
THE ROLE OF SCIENCE AND EXPERTS

IN DEL MAR BEACH POLICY

James Montgomery

I. INTRODUCTION

The beach problem in Del Mar has three distinct yet not unrelated
components: beach erosion, shoreline property protection,and beach encroach
ment. Attempting to analyze the problem, the City has addressed each com
ponent separately, meeting with mixed results. The problems remain largely
unresolved. In this paper, by examining the function of technical informa
tion and experts, the current state of Del Mar beach policy will be explained.

Despite an apparent absence of specific objectives by policy makers,
experts and their technical understanding of coastal processes have made
major impacts on Del Mar beach policy. First, technical Information en
lightened the policy maker to the problem's dimensions and dynamics. Second,
within certain parameters, experts provided a malleable technical solution
for shoreline protection. Third, technical experts provided alternative
solutions to the regional problem of coastal erosion. Yet, the beach
problems persist due to a number of factors. Before examining these
factors, some history of the Del Mar beach problems is necessary.

II. HISTORY OF DEL MAR BEACH POLICY

Earlier this year a moderate series of late winter and early spring
storms demonstrated to Del Mar beach front homeowners the potential problems
they faced. An historical study of beach profiles indicate that Del Mar
beach is eroding.
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Local residents witnessed the erosion. Because the beach acts as a

buffer to the great power of the ocean as it erodes beach front hoses become
more susceptible to damage.

As the beach problems intensified, so did the demand for public
policy. The City was faced with solving a problem it did not fully under
stand. Last winter in Del Mar, the City Manager, Bob Nelson, allowed for
emergency measures to protect beach front homes. An uproar was the re
action to tons of rip-rap (large boulders) dumped on the public beach.
In retrospect, Mr. Nelson's policy was sound. Property was saved.

Shortly after the storms and early last spring, a new Del Mar City
Council was elected. Public commitments had been made to address the beach

Issues. A general policy evolved that beach front homes were to be protected
and the public beach area maximized. Yet, the divisive issue of beach en
croachment hovered over Del Mar. A specially appointed "Beach Encroachment
Committee" had concluded that various beach front homes encroached upon the
public beach. The report had split the City apart, encroachers against the
beach-using public. The possibility of rational and comprehensive planning
for the entire gamut of problems looked dim. However, the new City Council
appointed a committee to address the beach issues. It was this committee
that first sought the advice of experts.

The first impact technical information had on Del Mar beach policy
was to make the committee sensitive to how severe the problem was. An
understanding of the total scope of the problem had been wholly lacking.
Experts from Scripps Institution of Oceanography provided this scope.
Later, these same experts provided a public presentation on the rapid
beach erosion in North San Diego County. Although the S.I.O. representa
tives attempted to give a purely scientific presentation, the material
had a distinct S.I.O. flavor. In general, S.I.O. opposes any device that
alters the natural processes of the ocean. Hence, the Initial information
provided to the policy makers was inherently, although perhaps not fatally,
biased. Discounting this possible bias, two points were made clear. First,
any plan to successfully prevent property damage in Del Mar should be com
prehensive, from a design standpoint. Second, the long range success of
Del Mar beach policy would lie in a regional solution to the regional
problem of coastal erosion.

III. LOCAL PROTECTION

Accepting the notion that any seawall should be comprehensive from
a design standpoint, the committee pushed for a comprehensive design. Many
problems were encountered. First of all, the Interests of the beach front
homeowners are in conflict. There are those who have seawalls and (a) want
to tie into a new plan, or (b) do not want to tie into a new plan. On the
other hand, there are those who do not have seawalls and (a) want to build one,
or (b) do not want to build one. In other words, some beach front homeowners
are more concerned than others. The degree of concern reflects how much
homeowners would be willing to pay for a seawall. That approximately two-
thirds of the beach front homes are "second homes" Is important. In many
cases, homeowners are not aware of the clear and present dangers posed by
the ocean. Also, the esthetic appearance of a structure or any occupation
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of public beach area would be closely scrutinized. The Coastal Commission,
moreover, had to approve any plan. It Is unlikely that the Coastal Commission
would approve a proposal that would occupy public beach area, above or below
the sand level.

Fully aware of the problems to be encountered, the committee
embraced the concept of a rock revetment as a comprehensive design. The
primary reason for preferring a rock revetment to a straight faced seawall
was costs. A revetment would run $250 a linear foot compared to $2,000 a
linear foot for a seawall. At a lower cost, the committee hoped that many
beach front homeowners would participate. In fact, the revetment design was
altered to incorporate existing walls and to accommodate the location of
homes.

Standard wall:

Altered wall:
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The committee hoped that beach front homeowners would allow
their porches and patios to be removed and that claims to disputed encroach
ment areas would be dropped in exchange for the construction of a seawall.
The Coastal Commission was expected to allow for the toe area to be built
under the public beach with the assurance that is would be ultimately
covered with sand. Lastly, area residents with complaints about public
beach access and safety could be assured that the wall would be covered
with sand during recreation months and ultimately, after sand replenishment,
year-round. In addition, public beach access would be built into the design.

The revetment proposal was soundly rebuked. The esthetics of a
40' wide rock structure appalled local residents. Broken bones, caused by
people slipping on the rocks, were envisioned. Potential law suits loomed
in the horizon. The coats of the wall, about $250 per foot, were still high.
The structure would occupy public beach, the center of the existing encroach
ment. Beach access for local residents and emergency vehicles would have to
be provided at extra costs. Since the design would have to be comprehensive
beach front homeowners felt that the wall was being forced upon them. There
was either to be one complete wall or no wall at all. While the committee
waffled on the revetment design, the regional Coastal Commission dealt the
death blow. The Commission would not approve any structure that occupied
public beach area.

An important point had been made; even though a revetment would
be most effective in a comprehensive design, the political situation would
not permit it. The Interests of the beach front homeowners were too diverse
to Incorporate into a comprehensive plan. A 40' wide rock revetment was un
acceptable to the general public and to the Coastal Commission. The
alternative was a straight faced seawall, acceptable to the Coastal Commission
and the general public. However, the costs of a straight face seawall
were prohibitive. There was no way that every homeowner would pay $2,000
per front foot in an attempt to save their home. The committee had re
quested and received an unacceptable design. The only major alternative
was also unworkable. Deadlocked, the committee heaved the issue back at
the City Council. Up to this point, experts had made two major contributions
to Del Mar beach policy: an enlightening of the committee and concerned citizens
to the dimensions of the problem and providing a malleable solution to
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protect shoreline properties. Yet, the problem remained unresolved and,
when the Council finally took action, the experts' advice was virtually
ignored.

Balancing the interests of beach front homeowners and other con
cerned residents and sensitive to to the omnipresent Coastal Commission,
the Council decided to allow beach front homeowners to address the problem on
their own. Homeowners had to be allowed to attempt to protect their homes.
Yet some potential structures had too great of a negative impact. Parameters
were established to guide the construction of protective devices. Sand
bagging and sand berms were permitted. Rock revetments were allowed as long
as the structure did not extend more than 15" from the property line. To
placate the Coastal Commission, the permits issued allowing for construction
were temporary. The City Council could order the improvements removed after
March of 1982. The plan was acceptable to the City Council and the Coastal
Commission. The plan, however, contradicted the best advice of the consulted
experts. That individual efforts to protect property would not be effective
against strong storms was constantly reiterated. It appears as if the
constructive use of technical information and the possibility for rational
planning were dead.

Only through a mutual bargaining process, after which common object
ives have been agreed upon, can technical information be used properly.
The specific objectives of Del Mar beach policy were not agreed upon before
experts were consulted. The experts'input was of no help. For experts to
give specific recommendations they must be provided with specific instruc
tions. The City must decide upon these instructions and then provide them
to the experts. Rational planning and the proper use of technical in
formation will determine the success of Del Mar beach policy. So far, the
policy has been a qualified failure because of the improper use of experts.
One can foresee a "German Science" model developing. In this model, oppos
ing factions utilize experts to argue on behalf of their positions. The
sanctity of science is sacrificed for expediency. The validity of experts
is diminished and the entire dispute becomes more confused. Del Mar must
decide what it wants to do with the issue of shoreline protection. The
key to the problem may be targeting strategies and phasing of a solution.
The City can pick out a particular problem and address it; for example, the
protection of low elevation street ends. In doing so, the City must have
an ultimate objective in mind, a continuous seawall. Also, the phasing of
solutions may expediate realization of the ultimate objective. For example,
the issue of shoreline protection may be easier to address if the encroach
ment issue is resolved. In any case, a more definitive framework for
information integration is necessary.

IV. REGIONAL ALTERNATIVES

Beach erosion is a regional problem. The entire Oceansidc littoral
cell, stretching 50 miles from Dana Point south to Point La Jolla, is
plagued with the problem of beach erosion. Since the actions of one coastal
community can greatly effect the situation in adjacent communities, a
regional approach would appear most rational.
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The City of Oceanside has been severely effected by coastal erosion.
The federal government has taken full responsibility for the problem In
Oceanside and the Army Corps of Engineers has developed several plans to
combat beach erosion In Oceanside. Briefly, the corps' preferred proposal
Includes an offshore breakwater coupled with a series of groins that would
stop the downcoast drift of sand. In addition, 1.29+ million cubic yards of
sand would be placed and stabilized on Oceanside beach. On the other hand,
the Oceanside City Council favors a sand bypass system. Restoring thenatural
longshore drift, sand would be artiflcally bypassed by the Marine Corps' Del
Mar Boat Basin and move south to Oceanside. The fundamental difference
between Che alternatives is that the groin/jetty proposal only addresses the
problem in Oceanside whereas the bypass system recognizes the regional
problem of coastal erosion.

The second major regional problem Is an inadequate supply of sand to
the Oceanside littoral cell. Basically, the fluvial sediment supply to the
beaches is spasmodic. Large storms carry large amounts of sediment to the
nearshorc area. In drought periods little sediment Is transported. The
sand loss to La Jolla submarine canyon is, however, more consistent. There
fore the beach, in drought periods, naturally erodes. In sum, the regional
challenge has two dimensions: restoring the natural littoral cell drift and
placing more sand on the beach.

The same question asked earlier about shoreline protection in Del Mar
must be asked about coastal planning in the Oceanside littoral cell. This
is whether policy will be decided by rational planning. I contend that the
basic problem with regional planning is jurisdictional. Technical experts
could determine the best single solution or set of solutions to the regional
erosion problem. The true problem is that there is no agency to carry out
a comprehensive and rational plan.

Presently a comprehensive planning group, sensitive to public needs
and watch guarding the public good, is attempting to formulate a regional
plan. Modeled like the United Nations, but consisting of beach communities,
this organization could prove to be about as effective as the U.N. It needs
authority, money and resources to be effective. Many people wince at the
notion of creating another government agency. However, for^science to be
used properly, a strong policy making body is needed. Otherwise, a system
emerges in which contending sides each utilize experts in a court-like
atmosphere. Not only does the expert's validity suffer, but regional
objectives are Jeopardized by increasde feuding between the factions.

The Oceanside dispute demonstrates this dilemma. Factions disagreed
over the merits of the Army Corps' proposal. Experts were called in to
support the opposing positions. The underlying fact was that the Army Corps'
experts were only concerned with the conditions in Oceanside whereas other
experts were concerned with the whole range of resultant effects. The point
is that if a comprehensive planning group existed, this controversy would
never have reached the proportions it did. A comprehensive plan would have
been formulated and then the experts utilized to reach the desired objectives.
In conclusion, the fault with regional planning lies in a lack of jurisdiction
and the subsequent Improper utilization of experts.
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V. DYNAMIC SOLUTIONS

Perhaps it is asking too much to expect all the public entities in
the Oceanside littoral cell to decide on a common policy. In that case,
another option Is available. The length of the Oceanside littoral cell
could be divided into several smaller, wholly Independent artificial cells.
Within these smaller cells, coastal zone Jurisdiction would be vested in
one planning group. Smaller groups of communities would be more likely
to agree upon policy. From a technical viewpoint, rock headlands could be
built and large quantities of sand moved to create a set of smaller beach
cells. Each separate cell would exist in Its own dynamic equilibrium. The
net sand supply In each of the zones would be stabilized and gradually in
creased. Here may lie the hope for the proper Integration of science and
technology into coastal planning; since the smaller zones would share common
objectives, experts could address the technical problems directly, unhindered
by jurisdictional ones.

The regional solution is long range in scope and therefore, in the
interim, Del Mar faces the problem of shoreline protection. The realization
of a sand-replenishment plan would place sand on Del Mar beach serving to
protect beach front homes. Before that though, Del Mar must place a hard
spot between the homes and the ocean. Longard promises to do this, with
the additional benefit of creating a small recreational beach. Longard is a
sand filled cylinder laying parallel to the 30' in front of beach front homes.
Waves would theoretically break over the tube with the wave's energy dissipat
ed before reaching ocean front homes. Also, sand would accrete between the
tube and the homes, creating a narrow recreation beach.

The questions concerning Longard largely stem from the fact that the
device is relatively new. The City has chosen to install a test segment on
Del Mar beach, designed to serve as a virtual litmus test of the merits of
Longard. The test alone will cost $87,000, approximately $250 per linear
foot. However, Longard has the same drawbacks as do revetments. In order
for Longard to be effective It must be continuous. The costs are too high
and the product poses too many questions for everyone to accept it. Hence,
the likelihood of a continuous "Longard" tube Is Improbable, absent "pork
barrel" style government financing.

In sum, the dynamic solutions to the beach problems highlight the
problems of the present system. Structural changes in the regional policy
making body would allow for the proper use of experts, expediting any
beach replenishment program. The political issue complicating seawall con
struction, encroachment, should be resolved and experts allowed to address
the problem of shoreline protection. Presently, the great asset of Longard
is that the encroachment issue can be avoided.

VI. CONCLUSION

The beach issues in Del Mar remain largely unresolved, but much
progress has been made. Technical Information and experts have defined the
problems and have provided alternative solutions. Clearly, the input has
been beneficial. For the problems to be resolved, however, a regional
jurisdictional problem and a local political issue will first have to be
dealt with. Only then will science be used properly and experts allowed to
directly address the real problems caused by nature.
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THE BRUUN RULE - FROM CONCEPTION TO APPLICATION

Maurice L. Schwartz1, Vladimir Milicic2

INTRODUCTION

This report is somewhat egocentric since it involves, to a great de
gree, 18 years of the senior author's life. For that reason it is writ
ten in the first-person-singular, similar to the oral presentation at the
sixth annual meeting of The Coastal Society.

CONCEPTION AND TESTING

The story starts at Columbia University in 1963, where I was a grad
uate student. In that year, I built a stream-table as an aid in teaching
the Introductory geology courses. (Schwartz, 1964a, 1964b). One day,
Rhodes Falrbrldge handed me a copy of Per Bruun's 1962 oaper, Sea level
rise as a cause of shore erosion, and asked if I thought the hypothesis
could be tested on a stream-table. The concept was largely intuitive and
had not been tested in the laboratory or in the field.

Bruun's statement (Fig. 1) was as follows: a) There is a shoreward
displacement of the beach profile as the upper beach is eroded; b) The
material eroded from the upper beach is equal in volume to the material
deposited on the nearshore bottom; and c) The rise of the nearshore bot
tom as a result of this deposition is equal to the rise In sea level,
thus maintaining a constant water depth in that area.

It is important here that two points be made: a) It is not the Bruun
Rule that erodes the shore as sea level rises. Rather, as sea level rises
and erodes the shore, the Bruun Rule describes the characteristics of that
process; and b) The Bruun Rule assumes a profile of equilibrium, where
there is either no shore drift at all or shore drift into the unit cell
under consideration equals the shore drift out. In other words, the shore
1s neither receding or prograding. Bruun has described a profile of equi
librium as one that maintains Its form, through tidal or seasonal (i.e.
storm-calm) fluctuations, for long periods of time.

Testing the hypothesis on the stream-table was a fairly simple matter.
Utilizing different wave parameters and varying amounts of sea level change,
measurements were made before and after each run to determine the water
depth in the nearshore zone. Profile translation and erosion-deposition
relationships were observed at the same time. These elementary experiments

1 Department of Geology, Western Washington University, Bellingham, Wash
ington

2 Department of Foreign Languages, Western Washington University, Belling
ham, Washington
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FIGURE 1. Shore erosion following a rise in sea level according to the

Bruun Rule (after Schwartz 1967).
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showed support for Bruun's hypothesis.
In order to continue the laboratory study, but with better equipment,

a wave-basin was constructed In another lab at Columbia. With a better
wave generator and Its slightly larger size, the wave-basin proved to be
more suitable for the investigation at hand. Numerous runs were made uti
lizing this new equipment.

The results of both laboratory studies were published in a report
titled Laboratory study of sea level rise as a cause of shore erosion
(Schwartz, 1965) as an affirmation of the Bruun concept.

In conference with Rhodes Fairbrldge and Arthur Strahler it was then
deemed necessary to study a field model of sea level rise If the investi
gation was to proceed any further. What was finally settled upon, was the
effective rise in sea level between neap and spring high tides. In the
summer of 1964. field work based on this approach was carried out on two
Cape Cod beaches (Schwartz, 1979).

The two beaches were Nauset Light Beach and Herring Cove Beach, thus
providing, respectively, an open ocean and protected bay regime. Starting
points for profile measurements throughout the summer were the protected-
beach signs at each beach. The profiles were surveyed by employing a mod
ified version (In this case called the Schwartz One-man Beach-profiler, or
S.O.B) of K.O. Emery's two-profile-stick method, In conjunction with Scuba
gear and enough weights to maintain negative buoyancy. The data collected
at both sites was then plotted as profiles for a series of neap-spring e-
vents. At first a problem appeared to crop up as a result of the vertical
and lateral displacement of the profiles caused by the migration of sand
waves or humps. However, after consultation with Per Bruun, at an infor
mal meeting 1n Woods Hole, this anomaly was compensated for and the result
ing profile plots proved, like the laboratory studies, the validity of the
hypothesis under investigation.

PUBLICATION AND ADOPTION

The results of both the laboratory and field investigations were then
published (Schwartz, 1967) in a report titled The Bruun theory of sea level
rise as a cause of shore erosion. In the last sentence of that article, I
proposed "...that the concept henceforth be known as Bruun's Rule". That
phrase, though adopted in the literature, has been somewhat corrupted to
The Bruun Rule. The difference is very minor and the latter version seems
to now be used almost universally, so that The Bruun Rule Is now the accept
ed term.

As far as I can ascertain, the first mention of The Bruun Rule in the
geologic literature was that In an article in the Journal of Geology by D.J.
Swift 1n 1968. This was followed closely, in 1969, by Bird's book Coasts,
then King's Beaches and Coasts in 1972. Also in 1972, Fisher Included the
Nauset Light and Herring Cove beach sites, together with a discussion of
the early Bruun Rule research, In his guide to the geology of The Cape Cod
National Seashore. The rule found Its way Into the Soviet literature In
1973, with Its first mention there in Kaplln's Recent History of the Coasts
of the World Ocean. Further testing and refinement of the rule followed In
Dubois (1975. 1976, 1977), Hands (1976, 1977), Rosen (1978), and others.
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THE SOVIET CONNECTION

During the summer of 1976 I participated in the International Geo
graphic Union's Commission on the Coastal Environment field symposium
along the east coast of the Black Sea. The excursion was led by Profes
sor V.P. Zenkovich and Included about 45 delegates from the Soviet and
Socialist countries and 16 "foreigners". Pavel Kaplin, with whom I had
corresponded, but had never met, was among the Soviet participants and
we had many chances to talk together. It was 1n one of these chats that
I thanked him for the courtesy of his having Included the Bruun diagram
(Fig. 1), and references to both mine and Bruun's work, In his book on
coastal morphology. Kaplin laughed and replied "You do not understand.
I disagreed with you". With further conversation, this point was clari
fied; Kaplin agreed with the conditions of erosion and profile transla
tion as outlined by Bruun, what he disagreed with was that Bruun was the
first to propose this hypothesis. It was his contention that Zenkovich
and other Soviet workers in the coastal community had delineated such
relationships prior to 1962. Not being conversant with the Soviet lit
erature on this subject, there was not much that I could do but ask a few
more questions about it and politely let the matter drop.

Upon returning to my office at Western Washington University, I de
cided to pursue the matter of the Soviet literature on this topic. I,
therefore, enlisted the aid of Vladimir MlUdc, a specialist In Slavic
languages. First we obtained copies of all the Soviet publications cit
ed by Kaplin in his book in connection with the Bruun Rule. These were:
Zenkovich (1950, 1957), Ionin (1955), Budanov and Ionln (1956), and Kap
lin (1957. 1959). Hilicic read these and translated into English any and
all portions which mentioned profile translation, erosion-deposition,
shore erosion, or sea level rise. We then reviewed these segments sev
eral times, to verify the technical meaning of each statement.

From this detailed review, it appears that the Soviet literature,
prior to 1962, did indeed contain references to landward migration of the
beach profile as an accompaniment to sea level rise. However, 1n no way
could we discern, in the literature that was cited and reviewed, any de
scription of the one-to-one correspondence between eroded and deposited
material, or the constancy of water depth at any given nearshore site
after the rise in sea level. While point "a" in the Bruun Rule had ad
equate Soviet claim to priority, claims to points "b" and "c" were un
supported.

Armed with this information, I returned to Moscow in the summer of
1978 (I was, at this time, traveling through the U.S.S.R. on the Nation
al Academy of Sciences specialist exchange program). Meeting with Kap
lin at his home, the discussion continued amid typical Russian hospital
ity consisting of copious amounts of food and drink. We each outlined,
respectively, the various publications on this topic in the English and
Russian languages; tracing ideas from one source to another. After a few
hours in pursuit of the one single truth, we finally came to an agreement
that the concept in question was the result of "simultaneous but indepen
dent research converging upon the same conclusions" (Schwartz and Milicic,
1978). That seems to be where the matter rests at this point in time.
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However, due to Its history of development, as outlined in this paper, the
concept will probably continue to be known as the Bruun Rule. Zenkovich
(personal communication) agrees that It Is time to move forward on this
topic and stop looking into the past.

APPLICATION OF THE BRUUN RULE

In November of 1979 the International Geographical Union's Commission
on the Coastal Environment held a Bruun Rule Symposium in Newport, Rhode
Island. The proceedings volume of this meeting (Schwartz and Fisher, 1980)
contains papers by Fisher, Schwartz and Mlllclc, Dubois, Rosen, Hands, Al
lison, and Bruun.

As far as was known to the participants, this was the first meeting
ever devoted solely to the subject of the Bruun Rule. As such, 1t repre
sented something of a milepost in the study of application of the phenom
enon first described by Bruun in 1962.

Of particular note in the application of the Bruun Rule to coastal en
gineering problems are three publications put forth by the U.S. Army, Corps
of Engineers, Coastal Engineering Research Center, all authored by Hands:
Some data points on shoreline retreat attributable to coastal subsidence
(1976), Implications of submergence for coastal engineers (1977), and Changes
in rates of shore retreat, Lake Michigan, 1967-76 (1979). With these, the
Bruun Rule has moved into the realm of applied technology.
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ABSTRACT

Coastal land-use decisions are often based on social, political, aes
thetic, and recreational factors, regardless of existing environmental ben
efits or hazards. Evidences of the inappropriateness of this policy can
be found along the western shore of Delaware Bay, where differences in geo
logical structure and littoral processes are such that development should
be encouraged in some areas and totally precluded in others. Geological
data (subsurface, meteorological, littoral) and planning information (zon
ing regulations, resident interviews) were compiled for eleven areas along
this coast, with four chosen for more intensive study. This report de
scribes the findings for one such community.

Some areas along the western shore of Delaware Bay represent former
valleys, infilled with up to 30 m of estuarine, lagoonal, or marsh muds
and currently covered by a thin veneer of barrier sands. Eroslonal prob
lems and structural damage often result when development Is attempted.
Coastal locations that were previously highlands may consist of barrier
sediments directly overlying Pleistocene material, resulting in high ero
sion resistance and foundation stability-

Public opinions were obtained regarding flood hazards, recent natural
and man-induced changes in beach morphology, and the ways environmental
factors should affect land-use plans. Responses depended on area, period,
and type (summer vs. year-round) of residence; flood experience; and other
variables.

Since approximately 50X of the U.S. population lives within 50 miles
of an oceanic or Great Lakes coast, and population pressures in these areas
should continue to increase, it is essential that all scientific and social
factors be considered when making public policy decisions. The importance
of geological and planning factors to this process is shown by this study.
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INTRODUCTION

The coastal zone presents unique problems to environmental planners.
The physical hazards of construction In this area, including storm damage,
flooding, coastal erosion, and ground subsidence, are well-known, yet in
dustry and private citizens continue to be drawn to coastal areas. This
problem la compounded by the fact that the hazards to development usually
are not immediately apparent. Historical records must be examined for in
cidences of flooding, storm damage, and erosion; and an understanding of
Che subsurface geology is required to predict rates of subsidence, stabil
ity, and races of transgression or regression of certain coastal morpholo
gies. Coastal areas within a short distance geographically can vary con
siderably in chese factors, as evidenced by Che small towns and villages
along Delaware Bay where, for example, erosion rates can vary from 0.8 m/yr
to 2.4 m/yr, within a lateral distance of 200 m (Maurmeyer, 1978) (Figure
1). For this reason, a thorough three-dimensional geological investigation
of an area (both historical and current) should be a prerequisite to any
coastal construction—including housing, industry, ports and harbors, and
even beach protection measures.

STUDY AREA: SLAUGHTER BEACH. DE.

In Che past, many developers have assumed that any coastal area with
a clean beach and enough land for roads, houses, and utilities would be fa
vorable for Che establishment of a community. In Slaughter Beach, a rela
tively large and prosperous town on the western shore of Delaware Bay with
approximately 85 permanent residents (Bureau of the Census, 1979) and prob
ably ac least 3.5 times as many summer residents (Dept. of Geography, 1977),
developers have applied for permits to fill 4.05 ha of wetlands to expand
the developed area. In order to determine the advisability of this, the
surficial and subsurface geology of this area, along with the history of
erosion rates and storm damage, should be examined. A map view of Slaugh
ter Beach (Figure* 2) shows that the developed area extends 2.4 km along
Che coast. The barrier Itself ranges from 110 to 150 m in width; the beach
is approximately 30.5 m wide, including a 9.2 m berm with a beach slope
of 1:10 (Dept. of Geography, 1977). Landward of the barrier, wetlands ex
tend ac lease 0.7 km to Pleistocene headlands, which are composed of well-
consolidated coarse sands and gravels. Offshore characteristics vary from
a slope of 1:450 off the shore of southeast Slaughter Beach to a 1.65 km
tidal flat extending from Cedar Beach and Slaughter Beach to the south jet
ty of Mlspilllon Inlet.

The sequence of subsurface sediments shown in a coast-perpendicular
cross-section (Figure 3) can be explained by the unique geologic history of
this section of coast. Prior to approximately 10,000 years before present
(B.P.) basal sands directly overlaid Pleistocene material (Kayan and Kraft.
1979). As sea level rose, marsh muds were deposited over the sands, until
6,000 years B.P., when a lagoon formed, perhaps due to a sudden rise in sea
level. At about 3,600 years B.P., the lagoon was gradually Infilled by
marsh muds and grasses, and since this time this marsh was, and is being,
transgressed by barrier sands.

A coast-parallel cross-section of Slaughter Beach (Figure 4) further
illustrates the subsurface complexity. Two Pleistocene headlands, with an
ancient valley between them, extend towards the bay, resulting in consider
able variation in subsurface geology along the length of Slaughter Beach.
In the central part of town, barrier sands almost directly overlie Pleisto
cene material, leading to stable conditions for building and lower erosion
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DELAWARE

WESTERN DELAWARE BAY
LOCATIONS/EROSION RATES

Figure 1. Map of Delaware Bay showing the areas of study. Black area is
coastal salt marsh. Rates of erosion are based on federal coastal surveys
over the past 130 years (Maurmeyer, 1978).
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Figure 3. Geologic cross section at Slaughter Beach showing coastal envi
ronment sedimentary units based on vibracore data.

rates. To the north, including the area of proposed development, up to
11 m of marsh and lagoonal muds lie between the harrier sands and Pleisto
cene material. Although erosion is not a problem here, for reasons to be
discussed below, problems with building subsidence and structural damage
could occur. The south part of town represents an intermediate situation.
The type of variation found along the length of Slaughter Beach is not pe
culiar to this area. A coast-parallel cross section along the entire
length of Delaware Bay (Figure 5) shows a series of similar headlands and
ancient valleys.

Erosion rates along Slaughter Beach have been influenced by the sub
surface sediments and various beach preservation efforts. Prior to man's
intervention, erosion rates were fairly uniform along the developed area
and varied somewhat from year to year. From 1843-1884, they averaged 1.5
m/yr. This decreased to 0.64 m/yr from 1884-1.954, partly due to the natu
ral closing-off of the outlets of Cedar Creek and Slaughter Creek and the
subsequent shoreward transport of their ebb tidal shoals (Kraft, et. al.,
1976). During the latter part of this period, and since then, erosion
rates have been altered considerably by several types of coastal construc
tion (Figure 6). In 1920 and 1919 two Jet Lies (1.8 km am! 2.0 l;m long)
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FIGURE 6

BEACH PROTECTION MKASLKI-.!: 1940-1975

YEAR ACTION TAKEN COST

1920 SOUTH MISPII.LION .IKTrY WILT: 1784 a I.OXG
1939 NORTH MISPILLION JETTY BUILT: 1979 B LONG
1940 4 TIMBER GROINS AT SOVTH EXD
1941 2 TIMBER GROINS NORTH OF OTHERS $41,200;
1947 7 TIMBER CROINS NORTH OF OTHERS
19S0 3 TIMBER GROINS NORTH OF OTHERS SJ5,630;
1954 REPAIR AND EXTENSION OF NORTHERNMOST CROIN

2 TIMBER CROINS NORTH OF OTHERS $11,540:
1957 2 TIMBER CROINS NORTH OF OTHERS $46,250; $8,380
1958 17,400 m3 FILL ALONC 457.5 m SHORE
1961 126,000 m3 FILL ALONC 457.5 m SHORE
1962 43,200 a3 FILL ALOXC 1525.0 tn SHORE SU7.700
1964-1966 PRIVATE BULKHEADS Bl-II.T
1966 JETTIES INSPECTED: N--COOI); S—FAIR
1975 PRIVATE BULKHEADS REPAIRED

206,200 m3 FILL ON S. SLAUGHTER BEACH S270.100
BEACH CRASS PLANTED

265,000 la3 FILL ON N. SLAL'CHTER BEACH S147.IOO

Figure 6. Chart showing beach preservation measures at Slaughter Beach
that have been taken by the state of Delaware between 1920 and 1975, and
costs (where known) (Dept. of Nat. Res. and F.nv. Control, 1980).

were built at the south and north sides of the Hisplllion River Inlet, re
spectively, 3.65 km northwest of Slaughter Beach (Figure 2). Since then,
the areo between the south jetty and the north end of Slaughter Beach has
shoaled in, due to 1) protection from the action of northeast storm waves,
and 2) the creation of a settling basin at high slack tide, when silt-
laden waters are trapped and held in this area, allowing much of the fine
material to settle out of suspension. These have resulted in an extensive
mud flat, from the shoreline to the Jetty, that is almost entirely exposed
at low tide, tn the south end of town, construction of this jetty has had
an opposite effect: increased erosion has resulted from the focussing of
northeast storm waves that arc refracted around the Jetty.

Figure 4. Coast-parollel geologic cross section extending from Delaware
Bay, northeast of Murderkill Inlet, to south of Slaughter Bench, showing
coastal environment sedimentary units based on vlbracore data.

Figure 5. Coast-parallel geologic cross section of the western shore of
Delaware Bay, extending from Port Mahon to Uroadkllt Beach. Note the var
iation in liolocene mud thicknesses resulting from the scries of Pleisto
cene headlands and sediment-infilled ancestral viilleytt.
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As a result of jetty construction and the variation in three-dimension
al geology along Slaughter lleacli, erosion rates currently vary from about
0 m/yr In the north to 2.2 m/yr in the south. In order to combat this ero
sion, much efforl and large amounts of money have been expended in this
town (figure 6). Between 1940 and 1957, a series of 20 groins were built,
several at a time. After each group was finished, longshore transport re
sulted in accretion south of the system and erosion to the north, necessi-
t.illng the extension of the groin field to the north. In 1958, groin con
struction was discontinued and a program of beach nourishment was begun,
using a sand/water mixture pumped directly from 2.0-4.0 km offshore. In
1962 a major northeast storm led to breaching of the dune In several places,
destruction or damage to many homes, and severe erosion. Following this,
bulkheads were placed by several homeowners (acting individually) at the
south end of town, and large amounts of sand fill were again placed on the
beach. However, another major northeast storm in 1974 resulted in the re
moval of much of this sand, along with breaching of the dunes and destruc
tion of many of the bulkheads. Subsequently, these bulkheads were repaired
and huge quantities of sand were pumped onshore (470,000 m1), actually cov
ering the groin field (Dept. of Nat. Res. and Knv. Control, 1980). At pres
ent, rates of shoreline retreat in south Slaughter Beach arc minimal, but
only due to the presence of the bulkheads and continued beach nourishment.

SJJMMARY_ AND COKCLUS_I0NS

WhaL, then, is the future of Slaughter Beach? This can be considered
in respect to two factors: 1) the future of beach preservation programs,
and 2) the future of development, ecologically, although the subsurface
sediments are firm enough to support the existing housing, the beach will
probably continue to erode In the southern end, at a rate of about 2.2 m/yr,
as sea level continues to rise. In order to preserve the beach and shore-
front houses, some preservation measures are required, at considerable cost.
The north end of town presents the opposite problem—silting in landward of
the Jetty has created extensive mud flats, making swimming and fishing al
most impossible and reducing the desirability of this area proportionately.
Since the need for the Jetty at the inlet will probably continue, the only
solution to this problem would be dredging of the area, also at consider
able cost. He don't believe this has ever been officially proposed. In
fact, this course of action seems unlikely, since during the winter of
1979-1980, the state of Delaware dredged parts of Cedar Creek and dumped
the spoils to the south of the south jetty, aggravating the silting prob
lem. Since then, the Amy Corps of Knglneers has proposed dredging sec
tions of the Mispillion River and again dumping spoils in this vicinity—
in this case, the town of Slaughter Beach learned of these plans and was
able to prevent this action (Henry, 1980). Perhaps in order to get an
idea of the economic feasibility of beach protection, one could sum the
current house and property values, and compare these with, for example,
a 50-yr cost estimate of beach preservation measures.

Regarding future development, the area south of town is owned by one
person who, to our knowledge, has no intentions of selling in the near fu
ture. In other areas, the limits to growth have probably been political.
The town is bordered to the west by wetlands—undevelopable, according to
state law, unless the proper permits arc issued. One developer has been
trying to obtain such permits for four years, to subdivide approximately
4.0 ha of wetlands in the north end of town, west of the road (Figure 2).
An 80 m wide strip of land would be involved, with a 10 m wide strip re-
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malnlng as wetlands and the rest filled to a depth of 0.3-1.3 n. This
development is undesirable, both biologically (due to factors beyond the
scope of this report) and geologically, since the proposed fill area is
underlain by up to 11 m of lagoonal and marsh muds, which could lead to
instability if construction is attempted. In addition, the characteris
tics of the offshore area preclude swimming and fishing, and may be less
appealing, aesthetically, to many people as well.

The questions that Slaughter Beach must face are shared by many coas
tal communities. The answers can't be found by geological surveys alone.
However, the findings demonstrate the fact that sections of coastline that
appear uniform on the surface can vary considerably in subsurface sedi
ments. Unless this Is accounted for, problems such as subsidence, shoal
ing, erosion,and storm damage will continue, along with the unnecessary
expenditures of private and public funds.

The preparation of this report was financed In part
through a Coastal Zone Management Program Implemen
tation Grant from the Office of Coastal 7.one Manage
ment, National Oceanic and Atmospheric Administration,
under provisions of Section 306 of the Coastal Zone
Management Act of 1972 (Public Law 92-583), as amended.
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