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THE EFFECTIVENESS OF COASTAL STRUCTURES AT SELECTED

MASSACHUSETTS SITES

Lydia J. Wood1
Pablo Huidobro

Benno M. Brennenkraeyer, S.J.

ABSTRACT

In light of severe damages to many coastal structures during the
storm of February 6 and 7, 1978, several areas were studied to evaluate
the effectiveness of these structures and the reasonability of rebuild
ing them. The areas studies were Ocean Bluffs, Brant Rock, White
Horse Beach, State Point, Manomet Beach, Ship Pond, and Oak Bluffs,
Massachusetts. The study entailed developing present day baseline condi
tions with historic data, and simulation of the overall sediment
transport budget within seven areas. The baseline studies consisted
of beach profiles, sediment size analysis, wave heights, and current
measurements. The profiles were then compared with previous surveys
and volumetric erosion and accretion rates calculated. Simulation of
currents, wave conditions and sediment transport quantities were then
prepared.

The results show the areas can best be categorized as those with
multiple structures, i.e. groins and seawalls, or single structures,
i.e. only groins. In the two areas where only groins were present, the
results were distinctively different. The eleven groins at White Horse
Beach appear to be working effectively: widening the beach while not
causing substantial downdrift erosion. The single groin at Ship Pond,
however, caused severe downdrift erosion.

At the five field sites with multiple structures the adverse impacts
on the area resulted from the seawall and revetments, not from the

groins. The seawalls and revetments increased erosion due to wave
reflection while decreasing the sediment supply. In the presence of
seawalls and revetments the groins are unable to work effectively, and
only serve to aggravate the erosion problems.

In light of these results, multiple types of coastal structures do
not necessarily work in concert. Therefore, the effects of their
interaction should be taken into account in planning shore protection.

1
U.S. Army Corps of Engineers, New England Division Coastal Development
Branch, Waltham, Massachusetts.

2
Coastal Geotechnical Associates, Inc., Marblehead, Massachusetts.

^Department of Geology and Geophysics, Boston College, Chestnut Hill,
Massachusetts.
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IMPROPER RESOURCE MANAGEMENT OF THE POPPONESSET BARRIER SPIT SYSTEM
Cape Cod, Massachusetts

Jeffrey R. Benoit and TBrian M. Donahoe

ABSTRACT

Residential development along the top of the eroding coastal banks
updrift of the Popponesset Barrier Spit precluded the need to struc
turally stabilize the banks* The subsequent construction of nine
groins and armorment of the coastal bank face eliminated an essen
tial source of sand to the barrier spit system. Unable to maintain
its dynamic equilibrium the spit has migrated landward over 200 feet
in the past 20 years*

INTRODUCTION

Popponesset Spit is a NE-SW trending transgressive baymouth barrier
spit located on the south shore of Cape Cod in the town of Mashpee
(Fig* l). Except for a narrow inlet at its northeastern end, the
spit separates Popponesset Bay from Nantucket Sound* Oblique wave
approach has established a west to east long shore drift within this
region of the Sound. The eroding coastal banks to the west of the
spit are composed of Pleistocene kame deposits and have been the
historic source of sediment to the littoral system.

Residential development began along the top of the eroding coastal
banks during the late 1930's and proceeded rapidly for the next 20
years.

DISCUSSION

Prior to 1950 the relative shoreline position of Popponesset Spit
remained stable as the landform elongated in a northeasterly direc
tion. An uninterrupted source of sediment to the system, supplied
by the eroding kame deposits updrift of the spit, caused the spit
to increase in length by over 3,000 feet between the years 1893
and 1944 (Fig. 2).

Throughout its geomorphic history the spit has consisted of a low-
relief profile of sparsely vegetated dunes. This low-relief topog
raphy has caused the spit to be susceptible to severe overwash
events during periods of high storm surge. The barrier has actuall
been breached and temporary inlets formed on several occasions dur
ing overwash events. One such breach occurred prior to 1894 and
resulted in the formation of what is known today as Big Thatch
Island (Fig* 2). It appears as though the available supply of sedi
sent in the longshore transport system was sufficient to quickly cl

1-2 Massachusetts Department of Environmental Quality Engineering
Southeast Region, Lakeville Hospital, Lakeville, Ma. 02346
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Figure 1. Location of Study Site
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Figure 2. Shoreline Change 1894-1978
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the inlets and thus each breach inlet formation cycle was short
lived.

Although residential development increased along the top of the
coastal banks during the 1940's, little or no structural stabiliza
tion of the shoreline had taken place. As the eroding coastal banks
continued to encroach on the newly constructed homes thoughts were
turned toward securing the shoreline. Attempts to halt the retreatr-
ing banks began in 1950 with construction of four (4) 120 foot long
stone groins. These were the first of nine (9) groins which now
exist updrift of Popponesset Spit. As the groins obstructed the
longshore movement of sand the coastal banks continued to retreat.
Further attempts were made to halt the coastal banks by armoring
their face with massive stone revetments.

The effect of eliminating the source of sediment which had main
tained Popponesset Spit as an effective natural barrier was realized
following a breach of the barrier spit which occurred sometime be
tween 19o0 and 1963. As mentioned previously, the barrier spit
system would recover quickly from a breaching event. This event,
however, was different. The supply of sedijnent had been so depleted
that this new inlet did not close and the entire northern half of
the spit became detached. The detached end began migrating to the
northeast and eventually welded itself to the downdrift shoreline.

A second impact to the barrier, attributed to the depleted sediment
supply, was the landward retreat of the spit. Washover events per
sistently moved sediment from the beach face to the bay side of the
spit and no longer having its natural replenishment the entire spit
has migrated landward as much as 200 feet. The retreat has been so
severe that the spit has overtaken Big Thatch Island to the extent
that saltmarsh peat is exposed on the seaward edge of the spit
(Fig. 2).

CONCLUSIONS

The impact of complete structural stabilization and armorment of the
eroding coastal banks is apparent in the past 20-year georaorphic
development of the Popponesset Spit system. From the time the natr-
ural littoral system was disrupted and sediment supply was all but
eliminated, the spit has decreased to less than 4,000 feet in length,
retreated landward some 200 feet, and has been lowered in an average
elevation. In the past year broad overwash events have devoid much
of the spit of vegetation and have created numerous breaches in the
narrow dune line. The protective function of the barrier spit is
now all but lost.

There is little doubt that had proper management of the resources
been utilized, Popponesset Spit would not be in the critical situa
tion it is now. Failure to consider the role of coastal processes
when designing the coastal structures has resulted in a definite
adverse impact to the entire spit system.

Benoit and Donahoe
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Massachusetts has taken one of the most ambitious positions in the
country on managing its coastal resources. With the implementation
of Coastal Regulations on August 10, 1978, engineered shoreline
erosion control structures and new home construction within 100
feet landward of the top of eroding coastal banks now come under
close scrutiny by the Massachusetts Department of Environmental
Quality Engineering. Regulating construction activities within the
coastal zone and placing rigid performance standards on such work
will prevent the reoccurrence of problems such as those which now
exist at Popponesset Spit.

Benoit and Donahoe
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The mainland Ohio shore of Lake Erie is made up of about 80 km of
rock, 140 km of till, and 80 km of post-till sediment. Long-term
recession rates of 1 m/yr are common in the till and post-till sedi
ment. Because of these non-resistant shore deposits, structures
(largely groins and seawalls) have been built to protect the shore;
within the past 100 years, the number of shore protection structures
has increased from about 60 to about 3600. With this increase in
structures there has been a decrease in recession rates and a decrease
in beach widths. For example, in the 1976-1937 period, 57 percent of
the shore receded at less than 0.3 m/yr, whereas in the 1937-1973
period, 66 percent of the shore receded at this rate. And in 1876,
beaches greater than 15 m wide fronted 23 percent of the shore,
whereas in 1968 (at a lower lake level), beaches greater than 15 m
wide fronted 13 percent of the shore. Assuming that the character of
physical processes such as lake levels and winds has been about the
same through time then the decreases in recession rates and beach
widths are due to the structures. The structures by directly
protecting the shore, have reduced recession rates; beach widths
have decreased because the shore is the main source of sand.
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Coastal Wetland Regulations Based on Biological Coastal Processes

Gary R. Clayton1, Barbara S. Mayo2, and Charles A. Mayo, IIl3

Abstract

The implementation of the Massachusetts Coastal Zone Management Program
is based on the improved administration of existing state laws. This has
included writing regulations for the Wetlands Protection Act to provide
standards for evaluating activities occurring in or near a coastal wetland
area.

For the purposes of the Act, the coastal environment Is separated into
various resource areas, seven of which are essential to the statutory public
interests of protection of marine fisheries and land containing shellfish.
These resource areas are: land under the ocean/estuaries, tidal flats, rocky
intertidal shores, salt marshes, land under salt ponds, and land containing
shellfish and anadromous fish runs. The initial step in the process of
developing regulations was to identify certain physical, chemical, and bio
logical characteristics that appeared essential in maintaining biological
productivity. These characteristics included: water circulation, water
quality, substrate relief and texture and specific plant or animal assem
blages. For example, in salt marshes, the specific plant assemblage (growth,
composition and distribution of salt marsh vegetation) and water circulation,
(the flow and level of tidal and fresh water) were the characteristics identi
fied as most critical to maintaining biological productivity. These charac
teristics were protected by performance standards which would prevent signif
icant alterations in the growth, distribution and composition of the salt
marsh.

These regulations have provided standards for evaluating activities in
various coastal wetlands that will help maintain the biological productivity
of these resource areas.

1 Biologist
Massachusetts Coastal Zone Management Office
Executive Office of Environmental Affairs

100 Cambridge Street
Boston, Massachusetts 02202

2 Associate Scientist

Provincetown Center for Coastal Studies

Box 826

Provincetown, Massachusetts 02657

3 Associate Scientist

Provincetown Center for Coastal Studies

Box 826

Provincetown, Massachusetts 02657
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INTRODUCTION

The management of coastal wetland resources must address a variety
of issues, not the least being the wide natural variation in the amount
and quality of wetlands. Massachusetts has recently developed a manage
ment program that considers not only this natural variability but also
the short and long term impacts of activities in or near coastal wetlands.

The implementation of the Massachusetts Coastal Zone Management Pro
gram included writing regulations for the state Wetland Protection Act.
Although administrative regulations were in place for this law, no regu
latory standards or criteria existed to evaluate activities occurring in
or near a coastal wetland. In addition, the law is administered at the
local level; the state only establishes regulations and reviews cases on
appeal. As a result, with 78 separate coastal towns, one could see various
interpretations of the law in terms of assessing wetland impacts. The
problems with this were obvious: the system lacked predictability and con
sistency and made the job of adequately protecting wetlands difficult.
Addressing these concerns meant developing a methodology which could
identify and protect significant coastal wetlands and be administered by
local authorities.

The Massachusetts Wetlands Protection Law

The Massachusetts Wetlands ProtectionAct (c. 131, s 40) requires that
any person who desires to remove, fill, dredge or alter coastal wetlands,
floodplains, dunes or beaches, must have the project reviewed and approved
by the town conservation commission before work can begin.

The law protects seven public interests: protection of public and
private water supplies, the protection of groundwater supply, flood con
trol, the prevention of storm damage, the prevention of pollution and the
protection of fish and shellfisheries. The law requires a case-by-case
determination of the significance of a particular wetland. If the wetland
is deemed to be significant to one or more of the statutory Interests, then
conditions can be imposed on the activity.

For the purposes of the Massachusetts Wetlands Protection Act, the
coastal environment Is separated Into 11 various wetland or resource areas,
several of which are essential to the statutory interests of protection of
marine fisheries and land containing shellfish. These wetland areas are:

"Land Under the Ocean" - land extending from the mean low
water line seaward to the boundary of the municipality's
jurisdiction and includes land under estuaries.

"Tidal Flats" - any nearly level part of a coastal beac.i
which usually extends from the mean low water line land
ward to the more steeply sloping face of the coastal
beach or which may be separated from the beach by land
under the ocean.

Clayton, Mayo and Mayo



392

"Rocky Intertidal Shores" - naturally occurring rocky
areas, such as bedrock or boulder-strewn areas between
the mean high water line and the mean low water line.

"Salt Marshes" - coastal wetland that extends landward
up to the highest high tide line; that is, the highest
spring tide of the year, and is characterized by plants
that are well-adapted to, or prefer living in saline
soils.

"Land Under Salt Ponds" - a shallow, enclosed or semi-
enclosed body of saline water that may be partially or
totally restricted by barrier beach formation.

"Land Containing Shellfish" - land under the ocean,
tidal flats, rocky intertidal shores, salt marshes, and
land under salt ponds when any such land contains cer
tain species of shellfish.

"Anadromous Fish Runs" - that area within estuaries,
ponds, streams, creeks, rivers, lakes or coastal waters,
which is a spawning or feeding ground or passageway for
anadromous or catadromous fish.

APPROACH

The various coastal wetlands that may be significant to the statutory
public interests obviously differ in respect to both faunal and floral
composition and/or physical characteristics. However, despite this varia
tion, all of these wetlands contribute to maintaining the biological pro
ductivity of the coastal ecosystem which is essential in protecting the
fisheries and shellfisheries.

The regulations are based on how a wetland resource area functions
in terms of biological processes and how these functions help protect the
statutory interests.

The initial step in the process of developing regulations required
the identification of certain physical, chemical and biological character
istics of the various wetlands that appear critical in maintaining biologi
cal productivity. The characteristics which may be common to one or more
of the wetland areas Included: water circulation, water quality, substrate
relief and texture and specific plant or animal assemblages.

Having defined these characteristics, standards were developed to
protect the specific resource areas. Numerical criteria were not utilized
in these standards because we felt wetlands research has generally not pro
gressed to the point where all wetlands could be categorically evaluated
according to physical classification, type or location.

For the first time in Massachusetts, these regulations have provided
standards to evaluate activities in coastal wetlands. They are intended to

Clayton, Mayo and Mayo
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ensure that development along the coastline is located, designed, built
and maintained in a manner that protects the public interests. They have
not necessarily eliminated the debate over the significance of certain
resources nor the need for additional studies to help address this same
question. They have, however, focused the evaluation and decision-making
process on the characteristics of a wetland that are critical in protect
ing the statutory Interests.

EXAMPLES

Regulations for Salt Marshes

Salt marshes are characterized by high fertility which is due pri
marily to the physical and biological characteristics that are unique to
tidal marshes. Periodic tidal flushing helps ensure the high productiv
ity of these marshes by providing a continued source of plant nutrient
material. The plant life which flourishes in the marshes periodically
dies and enters the estuarine food chain through tidal export in the
form of particulate detritus or dissolved nutrients. This material
serves as a valuable food source for organisms which are a critical link
between detritus production and higher consumers.

To develop regulations, the following critical characteristics of
a salt marsh were identified as necessary to protect fish and shell-
fisheries :

1) the growth, composition and distribution of salt marsh
vegetation;

2) the flow and level of tidal and fresh water.

Both critical characteristics were protected by regulations which
prevent significant alterations in the productivity of the salt marsh.
Alterations in the growth, distribution and composition of salt marsh
vegetation are considered in evaluating adverse effects or productivity.
Activities such as salt marsh haying, the construction of small, elevated
walkway8 or the burial of pipelines and cables across a salt marsh are
permitted.

Regulations for Anadromous Fish Runs

Anadromous fish are an important element within the coastal ecosys
tem of Massachusetts. These fish grow to maturity in the ocean and migrate
to freshwater to spawn. The various species of fish often represent an
important forage, as well as commercial and recreational resource.

The critical characteristics identified for fish runs were:

1) the anadromous fish species;

2) accessibility of spawning areas and migration routes;

Clayton, Mayo and Mayo
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3) the volume or rate of the water flow wtthtn the spawning or
migration routes;

4) the spawning and nursery areas.

These characteristics were protected by prohibiting any project
which either Impedes or blocks the migration of fish (whether by construct
ing a physical barrier or significantly altering the flow of water) or
reduces or eliminates spawning and nursery habitat.
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