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CONVERSION FACTORS, INCH-POUND TO METRIC (SI)

UNITS OF MEASUREMENT

Inch-pound units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply By To Obtain

feet 0.3048 meters

feet per second 0.3048 meters per second

inches 25.4 millimeters

miles (U. S. statute) 1.609344 kilometers

miles per hour 1.609344 kilometers per hour
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G(UIDEI, INES FO IR PREPI)cTING RAXIMIIM NEARSII()VE SAND

L.EVEL CHANGES ON UNOBSTRUCTED BEACHES

by

Allan E. DeWall arid Julie A. Christenson

I. INTRODUCTION

A. General. The constant motion of sediments in the nearshore zone

due to waves and currents is a prime consideration in the design of

coastal projects. The designer of a navigable inlet and harbor complex

is concerned with accretion rates that may result in unacceptable shoal-
ing of channels, while erosion may result in the scour and ultimate un-

dermining of protective structures such as jetties and seawalls. Aside

from the problem of channel shoaling, erosion of protective beaches and

scour at the base of structures are among the most difficult problems

facing the coastal engineer.

In its "National Shoreline Study," the Army Corps of Engineers (1971)

concluded that 24% of the ocean and Great Lakes shorelines of the United

States, Puerto Rico, and the Virgin Islands is undergoing significant

erosion. The North Atlantic region--north from the Virginia-North

Carolina border--was identified as having the largest percentage, which

was 87%. Even on sandy shorelines classified as "noneroding" there is a

seasonal, or at least alternating change between erosion and accretion.

This change, which is reflected in the shoreline movement, affects the

beach topography from the frontal dune to some limiting water depth

where sediment movement, due to wave action, is insignificant for engi-

neering purposes.

B. Purpose. The purpose of this report is to summarize a "quick

look" at available beach profile data that document significant short-

term elevation changes in the beach and nearshore region. This survey

was conducted by the U.S. Army Engineer Waterways Experiment Station

(WES), Coastal Engineering Research Center (CERC) at the request of the

U.S. Naval Civil Engineering Laboratory (CEL). CEL required guidelines

for predicting nearshore profile changes on unobstructed beaches as well

as probable scour and fill characteristics at a pile-supported pier.

The criteria used for "significant short-term elevation changes"

were changes of one foot* or more at a given location occurring within a

two-year period. Only sites within the U.S. were considered, although

data from foreign sites are available--notably Australia, China, Great

Britain, Holland, and Japan.

* A table of factors for converting inch-pound units of measurement to

metric (SI) units is presented on p. iv.
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This report analyzes the magnitude of the envelope or swe,, zotie of
these short-term beach profile changes at several locations a ng the
U.S. East Coast, Gulf Coast, West Coast, and Great Lakes Coas'. Spe-
cifically, the analysis is focused on the magnitude and locat an of
the maximum elevation change within the envelope of short-term profile
change. An attempt is made to relate this maximum change to site-
specific parameters such as exposure and coastal processes.

C. Previous Work. Shepard (1950) documented the seasonal on-
offshore exchange of sand between the subaerial beach and nearshore zone
on several southern California beaches. Storm waves common in the win-
ter season tend to remove sand from the upper beach and deposit it in
nearshore bars, while the flatter swell of the summer season tends to
reverse this process (Figure 1).

In a five-year study of beach profile changes on Cape Cod, Zeigler
and Tuttle (1961) found that the envelope of change was greatest on the
most exposed beaches and at mid- and low-water levels.

Thompson and Hartlett (1968) found that on Del Monte Beach, Cali-
fornia, beach erosion was positively correlated with wave height and
steepness.

Gorsline (1966) found that in the low- to medium-energy enviroment

of the west coast of Florida, maximum annual sand level changes do not
appear to relate to wave height but rather to exposure. Wave heights
below one foot did correlate with the rate of sand level change, however.

In a study of beach changes at eight East Coast beaches resulting
from a moderate northeaster, DeWall, et al. (1977) found that maximum

'~ vertical changes in sand level occurred on coarser, steeper beaches.
This has been observed by a number of other investigators (e.g. Shepard,
1950; King, 1972). The steep gradient of coarse beaches causes waves to
break closer inshore with their energy being dissipated over a narrow
beach zone. On the steeper beaches, the backwash also has greater power
(King, 1972).

The CERC Shore Protection Manual (1977) has recommended that the
deepest shore-parallel contour be used as an estimator of the seaward
limit of significant profile change for a given locality. This depth
varies from 15 feet to perhaps 60 feet or more along U.S. coasts.

Hallermeier (1977) determined that the seaward depth limit for sig-

nificant depth change can be estimated by doubling the annual extreme
wave height-high wave conditions that can be expected 12 hours per year
on exposed coasts. Hallermeier (1978) found quite good agreement be-

tween measured and calculated close-out depths at three sites with very

different extreme wave conditions (Table 1).

~i j 2
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A,,

While documenting the rate of scour around mines placcd on1 the rear-
shore bottom at Mission Beach, California, Dill (1958) concluded that
there was no indication that the profile elevation beyond the surf zone
varies over two inches from year to year. Dill noted that scour around
an,obstruction placed on the sea floor was strongly dependent on sedi-
ment size with a fine sand bottom scouring more rapidly than a medium
sand bottom under otherwise similar conditions. Dill found that scour
at Mission Beach was reduced by dense organic mats formed on the bottom
by worms and plants. In some areas these mats were observed to extend
into the sediment for a depth of at least two feet and inhibited normal
sediment slumping into scour holes.

II. PROCEDURE

A. Criteria. The principal criterion for site selection A the
availability of repetitive beach profile surveys (at least bian 'IV)
extending to a depth of at least 10 feet. Although unobstructe, es
were desired, several sites using soundings from piers were also used.
One site--Imperial Beach, California--was rejected because of a large
beach nourishment project that was conducted during the survey period.

The primary source of data was from published reports on file in the
CERC library. Data sources were also identified through the University
of Virginia Information System, a computerized inventory of coastal data

which has been developed under contract to the Office of Naval Research
(Dolan, et al., 1977). Additional data sources were from active CERC
projects at Virginia Beach, Virginia, Bodie Island, North Carolina, and
on the Eastern Shore of Lake Michigan.

B. Data. A total of 33 data sets (1,049 profiles), representing
eight coastal localities, was used in the analysis (Figure 2 and

Table 2).

Once suitable sites had been identified, data concerning coastal
exposure, type, and wave climate were collected. National Ocean Survey

(NOS) charts were used to determine coastal exposure, shoreline orienta-
tion, and general bathymetry. Reports accompanying the beach profile

data often included data on winds, waves, tides, currents, and sediment

size. When these data were not included, other sources, such as tide

and current prediction tables and Littoral Environment Observations

(LEO) were used (Berg, 1968). It wave data were not reported for a

given site, nearby gage data were used when possible (Thompson, 1977).

If gage data were unavailable, visual observation data were used.

Profiles were generally available as plots. When digital data were

available, these were coded for computer plotting and analysis. Enve-

lopes of maximum and minimum elevations were constructed by overlaying

the plotted profiles, or they were computed and plotted usiig an

automatic plotter. The example shown in Figure 3 is an envelope for

[, - ,-:~~~~~~~.. . .. . ....... : . -.-,-....".....-....-...........,".........-,,...-.,,
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Table 2. Profile Locations and Sources

Location Source __ype .

Virginia Beach, VA Corps of Engineers (Unpublished) Sea Sled and

Pier Soundings

Bodie Island, NC Everts and DeWall (In Preparation) Pier Soundings

Boca Raton, FL DeWall (1977) Pipe Profiles

Florida Panhandle Balsillie (1975) Pier Soundings

Corpus Christi, TX Behrens, et al. (1977) Sea Sled

Mission Beach, CA Bruun (1954) Fathometer

Torrey Pines, CA Nordstrom and Inman (1975) Fathometer

Shepard (1950) Pier Soundings

Eastern Lake Hands (1980) Fathometer

Michigan
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80 profiles collected weekly between July 1977 and January 1979 at the
CERC Field Research Facility in Duck, North Carolina. These data illus-
trate the broad sweep zone characteristic of an exposed site. Note that
the envelope is thickest at a distance of about 650 feet fromi the bench
mark, which corresponds to a distance of about 400 feet from the median
shoreline (zero elevation) position. At this point the bottom elevation
ranged from -2.0 feet to -16.7 feet. Note also that the envelope does
not close at its seaward end, where the MSL elevation fluctuated between
-25.3 feet and -28.6 feet MSL.

C. Definitions. The variables collected and analyzed for each site
are described in this section. Measurements taken from the profile en-
velopes are illustrated in Figure 3.

1. Shore-normal Azimuth. The azimuth, measured clockwise from
north, of the line normal to the shoreline, extending seaward.

2. Exposure. The sum of all land-free arcs, extending from
the site, open to a radius greater than or equal to 300 miles.

3. Grain Size. The mean grain size of the mid-swash zone.

4. Tide Range. Predicted range for maximum astronomic tide
V., (i.e. spring or diurnal range).

5. Mean Wave Height. The average of the reported monthly sig-
nificant wave heights.

6. Extreme Wave Height. The wave height that is exceeded for
12 hours per year (0.137%) and is obtained using the average significant
wave height, H, and the standard deviation of height, a , as follows:
H e= H + 5.6 a (Hallermeier, 1978).

7. Wave Period. The average of the reported monthly wave
periods.

8. Longshore Current. The maximum reported longshore current
velocity. A positive value was assigned to a value that was in the same
direction as the net sediment transport direction; a negative value was
assigned to an opposite direction.

9. Foreshore Slope. An average slope of the beach profile at
the MSL elevation. This was obtained from LEO data or directly from the
profiles if a value was not reported.

10. Nearshore Slope. The slope of a line drawn seaward from
the base of the foreshore along the general trend of the offshore

profile.

9



11. Berm. The maximum berm elevation from the available pro-
files and the (negative) distance from the MSL, shoreline to the berm
crest.

12. Bar. The maximum bar height above the landward trough and

the (positive) distance from the MSL shoreline.

.P. 4113. Median MSL Shoreline. The average mean sea level position

within a given envelope from which further distance measurements are
made (seaward = positive).

14. Maximum Scour. The largest change in elevation at any dis-
tance within the envelope.

15. Distance to Maximum Scour. The seaward distance from the
median MSL shoreline.

16. Median Depth at Maximum Scour. Measured from the MSL ele-
vation at the maximum scour distance.

17. Critical Depth. The shallowest depth, below MSL, where the
change in elevation is one foot or less.

111. RESULTS

* A. Exposure. A summary of site exposure and wave climate is pre-
sented in Table 3. Of the data considered, the most exposed sites were
Bodie Island and Virginia Beach. The Gulf Coast sites in Florida and

ThiN at Corpus Christi are exposed to generally moderate conditions but have
a much higher incidence of hurricane conditions.

0 One tropical storm and one hurricane occurred during the study of
the Florida Panhandle. Balsillie (1975) reports that the effects of
these storms were less severe than an extratropical winter storm that
also occurred, however. The exposure at the Mission Beach and Torrey
Pines sites is somewhat limited by the Channel Islands. Boca Raton is
sheltered from the open Atlantic by the Bahamas Banks. Additionally,
this site is naturally stabilized by protective offshore reefs and an
underlying coquina beach rock which effectively retards erosion (DeWall,
1977). The eastern Lake Michigan site has a maximum fetch of 131 miles,

"'V with a directly onshore fetch of 64 miles. The beach at this site is
effectively protected from erosion during most of the winter months by

4 ice conditions.

Significant wave height was found to range from 1.5 feet in Lake
Michigan to 3.9 feet at Torrey Pines, while calculated extreme wave
heights ranged from 7.0 feet at Mission Beach to 12.8 feet at Bodie

Island (Nags Head).

10
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B. Profiles. Table 4 summarizes the characteristics of the mea-
sured profiles and profile envelopes.

Because of the high variability in frequency of surveys these data
are not directly comparable from site to site, but they do give an indi-
cation of the magnitude of changes that occurs in the nearshore region.
Survey frequency ranged from weekly at Boca Raton and the CERC Pier to

annually for the Virginia Beach sea sled surveys. Because seasonal sand
level changes are much larger than year-to-year changes at most coastal
locations, data listed for sites with fewer than four surveys per year
are probably not true indicators of maximum change. This is illustrated
by comparing the maximum scour measured by the annual sea sled surveys

* at Virginia Beach and the maximum scour measured by the bimonthly lead-
line soundings from two nearby fishing piers. The sea sled data indi-
cate a maximum sand level change of 3.9 feet from year to year (the sur-
veys are conducted in June). The leadline sounding data show that the
maximum seasonal sand level change each year averages 6.3 feet. There-

fore, the seasonal sand level change at Virginia Beach is more than one-
and-a-half times greater than the year-to-year change.

Even more significant are changes resulting from storms, which are
rarely documented. An example is shown in Figure 4. Soundings from the
CERC Pier immediately before and after the passage of Hurricane David

.4 show that the sand level was scoured a maximum of 6 feet in less than

-0 two days, when a large offshore bar was formed at the location of a pre-
storm sand terrace. Most of the scour data listed in Table 4 probably
do not include maximum storm changes, since post-storm recovery of pro-
files can be quite rapid. DeWall, et al. (1977) reported a sand level
recovery of 3 feet on the foreshore of a profile at Westhampton Beach,
New York, within one day following a moderate northeaster. During the
studies at Bodie Island and at Boca Raton an effort was made to obtain
rapid post-storm surveys. Scour data from these sites are probably rea-
sonably accurate estimates of maximum scour for sites with similar ex-
posure and wave climate. Scour data from the other sites are considered
to be low estimates of maximum scour.

5 Average foreshore slope was found to range from 0.03 to 0.20. The
highest foreshore slopes were found on the most sheltered beaches, which
also had the coarsest grain size (Boca Raton and Eastern Lake Michigan).
The average nearshore slope was found to be a more uniform 0.01 to 0.03.

The maximum berm elevation ranged from 4 to 10 feet. Lower berms
were generally found on the more sheltered beaches (Florida Panhandle
and Corpus Christi).

The position of the maximum bar height was highly variable. On the
exposed sites there were generally one or two pronounced bars which
tended to move both onshore and offshore. Hands (1980) reports that on
the Eastern Shore of Lake Michigan the relief of the multiple bars (five
or more) increases significantly in the lakeward direction and that

12

xo1



* .- 4

*114

u I- +. I4.'. . + +

0 0 0 ioa0o~.o ODniC~n .4 ~ 0 00 0 ,

0.-

-4 -i~iC~.i -n -. ic. -0 - -tO~f -
m D a m

III In -4 -4..4- - I I I

0 0

0.

.4 Ii. in 1;c- m -t 0n- 4 i i i ~ i i c*il. 7 - ~ -

0v

%. 10 m. 1 ~.0 4- 1 i-i1

411

10.
0I 0e

0000

0 ol

* c..

-~ -Z
H D 1tAu-4< .

CO~a in ... Ii~i Ninninn.0 n i01OunO.if g iniinin i 10

113



0 0
04

10

0

I --

Ij I
1 0 c +j

Q..

43 0 -

OJ a 0 0

I 0 0
W CA

-- C

0 0 2G

-~ a, *

(1) .... II --

14'.4



beyond the outer bar the enve I ope ol hot tom1 change uarrws .brupt I%

Maximum scour occurs from landward of the average shioc I i ne posit loll

up to a distance of 640 feet seaward. The sa ri d I eve I I ulct tat ion ranges
from 3.9 feet for the once-per-year surveys at Vi rginia Beach to
14. 7 feet for the weekly surveys at the CERC 'ier in North Carol inia

Most profile surveys analyzel lid not reach a closur(- depth (less
than one foot of change in elevation).

The arbitrary categories--"exposed," "moderately expoed," adll
"sheltered"--were assigned by using the site exposure arid wave (limate
data listed in Table 3 as well as the qualitative intormation that was
collected from each site. Within each of the categories data were aver-

aged for the characteristics that appear to have the most signifi~ance.
These data are listed in Table 5. Although an attempt was made to sta-

tistically identify significant parameters affecting scour, this was not
successful. A larger sample would presumably improve the statistical

approach. A strong correlation (r' = 0.74) was found between the ex-

treme wave height and the average maximum scour for each site. A simple
linear regression fit to the maximum scour (A'Y ) and extreme wave
height (H e ) data yields: nax

AY 1.15H - 4.1
max e

for units in feet (Figure 5). This suggests that at least order-of-

magnitude estimates of maximum scour can be made for a sand beach know-
ing only the annual significant wave height and standard deviation,
where extreme wave height ranges from approximately 6.5 to 12.5 feet
(95% confidence interval).

If the annual significant wave period (T ) is included, the predic-2

tion for maximum scour for these data improves (r = 0.78) to-

AY 1. 15H - 0.1ST - 2.9
max V s

IV. DISCUSSION

A. Data Limitations. As staled earlier, the sand level changes

listed in Table 4 are not directly comparable due to dtferenes in stir-
vey frequency. The more frequent surveys have a higher probabilitv of

documenting the short-term changes, which are generally much larger

than year-to-year changes. Few, it any , of the da4ta sets itokuinelit tile

extreme sand level changes caused by severe st')rms. Chinies dtue to
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moderate storms, with a frequency of two or three per year, are included
.5., in the Bodie Island and Boca Raton data sets. Other factors that have

not been quantified include beach fill projects, structural influence,
ice conditions, and biological activity.

A more-or-less continuous beach nourishment and sediment bypassing
project was in operation at Virginia Beach throughout the period of ana-
lyzed surveys. This project would have had the most influence on the
changes measured from the Timber pier, which is just downdrift of Rudee
Inlet, and the least influence on the sea-sled surveyed range, which is
outside of the nourishment project limits. Icing conditions similar to
those on the Great Lakes have also been observed to a limited extent on
beaches along the east coast. Depending on the extent of ice cover, ef-
fects may range from a protective cover over the subaerial beach to sig-
nificant wave attenuation from ice floes along the coast during condi-
tions that would otherwise be expected to cause severe erosion.

Biological activity has been observed to have various effects on
beach processes--from the almost complete protection afforded by shore-
parallel organic reefs, such as along the southeast coast of Florida, to
the sediment-binding organic mats described by Dill (1958).

B. Pier Effects. A basic question which is legitimately raised
about any profile data collected by sounding from a pier concerns the
influence on the coastal processes by the structure itself.

Everts and DeWall (in manuscript) conclude that the piers used on
Bodie Island do not appear to have a major effect on the bottom topog-
raphy of the nearshore. Pier bents are widely spaced, and piles are not
clustered; so the pier structure is highly permeable to sand moving in
an alongshore direction. The five wooden fishing piers are supported by
10-inch to 16-inch diameter piles, spaced at 10 to 17 feet. The CERC
Pier is supported by steel piles, which ire 30 and 36 inches in diam-
eter. Pile diameters increase to 48 ard 54 inches at the ocean bottom
where abrasion collars have been instilled. Each bent consists of
2 piles on 15-foot centers; bent sricing is 40 feet.

Soundings from the CERC pier were taken at stations established mid-
way between bents in order to minimize the influence of scour around
piles. Soundings from the 5 fishing piers were taken at 50-foot station
intervals, so that the influence from nearby piles was variable.

In an attempt to quantify the extent of scour around the CERC Pier,
several sets of measurements were collected during the summer of 1979.
These measurements ranged from leadline soundings during relatively high
energy conditions to detailed underwater surveying using divers during
moderate conditions. A summary of a detailed leadline survey is in-
cluded as Appendix A. Contour maps, summarizing diver surveys of piles
which had exhibited maximum scour, are in Appendix B. The leadline sur-
veys revealed a maximum scour of at least 2.9 feet below the adjacent

18



bottom at a pile 360 feet seaward of the shoreline and at a depth of

15.8 feet. Underwater surveys of this same pile, under more moderate
wave conditions, revealed a maximum scour of 3.3 feet below the adjacent
ocean bottom (Figure B-2). The scour radius extended approximately

12 feet from the center of the 48-inch pile. These measurements fall
well within the maximum scour limits reported by Wells and Sorensen

(1970) of approximately one pile diameter. If this limit were used at
the CERC Pier, the potential maximum scour would be 4.5 feet below the

natural bed--or a total probable maximum range of scour of 19 feet--

including the maximum envelope of profile change.

C. Construction Effects. In October 1979 a bathymetric survey was
conducted in the vicinity of the CERC Field Research Facility--
approximately 2-1/2 years after completion of the 1800-foot research

pier. The results of this survey are shown in Figure 6. The survey
indicates a significant zone of scour along the south side of the pier
with maximum scour occurring near the seaward end. At the normal posi-

tion of the 21-foot-contour, the amount of scour is about 8 feet.
Figure 7 shows pre- and post-construction profiles of the pier site.
The 19 July 1973 through November 1974 surveys were conducted by divers

along a profile line 45 feet south of and parallel to the pier center-
line. Reference pipes were jetted into the bottom at 100-foot intervals

along the profile line. Horizontal and vertical control was established
on each reference pipe using an onshore transit and 21-foot-long level

rod. Subsequent profiles were obtained by sand-level measurements at
each pipe. Leadline soundings in September and October 1975 were from a

temporary wooden construction pier which was installed immediately south
of the CERC Pier. The January 1977 profiles were leadline soundings
from the north and south sides of the newly completed 20-foot-wide re-

search pier. The 1977 profiles indicate that approximately 10 feet of
scour occurred along the seaward 500 feet of the pier since the 1973

surveys. Subsequent surveys (Figures 3, 4, and 6) indicate that the

profile has been more-or-less maintained in its post-construction shape.

The reason for the development of this scour zone is not known. Subse-
quent research conducted at the CERC Field Research Facility since com-

pletion of this study has confirmed significant pier effects on near-
shore processes and profile changes (Miller, et al., 1983).

V. RECOMMENDATIONS

A. Site Specific Design Considerations. For design studies at a

site where repetitive profiles, sediment size, and wave climate data ire

available, an approach similar to the one outlined in this report will

give reasonable estimates of the magnitude and extent of wave-induced

scour on an unstructured sandy beach.

Where these data are not available but time allows for data collec-

tion, the following approach is recommended:
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I. Collection of at least daily nearshore wave measurements
for a full year to determine significant and extreme wave heights and
periods. Ideally, these would be wave gage measurements but could be
obtained using visual observers following a procedure similar to the
CERC Littoral Environment Observation Program (Berg, 1968). Visual ob-
servations allow obtaining an additional parameter of wave direction.

2. Collection of quarterly beach profile surveys, extending
from the frontal dune, cliff, or other stable zone to a minimum depth of
predicted significant sediment movement. This prediction can be based
on the extreme wave height, if known, or else to a depth equal to the
deepest shore-parallel contour. Along U.S. coasts this depth varies
from 15 to 60 feet or more. If quarterly surveys are not practical, a
minimum of two surveys should be obtained in order to document the sea-
sonal sand level changes between summer-type swell conditions and the
short-period, high energy sea conditions more typical of winter. Exam-
ination of aerial photographs, taken several times per year, will often
give an indication of when to expect maximum erosion or accretion.
Also, aerial photographs will often reveal obstructions such as sub-
merged reef or rock outcrop. The accuracy of the surveys should be to

the nearest foot of distance and tenth-foot of elevation for the onshore
work. The offshore profiles should be accurate to the nearest 10 feet
of distance and the nearest half-foot of elevation. Stationing along
the profile line should be at breaks in slope and at maximum intervals
of 50 feet onshore, extending to intervals of 100 feet offshore.

3. Collection of daily Littoral Environment Observations. If
personnel are available, the collection of a full year of at least daily
LEO measurements will provide information on wind and wave climate, long-
shore current velocity, beach slope, and sediment size.

B. Envelope of Profile Change Considerations. Where only very lim-
ited information is available, such as nautical charts and perhaps a
single bathymetric survey, scour prediction should be based on informa-
tion known from a site with similar characteristics, exposure, and wave
climate. The magnitude of the envelope of profile change can be esti-
mated using the following methods:

1. Determine significant and extreme wave height for the site
using a hindcast technique such as outlined in Chapter 3 of the CERC
Shore Protection Manual (1977). Doubling the extreme wave height gives
an estimate of the limiting depth of significant sediment movement.
The extreme wave height also approximates the median depth of the scour

maximum.

2. From the available nautical charts, determine the depth of
the deepest shore-parallel contour for an additional estimate of the

limiting depth of significant sediment movement.
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3. Using available bathymetric survey data, dutermine the

presence of one or more longshore bars. The position of the largest

longshore bar can be used to estimate the position of maximum scour.

The data analyzed in this report indicate that the magnitude of maximum

scour averages twice the maximum bar height, but maximum scour is as

much as three times the maximum bar height in some locations.

4. Utilizing repetitive, high-resolution satellite imagery and

high-altitude photography, which is available for virtually all of the

world's coastlines, determine an additional estimate of the envelope of

nearshore profile changes. From these repetitive images the seasonal

fluctuation in shoreline position can be estimated. If the rule-of-

thumb that one foot of shoreline change is equal to one cubic yard per

foot of volume change is used (Shore Protection Manual, 1977), the sea-

sonal change in volume--actually the cross-sectional area--of the pro-

file envelope can be determined.

C. Recommendations for Further Study. Part of the CERC beach pro-

file studies research is being conducted at the Field Research Facility

in Duck, North Carolina. As an extension of this work, the effects of

scour around the research pier and, in particular, the magnitude of

scour around pilings can be addressed. If modified surveying techniques

such as pipe profiling and the underwater surveying described in Appen-

dix B are used, the geometry and magnitude of scour around piles of var-

ious dimensions can be measured. Through the use of recording fathom-

eters, mounted near the bottom, scour during extreme events can be

monitored. This technique was used successfully in a study for the U.S.

Coast Guard conducted by Dames and Moore (1975).

VI. SUMMARY

Envelopes of significant short-term profile change--defined as sand

level changes of one foot or more--extend from the frontal dune, seaward,

to a profile closure depth that can be estimated by doubling the annual

extreme wave height (conditions exceeded for 12 hours per year). The

zone of maximum sand level fluctuation within the envelopes extends from

the berm to a median depth that is approximated by the annual extreme

wave height at the site. For an exposed site on the U.S. East Coast,

the maximum short-term sand-level change was slightly less than 15 feet.

A relatively sheltered site on the S.E. Florida Coast had a maximum sand

a level change of about half that amount. Typical maximum scour values

for moderately exposed sites on the U.S. West Coast, Gulf Coast, and

East Coast of Lake Michigan ranged from 4 to 8 feet.

These data are only order-of-magnitude estimates and do not include

erosion caused by extreme events. Likewise, these data represent normal

sand level fluctuation due to waves on unstructured sandy beaches.

Scour due to wave-structure interaction or to tidal or other currents

would be in addition to the values reported. The Corps of Engineers
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(1977) recommends allowing an additional amount equal to the maximum un -
broken wave height that can be supported at the original water depth for
scour at the toe of the coastal structure.

Scour around a pile-supported pier at an exposed site was observed
to be approximately 10 feet below the original sea bed. The cause of
this scour is uncertain.

Techniques are outlined for estimating the magnitude of the envelope
of profile change at a given coastal site using only limited information.

It is recommended that field data collection be undertaken to assess
the magnitude of scour around pile-supported structures--especially dur-
ing extreme events.
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DEPARTMENT OF THlE ARMY
%' *%*COASTAL ENGINEERING RESEARCH CENTER

UAJW!TiECORPS OF ENGINEERS
KINGMAN BUILDING

FORT BELVOIR, VIRGINIA 22060

*CERRE-CP 3 July 1979

MEMORANDUM FOR: CHIEF, COASTAL PROCESSES BRANCH

SUBJECT: Scour Measurements at FRF

1.Profile data were collected from lead-line soundings from the FRF
pier in Duck, North Carolina on 20 June 1979. Local conditions included

4 a 25 miles-per hour NE wind and an average wave height of about 4 ft. as4.4 recorded from visual observations. Other LEO are summarized on
attached table.*

2. Soundings along the south side of the pier began at 0950 hrs.
Initially 6 lbs. of lead weight were used at the end of a tape measure
with a correction made for the attachment of the weights. However, this

S. ~ did not prove adequate for accurate soundings due to the high wind
conditions. So after 9 readings, 4 lbs. were added and a new correction
noted. Allan DeWall performed soundings while Karen Jacobs recorded the
measurements as read by Julie Christenson.

3. Soundings were taken every 20 ft., ie. at pile and mid-bent, for the
* length of the pier starting at Sta. 2+00 to Sta. 19+40. The pile

soundings were made on the landward side of the pile to gain protection
from the wind and in a few instances an additional sounding was made
on the seaward side of the pile. Sounding the south side of the pier
required approximately two hours.

4. Sounding proceeded on the north side of the pier beginning at the

Seaward end, Sta. 19+60. Again soundings were taken at 20 ft.
intervals by Allan DeWall landward to Sta. 1+40. Readings were made
by Karen Jacobs and recorded by Julie Christenson. This time the pile
soundings were made on the seaward side of the pile for wind protection
with additional landward soundings on numerous occasions.

5. The data were later reduced and plotted using mid-bent data to form
profiles for each side of the pier. (Graphs attached)** Added points

, ., showing elevations at each pile were plotted to indicate scour around
the pile.

6. Upon examination of the graphs, it was found that the maximum
scour (2.8 to 2.9 ft.) occurred at the same station for both sides of

*Table A-i.
**Figures A-i and A-2.
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CERRE-CP 3 July 1979
SUBJECT: Scour Measurements at FRF

the pier, ie. Sta. 7+60, at an average depth of 15.9 ft. This is
in the trough seaward of the nearshore bar suggesting that a current
parallel to the shoreline may be the major cause of scour.

7. Also characterized by the graph is the greater scour occurring
on the seaward side of the piles. In 8 of the 9 cases on the south
profile where landward and seaward measurements were made, the sea-

ward side proves to be deeper. Some of this effect may be attributed
to the sheltered landward readings where less deflection due to wind
and current is experienced in the tape. Likewise 8 of the 10 cases
where both measurements were taken around a pile on the north profile
show greater depths on the seaward side of the piles. However, in
this case the landward readings had more deflection so the apparent
depths would be less than recorded, making the seaward scour even more
significant.

8. Scour was calculated by taking the difference between the sand
elevation at the pile and an interpolated value at the pile as derived
from the mid-bent elevations on either side of the pile. Comparison
of the average scour values is also a probable indication that maximum
scour occurs on the seaward side of the pile. The average scour for
the north side of the pier, where soundings were taken on the seaward
side, was 1.2 ft. while only 0.5 ft. on the south side where soundings
were taken on the landward side of each pile. Thus assuming little
difference across the bent, it appears that the greater scour on the
north side reflects the greater seaward scour condition.

9. However, tape deflection must be a consideration in average scour
determination. Due to the greater wind exposure at mid-bents, deflection
of the tape will produce an apparent elevation which is lower than
actual. This in turn effects the interpolated elevation at the pile,
giving a smaller apparent value for scour. Thus the average scour may
be even more significant than is seen from the data and graphs.

10. Besides wind deflection, a strong current (averaging 1.25/ft/sec.)
made sounding more difficult. Leading into the wind and current was
necessary in order to place the weights in a suitable position for
measurement. However, on numerous occasions when sounding were repeated,
identical results or results within a few tenths(.4 on the average)
vere obtained. Thus the data appear to be accurate.to the nearest half-foot.

11. Therefore, despite unfavorable conditions, reasonably accurate soundings
were obtained. The data revealed a maximum scour in a trough seaward
of the nearshore bar and a consistently greater scour on the seaward side
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SUBJECT: Scour Measurements at FRF

of the piles.

3 Inl ULIE CHRISTENSON
1. LEO Data Civil Engineering Technician
2. North Profile, 20 June 79 Coastal Processes Division
3. South Profile, 20 June 79
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... * *Table Al. Summarization of LEO Data

Regular Observer AD/KJ/JC

Pier Beach Beach/Pier

Time 1210 hrs. 0915 hrs.

Breaker Height 3.5 ft. 4.0 ft. 4.5 ft.

Wave Period(10 waves) 63 sec. 68 sec. 131 sec.
175 sec.
68 sec.

Wave Angle 808 '  850

Wave Type Spill/Plunge Spilling

Wind Speed 19 mph 19 mph 25 mph

* a.

Wind Direction NE NE NE

Foreshore Slope 60 50

Current Speed 1.67 ft/sec. .75 ft/sec. 1.5 ft/sec at

at end of pier 20 ft. from Sta. 7+00

shoreline 1.1 ft/sec at
Sta. 5+80

Current Direction South South South
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F DETAILED MAPPING OF SCOUR HOLES

On 7-8 August 1979 an underwater survey was conducted at the CERC Field

Research Facility to map the extent of scour at selected piles supporting
the research pier.

The 1800-foot long pier is supported by 30- to 36-inch piles, which increase
in diameter at the sea floor from 48 to 54 inches. The two-pile bents are

spaced at 40-foot intervals, with the piles at 15 feet, center-to-center,

spacing within each bent.

A series of leadline soundings made under varying wave energy conditions
showed that piles with maximum scour were at bent number 7 + 60, which is

approximately 360 feet seaward of the shoreline at an average depth of 10
feet.

The surveying technique required two SCUBA divers using a graduated 10-foot
rod fastened above the base of the pile and held horizontally, using a

carpenter's level. The azimuth of the rod was determined with the diver's
wrist compass. The elevation of the rod was determined using a sounding lead
lowered from a known elevation on the pier deck. Sand level elevations were

then determined by taping down from the rod to the bottom at one foot inter-
vals along the azimuth line. It was planned to survey at 450 azimuths
radiating from the pile, but this proved to be very time-consuming. Each

azimuth line required nearly 10 minutes to set up and survey as a result of
the bottom surge and limited visibility. Ultimately, four azimuth lines at
900 arcs were surveyed at each pile. As the divers became more proficient,
a pile could be surveyed in 30 minutes.

Survey data were reduced in the office to MSL elevations, and contours of
bottom elevation were constructed. Contour maps from four piles--in bents
7 + 60 and 8 + 00 --are presented in Figures B-1 through B-4. These maps

show that scour extends laterally at least 10 feet from the pile and up
to 3.3 feet below the normal sea bed. The shape of the scour hole is not
symmetrical around the pile but tends to be steeper on the seaward side
and deeper on the landward side.

Sea conditions during the survey were quite moderate with a wave height of

2 feet and period of 12 seconds. Longshore current velocity was -1 ft/sec.
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Figure B-i. Scour at Pile 760-N, 7 August 1979, CERC
Pier (Depths in Feet Below MSL)
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Figure B-3. Scour at Pile 800-N, 8 August 1979, CERC
Pier (Depths in Feet Below MSL)
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Figure B-4. Scour at Pile 800-S, 8 August 1979, CERC

Pier (Depths in Feet Below MSL)
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