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INTRODUCTION

In the past decade there has been a concerted effort to model the
complex inter-relationship between ocean waves and shoreline mobility.
A common approach has been to use a computerized wave refraction pro
gram to identify the pattern of refracted wave energy variables (May
and Tanner, 1972; Goldsmith, 1976) and linking these with such coastal
dynamics as depositional processes (Cunningham and Fox, 1974), inlet
development (Goldsmith, et al, 1973) and variations in littoral trans
port (Mogel and Street, 1974). Greenwood and McGillivray (1978) have
developed a conceptual shoreline model for Toronto based on a littoral
drift simulation. The refraction based procedure has been carried
further by coupling shore changes via a continuity of longshore trans
port mass to the driving forces (see Komar, 1977). It is this method
(Willis, 1977) that has led to the analytical modeling of delta growth
(Komar, 1973), the effects of shoreline structures (Price, Tomlinson,
and Willis, 1972; Rea and Komar, 1975; Komar, et al, 1976) and the
effects of offshore dredging (Motyka and Willis, 1974). More recently
this has been extended to a larger scale simulation of shoreline evolu
tion (Willis, 1978; Allen, 1981b) and rather successfully corraborated
by reality. This accomplishment suggests that the realistic computer
ised simulation of shoreline dynamics can be used in some situations to
analyse the possible effects of the implementation of certain strategies
to control the problem of shoreline erosion.

STUDY AREA

Sandy Hook is a spit on the northern New Jersey shore (fig. 1)
that is rather large and unusual in that it is geomorphically distin
guished by three oceanside segments that have unique orientations, pro
file developments, and mobility rates, hence, landuse suitabilites
(see Allen, 1975, 1981a; Nordstrom, 1977; Nordstrom and Allen, 1978;
1980). The northern 10 km of the spit is administered by The National
Park Service as a unit of the Gateway National Recreation Area and is
intensively utilized (more than two million visitors in 1976). Sites
1 and 2 (fig. 1) are the principle bathing beaches and usage is hampered
by severe erosion at site 1 (23 m/y recently) that threatens to breach
the spit. Flooding and overwash closes the spit during most storms,
both bath houses are now destroyed and much of the parking lot has been
eroded. Site 2 has extreme oscillations in shoreline position that
limits the consistent assignment of an optimum land use.
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The management problem at Sandy Hook is the maintenance of the
beaches to maximize the recreational utility of these beaches while still
providing for wildlife habitats and maintaining the natural character of
the spit as much as possible. There are several different strategies,
some involving engineered structures, to accomodate this policy (see
Nordstrom and Allen, 1981). Specifically, these are:

11 beach nourishment to fill the reentrant at site 1
2) removal of groins updrift of sites 1 and 2
3) creation of an offshore mound (bar) from dredge spoil offshore

of the critical zone at site 1
4) no action, i.e. (eventual) inlet creation at the critical zone

of site 1
Strategies 1) through 3) are viewed as potential corrective actions to
the management problem while 4) represents an attempt to forecast an
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extreme situation that might result before an appropriate solution 1s
implemented. Because the computer model presented by Allen (1981b)
for Sandy Hook has reasonably replicated shoreline segments, it is
used to examine the possible effects of these strategies.

COMPUTER MODEL

The simulation model (Allen, 1981b) consists of a synthesis of the
wave climate, refraction over the local bathymetry offshore to establish
the nearshore energy field, a resolution of the longshore energy flux
factor into a littoral drift system, a transformation of the discrete
differences in the longshore transport estimates into cellular beach
changes, and the calculation of net segmental changes. Fig. 2 shows the
simulated and observed segmental changes at the spit for the period
1953-76. Inasmuch as the extraordinary accuracy of shoreline prediction
is at site 1, the principal problem location, use of the model appears
justified. Even at the more northern segments, the simulation 1s viewed
as acceptable because the mean rates of observed migration are not as
statistically powerful descriptions due to the highly Irregular shore
line changes.

i —
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simulated segmentjl change/jr

observed segmental change/yr

Figure 2. Comparison of the simulated segmental migration rate with the
observed segmental migrate rate (1953-76) at Sandy Hook.
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SIMULATED STRATEGY EFFECTS

Beach Nourishment -

Sherman, et al (1977) suggest that over 1.5 million m are neces
sary to fill the erosional embayment at site 1 to fulfill design crite
ria of a berm at +3.7 m (MLW) and a foredune crest at +4.9 m (MLW).
One of the suggested borrow sites was 1.8 km offshore where dredging
would remove the upper 1 m of suitable sediment. Although the straight
ened shoreline and beach height were used in the strategy simulation,
the offshore bathymetry was not adjusted, i.e. an alternative borrow
site was assumed. The result of the segmental simulation approach is
shown in fig. 3 s-uch that there is about 4 m/yr of erosion after nour
ishment instead of the 1953-76 mean of -4.9 m. Whereas Sherman, et al
(1977) thought that there would need to be another 150,000 nr/yr of
maintenance fill, the simulation suggests that only 122,000 nw/yr is
necessary. The 2035 reduction in maintenance costs could be significant.
Nordstrom, et al (1979) have discussed other management considerations
for beach fill at Sandy Hook.

1 l i I I I I '
5m 0 -h

simulated segmental change/yr

effect of beach fill

Figure 3. Simulated segmental migration rates after the emplace
ment of beach fill to design specifications.
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Offshore Mound (Bar) ,
Recently 57,000 nr of channel maintenance dredge spoil was made

available at no cost to the Park Service. A suggestion to dump it
offshore at a 6 m depth to create an offshore bar with a crest eleva
tion of hopefully 1 m was followed. It was hypothesized that the bar
would prematurely shoal the incoming waves thus reducing the breaking
wave energies at site 1 and/or the bar sediments might migrate onshore
to diminish the rate of beach retreat (Nordstrom and Allen, 1980).
The simulation suggested that the bar would have no effect on the ero
sion rate at site 1 and none was observed (fig. 4).

I ' ' i l i i

-5m 0 +

simulated segmental change/yr

spoil bar has no impact on erosion

Figure 4. Simulated segmental migration rates after the creation
of the offshore dredge spoil bar.

Groin Removal
The simulation model operates with calculated reductions of 502

and 30% reductions in the longshore transport rate due to onshore im
poundments, and offshore dispersions in the vicinity of the groin
fields near sites 1 and 2 respectively (see Allen 1981b for justification).
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This results in downdrift sediment starvation being important in the
extreme erosion at site 1 (Allen, 1981a) and is linked to the aperiodic
shoreline oscillations at site 2 (Nordstrom, et al, 1979). Accordingly,
the historical evidence on shoreline change correlation with structural
construction led Nordstrom, et al (1979) to conclude that if the groins
were removed at site 2, the shoreline would exhibit less shifting. Re
moval of groins south of site 1 to beyond the access bridge has also
been suggested (Nordstrom and Allen, 1981) but to prevent a more prox
imal spit breaching, nourishment in the amount of erosional loss would
be necessary. The simulation of the effects of groin removal (fig. 5)
contradicts these hypotheses in that there would be an increase in the
erosion rate at site 1 of 0.3 m/yr and at site 2 of 1.4 m/yr. Apparent
ly, this is a function of the destabilization of shoreline position at
the groin locations which effects even distant downdrift beach dynamics.

I i i i i I i i
5m - 0 ♦

simulated segmental change/jr

effect of groin removal

'Figure 5. Simulated segmental migration rates after the removal
of groins near sites 1 and 2.

No Action (Inlet Creation)
The danger of spit, and thus recreational access, breaching is
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great. If the notion of "letting Nature take its course" were to be
followed at Sandy Hook, the breaching would occur soon. National
Park Service policy, however, does not fully apply at Recreational
Areas, especially the Sandy Hook Unit (see Psuty, et al, 1976). The
problem, then, is whether management can implement a shoreline stabil
ization strategy before the breach occurs. As such, an analysis of the
effect of inlet development on the downdrift beaches of the spit was
undertaken. An increase in erosion by 2.3 m/yr at site 1 was determined
to be due to the assumed 20% decrease 1n the littoral load. Actually,
this simulation Is not particularly reasonable because it incorporates
neither the effects of the subsequent ebb tidal delta on local wave
dynamics nor the effects of tidal currents on waves, wave driven currents,
and the beach response. Furthermore, the net segmental change is appor
tioned equally along site 1 instead of having a more realistic exponen
tial decline in the change away from the inlet.

CONCLUSIONS

Simulation suggests that beach fill Is the most appropriate strat
egy for.beach stabilization at Sandy Hook. Offshore spoil mounds are not
effective agents of shore stabilization if in depths > 5 m according to
the simulation. The model.suggests that if the oceanTide groins at
Sandy Hook were to be removed, erosion would increase, that is they are
performing somewhat effectively as beach stabilizers. The model is
presently capable of only an unsophisticated simulation of the effects
of an inlet on the adjacent beaches because of the many "hydromorphic"
unknowns.

The computer simulation of shoreline management strategies is found
to be accurate, rapid, and cost effective for Sandy Hook. Much of this
is due to the appropriateness of the many theories for nearshore pro
cesses in a relatively simple (unidirectional sediment transport)
system.

Many coastal scientists, engineers, and managers will find the
approach to be useful but its implementation Is limited by the accuracy
of wave climate data.
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COASTAL ANALYSIS IN THE DESIGN

OF AN ARTIFICIAL BEACH

Thomas A. Terich

INTRODUCTION

Coastal planning and management requires some understanding of
fundamental physical processes that operate along the coastal zone.
A variety of analytical research techniques have been developed to
study coastal processes. Many of these studies have academic and
practical applications. The purpose of this article is to show how
some standard techniques of coastal analysis can be applied to a
coastal development planning decision.

Background and Setting

Coastal engineering literature is replete with case studies and
methods of preserving natural beaches from erosion. On the other hand,
little can be found on methods or techniques of designing an artificial
beach when none existed before. I undertook the job of designing an
artificial beach as a sub-consultant to a Seattle engineering firm
that was charged with an overall marina expansion and waterfront park-
development project. The work Is proposed for Drayton Harbor and
town of Blaine, Washington—a small town in the northwestern part of
the State, on Georgia Strait, and adjacent to the Canadian Border
{Figure 1).

Officials from the City of Blaine and Local Port Authority ap
proached the county's Parks and Recreation Department with a plan to
create a waterfront park from dredge fill. The fill is to come from
a marina expansion project. The plan is to dredge a rectangular shaped
mudflat within the existing marina to create additional moorage space.
The dredge materials would be placed on the south side of the breakwater
to serve as foundation material for a new public park (Figure 2).

The proposed park is to be developed on what Is now a large mudflat
exposed at low tide and flooded at high tide. The exact size of the park
is not yet determined, but it is not to exceed twenty acres. The park
design and landscaping will encourage passive recreation such as viewing,
picnicking, and shore fishing. The landscaping will include a broad
beach berm planted with dune grass backed by large grass areas, trees,
picnic areas, and view points of the harbor and marina.

The Department of Parks and Recreation has endorsed the overall
proposal. Increasing public access to the marine shoreline is one of
their top priorities. They have raised some questions regarding the
engineering feasibility of the plan. Chief among their concerns is the
proposed provision for a man-made beach as opposed to a seawall along
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the openwater face of the planned park. Representatives from the Parks
and Recreation Department prefer a beach. They maintain that a beach
would allow direct public access to the water and provide the full range
of recreational opportunities normally associated with the shoreline.

My charge was to determine If a stable, artificial beach could be
established along the face of the proposed waterfront park. At the
outset, an affirmative approach was taken on the assumption that no
unusual physical conditions existed or would be created to jeopardize
the stability of the artificial beach.

METHODOLOGY

The potential stability and design of the proposed beach required
the measurement and analysis of several environmental conditions within
Drayton Harbor (Table 1). A variety of techniques have been developed
for obtaining data for each of the identified environmental conditions.
In each case, all standard data gathering and analysis were used in the
study.

Winds and Waves

Drayton Harbor is a small body of water with maximum fetches just
slightly exceeding 1.5 nautical miles (Figure 4). No direct wave
measurements within the harbor are available. Wave conditions had to
be estimated from wind data using wave hlndcasting procedures.

Fairly strong winds sweep over Drayton Harbor throughout the year.
This was learned by studying a five-year hourly summary of wind data
obtained from the regional air pollution authority. The data is re
corded at the Atlantic Richfield Refinery at Cherry Point, Washington—
appriximately ten miles south of Drayton Harbor. This data is the most
complete record available Inclose geographic proximity to the site.

The annual records clearly show a dominance of easterly and southerly
winds that achieve similar velocities. Easterly winds, locally known as
"northeasters" reach speeds up to 20 mph, gustlng up to 30 mph. They tend
to bring cold clear winter weather to the region. Prevailing winds are
southerly. They reach maximum velocities in the winter with the frequent
passage of Pacific storms. Speeds up to 20 mph are common and on occasion,
exceed 30 to 40 mph.

The record included data on a "50 year" storm that passed over
Western Washington on February 19, 1979. The high winds and waves from
that storm caused the collapse of the Hood Canal Bridge in lower Puget
Sound. The data, as recorded at ARC0, showed winds of 30 to 35 mph
gustlng up to 60 mph. This data was valuable to the estimation of
maximum waves in Drayton Harbor.

The U.S. Army Corps of Engineers have estimated wave heights within
Drayton Harbor when designing the protective breakwater for the marina
(Table 2). The largest and most frequent waves to Impact the structure
are from the south, winds from all other directions were ignored.
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Table 1. Environmental Considerations

WAVE HEIGHTS

TIDAL EXTREMES

WAVE RUNUP

BEACH SEDIMENT

BEACH SLOPE

BERM HEIGHT

BEACH CONFIGURATION

Table 2. Predicted Shallow Water Have Heights (ft.)

SE

S

SH

10

0.5

0.5

0.4

Wind Speed (mph)

20 30 40

1.0

1.1

1.0

1.5

1.7

1.5

2.0

2.2

2.0

Source: U.S. Army Corps of Engineers

SO

2.5

2.8

2.5

Table 3. Beach Sediment Grain Size Analysis*

60

2.9

3.4

3.0

Fetch

1.Snm

1.62nm

l.28nm

Sampl e
Number

Pebble

( -2P)
Granule

(-2P - -IP)

Course
Sand

{-IP - IP)

Medium
Sand

(IP - 2P)

Fine
Sand

(2P -4p)
Silt

(4P)

1 80.51 8.7X 8. OX 2.2X 0.5X 0.1X

2 72.5X 24. U 3.2S 0.2X 0.01X 0.01X

3 48.7X 30. IX 17.8X 2.8X 0.6X 0.5X

4 55.48 10.8X 26.4S 6.4X 0.9X 0.2X

5 64.71 12.6X 16.IX S.OX 1.2X O.SX

6 79.7X 6.7X 11.7X l.BX 0.1X 0.02X

7 80.9X 7.3X 10.2X 1.3S 0.3X 0.02X

* See figure 8 for locations of samples
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Typical southerly winds of 10 to 20 mph can generate waves of 0.5 to
1.0 feet high. Winds 30 to 40 mph lead to waves In excess of 2.0 feet.
Finally, very high gale force winds, 50 - 60 mph, create waves in excess
of 3.0 feet high. This highwave (3.0 ft.) was the "design wave" used
by the U.S. Army Corps of Engineers in the structural design of the
breakwater. It seemed reasonable to use this same "wave" in the design
of the proposed park.

Tides and Extreme High Water

Drayton Harbor has a semi-diurnal tidal regime typical of the Pacific
Coast. A twenty-year record (1960-1980) shows the maximum recorded mean
higher high water is 11.1 ft., while the mean lower low water Is -1.5 ft.
The maximum tidal range during this record is 12.6 ft. The U.S. Army
Corps of Engineers "100-year" flood estimates show water to reach 12.8
ft. above mean lower low water (Figure 6).

In January higher than normal tides are reached. This also corresponds
with winter storm waves. The combined effect of a 10 or 11 ft. high tide
with southerly storm winds to 20 to 30 mph can lead to a total water
height of up to 12.5 feet above mean lower low water. In the most extreme
case, a 100-year flood of 12.8 and gale force wind from the south of 60
mph could cause a total water height of 15.8 feet above mean lower low
water (Figure 7).

Beach Sediment

It is well established In the literature that the size and slope of
beach sediment Is largely a reflection of wave energy. Beaches exposed
to low energy waves are composed of relatively fine-grained sediment and
have a low slope. As wave energy Increases along the shore, beach
sediment size and slopes become steeper.

The shoreline sediments around the harbor range from silts and fine
sands to pebbles. Broad mudflats dominate the eastern side of the harbor.
Toward the west and north, coarser grained sloping beaches become better
defined. It was assumed that these beaches are In equilibrium with wave
and current conditions within the harbor.

It was necessary to determine the physical characteristics (sediment
size and slope) of those beaches exposed to the highest wave action. This
data would serve as a basis for recommending beach sediment size and slope
of the proposed artificial beach. The wind data showed that southerly and
easterly wind-generated waves are among the highest. This is reflected by
the relatively coarse-grained sloping beaches found on the northern and
western margin of the harbor (Figure 8).

Sediment samples and beach slope measurements were taken at seven
different shore sites where wave action is highest. Beach slope was
determined using an Abney hand level. Beach sediment sizes were establish
ed by sorting and weighing each sample (Table 3). The data revealed
sample sites (1), (2), (6), and (7) to have the coarsest sediment ranging
between 96.7 percent and 98.4 percent combined weight of pebbles granule
and coarse sand. Beach slope ranged between 1:6 (16 percent) and 1:4
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(25 percent) for the same sites. This data defined the recommended
lower limits of beach slope and sediment sizes for the proposed artifi
cial beach.

Wave Run Up

The distance of wave runup along the face of the proposed beach
was a consideration in the recommended width of the upper berm. Wave
runup is a function of wave height, wave refraction, beach slope, and
roughness. Each of these variables were used in the standard calcula
tion of wave runup as given in the Shore Protection Manual. The variables
Included a permeable beach with a slope of 1:5 (20 percent) and wave
height of 3.0 feet. The calculations yielded a runup value of 2.0 feet.
Given the extent of runup, it was recommended that the upper berm have
a minimum width of 5.0 feet. This width should adequately absorb wave
runup under extreme high water events.

Beach Configuration

Maintenance of a stable beach requires a continuous supply of
littoral sediments. Chief among the considerations was a beach
orientation or geometry that would encourage a natural uninterrupted
flux of littoral sediments. Ho sediment transport data Is available,
however, wave conditions within the harbor indicated that sediment
transport is low and episodic. Wave hindcast information and beach
sediment analysis suggest that prevailing southerly waves drive littoral
sediment from the southeastern margins of the harbor northward toward
the park site (Figure 8). It is imperative that the proposed park or
any associated structures not interrupt this littoral flow, but complement
It. The beach should conform with the existing natural shoreline and
prevailing wave approach. The design recommendation was that the
artificial beach assume a gentle concave arc stretching from the break
water easterly to the existing shoreline (Figure 2). This configuration
will allow the continuous flow of littoral sediment from the southeast.

In time, the beach would assume minor configuration adjustments ap
proaching an equilibrium condition.

Bern Stablizing Vegetation

The final consideration for the design and maintenance of the proposed
beach was varieties of beach grasses that might help to stabalize the upper
berm. It is reasonable to use the shoreline vegetation not only endemic
to the Pacific Northwest, but to the harbor. Several vegetation transects,
transverse to the shoreline were studied. The transects varied from 15
meters to 20 meters In length. Five vegetation zones were clearly identi
fied in each. The vegetation of the lower half (7 to 10 meters) Is subject
to frequent tidal Inundation and contains mid to high marsh vegetation in
cluding Salicornla (pickleweed) and Triglochln maritlma (arrow grass).
The higher surfaces not normally inundated are composed of Carex sp. pos
sibly C^ lygnbvel followed by Elymus mollis (American dunegrass).

It was recommended the Elymus mollis be planted on the high berm.
It is rhizomatus perennial grass capable of stabilizing the berm. Further
more, this species is known to invade foredunes helping to capture and
hold loose shifting sediment.
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CONCLUSION

This study concludes with some confidence that a stable artificial
beach can be established and maintained within Drayton Harbor. It must
be recognized, however, that the environmental considerations and
techniques used in this effort cannot necessarily be applied to other
coastal locations and similar studies. Environmental conditions vary
considerably from place to place. Generally more sophisticated studies
are required including modeling in order to help insure the short and
long term stability of a proposed development.
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