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ASSTRACT

The Green Acres Program, under the New Jersey Department of
Environmental Protection, has been at the forefront of the State' s
commitment to open up its ocean and tidal waterways for recreational
use. Since 1961, 219 acres of beachfront property have been acquired
by county and local governments with Green Acres assistance in a total
grant amount of nearly $4 million. Over $26 million has been
committed to local governments in their efforts to preserve and
enhance vital tidal waterfront areas.

The shoreline and waterfront areas are the state's most dominant
physical feature. As its foremost natural resource, the shore serves
as the state's primary tourist attraction. The Green Acres Program
enables the state to work in conjunction with local governments
towards the preservation of an extremely valuable and fragile
resource.
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GREEN ACRES PROGRAM

Like many of you, I have had the pleasure of visiting many of
America's and several of Europe's fine beaches. Yet New Jersey offers
a diversity which is unique. The opportunities and restraints differ
strikingly from Cape May to Monmouth County, from the Delaware River
to the Hudson River, but they all share in offering an exceptional
visual and physical experience.

The economic, social, environmental and health benefits of preserving
and enhancing our open space requires little elaboration. Each Green
Acres bond issue since the first in 1961 has included the legislative
funding that "the provision of lands for public recreation and the
conservation of natural resources promotes the public health, property
and general welfare, and is a proper responsibility of government."
The very fact that all bond issues have passed by sizeable margins is
a clear indication of New Jersey's concern that maintaining and
enhancing the quality of life requires open space and accessible
natural resources. Through intergovernmental cooperation and strong
public support, Green Acres has assisted in the acquisition of over
210,000 acres and the subsequent development of one of the finest
public land systems in the county.

In addition, $540 million of Green Acres bond money generated an
additional $355 million federal and local expenditures for a total of.
$895 million for the acquisition and development of open space area.

The gains under the previous four bond issues, although impressive and
consistent with state planning recommendations going back to the
1940's, still leave the state several hundred thousand acres short of
its obfective of 1 million acres of permanently protected public open
space �28,000 to be acquired as state land; 261,000 to be acquired by
local/county governments!.

This need is based on the Balanced Land Use Concept which recognizes
that land is a finite resource and that it performs several essential
functions such as quality of life, environmental protection and
recreational opportunity.

Balance l.and Use Guidelines

Municipal - 3X of developed and * developable area of the State
County � 1X of developed and * developable area of the State
State - 10X of state by total area
Pederal � 4X in the state by total area e

* area excludes slopes over 12X, wetlands and federal/state owned
open space.
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The Green Trust and Coastal Resources

Traditionally, the Green Acres mandate included both outdoor
recreation and environmental protection. Hovever, since the mid
1970's ~ vith the passage of the third Green Acres Bond Issue vhich
included development funds, a definite turn to recreation over
conservation has taken place in the program. Local recreation
departments could be fairly certain that any conventional recreation
proposal would be funded. This vas not a deliberate attempt to
circumvent any particular state environmental policy, but a
realisation, at least at the local level, that municipal governments
tend to emphasize user-intensive recreation over cansezvation
measures.  Sandman, 1983!

This concern for conventional recreational facilities have met with
much success, and received the backing of professional groups such as
the New Jersey Recreation and Pazk Association. Hovever, the demand
for additional open space and a broader environmental awareness has
called for an innovative approach to project review and funding. The
Green Trust proposal is the result of an indepth review of the state' s
bonding capacity and present economic and environmental conditions.

In November 1983, New Jerseyans passed the fifth Green Acres Bond
which incorporated a Green Trust. The trust makes low interest loans
available to applicants for open space acquisition and for development
projects which demonstrate sound planning practices and environmental
sensitivity while reflecting state-wide recreational needs.

As part of the Green Trust, a priority system has been developed for
local acquisition and development applicatians as a means of judging
the relative merits of proposed projects. The system, while in its
earliest stages, is designed to reflect the extent ta vhich proposals
conform with priorities established by the State Comprehensive Outdoor
Recreation Plan  SCORP! and, statewide goals that aze consistent with
the 1983 Green Acres Bond Act.

Components of this new ranking system include a greater awareness of
the environmental ethic and the provision of active recreation
opportunities where activities may be best suited to the land area.

This formula works well for those interested in providing a multi-use
recreation/environmental experience in the Coastal Zone. Various
factors relating to: a! intensity of need, b! balanced land use
deficit, c! first time applicant, are given major consideration.

A clear indication of the state's commitment to coastal issues can be
found under the project priorities section. Proposals vhich provide
public access  physical or visual! to water, waterfront support
facilities' or preservation of unique natural areas such as beeches,
dunes, vetlands, or floodplain areas are highly encouraged.

As problems are inherent in any development or preservation project,
the goals and issues of each proposal must be veighed against
potential conflicts. The following are examples of the issues and
activities that are part of the Green Acres funding program. It is
hoped that by working in conjunction with other state and federal
agencies, Green Acres can continue to assist local communities in
providing a unique coastal experience.
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COASTAL PROJECTS FUNDED BY GREEN ACRES

Wildlife Preservation
Osprey Nests � Atlantic County, Egrets Habitat-
Cumberland County

Environmental Education
Cattus Island in Toms River, Environmental Center,
Wetlands, Wildlife, on Barnegat Bay

Estell Manor, Atlantic County, Solar Environmental
Center, several miles of nature trails located on South
River. Offers excellent wildlife and vegetation
collection of Pinelands/Coastal species.

Historic Preservation
Atlantic County, Iron Work Foundry dated during 1700'8,

Gloucester County, Red Bank Battlefield � remains of
Revolutionary War soldiers and artifacts.

Shore Protection
Berkeley Island on Barnegat Bay. One of the most
utilized waterfront parks in central New Jersey.
Major feature of park was the need to stabilize eroding
shoreline,

Economic Development
City of Long Branch is redeveloping its oceanfront to
include public promenade and park facilities.

Camden County � Success story on Delaware River.
Example of public monies being used to encourage
private development.

Bridgeton on Cohansey River, scene of many waterfront
festivals.

Highlands Borough, Monmouth County, on Sandy Hook Bay.
This bayfront town has been part of a seafood
restaurant renaissance.

Water Quality
Point Pleasant Borough, Ocean County, on the headwaters
of Beaverdam Creek, last remaining natural area in
Point Pleasant and this part of adjoining Brick
Township. One of the highest ranking projects to be
funded under the Green Trust using new priority system.
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VII. Waterfront Access
Seven Presidents Oceanfront County Park, Long Branch,
17 acres of beach and dune in urbanized northern
Monmouth County,

Higbee Beach, Cape May County � swimmers, birdwatchers
and fishermen frequent the area's mile and a half of
beaches and dunes.
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The coast is an important natural environment. It is a place for living,
working and playing. Historically, from the outset of settlement in the
United States, coastal areas have been a focal point for development,
Early colonial communities such as Jamestown and Plymouth followed by
growth in larger cities such as New York, Boston, Baltimore, Savannah
and others exemplify the importance of the coastal xone in this country.
Today, the importance of coastal areas continues to increase as evidenced
by the amount of new growth and development occurring at this important
natural resource. Several demographic trends illustrate this point.

All U.S. coasts together contain the nation 's seven largest cities, 53X
of its population live in coastal counties, and 90X of its population
growth over the past 10 years. It is estimated that 80X of America' s
population will live on the coast by the year 2000, Forty percent of
the nation's industrial complexes are located along its coastline as are
50X of its manufacturing facilities. This tremendous growth in resi-
dential, industrial and business use has had a dramatic effect on the
amount of remairing undistusbed coastal lands. Coastal wetlands alone
have been reduced by 40X and continue to be developed at a rate of
300,000 acres per year. As a results it has been estimated that only
2X of the relatively undisturbed coastal lands remain in public owner-
ship.  Office of Coastal Zone Managements 1980!

*The research for this paper was sp nsored by the New York Sea Grant
Institute under a Grant from the Office of Sea Grant, National Oceanic
and Atmospheric Administration  NOAA! U,S, Department of Commerce.



The restricted amount of remaining coastal lands is important to all
potential users. However, the importance is paramount to the recrea-
tionist. Presently, each person living in the U.S. spends on an average
10 days per year recreating in the coastal zone. Projected future demand
for coastal recreation opportunities nationwide has been predicted to
nearly double over the next 40 years.

The limited amount of remaining land for expansion coupled with pro-
jected growth in the demand for coastal recreation resources places
increasing pressure on those who presently manage recreation areas in
the coastal zone to assure that the opportunities they provide meet with
the expectation of the users. With recreational opportunities as
restricted as those of coastal recourses, the availability for users to
substitute an alternative experience may be limited, The consequence of
not obtaining a perceived experience by users is dissatisfaction, which
can lead to negative repercussions against the coastal recreation
facility either overly evidenced by acts such as vandalism or indirectly
through lack of public support for the facility. Consequently, for
managers of public coastal recreation areas, a knowledge of the users
perception of the recreation attributes of the coastal environment is
extremely important in meeting their mandated goals of providing reward-
ing and satisfying recreation experiences for the users, while protecting
the natural resource. The research question then arises how well do
managers of coastal recreation facilities understand the users per-
ceptions and expectatio~s of the coastal environment?

Past research into the area of perceptional differences between managers
and users in the coastal environment is limited, but studies designed to
investigate this question at other type of natural resource based
facilities seem to indicate a discrepancy in perception exists between
the two groups. In highly developed campgrounds' CLARK et al �971!
reported that managers perceptions of camper views appeass to be largely
a reflection of the managers' own feeling on the issues and are often at.
variance with campers' sentiments. In forest landscapes, Stone and
Taves �9S6! point out that the forester sees and explains for forest
differently than the recreating tourist. Similarly, Lucas �964, 1970!
reportsthat managers do not rate the quality of resources and facilities
the same as users do. Peterson �974! found that wilderness managers
and users had similar dispositions toward the resource but varied in a
number of areas including attitude and management preference style,
Going on beyond the question of difference between management and users
preference, prediction studies that have been completed indicate that
managers are unable to predict user preferences. Hendec and Harris
�970! found that managers could not predict users' attitudes of wilder-
ness. In a study of managers' ability to predict user motivation at two
national park sites, WELLMAN et al �982! report that managers of more
traditional parks are more apt to correctly predict motivation than are
managers of non-traditional parks  i.e., wilderness areas, beaches,etc.!.

The findings of previous perception research would indicate that
managers may not fully understand the user in terms of what attributes
are important to the users' recreation experience, consequently, managers
may not be providing the recreational experience users desire.
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In coastal areas, due to the constraints of the limited potential for
future growth of facilities and the increasing user demand within the
coastal zone, recreation areas specifically beaches, cannot absorb user
dissatisfaction due to managers not knowing or misinterpreting users'
perception of the attributes of the beach.

In an effort to further examine how different user groups perceive the
coastal environment a research study was developed to identify the
perceptional differences of beach users and management staff towards
the recreation attributes of the beach, Specifically. three research
questions were asked:

�! What recreation attributes do users perceive as
important in the beach invironment?

�! What recreation attributes do management staff
perceive as important in the beach environment":

�! Can management staff accurately predict those
recreation attributes that users perceive as
important in the beach envoronment?

During the summer of 1982, 300 beach users and 99 management staff at
3 New York State park beaches located along the southeast shore of Lake
Ontario were personally interviewed, The beach user group was composed
of both weekday, weekend, day, and overnight visitors. The management
staff group included park managers, office staff, park rangers, life-
guards, and maintenance personnel. The rationale for using this
composite management group was that each subgroup intereacted with the
beach and users in different ways providing unique insights into under-
standing management perception of beach users. The decision to use
onsite state parks beach employees was based on the idea that onsite
employees would have a better understanding of park users since thei
job required daily contact with users. Upper level administrators, it
was assumed, would use information from the onsite staff to assist them
in making management decisions that. affected the beach,

During the personal interview, beach users were asked to evaluate 20
beach attributes based on the importance of those attributes to their
recreation experience at that beach. Management staff, were also asked
to evaluate the 20 beach attributes based on their own personal per-
ception. In addition, management staff was asked to evaluate the
attributes a second time based on how they predicted users would respond.
The 20 beach attributes were: beach facilities, large number of people
at the beach, preservation of the natural beach environment, safety,
water conditions' beach conditions, visual quality of the beach land-
scape, distance travelled to the beach, entrance fee, socializing,
relaxing, beach activities, solitude, weather, beach development,
passive watching, sensory attributes, wildlife at the beach, beach
employees, and rules.
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Subjects response to the twenty beach attributes were evaluated using
a multi-attribute model. The potential advantage of a multi-attribute
model over a unidimensional overall effect approach is the multi-
attribute model's ability to provide insight into an individual's belief
as to the level to which a specific object possesses certain attributes
weighed by the importance of each attribute of that object to the
individual.  WILKIE & PESSEMIER, 1973!. Simplified people evaluate
products, landscape, activities, ideas,etc, on two levels: �! overall
belief about the item in rafa~ence to suitability or desirability, and
�! attitude toward the importance of each of the item's components
fixtures or characteristics. These attitudes presumably combine or
summate to produce an overall attitude towards the item  MYER & ALPERT,
1968! .

For the purpose of this study a multi-attribute model was designed to
specifically measure respondents perception of the importance of the
beach attributes. The model can be described as follows:

A IK IK8 W

Where: I attribute
respondent

Such that:

AIK perception of attribute I by respondent K
BIK respondent K belief about importance of attribute I
WIK ~ strength of importance of attribute I by respondent K

The questionnaire used during the personal interviews to collect the data
reflects the theory the multi-attribute model is based on. The 20
beach attributes were placed on the questionnaire in statemtent form
 i.E., safety while at the beach is important to my recreation experi-
ence at this beach!, Subjects first evaluated these statements using a
five point Likert Scale that ranged from strongly agree to strongly dis-
agree. After all 20 attributes had been evaluated using the Likert
Scale, the subjects were then instructed to take an imaginary $100 and
to buy those attributes which were most important to their recreation
experience at the beach  this procedure was based on the constant sum
scaling!. Subjects could divide the money among attributes in any manner
they wished, but they must spend exactly $100.

The Likert Scale measurement represents the IK component of the model
while the constant sum scale equates to the IK factor in the equation.W

Likert Scale responses were converted into numerical values  strongly
agree = 5 to strongly disagree = 1 ! and multiplied by the constant sum
score  dollars spent on that attribute! resulting in a respondent's
perception score for each attribute  AI< component of the model!. For
group evaluation of a particular attribute, total respondent scores for
that attribute were summed to produce a composite score.
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Example 1 depicts how the multi-attribute model was used to derive the
attribute statement evaluation score for the attribute safety, From
the composite scores, the 20 attributes were ranked in descending order
of importance for each group  users, management staff, and management
predictions! . Table 1 shows the composite score ranking of the attri-
butes by the three groups,

The results showed that response to individual attributes ranged from
complete agreement to almost total disagreement about the importance
of the attributes. A few examples help exemplify the results. For the
attribute safety users, management staff, and management predictions,
all similarly ranked this attribute as the most important. However,
preservation of the natural beach, the second most important attribute
ranked by users was ranked 6th by management staff'.s personal perception
and when asked to predict how users would rate it, management staff
thought users would rank preservation 15th of the 20 attributes. Con-
versely, for the attribute entrance fee, management predicted users
would rank it 4th in importance, when in actuality, they ranked it 12th,
Management personally ranked it 14th.

Comparing the group ranking for all the attributes provides more insight
into the perceptional differences between groups.  Correlation between
group ranking of the beach attributes can be seen in Table 2!.

Table 2. Spearman Rhos for Beach Users, Management Staff
and Management Staff Predictions Composite Score Means

Mgt
Users Staff

Mat.
Predfctions

0.88 0.651.00Users

1.00 0.69Mgt. Staff

Mgt. Predictions 1.00
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From a qualitative perspective, some observation can be made about the
differences in ranking between the groups, Overall, the ranking results
showed that beach users and management staff perceptions were similar
having only five attributes that varied by more than three ranking places.
For three of these attributes preservation, relaxing and sensory at-
tributes users perceived them as more important than management staff>
while the results showed just the opposite for the beach employees and
wildlife attributes. The results from management staff predictions of
how users would rate the attributes showed seven attributes that differed
in ranking by more than three ranks from that of the beach users ratings.
Specifically, management staff predicted users would rank the attributes,
rules, entrance fee, development and large numbers higher than they
actually did, while underrating users perceptions of the preservation,



EXAMPLE 1

ATTRIBUTE STATEMENT EVALUATION

Bypotheical response of one subject toward the attribute: Safety

"I
K

PART 1

LIKERT SCALE

B respondents K belief about important of attribute I
K

PART 2

CONSTANT SUM SCALE

W I strength of importance of attribute I by respondent K

$1OO to buy attributes most important to individuals beach experience

Safety $45

Beach $35

Relaxing $15

A
perception of attribute I by respondent KK
Likert response  BI ! = strongly agree = 5K
Constant sum response  WI ! ~ 45

K
Attribute statement score  AZ ! 45 x 5 225

K
225 ~ Attribute statement score of one person for the attribute safety
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Safety while
at the beach is
important to my
recreation experi-
ence at this beach

Strongly
Strongly Agree Neutral or Disagree Disagree
Agree �! �! Undecided �! �!  I!

Solitude $5

PART 3

ATTRIBUTE STATEMENT SCORE



TABLE I

Beach Users, Management Staff, and Management
Predictions; Composite gcore Ranking

Attribute Statements

Safety while at beach

15

Weather while at beach

Relaxing 12 12

18

10

Continues
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Preservation of the natural
beach enviornment

Facilities  picnic tables,
grille, etc.!

Water Conditions  tempera-
ture, waves, etc.!

Employees  people who work at
the beach!

Visual Quality of the beach
scenery  landscape!

Rules and regulations concern-
ing people's behavior on the
beach

Beach conditions  texture of
sand, etc.!

Users Mgt. Staff Mgt. Pred.



TABLE 1  Continued!

Beach Users, Management Staff, and Management
Predictions: Composite Score Ranking

Attribute Statement*

10 ll

1412

101313

14

1619. 515

16 17

16 2017Solitude

1619.518

18 17

1920 15

*All twenty statements were followed by uis/are important to my
recreation experience at this beach" on the questionnaire.
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Socialising  with family,
friends and others!

Entrance fee  cost of gaining
entrance to the beach!

Activities  swiuming, games,
etc.!

Development  ways in which the
beach has been developed!

Sensory Attributes  sounds,
smells. etc.!

Distance from my home to
the beach

Large number of people on the
beach

Passive watching  watch
people on beach!

Wildlife  opportunity to
see wildlife at beach!

Users Mgt. Staff Mgt. Pred.



relaxing, sna vzsuai quazzry attrzoutes. zznaJ.J.y ~ when comparing
management staff own personal perceptions of the attributes with how
they predicted users would respond, eight attributes were shown to vary
by more than three ranking places. Managers ranked the attributes
preservation, employees, visual quality, solitude and wildlife higher
than their predictions of user response while ranking the entrance fee,
sensory and large number attributes lower,

The results of this study indicate that beach users' and management staff
had similar perceptions toward the recreation attributes of the beach.
However, management staff did not appear to be able to accurately pre-
dict how users at the test beaches would perceive the attributes. Ad-
ditionally, management staff's prediction of users response was not
related to their own personal perception of the beach attributes. The
results may partially be explained by the management staff demographics,

In past perception research that compared users to managers, the manager
group was made up of mainly trained professional natural resource
managers who, it can be assumed, possessed some past work experience.
In this study, 85.8X of the management staff subject group worked six
months a year or less �8.5X worked three months a year less!. Over
72X had three years or less �5.3X one year or less! of prior work ex-
perience at the particular test beach, By age, 73.7X were 30 years old
or younger �5.5X were 20 years old or younger!. These demographics
would seem to indicate that the management staff group for this study
was composed of summer employees who were probably students or recent
high school oz' college graduates �8.3X completed high school, 35.4X 1-3
years of college, 12.1X completed college!. Although aware of their
operational job responsibilities, these young employees would not have
had sufficient education or experience to develop a natural resource.
management consciousness or stewardship that can be seen in the responses
of managers in other studies. In fact, due to the newness, or lack of
continuity, in their job role, many may base their perceptions of the
beach primarily on their years of recreating experience at beach en-
vironments �2.7'X had made 6 or more previous visits to beaches!. The
result being that many of the management staff subjects may be respond-
ing as beach users, not having sufficient natural resource management
education or experience to influence their response.

Similarly, findings in past natural resource perception studies showed
that managers incorrectly predicted users' perception because they based
predictions of their own perception or misinterpreted user behavior,
attitudes, motivation, etc, In this study, the findings indicated that
users and management staff perception of the beach attributes, were
similar. If management had used their own perception of the attributes,
they would have more correctly predicted users response. However, manage-
ment staff possibly due to the lack of national resource education or
job experience background was unable to recognize the similarity between
themselves and users and consequently, may have attempted to predict user
response using a management perspective they did not possess. The impli-
cations of this research would indicate that if management at beach
recreation areas base decisions that affect that resource on what they
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think users Like and disLike ai.one, then they may not be providing the
type experience users are looking for in the beach environment. If no
other information is available about the users at a particular beach,
management staff may well do better to make management decisions based on
their own personal perception of the beach, especially if the staff is
young and lacks Job experience, rather than using some innate under-
standing management believesthey have about the users.

Coastal lands provide an attractive setting for business, residential,
and especially recreational activities, Each year, the remaining
amount of relatively undisturbed coastal land experience more pressure
from competing uses, With growing demand for public coastal recreation
opportunities, it has become paramount that those providing such ex-
periences meet the perceived expectationg of the users. The consequence
of misreading users perceptions is dissatisfaction which may result in
negative impact to the resource. Only through a conscious effort by
those managing public coastal resources to understand the perceptions
and expectationsof the resource user can the dual mandate of protecting
the resource and providing a satisfying recreative experience be
achieved.
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IHTRODUCTIOH

Public participation is a vital element in recreational planning
and design. It provides a means for citizens to contribute their
skills, expertise, and resources in developing and/or renovating park
areas as well as providing an opportunity for voicing personal needs
and/or community priorities relating to park projects  Kepis' 1980;
Gold, 1981! ~

fleanlngful public participation, howevers is a difficult task to
achieve. Personal and professional constraints relating to time,
energy, and knowledge often prevent many citizens, including key
decision-makers, from effectively assessing park phenomena in their
cotmsunitles. To counteract these litsitations, new avenues of data
collection and presentation  Mhyte, 1980; Gold, 1981; Rutledge, 1981;
ASLA, 1982! are being sought to help non-professionals assimilate
information on park conditions more efficiently, This' in turn, would
assist decision-makers and concerned citizens in passing judgements that
ultimately affect park design, management, and use,

In this study, user analysis and documentary film was used to assist
citizen groups in understanding the behavioral context in which two
beach park areas were being used. Since the techniques involved
systematic and objective analyses of use at the parks, information
presented to the citizens was scientifically verifiable and extremely
helpful in clarifying the nature and extent of park problems. Such
information was then used to suggest changes for the parks in terms of
design and management,

This paper focuses on the combination of techniques that are believed
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necessary to: I! insure a comprehensive assessment of site
characteristics and behavioral phenomena in a park area; 2! allow for an
objective presentation of information relating to the site and its
management: and 3! facilitate the dissemination of the information to
the public for review and comment in time-efficient manner. The
techniques involved both traditional forms of data gathering  e.g,, site
assessments, citizen surveys and interviews! and information
dissemination  e.g., public information program, technical reports! as
well as two rather non-conventional means for understanding the nature
of park areas  e.g., user analysis and documentary film! .

~ll ~ td d

In most work relating to the rehabilatation of existing park areas, data
to be gathered will focus on three major areas: I! site analysis; 2!
user analysis; and 3! management analysis. Each of these areas of
information generally rely on several, time-tested' traditional
approaches to data gathering  Gold, 198 1; Christiansen, 1977; Rut ledge,
1971!, and many of these methods utilize secondary data sources. It is
this latter fact that has proved to be the weakest link in much of the
park rehabilatation, design or planning work ro date. This is because
the use of secondary data tends to encourage fewer on-site visits; thus,
the planner or designer fails to understand the behavioral context in
which parks are used.

To address this shortcoming, we tested several non-conventiona I data
gathering and Information dissemination activities that required
user-analysis and documentary film. The purpose was to assess the
additional costs related to the activities and the benefits of the data
gathered for redesign purposes. A review of the methodologies used to
examine each of the information areas listed above serve as the focus of
this paper.

~ti t ~ 1 ~ 1

~tit 1 t. f ~ dltl 1 pp P* t tt d 1 p t 1
basemap for a site often involve the use of aerial photographs and USGS
topographic maps  same scale! . The most recent aerial photographs are
over lain with tracing paper and major features  e,g,, roads, park
boundaries, vegetation, architectural structures! are recorded.
Likewise, an overlay of topographic features is produced. Each overlay
is then enlarged or reduced by photographic processes  or through the
use of a pantograph! to reach the scale desired. The overlays are then
combined to produce the basemap of the study area. The problem with
aerial photographs and USGS topographic maps is that they become
outdated in intensely used or rapidly developing areas. Therefore,
they must be field-verified through actual on site surveying to issure
accurate basemap production.
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The cost of professional surveying currently averages about
5400.00/acre; this includes topographic as well as structural
characterization of the site. In our study, budgetary constra i nts
required us to use a combination of recent aerial photographs, surveys
and select field transect data to develop the basemap. Approximately'
ten hours were used to develop the overlay of the aerie I photograph; two
hours to transfer USCS topographic survey data to the overlay; and ten
hours to selectively run transects to varify the basemap data.

Once our basemap was developed, we used old aerial photographs'
newspaper articles, and surveyor information to characterize the nature
and extent of physical change occuring at each of the beach park areas
over time. This helped citizens visualize how current conditions
evolved at the sites, and what types of future changes could be
expected. The collection and comparison of old aerial photographs ~
newspaper articles, and surveyors notes took approximately twenty hours
to prepare and record on super 8mm film.

Tota I cost for this phase of data preparation included: twelve hours for
traditional basemap development and thirty hours for non-conventional
data verification, preparation, and documentation, The benefits derived
 above and beyond traditional methods! included a field verified
basemap; pictorial documentation of site changes over time; a historical
overview of the human dimensions affecting or affected by physical
changes in the sites  from news accounts! .

Ph sical Inventor . Physical inventories of site conditions relating to
facilities and use areas have traditionally involved on-site
assessments. In this study, we did not deviate from this approach
except to document site conditions on film whenever possible, The site
inventories included assessments of the physical, functional, and
aesthetic qualities of the parks; inventory work took approximately
eight hours to complete. Two of those eight hours were used to
photograph the facilities and use areas. Five additional hours were
needed to use the photographic materials in the documentary film.

Total cost for this phase of the site analysis: 6 hours for traditional
physical inventory; 2 hours for photographing inventory subjects; 5
hours for preparing the film for documentary use. The benefits derived
from the non-conventional data collection included: permanent records of
the physics I conditions of the sites on film; reference material to
gauge assigned assessment values; film to illustrate some of the
problems with the sites.

Traditional park visitor assessments tend to employ questionnaires
th - ~ it il-d li d! t F t i I I ~ f * .~tt ~ f

use, and user rof i les for select park areas, In this study, we
administered an on-site survey to park visitors to assess these three
areas of concern, but we also employed several other, non-conventional
user analysis techniques to verify the survey information and to provide
information on behavior that the s, vey could not provide.
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The survey asked questions about frequency of use, group size and
composition, overcrowding, and physical, social, or managerial problems
with the site. The cost of the survey work was: 20 hours survey
preparation; 31 hours for pretest administration, coding, computer
analysis and revision; 98 hours survey administration, coding, computer
analysis' and interpretation; 10 hours table and figure preparation for
reporting purposes.

This data was corraborated with data from: 1! time-lapse photography;
2! personal observation; 3! visitor mapping; and 4! traffic counts
 automated and non-automated!,

Time-la se hoto ra h . Two Canon XL-5514 movie cameras were
inconspicuously set at high points in each of the park sites; a three
second interval was used to record major areas of use and overall
patterns of movement, Results of the filming showed intense use of the
park areas by motorized vehicles; areas of conflict between motorized
and non-motorized beach users; levels and location of use relating to
park structures or use areas  e.g., cabanas, picnic tables, boat ramps,
parking Iota and roads, beach areas, etc .! . Where interesting use
levels or behaviroal patterns showed up in the fi'Im, additional filming
 non-interval! or personal observations were used to further
characterize the use and/or user group.

Additional cost of time-lapse photography  8 days filming; 10 hours/day!
in man-hours was approximately six hours; most of the time was used to
set-up and take down cameras and change fiim. However, over 20 hours
was used to review the films, and another 20 hours was needed to edit
and splice films for documentary film purposes,

Benefits derived from this activity: pictorial presentation of
behavioral patterns and use levels that could be directly linked with
site design and/or management problems; permanent record of use on film;
corraboration and enhancement of information derived from other data
collection efforts.

Personal Observation and Ha in . These techniques recorded various
aspects of user groups and patterns of use in the park areas. Both
methods provided data with greater detail than the time-lapse
photography allowed. Personal observation was specifically used to: 1!
characterize the occupants of vehicles entering and passing through
various checkpoints in the parks; 2! identify the nature and location of
social groups engaged in various activities while using the parks; 3!
characterize use of park facilities and length of stay by individual
groups within the park .

The cost of personal observation and mapping is high in terms of
man-hours because of the demand for continuity in the activity, We used
four observers, ten hours/day, for six day s to gather data on the
visitor. This amounted to 240 hours of on-site observation work.
Analysis and preparation of the data for filming or technical report
purposes took an additional 30 hours; and observation training to insure
the comparability of data among observers took 3 hours. Therefore, 273
additional hours were used in this phase of non-conventional data
collection. The benefits, however, appear worth the effort for several
reasons. The results brought survey, time-lapse photography, and
traffic count data into context with actual on-site behavioral
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phenomena: it provided the basis for representation of levels of use.
types of use, and social groups composition in a spatial context; and it
identified facility and use area attractions and deficiencies due to the
detai I of data collection,

Traffic Counts. We used automated highway traffic counters to
characterize major and minor Ingress and egress points at the park sites
as well as use levels for various areas along park roads, This data was
coupled with personal observation work that characterized occupants of
motorized and non-motorized vehicles in the parks; their location and
use of park facilities; and areas of conflict. What the automated
traffic counters provided in numbers of cars passing a checkpoint over
time, personal observation filled in with qualitiative data about the
user. For exampie, we had recorder tapes that indicated over 300 cars
passed an ingress point during a 15 minute interval; however, personal
observation allowed us to determine how many people  adult and children!
occupied those cars. Time-lapse photography enhanced the data further
by allowing us to determine how many of those vehicles were repeat
visi tors--i.e., cruising the beach roads and not using other park
facilities,

The man-hours of work involved in traffic-counting was appr oxima'tely 45
hours  four counters, 15 minutes/day, 45 days! . An additional two days
of observation work was used in conj unction with the traffic tapes �
people's 2 days, Sam-6pm!, Twenty hours of data analysis and preparation
for filming  and technical report! were required. Therefore,
approximately 185 hours of work went into this phase of the study.
Benefits derived included: diurnal, weekly, holiday/non-holiday levels
of use for the two park areas; intensity of use by different user groups
on a spatial basis within the parksites; permanent records of use levels
for future comparisons; justification of site design and management
modifications due to the scientific validity and reliabil ty of the
data.

Mana ement anal sis

For this aspect of site rehabilitation, we used the traditional
methods of park user surveys, personal interviews  park staff, public
officials, community representatives!, and public meetings. All of the
data produced by these means were analyzed by computer and developed
into charts or tables for reporting purposes  including filming! .

Total man-hours consumed in this phase can be assess as follows: park
user surveys  already accounted for!, personal interviews �0 hours
preparation, 100 hours administration to approximately 80 individuals!,
public meetings � meetings, 2 hours/meeting!, Data analysis and
preparation included: 40 hours for computer coding and analysis; 20
hours for report preparation. Therefore, approximately, 154 hours were
used for conventional data gathering analysis and preparation,
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Summar of Effort

Table 'I provides a summary of man-hours spent on both the traditional
and non-conventional data collecting and preparation efforts used in
this park rehabilitation 'study'.' From the summary' it appears that
considerable costs are incurred with the incorporation of additional
non-conventional techniques into the park study. Over f,00 additional
man-hours of work can be expected in a study using all of the data
gathering techniques listed. This can amount to significant increases
in project costs relating to salaries, travel, and other expenses.

However, if one examines the benefits derived from the expanded study
effort--particularly in terms of permanent records on behavior, physical
site conditions, and user groups--then the aded expense appears
justified. Furthermore, after study costs in man-hours required to read
and assimilate information from a technical report is considerably
higher  on a person-by person basis! when compared to time required to
observe a documentary film.' Therefore, in terms of information
dissemination, we felt that the documentary film was more efficient in
conveying information about the park sites. We further suspect.
although all of our data collection efforts are not complete, that the
film also conveyed the information more effectively for several reasons:
I! its shorter time span provided fewer opportunities for distraction;
and 2! the impact of visual media appears to have greater power than the
written word. From audience response after presenting the film versus
presenting the technical report, we felt that the technical information
contained therein was more easily conveyed, more completely presented,
and less subject to misinterpretation to those reviewing the film.
Further analysis of survey information and tapes taken of the audiences,
and used to evaluate these two forms of information dissemination, will
clarify these observations further,

It is important to note that these hours represent only on-site data
collection, laboratory analysis, and data preparation of results. Flo
travel or correspondence time is included in these figures.

The technical report was 70 pages long, not including tables and
figures; the documentary film, which included the same results as the
technical reports took 22 minutes to air.
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Table 1: A summary of man-hours used to complete various data gathering and
information preparation tasks relating to a park rehabilitation
project,

HoursHethodology

154 hoursTraditional Data Gatherin Efforts:

6 hours
12 hours

User Analysis
 Visitor survey!

Technical Report Preparation

411 hours

don-conventional Data Gathering
and Information Dissemination Efforts:

Management analysis  film preparation! 20 hours

Documentary film preparation 60 hours

621 hours

211

Hanagement analysis  surveys, interviews,
public meetings!

Site Analysis
 Physical inventories!
 Easemap development!

User Analysis
 Traffic Counts and obsebvation!
 Personal observation!
 Time-lapse photography!

Site Analysis
 Physical inventory filming and data preparation!
 Easemap verification-transects!
 Historical overview of change!

179 hours

60 hours

185 hours
273 hours
46 hours

7 hours
10 hours
20 hours
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Introduction

Atlantic City occupies the northern half of Absecon Island, an 8.2 mile
long barrier island having a northeast-southwest orientation, and is
located about 40 miles north of the lower tip of Cape May, Features of
interest are shown in Figure l. Absecon Inlet is partially controlled
by the Oriental Avenue jetty at Atlantic City and the Brigantine jetty.
Since construction of the Brigantine jetty �952-66! a fillet/shoa1 has
formed inside the channel and connected to the jetty. In addition to
the famed boardwalk there are four piers and several stone and wood
groins. For more detail on the shoreline structures and their history
see McCann �981!. PitzCerald �981! discusses the recent geomorphic
history of Absecon Inlet and the adjacent Atlantic City shoreline.

The beach at Atlantic City has been nourished in 1948, 1962, and 1970.
A beach fili project is scheduled for 1985 with the sand to come from
Absecnn Inlet . Recently� . the Oriental Avenue jetty and three of the
groins have been modified, This paper reports on a study currently
being conducted by the co-authors to evaluate the effect of these recent
structure modifications on potential fil! stability and to propose any
desirable structure changes; to recommend the best source for beach
fill; and to recommend the volume and location of filI placement in 1985,
Some tentative recommendations are made - final, more detailed recommen-
dations will be made in a later report.

Civil Works at Atlantic City

Prom February to May 1963, after the devastatin; March 1962 storm,
600 .000 cubic yards of sand were taken from thu : sI et fillet and channel
and placed on the beach over a distance of 3800 :. southwest of the
Oriental Avenue jetty. In June and July 1970 ",.',rl00 cubic yards of
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sand were taken from the inlet fillet and channel and placed over 4800
ft of the beach southwest of the jetty. Each time, in the filled
sections, the berm was widened to extend approximately 300 ft out from
the boardwalk. Everts, et al. �974!, using profile data collected by
the Coastal Engineering Research Center  see McCann, 1981! have docu-
mented the rapid removal of this fill. Most of the sand was carried
southwest to naturally nourish beaches downdrift of the fill area.
However, much of the sand moved offshore and some sand must have been
carried over the Oriental Avenue jetty; both actions causing a net loss
of beach sand above MSL at Atlantic City.

Using funding authorized under the 1977 New Jersey Beaches and Harbors
Bond Act, four of the structures at Atlantic City were upgraded  see
Figure I!. The crest elevation of the 1180 ft long Oriental Avenue
jetty was raised from +7 ft MLW to +11 ft MLW, The next structure to
the south, a dog-leg shaped groin, was extended 200 ft resulting in a
C-shaped plan form. The third structure south of the inlet, * straight
stone groin, was rebuilt at its outer end. And, an existing wooden
groin just north of the Ocean I pier was extended 300 ft. The first
three structures are north of the usual diverging drift nodal zone which
is typically located between Garden Pier and Central Pier; while the
other structure is to the south,

A 1983 New Jersey Shore Protection Bond Issue will provide funds, which
should be available in 1985, for renourishment of the beach at Atlantic
City. The State has requested permit authority to place 2.6 million
cubic yards of sand on the beach to form a 300 fr wide berm from th*
Oriental Avenue jetty south to Ocean I pier. The berm is then ta taper
from 300 ft to 200 ft over the next 1500 ft of beach fill, and then to
taper into the existing berm width of 200 ft within the next 1500 ft of
beach. The sand would be taken from the proposed borrow area  Figure I!
in the inlet. The borrow section would stay at least 400 ft from the
Brigantine jetty to preclude possible undermin ing of the structure, and
sand would be dredged to depths of 25 ft below MLW.

Field Data Available

A wide variety of field data are available for evaluating conditions at
Atlantic City, Sand size analyses are available for Absecon Island
beaches  Ramsey and Galvin, 1977! as are wave gage data collected at
the Steel Pier  Thompson, 1977! from 1962 to 1969 and wave hindcast
data for 1956 to 1975  Jensen. 1983!. Historic charts of the inlet and
Atlantic City shore dating back to the mid-1800's as well as recent
hydrographic surveys of these areas made by the State of New Jersey and
the Philadelphia District, Corps of Engineers are available. The State
of New Jersey has also taken frequent air photographs of the study area
since the 1962 storm. The usual wind and tide data are available, And,
the Corps of Engineers �974! has documented the history af civil works
at the inlet and Atlantic City.

A most useful data set consists of periodic beach profiles, taken
approximately monthly from November 1962 to April 1973, at seven
locations  see Figure I! by the Coastal Engineering Research Center
 McCann. 1981!. The profiles extend from the boardwalk aut to wading
depth. The survey period encompasses the 1963 and 1970 beach fills.

Ta supplement available field data, the authors wil! < allecr and analyze



sand samples from the inlet within the proposed borrow area. We are
also collecting beach profile data at the seven C.E.R,C. profile lines
plus an additional line between profile 5 and Ocean I pier.

Behavior of 1970 Beach Fill

In 1970, 830,000 cubic yards of sand were dredged from the inlet near
the fillet and pumped to the beach face, The dredged sand had a median
diameter of about 0.3 mm. The native beach sand median diameter
decreased from average values of 0. 35 mm at CERC profile 2 to 0.23 mm
at profile 6  Ramsey and Calvin, 1977!. Thus the fill and native sands
were essentially the same, The berm crest elevation after the fill was
at around +8 ft MSL and the berm width was about 300 ft at profiles 2,
3 and 4. The berm width at profile 1 was over 600 owing to the shore-
line plan form and the jetty. The fill section extended from the j etty
to just south of profile 4.

A good indication of the response of the fill placed at and above MSL
is given by the beach profiles plotted in Figures 2 to 5. The profiles
are for CERC profile lines 1 to 4. Survey dates are: May 18, 1970,
just prior to fill placement; August 26, 1970, just after fill place-
ment; April 12, 1971, one year after start of fill placement; April 10,
1972, two years after start of fill placement; and May 29, 1984, fourteen
years after fill placement.

The most dramatic beach change can be demonstrated by comparing the
May 70 and August 70 profiles to see the amount of fill placed and then
the August 70 and April 71 profiles to see how much of that fill was
lost during the first winter. Some of the fill placed on top of the
berm at profile 1 was likely lost over the jetty which had a crest
elevation of about +5 ft NSL prior to its upgrading, or lost by wave
overtopping of the jetty which washed sand off the berm to the offshore
area. Much of the sand lost from the beach face at profiles 1, 2 and
3 was undoubtedly permanently lost offshore but much of it also moved
alongshore. At profile 4 the net change during the first winter was
small, as sand was lost to offshore but gained from longshore transport
of sand from the profiles further updrift  northeast!.

Comparison of the April 71 and May 84 profi'es at lines 1, 2 and 3
indicates that as much  or more! of the fill was lost from this section
of beach during the first winter than was lost during the following
thirteen years, Of course, much of this sand was transported south and
provided a benefit to beaches further down Absecon Island.

Tentative Recommendations

With a fixed amount of funds for beach nourishment at Atlantic City over
the next several years, it appears to be more desirable to place a
volume of fill that is only a portion of the proposed 2.6 million cubic
yards and to fill the beach at more frequent intervals  e.g. every two
or three years! than approximately once per decade as has been don*
since the 1948 fi11. In this way the total volume of fill placed on
the beach should remain for a longer period of time, Beach users will
experience more uniform beach conditions over a period of years which
wi	 have a more eavorahle impact in the long run, The nourishment
program would essentia!ly be a periodic sediment bypassing operation
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entailing removal of the southerly transport that deposits in Absecon
Inlet and placement of it on Absecon Island for continued transport
south with minimal loss offshore,

Based on the still incomplete analysis of sand samples from the inlet
borrow area, it may prove worthwhile to take sand primarily from the
inlet bar  at the outer ends of the jetties!. This would be so if the
sand from the bar is sufficiently coarser than the O.3 mm median dia-
meter sand previously used and thus have a greater retention time to
wave action on the beach face. The growth of Atlantic Ci.ty and the
concomitant increase in vessel traffic into the inlet may require
dredging of sand from the bar to maintain adequate navigation depths.

The raised Oriental Avenue jetty should have a positive effect in hold-
ind sand on the adjacent beach. However, modification of some of the
groins might have a salutary effect on the beaches. Groins limit long-
shore transport and thus will hold sand in the area of greatest need
 in the more active recreational areas! where the shoreline bulges sea-
ward creating the diverging nodal zone. However, this means that sand
is less able to transport alongshore and is exposed For a longer time
to storm attack and loss offshore, Each of the major structures is
being evaluated to ascertain its most useful geometry in light of these
considerations,

Conclusion

Limited funding is available to nourish eroded beaches at Atlantic City,
so this study is being conducted to optimize the planned nourishment
project, A thorough study of the history of previous fills and the
impact of existing structures on local shore processes is being carried
out. Recommendations will be made on the best location for borrow
material� the volume and location of fill p1acement, and any shore
structure modifications that should prove beneficial.
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Abstract

Segmented offshore breakwaters protect the shore by atrenuating
wave action and by promoting rhe deposition of driff:ing sediment in the
lee of the structures, resulting in the development of a beach
salient. The coocepr. is nos. novel, but simply combines the wave atten-
uation of a natural shore-parallel sand bar or reef system with the wave
diffraction ef fects of a nearshore island. Segmented breakwaters
locally reduce incident wave energy and alter wave direction to create a
"shadow zone" where longshore transported sediment or placed beachf ill
is rerained. The philosophy and history behind rhe use of segmented
breakwarers for beach erosion control, as well as advantages, dis-
advanrages, and some design considerations are presented, together with
example illuatrarions.

Segmented breakwaters have many advantages over other, more con-
ventional forms of shore protection. Unlike groins, segmented break-
waters do not create a total barrier to littoral transport ~ nor do they
promote offshore losses. Unlike revetments, bulkheads ~ and seawalls,
rhey aid in the retention of a recreational beach. If the breakwater
sysrem is properly sited and designed, and beachf ill is included as an
item of construction, the impact to neighboring shores will be
minimal. The main disadvantages of segmented offshore breakwaters are
thar they are more expensive to construct than land � based structures and
thar there are no standardized design criteria.

Alrhough segmented breakwater systems have been previously
implemented in Japan, Italy, Israel, Australia, and other countries,
experience in the Unired Stares has been very limited. Breakwater
systems have been constructed in areas such as Massachusetts ~ Ohio ~
Pennsylvania, and Virginia, and plans exist for inr urporating their use
at other si tes. The design and application of the segmented breakwater
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concept at any particular site must be based on an evaluation of the
local wave climate and littoral transport regime plus a review of the
lessons learned from previously constructed projects. There are a few
numerical and modeling procedures which may be applied to optimize a
breakwater system plan, but the eventual design must heavily rely on
engineering judgement and coastal experience.

Introduction

Although the concept of beach erosion control may be a subject
of some technical controversy, there still is a real need for an effec-
tive way to preserve our recreational beach resources. Not only are
opportunities for public access to beach front areas dwindling due to a
boom in private development, but also overall beach area is gradually
decreasing due to sea level rise and a loss of sediment sources. Shore
erosion control is typically accomplished in one of three ways:

�! By stopping shoreline recession through the use of onshore,
shore-parallel structures such as seawalls or revetments.

�! By adding new beach materi.sl through nourishment or sand
by-passing operations.

�! By reducing the rate of littoral transport.

The conventional structural approach used to reduce the local rate of
longshore sediment transport is a groin or a groin system. Another mode
available for influencing the longshore transport rate is the use of
detached, or segmented, offshore breakwaters.

Segmented offshore breakwaters protect the shoreline by attenua-
ting wave action and by promoting the deposition of drifting sediment in
the lee of the structures. This results in the development of a beach
salient. If the salient grows to the degree that it becomes connected
to rhe structure, it is called a tombolo. The concept of segmented off-
shore breakwaters is not novel, but simply imitates the wave attenuating
effect of a natural shore-parallel sand bar, reef, or nearshore island.

The Philoso h Behind Se mented Offshore Breakwaters

Segmented offshore breakwaters protect a zone of the beach from
direct wave action and also cause a transformation of the incoming
waves. The area directly behind the breakwater is sheltered as wave
energy is dissipated on the structure. The wave energy in the gaps is
also reduced as waves diffract, or bend, around the ends of each break-
water resulting in a lateral spread of wave energy and a net reduction
in energy reaching the shore at any given point. The resultant effect,
illustrated in Figure 1, is to drive sand inro the sheltered area behind
the breakwater where it is deposited.

Any structure whose function is to cause a local accretion of
sand may cause damage to downdri.ft beaches if it traps material from the
longshore system. The addition of beach fill to the project site is
therefore high!y recommended as a part of the project design Enough
sand should be placed to equal the amount which would be removed from
the 1ittoral system by the breakwater-induced beach. Designing a
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Figure 1. Segmented Offshore Breakwater Design Considerations.

breakwater system requires the prediction of the equilibrium beach and
the amount of sand necessary to maintain that stable shoreli.ne. By
artificially adding an amount of fill equal to that required by the
breakwater-induced salients, there will, in principle, be no net
adverse impacts on the neighboring shores. This is a general statement
which should be rigorously examined for any proposed project. Even with
the initial placement of beach fill, variations in the wave climate at a
site may make the range of erosion experienced by neighboring shores
unacceptable.
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The advantages of a segmented offshore breakwater system are
best understood by comparison with the traditional sand accreting shore-
line structure, the groin. Both methods of beach erosion control
involve the use of a group of structures designed as a system. Groins
are generally built perpendicular to shore. Segmented breakwaters are
generally built parallel to the shore. Groins do not reduce the wave
energy striking the shore. They are dependent on the presence of a
trapped beach in order to provide some level of protection for the back
beach. Breakwaters, however, do reduce a certain amount of the incident
wave energy, depending on how much of the shore is fronted by the struc-
ture and the height of th* structure Groins tend to compartmentalize
the shore and the longshore current system. Sediment moving alongshore
is forced into deeper water in order to move around the structure ends,
thereby increasing offshore losses. Frequently, the presence of a groin
field will displace the nearshore bar system seaward. If breakwaters
are designed properly, sediment will continue to move longshore behind
the structures. The degree of reduction is a function of the design.
Breakwaters have not been observed to increase offshore losses of sedi-
ment and, in fact, they may even reduce the offshore transport rate.
Therefore, unlike groins, breakwaters do not promote offshore losses, do
reduce the rate of longshore movement, and do allow regular Longshore
transport patterns to continue.



There are several disadvantages to the use of segmented break-
waters. They are expensive to construct, often involving the use of
marine-based equipment. Also, available design experience and guidance
is very limited. There is no handbook which contains rules and
regulations for designing a segmented breakwater system. The parameters
which control the complex interaction of sediments and structures are
poorly understood, setting the stage for potential judgmental errors.
But probably the greatest disadvantage is a perceived one. The lack of
functioning examples in the United States reduces the public and even
technfcal confidence levels People are reluctant to provide money for a
project if they cannot walk down the beach and see a similar structure
that is working.

Histor of Se mented Offshore Breakwaters

Although experience in the United States in the use of segmented
offshore breakwater systems is lfmited, there have been a number of
applications fn other countrfes. In addition, single breakwater struc-
tures have a long history along the American shore. These structures
may range from a low structure near the shoreline, which is frequently
overtopped and functions as a perched beach, to a high, deepwater struc-
ture built in associatf.on with a harbor. Single breakwater structures
exhf.bit different intents, designs, and construction. They have been
built by individual property owners and by all levels of the Government.

A few major projects illustrate the typical types of single
breakwater applications  U. S. Army Engineers, 1984!. One of the first
major single breakwater projects was the Venice, Calffornfa, 183~-long
rubblemound breakwater, buflt fn 1905. This structure was originally
built to protect an amusement pier, and although the tombolo has been
periodically eroded by storms, the beach has always returned. Other
example projects where a single breakwater was built for erosion control
are at Lfncoln Park in Illfnois and at Haleiwa Beach in Hawaii. Break-
waters built in the 1920 s and 1930 s at Santa Barbara and Santa Nonfca,
Californfa, were origfnally intended to create a harbor of refuge. How-
ever, both of these projects ended up trapping significant amounts of
sediment, causing either a salient or a tombolo to form. An interesting
multfpurpose single breakwater was constructed in 1960 at Channel
Islands, California. This structure overlaps the harbor entrance, help-
ing t'o shield boats using the harbor from wave energy, and trapping
material adjacent to the entrance, making ft available for sand
bypassing operations.

The concept of a system of segmented offshore breakwaters has
been used extensively in other countries, creatfng a broad experience
base  Iesnfk, 1979!. One of the best documented projects is the series
of shallow water "artificial headlands" at Singapore. Other projects
may be found in Italy, France, Israel, and Denmark, to name just a
few. Segmented breakwaters have been used for almost 30 years in
Japan. The Japanese consider the preservation of their coastal lands to
be a national priority. The coast is heavfly developed and periodically
exposed to extreme wave events, such as typhoons and tsunamfs. They
have developed a construction and general configuration plan which has
been fnstalled and is successfully functioning at more than 20 different
sites. Typically, Japanese breakwaters are built fairly close to shore,
causing the almost complete development of a tombolo. These breakwaters
have no core and are fairly porous. Full tombolo formation fs inhfbited
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by the large amount of wave energy which is transmitted rhrough the
breakwater. One of the first applications of a segmented breakwater
system in the United Srates was the 1935 construction of five break-
waters at Winthrop Beach in Boston, Nassachusetts. These breakwaters
were constructed to protect the shore and a seawall. The approximately
3-m tide range at this site causes two distinctive shoreline
responses. During high tide, the five breakwaters act as one unit,
resulting in the formation of a single salient, while the low tide shore
features five separate but smaller tombolos.

In 1977, three rubblemound breakwaters were constructed at
Lakeview Park, Lake Erie, Lorain, Ohio. This project has been carefully
monitored since construction, resulting in a unique data base which
documents the shoreline response to a group of structures  Pope and
Rowen, 1983!. The project was designed to allow sediment transport to
continue behind the breakwaters by placing them 120-150 meters off of
the original shore. The placed beach fill has been remarkably stable,
exhibiting a slight average annual accretion of approximately
2,300 cubic meters. A very stable shoreline has developed which
undulates seasonally, due to changes in water levels and the wave
climate, but repeats the same patterns.

Other, more recent segmented breakwater projects in the United
States include: a shallow water beach erosion control project at
Colonial Beach, Virginia, which includes a 3-breakwater and a 4-
breakwater section; a 3-breakwater prototype test constructed at Presque
Isle, Pennsylvania; a 4-breakwater, moderate water depth, "no fill"
project at East Harbor, Ohio; and a 3-breakwater "with fill" project at
Lakeshore Park, Ashtabula, Ohio. All of these projects except for the
one at East Harbor are being monitored by the Corps of Engineers in an
effort to improve the "state-of-the � design."

Desi n Considerations

In order to successfully design segmented offshore breakwaters,
the wave climate and the sediment transport characteristics at the
project site must be known. This includes understanding the average
range of conditions and predicting the extreme conditions. Shoreline
response is based on the magnitude and direction of the predominant
incident waves   Figure 1!. From this information, the designer attempts
to predict the amount of wave diffraction around the structures, the
degree of overtopping, and the net and gross sediment transport under
average conditions. The designer also wants the project to function
without detrimental impact to the backbeach features and neighboring
shores during severe storms or periods of unusual quiescence. Seasonal
and periodic variations in the coastal climate will cause the beach
morphology to fluctuate . The salients will erode and accrete within an
envelope which is controlled by normal cycles and the extreme
conditions.

The challenge is to predict an average, stable shoreline con-
figuration for various breakwater designs, then select the best one.
The designer manipulates the breakwater length, gap width, alignments,
height, wave transmission characteristics, and distance offshore until
the desired shoreline can be predicted for the least amount of structure
expense  Figure !! ~ An estimate of how much sedimenr. the structures
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would ordfnarfly trap is then made allowing original fill and main-
tenance fi.ll quantfties to be programmed.

Design tools currently avaflable include the use of a simple
diffraction analysfs. The average wave climate from different direc-
tians fs evaluated and a diffraction analysfs performed. The different
di.ffraction patterns are then compared and an average shoreline pre-
dicted. Another tool which holds promise for making qualitative pre-
dictions is the use of a movable bed, physical model. Each of these
tools has been verified by comparison with the field data collected from
the Lakeview Park project and found to accurately reproduce the
pratatype shoreline response of that project. Of course, fn the case of
a major project, the constructfon of a prelfmfnary field test structure
may be warranted. By constructing and monitoring a small-scale
prototype structure at the project site, invaluable data can be
collected and used to fine tune the full project design. The three
breakwaters at Presque Isle were constructed with such a purpose in
mind. The data collected from these structures fs being used to assist
in the development of a project design involving the protection of
5 miles of eroding shore.

A new tool, which is just becoming available for predfctfng
sediment response to coastal structures, fs the numerical model. There
are a number of numerical models avaflable, but only limited ffeld veri-
ffcatfon tests have been made. Numerfcal models bring the design wave
candftfon to the structure, then diffract, refract, and shoal the waves
to breaking. Some models even allow for wave transmission at the struc-
ture. From this combination of effects, the incomfng wave train is
transformed as ft would be in nature and a resultant shoreline fs
predicted.

The concept of segmented offshare breakwaters has theoretical
promise. Such breakwaters have functioned successfully at a number of
sf tea. Segmented breakwaters should not be indiscriminately applied to
all projects and sites, Untfl more projects have been built and moni-
tored at a varfety of sites we will not know if they are suitable, for
example, for use along shores with a high tidal range or for localized
protection along a shore with a large littoral cell. Design mistakes
will be made, but ff we understand the design limitations and are
sensitive to the demands of the environment we will have a means of
controlling local beach erosion which works with the processes of the
shore rather then agafnst them.
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THE PROBLEM

Groi ns and jetties are shore perpendicular structures made of wood,
steel, or stone, and are used throughout the Atlantic and 6ulf Coasts of
the United States as shoreline protection and navigation structures. The
effecti veness of groins in protecting and stabilizing a shoreline, how-
ever, is disputed,. While littoral material has been shown to accumulate
on the updr'ft side of the structure, the shoreline on the downdrift side
has been observed to erode  Figure 1!. Unfortunately, the mechanism caus-
ing the observed condition is poorly understood. Jetties likewise inter-
rupt littoral drift, and thus create situations similar to that experienced
with grains. The objective of this paper is to highlight past laboratory
uid field investigations, apply these observations to existing problem
areas, and develop an understanding of the information needed to ident.ify
the iesponsible ph."sical processes and adequately mitigate the obs rved and
expected adv rse effects.

LABORATORY S1UDIES

Investigation in a controlled setting offers the opportunity to quan-
titatively observe coastal processes. Both wave tank models and numerical
models have been used to examine wave and tidal currents around grains and
jetties. A recent investigation involving weir j etty performance by Sea-
berg �983! provides m excel'ient example of wave induced current ci rcula-
tion in varying condi tions. The downdrift circulation patterns were
characterized by large eddys. These eddys were most accentuated durino
maximum ebb flow and 10 second period waves approaching from the updrift
side at an angle of 30'. Unfortunately, the limited side of physical
models does not allow fbr the observation of large scale circulaticn
patterns far downdri ft of such structures.
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Computer generated nunerical models have also been used to predic' ~~ve
and current patterns on beaches and nearshore structures. Most models are
based on the concept of radiation stress, and yield results in the form of
force vectors repre' nted as current velocities. The generic case of a
shore connected breakwater is probably bast represented by the work of Liu
and Mie, 1975. Their results show distinct up- and down-drift circulation
patterns. The updrift uattern is characterized by several e'Iliptical,
alternating fiows, and the downdri ft pattern exhibi ts one large eddy
parallel to the shoreline  Figure 2!. A similar downdri ft pattern was
found by Beti es, at al., �981! in their investigation of a large port
protruding into the surf zone. Other computer models which predict shore-
iine positior, in the lee of such structure  e.g, Perlin and Dean, 1983!
show a log spiral shoreline, presumably formed by the observed c',rcula"ion
cell. Thus far, computer models have lacked the storage capacity to ana-
iyze entire shorelines and associated structures. However, it is hoped
that the "ecent advance. "in microprocessi ng wi 11 be matched by a better
unde.-standing of the controlling physical processes, and larger boundary
areas wild be developed.

F IELD INVESTIGATIONS

Field investigations are much more qualitative than laboratory models
because of the difficulty in obtaining real time data measurements in the
complex physical environment. Therefore' most data is descriptive; for
example, aerial photos. However, some float measurements have been re-
corded in the lee of groi ns in North Carolina  see Figure 3!. These cur-
rent tracks show two basic trends. One trend extends into the surf zone
i,near the collapsed section of the groin! and meanders offshore, downdrift
of the groin. The other trend approximates a large spiral eddy forming
landward of the surf zone. As in the wave tank studies, these measure-
ments do not extend far enough downdrift of the structure to identify addi-
-.ional spiraling eddys.

Hhere float measurements are restrictive, aerial photographs allow
large areas to be observed simultaneously. However, they are not quanti-
:ati ve. Therefore, current patterns must be deduced from shoreline charac-
:eristi cs . A good example of the downdri ft shoreline is presented i n
Figure 4, Note that an obvious log spiral beach has formed immediately
downdrift of the last groin. As one looks farthe~ down the shoreline,
acre subtle crescentric beach forms appear periodica ly. It is inferred
that the shoreline forms in response to the wave induced currents. Thus,
the observed beach forms probably evolved in response to a specific wave
event. A spiral'ling eddy shearing off the last groin could be re;ponsi ble
for the observed shori line pattern  see Figure 5!.
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OISCU55ION

Until now, we have considered a situation with a uni -directional wave.
n the natural envi ronment the mixed wave spectra creates many variations

in the resultant circulation patterns. Visual observation of downdri ft
circulation cells has revealed that a dominant wave direction less than
45' produce much larger downdrift beach forms, while angles greater than
45'  but less than 9O'! produce smaller more numerous cells. One way to
verify this is by recording the log spiral pattern or signatures .,f the
downdrift shore'line resulting from different wave events. Of course, dur-
ing complete littoral drift reversals  i.e. reversal of wave direction!
the formerly downdri ft area becomes the updrift area. For simplicity, we
assume here the updrift circulation pattern changes to the downdrift pat-
tern as the littoral drift reverses. Notably, in .idence angles less than
45' creates larger cells in the downdrift area, which decrease alcng the
beach axis length as the wave incidence angle approaches 90'. Figure 6 is
a graphic description of the probable patterns. Furthermore, one would
expect the dmoinant wave spectra to produce a recognizable signature on
both the updri ft and downdri ft beaches, which is only temporarily modi fied
by individual wave events.

The benefits of understandi ng these circulation patterns are:

�! To predict the rate of change in shorelines  updrift and down-
drift! see I.verts, 1983!.

�! To mi tigate the potentially adverse effects of these structures
on the beach .s.

In order to apply this model to specific problem areas, a data base
for the site must be prepared. The simplest m.thod of doing this is
through combining remotely sensed and field collected data. In s i' ua-
tions where historical da a is available this method is less expensi ve;
however, it is preferable to have at least one, if not several, semi-
monocromatir wave event to r cord current circulation patterns and resul-
tant shoreline configurations. Typically, the following data is needed:

Photos should be acquired before, dur-
fter a specific storm event.

�! Wave Data: Incidence angle, wave height, wave length, and wave
period.

  3! Circulation Data: Rhodami ne dye or, even better, artificial

head of the terminal structure and their progress monitored by
short term hand held or metric photography.

�! Historical Beach Pi ofi les and Aerial Photo ra~hs: Whenever pos-
sible, these two variables should be tabulated and correlated to
show dominant long term trends.
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The deduction of the up- and down-drift circulation patterns should
lead the investigator to the sand movemerit patterns as well,. It is through
the knowledge of how the system works that one can hope to manipulate it
into the desired result. The basic options available are �! structure
removal, �! covering the structure with sand, �! modifying the structure,
or �! compensating for the effects through another action  e.g sediment
bypass!. There are many variations to each option, and the body of knowl-
edge gained through scientific investigation should iead the investigator
to the best alternative.

CONCLUSION

The problem of littoral drift interruption by groins and jetties is the
legacy of many shore stabilization and navigation projects. Laboratory in-
vestigation involving wave tank models and computer generated models are in
close agreement, but are limited by constricting boundary condi tions. Field
investigations including float studies aud aerial photographys have greatly
increased the boundary areas and compare remarkably well with laboratory
data.

A model to deduce current circulation patterns around shore perpendic-
ular structures is proposed. This model predicts patterns based on vary-
ing angles of wave incidence, and a method to verify the model with field
investigations is also presented. The data gathered through individual
site examinations may then be used to select appropriate mitigation action .

The alternatives for mitigation include the following:

  1! Structure renoval,
�! Covering the structure with sand,
�! Modify the structures, or
�! Compensate for the adverse effects through another action  e.g.

sediment bypass!.
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Figure 3: Surface current tracks from drifter buoys. measurements
made at the Cape Hatteras Lighthouse groin, North
Carolina on 10 May 1981.
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Figure 4: Westhampton Beach', NY groin field
looking to the vest  August 1984! .
Note the periodicity of the shoreline
to the west of the last groin. Dominant
littoral drift is from east to west
in this region �00,000 cubic yards
per year!.
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Figure 6: Proposed changes in wave induced current circulation
patterns with varying wave incidence angles. Adapted
from Liu and Nei, 1974.
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