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PREFALCE

This repurt is published to provide coastal engineers with a descrip-
tion of beach erosion and accretion at Virginia Beach, Virgimia, including
the effect of continuing beach replenishment, and the apparent unimportance
of land use in determining erosion. This report alse provides bench-mark
data on coastal processes at the shore north of the CERC Field Research
Facility at Duck, North Carolina. The work was carricd oot under the beach
evaluation program of the U.S. Army Coastal lngineering Research Center
{CERC},

The report was prepared by Victor Goldsmith (principal investigator),
Susan Sturm, and George Thomas of the Virginia Institute of Marine Science
{VIMS), Gloucester Point, Virginia, under CERC Comtract No. DACW7Z-74-C-
00038, Work under this contract is also reported in Applied Science and
Ocean Engineering No. 122 of VIMS.

The authors give special appreciation to R.}. Byrne, C. Everts, €.J.
Galvin, Jr., and M.T. Czerniak, who provided advice during parts of the
study. Original profile data and helpful discussions were provided by
P.A. Bulloeck, L.E. Faosak, W. Harrison, J.F. McHone, Jr., G.L. Shideler,
and D.J.P. Swift, C.H. Surton, A.H. Sallenger, Jr., F. Saith, and Y.E.
Goldsmith provided able field assistance onm a voluntary basis in bimonthly
heach profiling during the 1972-74 precontract period. Fieldwork assist-
ance by numerocus graduate students and researchers at VIMS is gratefully
acknowledged. A.L. Gutman and W.S. Richardson provided unpublished wind
and storm data from the Currituck Beach Lighthouse, Corella, North Caro-
lina, A.Frisch assisted in the beach-trend analysis.

Special thanks and appreciation are extended to the wave observers who
conitributed data to this study, including R. Fields of Back Bay, Lt. Comdr.
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The cooperation and assistance of the following are gratefully acknowl-
edged: D. Hollands, R, Fields, and F. Smith of Back Bay Wildlife Refuge;
W, Taylor of False Cape State Park; E. Bichner, G. Austin, and others of
Corolla, Noyth Carclipa, and A, Gilbert and the Virginia Beach Erosion
Comnission for providing monthly assistance during the study. Special
comtributions by C. Diggs and N, Blake of VIMS and A.E. DeWall and P.TI.
Campos of CERC in the preparation and analysis of the report are also
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CONVERSLON FACTURS, U=, (CHSTOMARY TO METRIC [S51)
UNITS O MEASTIREMENT

U.8. eustomary anits of measyrenenl psed in this report can be converted
to metric [81) units as follows:

Multiply hy To oboain
AT e e e
mehas #3.4 millimzters

2,54 centimeters
square 1lnches fi.452 Square contimoters
cuhic 1ncles 16, 30 culile centineters
feer 3. 45 centimeters
0. 3048 neteTy
sgquure feot 0029 syustTe metors
cubic oot 0.02&83 cublc metars
yards 0.9144 meters
sguare yards 0.836 sfuare melers
cublc yards 0.7646 cubic nstors
miles 1.605% Eilowetarsy
square miles 259.0 heetures
knots 1.8532 hilowelers per hour
dCros goAna7 hectares
foot-pounds: 1.355% newton meters
millilars 1,0197 = 107 7 kllograms per scuare centimgier
UGS 28,35 prams
poumds 453,40 arums
04530 Kailodrims
Lon, long L 0G0 metric tons
ton, short 0, 89072 metyic Tons
depreos [wigly) 0, 1745 radians
Falipenheil dirgroes 5/a Celsius depries or Kel yine?

= = = === EREE S ==k
Mo whtain Celsius (€] temperature veadings from Fahrenheit (F) reauines,
use forpular © = (R/8) (F =32},

To obtain Kelvin (K) roadings, use fermela: K = {5007 (F <3521 + 273015,




BEACH EROSBTON AND ACCHBETION AT
VIRGINIA BEACH, VIRGINIA, AND VICINITY

by

oL

s iy Y b g
Fhetor Joldemiif, Swean Co Sl

angd George K, Thomoa

I, TNTRODUCTION

The Natlonal Shoreline Study (U.5. Army, Corps of Engineers (1971a) con-
cluded thut more than half of Virginia's 933-mile shoreline is undergoing
severe erosion {24 percent) or noncritical erosion [30 percent). The
cost of improvement of the Virginiu arca was estimated at $89.5 million
(in 1971 dollars). Since the only significant shoreline population
cenmter in Virginia is the major ¢ommercial sdrvea of Virpinia Beach, thas
1% The grea of grogtest econamic impertance, with respect to shoreline
erosion problems. However, within this ares, the shoreline chianges are
gquite dvregular (Goldsmith, 1875¢; Sutton and Goldsmith, 1976).

This study presents and analyzes beach survey dats measured at 18
profile lines (Figs. 1 and 2] from September 1974 to December 1976 and
integrates these Cata with older surveyed data at |4 of the 18 sane
profile lines. Additionally, to provide background information needed
to hetter plan and understand studies at the CERC Field Research Facility,
which is just teo the south of the southern end of the study area, data
and observarions made in Currituck County, North Carolina, are also
included (Hig. 1),

. Previous Stiudies.

Frevious beach studigs at those beach profile lines that have been
reoccupied in this present study, are summarized in Table 1 and shown in
3

Figure 2. Photographs from these profile lines arc in Appendix A, Pre-
vious studies are detailed in Geoldsmith (1975a).

Watts [1959) studied effects of beach fill en Virginia Beach and
caleulated net volume changes in the nearshore and intertidal parts of
the profile line hetween 1946, 1952, 1855, and 1958. He concluded that
84 percent of the nourishment muaterial placed on the beach between
Hudee Inlet and 46th Street between September 1964 and June 1952 had
heen lost, However, the beach width remained the sawe during this
period due to the nourishment. The [irst detailed studies of beach
changes in Yirginla were undertaken by llarrison and Wagner (1964]. 1In
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fahle 1. Beach profile history.
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‘Average of 2.5 kilometers between each profile line,

“Totul of 42.2 kilometers between profile lines 1 and 18,
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Table 1. Reach profile history.--continued
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this study, monthly, weckly, und daily changes were monitored at four
locations in Virginia Beach and one at Cump Pendleton. These profile
lines were measured jantermittently between November 1956 and May 1963,
The maximum vertical change at the 6lst Street profile line, ohscryed
during this 27-month period, was 2.0 meters and occurred midway beotween
mean sea level and mean high water. Approximately one-half of the

dune was lost during the storm of 7 to 8 March 1962, With respect to
the profile lines at [5th and 3d Streets, the data "... do not show
convincing dilferences hetween winter and summer profiles” (Harrison
and Wagner, 1964, p. 27). Poststorm changes measured on both the
bedch and nearshore arca out to depths of 5 meters indicated ',.. that
under great storm conditions the foreshore slope and beach cidge will
undergo greater change than the nearshore bottom (lUarrlson and Wagner,
1964, p. 9). The precise locations of these beach profile lincs have
becn reoccupied. Additional atudies wore conducted at Fort Story, north
of Virginia Beach, by Harrison, et al. (1968], in which more than a
dozen environmental variables were measured over a 28-day period. Mo
discussions or conclusions were mentioned. The importance of the beach
water table responsc to tidal fluctuyations in the Fort Sfory area was
investigated by Fausak (1970). He found that the water table fluctoa-
tions decreased about G0 meters from the heuch. Studiecs of the beach
water table at Camp Pendleton in 1966, and at Fort Story in 1969, are
reported in Harrison, et al. (1971). Mulriregression analysis of the
data show that the most important variables influsncing changes in
quantity of foreshore sand (In decreasing order of Importance) werc
chunges in ocenn stillwater level, an index of groundwater head, ind
the number of swash events per unit of time (Harrison, et al., 1971,

p. 43). Fausak's Fort Story beach profile line,which was monitored

in Aupust wnd September 1969, was reoccupied In September 1972,

A dotailed study of beach changes along the auter ceast of Virginia
was reported in Bullock {1971} and Harrison and Budlock (1972). In
this study, 16 beach Tocations were surveyed hetween the Virginia-
Maryland and the Virginia-North Carolina Statec Tines for 20 months,
These data were then used to calibrate d model which attempted to
forecast changes in beach sand volume resulting from storm conditions.
'"The results indicated that 1t may be possible to develap prediction
eauations to forecast beach changes for sections of ocean heach thut
do nat exhibit complex offshure bathymetry' [(Bulleck, 1971, p. 61) aud
that initial beach volume was a strong determinant of beach volume
chimge. Six out of scven of these beach profile lines in the Virginia
Beach coastal compartment were precisely located and remessured at bi-
wmonghly intervals between September 1972 and January 1974, by Goldsmith,
Gmith, and Sutton (1974). Numerous studies of the False Cape area,
iacluding beach survey measurements, have been conducted by Shideler,
Switt, and Mcllone {1971). Three out of four of these beach profile
lines, going lack to W69, were reoccupied in September 1972 hy



Virginia Institute of Marine Science (VIMS) and 1d Pominlon tmiversity
{ODIT) personnel, and by Goldsmith, Smith, and Sutton |1974), at bimonthiy
intervals, through January 1974. {opiss of all the above previous beach
profile data are storved at VIMS.

Beach changes were monitored once a month (since 1966) at
1,000-foot (305 meters] intervals between 49th Street and Rudee Inlet
hy an enginsering firm under contract to the (Aty of Virginia Beach
and the U.5. Army Engineer District, Norfolk. Each June these
praofile lines are ecxtended out to depths of 25 Feet (& meters) (H.J,
Fine, Chief, Water Nesources Planming Branch, U.5. Army Engineer
District, Norfolk, personal vommunication, 1972). This 4-kilometer
stretch of shoreline includes the major zone of public concern about
beach crosion, but less than 10 percent of the total ocean shoreline
nf sputheastorn Vivginla.

& beach survey network consisting of 13 beach survey locations over
a 24-kilometer stretch of coast between Rudec Inlet and the Virglnia-
North Carolina border was set up in the summer of 1972. These profile
lines were surveved at blmonthly intervals with the cooperation and
assistance of the persomnel of the Back Bay Natlonal Wildlife Refuge,
11,5, Fish und Wildlife Seryvice, and eraduate student velunteers at VMg,
This survey network consisted of three older profile lines of Shideler,
Swift, McHome (197L), the five profile lines of the Back Bay National
Wildli fe Refuge persomnel, and five profile lines of Bullock (1971].

2. Purpuoses of This Study.

The previous studies indicate largc variations in beach response
at these different profile lines from hoth storms and daily low
wave energy-type processes, Thus, the primary ebjective of this
study was to investigate beach hehavior by measuring beach profile
changes for 27 months over a 45-kilometer strotch of coastline con-
‘taining a variety of beach types and an irregular offshoere bathymetry.
(nednded in this study is a comprehensive report on beach changes
along this coust and & collection of data in uniform format that will
he available for future enginecering studies. The data from thesc
analyses are summarized in the form of graphs and included in Appendixes
B and €. The data were analyied to obtain the ilnformation on the
following gemeral topics discussed 1n this report!

{a] Changes at each profile line from monthly and poststorm
survey data.
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{b) Long-term changes at cavh survey location from daty From earlicor
studies and monthly surveys during this study.

{c} Character of beach behavior in the study aren From ground and
gerial recomnnaissance and survey data,

(d1 Character of bedch behavior in Currituck County, Nerth Carolinu
from guavterly ground reconnalssance.

fe} Waye climate in study area from visual wave obscryations.

(£} Comparison of long< and short-term wuve and bcach conditions
from suyvey data and visual wave data.

(g} lomparison of beach résponse in natural, residential, military,
and commercial usc areus from survey data,

Special sttention was puld to the vuriations in cnltural usape and
to the Tocatlon of the focus of lengshore transport reversal as pessible
causes of the differing beuch response. Although this 1974-76 interval
wis a time of relatively low storm-Induced beach erosion (discussed in
Section IV), there were storm events of sufficient intensity {App. 1Y)
as to clearly delineate differing crosicnal responses between survey
locations, The interpretation of those variations s assisted by con-
comitant shoreline wave ohscrvations, and ground and aerial photos.
Probably the mest important purpose 1s to relate The VIMS-CERC profile
lines (1974-76) to the older survey dota in order to delineate the
long-term trends (hy surveying standards) of between 4 and 15 yvears at
14 of these locations (App. ) since such lengthy suryey histories
are relatively rare in the United States. Further, the appiication
of standard statiatics to test apd delinecate thesse beach trends s
ipllustrated.

3. Engineering and Scientific Usefulness.

Mhe two most immediate applications of these data and analyses are
to turnish the Norfolk District with basic informition that extends
aeriully beyvond the Virginia Beach area undergoing extensive sand
nourishment, and to furnish CERC with "base-line" data for future
studies on the proceszes in the immedlate vicinity of the nearly Com-
pleted CERC Tield Research Tacility, Duck, North Carolina. For
example, documentation of beach changes to either side pf the Virginia
Beach commerciul beaches would ald in the planning of projects involving
the punping ol sand from the south side of Rudee Inlet onto the commer-
cial beaches., With vespect to the CERC Field Research Tacility,
documentation of characteristics and changes on the beaches north of



the pier, as well as data 1llustrating the importunce of seasonal versus
storm~dependent changes In the immediate vicinity, should materially aid
the design and timing of experimental studies at the pier site.

1f significantly different long-term trends on adjacent natural
beaches are shown, then the need for detailed site-specific atadies be-
fore the instigation of remsdial measures would be further emphasized.
If these variations in beach behavior are shown to by reluted to beach
usuge {(commercial, residential, milltary, or natural), then additional
information can be invelved 1n the coastal zonc planping process that
would add to improved results. Speclfically, use zoning could be con-
sidered for the more erosional beaches. 7The Back Bay Natiomal Wildlife
Refuge and False Ciape State Park dare currently reevaluating their roles
with respect to future services to the recreational public, and arc
requiring this base-line information nn <horcline trends for their
planning, Since Back Bay mav tend to have marrow crosiopal beaches,
documentation of these and futore trends is of great interest to the
Rack Bay planners {D. Hollands, manager, personal communication, 1974)
with respect to vehicular access, dune fencing programs, and others.

An important applicatien, unrelated to this study, invelves the
comparison of the long-term heach trends and specific storm-induced
profile changes with computed wave data from the Virginian Sea Wave
Climate Model (Goldsmith, et al., 1[974hk; Goldsmith, 1975¢)] to further
refine the model and extend its usefulness,

However, the main thrust of this vepart 1s to provide base-line,
interpreted data for the Jarge variety af Federal, State, and local
agencies involved in the planning and management ot this 42-kjlometer~
long coastal aren, varying widely in usage and beuch behavior.

L, LOCALITY

1. Geography.

The nomenclature "southeust Virginia coastal compartuent,” defincd
here as the concave-scaward stretch of coast between Capc Henry
and the Virginia-North Carolina State line, is umique to this investi-
gator, but is pot arbitrary usage. Historically, the northern llmit
of the Ourer Banks was at 0ld Currituck Inlet pear the Virginia-North
Carolina State line. The lnlet has been closed since about 1§29,
From a2 coastal processes point of view, it is hest to consider the
stretch of coast between Cape Henry and Cape Hatteras [encompassing
the study area) as a classic copstal spit-buarrier lsland complex,
with Cape Henry Deing the headland, and the met amnmual Lransport to
the south (Fisher, 1967). The narthern two-thirds of this coast (with



Orepgon Inlet peing tho southern houndury) is @ Jong, continuous spit
called {wrrituck Spit, This spit may be subdivided into two long
concave-seawnrd parts of coast, separated by a convex-seaward hulge
cialled False Cape. The northern concave-seaward strotch of coast from
Fulse Cupe to Cape llenry is the beach profile study arez, and the
northern portlion of the southern concave-seaward coast is the Currituck
County guarterly reconnaissance study areca.

The beuch survey study ared; which includes the 18 profile line
locations, encompasscs 42 kilomoters of coust in Virginia from Cape
Henry to the Virginis-North Careline State line (Fig. 2). DProfile
Tipe 1 is located at Forr Story, i 11.5. Army transportation training
centor with amphibious vehlicles frequently on the beach. Profile lines
2 to 5 are in Virginia Beach, a tdensely populated [especially during
the summor months) resldential {above 40th Strect and south of Rudee
Inlet) and commercial srea. Profile lines 6, 7, and 8 ure located in
Dam Neck, at the 1.5, Naval Anti-Alr Warfarc Teaining Center. Profile
lines 9 and 10 are din Sandbridpe, a residential area which has a
significantly higher population during the summer wmonths. Back Bay
Mational Wildlife Refuge is the location of Pyofile lines 11 to 15.
The southernmost profile limes 16, 17, and 18 are located in False
Cape State Park.

In a broad sense the study arca consists of two basic beach
morphologic types: wide beaches which may be very active, either
accreting or eroding from | month to the next; and fairly
anarrvow Peaches with Tiztle overall geeretion or eresion. The wider
beaches have lower slope gradients than the narrvower beaches.
Generally, the narrower beaches tond to show more extensive chimges
after storms and are usually slower to recover from storm effects.
Profile lines | and 14 to 18 are gencrally wide and fluat; profile
Tines 3 ta 12 tend to be nurvow and steep, although there are several
cxceprtions. All 629 surveys are notable by a completo absence of
vlassic ridge and rumel activity.

Yable 2 yives a complete description of the study ares from
the "Shore Protectlon Guidelines." {U.S. Army, Corps of Engineers,
1971b). Names mentioned in Table 2 can be found in Figures 1 and
2. The infermation is reorganized in the tahle by veaches and
subjlects; these reaches are related to population zonation of the

coast and not to geological aspects.

2. Boomorphelogy.

The physiopraphy and geology, both immediatoly underlying the
study area and at the surface to the west, arc directly velated to
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Description of study area.
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Tabhle Z.

Neseription of study ared.--continued
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Table 2. Description of study area.--continued
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the six or more Pliocene(?) and Plelstocene cycles of emergence and
submergence, with maximum submergent sea levels pear +45 feet (14 meters)
(Quks and Coch, 1973). 'the sSandbridge Formation, voungest Pleistocene
(Daks and Coch, 1973), was sbserved by the authars ufter storms in the
intertidal zone at 44th Street, Virginia Beach. Other aspects of coastal
plain geology are discussed by Sanford (1912}, Wentworth (1034},
Cederstrom {1941), Richards {19850}, und the early literature is sum-
marized by Hubie {1865). Harrison, et al. (1965] presents evidence for
u late Pleistocene uplift in the area. Pleistocene sed level changes
are discussed by MiTliman and Emery (1868} and Oaks and Coch (19637
Holocene geomorphology and stratigraphy at the Chesapeake Bay entrance
are detillod by Meishurger {1972Y ond Nelson {19721, vwho discussed the
relationships between the ancestral Fleistoccne Susquehanns River and
the present baymouth comfiguration. Meisburger (1972) indicates that
the present gross bottom morphology in the bay entrance 1% largely Jdue
to lolucene sedimentation (estimated at 1.37 X 10Y ¢cubic meters) and
bears litile relation to the burled Pleistocene topography. '

The Holocene evolotion of & part of the Hatteras barrier island
chain has beon discussed by Pierce and Colqulioun {19703a, 1970h}.
Based on subsurface core information from Duck to Cape lookout,
Novth Caroiina, they suggest that this present barrigr comples has
evilved From o conbination ot promary barrier landward retveat and the
development of secondary barriers by spit elonpution.,  White (1966)
hus suggested thatl these copes [fotmed inditially from Pleistocene river
deltns.

A definitlve wove climate study summsrizing the shelf geomorphology
bf the Chesapeake Bight part of the Virginian Ses (i.c., Cape llenry to
Uape Hatteras) amd the complex rclationships between the shelf geomorpho-
logy and the ocean surtace wave ¢limate over the shelfl and slong the
shoreline, is presented in Goldsmith, Farrell, and Goldsmith (1974a).

This latter stady elesrly showed the impertant influence of the
Vigeinia Beach Mas=il {Figs. 3 and 4) on the wove climate of the
southeast Virginia ¢oastal compartment. The ¥ireginiz Beonch Massit is
an extensive, shallow, relatively level-topped topographic high, between
the depth contours of 18.3 and 21.9 meters and cecurs between the relic
Susquehanna Valley and the Virginia Bedch Valley. [The term “massif”
was applied to this feature by Swift, et al., (1972)}beocause the originmal
subacrial aountain massifs in Vrance are also flanked by river valleyvs,)
This wmposing large-scate relly feature, of hvpothesized interfluve
arigin, contains 4 superimposed dervegular ridge and swale bathymetry,
which is delineated by the depth contour of 18.3 metors. The Virginia
Beach Vallev, tlanked to the northeast hy the Virginia Beach ridges om
the topopraphic high wmd to the southeast by the False Cape ridges, s
suggestive of a serica of relic ebb ridal deltas formed gs the sen level
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rose and the estuary mouth retreated, as hypothesized by Swifr, et al.
[1972).

Goldsmith, Farrell, and Goldsmlth (1974a) state that:

"An example of the effects of these offshore shval arveas on near-
shore circalution patterns ¢an be scen in the vicinity of Virginia
Beach, Virginia, which is greutly affected by the adiacent, cxtensive
Virginia Beach Mas=if. Here, the waves with periods of 10 seconds or
shorter from the north-northeast, northeast, and east-northeast are,
Foy tlie most part, rofracted awdy frowm the resort ares by the Virginia
fedgch Massif to the Chesapeake Bay entrance and the Back Bay-False Capc
areg. Lo oa o similar mpanner, waves from the casi-southesst, southeast,
and south-southeast are cancencrated in the Vireginia Beoach and adjacent
offshore avea. These phenomena result in the dominant nerthward long-
shore transport observed in the Virginia Beach area; this might be
bevause greater wave energy reaches the drea from the southern quad-
rants than from the north, resulring in a net nearshore sediment
transport to the north. Harrison, et al., 1964 suggested that the
shsarved northward sediment transport in the Virginia Heach atrea was
due to a4 lurge nontidal eddy related to the cirvculation originating
at the mouth of the (hesapeahe Bay. It shpeuld therefore be noted that
both s{fects wmay be ovenrring and that meither the wave ar current-
induced civeunlation patterns are mutuslly exclusive."

1he most sjgnificant nearshore features along the middie Atlantic
tight are the negrshave, shoreline-attached, linear ridge svstems,
shown In Ooldsmith, Sutten, and Davis (19733 (Fig, 3}, asnd discussed in
Swifr, et al. (1972). Ong of the mast notable and most studied ridge
systems is the False Cape ridge system consisting of three large
Iinear rldges attached to the shoreline in False Cape State Park.
Meltone (1972) pointed out the process interaction between theé beach
and the npearshore morpholepy via the development and removal of
“saddles!" dcross tne False Cape radge system. Unpublished profile daty
collected scparately by Swift, Shideler, McHone, and fGoldsmith indicate
that rthe False Capc ridge $ystem has an important influence on the
kehavaor of the adjacent beaches, Further discussions on tlic n=arshore
geonmorphalugy ure in Goldsmith, st al. (1074h) and Coldsmith {1973z},

3, Bediments.

Beach sedimentolopical studies of the Outer Banks have becn made
by Swift, et al, (1971}, Swirt, DLV and Metone (1971}, Shideler (1873a,
L973h, 1973, 1974}, und Sabet (1973). These studies, which shaow that
the (nterpretation of coastal processes frow grain size and minetals-
gical data in this area 15 i very complex problem, are summarized in
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Figure 5, In general, the sapnd composing the beach und duncs seuth of
Rudee fnlect is relatively uniform with mean (phi) = 1.0 to 2.4 (.5 o
0,25 millimeter) ) standard deviation = (0,8 (0.6 millimeter) alopg the
berm and 0.5 (0.7 millimerer) in the dunes (Shideler, 1973b). The
mitjor exception is the addition of 4 coarse red (2 to 1.0 phi), lron-
stalned guartz and feldspar sand component. The northern limit of this
coarse red sand variey dramatically between Corolla and Duek {discussed
in Section Y). 'This arei is referred to locally as the urea of
tresqcherous red sands" pecause of 1ts adverse affcet on four-whee)
drive vehicles treaveling the bench.

The sand behavior of Virginia Beach hus been studied by Harrisan
gnd Alamn {1964), who tabulated the settling velocivies of sand in the
vicinity of Rudes fnlet, and by Tuck (1969). Tuck suggested that a
reversal in the slope grain-size relationship coccurs under storm con-
ditions on the heach coincident with profile changes, und that such a
reversal 1s generally present in the "zone of shealing waves' part ol
the beach at Virginia Beach. The slope grain-size relationship re-
ferred 1o here is the increasc in beach slope with increoase 1n grain
s1ze. As noted by Tuck [1869) and discussed in Sections V, 5 and VITI, 3
of this report, there are many excoptions to this relationship,

Mineralogival data between Cape Henry and Cape llatterns are detailed
by Swift, et al. (1871}, whoe indicate very complex relationships,

4. Beach Usage and Impact.

The study aréa encowpasses four categories as defined by beach
usage: Natural, military, commercial, and residential. Profile lines
1 (Fart Stoxv), 6, 7, and 8 (Dam Neck) are wmilitary. The beach at
Fort Story is prohabiy the most disturbed {of the four protile lines)
as far as vehienlar traffic i1s concerned. Amphibious vehicles are
driven in the waters just off the beach, followed by landing mancuvers
on the heach itself. In additiomn, a road grader was used at times To
keep the heach, from the base of the dune scaward, as flat and smooth
as possible. All these cvents have occurrved directly at Profile line
I. There is less vehlcular beach traffic on the heaches at Dam Meck,
although amphibious vehicles have been observed on nccasion. The
Marines conduet drill exer¢ises on the lower beach, but avoid the
duynes. ‘There 15 a recognitiom of the importance of dunes at [lam Neck
43 indicated by an extensive and active sund fencing program and an
effort to keep everyone out of the dunes.
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Virglnln Reach Proflile fines 3 and 4 may he classifled as commercial,
Virginia Beach profile lines 2 and 5 and Sandbridge profile lines 9 and 10
may be classified as residential. Both heach areas are closcd to vehic-
ular traffic, and the residential arcas expericnce a moderate amount of
usdge from sunbathers, surfers, and Tishermen, and the storage of light
catamaran sallhoats at the base of the dunes, especinlly during the
stmmer months. lmmediately behind the beach in the commercial ares af
Virginia Beach {profile Hnes 3 and 4) isg v eoncreto hoardwalk which
contains & vertical bulkhead, protscting the city's multistory hotels,
condaminitms, and restiurants from the ocenn waves: Although the beanch
15 only used uy sun-worshiopers during the summer menthe, the ef9ccts
of the bulkheaded boardwaik are telt all year long. The observed
reflection of waves off the concrote wall during storm conditions is
due to the absence af adeguate smounts of sand. The natural post-
storm recovery (loes not occur. Thus, the beaches, if left alone, would
erode down te the Sandbridge Formution. [Tt 1s for this teason that a
heach nourishment program of dumping sand from Thimble Shoals Channel
(in Chesupeake Bay entrance) and pumping sind to the beaches to the
north directly from the south side of Rudee lnlet, which traps the
dominant northerly transport {see Fig. 2], had to be devised. Beach
nourishment is Jdiscussed in Section IV, 7,

Rack Bay profiles lines 11 to 15 and False Cape llnes 16, 17, and I8
are designated as natural nreas. Buck Bay Navional Wildiife Refuge has
veceived publivity For o number of veurs concerning beach access to
vehicular traffle, and possible eflfects this traffic might have on the
beach proces=es, Observations and studics by persouncl of the Bueck
Ray Wational Wildlife Refuge le.g,, Smith, I472) indicated that the
heavy visitor traffic through and within the rofupe [(several hundred
thousand velicle trips per year) was doing permanocnt damage to the
flora and Faund. As a result of court action (Baird, 1973 Smolen,
1973) vehlcular access 15 now limited (subject to pemding court appeals,
a revislon in Federal pelley, or contemplated dccess rvoutes to Fulse
Cape Starc Park] to full-time rosidents seuth of the refuge angd a
Limited number of wvisitors by permit, Part of the prohlem revolves
around the open guestion of damage to the beach hy a lnrge amount of
vehiculay traffic. 'The focal pernt of the court actiom lies with
North Carcoling property owners whe work und tive in Virginia and want
to use Back Bay for travel purposes instead of making the 3-hoar trip
(161 kilometers) through Kitty Hawk, North Carolina.

False Cupe State Park is open to vehicular traffic, but because
of limlted accoss to Back Eay, traffic here ls not as heavy as it could
he. Access to Talse Cape State Vark, locatod between the Back Bay
National Wildlife Retuge and the Virginlu-Morth Carolina Stute 1ine
(Fig. 23, is presently limited to four-wheel drive vehicles passing
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along the beach and back dune areas amd is subject to the llmitations
discussed previously. A stody of various proposed acecss rautes by
Zelgler and Mardellus {1472) concluded that all proposed hard-surfaced
automebile routes would nltimately ciouse permancnt damige to the area
and that the only sdeceptable decess to False Cape State Park would beg
{n) A monorail or rapid transit system, or (b} a Ferry <rossing from
Knotts lstand, Xovth Cavolina, across Back Bay to the bay side of
Currituek Spit at False Cape Landing., State-sponsered studics of this
problemn are continulpg [(Mivisien of Parks, 1975} and decisions are
expected 1n the next 2 vears.

buring each survey, i bird census was tuken of hoth numbers of spe-
cies and pumbers nf individuals. Tt was observed that where human
populat ion was densest and beach wsuge was most intensified, the bird
population was lower, and conversely, bivd populations were highest in
natural, restricted areas of Back Bay Natiomal Wildlife Refupge and False
Cape State Purk where human activity was minimal (Fig, & and App. E}.

The same was true for ghost crabs [Smith, 1472}, Wone was observed
in arcas experiencing a grent deal of vehicunlar traffic, hut they have
been observed in Back Bay and False Cape, with a notable increase In
numbicrs after vehicular pcoess was severely curtailed ip 1973 [F, Smith,
Wildlife Biolpgist, Back Bay National Wildlife Refuge, perscnal con-
munlcation, 1974). Tew ghost crabs were observed north of Sandhridge.

PET. MLETHOUS

L. Beach Surveys.

The 18 profile lines were surveyed once each month for 27
months and after eight stayms or periods of high waves {some storms
did not hring high wsves to Virginia HBeach, as discussed in Bev. V,
27, Vertical distances were measured with a MHetzgen automatic
level and « telescoping fiberglass leveling rod graduated to 0,01
foot ({.003 meter), Horizontal distances were measured with a

fiberglass-polyvester woven tape graduared to 0.05 foot [2.015
meroT ).

Fach orofile ]ine way measured From the top of the most scaward
of throe pipes [plpe 1) taking vertical ond hoyizontal readings at
all significant hreaks in slope, to as far seagiwsrd of mean siéa level
az possible vnder the exlsting wave climate, Scarps, berms, lust
high tide lines, and the waterline (or swash zones) weére paints also
measured and specifically hoted on the specially designed VIMS Beach
Survey Fform [App. T along with other pertinent duts gathered at the
survey locations. The advantape of this form s that It can he
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handed directly to the keypuncher at the VIMS Cowputer Center for data
processing.

2, Borveyed Rench Marks.

Three 0.3-inch (1.3 centimoters) galvanized irun pipes, 4 to 5
feet (1.2 to 1.5 meters) long, were driven approximately 3 to 4 feet
(0.9 to 1.2 meters) into the dune arey at ecach of the LB snrvey loca-
tions, cxcept profile line 3 at Virginia Reach where the east Face of
the concrete seawall wps used In place of a pipe.

Pipo 1, penerally placed on the mast scaward duae where there was
an unobstructed view of the profile line to the sea, was then uscd as

the reference point at eich of the profile lipnes, Pipe 2 was usupally
pliced on the adjacent dume ridge landward to pipe 1. This plipe was
surveyed into various lecal landmarks [i.e., houses, power poles, and

ather stakes) by magnetic bearing and distance at the beginning of
the study. Pipe 3 was placed near the cdge of heavy dune vegetation,
ar other area well back from the traveled section of dunes and heach,
and concealted from publjc view. The three pipes Lormed 4 straight
Tine oriented perpendicular, or nearly so, to rthe existing shoreline.

A1l three pipes at each profile location were surveyed to third-
order accuracy by Freemun and Johnsen, Engineers and Surveyors, of
Virginia Beach, Virginia, in April 1976 (App. 5}, All elevations are
measured from the top of each pipe to MS5L. The elevations for the most
seaward pipes range from 7.45 to 22.24 feet (2.27 to 6.78 meters)
above MSL.  The distances from these pipes to the waterline vange froem
3 to 130 metors, Some distances haye been shorter or longer due cither
to storm high tides, or extreme low tides.

3 ygye Ohservers,

As part of this study, volunteers were recruited te make daily
observations of wave data at one of the 10 observation sites.
The voluntecr's sstimates of the wave period, the breaker height,
the wave angle at the breaker, and the breaker tyvpe were recorded
en a wave ohservation report forym made specifically for this study.
Wave period was measured using a stopwatch, from which the observer
read the time elapsed during the passage of 11 wave crests past a
fixed point. Breaker types were categorized as cither spilling,
plunging, surging, spilling-plunging, or cellapsing. Breaker
helghts were estimated visually to the nearest one-half foot, and
the numher recorded was the average Gf the highest one-third of
the breakers. The angle a breaker made with the shoreline was
measured to the nearest degree with a protractor furnished on the
back of the observation form.
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The woluntcer ohserver program was anly partly successful. Dhservers
were recruited throongh newspaper advertiscments, telephone calls, and
invitations to onlooKers who expressed interest during the surveys.

U.5. Naval officers, hatel personnel, charter hoat captuins, housewives,
and schoolt=zachers were among those who volunteered to become wave
observers.

(hservations were made over a period of 29 menths between July 1974
apd Nevember 1976, A complete outline of wave observer history is in
Appendix H; scasonal averages of wave obsorvations for each site are
in Secrion VI,

Vispul wive observi)ions at the I8 profile lines were alsa made In
the authors on most of their monthly and poststorn savveving trips.
The rvesulting dots were punched on cards and mean wave heiphts, periods,
dand stamdard deviations were plotrred at VIMS. These data are also
disvussed in Section VL.

4. Data l'rocessing.

Baw survey data {distupce wnd height) were tuken in the field on
specially designed computer kevpunch forms (App. F-1). The dots were
punched directly from thess Forms onto curds at VIMS and processed
in aocomputer progrum that generated data wlilch was then transvribed
onto CERC Furm No, 121-72,  Apother set of VIMS punched cards
was run in 3 second propram called COMPARE.  The COMPARE program
lirerally compared eacl survey with the survey measured at tho soame
tocation from the previeus month, and gave the heach change (either
eraslonal or acecrerivpil) as the LumU!HtIVF volume {cubie moters of
sand/linear meter of besch) {Colonell and Goldsmith, 1972; Geldsmith,
Calomell, oand Turbide, 19732,

CERC samilarly processed the beach volume chanpes From their
torms, and the computational results were similor: thev&:. CER{ Y s
computations are presented and wsed througheour thls report {(App. B)
to promofe uniformity with other CERC studres.  Tho ViIMS 3reu o -
putations ure used in the Ieng-tern trend anulvses {App. ) because
ot umifoermity with the VIMS prufile dotn bunk.

Far hoth the CERC mnd VIMS computations, srosion wos defined as
a negatlve net volume chumge, and avcretion as @ positive net volime
change, for “the area surveyed along the profvlv Iine,. The p:@filc
1lue extended from the MSL datun determioed by the sarvevors, land-
ward to an arbitrary peint at, or equivalent tg, the crest af the
foredunc ridpe (1.¢., the nusber vae pipe). Thas, this nper volume
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change may represent the alpebraic sum of erosion ln one part of the
profile lin¢ and decretion on another part; as it often does. Unly

in three poststorm, high surf, and high surse conditions {1 Julv (975,
26 November L1075, and 10 April 1976) did a few of the surveys not
extended seaward all the way to the MSL datum, althoush they were
quite c¢lose. However, because of the location on the proflle Tine
and the extent of the beach volume changes, discussed in detail in
Sevtion V, these slipghtly shortencd surveyvs did not influence the
velume computations fo any great degree, nor the camparison of changes
between profile lines, nor the conclusions.

5. lomparison of VIMS-CERC Surveys With Older Profile Data.

This was accompllished by finding and using in the tew suryveys,
the exact profile pipes that were used in the older survevs (locutions
§, o, 12, 13, 14, 15, 16, 17, aud 18) and wusing detailed descrip-
tions Lo the literature, fileld wisits, informal correspomdence with
the previous nvestigutors and photographs (lovations 1, 2, 3, 4,
and 5, The stakes st survey locations 7 amd 11, which had heen
suryeyved by Goldsmith in 1972 to 1874, had been removed, s0 only
their approximate location {approximately 1 meter horizontally) could
be reoccupied and thercfore, comparisons betwoen the older and newer
survey data were not made for these two locations.

For the locations precisely reoccuplied {Goldsmith, (glonell,
and Turbide, 19727, the computer program was modified to czaleulate
beach volume chatges using the original suvvey data. (mly the last
survey at each profile line wus recaleulated into the CERC format
to comparc dirvectly with the first VIMS-CERC survey, These data
were an the original punchcards gensrated by the previons investigntors,
Since the survey techniques employed were the Schwartz one-man heach
profile technigue and the Emery method, the accuracy of these older
data may be helow CERC's standards. Also, sinee all the surveys did
not reach the same MIW datum as the luter surveys, volume calculatlons
of the older data and comparisons between the newest survevs of the
previous investigator, and the oldest survey of this study did net
involve the same Jength of profile line. Despite these weaknesses in
the older data, 1t is ipteresting that the zame erosion apd accretlion
trends exhiblted in the newer VINS-CERC survey computations are also
exhibited in the older data at the same survey locations,

B. Statistical Bedach Trend Analvses,

Becawse of lavpe fluctuations in volume changes between surveys at
ciach of the survey locations, it is often difficult to discern net
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erusion or accretion trends at a profile lne. Also, even when trends

are apparent, some appear to be "stronger' atl some locations than at
others. In order to quantify this, heretofore, subjective evaluation

of the main factor describing the beach activity, erosion versus aceretion,
a statistical scheme was developed and first used in Goldsmith, Farrell,
and Goldsmith {1974a). This scheme was adopted in this study, and is
described helow.

lp test [or statistically signiticant drosion or dceretion tredds
at pach beach profile line, a linear regression [ine was calewloatod for
cumilative beach volume change spoinst time (in wesrks) using a stuand-
ard canned program on the VIMS TBM 370 computer. The null hypothesis
assumed that the caleulated regression line reproscnted the distribu-
tien of heach volume chonge with time {(1.e., significantly diffcrent
from chance within the 27 months of survey wmeasurements]. This was
tested at various leyels of statistical signitficange (e.p., 1, 5, 10,
and 30 percent) and the null hvpothesis was accordingly reiected at
the appropriate sigmificant level, and the erosion-acergtion trend
wisd comsidered to he statistically significant at that level. Tt is
interostiag to pote that all eight profile tines eshibiting trends
consideored statiatically stenificant {at | percent lovel)] showed a
large statistical difference from the other profile lines (i.e.,
there wis a major hreak in the grovpings of the sigificance levels).

Numerous 33-millimeter coler slides wore fakon on each ol the sur-
vering trips. Views up and down the beach, as well as slong the
prafile line, were included along with other interesting feutures such
43 scarps, vegetation, surf conditions, and usage. Thesc slides ure
stored in the Coastal Enginecering Information Anulysis Cenler at
CERLE.

thotographs of varions beoivh conditions al each of the 1§ profile
lines are in Appendix A.

8 lerial lnspeetion,

Acrizl flights were made over the study drea ot altitudes between
130 and 300 meters, as ¢loase ta tho time of surveyving as weatlor
permitted. Obligne 35-millimeter color slldes pgenerally overlap,
ahowing the heach arvci hetwcen Lhe profile lines, as well as the
prafile sites. Beath feartures such as scarps, overwash argas, dung
orientation, suspended sodiment plumes in the sucf zone, and near-
share burs con be remdily seen io slides token tfrom low-altitude
aircratt.
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This wnformution is helpfuld in supplementing the survey measure-
ments to give a third-dimensional view of beach chunges and gproveosses
in the study area. A l.2-meter by 2.4-meter sheet of plywood, painted
international orvange, wuas placed near pipe 3 at each of the five buck
Bay National Wildlife Refuge Profile lines [1] ve 15). This helped
in locating the peofils line from the air. The targets were oricented
to the profile line, and were gasily geén from the air. All other
profile lincs had suffictient local features to aid in the exact
lecation of the survey sites from the air and in the photos.

Photos from these flights showing the 18 profile locutions and
other interesting features arc ln Appendix A.

Y. Currituck Recannaissance.

Reginning with the thivd quarter of the study, u4 juarterly pround
reconnilssance trip to Currituck County, North Cavolina, was con-
ducted. Beach sampling =tations were established every 6.4 kilometers
from the Virginta-North Carolina State lineg to 38.6 kilometers south
uf the linc, endipg just north of the construction site of the CERC
treld Nescarch Facilitw.

At oeach stutiom, foroshore slope angle and zand grayn size were
megsurad at 3 location approxtmately two-thirds of the way up the
beach fuce. Slose angle wad measured in tenths of a degroc with a
Brunton Fochet Trunsit, Sand grain size was measured in guarter-
phi onits (u=ing g pocket-size, "phi-size finder'") and the bouach-
face surtacs grains wers recorded us to the extent of size sorting.
The VIMS forp usod doring the vTodonnaissance is in Appendix ¥-2.

Y, REVIEW OF LPTTORAL PROCLSSES

ln this scetieon, Informition and provious work an the wvarious
processes that atfect beoaches 1n the stwly aren ure reylowed dand
aummari zed, These include tidsl range, wave climate, winds, storms
and velated surges, nearshove clreoiation eolian activity, and most
importantly for this area, the rale of man,

1. Tidal Range.
The neap @nd spring tides recorded at the lampton Rouds tide yapoe
within Chesapeake Bay etteance, and the predicted tides for Vimginis

Beach and False Cape, which straddle the study areya, are shown 1n
Table 3,
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Tahle 3.

Study aren tidal ranges.

T

_[ Kilometers Range r* Mean tide
south of Mean Spring level

Location Coordinates Chesepeake Bay {fr) | {m ifey | (m) [ {fr) {m)

Cape Henry, 36° 567 N, 0 2.8 | 0.9 5.4 1.4 | 0.4

Virginia e a0 W.

Virginia Beach, 367 517 N, 8 3.4 1.0 4.1 1.2 \ 1.7 0.5

Virginia 75% 58° K. \

False Cape, 36% 367 N, 32 3.6 1.1 4.5 13 1.8 0.5

Virginia 757 537 W.

Currituck Beach 36° 237 M. 53 3.6 1.1 )% 1.3 \ 1.8 0.5

Lighthouse, 75% 50" W,

North Caroling | iy

Lpgtum 12 mean tow water,

{Natiounal Ocennic and Atmospheric Administration, 1976)



Tn this study ares, the tidal ranges gt four local tidal reference
statrons (Cape Hewry, Virginia Beach, balse Capo, and Currituck Beoach
Livhthouse) vary from 2.5 to 3.0 feet (0.8 to 1.) meters) for moun
tidal range and 3.0 to 4.3 feer (0.9 to 1.3 meters) lor spring tidal
range.  Hampton Reads, Virpinia, withln Chesapeske Bay, is the neyrost
National Degan Survey (NOS] tide eage to the study beiaches. ‘Trdes at
LCope |lenvy, Vivpinia Beach, Talse Cape, and Corrituck Bedch Lighthouse
arc determined by applving tubulated corrections at theie locations;
to theose predicted at Hampton Toads.

Mean and spring ranges, and mean tide levels Tend to ingrease
a5 the distance from the influence of the Chesapeake Bay increascs
[Table 33.

It 14 important to nete that with this relatively low range, the
wingd can have an important effect on the watey level. It was shserved
that with cithor styrong onshore or strong offshore winds, the re-
sulting heach tide Tevel romained either high or Jow, respectively,
throughout the 12-hour tidal cvele,

2. Waye Cllmate.

Wave ¢limite data in this ares have heen summarized, synthesized,
and contrasted from six duta sources by Gotman [1976)-  Those sodrces
include Marsden square ship wuve observations for Marsden 19 Subsquare
65 of Marsden sgquars 116 (1948 to 1973) and Cheosapoake light observa-
tionz on the shelf, Virginla Beach gage (1964-1968), Couvperative Sur{
Obzervations Programs [(COS01'), and VIMS-CERC wave ohservers at the
shiorcliae, and Sveordrop=Monk-Bretschne lder [EMB] hindeast data For
LB4R-1950 by Suville [14654].

Percent froguency occurrence of significant wave heights for all
these sources, and monthly avernges of significant wuve helghts and
perinds for the Virginia Beach gage (located ar Profile line 3) arc
shown in Figures 7, 8, und 9. 5Ship wave ohservatsons by direction
and height are shown in Figure 10 (Gutman, 1976). These dats show
rhat:

()  The highest shereline wuves (z 2.5 meters) oceur anly D.)
percent of the time (LOSOF data).

(h}  the highest average significant waves occur in Gotaber,
Fehruary, September, Januapry, March, and April (in order of
decreasing heights), and runge between 0.9 and 0.0
metey. The lowest helghts occur May to August,
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{1 the longest average significant wave pericds ovcur in
dotolber, Angpst, July, December, and Seprember (in urder
of decreasing potrlods) and range between 9.2 and 8.5
secands.

Ll a4 larpe standavd deviation ovcurs and thore are very small
menthly Jiffevences 1o both helghts and pecinds.

The effocts of the shelt geomorphology on wave refraction, and
resulting shovellne wave gnergy distribotion, arée discussed in HBection
i, 2.

. Winas.

Wind data from the Norfulk International Aleport, appraximazely
16 kiloneters walt ot Cape Henry ave summardzed in Figues 11, Narth-
cust and southwest winds ooopr only slightly more freguently than
the other directions. Howover, the high veloelty winds {especially
greater than or equal to |1 meters per socond) are much more frequent
from the northeast. The lack of tmportance of fisgher velocity north-
west winds in the Norfolk data supplicd by thoe National Climatic
Center {4sheville, Yerch Carolina) 18 not consistent with data
recovded at other weather stations around Chesapeake Bay {Rosen, 1978],
with Uatteras wind data (Gutmon, 19771, or with data recorded by Gutmun
{1977} and Cutman, Hennlgay, and Goldsmith (1977) desceribed below,

Additiopal wind data betweon Janpary and Dotoher 1976 are sam
mrized on Tegare 12 From an anomomeber installed on top of
Currituck Beach Lighthouse (Gutman, 1877) (Fip. L1, The instrument
nsed wos a Hendix-Trieze Fecording Anemomctor located 168 feet
{51 meters) ahove MSL. It operated continupusiy, Data wers roduccd
At VIMS gccording to standurd Natijopal Weather Servive format where

average readings are taken ¢very 3 hours (oipht readings per day).

Nute the wportuncs of both the dally damd high velocity winds
from the north, nerthwest,and southwest relaytive Yo the less freguent
northeast winds. A maximom wind of 100 files per hour (44.7 metsrs
per second) was recorded on 8 Detohopr 1976, due Lo o tornude which
aetudly touched down in Corslla,

4. Storms aml Storm Jides.

Extrratropical storms (1956 ro L96H)1, tropical storms (1864 tu
1968, and the tine of operation of the Viecginly Boach page (1864 to
1ae9) were summarrzed By Gutmsn (19760 Crom fnformation provided by
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NORFOLK WIND DATA
1951 — 1960

S
ALL WINDS WINDS >58 m/s
FREGQUENCY oF GCCUHRENEE {pct)
TREQUENCY OF DEEUHRENEE{pU1

[ ] AVERAGE winDSPEED  {m/s)

Figure 11, Norfelk International paTpoTt wind data.
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COROLLA STATION

CORAGLLA STATION
WINO ROSE WIND ROSE
MOATH NOATH

HOLTH
INCLUDES ALL WINDSPLEDS

Figsure |2,

EAST MWEST ER&1

/

30UTH
EXCLUNES WINDSPEEDS <0 mis

Circular dragram of [(a) windspesd {(meters Per Second) indicuted
bz length of arrows, and (81 duration lpereent) from Februnry

L8976 to January 1977 for all winds, and for windspeeds oreater
than or equal to 10 mneters PeY second.



W.5, Richardson, Techniques evelopment Laboratery, National Weather
Service (personat communication, 19763, Thas list includes all
"srorms' deflned @5 having o recorded tide puge surpe greater than
0.6 meter {Table 4] but enly for the months of Hovember tiirough
March (1.¢., storms eccurring in the ather months were not tabulated
by Pore, Richardsen, and Perrotti, 1974%. This average ol extratropicsl
storms ©f three per year agraes well with other lopger term averages
for the Hampton Woads arvea (Pore, Richavdson, znd Verrotti, 1974,
Fig. 4). Beach ghgervations jun this study indicate that the major
factor ¢oncerming the occurrsnge of evosgion 15 the height of the
STOTW surge, which allows even moderate-size waves to erode purts

ot the beach (Warnke, 2t al., 1966).

Mhore are, of course, problems in relating storm surges measurcd
at Hampron Roads, within the southwest part of Chesapeake Bay, to
storm~induced erosion occurrences on the ogean shoreline which lacks
aufficient ride guge rvecords, However, Hichardson's data show that
at the time of most measured surge occurrences, the pesk winds were
blowing from the northeast or east. Although the peak winds given in
Tahkle 4 are the dally peaks, these data were ¢ross-chocked by
Richardson against peak winds at 3-hour intervals, to verify the
directions as rvepresentative of surpge comditions, The surge height
was the maximum hourly obsevved value, with most surges lasting at
least =everal hours. [W. S, Richardson., personal commumication, L9770,

These surees sre generated by hiwrvicanes (Harris, 19%63) and
pxtratropical storms [Vore, 19643, The surges associanted with
huaricanes are generally higher than those surges asssoclated with
extrotropicsl storms.  lHowever, the duration of the hurricane surpe
iz gensrally shorvter than the durativn of the extratropical surpe.
The long duration of the extratropical surge almost guarantoes
that it will last through one high tide, whilc the shorter lived
hurricuane surge may completely miss & high tlde (e.g., Hurricane
Belle in Awopust 19761,

The time of cccurrence of the sturm surge with respect to the
normal high tide is pf gresgt importance because it can mean the
difference hetween scrious and minor flooding, The Norfolk harboy
ecxperienced serious flooding during an August 1933 hurricune when
water levels of 8 feet (2.4 meters) above MSL were recorded {(U.5,
Army Corpg of Enginecrs, 1970). Unfortumately, as previously in-
dicated, these data are from inside the bay, which may he guite
differant from the ocean shorelline study ares which backs a tidal
gage.
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3. ANeavshore Circulation and Lonpgshore Transport.

On the basis of field studies, Harrvison pnd Wagner [1964) DrUposed
that a nontidiel dyifc eddy, with éiockwisze motion, exists betweon liape
Henry and Budee Tnlet,

An irvestigation of the rate of longshore trunsport between Cape
Henry and the Vivginia-North Caroling Iive by an analysis of wave
energy {(ds computed Frowm Saville's (1854) hindcast duta) was made by
Weinman (1971). He detcermined a net annual teansport to the north
of 9.8 X 107 cubic yards per year (7.4 X 107 cubic meters por year).
Abthough this total is probably roo high, the detailed results
qualitatively aeree with aother studies, and cmphasize the importance
of southoast wiaves 1n thid ared [(Goldsmith, et al., 1974b}, 8% dis=
cusscd earlier,

longshore transport rates were also calculatesd from tracer anal-
yaes at Rudec Inlet by Bupch (1968) .  An approxinute mean northerly
transport of 70,000 cubic yards per vear (53,04 cublc meters per
year) was calculated from five tests conducted betweoen 8 November 1968
apd 27 March 19649, durlng times of modeyste wave heights.

A oadditionat indication of the amount of northerly transport is
available from dredging data for Thimble Shoal Channel [U.5. Ariy
Engimeer Bistrict, Nerfolk, 1971). Approxdiately 1 % 0¥
cuhic yards (0.76 & 0% cubic meters) of material is removed cvery
Z to 3 years from just the muin channel, located within the Chesapeake
Bay entrance (Fig. 1). Thus, the dredging data probably give anly
a winimal estimate of the longshore transport along the study area.

Crirvical to any research atd coastal engineering effort in this
areda 15 the logatien of the nodal transport zone; i,e., the zone
where the '"per" lonpshore transport ls zere. More specifically, how
far south of Rudee [nlet (where sediment accumlates on the south side
of the inlet jetties] iz the zonc where the net southerly transport
resumes transport to the south 15 prevalent op most of the U.5. east
coast?

b FBolian Processes,

Ip relation to tong-rerm viability and preservation of (urrituck
Epit, the most inpurtant procosses appear to be eolian.

Mere are three biasio types of dunes In ths <tudy area lexcept
for ProTilor Tines 3 and 4z {a) Vesetated dupes, [b) medanos (i.e., 4
transverse sand hill on the scashore), und {c) parabolic dunas,
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Vegetarad dwnes accumnnlate around vegetation, which sct as sand-
trapping baffles [verticul growth of (.3 to 1.0 merer per year), and
nlso ys an intcérnal skeleton fixing the dunes in place, ond result in
a characteristic internal geometyry contuining low-angle dipping beds
{mean = 12V} mnd pelymodal dip directions {buld5m1th 1973%; 1975b).
The vegetated Fforedunes are highest and most prominent at Profile
line 2 (61lst Street, Virginla Beach), in Buck Bay, and in False Cape
where they resch elevations of 10 meters. At Cape Henry and in
Courrituck County, the foreduncs are lower in elevation {usually about
3 mweters) and grade landward into sparsely vepctated colian fiats con-
raining mulriple lines oF sand fencing,

Madafioa are large, isolated unvegetuted hills of sand, 10 to 25
meters in elevation, and wsymmetric in profile. Thoy migrate down-
wind up to tens of meters per year by a process which produces char-
acteristic slipfuces of unconsolidatad sand dipping at the angle of
repose on the leeward side of the dune., About a dozen medanes occur
in Currltuck County, with elevations up to 25 meters (fewark Hill)
and migration rates up to 20 meters per Year (Jomes I311, 1955-1975).
In total, theoy represent a significant amount of sand (i.e.; many
times the anmual longshors transport rate).

Pavabelic dunes, dellned by their characteristic planimetyic
view, are similar to medafios in that they have u slipface formed in
direct responsc to the dominunt wind, and a deflation zone within
their upwind concave side, but 2re diffevent in that they have an
internal peometry more characteristic of vepetated dunes and may he
fixed in place depending on their recent vegetation history. Par-
abnlics occur prominently in False Cupe State Park, and also 1n
Currituck County where their aeriul distribution typically grades
from vegetated purabolics to transverse dmnes [i.e., medafios) in
an upwind direction. Parabolics also show 1 27ty temporal changes
to other dune types. These dunes are discusszed further n Goldsmith,
et al, (18771,

Ongaing studies at VIME indicate that sand is blown from beach to
dune and back throughoutr the width of Currituck Spit. The classic
idey of sand blowing from the beach landward into the dunes may be
overly simplistic vto the point of being incorrect. Further compli-
cating this matter is man, through the active sand fencing program
sinee the 193{(1's, which hasz built up the tforedumnes along the arca
south of Sandbridge, These foredunes, which result from natural
processes around an artificially heightened dune, may result in a
different type of dune, and unforeseen conseguences, Alsao, as shown
by lLeatherman (1976}, enlian transport of sand from overwashes back
onto the foredunes and onto the beach is a very significant process,
drtiticial heightening of the foredumes in this area has ¢ut off the
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cand supply to the interior, which has permittod vegetalion to
stabilize the interior [Cutman, Hennigdr, and Goldsmith, 1977,

An active program of grass plunting i5 heing carried out sdjacent
to, and on either side of, profile line 2. Back Bay's active sand
fencing program in the dunes ended in 1974 by order of the Deopartment
of lnterior (D, Hollands, Manuger, [ack Bay National Wildlife Refuge
personal communluatlﬂn,lgT?j. The placement of sand fencing was
observed to be sffective in accumularving sand amd building up the
dunes; e,g., at prafile line 14, a 1l.8-meter-high fence was completely
encasted 1in sand within a 2-vear peried (1B72-1974),

7. Beach Nourishment.

Since 1952, 4 beach nourishment propraw for Virglnia Beach has
been gonducted ulong an 8-kitoweter shoreling Irom Cape llenry to
futdes Inlet. Cancentration of this effort has centered in the 5.5
kilometers just north of Rudec Iniet, of which 3 kilometers has been
hulkheuded with a concrete "boardwalk" in the areca of the ocsun-front
hotels,

By the ond of fiscul yeoar 1976 1T was reperted by the Norfolk
District that & total of 5.9 millien eubiec yards (4.5 willion cubic
meters] of sand had been placed on the beach (Table 5] o replace
the material lest dus 1o a northerly transport and other erosional
factars.

Various means ol supplying the sand weve: () Hauling by truck
from a Jdistunt sund stockpile at Cape Henry where the dredged material
from Thimble Shonl Chasnel in Chesapeake Bay ontrance has been
pumped ashore and stored; (h) dredging of Rudee Inlet; {¢) sand
sources dredged by enlarging "Rudeo Harbor"; and (d) bypajblng ot
ocean-front sand from the south side of the inlet jetty to thc north
side ef the inlet,

Approximately 9 percent of the fotal volume that has heen lscd
to nourish the beaches, or 515,040 cubhic wards {391,000 cublc neters),
has been placed on the beach since the heginning of Fiseal yeur 1975,
Mast of thiz has been either inlet-hypassed, or truck-hauled {rom the
Thimble Shoals stockptile at Cape Henry.

1t has hecn observed that much of the nourished sand is wsually
removed by the first small or moderate storm. Therefore, nourishment
is reyuived, morc or less, continucusly. The net northerly transport
moves some of this sand te the north ta Cape Henry and Thimble Shoul
Channe!, wherc with the aid of man, the sand Is recyeled back into
the transport systen.
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V. BLRAUH CHANGES

I. MNegional Variations in Besich Volume Changes During VIMS-CEHC Study.

_— e —— e A e ———

In-analyzing 27 wonths of data from the study area, it bocamw
svident that certain ureas had dsually accorcted; some had usually
eroded, and sume were #ithor stahle or fluctuated too puch For any
dizcernible trond to be recognized. Appendix I giwves the total
cumulative volume changes with time for each of the 18 profile lines.
Plot: of profile line cumulative volume changes with Time (18 VIMS-
CRRC profile lines) uare in Appondix B. Tigurg 13 represents gruphi-
cally the 27-month total cumulative voluwme at each profile Tine, and
Figure 14 shows simpilar data at S-month interyals, using CHRC s
volume caleulations. ALl these volume daty représeént nct changes
along the profile line hetween the number 1 pipe and the MSL inter-
cept determined by the surveyers, as discussed in Section IT1, 4.

A gqualitative description of the 27-month volume trends and major
events iz presented in Table 6. Statistlcal analyses of beach
tvends for the Z7-month study and the historieal changes are given
in Tables 7 and &, respectively, and are shown graphically in
Appendixes B and (.

Fort Story (Profile line 11 appears to have accrered throughout
the study. Cven the severest storms did little damage at this
survey location. Although the 1 July 1975 storm was followed by
significant accretion, the 25 MHovember 1875 storm was followed
by minor erosinn. ilowever, one factor, whose jnfluence remains
unknown, 1s the occaslonal leveling of the wide beach area with a
Toad grader By the U.S. Armys

The Virginia Beagh area (profile lines 2, 3, and 47 teaded
to erode, but this was offser with beach nourishment. The
total volume of the profile lines fluctusted considerabily and is
probably due, to sume extent, To sand nourishment. Howcver, it
would scem accurate to assume that the aren would be erosional,
without heach nourishment {seé Section VII, 2], TProfile line 5,
updrifr of Rudee Inlet, displayed a slight, statistically non-
significant accretisnal trend.

In the Dam Neck arca, profile lime 6 appears to be erosional;
while f'rofile lines 7 and 8 seem to be sliightly acerctlional to
no trend because of Uvery active" volume changes. VProfile line &
follows a lence which separates Tam Neck from Sandhridpe and obser-
vations clearly indicate that the sand level has been rising next
to the fence ahove the high tide line, while the beach face has
remained the same or sliphtly croded during the study.
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In Sandbridge, profile line 9 appears to have an erosional trend.
Mis profile line has proved to he vulnerable to starma, and storm
recovery has usually been slow. Profile fime 10 hias a slipht accre-
tioan! trend, with the exceptton of the majer influence of the 23
November 1975 storm,

The Back RBay arca (profile lines 11 to 15) appears to be in
an accretional statre, except for profile lime 11 which appears to
be erosional duc mainly to the effects of the 25 Novemhcr 1475 storm.
Bepinning with profile 1ine 14, and moving south, the beaches bocome
wider amd flatter, and from the survey data, tend to display ‘met”
secretional tronds.

The entire False Cape area (profile [lnes LG, 17, and 18] uppears
to be accretional (with profile line 17 less gocretional). An
intertidal and subtlidal area of stumps belisved to he the rempants
of a cypress forest, 1s located In the northern sectlon of this arca
hetween proflls lines 15 amd 16, Most of the timc these stumps idre
nedely covered with sand, and dre most often cxposed unly atter
toriis. In peneral, the stumps wWerse most exposod {(silnce 1872 in
Nowember 1973, amd eradual by becune covered during the fol lowing
yeur, Although storm effects may be fairly severe, reeovery is
usually very fast, and the lonp-term tryend ls accretions].

In general, the tvends veudily appurent arc:

f#] Aceretion at the novth dmd south ends of the stwdy arca
{profile lines | and 2 and 12 to 181, Profile lines I,
14, 16, and 18 have statisticeily very sigmiticant [94.D
pervent) acceretional trends.

(b1 TFErpsional prefile lines are, In peneral, in the centeor of
the study area. Profile Jines 53, &, 9, and 11 have sta-
tistically very significant (99.9 percept) evosionul trends.

=
(]
—t

Most active profile lines (L.e., Targe fluctnations in
beach volume chunges) also tend te be st the north and
south ends (profile line 2, 5, 7, and T7] and the most
inuetive profile llnes (9 to 13) are in the cénter

(Table 6.

Superimposed on these trends are many Cxcephlons (e, ., ALCreE-
tion at profile line 10 hetween two erosignal profile lines) and
extensive masking of the natural trends by mun's activities (E.u.,
profile lines 1, 3, 4, 3, aml 83,

57



2. Liffering Profile Response to Specific Storm Events.

furing the study, the study beaches woro additionally surveyed
after eight storms.  (Actually & total of © storms, including the 3 to
4 December 1974 storm which was surveyed duvring a regular monthly pro-
file session.}) The storms of 1 July 1975 and 10 Angust 976 were
tropleal storms; the other scoven were extratropical. The dJates of
the storm surveys were 15 and 20 March, [ .Jduly, 3 Seprember, and
25 Novembor 19755 and 12 March, 10 April, and 10 August 18976. Ihe
most devastoting storm effecty were surveved 25 Novembor 1975, and the
second worst erosion occurred from Hurricane Amy, surveved | July 1975,
Table ¥ deseribes qualitatively the highly variahlc effects of each
storm at each suryey location. Appendiax D details the various para-
meters of cach storm, and Appendix 1 presents the precisc zurvevaorl
volume and MSL intercept changes.

The first storm cvent surveyed was 15 March 19755 this sturm appeared
to be the least eventful aond least damuging of the nine storms involved.
Five profile lines {1 ut lort Story, 6 and 7 in Dam Neck, 10 in
Sandbridge, and 12 in Back Bay) actuylly showed net sand volume acere-
fion, especially in the srea betwoen the base of the dunc and the borm,
Four profile lines (4 in Virginia Heach, and 11, 13, and 14 in Back
Bay) oppeared to be virtually unchanged from the preceding surveys in
Fehruary. The remiining protile tines were erosional, but only to a
minimal degpree, and this ervsion was mostly confined to the area of the
bepnl seaward to MSL.

The second March storm wus surveyed 20 Murch 1973, and was of greater
intensity than the first, but the effects wore certalnly not devasTating,
Four protfile lines {7 at Dam Meck, 9 at Sandhraidge, and 14 and 15 at
Back Bay)] werc slightly aceréetional. Profile Time 4 [Virginia Beasch),

b i Nam Neck), #nd 18 (Talse Cape) remained virtuully unchanged From

the previous measurements. The wther 11 profile lines were erosiongl.
Prafile lime 3 (Yirginia Beach) was the most dramutically affected;

it was erosional over the entire length af the profile line (12,3 cubic
metcrs per meter). Jhe renwining profile 1ines were mostly erosional
over the entire profile length, but to a lesser extent.

Hurricane Awy pussed throush the study area 28 ro 30 June and the
heaches were surveyed 1 July 1975, Although winds were recorded at
22 kmots (App. B), the high seéas were probably the most influential
factor uffecting beach erosion. Unly profile line 1 at Fort Story
showed any aAccretion, although therc was a fairiy significant
amount of crosion below the berm ares. However, therd was also a
significant amount ot accretion in the backshores area, (mly profile
line L1 in Back Bay showed very little change from the previous sur-
vey in Junec, All othor loucations showed o sipnificant amonmt of
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erosion, especially in the arca from the berw seawsTd and including
thie swash zope. (Profile line 9 at Sandhridge was crosienal (-16.4
cuhic meters per linear meter) from the base of the dude to swash.
After the hurricane at profile line 3 In the heart of the commerical
grea of Virginia Beach, thore wus essentially no “beach™ at this
iocation., With the abnormally high tide and strong easterly winds,
heavy surf resched to the seawall at pidtide, vemoving the beach.
Ponding ocourred at profile line 15 and hehind a fairly high berm
at profile line 1. Thers were wind shadows hehind the front dung ar
profile Line 12, Most heaches had ut least partially recovered by
the rime ol the next profiling {9 July). ©Only profile line 18 con-
tinued in an erpsional stote. Total recovery hud occarred st all
locatioms by August,

The 2 to 3 September storm was hot as erosional as Hurricane Amy.
However, all bot threc ldécutions {1, 5, ond 15} showed some degree
of erosion, and perhaps even wore significant, recovery at most s1tes
was vory slow. Maoy locations stitl had pot fully recovered by eavly
Novembery. tnly profile linmes 2, 8, 11, 12, and If showed any
recovery later mn Sepitember at the noxt suryoying trip. Hore agaln
most oF the beach loss occurred in the bern area,

The 23 to 25 Navember 1973 storm was coeriainly the mpost destructive
in torms of beach loss and prolonged recovery time for tho ontire
stidy area. Unly pProfile line 4 in Vireinia Beach showed any avcre-
tion., A slight amount of beach toss near the berm ocenrred, but there
wits 3 siamCicant amount of acoretion an the Jlower heach faeoy
extending to the swush zonc. ALl other locktions showed a slgnifi-
cant ameunt of eprosion, many from the base of the foredune sSeaward to
helow the berwm. The storm hiph tide line at Talse Cape and Rack Bay
wat phserved to buve reached the Front 1lime of dunes, and the high
witer tdde appeared to have penctrated through the dunes at profile
Fine 10 (Hutdbridge) Pomding was observed gt profile limes 1, 1,
and 3. Apain, profile line 3 in Virginia Beach was deamatically
gffecred., Wirh the aid of sund pemping, the beach varmuliy slopes
gradually Urow the bulkhewd ta the waterline, but as a result of the
storn, sand was removed by high water within about 0.5 meter hori-
zontally of theboardwalk. lhe result was a l-meter vertical scarp
tess than 0.7 metey from the hﬁardwalk, and a concave-shaped profile,

Eecovery. from this storm was also very pralonged. Only profile
Lines 1o und 18 showed any signz of vecovery ln December. Profile
fines 1, 2,8, 9, 11, and 17 ¢ontinued to tose sumd inte December and
did not hegin to recover until January or leébruary.
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lhe only beach locdtions showing any significant orosion after the
12 Mavch YO76 storm were at prefile linmes 3, 5, 7, and 11, A 0. 8-meter-
high scarp was observed at protile line 6, and seyveral asymmerric Cusps
oricnted northeast through southwest werc obseryed at profile line 7,
suggosting thuat profile 1ine 7 recovered faster than &, or was signlf-
icantly Joss eroded.  Profile lines 4, 6, 10, 12, and 13 showed alight
aceretion, and profile lines 15 and 16 appearcd anchanppéd,

The L0 April 1976 storm was also not a signlficant storm ewvent,
The only profile lines showing 3ay significant erosven wore 2, 4, 8,
11, snd 12, Remaining unchanged were profile lines 5, o, 7, 8, 10, 14,
and 15, Beach-shore ponding was observed hoth north and south of
profile line 1. late in the afternoon of 10 April, plonging waves,
15 to 65 meters offshore, were ohserved In the Virvginla Beoach ares.
These waves were significunt because they were attiining heights of 3
to 4 meters,

On 10 August 1076, the storm effects from the passing of lurricane
Belle through the study arcu were surveyed, The only erosion was
oghaerved at profile lines 5, 11, 12, b, and 18, Profile lines 1, 7
9, 10, and i1 showed overall sccretional tendencies, while profile
lines 2, &, and 13 remained unchanged. From the survey daty 1t appeared
that =and from the fereshore was eroded and transported onsheore with
the storm's high water and deposited on the upper beach area, The
hurricanc passcd at low tide, which was probably why erasion was only
minimal. Ponding was ohaerved at profile lines | und 14.

o wummary ., there gare large variations iu beach behayvior among the
L8 prufile locations resulting from storms. Storm erosion wuas
most severe 4t profile limes 3 [Virginia Beachy, 9 (Sandbridge), 11
(Back Bay}), and L8 (Falsc Capel. However, some storm events whleh do
a2 lot of damage at one locatjon, may leuve another virtually untouchod,
eig., profile 1ine 11 after the 15 March 1975 storm.  Reocovery time
varied divedtly with severity of storm; the most Jdestrugtive storms
resulted in a longey time of recovery. Beaches in the Virginmiu Beach
arca required the most rtime for storm vecovery and Is pessihly due to
the prescnce af the bulkhead behind the beach. Much of the rocovery
in the Virginis Bedch aresa ls doe to sand nourishment , which is
wnereased following storms.

3. Erosjon-Accretion Trtndﬁ_fggggpg§fj35_ﬂiignrl:aI Profile Data,

— ———— e — i —

& great deal of work has been done 1n the study arce previous Lo
the VIMS-UERC study by a wariety of investigators (Tuble 1), Net
volume changes were computed directly from these original survey idata
{discussed ip Sec, 101, 5], and then were plotted with the VIMS-CERC
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idata To determine it rhere appeared to be any long-term trends, nnd 1f
su, what Thoy were.  Jhe plets of survey volume changes with time com-
bined with the older survey data are glven in Appendix C. Despite
possible weaknesses iy the older survey data, several strong trends are
clearly apparont, Most of these historical trends colncide with the
tremds delincated in this VIMS-CERC study.

Fort Story (profile line 1) has been in a definite accretional trend
since Fausak's work in 1969, The forcdune area has heen especially
aceretional.

Unfortunntely, 2 true picture of exactly what has been going on in
the Virginia Beach area cannot be contluded from available data; again
the influence of srvificisl Deach nourishwent masks the troe beach
processes here.  OF the four locations iuvolyed (2 to 5), profile line 2
Ls probably the least atfected. The ercvsional influcnce of the Ash
Wednesday, 1962 storm and the slow but stedady recavery of the location
are clearly reflected in the data. Since that storm, the forcdune has
huilt vertically some 3 to 4 meters, and the total sand volume s
greater thun before the storm. This profile tine is locuted in a
residential avea, amd the residents have taken preat pains to plant
and protect dune grasses and ses oats, Certainly this planting, com-
hined with the downdrift nourlshment, has had a major etffect on dune
recovery and restoration.  The ramaining Virgiola Beuch profile Tines
show slight long-term erosional trends in spite of sand nourishment.

Prafile llre & is the onlv Dam Neck leocation for which there is
any long-term datu. This location, which has appearcd to be experi-
encing an dceretional trend (most notably above the high tide line)
since the VIMS-ULRC study began, appears to be in an erosiopal {stu-
tistically significant] long-tcérm trend.

n Snndbridge, profile linc L) appears to remain in an ualmost
unchanged (only very slightly accretionel) long-term trend since July
1969, Sarveyed beach volume fluctuations appouar te have varied much
more widely (1.e., more active) trom July 1969 te March 1971, than
during the VIMS-CLRC study.

The only Back Bay profile line supgestive of a long-term erosional
trend appears to be profile line 15. 'The remaining profile lines
(12, 13, and 14} have tended te be aderetional, with profile line 14
having the most statistically significunt trénd of udl the Back Bay
survey locations,

Me three lalse Cape profile lines {16, 17, and 18) demonstrate

long-term pccretional tremds, with profile [ine 18 being stutistically
the most significant. 1o the toredung areas, some of the pipes
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have currently alwost disappearod from vertical sand accwmilation. The
statistical significance of the long-term tremds 15 plven 1o Table 8.

In summary, the lacitions with statlsticaliy significant Jong-term
trends that colncide with the Z7-month trends of the VIMS-CERC study,
are the agererional tiends ar profile tines 14, 17, and 18, Profile
tine 8 had a stetistically sipgnaficant long-term erssipral trend, cand
nostutistically nonslgnifivant short-term aceretional trend.

4. Periodivity and Seasonality In Long-Term Trends.

Shepard (1958) calls an erosional beach, u winter beach, and an
gecrerional beach, 3 summer beach because, in Califernia, the damaging
waves are in the winter and the "accretional! waves In the summer.
Borh the yearly beach cycles and long-term cycles [1.s., multiyeat)
coinclde with lowal climatic conditions,

However, Shepard's winter-summer concept of erosion and accretiun
may not he directly applicable to southeast Virgimaa. Galvin and Hayes
(13689) state:

"Peve lomment of winter profiles on besches of the U.S. Atlantic
caast morth of Delaware Bay, and on besches df the Colifornia Loust,
d1 ffers in & way that appears to depend on meun wave climates, and
seasonal changes in wave climates of the two regions. LCroded winter
profiles, typical of Culifornla, are less weil developed and somszines
absent on northern Attaatic beaches.”

Somu (1966) alsn Fuund "profiles vesemkling the acoepted summer and
winter type bharelv several hundred meters apart on the same section of
beach," at Cape Hatteras, North Carclina. The seasonal [winter-sumer)
differentiul 1n mean monthly wave heights are much greater for the west
copst of the MUnited States than for the east coast. [SPM, Flg. 4-10,

U.5. Army, Corps of Engineers, Uoastal Fnglneering Research Center, 1975).

Frisch {1977) calculated the percont rime of erpsicn and acereranm
at each prufile location from the slope of the profile volume change compd-
tations in Appendixes ® and O (i.e., a time of grosion 1s defined as the
time intsrval when the profile volume curve has 3 negative slope, and
aeeretion as the time when rhe curve has a positive stope). The resulriog
tables and graphs were then divided invo calendar sgasons, and the percent
of the total time per seuson that a profile was evosional was caleniated,

These data indicuted that there |s 2 seasonal cyele of beach chunges
in southeast Virginia which 1s dominated by erpsion in the fall [late
Seprember through late Uoceomber). 'This is followed by peneral acerction,
of widely yvarving amount and spatial ddistribution, throughout the rest
of the yeapr. The percent time of erosion for the fails of 1969, 1470,
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apd 1972 to 1976 were 55, 74, 60, 54, 82, 38, and 78 percent, respec-
tively. The spring was the most acerotional peried, with an average of
76 percent af the springtime being aceretionsl. The full erasjonal
trend is very comsistent from Cape llenry to the Virginiu-North Carolina
Statec line, but the timo of accretion varies between profile locations,

5. (Currituck County Beach Changes.
Eight trips to the Currituck County ocean Front (Febhruury 1975
to September 1976) revealed low-gradient, bropd heaches for the first
30 kilometers south of the Virginia-North Carellna State line 1Figs, 15
and 16}, (The VIMS-CRRU Currituck County redonmaissance statlons, ut
intervals of 6.4 kilometers starting at the Virginia-North Carolina
Stute line, arc indicated on Figure 15.) The next 8 to 9 kilometers
of beuch encompasses the southern part of Corrituck County (the
arca of the now closcd Caffey inlet in upper Darc County) and beachcs
Just north of the CERC Field Research Facility. ‘This seation is
represented by nurrow, steop heaches with dune scarps, and copious
amoumts of coarse samd, jocally known as “‘treascherous red sands®
because of the difficulty of driving. However, these sands wers
beginning bo show farther north in 1976,

Owver the 19 wmonths that dats were taken in quartérly reconnais-
ance trips to this wrea, little change wus obsarved in the beach
widths, The stecpness of bheach-face slopes decreased slightly
(Fig. 16} and beach-face sand grain size remuined about the same
(Fig, 17). Tigure 18 compares the becach-face slepe angle to the
beach-face sand graln size,

Field observations indicate that the measurcd bigh-angle beach
faces represeit convex-upward accretional berm conditions, and
the low-angle beach-fuce slope ungles represent concive erosional
heach profile [ines. The lowest-angle beaches {i.e., ereosional)
were measured in April 1976, Fohruary 1975, July 1976, and JSaniary
1976, and the stecpest beaches (1.0, accretionnl) were measurcd
in May 1975, August 1975, September 1976, and November 1975.
These data ure thus suggestive of secasonality with erosional boaches
in winter und early sprinp (with one exception in July 1976) and
aceretional beaches in late spring, summer, and fall.

Richardson (1977] has summarized beach crosion occurrences
hetwoen | November and 30 April for the U.S. east coust (Maine to
Virpinia) from the U.5. Weather Service recards. This tabulstion
{Tahle 4 indicates o fall storm perlod (November and Decomber)
and a late wlnter-carly spring storm period (March and April), with
4 Jull in January. fthus, these Currituck County beach slope data
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penerally fit other beach ercsion seasonal ity data, with these Currituck
data havinpg two exceptions, a fall storm season later than usual in
1975, and & summcr storm in July 1976.

Generally, a representative beach in Currituck County would he
expected to have 4 beach-face slope of from 2.5 ta 6,57 and a sund
grain size ranging from 2.5 to 1.5 phi, with both parameters varying
widely, The neorthern two-thivds of Corrituck County has a rather hroad
heach, with low dunes, and has an incressing amount of cosrse red sand
showing on the beach surface.

6. Influcnce of Beach Vsage on Beach Behavior.

The study ares is divided into four categories by beach usape:
natwral, residential, commercial [(resprt), 4nd militarv (Flg. 2, Secc.
IT, 47. The area can alsoe be divided into reaches [(Table 1. Tables
10 and 1T examine to what degree this variability in beach usage or
geographic reaches 1% reflected in measured beach chunges.

It does seem apparent from the high acctetion in the comercial
area of Virginia Beueh (Table 11) that the sand noarishment program
is both nececssary and successful. As for the srosional value for the
natural ares, many profile lines in this location are eroding, duc in
part to the high wave energy concentration in thls area (Goldsmith,
et al., 1874b). The natural processes appear to dominate over usapo
effects, as shown by the volume change averages (using CERC's compu-
tations), and correlate ¢lozely with the wvariuarioens in beouach morphology.
It appears that the Virginia Beach commercial area would be far more
grosional without the extensive sand nourishment and that this beach
fill is necessary for the leng-teym stability of the Virginia beach
commereial beaches [(sec. VIT, 3].

V1. RELAVTIONS BETWELN PROCESSLS ANU BEACH CHANGLS
1. Storms.
Storms have definite and sometimes long-lasting effects on heach
activity in this area (see Section V). The fiucturs affeuting

storm intensity (of those monitored) are wind direction, windspeed,
wind duration, barometric pressure, wind-generated secas, and time of
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tide. Tf all these {actors are in the right comjunction, any given
storm leven ong considered "modergte™] muy be cxtremely destructive;
i.e., Tesult 1o large bedch volune ChiﬂQEb However, 17 smme of these
factors wec working against cach nther, such gs the wind direction and
time of ride, rhe storm may have an Ilnslgnificant effect on the hedch,
A summary of storm-related dara of storms which occurred during

the 27-momth study perlod 1s given in Appandix U.

Storms, wre responsihle Tor gertain boych features which are only
abserved during and ipmediately after storm events, ‘These ineiude
ponding, overwash, dune scarps, peat exposure at low tide [after low-
intensity storms), and tres stump exposure lat False Cape). Generally,
after a particularly high-intensity storm, the ontire heuch profile
is flartened and lowered. Recovery rate appears to be proportional to
the doratien and intensity of the storm,

A1l significant beacli changes can he yelated to storm events (and
poststorm recovery). However, the lurgest percent time of erosion is in
the fall [Frisch, 1977). The two most dramatlc storm events surveyed,
Hurricane Amy in July 1275 and the November 1975 storm, were almost squally
destructive, These storms came at different times of the vear, and neither
occurred during the winter (i.e., December 21 to March J1), From the data
in_ﬁppendix 11, it would appear that tha comoon factors far hoth sLorms WEeTE
maximmm wave heights greater than 1.5 meters, and a swell height (greater
than or egual to 1.5 meters) duratlun of 12 hours or mors, Swells for
hoth storms were sast-southeasterly and northeasterly, Tespectively.
Similar data for the other storm events did npot reach this intemsity.

Howsver, these two storms were only of moderate intensity coam-
pared to eresionul events observed along these beaches in the 1972 to
1974 pre-CERC study period, and this 27-month study period was a
time of relatively low storm-erosion activity In thiis area. Nevar-
thetess, lack of winter storm-induced beach crosion occurrenceos
[Hfour storms 1p lavte March éand early April, twe in the summer, and
three in the fall), despite the small sample, is indeed instructive and
correlates well with other studies on the east coast [Bullock, 1971;
Goldsmith, 1972: Soldsmath, Farrell, and Goldsmith, 1974a), T1f the storm
sample 13 limited to the four mest erosional ewvents (25 Movember, 1 July,
1 December, and 3 September), there does indeed zppear to the fall extra-
tropical storm, beach-ervsion period, and an early treopical storm scason
in 1876. The appears to corrclate with the data of Richardson (1977}, as
discussed in Section V, 5, 1In summary, neither the beach survey data, nor
the storm ocourrénces duriug thig study, support the 'classic winter erosion
and sumer aceretion'' on beaches observed on the 1.5, west goast.
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2. Waves

PBuring the 27 months of study., wave data were collected daily ut
rarious locations (see Fig, 2 amnd App. ] and included wave period 11in
seconds), wave height {tn fect), and wove direction (degrees). Wave
data wero ulso taken at ecach monthlv surveying session.

faspeution of the data showed that otfren therc was signifleant
varianee hetween locations in dats taken on the same davs, most notably
in wave periods.  This vartance is helisved to he due Lo a human
fiuctor rather than dramatic shprcline variations ko wave periods.

Tuble L2 represents o compilation of The daily volunteer wave
ohserver dava organized according to location ind season, It is
apparent that there is too much var:ance in the dati and too few
locations vo organize the data according te begch type (e.g., commer-
cral versus ndtwral Beaches) and to atrempt any detailed analyses.
In orpanizing the data by seasons 1t appenrs that the largest wave
heights occuar in the stmmer months and the lTowest waye heights n
the spring and winter, whilec the longest wave perviods scew to occur
during the sumver, Most of the storms surveyed occurred during the
fall snd spring. However, these wiave data vary widely between
abzeryvers (espocially wave periods), and the seasonal dirfercnces
for most observers are probably stutistically nonsignificimt .

FPigures 19 and 20 are compiled from wave observations made at
cach surveying Session., ‘The plots represent aversge breaker height
and sverage wave period plus or minus one standard deviution, for
each of the 18 survwvey locations. These data were taken during non-
storm condltions at l-month intervals and Jduring differcnt stages
of the tlde and time of doy. Avernge breaker height (Fig. 19) appears
to have a slight trend nf increasing wave helpht to the south (0.8
plus or winus 0.3 meter at the south end and 0.0 plus or minus 4.3
meter at Lhe north end), which would cerrelate with the nurrowing
of the Continental Shelf vo the south, This trend is missing from
average wave period (Tig. 20), which usppeirs to show more variatiIon
lietween localions.

Wave refraction and the effect the resulting nenuniform shoreline
wave cthergy concgntration has on bheach behavior, are presented in
refractlon djagrams in Goldsmith, et ul. (1974b] and the Virginian
Seg Wave Ulimace Model Oata Bank ar VIMS.  In summary, the shoroline
wave ecnergy distributions for this area correlate woll with the
ohserved beach changes. Specifically:
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ta)  Northeast, nerth-nportheust and eust-northeast waves of periods
greater than or equal to 8 seconds are diminished in intensity
at the Virginia Beach vommercial uarea because of refraction,
ocxcept for one small concentration for northeast 12- and 14-
second waves.  These waves concentrate in Hack Rav,

(b1l FEast and east-southeast waves tend to concentriate wave energy
in the Rack Bay and Dam Neck areas.

(¢} Southeast and east-southeast waves tond to congcontrate energy
in the ¥Virginia Bepch commercial and residential areas, as
well as Back Buy and Dam Neck.

Previous observations in Mew Jersey (Coldsmith, Earrell, and
toldsmith, 1974a) indicate a close correlution hotween differences in
beach morphology and areas of relative wave energy concentration, with
narrow, steep beaches and wide, low-gradient beaches in areas of high
snd low wave energy, respectively, BRased on the wave refraction data
trom Goldsmith, et al, (1874b), there appears to be similar relation-
ship in this study area, with the parrow beaches in Dam Neck and Back
Bay, and the wide beaches at the north and south ends, 'The wave ro-
fraction data, indicating large variations in shoreiine wave energy
distribution, €it the large variations observed in these beach survey
data sand historical shoreline changes (Goldsmith, 1975c), better than
the infrequently observed wave data shown In Figures 19 and 20,

an additional factor is the dominant northerly transport in the
study area, which s rélated (to an unknown extemt) to the relatively
high ratio of southeast-northeast wave energy along this shore. An
important aspect 15 the locus of zorp net longshore transport (i.e,,
reverzal of transport direction), 'This location is coneluded to he
adjocent to Back Way on the basis of the combination of: {a) Beasl
morphology; i.e., narrvower, steeper, inactive beaches in the center of
the study ares, (h) beach response to storms; i.e., slow to recover
eroded sediment, (¢} total cumulative beach volume changes; i.e., net
erosion in the center, and {d) wave refraction; i.e., an area of wave
energy concentration for both northeast and svutheast waves,

3. Profile Shapes.

Beaches are ever-changing in response to the dynamic processes,
and as would be expected, the beaches in the study have chanped
during the interim from September 1974 to November 1976. However,
despite these repeated changes, certain shapes are prevalent.
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penerally, beaches at profile lines | and 19 to 13 are wide und
flat; prafile llnes 2 to 13 are narrow and steep with o well-defined
convex-upwayrd profile shape. Whereas, profile lines 2 to 8§ and 14 to
17 tend to he active, Profile jincs 9 teo 13 tend to be inactive. These
characteristics were maintained throwphout the Course of the dtudy;
however, individual profile lines have changed somewhat in shape.
These two general types of shapes are exemplifled in comparisons of
profile lines L and 9 (Tigs. 21 and 22).

Profile Tine 1 has accreted phenomenally, especially from the berm
arca scaward. Alse, the beach has becoms sven flatter In gppearance.

It i5 difficult to assess matural beuch processes in Virginia
Beach (profile lines I te 5) becavse of the presence of the concrete
bulkhead hehind the beach, and because of the influence of the beach
nourishment propram. None of the profile lines in this warea have
changed much in appearance, althouph profile lines 4 and 3 huve eroded
slightly above the berm and aceretsl slightly from just below the
berm avea to MLW,

At Dam Neck, profile Jancs 6 and 8 have accreted sowiewhat in rfhe
dune area. At profije line o, 1t is 10w necessary to dig down into
the sand to find the survey pape (in Scptembec 1974 the pipe height
was 1.4 meter above the zand level; in November 1976 the pipe was 0.2
meter helow the sand level), resulting in a prevailing conecave-
upward shape.

Profile ling 7 has acereted slightly, especially in the area of the
berm, but remuins otherwise uncehanged.

Tn the Sandbridge ayoy profile line 9 has maintained & slipght owerall
ernsional trend over tho survey location, while profile Ting [0 has
acerered in the Foredune area and eroded from the berm area seaward,

In the Back Bay Nationul Wildllfe Refuge areu (profile linc=z 11 to
157, possibly the most dramutic changc 1n shape has tuken plucse ar
profile line 12 hetween pipe | and the narrow front foredune. Here the
wind has blown sand into an arca that had beoen scoured out, and while
the area has not heen entirely filled, the change has been significant.
Prolile tine 11 has lost sand From the base of rthe dJdune sdaward;
profile lines 12 and 15 have yemained virtually unchanged in shape.
Profile lines 13 and 14 have acerected from the dunc to the berm arca,
and eroded from the berm seawurd.

T balse Cape, profile line 16 has acereted at the top of the dune,

and remains otherwise almost unchanged. Profile line 17 has hullt ap
from the Raydist pole (location of pipe 1] to the hase of the dunc and
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hins eroded From the area below the berm scaward. FProfile line 18
has demanstratod very llttle thange in shape,

Profile Tine 1 (Fig, 21) is typical ot the longer, aceretional
beaches. Generallv, the profile line surface is horizontal with &
s1ight landward =lope from the top of the berm, During crosion the
heach face has a concave-unpward slope. [The beach face may slope
convex-upward with formation of a second berm <lose to the spring
high tide swash.

Profile lime 9 {Fig. 22) is typical of the shorter beaches i(n the
study area. Tt is concave-upward from the dunc seawpard, and with
aceretion there is @ convex-upward borm covering two-thirds of the
profile. The remaining landward one-third remains concave-upward.

fr B8R Sharage.
tiomevrally, evosion and accretion occurred in the herm urea of the
beach. ©Dn only rare occasions were the dune areas affocted; erosion
only oeceurred in these areas during storms involving high winds and
high storm tides, The borm appears te be a4 storape dreas for sand
during quiet periods letween sturms. When 4 Storm strikes, this arca
is the most vulnerable to erosion. Most survey locations. which
expericneed erosion during storm events, eroded either at the berm,
or from the berm scaward to the swash Zone, Reach recovery ufrer
storms was most noticeable in the berm area, usually by the time of
the next survey, oxcept after the most sévere atorms. Accretion after
SLorm recovery wis bsually about equal to erosson [cusmulative yvol e
during the storm eveont.

A specific example of sand loss in the herm area is seen at profile
Vine @ {(Fip. 22). Computing duta from the COMPARFE prupram show that
about 15 cubic metera of sand per lincar meoter of heach was lost from
the hase of the dune to MIW swuash betweon 6 June and | Jduly 1975,
Concomitantly, at profile line | (Fig. 21) nbout 17 cubic meters of
sund accumilated in the bern area.

Profile lines | {(Uape Henry) and 12 (Rack Bay}, alter almost every
storm, experienced accretion 1n the ared immediately landward of the
ariginal berm, ond erosion Erom the herm scaward; ¢,g., Profile line |
during llurricane Amy sccreted approximitely lo cubic meters of sand per
lingur metor of beach behind the original herm, and eroded some 4.6
cubie meters per meter fram the beym to upper swash. This suggests
that high water and winds possibly transported sand from the berm and
depositeod 1T higher on the beach, After the storm, at these locations,
the storm accretion Gred slowly croded and the original berm area
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hoegan to rebuild, The beaghes at profile lines 2 [Virginia Beach),
8 (Dam Neck), @ [(Sandbridge), and L1 [Back Bayv) usually cxperienced
wierall toral erosion Erom the base of the foredune seaward. The
remaining profile lines were usually erosional only in the herm
area.

In the Virginia Beach drea (esperially prefile line 3), the
frerm uppears to be Ymovlng" seaward. This is probably due ta the
effects of sund pumping (beach nourishment) in the area.

Since wave-induced, dune-scarp evosion was negligible during this
study, nothing can be sard here about the duncs as storage and repluace-
ment for beach wave erosion. llewever, thore was significant wind
grosion {(from southwesterlv winds) in the ngrrow foredunc [5 meters
wide) adjacent to profile line 12, This wind erosion resalted inow
"Hreakthroash™ in this dune frow the landward side about hal Yway
through the stody, and significant eollan transport through this
opening was subsequently observed. Also, it was apparent that
siynificant colian transport wis occurring in both onshore and off-
shore dirvections through this opening, and resulted 11 signifrcant
infilling between pipe 1 and the front foredune., This infilling
geeurred from both the beach and the back part of the island, and
further supports Leatheorman's (1976) studics on Assateaguc (as dis-
cussed in Segtion 1V, 63,

VIL.  SUMMARY
L, Chatacteristics of Sowtheastern Vivginia Beaches.

The extensive data reported in this study may be succinctly
summari zod as follows:

fal ‘'The shors in this arcuy is characterized by two reaches of
ngt accretion, separated by one reach of net eroslom, UCape
llenry (profile linme !) ur the north end and TFalse Cape
State Park (profile lines 15 and 18) at the south end are
accreting at an average rate of 4.9 cuble meters per meter
per year while the reach from l1am Neck tu Back Bay [profile
lines 8 to 15} is eroding st an averapge rate of -4.7 cubic
meters per metor per year (Figs. 13 and 14 and Table 11},

(k1 Most profile lines underwent large monthly volume changes
relative to total net volume changes (App, 11, Statisti-
cally significant [(at 99 percent level)] 27-momih aceretional
trands are delineated at profile lines 1, 14, 16, and 1§,
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und statistically significant ernsional trends are delinested
at profile lines 3, G, 2, and 11 (Table 7 and App. B).

(e} When combined with older survey data at 14 of the same 18
locations, the same eroston and accretion trends are apparent
at most locotions for tho past 8 years, which encompasses
a4 time of greator stomm-induced ervsion (1972-1974) than
the 1974-1976 VIMS-URERC study (Table & and App. C).

(d)  The erosion and accretion measured uat these lpcations cor-
relate well with the ohserved heach morpholopy, with wide,
low-grudient, active bepches at the ends of the study areu,
and narrow, steep, reldtively inactive leaches in the
middle {(Figs. 21, 22, and 23).

e} The ridge und ronnel fedtures which chiricterize the post-
storm rebut lding of beaches in many localitles were totally
gbsent 1n the study arsa,

{f] The Z7-month study period was a time of relatively low
storm-induced beasch eroston, whepn vomparcd with beach
surveys messured during the 1972-1979 time period, Two
moderate storme {25 Novembor 1975 and 1 July 1875 caused
eraston, which varied widely In amount and time of recovery
among the survey locatlons,

Lg) Mnalysis of both the 27-month and Tong-term profile datu by
Friseh (1877} indidated a seasonal cvele of heach changes in
southeast Virginia which is dominated by erosion an the fall.
Retween 1072 und 1976, the average percent time of erosion i
the tall was 65 percent. Tall is defined by Frisch (1977] as
late Seprember through late December.

(hy There was no apparent relalion betweon beach response and the
four major usape types defined for this area (vommoreial,
reaidential, military, and natural){Table 10).

i) The Virginia Beach commercial area would e erosional without
the extensive zand nhourishment which s necesapry for the
maintenance of the commercial heaches,

2. Coapstal Engineering Tmplicutions.
it is impurtant to understand the hasiec processes of the ares fo
undertake any remedial measurcments.  Nemedinl measurcs, in the form
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ef extensive bench nourishment, are already taking place in the
commercial ares of Virginia Beach. It appears from this study that,
as presently undertaken, the sand nourishment schome i35 working
within the context of the natural system. Althoush nourishment is
vleurly needed to maintsin the beach at profile lines 3 and 4, it

iz unclear 1F it is needed at profile lines | and 2, where some of
the nourishment z2and s moved by the northerly longshore transport
systen. The net scererion at profile lines | and 2, in the form of
widened beach and invressed dune elevation, respectively, is a
natural process, hut requires an unknown amount of sund nourishment
to peceur.  The inlet bypassing at Hudec [nlet does net appear to be
a auffictent supply by itself. The recycling of sand by wav of
trock haul to Virginia Beach of material dredged frow Thimble Sheals
Charmel, northwest of Cnpe Henry, appears to be o sensible practice
with respect to the natural processes. The removal of material from
the south side of Rudee Inlet may be adversely affecting profile
line 5; but probably unly has a minor Tong-term effect, if at all,
an profile lines & and 7. Although profile line 5 has not had much
et beach wolume change, it 12 & very active locdtion, which is
prohably aflfected by the changes caused by the patural huildup
behind Rudee Inlet jetty and removal for Virginia Beach nourishment,

Certainly, knowing the nodal zone of the longshore transport is
¢ritical to any coastal construction or instigation of remedial measures
(&M, U.8, Army, Corps of Engineers, Coastal Engineering Research Center,
1975, pp. 4-142 to 4-146). FEvidence i35 summarized here to infer that
this nodal zene is located adjuscent to northern Back Bay. North
of this area the "net" lopgshore transport is hypothesized to be to the
north; south of this area "net" transport is to the south.

With respect to the problem of vehicular uccess, the daty clesrly
indicute that Sondbridge snd Back Bay are in sand-deficit areus, which
is atrriboted to the net longshore Transport out of this area. Thus,
eros1an may be predicted to continue at relatlvely pgreater rates than
perhups, Fuolse Cape to the south. Talse Cape appears to be benefiting
e a relative Infipx of sand and undergoing net aceretion (Takle 11).

The 1972-1974 profile data indicate that Buck Bay underwent wmuch
Wave Severc ero=ion, resulting in signiticant dunc retreuat und narreover
ledches. thun in the 1974-1970 time period.  thus, 1t s clear that
both rates and patterns of erosion and accretion can, and du, change
with time, and that the trends wf these 27 months are not necessarily
an jndigator of tuture beach changes in this study ares.

When tho net survey changes with reaches (defincd by vsape) are

avernged, it 1s clear thal the crosional areas sre Back Bay {-13.8
cuhic meters per linear meter) and Sandbridge |-6.3 cubic meters per
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lincar meter) (Table 11), at the middle of the study 3rea, amd the most

accretional avea 1s Virginia Beach, residential [+23.7 cubic meters per

finear meter], Talse Cape, at the end of the study area, is wlso acore-
tionual (#9,6 cubic meters per llnear meter),

Since the commercial usvea of Virginia Beach has been very slightly
net acerotional (Table 177 during the 27-mopth study, it is of some
interest to determine how much of this is natural and how much iz due
to the ongoing sand nourishment program. lable 5 indicates an average
annual fill (over the last 25 wvears) of 236,000 cubic yards per year
(179,360 cubic metervs). Based on field observatlons and aerisl
photographs between profile measurements, it is estimated that the
reacll host divectly affected by the Fill placement Is about 3.4 miles
5.5 kilometers) long, morth from Rudee Iniet. This caleculates
{256,000 cuble yards per 17,852 feet) to 13.1 cubic yards per linzar
foot of heach (32.8%5 cubic meters per Iincar moter), Forther, assuming
that only about 50 percent of the beach fill is vetained (because
of size characteristics and profile adjustments, as observed], this
further reduces to +6.5 cubic vards per foot per yeur (16.3 cubic
meters per lincar meter). Since the annual average measursd volume
change (Table 117 in this reach was +7.0 cublc meters per lincar
meter, or far lcss than the average annnal nourishment (about 43
percent), it becomes gults evident that heach nourishment is essentlal.
Further, without the teach nourishment in thls section, the sxpected
beach crosion is estimated to be about -89 Cubic meters per linear
meter of beach per year. Although these calculations are only un
approximation, it is quite clear that a continuing hourishment program
is requirved for these heuches, It should also be noted that the
nourishment also has a very henelficial effect on the updrafrt Virginiy
Beach resiydential arcy (Takle 11} due to the lonpshors transport
processes, though this amount is much havder to dotermine.

3. fwplications for the (MRC Tield Research Facility Studies.

The new research pier is located in northern Dare County, North
caroling, approximately 3 Kilometers south of the Cureituck-Pare
County liuc and approximately 42 kilometers south of the ¥irginla-
North (arolina State linc. Tn generapl, the heaches in this immediate
vicinity arc narrow and steep, with very upparent dune scurps
{greater than or eyqual to 3 meters) reached by every storm. lhess
bedches do not resemble, in morspholopgy or response, those closer
to the Viveginia Staté lines or these ip southeyst Virvginia.

With rcespect to beoach-fave slope nnd grain size, the 4-kiloweter
ares immediately north of Duck was relatively stable in 1975 dud
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1576, Uowever, there weroe wide variations in thess parameters in
the northernoest 30 kKilomoters of Novth Carnling heach, with no
apparent relation between heach-face slope and grain size.

The lavpe varjations 10 grain size wore observed to be due to
longshore fluctvations in the coarse rad sand. These fluctuarions,
which ranped between 4 and 20 kilometers north of Luck, were guite
visibhle during the monthly asrial fliphts.

The high- snd low-angle beach faces measured in Currituck County
were observed to bhe indications of convex-aceretional and concave-
erosional profile lines, respectively, The steepest heaches were
measured in May, August, September, and November; the Towest anpgle
beaches wore measured in April, February, July, and January, respec-
tively.

These data provide background information useful tor plunning of
experiments at the new CERC Field Rescarch Facilitv, just as the
Virginia dara provide informution useful for study and unalysis of that
shore area;
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APPENDIX A

ATR AND GROUND PHOTOS OF 18 PROTILL LINES

The location of the profile lines are indicated on the

aerial photos.
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APPENTILX B

PLOTS OF PROFILE VOLUME CHANGES WTTIl TTMU

Appendix B contains 18 plots of total cumulative volume changes
for the VIMS-CERC profile lines during the 27-wonth study.

Cumiilative volume is measpred in cubic meters per linear meter
of beach. A lincar regression line has been drawn on each plot, and

-

the statistics relating to this line are given in Table 7.
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APPENDLY

COMBINED PLOTS OF PROFILL VOIUME CHANGES WUTH | TMEG

Appendiy © gontains 14 plots of total cumulative volume chmipes
far profite Lines where oldey survey datd were available.

tamalative volume s mensured in cublc meters per linear moter
of beach., A lipear regression line has heen drawn when sufficiant
dary were available, und the statistics relaving to this line arec

given in Taplc §.
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AVIENDTN D

SUMMARY QT STORM DATA

Appendix [ contains a summary Of stors duta For 4 [Deccuber 1974
to 9 August 1976, Information was obtaincd from the Chesapeake
Lightship, Currituck Beach Lighthouse, North Carolina; and the
Norfolk Tnternational Adrport,

Storm parameters include tide height, maximam wave height, and
wave duration equal to or greater than L meter; maximam swell height,
dircction, period, and swell duration equal to or greater thum [.5
meters; and maximum wind dircction, speed, and duration equal to or
greater than 25 knots.
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APPENDITY E

BIRD CENSUS DATH

Appendix L contains bird census datad collected at the
profile location= from Octoher 1974 to February 1976 by 5. Sturm.
Both species of birds and numbers of individuals are included
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APPENDIX F

VIMS-CERC SURYEY FORMS

Appendix F contdins two original field forms developed and used
by VIMS im tabulating data for CERC.
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AFPENDIX G

SHRVEY DATA FOR 18 PROFILLE LINES

Appendix G vontains the survey data and sketches of the harizontal
controls for the 18 profile llnes,

Heights are listed in feet and meters above MS5L, as surveved in

April 1976 by Frecman and Johnson, Consulting Lngineers and Land
Suryveyors, 62052 Bonney Road, Virginia Beach, Virginia, 234462.

|57



VIMS<CERL PROFILE LENES, CAPE HENSRY TO VIEGINIA-NOWTH CAROLINA STATE LINE

Pape 1 Pipe Mipe 3

Profilae line [E1] {ml [ft] {m} [T | [m)
L 16,17 4.93 19097 Gy 14,19 4,33
2 18,94 5, 15,48 d.72 1 ha 3.2l
k'’ 11,65 3 5% 15,30 4, 66 16,30 4,97
4 1.87 2.4l 10.17 3,18 10,68 326
: L. ks 4.54 14.45 5.03 14,54 444
f 11.82 3. 60 22,43 664 12,54 3.76
e 1g.63 3.07 5.3 4.5 1h.43 .62
B 15.1% 4,61 15.56 4,74 15:03 4,68
] 16.17 W, 53 15224 AR 10.55 .22
Ly 14581 5.03 .33 2oad B.02 2.75
1 2004 Bl .27 6.18 19.57 5.97
12 t5.m 4,63 18,42 5,61 20,36 6.71
13 14,60 A 5k 20,01 6. 11 24,21 7.34
La 22,24 b7 9.76 2.07 21.35 £ AR
15 T45 22T 12,4% 3. 80 15.92 4. B5
14 189.44 5.83 25.32 1.1 LiiB2 T
7 1b.47 L.02 2E.75 T uda 215} fi .56
18 20.08 6,43 26,80 8.17 ine7 5.54
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APPENDIX I
WAVE OBSERVER UISTORY

Appendix H contains the months data werc received from wave
observers,
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APPENDTX T

SHORELINE ANDr CROSS-SECTION CHANGLS

Appendix | shows changes between successive surveys at the 18 profile
lines in this study. Column 1 is the date of the second of the two suc-
cesaive surveys. Columm 2 is the distance between positions of the MSL
shoreline on the profiles. Columm 3 is the change in cross-sectional
arca under the profiles. The area under the profiles is boumded on the
lundward side by a vertical line passing through a point common to all
surveys of that profile Jine, on the bottom by the MSL datum, and on the
top and seaward sides by the surveyed profiles. Where profile lines
cToss MSL more than once, the landwardmest intercept terminates the area.
Megative signs indicate crosion between surveys.

Changes werc computed at CEKC using program PRCHAR. To obtain unit

volume foss in cubic yards per foot of shoreline, divide the figure in
column 3 by 27.
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