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New Jersey (September 1962)

Figure V-3-26. Timber-steel sheet-pile groin, New Jersey
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Figure V-3-27. Prestressed-concrete sheet-pile groin, Dohney Beach State Park, California
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Presque Isle, Pennsylvania (October 1965)
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Figure V-3-28. Cellular-steel sheet-pile groin, Presque Isle, Pennsylvania
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(2) Literature review. Although groins have been around a long time and many references exist, most
only provide a few rules of thumb. No systematic methods for functional design under a wide range of
structural shapes, waves, and sediment transport conditions presently exist. Reviews for the functional design
of groins can be found in Bruun (1952); Bakker (1968); Balsillie and Berg (1972); Balsillie and Bruno
(1972); Nayak (1976) (unpublished); Tomlinson (1980); Fleming (1990); and EM 1110-2-1617. All these
reviews restate the same beliefs but fail to reference the sources that verify the concepts and conclusions from
theory, model studies (laboratory or numerical), or field experiments. As stated by Kraus, Hanson, and
Blomgren (1994)

“...the literature (on groins) may appear to assign validity to certain concepts and conclusions by
weight of repetition (but) not by independent confirmation.” (p. 1329).

(a) Laboratory investigations suffered from severe scale distortions in sediment transport to cast serious
doubt and questions on their results.

(b) A fresh approach is needed that begins with a summary of over 20 parameters that govern beach
response to groins as listed in Table V-3-7 (from Kraus, Hanson, and Blomgren 1994). They are grouped into
three main categories (structure, beach, and hydrodynamic conditions), but the large number of variables
make analysis difficult. Missing from this table is the minimum, design beach width for shore protection.
Groin geometry and possible sediment size for the beach fill can be controlled in the design.

-hl;lzl:i,:\elya-f;:neters Governing Beach Response and Bypassing at Groins (from Kraus, Hanson, and Blomgren 1994)
Groin(s) Beach and Sediment Waves, Wind, and a Tide
Length Depth at tip of groin Wave height and variability
Elevation Depth of closure Wave period and variability
Porosity Sediment availability Wave angle and variability
Configuration (straight, T, L, etc.) Median grain size and variability Tidal range

Orientation to the shoreline Sediment density Wind speed and variability
Spacing between groins -- Wind direction and variability
Tapering -- Wind duration and variability

Note: Two integrated parameters governing groin functioning are the ratio of net to gross longshore sand transport, and the
presence, location, and number of longshore bars.

(c) From the previously listed review papers, other references and their own experience, Kraus, Hanson,
and Blomgren 1994 listed 13 functional properties attributed to groins and present a critical evaluation of
each as shown in Table V-3-8. The first five are well accepted properties that have led to the general rule of
the thumb to make the groin spacing to length ratio about two to four. However, this rule omits any
consideration of the cross-sectional shape of the groin. The length controls water depth at the end and, hence,
the amount of sediment by-passing around the tip. But the cross-sectional elevation in the swash zone
controls over-passing, the length and elevation on the beach berm control shore-passing, and the structural
materials control through-passing as takes place in rubble-mound and permeable groins. Tidal range,
predominant wave characteristics (height, period, direction), net and gross longshore sediment transport and
grain size are key hydrodynamic and sediment parameters. All these factors together produce the optimum
spacing and planform configuration of the shoreline within each compartment for average climate conditions.
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Table V-3-8

Functional Properties Attributed to Groins and their Critical Evaluation (from Kraus, Hanson, and Blomgren
1994)

Property Comment

1. Wave angle and wave height are leading parameters
(longshore transport).

2. Groin length is a leading parameter for single groins. (Length
controls depth at tip of groin.)

3. Groin length to spacing ratio is a leading parameter for groin
fields.

4. Groins should be permeable.

5. Groins function best on beaches with a pre-dominant
longshore transport direction.

6. The updrift shoreline at a groin seldom reaches the seaward
end of the groin.

(This observation was not found in the literature review and
appears to be original to the present paper.)

7. Groin fields should be filled (and/or feeder beaches
emplaced on the downdrift side).

8. Groin fields should be tapered if located adjacent to an
unprotected beach.

9. Groin fields should be built from the downdrift to updrift
direction.

10. Groins cause impoundment to the farthest point of the
updrift beach and erosion to the farthest point of the downdrift
beach.

11. Groins erode the offshore profile.

12. Groins erode the beach by rip current jetting of sand far
offshore.

13. For beaches with a large predominant wave direction,
groins should be oriented perpendicular to the breaking wave
crests.

Accepted. For fixed groin length, these parameters determine
bypassing and the net and gross longshore transport rates.

Accepted, with groin length defined relative to surfzone width.

Accepted. See previous item.

Accepted. Permeable groins allow water and sand to move
alongshore, and reduce rip current formation and cell circulation.

Accepted. Groins act as rectifiers of transport. As the ratio of
gross to net transport increases, the retention functioning
decreases.

Accepted. Because of sand bypassing, groin permeability,

and reversals in transport, the updrift shoreline cannot reach the
end of a groin by longshore transport processes alone. On-
shore transport is required for the shoreline to reach a groin tip,
for a groin to be buried, or for a groin compartment to fill
naturally.

Accepted. Filling promotes bypassing and mitigates downdrift
erosion.

Accepted. Tapering decreases the impoundment and acts as a
transition from regions of erosion to regions of stability.

Accepted, but with the caution that the construction schedule
should be coordinated with expected changes in seasonal drift
direction.

Accepted. Filling a groin field does not guarantee 100% sand
bypassing. Sand will be impounded along the entire updrift
reach, causing erosion downdrift of the groin(s).

Questionable and doubtful. No clear physical mechanism has
been proposed.

Questionable. Short groins cannot jet material far offshore, and
permeable groins reduce the rip current effect. However, long
impermeable jetties might produce large rips and jet material
beyond the average surfzone width.

Tentatively accepted. Oblique orientation may reduce rip
current generation.
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(d) Kraus, Hanson, and Blomgren 1994 also discovered that the updrift shoreline rarely reached the
seaward end of the groin (Table V-3-8, No. 6). On-shore sediment transport processes appear to be necessary
for a groin to be filled naturally so that the shoreline reaches the tip, or the tip is buried. Longshore sand
transport direction reversals, sand bypassing under water at the end, and groin permeability all normally keep
the updrift shoreline well landward of the end of the groin.

(e) Properties No. 7, 8, and 9 in Table V-3-8 have long been accepted standard conditions for groin field
design and construction. Even so, as noted in No. 10, filling a groin field does not guarantee that 100 percent
of the original longshore transport will continue as sand bypassing. The entire, filled, groin field system will
impound sand updrift to cause some erosion downdrift of the system.

(f) Properties No. 11 and 12 are often stated reasons by opponents of groins but are questionable because
they cannot be supported by physical mechanisms nor principles of conservation of sand. No. 13 will be
considered under innovations discussed in the following paragraphs.

(g) A critical review of the literature also shows that little, if any, previous discussion exists on how to
judge success (or failure) of a groin design. As discussed further, success should be judged on two factors:
to maintain a minimum, dry beach width for specified storm conditions for protection beyond a reference
baseline; and to bypass an average, annual amount of sediment to minimize downdrift impacts.

(3) Physical processes.

(a) Normal morphological response. How do groins work? Waves breaking alongshore at an angle create
a time-averaged, longshore current and longshore sediment transport. The cross-shore distribution of
longshore sediment transport is discussed in Part I1I-2 (see Equation 11[-2-23 and Example Problem II1-2-7).
A key variable is the surf zone width for the theory cited (Bodge and Dean 1987) which assumes sediment
mobilized in proportion to the local rate of wave energy dissipation and transported alongshore by the local,
wave-induced current. The groin simply blocks a part of this normal transport of sand alongshore and causes
it to accumulate in a fillet on the groin’s updrift side (the side from which the sediment is coming). This
accumulation reorients the shoreline and reduces the angle between the shoreline and the prevailing incident
wave direction. The reorientation reduces the local rate of longshore sand transport to produce accumulation
and/or redistribution of sand updrift of the groin. The amount of sand transported past the groin is greatly
reduced (or eliminated) to significantly impact the downdrift area. The ratio of groin length to some
statistical measure of surf zone width (or water depth at the groin tip) is a key factor in sand bypassing, as
discussed further in the following paragraphs. Wave diffraction causes reduced wave energy in the lee of the
groin relative to the midcompartment, mean water-level setup gradients, and setup induced currents behind
the groin. These contribute to complex, current circulation patterns that move sediment alongshore and
offshore along the leeside of the groin (Dean 1978). The strength of these internal current patterns depends
on groin planform geometry, but also on groin cross-sectional elevation and permeability across the surf zone.
Waves diffract around the groin tip, propagate over the submerged section and reflect off the body of the
groin. These interactions vary with water depth changes during the tidal cycle. Consequently, sediment can
also move over the top of submerged groins (over-passing), through the permeable, groin structure (through-
passing) and behind the end of the structure (shore-passing). Impermeable, high crested groins created
internal and external current patterns that are far different than permeable, submerged structures. Fleming
(1990) discusses the results of physical model studies with current and sediment movements for both high
and low groin cross sections. Complex flow patterns were produced, and it was stated that strong local
currents may cause a net loss of sediment from the compartment by offshore movement during storm events.

(b) Storm response. Groins offer little or no reduction in wave energy to shore-normal waves during
storms. Consequently, cross-shore sediment transport processes as discussed in Part I1I-3-3 for natural
beaches are similar for groin field compartments. And, for near normal wave incidence, the groin system can
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create strong local current and rip currents which add to the offshore movement of beach material during
storms.

(4) Functional design.
(a) Insight from numerical models.

*  Some numerical models of shoreline change include groin field effects (e.g., GENESIS, Hanson and
Kraus 1989, see Part I11-2-4 for details) Boundary conditions for groins in these models give insight
into how they must function (Gravens and Kraus 1989). They are as follows:

- Asthe groin length increases, its impact on the shoreline regarding time evolution and equilibrium
planform must increase.

- Increasing groin permeability should decrease the impact of the structure on the shoreline.
Different groin permeabilities must produce different equilibrium planforms.

- A permeability of 100 percent should give longshore transport rates and shoreline evolution
identical to that modeled with no structures.

*  Groin bypassing around the seaward end is calculated at each time step in the GENESIS model. Key
variables are the water depth at the tip and the breaking wave height. In GENESIS, the depth of
active longshore sediment transport is taken at 1.6 times the significant breaking wave height (from
Hallermeier 1981). Groin length relative to surf zone width could also be employed to calculate the
bypassing factor.

* A permeability factor representing groin elevation, groin porosity and tidal range must also be
estimated in the model. These three variables represent over-passing, through-passing and shore-
passing respectively as sketched in Figure V-3-29. The permeability factor is assigned and must
approach unity to satisfy the third criterion previously described.

*  Acthird key factor is the ratio of net transport rate, Q, to the gross rate, Q, (Bodge 1992). When the
Q,/ Q, ratio is zero, a perfectly balanced transport (no net) exists to produce symmetrical fillets on
both sides of a single groin. The opposite extreme is Q,/Q,=1 meaning unidirectional transport. A
single fillet on one side results.

* These key factors controlling groin functioning are summarized in Table V-3-9 (Kraus and
Bocamazo 2000) with symbols shown in Figure V-3-29.

»  These three process factors incorporate many of the 20 or more fundamental variables. The geometry
ratio of spacing, X, to length Y, is also the controlling factor for groin systems, as found in the
literature. Note from Figure V-3-29 that Y, represents a mean groin length measured from the
average, nourished beach shoreline. Using Y, (updrift) gives a larger ratio or using Y .4 (downdrift)
produces a smaller ratio that may account for some variability. The Shore Protection Manual (1984)
says X,/ Y,=2-3 for the proper functioning of shore-normal groins.
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Table V-3-9
Process-Based Factors Controlling Groins
Process Parameter Description
1 Bypassing Dy/H, depth at groin tip/breaking wave height
2 Permeability
» Over-passing Z(y) groin elevation across profile, tidal range
» Through-passing P(y) grain permeability across shore
» Shore-passing Z/R berm elevation/runup elevation
3 Longshore Transport Q,/Q, net rate/gross rate

»  Kraus, Hanson, and Blomgren (1994) exercised the GENESIS model for a single groin and studied
the bypassing formulation. Rapid filling was followed by a gradual buildup over time that meant an
increased amount of material must bypass the groin as the shoreline grows out towards the tip.
Filling to capacity was only possible for Q,/Q,=1 for the unidirectional case. As Q>Q, growth of
the shoreline seaward decreased. These tests mean groins seldom fill to capacity by longshore
transport processes alone. Cross-shore sediment transport processes must be added to understand
how beach elevation and width can build beyond that capable of representation on one-line, shoreline
change models. Simulations with multiple-groins and the Westhampton Beach, New Y ork, groin field
are also discussed in this paper. An aerial view looking east of the Westhampton Beach, New York,
groin field with beach nourishment in 1998 is shown in Figure V-3-30.

* Realistic distributions of longshore current and sediment transport across the surf zone, beach profile
shapes with bars and troughs, and other sediment transport mechanisms (wind, tide) are further
complicating factors that have yet to be addressed in numerical models.

(b) Groin profile. A typical groin profile with inshore (berm) section, sloping middle section, and
horizontal seaward section is shown in Figure V-3-31. In general the landward end is set at the elevation of
the natural, existing beach berm, the sloping section is set at the slope of the beach face in the swash zone and
the outer, seaward section at a lower elevation such as mean low water (mlw) or lower. The landward and
sloping sections function as a beach template for sand to accumulate on the updrift side. The groin profile
is shaped to approximately match the postproject beach profile, after nourishment is complete. The seaward
end (depth) and seaward elevation are set to the planned bypassing and overpassing in the surfzone. A lower
seaward section permits longshore currents to carry sediment over the structure and reduces wave reflections
from the groin. A significant amount of sand is transported on the beach face in the swash zone (Weggel and
Vitale 1985) and therefore overpassing also takes place in the sloped section when the groin has been filled
in this area. Prevention of flanking is the main concern to locate the shoreward end. As seen in Figure V-3-
29, calculations of the storm erosion distance, e, together with maximum shoreline recession are needed to
establish this position. Seaward limit of the shore section is set relative to the desire, nourished beach width,
W, or even further seaward to help retain the nourished beach. Seaward limit of the outer section is the groin
length, Y,, and depends on the amount of longshore sediment transport to be bypassed, as discussed.

(c) Permeability. In general, sheet-pile groins of all types are impermeable whereas rubble-mound groins
permit some material to wash through the structure. Some rubble-mound design contain impermeable cores
and/or are treated with sealant materials to ensure sand tightness (see EM 1110-2-1617). There are no
quantitative guidelines for determining the permeability of sand for a given groin geometry of the rubble-
mound type. Some patented, precast concrete groin systems are permeable, as will be discussed later.
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Figure V-3-30. Westhampton Beach, New York, groin field and renourished beach, 1998 (courtesy
USAED, New York)

(d) Terminal groins. Groins on the updrift side of inlets can benefit nearby beach nourishment projects
by controlling (or gating) the amount entering (lost) to the inlet. These terminal structures also benefit
navigation projects by reducing the sediment rates within the inlet. They normally are impermeable and high
and long to prevent sand from being carried through, over, or around them. Eventually, they will fill and sand
bypassing around the end will be maintained. It should be noted that terminal groins are short compared with
the length of navigation jetties constructed to reduce wave heights for ships entering the inlet. Consequently,
the scale of interruption of normal, longshore sediment transport processes for ebb-and flood- tidal shoals
are far different for navigation jetties. Terminal groins fill quickly and do not have major impacts on ebb-
tidal shoals and normal, inlet, sand-passing processes. A successful terminal groin is that located on
the southern bank of Oregon Inlet, North Carolina. Design and monitoring details are found in Overton
et al. (1992); Dennis and Miller (1993); Miller, Dennis, and Wutkowski (1996); and Joyner,
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Figure V-3-31. Typical groin profile with sloping section

Overton, and Fisher (1998). See also Dean (1993; 1996) for detailed analysis of terminal structures at the
ends of littoral systems.

(e) Groins system transitions. A transition reach is required from a groin field to the adjacent, natural
beach. Groin lengths are gradually shortened to allow more bypassing. Generally, groin lengths are
decreased along a line converging to the shoreline from the last full-length groin, making an angle of about
6 deg with the natural shoreline as depicted in Figure V-3-32 (Bruun 1952). The spacing is also reduced to
maintain the same X, /Y, ratio (2-3) used in the design.

(f) Order of construction. The sequence in which a groin field is constructed is a practical design
consideration and may not be straightforward. To minimize downdrift impacts, beach nourishment and groin
construction should be concurrent. Construction of the first groin should be at the downdrift end of the
project, preferably the terminal groin adjacent to an inlet. Net drift will combine with the artificial beach
nourishment to fill and stabilize the first compartment. The second groin is then constructed and the process
repeated. Gradually working updrift, the groin field construction is completed. This process together with
tapering the ends will help to minimize the impact to adjacent, downdrift beaches. This method may increase
costs, but it also may result in a more practical guide to spacing of the groins than originally designed.

(5) Nontraditional configurations. Most groins are straight structures, perpendicular to the shoreline.
Figure V-3-33 illustrates other possible planform shapes. T-shaped groins are similar to nearshore
breakwaters when the tee end is above the mean water level. Inclined groins may reduce rip currents along
the updrift side when inclined in the direction of net sediment transport. All shapes shown have been
constructed and provide some degree of shoreline stabilization. Sectional variations are also possible as listed
in Table V-3-10.
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Table V-3-10

Types of Groins-Section Views

Comments

old

Concepts

Flat (Horizontal)

common

Sloped

new)

(swash zone

Notched

patented)

(innovative,

Concrete-pile (permeable)

Adjustable
Rectifying

Tuned

(elevation, length)

(transport-direction sensitive)

(elevation, T-head)

(geotextiles, sand)

Temporary

Spur
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(a) Notched groins have recently undergone laboratory and field testing by the USACE (Kraus 2000).
Trial notched groins have been implemented by the U.S. Army Engineer District, New York, and the
U.S. Army Engineer District, Philadelphia, along the south shore of New Jersey. The purpose of notching
is to bypass beach fill and littoral sediment so that the fillet and erosive response of the shoreline are
smoothed out, i.e., to straighten the shoreline adjacent to the groin. The goal is shoreline readjustment to
approach a smooth, continuous shoreline through a groin field. The efficiency of notching was defined as
the amount of sediment that passes the groin system, but that remains on the subaerial beach. Tentative con-
clusions based on both the laboratory and field experiments are: notches in the swash zone are most efficient;
notches in the surf zone are less efficient and can have strong longshore currents, and be hazardous to
swimmers; surf zone notches may move sediment further from shore; notching a groin in the swash zone may
not be successful depending on how and at what rate sediment typically moves alongshore on the subject
beach.

(b) Spur groins are short, stub groins constructed at right angles to navigation jetties and the end groins
of groin fields to redirect currents and sediment transports. Sorensen (1990) describes a spur jetty constructed
as an emergency measure on the leeward side of two curved jetties to prevent a breach at the landward end.
Anderson, Hardaway, and Gunn (1983) document eleven locations in the Chesapeake Bay where short, shore
parallel groins are attached to the terminal groin near the beach. Over 12 years of beach response at one site
reveals that the spur groins cause diffraction and refraction effects to prevent the detachment of the terminal
groin at its landward end.

(c) Another way to smooth the shoreline is to make the groin more permeable as illustrated in
Figure V-3-34. A patented, concrete pile, permeable groin field has existed on Cayman Kai, Caribbean Sea,
for over 10 years and has survived many hurricanes (from Kraus and Bocamazo 2000). Environmental
restrictions against hardened shorelines in North Carolina has resulted in a groin field constructed from
geotextile materials filled with sand on Bald Head Island, North Carolina (Denison 1998). In theory, these
structures will provide sand for shore protection if they are damaged or fail in major storm events. Other
revisited or fresh concepts for groin designs listed in Table V-3-9 have only been proposed conceptually and
have yet to be field tested. These new and innovative approaches to groin design benefit from experience and
modern understanding of coastal sediment processes.

(6) Basic rules for functional design of groins. Ten modern rules for groins design can be summarized
as follows:

* Rulel Ifcross-shore sediment transport processes are dominant, consider nearshore breakwater
systems first.

* Rule2 Conservation of mass for transport of sediment alongshore and cross-shore means groins
neither create nor destroy sediment.

* Rule3 To avoid erosion of adjacent beaches, always include a beach fill in the design

* Rule4 Agree onthe minimum, dry beach width, Y, for upland protection during storm events
as a measured to judge success.
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a. Aerial photo

s

b. Cross-section model

Figure V-3-34. Patented concrete pile permeable groins Cayman Kai, Caribbean Sea (surviving for 10 years,
including hurricanes). Innovation is groin design to enhance sediment through-passing and smooth the
shoreline variation in the groin field (from Kraus and Bocamazo 2000)
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* Rule5 Begin with X,/Y,=2-3 where X, is the longshore spacing and Y, is the effective length of
the groin from its seaward tip to the design shoreline for beach fill at time of construction.

* Rule6 Useamodern, numerical simulation model (e.g., GENESIS) to estimate shoreline change
around single groins and groin fields.

* Rule7 Use a cross-shore, sediment transport model (e.g., SBEACH) to estimate the minimum,

dry beach width, Y, during storm events.

* Rule8 Bypassing, structure permeability and the balance between net and gross longshore
transport rates are the three key factors in the functional design. Use the model simulation
to iterate a final design to meet the Y, criterion.

* Rule9 Consider tapered ends, alternate planforms and cross sections to minimize impacts on
adjacent beaches.

* Rule 10 Establish a field monitoring effort to determine if the project is successful and adjacent
beach impacts.

* Rule 11 Establish a “trigger” mechanism for decisions to provide modification (or removal) if
adjacent beach impacts are found nonacceptable.

f Reefs, sills and wetlands.

(1) Background and definitions. Additional types of shore protection alternatives for both high and low
wave energy coasts function by reducing the wave energy striking the shoreline. Reefs are platforms of biotic
organisms built up to a strict elevation in relation to low tide. Natural reefs require high wave energy to
survive. Wetlands are coastal salt or freshwater marshes that are low-lying meadows of herbaceous plants
subject to periodic, water level inundations. Wetlands are fragile and only survive in low wave energy
environments. See [V-2-11 and IV-2-12 for further details on wetland and reef-type coastlines, respectively.
The word “sill” has evolved to take on two separate identities in coastal engineering. Both meanings imply
wave attenuation in the lee of the structure. A submerged, continuous, nearshore dike to hold sand moving
offshore from a nourished beach is one definition and also labeled a perched beach. Free-standing, low-
profile, continuous shoreline structures to permit establishment of a marsh fringe in the lee of the structure
are also called sills.

(2) Reefs.

(a) Natural types. Coral reefs are massive calcareous rock structures that slowly grow upward by
secretions from simple animals living on the rock surface. They exist throughout the Florida Keys, on both
Florida coasts, the Hawaiian Islands, and the U.S. Island territories and serve significantly lower the mean
wave energy striking the adjacent shore. Fringing reefs border a coast, barrier reefs lie offshore enclosing
a lagoon, and atolls encircle a lagoon. Under favorable growth conditions, coral reefs build upward to form
wide, broad platforms that are exposed at low tide. Thus they cause waves to break and to continue breaking
across the reef.

*  Oysterreefs can exist in much colder, brackish water conditions of lagoons, bays and estuaries. They
are found along both coasts and in the Gulf of Mexico. They are wave-resistant structures that can
biologically adapt to rising sea levels. Their maximum elevation is related to the minimum time of
inundation in the middle range of the intertidal zone.
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* A third type of natural reef'is produced by colonies of tube worms called a worm reef. The east coast
of Florida has some of this type.

»  With respect to natural shore protection, reefs are a biological wave damper that can accommodate
rising sea levels as long as they are alive. Protection of reefs is essential.

(b) Wave attenuation. Wave transformation processes across broad, flat coral reefs include shoaling,
refraction, reflection, and energy dissipation by both bottom friction and wave breaking. Wave energy is also
transferred to both higher and lower frequencies in the wave spectrum as the spectral shape flattens (Hardy
and Young 1991). Wave setup variations along reefs can occur due to gradients in wave breaking
characteristics to produce longshore currents. For engineering purposes, depth-limited wave breaking is the
dominant transformation process. A methodology to estimate random wave energy transformation across
reefs is presented in USACE (1993). It is based on the breaking wave model of Dally, Dean, and Dalrymple
(1985) extended to random waves following Kraus and Larson (1991). Comparison of the numerical model
results with field experiments of rms, wave height attenuation on the Great Barrier Reef'in Australia (Young
1989) showed good agreement with the measurements. The breaker model without bottom friction is
available in the PC-based computer program NMLONG (Kraus and Larson 1991; USACE 1993).

(c) Artificial reefs. The functional design of artificial reef systems for shore protection; increasing the
fill life of renourished beaches, and to enhance recreational surfing is a relatively new area of coastal
engineering. No general design rules exist. Numerical and physical models have recently been employed
for site specific designs in California and Australia of artificial reefs for surfing. These models aid in both
wave breaker-type design (Pattiaratchi and Bancroft 2000) and to insure that the structure will not create
downdrift erosion. (Turner et al. 2000).

(3) Sills.

(a) Perched beach. A beach or fillet of sand retained above the otherwise normal profile level by a
submerged dike (sill) has only been used twice in the United States (National Research Council 1995).
Ferrante, Franco, and Boer (1992) describe a successful, 3,000-m-long perched beach project on the coast
at Lido di Ostica about 35 km from Rome, Italy, on the Tyrrhenian Sea. The rubble-mound sill was located
about 150 m from shore with crest -1.5 below msl datum in -5.0 water depth. An additional 1.000-m stretch
with sill closer to shore in shallower water performed better to hold a wider beach. A feasibility study of the
perched beach concept in the Netherlands was reported by Ruig and Roelse (1992). Model studies and
calculations of life-cycle costs demonstrated that this alternative was roughly as expensive as repeated beach
nourishments with no sill construction over a 30-40-year period. Construction at the site selected, Cadzand,
Tien Honderd Polder, Zeeland, The Netherlands, has yet to be implemented.

(b) Wetlands protection. In low wave-energy environments, natural, wide, fringe marshes can provide
sufficient erosion protection for upland areas, as discussed later. However, for many reasons, the fringe marsh
itself may be eroding and require protection, enhancement and/or to be re-established. Sills are typically low,
small, continuous rock structures placed at mean low water with some sand fill in the lee to provide a
substrate for marsh growth (Hardaway and Byrne 1999). Figure V-3-35b displays a curved, stone sill
connecting headland breakwaters with sand fill and marsh planting on the Choptank River, Chesapeake Bay
(from Hardaway and Byrne 1999). After 5 years, the sill is practically invisible as shown in Figure V-3-35c.
Sills can thus be used in higher wave energy regimes to establish intertidal marsh grasses that aid in the shore
protection. Periodic marsh replanting and maintenance may be required under higher wave energy conditions.
Advantages and disadvantages of a wide variety of erosion mitigation structures and materials to protect
wetlands can be found in the Wetlands Engineering Handbook (Olin et al. 2000).
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(4) Wetlands. The final alternative in this section on shoreline stabilization structures are fringe marshes
or wetlands. Part IV-2-11 considers their values, distribution classification sediment characteristics, and
causes for loss of wetlands in the coastal zone. However, little is known about their importance for shoreline
erosion mitigation.

(a) Tidal creeks with fetch exposures less than 0.5 nautical miles and low wave-energy environments
can naturally sustain a sufficiently wide marsh fringe. Also, they generally have little or no problem with
upland bank erosion because the established marsh fringe absorbs most of the wave energy before it can
impact the upland area (Hardaway and Byrne 1999). On the Chesapeake Bay, Hardaway and Anderson
(1980) found that low, upland banks erode almost twice as fast as marsh shorelines with similar fetch
exposures and nearshore depths.

(b) Some recent field and laboratory research has focused on wave attenuation by wetland vegetation
(Kobayashi, Raichle, and Asano 1993; Wallace and Cox 1997; Tschirky, Turke, and Hall 2000). Wave
heights are typically reduced by 50 percent and the peak spectral period also drops as the spectrum becomes
more broad banded with higher frequency components. No significant design guidance on allowable wave
heights or currents for wetlands presently exists. The Wetlands Engineering Handbook (Olin, Fischenich,
and Palermo 2000) provides a wealth of valuable information for the restoration and creation of wetlands.

V-3-4. Nonstructural Alternatives
a. Introduction.

Nonstructural alternatives are management strategies for coastal hazard mitigation that are not armoring
(Part V-3-2) nor beach stabilization structures (Part V-3-3), nor beach nourishment (Part V-4). Society has
developed ways to adapt by setting requirements for the elevation of buildings, providing insurance and
planning for continual erosion with setback limits for new construction. The final nonstructural alternative
is to retreat by relocation, abandonment, or demolition.

* Three Federal government agencies (the USACE, Federal Emergency Management Administration
(FEMA), National Oceanographic and Atmospheric Administration (NOAA)) with different
missions, planning methods, and requirements for benefits determination employ or promote the use
of nonstructural methods. This section briefly summarizes the role of each and presents some
examples of the retreat alternative. Full details of the Federal government’s planning requirements
and design constraints for all three agencies involved are presented in Part V-8.

* Coastal hazard mitigation is addressed in a piecemeal manner by multiple agencies within states, at
the county, city and community level, and by businesses and individuals operating and living at the
water front. Property ownership (Federal, state, municipal, community, and individual) and the value
of scarce waterfront property strongly motivates all parties to protect their valuable investments. Part
V-8 presents details of how each Federal agency (CORPS, FEMA, and NOAA) interacts with each
level of responsible group, but details of approaches by these parties are beyond the scope of this
chapter.

b. Adaptation.
(1) Zoning and building codes. Any structural or nonstructural change in the design, construction or
alteration of a building to reduce damage caused by flooding and flood related factors (storm surges, waves,

and erosion) is considered a flood proofing alternative by FEMA. The mechanism to require change in old
construction practices is the National Flood Insurance Program (NFIP) administered by FEMA using Flood
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a. Stone sill with marsh planting on
Chester River, Kent County, MD

b. Stone sill connecting breakwaters
with sand fill and marsh implantation
on Choptank River, Talbot County, MD

c. Breakwater and sill project after
5 years

Figure V-3-35. Sills and breakwaters (from Hardaway and Bryne 1999)
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Insurance Rate Maps (FIRM’s) prepared by FEMA. A storm surge elevation at the one percent exceedance
level (100-year recurrence interval) plus waves is employed to determine risk and insurance rates for
individual properties located on the flood maps. Insurance rates are much lower for structures elevated above
the 100-year flood level and is a requirement for all new construction in the coastal, high-hazard zone
(including waves). In effect, these regulations become floodplain zoning laws applicable to individual
property owners and have resulted in a reduction in Federal government expenditures for insurance claims
and disaster assistance benefits (National Research Council 1990).

(2) Setback limits. A second way to adapt is to limit construction close to the shoreline. The NOAA has
identified land-use planning and construction siting as the most effective means to reduce coastal storm
hazards, particularly on eroding coasts. Here, the mechanism to require change in old construction practices
is the Coastal Zone Management Act (CZMA) of 1972. Through the CZMA, the NOAA provides funds to
individual states to help solve their own coastal hazard problems. As a result, many states have developed
coastal construction setback lines and zones that include historic erosion rates at each site. The methods,
definitions, widths, etc., vary from state to state as summarized in Part V-8. A key element is the historic,
average erosion rate at each site. Presently, FEMA does not include delineation of erosion zones and erosion
hazards on its flood maps. Methods to incorporate both coastal erosion (National Research Council 1990)
and beach nourishment (National Research Council 1995) in the national, flood insurance program have been
proposed but have yet to be formally adopted. Clearly, coastal erosion increases the risk and beach
nourishment reduces the risk of coastal flood and wave damage.

c. Retreat.

Retreat is the final adaptation option. Relocation here also considers abandonment and demolition. To some,
retreat is the only option. But practically, all constraints (economic, environmental, social, legal, etc.) must
be evaluated for this alternative as well as for all others as previously discussed. This approach may be
employed by the Corps as the Federal government agency designated by Congress to protect the nation’s
shores from the chronic effects of erosion and coastal flooding. Two examples illustrate the USACE’s
approach and focus on why the retreat alternative was selected.

(1) Cape Shoalwater, Washington. The northern shoreline of the inlet to Willapa Bay, Washington, has
been receding at an average rate of 30 to 40 m/year for over 100 years (Terich and Levenseller 1986).
Erosion of this area (Cape Shoalwater) has been faster and has lasted longer than any other site on the U.S.
Pacific Ocean coast (Komar 1998). Natural, northern migration and progressive deepening of the channel
inlet are the two main factors responsible for erosion of the cape. A few homes have been lost, a lighthouse
destroyed, the main road moved inland and a historic, pioneer cemetery relocated in this rural area.

(a) Inthe 1960s and 1970s, the USACE studied the construction of a jetty to stabilize the inlet location
and reduce the erosion of the cape. They concluded that a structural solution was not economically feasible
to the Federal government. The USACE recommended that if Federal government funds were available at
this site, they should be used to purchase land threatened by future erosion. However, no Federal project for
relocation could be justified based on the relative benefits and costs to the Federal government.

(b) The rural area (low benefits) and extremely high erosion rate (high costs) were responsible for this
outcome, as may have been expected. At other sites, this result is not as obvious.

(2) Baytown, Texas. The northern, upper end of Galveston Bay on the Gulf of Mexico includes Burnett,
Crystal, and Scott Bays and low-lying areas that are part of Baytown, Texas, about 24 km east of Houston.
Flooding occurs routinely from minor storms and is compounded by subsidence of the ground surface.
Withdrawal of oil and gas and groundwater for the metropolitan area of Houston produced 2.5 m (9 ft) of
subsidence between 1915 and 1975 (U.S. Army Engineer District, Galveston, 1975).
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(a) Both structural (earth levee, concrete floodwall) and nonstructural (permanent relocation and
evacuation) alternatives were studied in the early 1970s by the USACE to mitigate the flooding problem. The
feasibility study report to Congress (U.S. Army Engineer District, Galveston, 1975) recommended the retreat
alternative. Congress authorized this project under the Water Resources Development Act (WRDA 1978).

(b) The final project report (U.S. Army Engineer District, Galveston, 1979) called for the Federal
government to purchase approximately 303.51 ha (750 acres), 448 homes and relocate 1,550 people within
the 50-year floodplain. Total project costs were $32.131 million (1979 dollars) with the local sponsors’ share
tobe 20 percent or $7.826 million. Annual project benefits were estimated to be $3.530 million and included:

* Reductions for insurable flood damages.

* Reductions for utility service costs.

* Reductions of temporary, emergency evacuation, public health and public relief costs.
*  Value of land under new uses.

(c) Other benefits (constant anxiety from flood hazards, depressed property values, health hazards,
inconvenience of repetitive, temporary evacuations, and damages to real property and personal possessions)
cannot be included as net gain benefits to the national economy. Total, annual costs were $2.678 million
giving a benefit to cost (B/C) ratio of 1.3 to the Federal government for the retreat alternative. In contrast,
the structural alternative, B/C ratios were 0.1 - 0.3 (USAED, Galveston, 1979).

(d) In 1978, the environment assessment report to the EPA was approved. Plans called for converting
the land into a natural area, with possible development of nature areas, bird sanctuaries, green belts, wildlife
areas, nature walks, and other uses consistent with the high flood potential. Besides the local sponsor (City
of Baytown) paying 20 percent of the final cost, they were also responsible for management of the vacated
area.

(e) Unfortunately, the project floundered on local disagreement over the value of the land to be
purchased and was never funded. Estimates of project costs rose from $16.980 million in 1975 to
$39.131 million in 1979 (less than 5 years). People in the community who did not live in the floodplain were
being asked to help buy out those who did. The community was divided over what the property was worth.
Some believed their neighbors would be paid far too much for relocation. In July 1979, a bond election was
held to provide the local funding for the project and it failed by a 60/40 percent margin (Pendergrass and
Pendergrass 1990).

(f) In 1980, Congress was ready to authorize funding, but the local, 20 percent cost share could not be
provided. The local residents decided to stay and the Corps placed the project in its inactive category. In the
final analysis, the Corps’ requirement for cost sharing ($7,589 per residence in 1975 and rising to $17,469
per residence in 1979) prevented an economically viable and environmentally sound project from being
implemented. Because the B/C ratio was 1.3, the annual benefits to the Federal government exceeded the 20
percent, local cost share amount. In other words, the Federal government could have paid for the entire
project and still realized net economic benefits to the Federal government. This result also does not consider
NFIP payments then and over the last 20 years. Partial protection by the NFIP also contributed to the local
residents’ decisions to stay.

(g) In summary, a nonstructural solution for part of the community of Baytown, Texas, proved difficult
to implement because the entire community would not share in the local cost requirement. In contrast, a flood
dike and revetment to protect the Texas City — La Marque area on the lower Galveston bay has been
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constructed. Here, the perception that all the affected community was “protected” made the local sponsor
share obtainable (Pendergrass & Pendergrass 1990).

(3) Special cases.

(a) Brighton Beach Hotel, Coney Island, New York. Komar (1998) shows etchings of the 1888
relocation of a large, beachfront hotel on Coney Island, New York. Twenty-four railway tracks were laid to
span the entire hotel width, and the wooden pile-supported hotel was lifted onto freight cars on each track.
Six locomotives pulled the hotel inland 150 m. No details on costs were provided for this private project
which required property ownership and grading of the inland site. Its economic viability also depended on

the availability of railway equipment in that era over 100 years ago. Full details are in Scientific American
(1888).

(b) Cape Hatteras Lighthouse, North Carolina. Very recently, relocation of the Cape Hatteras Lighthouse
has been completed by the National Park Service (NPS), U.S. Department of Commerce (see, e.g., Civil
Engineering 1999). The lighthouse is on the east coast of Hatteras Island about 4.02 km (2.5 miles) north of
the tip of Cape Hatteras and 64.37 km (40 miles) south of the Oregon Inlet (Figure [-2-6). It is located within
Cape Hatteras National Seashore Park, administered by the NPS. The original lighthouse built at this site in
1803 was replaced in 1870 by the present structure, which is the tallest (61 m) and perhaps best-known brick
lighthouse in the United States. When built in 1870, it was approximately 490 m from the shoreline. By
1935, this distance diminished to about 30 m due to landward migration of this cape feature. The mhw,
average recession rate between 1852 - 1980 (128 years) has been 5.9 m/year and 3.9 m/year for the 1870 -
1980 (110 years) period (Everts, Battley, and Gibson 1983). In 1996, partly due to a wide variety of
piecemeal, temporary and emergency measures (see Table V-3-11), the lighthouse stood about 50 - 90 m from
the Atlantic Ocean (U.S. Army Engineer District, Wilmington, 1996) depending on the season and tidal
conditions. The existing, steel, sheet-pile groin field was actually designed and constructed by the Navy to
protect its installation to the north in 1970. The lighthouse, a national historic landmark, remained in
operation, and the NPS decided in 1980 that a long-term solution of the erosion problem was needed.

* A 1982 conference of experts from many disciplines (engineering, geology, economy, and historic
preservation) together with a 1985 study by the Wilmington District convinced the NPS to employ
a structural solution. A seawall/revetment structure was selected. Also a factor in this decision was
scientific and engineering opinion that the lighthouse could not be moved without suffering serious
structural damage. Congress approved $5.3 million and construction was to begin during the summer
of 1986.

* A Move the Lighthouse Committee Report (private) convinced the NPS to seek the advice of the
National Academy of Sciences. Their final report (National Research Council 1988) recommended
the retreat alternative and in December 1989, the NPS reversed its decision and announced its
approval of the relocation alternative. The next 10 years were filled with further controversy and
debate due to lack of congressional funding for the relocation; public sentiment in North Carolina
against the move (Save the Lighthouse Committee, private), and other ad hoc committee reports with
updated studies. During the period, other structural engineers and large-scale relocation experts
became convinced that the lighthouse could be moved without damage.
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Table V-3-11

Cape Hatteras, North Carolina, Shore Protection History

Year Action Taken

1930s Civilian Conservation Corps builds sand dune system along Hatteras Island

1966 Beach Nourishment — 239,000 m® (312,000 cu yd) of sand placed along Buxton Motel area north of lighthouse

1967 Sandbags placed along 340 m of shoreline to protect former Navy Facility north of lighthouse

1970 Navy constructs three concrete & steel groins

1971 Beach Nourishment — 150,000 m* (200,000 cu yd) of sand placed along Buxton Motel area north of lighthouse

1973 Beach Nourishment — 960,000 m® (1,250,000 cu yd) of sand placed along Buxton Motel area north of lighthouse

1974 Repairs made to northern & southern Navy groins

1980 Emergency Repairs — 50 m landward extension of south groin

1981 Riprap and sandbags placed beyond landward extension of south groin

1982 Additional 50 m landward extension of south groin. Seven hundred sandbags placed around the base of the
lighthouse

1983 Riprap scour apron placed along landward end of south groin

1992 Additional sandbags placed around base of lighthouse

1994 Additional sandbags placed around base of lighthouse

1995 Rehabilitation of landward end of south groin with 56 m of steel sheetpiling

*  Also contributing to the controversy was a NPS committee study in 1992 to make recommendations
for interim measures, as required, to ensure that the lighthouse remain protected, until the retreat
solution could be implemented. An intermediate measure (15 - 25-year design life) was selected to
add a fourth groin south of the existing groin field. The NPS employed the Wilmington District to
make this design (USAED, Wilmington, 1996). Opponents to the move cited the costs for the fourth
groin alternative ($3.5 million) in the USACE study when objecting to the retreat alternative costs
(estimated as $12 million). A complete economic analysis using a 100-year design life to determine
life-cycle costs of a groin field with terminal groin versus the retreat alternative has never been made
by the USACE.

»  The National Academy of Sciences study and report (National Research Council 1988) reveals the
following NPS policies that dictated the choice of the retreat alternative.

- Historic preservation is more important than a do nothing or “let nature take its course” policy.

- The NPS does not have to follow a benefit/cost analysis procedure with benefits exceeding costs
regarding the choice of alternative for shore protection.

- The NPS policy for coastal shorelines is to not interfere with natural, coastal processes. This
policy eliminated all structural options as discussed in Chapter 5 of the NRC 1988 report and
made their analysis superficial and irrelevant. The retreat option was the only alternative given
consideration.
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- The NPS strategy was to use the Cape Hatteras Lighthouse relocations as an example and model
of “enlightenment” (page numbers refer to NRC 1988)

- “an exemplary response ... to the generic problem of shoreline erosion” (p. 72)
“attract much media attention ... to educate a large national audience on the nature of
coastal barriers” (p. 72)
“use national parks as models of wise management of natural and cultural resources”
(p-71)
“act as a signal to the country of the problems confronting the coast” (p. 39) and
“illuminate approaches to solving the problems of living with a rising sea” (p. 39).

*  The Cape Hatteras Lighthouse was moved successfully inland about 488 m (1,600 ft) from the mhw
shoreline in 1999. Recognizing the engineering and construction skills required to complete the
move safely, the project received the Outstanding Civil Engineering Achievement Award from the
American Society of Civil Engineers in 2000.

* Inthe final analysis, the NPS policy against any structural interference with natural, coastal processes
was the deciding factor. The decision to relocate was taken in 1989 at a time when the possible,
accelerated rise in sea level was also of major concern.

(4) Impact of sea level rise. A detailed summary of present-day knowledge of sea level rise rates is
presented in Part IV-1-6. Substantial variability exists when including local subsidence as previously
discussed for Baytown, Texas. A National Academy of Sciences report on engineering implications (National
Research Council 1987) concluded that whether to defend or to retreat depended on several factors, but
mainly the future sea level rise rate and the cost of retreat which varies by site. The NRC recommended that
all options should be kept open to enable the most appropriate response to be selected. Retreat is most
appropriate in areas of low development. Given that a proper choice exists for each location, selecting an
incorrect response alternative could be unduly expensive (National Research Council 1987).

V-3-5. Combinations and New Technologies

Pope (1997) lists the following common types of coastal erosion and flooding problems:

*  Long-term, chronic land loss associated with the erosion of cohesive sediments, reduced supply of
sandy sediments, and/or subsidence.

* Localized erosion impacts caused by a navigation project jetties or other coastal construction works.
* Lands and facilities impacted by storm-induced erosion.
* Flooding by a storm surge with associated wave attack damages.
* Loss of environmental resources (i.e., wetlands, oyster reefs, nesting areas, etc.).
* Need for more land.
In many cases, combinations of these problems exist that require a combination of structural measures

together with nonstructural alternatives to be implemented within a comprehensive, coastal region,
management plan for hazard reduction.
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a. Combinations.
(1) Structural combinations.

(a) Beach stabilization structures and beach nourishment. Groins and detached breakwaters combined
with beach fills are discussed in Part V-3-3e. The combination mitigates downdrift impacts and/or increases
the fill life of the renourished beach. Together, their life-cycle costs and environmental impact may be less
than if selectively implemented. Construction of the beach stabilization structures without fill is likely to
damage adjacent beaches.

(b) Seawalls, revetments, and beach nourishment. The original design of the new seawall for hurricane
protection at Virginia Beach was to be a curved, concrete-type structure as at Galveston, Texas (Figure V-3-
5). To accommodate a lowered seawall crest for aesthetic reasons (see Part V-3-1-c-(5)and Figure V-3-6)
a wide beach nourishment project was added to the design to reduce flooding and wave damage (USAED,
Norfolk, 1994). Together with improved interior drainage and pumping equipment, this combined design
provides the same hurricane flooding and wave damage protection as the original seawall design.

(c) Beach nourishment and rebuilt dune with buried seawall/revetment. The soft alternative (beach and
dune with buried rock seawall/revetment) was determined to be both environmental and economically
advantageous when compared against an armored revetment for storm protection against the 1 percent change
storm event at Dam Neck, Virginia, on the Atlantic Ocean (Basco 1998). The final design cross section is
shown in Figure V-3-36a and includes a buried rock seawall/revetment beneath the dune. In the event of a
major storm causing severe dune erosion, the buried seawall will prevent storm damage if a second major
storm occurs in the same season. Figure V-3-36b shows a photograph of dune construction with the buried,
rock seawall (Basco 2000a). A similar approach was incorporated at Ocean City, Maryland, where a steel,
sheet-pile bulkhead was incorporated as a buried backup feature in the design.

(2) Nonstructural and structural combinations.

At many locations, elevated structures combined with some type of armoring or shoreline stabilization
together with beach nourishment are employed in combination for coastal hazard mitigation. Presently, 32
of 35 coastal states and territories have some type of setback requirements for new construction and existing
structures found uninhabitable after a storm (Heinz Center 2000). These nonstructural, adaptive measures
and structural alternatives are often combined to address the wide range of coastal problems previously cited.
An example is the barrier island of Grand Isle, Louisiana, where beach nourishment, rebuilt dunes, a groin
field and nearshore breakwaters are used for a community where the first floor of most residences are
constructed above the 1 percent chance flood level (with waves) and the public lands on the rapidly eroding
east end are restricted from any development (Pope 1997).

b.  New technologies.
(1) Introduction.

Many nontraditional ways to armor, stabilize, or restore the beach including the use of patented, precast
concrete units, geotextile-filled bags, and beach dewatering systems have been tried in the field. Their
success depends on their stability during storm events and durability over the economic, design life. Their
initial cost and cost for removal if environmental impacts warrant can be less than traditional methods, at
some sites. These new technologies often involve nontraditional materials or shapes but are employed in a
traditional manner, e.g., nearshore breakwaters. See Pope (1997) for more details.
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a. Cross section

b. Photo during construction, Dam Neck, Virginia (from Basco 2000)

Figure V-3-36. Rebuilt dune with buried seawall (Basco 2000a)

(2) Precast, concrete units. Patented, modular, precast concrete units that can be interconnected to form
one or more, nearshore breakwaters have been tested in Florida, Georgia, and New Jersey.

(a) In late 1989, two nearshore breakwater sections were installed at Sea Isle City, New Jersey, on the
Atlantic Ocean. Each unitis 1.7 m long, 4.9 m wide and 2.1 m high and placed on a geotextile fabric. Each
unit weighs about 12 metric tonnes and has 1.1 - 1.2 m freeboard at mean sea level (tidal range of 1.2 m).
The two breakwaters were about 50 m in length with a 34-m gap and placed 37 m offshore (msl) in about 0.9-
m water depth. This position was determined by the developer of the unit called the “Beachsaver” system
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(Breakwaters International, Inc., Flemington, New Jersey). Independent monitoring over 18 months revealed
significant structure settlement with the maximum over 1.2 m and average about 0.6 m (Sorensen & Weggel
1992). Most settlement occurred the first two months after installation. A large scour hole was found
landward of one section and the sand trapping volume in two salients was only about 300 m®, before
settlement (Sorensen & Weggel 1992).

(b) The Town of Palm Beach, Florida, in the early 1990s, experimented with another design labeled the
“Prefabricated Erosion Protection” or P.E.P. reef system by its developer, American Coastal Engineering,
Inc., West Palm Beach, Florida. Each unitis 3.7 mlong, 4.6 m wide, 1.8 m high and is placed on a cloth filter
fabric. Each unit weights about 22 metric tonnes with crest elevation below msl to act as a thin-crested,
submerged, reef-type breakwater. One long breakwater/reef system, 1,270 m in length, placed 76 m offshore
(msl) in 2.9 m National Geodetic Vertical Datum (NGVD) water depth consisting of 330 interlocking units
was constructed. The submergence was 1.1 m at msl. Monitoring by the University of Florida’s, Department
of Coastal and Oceanographical Engineering included nearshore profiles and wave gauges landward and
seaward of the structure (Dean and Chen 1996). About 17 percent of the units settled 0.8 m with the
remainder settling 0.5 m. Wave transmission coefficients ranged from 0.65 for normal conditions (tide range
1.0 m) to 0.85 for storm conditions. A detailed analysis of the leeward project area revealed that wave
overtopping, wave setup, pounding, excess longshore currents and sediment transport (both directions)
resulted in an increased erosion trend relative to that present before construction (Dean and Chen 1996;
Martin and Smith 1997). The conclusion, that the reef breakwater provided little benefit, resulted in its
removal. The units have since been salvaged and used to construct a groin field with beach nourishment at
the site (Erickson 1998).

(c) These negative results at West Palm Beach, Florida, resulted in a staggered and gapped, planform
configuration being the modified plan for the next P.E.P. reef installation at Vero Beach, Florida, in the late
1990s. Monitoring is being conducted by the USACE (Stauble and Smith 1999) with the latest results
reported by Wooduff and Dean (2000). Analysis of nearshore profiles over 25 months (August 1996 - June
1999) when compared with historic volume change (1972 - 1986) revealed that erosion has increased
landward of the reef. And, background erosion decreased north but remained the same south in control areas
outside the reef area (Stauble and Smith 1999).

(d) The Beachsaver breakwater unitand P.E.P. reefunit shapes are similar, namely triangular with flatter
slope on the seaward side than on the landward end. The have been called pyramid-shaped. Both have a thin
crest width. In contrast, a vertical, cylindrical shape (circular, concrete pipe) combined with a concrete base
forms the Hollow Core Reef System (HCR) as patented by Hollow Core Reef Enterprises, Inc., Newport
News, Virginia. Each unit is typically 3.6 m long at its base and 1.7 m wide, but the height varies (pipe
length) and is specifically designed for intertidal regions with 1-3-m tidal range. Since 1996, a 116-m-long,
nearshore breakwater consisting of 46 units, 2.6 m in height has been installed at Sea Island, Georgia, on the
Atlantic Ocean (tide range 1.8 - 2.7 m). Each unit weighs about 22 metric tonnes. Freeboard above msl is
unknown. The foundation is timber cross-members to form a subbase and initial settlement was measured
at less than 0.5 m. The units have been stable since construction and remain in place after several hurricanes
along the south Georgia coast.

(e) In summary, crest width, planform configuration, siting and foundation design appear to be the

weakest aspect as revealed by field monitoring of precast, concrete, modules for breakwaters and submerged
reefs.
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(3) Geotextile filled bags.

(a) Geotextile materials or filter fabrics have a long history for foundation mats beneath rubble-mound
structures (See Part VI-5-3); and, they have been used as silt curtains to contain dredged materials in the water
column. They have also been formed into bags and long, sausage-shaped cylinders (called Longard Tubes)
and filled with sand. They have been deployed as revetments for dune protection, as nearshore breakwaters,
and as groins. In the 1980s and 1990s, there has been significant improvement in the quality and durability
of geotextile fabrics, making them suitable for a variety of coastal applications.

(b) The design life of a geotextile filled bag depends on many factors. It is generally less than properly
designed rock structures serving the same function. However, if found to cause negative impacts to adjacent
shorelines, the bags can be cut open and removed with the filled sand remaining on the beach. It is for this
reason that a soft groin field was permitted by the North Carolina Coastal Resource Commission (CRC)
together with a beach nourishment project for South Beach on the western end of Bald Head Island,
North Carolina (Denison 1998). The North Carolina CRC prohibits hardened structures on its ocean coast.
Fourteen 2.75-m diameter and 100-m-long geotextile bags filled with sand were constructed to grade out to -
1.2 to - 1.5-m (mlw) depths at 120-m spacing to form the groin field. The beach was also prefilled with
496,960.7 cu m (650,000 cu yd) of sand to + 1.8 m (NGVD) berm elevation and 25 - 30-m berm width over
3.65 km. Two hurricanes in 1996 removed about 76,455.49 cu m (100,000 cu yd) from the beach, but caused
no damage to the groin tubes (Denison 1998). The long-term survivability of this system has yet to be
determined.

(4) Beach drains.

(a) Beach face dewatering by lowering the groundwater table along the coastline began in Denmark in
the early 1980s, by accident. After installation of a filtered, seawater system for a seaside aquarium, it was
discovered that the sandy beach width increased where the beach parallel, longitudinal pipe intake was buried
beneath the surface (Lenz 1994). Patents were obtained by the Danish Geotechnical Institute (DGI) in many
countries including the United States where the system is called Stabeach by the licensee, Coastal
Stabilization, Inc., Rockaway, NJ.

(b) Lowering the groundwater table is accomplished by draining water from buried, almost horizontal,
filter pipes running parallel to the coastline. The pipes are connected to a collector sump and pumping station
further inland. Gravity drains the groundwater beneath the beach and through the pipes to the sump and then
the water is pumped from the sump. The sand-filtered seawater can be returned to the sea or used for other
purposes.

(c) Lenz (1994) describes laboratory experiments (no reference) and field tests at Stuart, Florida, and
Englewood Beach, Florida. The patent belongs to Hans Vesterby, DGI, Denmark. Vesterby (1994) reviews
the theory and design elements and describes field tests at three sites on the west coast of Denmark in the
North Sea.

(d) Long-term, independent field monitoring is needed to learn more about the functional performance
of dewatering systems. The system by itself does not produce new sand, so that its greatest contribution may
be in increasing the fill life of renourished beaches.

(5) Innovative technology demonstration program.

(a) Many other ideas and devices have been deployed and/or proposed including beach cones (Davis and
Law 1994); ultra-low profile, geotextiles injected with concrete (Janis and Holmberg 1994) and fishnets,
stabilizers and artificial seaweed (Stephen 1994) for erosion mitigation. Most do not satisfactorily address
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nor answer the questions listed by Pope (1997). Alternative technologies for beach preservation was the
theme for the 7" National Beach Technology Conference (Tait 1994, ed.).

(b) Section 227 of the Water Resources Development Act of 1996 authorized a National Shoreline
Erosion Control Development and Demonstration (NSECDD) program. Emphasis is on ... the development
and demonstration of innovative technologies” to advance the state of the art in coastal shoreline protection.
Funding the 6-year effort began in fiscal year 2000. A minimum of seven projects on the Atlantic, Pacific,
Gulf of Mexico, and the Great Lakes is mandated by this legislation. Pope (1997) discusses many issues
surrounding the application of nontraditional and innovative technologies. The ability to perform their
promised function, survive for a predictable life, impact on the environment, and total costs (initial and long-
term maintenance) must be carefully examined. Pope (1997) then raises many questions that should be
addressed, when considering innovative, alternative, shore protection approaches including:

» Is it heavy enough, particularly considering storm waves?
*  Will it be properly anchored so that it doesn’t fall apart?

» If the structure does fail, could the loose components become an environmental or public safety
hazard?

*  Will the installation be tolerant of erosion or scour effects around its base?

*  Will the material from which it is being constructed last?

*  What are the design criteria in terms of events for longevity?

*  How will it perform and will it do what we want it to do?

» Ifit does perform as promised, could there be adverse impacts to adjacent areas?

*  How much will constructing the nontraditional or innovative system cost compared to more
traditional methods?

*  What will it cost to maintain and can it be repaired when damaged?
e What is its effective (functional and economic) life?
*  What will it cost to remove the system, if necessary?

(c) All of these questions and more will be addressed for the nontraditional and innovative technologies
deployed in the National Demonstration Program. The search for new and innovative approaches has
primarily been driven by the shift from hard to soft alternatives for shore protection (Figure V-3-3) and the
need to reduce long-term costs of beach nourishment projects by increasing the time interval between
renourishment events. As an example, precast, concrete modules, serving as nearshore breakwaters could
replace conventional, rubble-mound breakwaters at some locations, and serve the same function of increasing
the fill life of the renourished beach. If properly sited (see Part V-3-3) and set on a proper foundation, these
units are attractive to permitting agencies because they have a smaller footprint on the bottom and can be
adjusted or removed easily, if downdrift impacts are detected, by monitoring. Nontraditional and innovative
technologies are subject to all the same design constraints previously discussed (Part V-3-1) plus the extra
need to overcome previous shortcomings and prove that they work. The National Demonstration Program
will greatly aid in this effort.
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V-3-6. Do-Nothing
a. Introduction.

One final alternative that must always be evaluated is the do-nothing or no-project case. The risk of flooding
and wave damage continues or increases if historic erosion is also present at the site. When this response is
appropriate, what happens to the area, and what government programs are available to help are briefly
discussed in the following paragraphs. Further details of the Federal government’s response are found in
Part V-8.

b. Appropriate response.

Whenever all structural and nonstructural alternatives considered are too costly, then no economically viable
solution exists. If the life-cycle costs for protection or relocation exceed the value of the investment, then
do-nothing is the appropriate response. This standard for economic feasibility is adopted automatically in
Federal project studies of the Corps. If the benefit to cost ratio exceeds unity but social and environmental
constraints govern, then the no-action alternative plan can become the Federally recommended plan. When
the natural, coastal sediment transport processes (erosion and accretion) are the most important aspect
(character, attractiveness, aesthetics, etc.) of the system, then do-nothing may also be the appropriate
response. Many examples exist of highly dynamic barrier island systems that are best left alone. An example
is the National Park Service policy. The exception for Cape Hatteras was the historic importance of the
lighthouse as previously discussed. Individuals may also explicitly decide to take no action (flood proofing
or retreat). The homeowner is willing to take the risk when the potential rental income from the property is
high. If the house is eventually damaged or destroyed, it would still be covered by the NFIP, if a policy is
in effect for the residence. The problem is when this no-action policy is taken, no NFIP policy exists,
flooding damage takes place, and the Federal government declares the damaged region eligible for emergency
financial assistance.

c. After the flood.

What happens when the do nothing alternative is selected by economics policy decisions? It is clear that the
flood and wave damage potential remains, and the risk increases where erosion exists. It is almost certain
that the area impacted will decline economically. Social and economic stresses will continue. Examples
include: social stresses from apprehension and helplessness; economic stresses of depressed property values;
personal property losses continue; cost and inconvenience of restoration after repetitive flooding continues;
reduced recreational opportunities for citizens; reduced tourism benefits; reduced employment opportunities
for tourism; property values decrease and related property taxes diminish. The no-action alternative may
perpetuate a more costly Federal commitment than would be realized otherwise, because other Federal
assistance programs exist (see Part V-8 for further details).

d. Government programs available.

When the no action plan remains, the Federal government relies on three methods to mitigate coastal damages
and the possibility of loss of human life. As previously discussed (Part V-3-4), the NFIP provides
compensation for flooding and wave damages, but it does not protect property from flooding. The NFIP also
only encourages adaptation measures; but they are not mandatory, except for new construction where local
authorities have adopted flood zoning ordinances. The Federal government also participates in measures for
emergency, evacuation route planning. As discussed in Part V-8, because many coastal communities lack
sufficient bridge and highway capacities, emergency evacuation is not a dependable means of hazard
mitigation. The third program is Emergency Assistance from FEMA when the President declares the region
eligible for this financial package after a major, coastal storm event.
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e. National coastal hazard mitigation plan.
The need for a national plan of shore protection and coastal hazard mitigation is addressed in Part V-8.
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V-3-8. Definition of Symbols
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Breaker depth index (Equation I1-4-3) [dimensionless]
Minimum beach width at mhw after nourishment [length]
Size of the 50™ percentile of the sediment sample [length]
Average depth at breakwater below mean water level [length]
Erosion of shoreline (mhw) from design storm [length]
Breakwater freeboard, mhw to crest [length]

Beach response factor (Equation V-3-10) [dimensionless]
Gap distance between adjacent breakwaters [length]

Length of breakwater structure [length]

Erosion rate after human activities [length®/time]

Natural background erosion rate [length’/time]

Gross longshore sediment transport rate [length?/time]

Net longshore sediment transport rate [length’/time]

Offshore sediment transport rate for design storm [length’/time]
Coastal erosion ratio [dimensionless]

Coastal erosion volume ratio [dimensionless]

Volume loss rate after construction of roads, seawalls, etc. [length’/time]
Natural erosion volume loss rate [length?’/time]

Width of design beach nourishment [length]

Seawall trap ratio [dimensionless]

Longshore groin spacing [length]

Distance of breakwater from nourished shoreline [length]
Maximum indentation under normal wave conditions [length]

Effective groin length measured from its seaward tip to the design shoreline for
beach fill at the time of construction [length]

Minimum dry beach width [length]

Minimum distance from base (reference) line to mhw shoreline after design storm
event [length]

Distance of breakwater from original shoreline [length]

Backshore elevation at baseline [length]
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