of the bypassed material

is extended farther and farther downcoast, those cells nearer the east jetty .9
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will experience an increased depletion of material. It appears from the re-

sults of this one-dimensional numerical analysis that the bypassed material

should be placed as near to the east jetty as practical while remaining out--

side the structure wave shadow zone. For the average wave climate utilized in "

this study, the effective equivalent structure wave shadow zone is quite nar-

row. The actual wave climate existing under prototype conditions will contain

perturbations about this average that will cause fluctuations of the shoreline - - -

in the bypassing disposal area not accounted for by this computer simulation

model. The actual equilibrium shoreline orientation that develops will be in

response to the effectiveness of the bypassing program and in response to the

actual wave climate. .....
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Figure 81. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance .
channel to Bolsa Chica Bay, California, at the end of May and December

after 1 year of operation with a 300-ft material distribution
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Figure 82. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance
channel to Bolsa Chica Bay, California, at the end of May and December

after 5 years of operation with a 300-ft material distribution
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Figure 83. Computer simulation model indication of shoreline configura- - '

tion on downdrift side of east jetty at proposed new navigation entrance
channel to Bolsa Chica Bay, California, at the end of May after I and ." -

5 years of operation with a 300-ft material distribution
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Figure 84. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance
channel to Bolsa Chica Bay, California, at the end of December after .

1 and 5 years of operation with a 300-ft material distribution
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Figure 85. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance
channel to Bolsa Chica Bay, California, at the end of May and December -7-

after 1 year of operation with a 500-ft material distribution

IS0 All bypassed material distributed
uniformly for 500 ft downcoast of east jetty

100

Shoreline location after 5 years

so -.
- End of Hay

Original Mean Sea Level,'""-"
(elev 2.80 ft mllw)

0 ~~Example Bypassing Program :"::":

End of Material BypassedsoDcme onth cu yd
Feb 98,500 :. :

100 Apr 50,200
May 50,200

U Jun 26,800

15O Total 275,900

Impermeable Jetty Structure Section

200 I
0 10 20 30 40 50 60 70 80 90 100 .

Distance Downcoast from New Entrance Channel East Jetty, ft x 100

Figure 86. Computer simulation model indication of shoreline configura- S

tion on downdrift side of east jetty at proposed new navigation entrance

channel to Bolsa Chica Bay, California, at the end of May and December
after 5 years of operation with a 500-ft material distribution . .-..*,'.
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Figure 87. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance
channel to Bolsa Chica Bay, California, at the end of May after 1 and

5 years of operation with a 500-ft material distribution
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Figure 88. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance
channel to Bolsa Chica Bay, California, at the end of December after I

and 5 years of operation with a 500-ft material distribution
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Figure 89. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance

channel to Bolsa Chica Bay, California, at the end of May and December
after 1 year of operation with a 1,000-ft material distribution
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Figure 90. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance
channel to Bolsa Chica Bay, California, at the end of May and December

after 5 years of operation with a 1,000-ft material distribution
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Figure 91. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance
channel to Bolsa Chica Bay, California, at the end of May after I and

5 years of operation with a 1,000-ft material distribution
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Figure 92. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance .*.

channel to Bolsa Chica Bay, California, at the end of December after I , ,

and 5 years of operation with a 1,000-ft materiaL distribution
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Figure 93. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance
channel to Bolsa Chica Bay, California, at the end of May and Decs..*r

after 1 year of operation with a 2,000-ft material distribution
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Figure 94. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance
channel to Bolsa Chica Bay, California, at the end of May and December '..*,, .,

after 5 years of operation with a 2,000-ft material distribution
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Figure 95. Computer simulation model indication of shoreline configura-

tion on downdrift side of east jetty at proposed new navigation entrance

channel to Bolsa Chica Bay, California, at the end of May after I and

5 years of operation with a 2,000-ft material distribution
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Figure 96. Computer simulation model indication of shoreline configura-
tion on downdrift side of east jetty at proposed new navigation entrance

channel to Bolsa Chica Bay, California, at the end of December after I

and 5 years of operation with a 2,000-ft material distribution
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Figure 97. Comparison of computer simulation model indication of shore-
line configuration on downdrift side of east Jetty at proposed new navi-
gation entrance channel to Bolsa Chica Bay, California, at the end of May

after 1 year of operation with four material distributions
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Figure 98. Comparison of computer simulation model indication of shore-
line configuration on downdrift side of east Jetty at proposed new navi-
gation entrance channel to Bolsa Chica Bay, California, at the end of

December after I year of operation with four material distributions
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Figure 99. Comparison of computer simulation model indication of shore-

line configuration on downdrift side of east Jetty at proposed new navi-

gation entrance channel to Bolsa Chica Bay, California, at the end of May

after 5 years of operation with four material distributions
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Figure 100. Comparison of computer simulation model indication of shore-

line configuration on downdrift side of east Jetty at proposed 
new navi-

gation entrance channel to Bolsa Chica Bay, California, at the end of

December after 5 years of operation with four material distributions
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PART VIII: SUMMARY AND CONCLUSIONS

Purposes of the Study

92. Access to the open ocean from Huntington Harbor, California, is ob-

tained by passage through Anaheim Bay which is heavily used by the U. S. Naval

Weapons Station, Seal Beach. Concern has existed for many years about the """*." -

possibility of accidental encounters between civilian and military craft in -

this area where ammunition off-loading and storage are routine practices.

Local interests have requested the SPL to investigate the practicality of the

construction of a new navigation entrance channel connecting Bolsa Chica Bay

with the Pacific Ocean.

93. In August 1972, the State of California executed a land agreement

with Signal Property, Incorporated, regarding tidal la,,s in Bolsa Chica Bay.

Points of the agreement pertinent to this study are: \a) the State will re-

ceive fee title to a 327.5-acre area of the Bolsa Chica Bay along the Pacific .

Coast Highway, (b) Signal Property, Incorporated, provided to the State the

right to use, starting in 1973 and for a period of 14 years, an additional

230-acre area of Bolsa Chica Bay adjacent to the 327.5-acre area, and (c) the

State will receive fee title to the 230-acre area provided a navigational

channel with a minimum width of 300 ft be constructed connecting the Pacific

Ocean to the Signal Property land during the 14-year period. In 1973, the

State of California developed a conceptual plan utilizing the 557.5-acre area

of the Bolsa Chica Bay for a public marina and saltwater marsh restoration. ..

*Navigable entrances located at two possible sites along the Bolsa Chica Bay

shoreline (Figures 4 and 5), and a nonnavigable entrance for the purpose of

tidal exchange with a saltwater marsh, are considered in this study.

94. Functional requirements of such a proposed new navigation entrance .9 .

channel will necessitate stabilization by the use of a parallel or arrowhead

jetty system. Otherwise, the large net downcoast drift of littoral material
.. %" '

will rapidly close the entrance channel and preclude navigation. At the same

time, any jetty system will interrupt the transport of littoral material in

the surf zone and deplete the downcoast (in terms of net transport) beaches of

their nourishment from upcoast sources. Consequently, a sand bypassing con-

cept must be developed to operate in concert with a weir jetty system. The

jetty system is necessary for navigational channel stabilization and a sand O
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bypassing system is required to mitigate effects of the jetties on the recrea-

tional beaches of Bolsa Chica Beach State Park.

95. The purposes of this study were to: (a) estimate the nearshore

wave climate in the vicinity of potential new navigation entrance channel con-

struction for structure design wave determination, and (b) to adapt computer

simulation modeling of longshore transport of littoral material to estimate

the resulting unstabilized shoreline evolution from jetty construction and

example representative material bypassing at Bolsa Chica Beach State Park,

California. .

Structure Wave Height ....

96. Damage to flexible rubble-mound structures is usually progressive,

and for short duration of extreme wave action, waves higher than the signifi-

cant wave height, H , impinging on such structures seldom create serious

damage. The significant wave height, H , appears to be a reasonable design
s

wave height for this locality. The best deepwater wave data for this region

at the present time are believed to be the hindcast data of National Marine

Consultants (1960) and Marine Advisors (1961), and these data were used in

this analysis.

97. The wave height at various locations along the proposed jetty

system depends directly on the deepwater wave height, deepwater wave period,

and direction of approach. The shallow-water values of wave height at all

points along the structure were determined by a detailed refraction analysis

which propagated the deepwater waves shoreward to their breaking location.

The wave heights and their frequency of occlrrence were determined at five

locations along the potential new structure site (10-, 15-, 20-, 25-, and

30-ft water depths). The maximum wave height at the structure for all waves

is less than the breaking wave height for water depths of 30, 25, and 20 ft,

and the proposed structure will. be subjected to nonbreaking waves in these

water depths. In shallower water, however, the combined effect of refraction .S
and shoal i-,f mr,'ae, and the waves may break. These portions of the struc-

ture wil. be subj,!cted to breaking waves of various periods from certain

directions of approach. These data are presented in Tables 2-6.
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Potential Longshore Transport

98. In order to estimate the effects of a weir jetty system and sand

bypassing techniques on the adjacent unstabilized shorelines, it is necessary % 0

to have an understanding of the potential longshore transport of littoral :-"

material in the surf zone. The refraction analysis and wave hindcast data

used for estimating the structure design wave were extended to calculate the

potential longshore transport for the region of coastline extending from •

Surfside-Sunset Beach to Huntington Beach. It was determined that on the

average, approximately 376,600 cu yd of material moves toward the southeast

each year, and about 100,700 cu yd of material is transported northwesterly

each year, resulting in a net southerly transport of about 275,900 cu yd/yr. .

99. The section of southern California coastline investigated in this

study experiences a twice annual reversal, on the average, in net longshore

transport direction (Figure 12). Strong southerly transport occurs during the

months of January, February, March, and April. Anticipated accretion should ..

* occur on the west side of the proposed west jetties at the navigation entrance

channels of Site A or Site B. Erosion is expected to occur on the east side

of the east jetties unless there is sand bypassing to the eastern side or ma-

terial input from an external source. During the remainder of the year, mild

westerly transport reverses the process, and the east side of the east jetty

temporarily becomes the accretion side. Accordingly, the west side of the

west jetty then will experience some degree of depletion as material previ-

ously h-td in dynamic storage in the fillet will drift upcoast toward the

eroding feeder beach at Surfside-Sunset Beach. When the fillet has grown to

maturity (approximately 4 years after jetty construction), it will be capable

of returning the northwesterly transport of littoral material (100,700 cu yd

annually) toward the erosional beach at Surfside-Sunset Beach. 0

Computer Simulation Model

100. A computer simulation model for shoreline evolution developed by

Komar (1977) was adapted to this region. The model was calibrated for known N

movement of material from the feeder beach located at Surfside-Sunset Beach. .

Because the renourishment interval for the feeder beach is expected to be about .x*..'-

5 years, the numerical model was operated for this period of time (with a time
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increment for computational purposes of 1 hr). The two critical times of the

year in this region are toward the end of May (following a large volume of

southerly transport movement) and toward the end of December (at the end of

the northerly transport season). At these times, the shoreline will have ad-

vanced or retreated to its farthest position during the year's oscillations.

The length of the sandtight landward section of the proposed navigation en-

trance channel west jetty between the preconstruction existing shoreline and

the weir determines the extent of fillet formation that will evolve and ulti-

mately the volume of material that will be available for transport back up-

coast toward the erosional beach area.

Spur Groin at Anaheim Bay East Jetty

101. The localized region where the Anaheim Bay east jetty connects with

the shoreline is subjected to severe scour and erosion by certain wave charac- --

teristics and approach directions. There exists the possibility that the east

jetty landward end may be breached if the erosion near this jetty is allowed

to continue unabated. The problem appears to be the result of the "Mach-stem"

phenomenon and arises when the wave approach is such that the wave crest

propagates along the section of jetty, increases in amplitude along the Mach

stem, and terminates as a geyser of water plunging on the shore at the land

end of the structure. Because continuous nourishment of beach replenishment

material is not available for this particular localized region (nourishment is

of a periodic nature), any solution of this local scour must be of a struc-

tural type. Any existing beach location may probably be stabilized at that

position by the construction of a properly designed spur groin erected perpen-

dicularly to the Anaheim Bay east jetty and oriented essentially parallel with '

the general Surfside-Sunset Beach shoreline.

102. The length of spur groin section should be optimized with respect .T....

to extent of stable beach section deemed essential to prevent breaching of

the Anaheim Bay east jetty. The existence of such a spur groin should not

materially affect the volume of beach nourishment required to maintain the

recreation beach in the Surfside-Sunset Beach Region. The computer simulation

model for shoreline evolution was operated for a 5-year time interval in 1-hr

time increments starting with the after-beach-nourishment location of 1979.

Two different lengths of spur groin were installed in the numerical model (a
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500-ft length and a 1,000-ft length). Because of the influence of the breaker

angle on longshore transport, the longer section of spur groin permits a

slightly smaller volume of erosion from the beach (approximately 120,000 cu yd

over a 5-year time interval); however, this slight reduction in total volume

should be optimized with consideration of the initial cost of the spur groin.

While neither groin will eliminate the requirement for periodic beach nourish-

ment, neither adversely impacts significantly on the existing condition

situation. It appears that either section of spur groin will offer satis-

factory protection to the localized scour area where the Anaheim Bay east

jetty connects with the shoreline.

Sandtight Landward Section and Fillet Formation

103. In the early years following construction, the updrift movement of

material under average-to-extreme wave conditions may be sufficient to breach

the land end of the west jetty. To investigate these phenomena, five dif- 1O44k

ferent lengths of sandtight landward section (50, 100, 150, 200, and 250 ft)

were analyzed at Site A and Site B. These data indicate the rate and extent

of the fillet formation on the updrift side of the various potential struc-

tures and are displayed in Figures 57-80.

104. While all sections of sandtight landward portions evaluated ap-

proached an upper filling limit, the shorter section (50-ft sandtight land-

ward section) suffered a breaching of the existing shoreline and would not

provide enough return flow of Littoral material to the eroding coast to repli-

cate the existing conditions at the end of the year. The 100-ft sandtight

landward section structure reproduces the existing condition after being in

operation for approximately 4 years, whereas the 150-ft section and larger

structures permit an adequate amount of material during all years, whether

the proposed new navigation entrance channel is located at Site A or Site B.

The effect of positioning the proposed new entrance channel at Site A is not

significantly different from positioning the channel at Site B, with regard

to fillet formation. From these considerations, it appears that the sandtight

landward section should be at least 150 ft long.
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Deposition Basin Capacity

105. Two factors that influence the required deposition basin capacity
0

are: (a) the longshore transport rate over the weir into the basin; and

(b) the estimated frequency and rate at which the basin will be excavated. A

reserved volume large enough to accommodate the entire downcoast net movement

of littoral material, Qnet (275,900 cu yd/yr), is not necessary. The deposi-

tion basin should only be large enough to hold that material that flows over

the weir in excess of the rate of bypassing. With the assumed pumping capac-

ity of the example sand bypassing program, the deposition basin ideally should

be required to temporarily store only about 80,000 cu yd. Short-term influx

rates during storms may be much higher than average values; hence additional

storage capacity for unexpected events should be provided. The deposition

basin capacity should be optimized in conjunction with the bypassing system
design rates. b. -

Weir Crest Length

106. It is necessary for a finite weir section to accumulate longshore

material in a localized region for a weir jetty and sand bypassing concept to

operate successfully at the proposed new entrance channel to Bolsa Chica Bay,

California. The average annual breaking wave height for this region is ap-

proximately 2 ft; however, there are waves that break with a height approach-

ing 15 ft. In order to intercept the material transported over this range of

wave conditions, the weir crest length should be about 400 ft to cover the

* range of water depths where this range of wave heights breaks in the vicinity

of proposed new navigation entrance channels to Bolsa Chica Bay, California.

The jetties for stabilizing the proposed navigation channels probably need

not extend beyond the 20-ft water depth contour (mllw). .: .

Distribution of Bypassed Material

107. Results of the computer simulation model application of an example

bypassing program to ascertain the effect on shoreline evolution east of the

proposed east jetty are presented in Figures 81-100 for uniform placement dis-

tributions of 300, 500, 1,000, and 2,000 ft. As the distribution of the
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bypassed material is extended farther and farther downcoast, those cells

nearer the east jetty wit experience an increased depletion of material. It

appears from the results of this one-dimensional numerical analysis that the

- bypassed material should be placed as near to the east jetty as practical

while remaining outside the structure wave shadow zone. For the average wave

climate utilized in this study, the effective equivalent structure wave

shadow zone is quite narrow. The actual wave climate existing under prototype ', --

* conditions will contain perturbations about this average that will cause S

fluctuations of the shoreline in the bypassing disposal area not accounted

for by this computer simulation model. The actual equiiibrium shoreline

orientation that develops will be in response to the effectiveness of the by-

passing program and in response to the actual wave climate.

Nonnavigable Entrance Channel

108. The Los Angeles District (in preparation) has proposed as an al- ,

. ternative to a navigable entrance channel, a nonnavigable channel for tidal

exchange between the Pacific Ocean and Bolsa Chica Bay. The concept, which

is intended to be self-maintaining by flushing away sediment accumulation by

tidal flow, has not been specifically addressed in this study. Because of
*" the large volume of gross transport of littoral material (966,100 cu yd/yr),

"* and the relatively small tidal prism (1,110 acre-ft), the bar bypassing

mechanism may become overwhelmed by littoral material during unusually large

wave conditions. All potential concepts should be investigated by physical

model studies for stability and functional adequacy.
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Table Al

Frequency of Annual Occurrence, Open-Ocean Deepwater, Southern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth - 155* to 164*

Significant
Wave Height Wave Period, sec

ft 12-13.9 14-15.9 16-17.9 18-19.9 20+

0.0-0.9 2.1 1.2 1.0 0.1 5

1.0-1.9 3.5 3.0 1.7 0.2

2.0-2.9 1.2 1.1 0.5 0.1

3.0-3.9 0.2 0.2 0.1

4.0-4.9

5.0-5.9

6.0-6.9

Note: These data are Station A data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961).

Table A2

Frequency of Annual Occurrence, Open-Ocean Deepwater, Southern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth - 1650 to 174-

Significant
Wave Height Wave Period, sec

ft 12-13.9 14-15.9 16-17.9 18-19.9 20+

0.0-0.9 1.1 1.1 0.5

1.0-1.9 2.5 1.8 0.8 0.2 0.2

2.0-2.9 0.3 0.5

3.0-3.9 0.1

4.0-4.9

5.0-5.9

6.0-6.9

Note: These data are Station A data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961).
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Table A3

Frequency of Annual Occurrence, Open-Ocean Deepwater, Southern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth = 1759 to 184*

Significant
Wave Height Wave Period, sec

ft 12-13.9 14-15.9 16-17.9 18-19.9 20+

0.0-0.9 1.8 1.0 0.4 0.1 0.1 0

1.0-1.9 2.2 1.4 0.5

2.0-2.9 0.4 0.1 0.1

3.0-3.9

4.0-4.9

5.0-5.9

6.0-6.9

Note: These data are Station A data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961).

Table A4

Frequency of Annual Occurrence, Open-Ocean Deepwater, Southern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth - 1850 to 1940 .".

Significant ,
Wave Height Wave Period, sec

ft 12-13.9 14-15.9 16-17.9 18-19.9 20+

0.0-0.9 0.4 0.3 0.2

1.0-1.9 0.5 0.3 0.1

2.0-2.9 0.1

3.0-3.9
4.0-4.9

* 5.0-5.9

6.0-6.9 .

Note: These data are Station A data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961).
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Table A5

Frequency of Annual Occurrence, Open-Ocean Deepwater, Southern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth - 1950 to 204.

Significant
Wave Height Wave Period, sec

ft 12-13.9 14-15.9 16-17.9 18-19.9 20+
0 15

0.0-0.9 1.2 0.5 0.2
1.0-1.9 1.2 0.9 0.2 "° " "

2.0-2.9 0.5 0.7 0.2 0.1

3.0-3.9 0.2 0.2 0.1

4.0-4.9

5.0-5.9

6.0-6.9

Note: These data are Station A data from "A Statistical Survey of Ocean Wave

Characteristics in Southern California Waters," Marine Advisers (1961).

Table A6

Frequency of Annual Occurrence, Open-Ocean Deepwater, Southern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth - 2050 to 2140

Significant
Wave Height Wave Period, sec

ft 12-13.9 14-15.9 16-17.9 18-19.9 20+

0.0-0.9 1.1 0.5

1.0-1.9 3.1 2.4 0.3

2.0-2.9 0.3 0.5 0.2

3.0-3.9 0.1 0.2 0.2 V.'-' '

4.0-4.9 "". "

5.0-5.9

6.0-6.9

Note: These data are Station A data from "A Statistical Survey of Ocean Wave 0
Characteristics in Southern California Waters," Marine Advisers (1961).
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Table A7

Frequency of Annual Occurrence, Open-Ocean Deepwater, Northern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth = 1500 to 1590 0

Significant
Wave Height Wave Period, sec

ft 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9

0.0-0.9

1.0-1.9 0.1

2.0-2.9 0.1

3.0-3.9 0.2

4.0-4.9
5.0-5.9

6.0-7.9

8.0-9.9 -- .

Note: These data are Station A data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961).

Table A8

Frequency of Annual Occurrence, Open-Ocean Deepwater, Northern Hemisphere

Swell Characteristics (Frequency in Percent of Year) ."

Deepwater Approach Azimuth = 1600 to 1690

Significant -
Wave Height Wave Period, sec

ft 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9

0.0-0.9

1.0-1.9

2.0-2.9

3.0-3.9

4.0-4.9 0.1

5.0-5.9

6.0-7.9

8.0-9.9

Note: These data are Station A data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961). -
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Table A9

Frequency of Annual Occurrence, Open-Ocean Deepwater, Northern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth - 170* to 179"

Significant Wv
Wave Height Wave Period, sec

ft 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9

0.0-0.9

1.0-1.9 0.1

2.0-2.9

3.0-3.9 0.1

4.0-4.9 0.1

5.0-5.9

6.0-7.9

8.0-9.9

Note: These data are Station A data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961).

Table AIO

Frequency of Annual Occurrence, Open-Ocean Deepwater, Northern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth = 1800 to 1890

Significant
Wave Height Wave Period, sec

ft 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9

0.0-0.9

1.0-1.9 0.1 0.1 0

2.0-2.9 0.1 0.1

3.0-3.9

4.0-4.9

5.0-5.9 .

6.0-7.9

8.0-9.9

Note: These data are Station A data from "A Statistical Survey of Ocean Wave ..
Characteristics in Southern California Waters," Marine Advisers (1961).
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Table All

Frequency of Annual Occurrence, Open-Ocean Deepwater, Northern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth 190° to 199 °

Significant
Wave Height Wave Period, sec

ft 8-9.9 10-11.9 12-13.9 -14-15.9 16-17.9
0.0-0.9

1.0-1.9

2.0-2.9 0.1 0.1

3.0-3.9

4.0-4.9

5.0-5.9

6.0-7.9

8.0-9.9

Note: These data are Station A data from "A Statistical Survey of Ocean Wave

Characteristics in Southern California Waters," Marine Advisers (1961).

Table A12

Frequency of Annual Occurrence, Open-Ocean Deepwater, Northern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth - 200* to 209.

Significant
Wave Height Wave Period, sec

ft 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9

0.0-0.9

1.0-1.9 0.1

2.0-2.9 0.1 •

3.0-3.9

4.0-4.9

5.0-5.9

6.0-7.9

8.0-9.9

Note: These data are Station A data from "A Statistical Survey of Ocean Wave

Characteristics in Southern California Waters," Marine Advisers (1961). ._
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Table A13

Frequency of Annual Occurrence, Open-Ocean Deepvater, Northern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Deepwater Approach Azimuth =2590 to 2810

Significant
Wave Height Wave Period, sec

ft 6-7.9 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9 18+
41

1.0-1.9 0.02 0.48 0.23 0.02 0.05

*2.0-2.9 0.88 2.07 1.06 0.62 0.35 0.11 0.02

-3.0-3.9 0.42 0.87 0.50 0.35 0.02 0.09 0.02

*4.0-4.9 0.16 0.48 0.23 0.09 0.12 0.02-

*5.0-5.9 0.12 0.28 0.32 0.14 0.10

-6.0-6.9 0.31 0.32 0.12 0.07 0.05

*7.0-8.9 0.22 0.32 0.20 0.02

9.0-10.9 0.02 0.23 0.16 0.10

*11.0-12.9 0.17 0.02 0.07 0.02

*13.0-14.9 0.05 0.09

15. 0-16.9

Note: These data are Station 7 data from "Wave Statistics for Seven Deep
Water Stations Along the California Coast," National Marine Consultants
(1960).---
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Table BI

Frequency of Annual Occurrence, Sheltered Deepwater, Southern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Sheltered Deepwater Approach Azimuth - 1800

Significant
Wave Height Wave Period, sec

ft 12-13.9 14-15.9 16-17.9 18-19.9 20+

0.0-0.9 5.0 3.6 2.1 0.2 0.1 . -

1.0-1.9 10.6 8.3 3.7 0.5 0.2

: 2.0-2.9 0.3 0.2 0.1

3.0-3.9 -

4.0-4.9

5.0-5.9

6.0-6.9

Note: These data were developed from Station A data from "A Statistical
Survey of Ocean WavP Characteristics in Southern California Waters,"
Marine Advisers (1961).

Table B2

Frequency of Annual Occurrence, Sheltered Deepwater, Northern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Sheltered Deepwater Approach Azimuth f 1800 - -

Significant
Wave Height Wave Period, sec

ft 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9 -.

0.0-0.9

1.0-1.9 0.2 0.4 0.3 0
2.0-2.9 0.1 0.1

3.0-3.9 0.1 0.1

4.0-4.9

5.0-5.9

6.0-7.9

8.0-9.9

Note: These data were developed from Station A data from "A Statistical
Survey of Ocean Wave Characteristics in Southern California Waters,"
Marine Advisers (1961).
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Table B3

Frequency of Annual Occurrence, Sheltered Deepwater, Northern Hemisphere

Swell Characteristics (Frequency in Percent of Year)

Sheltered Deepwater Approach Azimuth 2700o

Significant
Wave Height Wave Period, sec

ft 6-7.9 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9 18+

1.0-1.9 0.02 0.48 0.23 0.02 0.05

2.0-2.9 0.88 2.07 1.06 0.62 0.35 0.11 0.02

*3.0-3.9 0.42 0.87 0.50 0.35 0.02 0.09 0.02

*4.0-4.9 0.16 0.48 0.23 0.09 0.12 0.02

5.0-5.9 0.12 0.28 0.32 0.14 0.10

6.0-6.9 0.31 0.32 0.12 0.07 0.05

7.0-8.9 0.22 0.32 0.20 0.02

9.0-10.9 0.02 0.23 0.16 0.10

11.0-12.9 0.17 0.02 0.07 0.02

13.0-14.9 0.05 0.09

15. 0-16.9

Note: These data were developed from Station 7 data from "Wave Statistics for
Seven Deep Water Stations Along the California Coast," National Marine
Consultants (1960).
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Table B4

Frequency of Annual Occurrence, Sheltered Deepwater,

Sea Characteristics (Frequency in Percent of Year) 0

Sheltered Deepwater Approach Azimuth - 157-

Significant
Wave Height Wave Period, sec L-.'L.-,-..

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

0.0-0.9 1.21

1.0-1.9 0.48

2.0-2.9 0.15 0.06

3.0-3.9 0.13

4.0-4.9 0.03 -

5.0-5.9 0.03 0.01

6.0-7.9 0.02

8.0-9.9 0.01 .

10.0-11.9

12.0-13.9

14.0-15.9 0.01

Note: These data are Station B data from "A Statistical Survey of Ocean Wave -
Characteristics in Southern California Waters," Marine Advisers (1961).
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Table B5

Frequency of Annual Occurrence, Sheltered Deepwater,

Sea Characteristics (Frequency in Percent of Year)

Sheltered Deepwater Approach Azimuth - 180*

Significant
*Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

0.0-0.9 4.18%

1.0-1.9 0.61 0.49 0.04

*2.0-2.9 0.02 0.25 0.03

3.0-3.9 0.1.5

4.0-4.9 0.12 .

*5.0-5.9 0.05

6.0-7.9 0.06

8.0-9.9 0.03

10.0-11.9 0.03

12.0-13.9 0.01

14. 0-1.5.9

Note: These data are Station B data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters,"t Marine Advisers (1961). .
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Table B6

Frequency of Annual Occurrence, Sheltered Deepwater,

Sea Characteristics (Frequency in Percent of Year) -

Sheltered Deepwater Approach Azimuth - 202 .

Significant
Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9 -

0.0-0.9 0.28

1.0-1.9 0.13 0.01 0.26

2.0-2.9 0.08 j
3.0-3.9 0.06

4.0-4.9 0.03 ..

5.0-5.9 0.01 - "

6.0-7.9 0.02

8.0-9.9 0.02 - '

10.0-11.9 0.01

12.0-13.9 0.01

14.0-15.9

Note: These data are Station B data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961).
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Table B7

Frequency of Annual Occurrence, Sheltered Deepwater,

Sea Characteristics (Frequzency in Percent of Year)

Sheltered Deepvater Approach Azimuth -2250.

* Significant
Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

0.0-0.9 4.94

1.0-1.9 1.12

2.0-2.9 0.38

3.0-3.9 0.18

*4.0-4.9 0.11

*5.0-5.9 0.03

6.0-7.9 0.05

8.0-9.9

10.0-11.9

* 12.0-13.9

* 14.0-15.9

NIote: These data are Station B data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961).
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Table B8

Frequency of Annual Occurrence, Sheltered Deepwater,

Sea Characteristics (Frequency in Percent of Year) -

Sheltered Deepwater Approach Azimuth - 24P 0

Significant
Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

0.0-0.9 2.010

*1.0-1.9 0.33 0.27 0.08

2.0-2.9 0.14 0.04 0.03

*3.0-3.9 0.12

4.0-4.9 0.01

5.0-5.9

6.0-7.9

* 8.0-9.9

14.0-15.9

Note: These data are Station B data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961).
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Table B9

Frequency of Annual Occurrence, Sheltered Deepwater,

Sea Characteristics (Frequency in Percent of Year)

Sheltered Deepwater Approach Azimuth - 270 °

Significant
Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

0.0-0.9 15.53

1.0-1.9 2.53 1.91 0.53 0.03

2.0-2.9 1.03 0.21 0.17

3.0-3.9 0.52

4.0-4.9 0.35 •

5.0-5.9 0.13

6.0-7.9 0.12

8.0-9.9 0.03

10.0-11.9 0.02 ..

12.0-13.9

14.0-15.9

Note: These data are Station B data from "A Statistical Survey of Ocean Wave
Characteristics in Southern California Waters," Marine Advisers (1961).
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Table CI

Annual Potential Longshore Transport

Southern Hemisphere Swell Characteristics

Sheltered Deepwater Approach Azimuth =1800

Significant
Wave Height Wave Period, sec

ft 12-13.9 14-15.9 16-17.9 18-19.9 20+

0.0-0.9 T 5.0 3.6 2.1 0.2 0.1
H = 1.0 1.0 1.0 1.0 1.0

b

Q = +3,150 +2,480 +1,540 +160 +80

1.0-1.9 T = 10.6 8.3 3.7 0.5 0.2

Hb = 2.2 2.2 2.2 2.1 2.1

= +9.7 +10.0 +10.2 +10.8 +11.1

ILQ = +62,020 +50,060 +22,760 +2,900 +1,190

2.0-2.9 T = 0.3 0.2 0.1

Hb = 3.3 3.2 3.2

ab +11.6 +11.7 +11.9

Q +5,780 +3,600 +1,830

3.0-3.9

Legend

t =time, percent of year

Hb =breaker height, ft

a b =breaker angle, deg

Q=potential longshore transport, cu yd/yr
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Table C2

Annual Potential Longshore Transport

Northern Hemisphere Swell Characteristics

Sheltered Deepwater Approach Azimuth =1800

Significant
Wave Height Wave Period, sec

ft 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9
0.0-0.90

1.0-1.9 T = 0.2 0.4 0.3

lib = 2.1 2.2 2.2

a= +12.0 +10.7 +9.7
b
Q = +1,290 +2,580 +1,760 ..

2.0-2.9 T =0.1 0.1

Hb 3.3 3.2

ab =+11.6 +11.7 -

Q+1,930 +1,800

3.0-3.9 T =0.1 0.1

H4.3 4.2

Ob +13.2 +13.2

Q+4,250 +4,010

Legend0

t = time, percent of year

Hb = breaker height, ft

a= breaker angle, deg

Q = potential longshore transport, cu yd/yr0
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Table C3

Annual Potential Longshore Transport

Northern Hemisphere Swell Characteristics

Sheltered Deepwater Approach Azimuth = 2700

Significant "
Wave Height Wave Period, sec

ft 6-7.9 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9 18+

1.0-1.9 T = 0.02 0.48 0.23 0.02 0.05

H = 1.9 1.9 1.9 1.9 1.9
b

ab = -10.0 -6.7 -3.2 -1.2 -0.9

Q = -80 -1,350 -310 -10 -20

2.0-2.9 T = 0.88 2.07 1.06 0.62 0.35 0.11 0.02

Hb - 2.9 2.9 2.9 2.9 2.9 2.9 2.9

ab = -12.5 -8.5 -4.4 -2.0 -1.3 -0.8 -0.5

Q = -13,240 -21,170 -5,610 -1,490 -550 -110 -10

3.0-3.9 T = 0.42 0.87 0.50 0.35 0.02 0.09 0.02

S= 3.8 3.8 3.7 3.7 3.8 3.8 3.8 :-
a , = -14.5 -9.9 -5.3 -2.6 -1.7 -1.0 -0.5

Q = -14,400 -20,370 -5,860 -2,010 -80 -210 -20 '_

4.0-4.9 T = 0.16 0.48 0.23 0.09 0.12 0.02

Hb = 4.7 4.7 4.6 4.6 4.7 4.7 -

a= -15.7 -10.8 -5.9 -3.0 -2.0 -1.2

Q = -10,110 20,869 -5,170 -1,030 -970 -100

5.0-5.9 T = 0.12 0.28 0.32 0.14 0.10

H. = 5.8 5.8 5.7 5.7 5.7

a b = -16.7 -11.6 -6.3 -3.3 -2.2

Q = -13,640 -22,110 -13,140 -3,010 -1,430
6.0-6.9 T = 0.31 0.32 0.12 0.07 0.05

Hb = 6.4 6.3 6.3 6.3 6.3

Of = -12.3 -6.8 -3.5 -2.3 -1.3b

Q = -33,200 -18,210 -3,520 -1,350 -540

(Continued)
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Table C3 (Concluded)

Significant
Wave Height Wave Period, sec

ft 6-7.9 8-9.9 10-11.9 12-13.9 14-15.9 16-17.9 18+

7.0-8.9 T =0.22 0.32 0.20 0.02

=-13.1 -7.3 -3.8 -2.4
Q =-37,300 -29,240 -9,510 -600

*9.0-10.9 T =0.02 0.23 0.16 0.10

Hb 9.1 8.9 8.9 9.0

=-14.2 -8.0 -4.3 -2.7

Q =-5,960 -36,530 -13,660 -5,510

*11.0-12.9 T =0.17 0.02 0.07 0.02

Hb 10.4 10.3 10.3 10.3

ab= -8.5 -4.5 -2.8 -1.3

Q = -42,350 -2,580 -5,610 -740

13.0-14.9 T = 0.05 0.09

H b0 = 11.6 11.5

ab =-9.0 -4.8

Q =-17,330 -16,280

15.0-16.9

Legend

t = time, percent of year

H= breaker height, ft

a b = breaker angle, deg

Q = potential longshore transport, cu yd/yr
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Table C4

Annual Potential Longshore Transport

Sea Characteristics

Sheltered Deepwater Approach Azimuth =1570

Significant .:
*Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

0.0-0.9 T = 1.21

H = 0.5
b
a= +20.5
b
Q = +370

1.0-1.9 T = 0.48

Hb= 1.1

Of= +27.0

Q = +1,380

2.0-2.9 T = 0.15 0.06

H = 1.7 2.3b
Of +33.0 +25.2
b
Q = +1,570 +1,020

3.0-3.9 T 0.13

H 3.1
b

Ot b +28.7

Q +5,300

4.0-4.9 T 0.03

H 3.9
b

Gb =+31.3

Q +2,370

5.0-5.9 T 0.03 0.01

Hb 4.7 5.1

ab =+33.7 +26.5

Q =+4,070 +1,310

(Continued)
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Table C4 (Concluded)

Significant
Wave Height Wave Period, sec

f t 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

*6.0-7.9 T =0.02

Hb 6.3 :

b

Q +4,740

8.0-9.9 T =0.01
H= 8.0
b

ab = +31.6

Q +4,810

10.0-11.9

12.0-13.9

14.0-15.9 T =0.01

Hb 12.4

= +28.8

Q+13,100-

Legende

t = time, percent of year

lib = breaker height, ft

a b = breaker angle, deg

Q = potential longshore transport, cu yd/yr
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Table C5

Annual Potential Longshore Transport

Sea Characteristics

Sheltered Deepwater Approach Azimuth 1800

Significant .-

Wave Height Wave Period, sec
ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

0.0-0.9 T = 4.18

Hb 0.6

= +17.0

Q = +1,670

1.0-1.9 T = 0.61 0.49 0.04

Hb = 1.4 1.7 1.9

ab= +22.0 +16.5 +13.0

Q = +2,620 +2,560 +220

2.0-2.9 T' 0.02 0.25 0.03

H = 2.1 2.6 2.9
b

b +22.0 +20.0 +15.7
Q = +240 +4,580 +570

3.0-3.9 T =0.15

Hb 3.6

a ab =+23.0

Q =+7,130

4.0-4.9 T =0.12

H 4.5
b

a = +25.0
b
Q =+10,830

*5.0-5.9 T -0.05

H1 5.4
b

+21.5 -

b
Q +6, 120

(Continued)
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Table C5 (Concluded)

Significant
Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9 0

*6.0-7.9 T =0.06

H10 7.1

Gb = +23.5

Q +15,910

8.0-9.9 T =0.03

H 9.0
a = +25.5

Q +15,620

*10.0-11.9 T =0.03

H 11.0
b

Q +24,480

*12.0-13.9 T =0.01

H= 12.6b
Gb =+25.6

Q +12,120

14.0-15.9

Legend

t =time, percent of year

Hb =breaker height, ft

ab=breaker angle, deg

Q potential 1ongashore transport, cu yd/yr
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Table C6

Annual Potential Longshore Transport

Sea Characteristics

Sheltered Deepwater Approach Azimuth =202*

* Significant
Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

0.0-0.9 T = 0.28

Hb = 0.7

a = +9.5b
Q = +90 -

*1.0-1.9 T = 0.13 0.01 0.26

H,1 = .51.9 2.2

orb = +12.5 +9.7 +8.0

Q = +380 +40 +1,260

2.0-2.9 T =0.08

Hb= 2.9

ab =+11.6
Q =+1,120

3.0-3.9 T =0.06

3.8

(Yb +13.2 .

Q =+1,870

*4.0-4.9 T =0.03

Hb 4.8

ab = +14.5

Q =+1,850

5.0-5.9 T = 0.01

R = 5.9 .

b

Q = +900

(Continued)
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Table C6 (Concluded)

* Significant
Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

*6.0-7.9 T =0.02

H b7.

ab +13.7

Q+3,3200

*8.0-9.9 T =0.02

H10 9.1

Ofb =+15.0

Q +6,300

10.0-11.9 T =0.01

H 10.7

a b =+14.8 -

+4,660

*12.0-13.9 T = 0.01

Hb = 12.3

ab= +15.7

Q +7,000

14.0-15.9

Legend

t = time, percent of year

H1. = breaker height, ft

Ob = breaker angle, deg

Q = potential longshore transport, cu yd/yr
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Table C7

Annual Potential Longshore Transport

Sea Characteristics

Sheltered Deepwater Approach Azimuth =2250

Significant
Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

*0.0-0.9 T = 4.94

Hb = 0.7

Of +1.3

Q= +220

1.0-1.9 T = 1.12

Hb= 1.5

Gb= +1.2

Q= +3106

-029T =0.38

H =2.9
b

a = +1.7
b

Q+7800

3.0-3.9 T = 0.18

H .= 3.9

O= +1.86
Q = +820

4.0-4.9 T =0.11

H 4.9

ab +2.0

Q +980

.- 5.9 T-0.03

H 5.8

= +2.19

+430

(Continued)
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Table C7 (Concluded)

* Significant
Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9 0
*6.0-7.9 T = 0.05

H = 7.32b

Q = ~+1,9400.

* 8.0-9.9

* 10.0-11.9

12.0-13.9

* 14.0-15.9

Legend

t = time, percent of year

H= breaker height, ft

ab = breaker angle, deg

Q =potential longshore transport, cu yd/yr
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Table C8

Annaul Potential Long shore Transport

Sea Characteristics

Sheltered Deepwater Approach Azimuth =2470

Significant -

*Wave Height Wave Period, sec
ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

0.0-0.9 T = 2.01

H = 0.8

b

Q- -730

1.0-1.9 T = 0.33 0.27 0.08

Hb = 1.6 2.2 2.4

a b = -10.5 -4.6 -1.4

Q = -940 -750 -80

2.0-2.9 T = 0.14 0.04 0.03

b 2.4 3.6 3.9

a b = -12.8 -2.0 +1.3

Q = -1,340 -170 +100

3.0-3.9 T =0.12

H10 4.0

a b -10.4

Q -3,360

4.0-4.9 T =0.01

a b -- 11.2

-500

Legend

t = time, percent of year :-
H= breaker height, ft

o= breaker angle, deg

Q =potential longshore transport, cu yd/yr
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Table C9

Annual Potential Longshore Transport

Sea Characteristics

Sheltered Deepwater Approach Azimuth =2700

Significant
Wave Height Wave Period, sec

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

* 0.0-0.9 T = 15.53 .

Hb = 0.7

a= -15.4
b
Q = -8,240

*1.0-1.9 T = 2.53 1.91 0.53 0.03

H,, 1.4 1.9 1.9 1.9

= -20.7 -10.0 -6.7 -3.2

Q = -10,210 -7,990 -1,490 -40

2.0-2.9 T = 1.03 0.21 0.17

Hb 2.8 2.9 2.9

=-18.5 -8.5 -4.5

Q =-21,000 -2,150 -920

*3.0-3.9 T =0.52

Hb 3.6

or -20.9

Q = -22,450 .

4.0-4.9 T =0.35

H= 4.5

ab = -22.6

Q -28,550

5.0-5.9 T =0.13

Hb 5.6

Of -16.7

-13,540

(Continued)
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Table C9 (Concluded)

Significant
Wave Height Wave Period, sec0

ft 2-3.9 4-5.9 6-7.9 8-9.9 10-11.9

6.0-7.9 T =0.12

6.9
H b

b -18.1

Q -22,820

8.0-9.9 T =0.03

Hb 8.6

Gb =-19.6

Q -10,720

*10.0-11.9 T =0.02

H*0 10.0

Gb - -14.6

-7,760

12.0-13.9

14.0-15.9

Legend'

t tim, perent o yea

H4=beae eihf

aib =breaker height, ftg

Q =potential longshore transport, cu yd/yr
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APPENDIX D: APPLICATION OF KOMAR'S .*

COMPUTER SIMULATION MODEL FOR SHORELINE EVOLUTION

Sr..... .. a..

Pa

a..- r=

'=* *:.
p...-..a. ~

*.
a.

Pap-Pa.
-. a...

~ Pa*.a~~.aP~p*~*aa*.*PP....
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SHORELINE CHANGES
ANAHEIM BAY EAST JETTY TO HUNTINGTON BEACH, CALIFORNIA

DIMENSION Z(301),Y(301),ZZ(301),QIN(301),QOUT(301),DANG(301),IANG(301),
H(301),VOL(301),DELS(301),YY(301),YYY(301) ,ZZZ(301),IDDANG(301)
AANG(301),QQOUT(301),QQIN(301),VVOL(301),DDELS(301),lYYYY(301),
EFFEC(301) ,SC(301)
T=O.
DELT-1. --

DELX=100.
READ (5, 100) (Z(I),I1-301)

100 FORMAT (8FI0.2)
DO 120 1-1,300
YYY (I)- (Z(I) +z(I+1)) /2.

120 Y(I)=(Z(I)+Z(I+1))/2.
DO 140 1-1,3006
ZZZ(I)=YYY(I)

140 ZZ(I)-Y(I)
DO 200 1-1,143
DANG(I)-(Y(I+1)-Y(I))
DANG(l)-ATAN(DANG(I)/100.) *57.2958

200 ANG(I)=21.+DANG(I)
ANG(144)-ANG(143)/2.
DO 10200 1-1,299
DDANG(I)=(YYY(I+1)-YYY(I))
DDANG(I)=ATAN(DDANG(I) /100.)*57.2958

10200 AANG(I)=21.+DDANG(I)
AANG(300)=AANG(299)
DO 250 1-151,299
DANG (I)- (Y (I+1) -Y (I))

20DANG(I)-ATAN(DANG(I)/100.) *57.2958

DO 270 1=145,150
ANG(I)=O.610
Y(i)-O.
DELS (I)=0.
zz(I)=0.
QOUT(i)-0.

270 QIN(I)-0.
ANG(300)=ANG(299)S

500 READ (5,515) G
515 FORMAT (lF1O.3)

IF (G .EQ. 0.) GO TO 915
DO 527 1-1,300 -

527 H(I)-0.
H (1 )-0. 04 *H(I)
H(2)=0.08*HCI)
H(3)-O. 12*H(I)

* H(4)-0. 16*11(I)
H(5)=O.20*H(I)
H (6)-0. 24*H (I)
H(7).m0.28*H(I)
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H(8)-0.32*H(I)

H(17).1O6*(I)
H(10)*0.72*H(I)9

* H(Il)-0.44*H(I)
*H(12)0.8*H(I)
* H(213)u0.52*H(I)

H(22)-0.56*H(l)
H(13)-0.60*H(l)
H(24)=0.96*H(I)
HI(1)-0.68HI
Q(1)-0.2HI
QOU(14)-0.H

DA()-(Y (+1-(I) )-
DA()-ATAN(DA()/1 )*725

360 N(I)-2.+DAN(I)

ANGT(144)-N(13)2
DO 3650 1-1,13.0

AG(I)-ATNDN(0.0.*725
360YN(I)-1. DAGI

YY(1)- (13)2

DO 3800 1-145159
AG(I)-(Y(+1- ()

DAN(I)-ATNDN(I/0. *725

3800 ANG(I)-21.+DANG(I)
ANG(300)-ANG(299)
DO 110 K-1,720
T-T+DELT
DO 550 1-1.143
QOUT(I)-27.861739*(H(I)**2.5)*SIN(2.*ANG(I)*0.0174533)

550 QIN(I+1)-QOUT(I)
DO 10550 1-1,300
QQ0UT(I)-27.861739*(H(I)**2.5)*SIN(2.*AANG(I)*0.0174533)

10550 QQIN(I+1 )-QQOUT(I)
DO 10750 1-1,300
VVOL (I) -QQIN (I) -QQOUT (I)
DDEIS (I)-(VV0L(I) *27.) /2500.
YYY(I)-YYY(I)-DDELS(I1)

10750 YYYY(I)-YYY(I)-ZZZ(I)
DO 10800 1-1,299
DDANG(I)-(YYY(I41)-YYY(I))
DDANG(I)+ATAN(DDANG(I)/100.)*57.2958

10800 AANG(I)-21.+DDANG(I)
AANG(300)-AANG(299)
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DO 560 1-1,144 ......
VOL (I) -QIN (I) -QOUT MI
DELS(I)-(VOL(I) *27.)/2500.
Y (I) =Y (I) -DELS (1)
IF (Y(144) .LT. 4280.83)THEN6
Y (144 )=4280. 83
ENDIF
QIN(151)=0.

560 YY(M)=Y(M)-zZ(IM
DO 600 1-1,143
DANG (I)-=(Y (I+) -Y (1))
DANG(I)=ATAN(DANG(I)/100.) *57* 2958

600 ANG(I)=21.+DANG(I)
ANG(144)=ANG(143)/2.
DO 650 I=145,150
ANG(I)=O.-
Y(I)=0.
YY(I)=O.

650 ZZ(I)=0.
DO 700 I=151,300
ANG (300) =ANG (299)
QOUT(I)=27.861739*(H(I)**2.5)*SIN(2.*ANG(I)*0.0174533)-

700 QIN(I+1)=QOUT(I) .
IF (H(151) .EQ. 2.873) THEN
QIN(151)=QIN(151)+96.
ENDIF

* IF (H(151) .EQ. 3.405) THEN
QIN(151)=QIN(151)+96
ENDIF
IF (H(151) .EQ. 2.278) THEN
QIN(151)-QIN(151)+96.
ENDIF
IF (H(151) .EQ. 2.582) THEN
QIN(151)=QIN(151)+96.
ENDIF
DO 750 1=151,300
VOL(I)-QIN(I)-QOUT(I)
DELS (I)=(VOL(I) *27.) /2500.
Y (I) -Y (I) -DELS (I)

750 YY(I)=Y(I)-ZZ(I)
DO 800 1=151,299
DANG(I)-(Y(I+1)-Y(I))
DANG(I)-ATAN(DANG(I) /100.)*57.2928

800 ANG(I)-21.+DANG(I)
ANG (300 )=ANG (299)

110 CONTINUE
WRITE (6,405) T, G 7

405 FORMAT (lHI,//,30X,QTIMfE-0F8.0, IX,QHOURS@,20X,F1O.3,/)
WRITE (6,426) N

426 FORMAT (1X,QELEMENT@,6X,@QIN@,7X,@Q0UT@,7X,@ANGLE@,4X,1@SHORE CHANGE@,/)
DO 900 1-1,300
YY(I)=O.-YY(I)
YYYY(I)=O.-YYYY(I)
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900 EFFEC(I)-YY(I)-YYYY(I)
DO 18000 1-1,150
SC(I)-YY(I)

18000 CONTINUE
DO 17050 1-151,300

17050 SC(I)-EFFEC(I)
CONTINUE
DO 6913 1-150,300
WRITE (6,540) I,QIN(I),QOUT(I),ANG(I),SC(I)

540 FORMAT(3X,I3,5X,F6.1,5X,F6.1,6X,F6.2,7X,F7.1)
6913 CONTINUE-
115 CONTINUE9

GO TO 500
915 CONTINUE

3000 READ (5,515) G
IF (G .EQ. 0.) GO TO 500
IF (G .EQ. 100.) G0 TO 1915
DO 1527 1-1,300

1527 H(I)-G
H(142)=0.80*H(142)
H (143 ) 0 .60*H (143 )
H(144)=O.40*H(144)
QQOUT(1)=0.
QOUT(1)-0.
QOUT(151)mO.
QIN(144)=0.
DO 1600 1-2,144
DANG(I)-(Y(I-1)-Y(I))
DANG(I)-ATAN(DANG(I) /100.)*57.2958-

1600 ANG(I)-DANG(I)
ANG(1)-ANG(2)/2.
DO 11600 1-2,300
DDANG(I)-(YYY (I-1)-YYY (I))
DDANG(I)-ATAN(DDANG(I)/100.) *57.2958

11600 AANG(I)-DDANG(I)-
AANG(1)-AANG(2)/2.
DO 1620 1-152,300
DANG(I)-(Y (I-1)-Y(I))
DANG(I)-ATAN(DANG(l) /100.)*57.2958

1620 ANG(I)-DANG(I)
ANG(151)-ANG(152)/2.
DO 1640 1-145, 150
ANG(I)-0.
Y(I)-0.
YY (I) -0.

1640 ZZ(I)-0.
DO 2110 K-1,720
T-T+DELT
DO 2550 1-2,144
QOUT(l)-27.861739*(H(I)**2.5)*SIN(2.*ANG(I)*0.0174533)

2550 QIN(I-1)-QOUT(I)
DO 12550 1-2,300
QQOUr(I)-27.861739*(H(I)**2.5)*SIN(2.*AANG(I)*0.0174533)
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12550 QQIN(I-1 )-QQOUT (I)
QQIN (300) -QQOUT (300)
DO 12560 1-1,300
VVOL (I) -QQIN (I) -QQOUT (I)
DDELS (I)in(VVOL(I)*27.) /2500.
YYY (I )-YYY (I)-DDELS (I)

12560 YYYY(I)-YYY(I)-ZZZ(I)
DO 12570 1-2,300
DDANG(I)-(YYY(I-1)-YYY(I))
DDANG(I)-ATAN(DDANG(I) /100.)*57.2958

12570 AANG(I)-DDANG(I)
AANG(1)-AANG(2) /2.
DO 2560 1-1,144
VOL(l)-QIN(I)-QOUT(I)
DELS (I)- (VOL(I) *27.) /2500.
Y (I) -Y (I) -DELS (I)

2560 YY(I)-Y(I)-ZZ(I)
DO 2570 1-2,144
DANG(I)-(Y(I-1)-Y(I))
DANG(I)-ATAN(DANG(I) /100.)*57.2958

2570 ANG(I)-DANG(I) * *
ANG (1 ) ANG(2) /2.
DO 6640 1-145, 150
ANG(I)=0.
Y(I) =0.
YY (I)=O.

6640 ZZ(I-O.
ANG(151)-ANGC 52)/2.
DO 2600 1=152,300
QQOUT(I)-27 .861739* (H(I) **2 .5)*SIN(2.*ANG(I) *0.0174533)

2600 QItN (I-i)=QOUT (I)
QIN(300)-QOUT(300)
DO 2620 1-151,300
VOL(I)-QIN(I)-QOUT(I)
DELS (I)=(VOL(I)*27.) /2500.
Y (I)-Y (I) -DELS (I)

2620 YY (I) -Y(I)-ZZ (I)
DO 7000 1-152,300
DANG(I)-(Y(I-1)-Y(I))
DANG(I)-ATAN(DANG(1)/100.) *57* 2958

7000 ANG(I)-DANG(I)
ANG(151)-ANG(152)/2.

2110 CONTINUE
WRITE (6,405) T, G
WRITE (6,426)
DO 2900 1-1,300
YY(I)=0.-YY(I)
YYYY(l)-0.-YYYY(I)

2900 EPFEC(I)-YY(I)-YYYY(I)
DO 78000 1-1,150 .

SC(I)-YY(I)

DO 77050 1-151,300
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WTV.

77050 SC(I)-EFFEC(I)
CONTINUE
DO 7913 1-150, 300
WRITE (6,540) I,QIN(I),QOUT(I),ANG(I),SC(I)

7913 CONTINUE
GO TO 3000

1915 CONTINUE >. :
STOP
END

Input Parameters

Z(IM Distance from arbitrary baseline to original shoreline prior
to model operation -..

G -Equivalent monthly wave height producing a known quantity of
longshore transport
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APPENDIX E: NOTATION



• ~b S. t

a Rubble-mound weir structure empirical coefficient, dimensionless

b Rubble-mound weir structure empirical coefficient, dimensionless

B Weir structure crest width, ft

C Wave celerity, ft/sec

C Propagation velocity of wave energy, ft/sec

d Depth parameter in Komar's computer simulation model, ft

dmin Minimum channel depth, ft

d Water depth at weir structure, ft
S

D Local water depth, ft; vessel draft, ft

g Gravitational constant, 32.174 ft/sec

h Height of weir structure crest above bottom, ft

H Wave height, ft

-b Breaking wave height, ft

H. Incident wave height, ft

H 0 Deepwater wave height, ft

Hs  Significant wave height, ft
Ht Transmitted wave height, ft

L Deepwater wavelength, ft
0

OD Overdepth, ft

Pls Longshore component of wave energy flux, ft-lb/ft/sec

Qn Longshore transport in a northerly direction, cu yd/yr

Qs Longshore transport in a southerly direction, cu yd/yr

Qls Longshore transport, cu yd/yr

"Qnet Net longshore transport, cu yd/yr

QIN Longshore transport into a cell, cu yd

QOUT Longshore transport out of a cell, cu yd

R Wave runup on rubble-mound structure, ft

Rk Refraction coefficient, dimensionless

S Shoaling coefficient, dimensionless

t Time, sec

T Wave period, sec
.th

Yi Deviation of shoreline from equilibrium at i cell, ft

Y. Individual width

z Ship squat, ft

av Weir structure empirical coefficient, dimensionless
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%b Breaking angle of wave with shoreline, deg
a. Angle of shoreline with respect to x-axis , deg

1

a Breaking angle of wave with respect to x-ahis , deg
0

S Weir structure empirical coefficient, dimensionless

at Time increment, hr

AX Length of cell along beachline, ft

Ay Width of cell perpendicular to beachline, ft

AV Incremental volume, cu ft

F. Surf parameter, dimensionless

8 Angle the seaward face of rubble-mound weir makes with horizontal, deg

*n 3.14159, dimensionless

*p Density of salt water, 1.99 lb-sec 2/ft 4
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